
Presentation Number P001 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Epidermal Growth Factor Receptor Specific Gold Nanorods for Molecular Imaging of 
Pancreatic Cancer 

Nripen Chanda, Ajit Zambre, Charles Caldwell, Ravi Shukla, Evan J. Boote, Kattesh V. Katti, Raghuraman Kannan, Radiology, 
University of Missouri, Columbia, MO, USA. Contact e-mail: kannanr@health.missouri.edu 

Epidermal Growth Factor Receptor (EGFR) plays a vital role in the growth and propagation of mammalian tumors. EGFR has been 
recognized to be a clinically significant target as between 70 to 90% of all pancreatic tumors over express EGF receptors. Based on the 
clinical evidence, it is clear that targeting EGF receptors would be a viable and attractive approach for developing targeted molecular 
imaging agents. Among various targeting approaches, receptor-avid peptides have advantages over larger proteins. In this study, we 
have utilized a novel EGF-receptor avid peptide sequence “YHWYGYTPQNVI” (GE11) as a biomarker to target pancreatic cancer. Our 
investigation establishes that the GE11 peptide conjugated GNR have high in vitro and in vivo target specificity towards EGF receptors. 
Also, we have examined the utility of GNR-GE11 as X-ray contrast agents. In this poster, we will present the following aspects of this 
investigation: (i) synthesis, bio-conjugation, and physiochemical characterization of GNR-GE11 conjugates; (ii) In vitro EGF receptor 
targeting ability; (iii) In vivo EGF-receptor targeting ability in mice models; and (iv) Utility of GNR-GE11 as molecular contrast agents. 

 

Dark field images showing (A) Fixed Panc-1 cells untreated; (B) Fixed Panc-1 cells treated with AuNP-GE11; (C) Fixed Panc-1 cells treated with AuNP-
PEG; (D) Bio-distribution data showing in vivo targeting characteristics of AuNP-GE11 in pancreatic tumor bearing mice (determined using NAA 

techniques). 
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Gold nanoclusters as a targeted contrast agent for computed tomography imaging of 
angiogenesis 

May Tun Saung, Peter A. Jarzyna, Jun Tang, Aneta Mieszawska, Willem J. Mulder, Zahi A. Fayad, David P. Cormode, Translational 
and Molecular Imaging Institute, Mount Sinai School of Medicine, New York, NY, USA. Contact e-mail: davidcormode@gmail.com 

Introduction Computed tomography (CT) imaging is one of the best techniques for imaging atherosclerotic plaque in the coronary 
arteries. Atherosclerosis is a progressive inflammatory disease of the arteries, characterized by a build up of lipids and inflammatory 
cells. This tissue build up stimulates the development of new blood vessels to supply oxygen and nutrients. The formation of this 
neovasculature (angiogenesis) is an important marker for plaque development. Hence CT contrast agents to characterize angiogenesis 
would be valuable to study atherosclerosis. To address this need, we have developed αvβ3-integrin (a marker for angiogenesis) 
targeted gold nanoclusters (A), characterized them and studied their targeting to angiogenic cells with fluorescence and CT imaging. 
Methods & Results Dodecanthiol coated gold nanocores were synthesized via the Brust method. These cores were dissolved together 
with distearoyl phosphoethanolamine (DPSC), DSPC-polyethyleneglycol (PEG), a rhodamine lipid and maleimide-DSPC-PEG in 9:1 
chloroform:methanol. This mixture was added dropwise to hot, stirred deionized water. The resulting lipid coated nanoparticles were 
then appended with either the RGD or the RAD peptide (the RGD peptide is specific for the αvβ3-integrin whereas the RAD peptide is a 
mismatch control sequence). The mixture was then centrifuged on a 1.25 g/ml KBr gradient to isolate gold nanoclusters. RGD targeted 
nanoclusters were termed RGD-NC, while RAD nanoclusters were termed RAD-NC. Transmission electron microscopy confirmed the 
formation of nanoclusters of gold cores (B). Further characterization included dynamic light scattering and CT phantom imaging. The 
targeting of the nanoparticles was evaluated in human umbilical vein endothelial cells (HUVEC), a cell line well known to overexpress 
the αvβ3-integrin. First, nanoparticle uptake was evaluated with confocal microscopy (C, D), where preferential uptake of RGD-NC by 
the HUVEC was observed. Furthermore, HUVEC were incubated with either RGD-NC, RAD-NC (both 0.5 Au mg/ml) or media only. 
After 30 minutes, the cells were washed, harvested and pelleted. CT images of the pellets were acquired with a 256-slice clinical 
scanner at 140 keV, revealing significant CT contrast in the cells incubated with RGD-NC, whereas less contrast was observed in the 
cells incubated with RAD-NC, indicating specificity of the RGD-NC for the angiogenic HUVEC cells (E). Conclusion We have 
successfully produced high payload gold nanoclusters that act as CT contrast agents. In vitro experiments indicate that these 
nanoclusters target angiogenic cells, as indicated by both CT and fluorescence imaging. The next steps will be to perform experiments 
in animals to determine their in vivo targeting/contrast properties. Clinical Relevance These nanoparticles represent a potential route to 
imaging angiogenesis in atherosclerotic plaque using CT imaging. 
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Lipiodol®/Paclitaxel Encapsulated Pluronic Nanoparticles for Cancer Therapy and Contrast 
Enhancement in Computed Tomography (CT) Imaging 

Sangmin Lee1,2, Keun Sang Oh1, JinHee Na1,2, Jae Hyung Park2, Kwangmeyung Kim1, Soon Hong Yuk3, Seo Young Jeong2, Ick Chan 
Kwon1, 1Center for Theragnosis, Korea Institute of Science and Technology (KIST), Seoul, Republic of Korea; 2Department of Life and 
Nanopharmaceutical Sciences, Kyung Hee University, Seoul, Republic of Korea; 3College of Pharmacy, Korea University, 
Chungcheongnam do, Republic of Korea. Contact e-mail: basillio0902@hanmail.net 

We prepared the Plunonic nanoparticles containing both lipiodol® and paclitaxel (PTX) by a temperature-induced phase transition. 
Lipiodol® is an iodinated derivative of poppy seed oil and is used as a contrast agent for computed tomography (CT) imaging. For 
fabrication of nanoparticles, PTXs were dissolved in Lipiodol®/Tween 80 mixture to form a drug-loaded lipid core, and Pluronic F-68 
was used as polymeric shell for the encapsulation of lipiodol/PTX. The size distribution and morphology of these Lipiodol®/PTX 
encapsulated Pluronic nanoparticles (L/P-NPs) were observed using dynamic light scattering (DLS) and TEM. The in vitro release of 
PTX from Pluronic nanoparticles was observed for 2 weeks, and their in vitro cytotoxicity was evaluated using MTT assays. Moreover, 
the organ distribution, time-dependent excretion profile, and tumor targeting ability of near-infrared fluorescence dye (Cy5.5)-labeled 
L/P-NPs was monitored in a tumor-bearing mice using non-invasive optical imaging system. The therapeutic efficacy of intravenously 
injected L/P-NPs was also evaluated in SCC-7 tumor-bearing mice for about 2 weeks. Finally, the potential of L/P-NP as a contrast 
agent for CT imaging was proved in mouse model using micro-CT imaging system. 
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Vascular contrast enhanced microCT imaging of “radiators” in the Brazilian free-tailed bat 
(Tadarida brasiliensis) 

Jonathan Reichard1, Thomas H. Kunz1, Charles Keller2, Suresh I. Prajapati3, 1Center for Ecology and Conservation Biology, 
Department of Biology, Boston University, Boston, MA, USA; 2Pape' Family Pediatric Research Institute, Oregon Health & Science 
University, Portland, OR, USA; 3Greehey Children's Cancer Research Institute, UTHSCSA, San Antonio, TX, USA. Contact e-mail: 
prajapati@uthscsa.edu 

Aim: The Brazilian free-tailed bat (Family Molossidae; Tadarida brasiliensis) experiences challenging thermal conditions while roosting 
in hot caves, sometimes flying during warm daylight conditions, foraging at cool high altitudes, and radiating heat to the night sky. Using 
thermal infrared cameras, we identified thermal windows along the flanks of free-ranging Brazilian free-tailed bats, proximal and ventral 
to the extended wings. These hot spots are absent in syntopic cave myotis (Family Vespertilionidae; Myotis velifer), a species that 
forages over relatively short distances, and does not engage in long-distance migration. Thus, we hypothesized that the hot spots, or 
‘‘radiators,’’ on Brazilian free-tailed bats may be adaptations for the specific flight behaviors undertaken by bats in the family 
Molossidae. Methods: We examined the vasculature of radiators on Brazilian free-tailed bats with contrast enhanced microCT 
technique. The bats were injected with 250 µl of barium sulfate (100% weight per weight (w/w) and 56% weight per volume (w/v); 
BaSO4) intravenously through the interfemoral vein and scanned at 93 μm isometric resolution using an eXplore Locus RS Small 
Animal MicroCT Scanner (GE Healthcare, London, Ontario). The data was reconstructed with the manufacturer’s proprietary 
EVSBeamTM software. Image analysis was performed using visualization tools MicroView and Imagevis3D. Results: The Maximum 
Intensity Projection (MIP) (Fig. 1b) and 2-Dimensional Transfer Function (2DTF) images (Fig. 1c) showed the unique arrangements of 
arteries and veins that are positioned perpendicular to the body in the proximal region of the wing. Although distal arterioles and 
venules on the wing showed clear perfusion, only few of the radiator vessels were sufficiently perfused to appear in the images. 
Discussion: MicoCT scans of bats injected with BaSO4 into the bloodstream provided visualization of the gross vasculature of intact 
bats. Coupling microCT imaging with analysis of thermal profiles (Fig. 1a), we concluded that radiators aid in maintaining heat balance 
by flushing the uninsulated thermal window with warm blood, thereby dissipating heat while bats are flying under warm conditions, but 
shunting blood away and conserving heat when they are flying in conditions where heat loss could exceed thermogenesis from flight. 
Because radiators are not apparent in bat species from other families, we expect the feature is a unique trait in the family Molossidae 
that may facilitate energy and water balance during sustained, high-altitude dispersal and foraging. 

 

Figure 1. A) Thermal Infrared (TIR) image of a Brazilian free-tailed bat emerging from a cave. The white line on the bat represents the profile of surface 
temperature that corresponds with the plotted surface temperature (inset). White arrows on the TIR image correspond with the black arrows on the Ts 

plot. B) Maximum Intensity Projection (MIP) image of a Brazilian free-tailed bat showing blood vessels perfused with Barium Sulfate. The bright structure 
in the abdomen of the bat shows that the digestive tract is full, presumably with insect exoskeletons. C) 2-Dimensional Transfer Function (2DTF) 

rendering of a Brazilian free-tailed bat created in Imagevis3D software using the Barium Sulfate enhanced microCT data. Red: Barium Sulfate (blood 
vessels), Brown: skin, Beige: Skeleton. Barium sulfate was injected into the interfemoral vein, which is visible in both images on the tail membrane 

between the bones of the leg and tail. Radiator vessels are indicated by yellow arrow heads in both images. 
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Time-course characterization of micro-CT enhancement of newly developed contrast agents 

Inneke Willekens1,2, Tony Lahoutte1, Nico Buls2, Lode Goethals1,2, Filip Verhelle2, Rudi Deklerck3, Axel Bossuyt1, Johan de Mey2, 1In 
vivo Cellular and Molecular Imaging - ICMI, Vrije Universiteit Brussel, Brussels, Belgium; 2Department of Radiology, UZ Brussel, 
Brussels, Belgium; 3Electronics and Informatics - ETRO - IRIS, Vrije Universiteit Brussel, Brussels, Belgium. Contact e-mail: 
inneke.willekens@gmail.com 

Purpose: To estimate the time-course of contrast-enhancement of spleen, liver, and blood using Exitron P, U, V, nano 6000, and nano 
12000 in healthy mice. Methods: Healthy male C57bl/6 mice (n=37) were used. Anesthesia was induced with 5% isoflurane and 
maintained at 2% during the scan with spontaneous breathing via a nose cone. Exitron P, U, V, nano 6000, and nano 12000 (Miltenyl 
Biotec GmbH, Auburn, USA) was administered intravenously at a dose of 0.1 ml/25g (n=22), as indicated on the manual of the 
manufacturer. In case the mice died of this dose (ExiTron P, nano 6000, and nano 12000), half of the dose (0.05/25g) was injected 
(n=15). Imaging was performed using micro-CT (Skyscan 1178 micro-CT system; SkyScan, Kontich, Belgium) at a resolution of 83 µm. 
The total acquisition time was 121 sec. Each animal underwent micro-CT scan before contrast injection, immediately after contrast 
injection and at 15 min, 30 min, 45 min, 1h, 2h, 3h, 4h, 24h and 48h after contrast. Images were reconstructed using filtered 
backprojection and analysed using Amide. Regions of interest were drawn in spleen, liver, and left ventricle. The contrast enhancement 
was measured and expressed in function of time. Results: Our results reveal that the recommended dose of 0.1 ml/25g was lethal for 
the mice with the contrast agents ExiTron P, nano 6000, and nano 12000: they died immediately after contrast injection. Even doses of 
0.05 ml/25g of ExiTron P was lethal (after the 4 hour scan). The ExiTron U and V contrast enhancement of the spleen reaches a 
maximum just after injection, while the maximum liver enhancement occurs at 1h after ExiTron V and at 3h after ExiTron U. The 
maximum contrast enhancement of the spleen after ExiTron nano 6000 and 12000 occurs after 48h, while the maximum of the liver is 
after 4h for nano 6000 and after 24h for nano 12000. Enhancement in the cardiac cavity is the highest after ExiTron nano 12000. 
Conclusion: Contrast-enhanced micro-CT reveals good soft tissue examination in healthy mice. The recommended dose can be 
lowered, being favorable in longitudinal scanning. 
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In Vivo Studies of the Optimal Contrast Agent for Investigation of Mouse Aorta Using Micro-
Computed Tomography 

Anne Mette F. Hag1,2, Rebecca Myschetzky1,2, Henrik Hussein El-Ali1,2, Andreas Kjaer1,2, 1Cluster for Molecular Imaging, University of 
Copenhagen, Copenhagen, Denmark; 2Department of Clinical Physiology, Nuclear Medicine & PET, Rigshospitalet, Copenhagen, 
Denmark. Contact e-mail: annemette@mfi.ku.dk 

AIM: To study two different contrast agents for micro-computed tomography (CT) to identify the optimal agent for the investigation of 
aorta in mice. METHODS: We used C57BL/6NTac (B6) mice for the study. Two different contrast agents were investigated. Both 
agents were iodine based. The first one was a nonionic, water soluble, tri-iodinated x-ray contrast often used in the clinic. Using an 
infusion apparatus, the mice were injected with 0.03 ml or 0.06 ml of the nonionic x-ray contrast per minute starting a little before the 
scan and also during the scan, ending with a total volume of 0.3 or 0.5 ml respectively. The other contrast agent was a long-circulating 
lipid emulsion formulation containing an iodinated triglyceride specially developed for preclinical work. A volume of 0.3 ml of the lipid 
emulsion formula was injected into a tail vein. The scan with the lipid emulsion formula was performed 70 and 160 minutes after 
injection. CT data were acquired with a micro-CT scanner. The x-ray tube with a 0.5-mm aluminium filter was set at 70 kVp, a tube 
current of 500 µA, and an exposure time of 305 ms per projection. A set of 360 projections were used for a full 360° scan. Images were 
reconstructed using the Sheep-Logan algorithm. The voxel size was 0.093x0.093x0.093 mm. Besides scans with contrast, a scan 
without contrast was also performed (empty scan). The contrast-enhanced scans were scored visually by comparing with the empty 
scan. The focus area was the aorta of the mouse. The best score was 5 (aorta very visible) and the lowest 0 (as the empty scan). 
RESULTS: The scans with the lipid emulsion formula scored a maximum of 5 points at both 70 and 160 minutes. It was possible to 
follow the aorta from its origin in the heart to the kidneys and even lower. The scan with nonionic x-ray contrast ending with a total 
volume of 0.3 ml scored 0, while the scan with the volume of 0.5 ml scored 1. The score 1 was given, as there was a little difference 
between the aorta and the surrounding tissue when infusing 0.5 ml, but not enough to see a distinct delineation of the aorta. 
CONCLUSION: The size of the mouse and thereby the total volume it can tolerate, limits the use of CT contrast agents. When using CT 
in combination with PET, an additional limit is the volume of PET tracer already injected into the mouse. Here we investigated the use 
of two different contrast agents for CT and found that even when using 0.5 ml of the nonionic clinical x-ray contrast, the results were not 
comparable with the use of the lipid emulsion formula. Accordingly, the lipid emulsion formula is the optimal contrast agent for imaging 
the mouse aorta with CT. 
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In Vivo Therapeutic Monitoring of Carotid Thrombosis Using Gold Nanoparticles and microCT 
in Mice 

Jeong-Yeon Kim1, In-Cheol Sun2, Cheol-Hee Ahn3, Kwangmeyung Kim2, Ick Chan Kwon2, Dong-Eog Kim1, 1Neurology, Dongguk Univ 
ilsan hospital, Goyang, Republic of Korea; 2Biomedical Research Center, Korea Institute of Science and Technology, Seoul, Republic 
of Korea; 3Materials Science and Engineering, Research Institue of Advanced Materials(RIAM), Seoul, Republic of Korea. Contact e-
mail: dr.neurovascular@gmail.com 

Background: Computed tomography (CT) is the most widely used diagnostic tool in guiding decision making on tissue plasminogen 
activator (tPA)-mediated thrombolysis. CT however does not usually allow estimation of the extent and distribution of cerebral 
thromboemboli. Objective: To investigate if intravenously-injected gold nanoparticles (AuNP) and microCT (mCT) imaging could 
visualize carotid thrombosis and reflect therapeutic effect of thrombolysis. Methods and Results: Thrombi were formed in the C57BL/6 
mice (n = 75) by applying 10%-FeCl3 (1 x 1 mm2 or 1 x 2 mm2) to the exposed left common carotid artery (CCA). Thirty minutes or 2 
hours after thrombus formation, AuNP was injected, and the CCA was imaged by using a mCT. This was followed by intravenous 
infusion of tPA (5mg/kg, 10mg/kg, or 20mg/kg). Then, follow-up mCT imaging was performed. We observed that AuNP-mCT imaging 
clearly visualized carotid thrombosis in a quantitative manner; 1.5-fold longer application of FeCl3 produced approximately 1.5-fold 
longer AuNP-mCT thrombus signal. Moreover, the imaging showed that earlier tPA treatment resulted in better recanalization: about 2-
fold higher frequencies of noticeable reduction of thrombus burden, regardless of initial thrombus sizes. Conclusions: To the best of our 
knowledge, this is the first report to demonstrate that AuNP-based CT imaging could be used for tracking thrombus status in vivo when 
performing thrombolytic therapy. 
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Quantification of vascular density through in vivo micro-computed tomography 

Laura Nebuloni, Gisela Kuhn, Ralph Müller, ETH Zurich, Zurich, Switzerland. Contact e-mail: lnebuloni@ethz.ch 

One of the aims of regenerative medicine is the complete integration of a biological substitute within the surrounding tissues. A 
physiological process that participates in tissue integration is angiogenesis, the formation of new blood vessels from pre-existing 
vascular networks. To verify the success of tissue engineering solutions, current strategies rely on the assessment of the ingrowth of 
newly formed micro-vessels. To date, no in vivo imaging technique provides all the requirements needed to image angiogenesis in a 3D 
fashion. For this purpose, a new method based on contrast-enhanced micro-computed tomography (micro-CT) was developed. A 
contrast agent containing X-ray absorbing nanoparticles (ExiTronTM nano 12000, Miltenyi Biotec, Berlin, Germany) was injected 
intravenously in C57BL/6 female mice. Pre- and post-contrast images were acquired with in vivo micro-CT (vivaCT 40, Scanco Medical 
AG, Brüttisellen, Switzerland, 17.5 µm resolution) at the muscle tissues of the lower hind limb. The jugular vein was also scanned to 
determine the contrast agent concentration in blood. Though it was not possible to visualize single blood capillaries, vascular density 
maps were produced from pre- and post-contrast absorption values and used to quantify the micro-vascular bed (figure 1). A first set of 
experiments was run to test the feasibility of the method. The results showed that the contrast medium is safe and it is homogeneously 
distributed in the arterial-venous system. Dynamic micro-CT measurements proved that the agent has a stable concentration in plasma 
for over 30 minutes and that it does not diffuse outside the vascular compartment; moreover, it is completely excreted within 24 hours 
after injection. A second group of experiments was performed to assess reproducibility, sensitivity, accuracy and robustness of the 
method. In the reproducibility study, 7 animals were scanned 5 times each and the average vascular volume per tissue volume (VV/TV) 
was calculated from vascular density maps. Table 1 shows the Precision Errors (PEs) for VV/TV and for pre- and post-contrast 
absorption values in muscle and blood tissue. A sensitivity analysis was conducted by varying the injected quantity of contrast agent 
(0%, 50% and 100% of the standard injection volume). The average absorptions calculated from full and half dose measurements 
presented significant differences between them in both tissues (p<0.005). In addition, the corresponding vascular densities were not 
influenced by the contrast dose; this was considered a proof of robustness of the technique. Preliminary accuracy results showed a 
good correlation with vascular densities measured with ultra-high resolution micro-CT of vascular corrosion casts. To our knowledge, 
the in vivo visualization of single capillaries has not been achieved yet. Our results proved that vascular density maps revealed useful in 
the assessment of the micro-vascular network. Therefore, this technique shows potential in monitoring angiogenesis in applications of 
tissue engineering and angiogenesis in general. 

 

Figure 1 - Vascular density map of murine lower hind limb. In the major vessels, VV/TV = 100%. The skin layer can be distinguished from muscular 
tissues due to its different VV/TV. Bone is excluded from the evaluation (shown in red). 

Table 1 - Reproducibility results 

 
Precision errors (PEs) for vascular volume per tissue volume (VV/TV) and for pre- and post-contrast absorption values (μ) in muscle and blood. 

Disclosure of author financial interest or relationships: 
L. Nebuloni, None; G. Kuhn, None; R. Müller, None.  

Proceedings of the 2011 World Molecular Imaging Congress S11



Presentation Number P011 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Hyperpolarized [1-13C]-Ascorbic and Dehydroascorbic Acids: Vitamin C as an imaging probe 
of tumor redox status 
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1Department of Biochemistry, University of Cambridge, Cambridge, United Kingdom; 2Cambridge Research Institute, Cancer Research 
UK, Cambridge, United Kingdom. Contact e-mail: seb53@cam.ac.uk 

Introduction: Dynamic Nuclear Polarization (DNP) of 13C-labeled metabolic substrates allows both the location of the hyperpolarized 
substrate, and the dynamics of its subsequent conversion into other metabolic products, to be detected in vivo. While hyperpolarized 
substrates currently probe a wide range of biological processes, there are no hyperpolarized substrates that report directly on tumor 
redox status. The ability of cancer cells to maintain a highly reduced intracellular environment is strongly correlated with aggressiveness 
and drug resistance (1,2). Non-invasive imaging of tumor redox status may therefore indicate prognosis and give an early readout of 
treatment response. We show here that [1-13C]-Ascorbic Acid (AA) and [1-13C]-Dehydroascorbic Acid (DHA), the reduced and 
oxidized forms of vitamin C respectively, can be hyperpolarized to relatively high levels and evaluate their performance as probes of 
redox status in vitro and in vivo (3). Methods: [1-13C]-AA and [1-13C]-DHA were polarized using a GE Healthcare DNP prototype 
hyperpolarizer as described previously (3). All measurements were performed on a 9.4 T vertical wide-bore spectrometer using a 10mm 
13C broadband probe for in vitro studies, or a 24-mm diameter surface coil tuned to 13C for in vivo measurements. The EL4 murine 
lymphoma model was used for both studies. Results: Solution state polarization at pH 7.0 was 5.1 ± 0.6 % for [1-13C]-AA and 8.2 ± 1.1 
% [1-13C]-DHA. The spin lattice relaxation times (T1s) for these labeled nuclei at 9.4 T were 15.9±0.7 s for AA and 20.5±0.9 s for DHA. 
Extracellular oxidation of [1-13C]-AA and intracellular reduction of [1-13C]-DHA were observed in suspensions of murine lymphoma 
cells. The spontaneous reaction of DHA with the cellular antioxidant glutathione was monitored in vitro and was approximately 100-fold 
lower than the rate observed in cell suspensions, indicating enzymatic involvement in the intracellular reduction. No detectable 
oxidation of [1-13C]-AA was measured in lymphoma tumors in vivo (Figure 1a), consistent with the notion that tumors maintain a 
reduced microenvironment. In contrast, rapid reduction of [1-13C]-DHA was detected (Figure 1b). The apparent rate constant for the in 
vivo reduction of [1-13C]-DHA was kDHA = 0.020±0.004 s-1. The ratio of the peak integrals of [1-13C]-AA and [1-13C]-DHA calculated 
within the first 1 s of data acquisition was 0.35±0.08, with an average signal-to-noise ratio for the [1-13C]-DHA peak of 67±20. 
Conclusion: This study demonstrates that hyperpolarized 13C-labeled vitamin C could be used as a non-invasive biomarker of redox 
status in vivo, which has the potential to translate to the clinic. Refs: (1) Balendiran, G K et al 2004 Cell Biochem Funct 22, 343-352 (2) 
Ballatori, N et al 2009 390 191-214 (3) Bohndiek, S E et al 2011 J Am Chem Soc in press 

 
Figure 1: Spectral acquired from a 6mm tumor slice after administration of 0.2mL [1-13C]-AA (a; 179 ppm) or [1-13C]-DHA (b; 175ppm) at a 

concentration of 30 mM, using a nominal flip angle of 10°, with TR= 1 s and 0.25 s for AA and DHA respectively. 
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Molecular MR Imaging of Moderate Liver Fibrosis 
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Medical School, Charlestown, MA, USA; 2Surgical Oncology, Massachusetts General Hospital and Harvard Medical School, Boston, 
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Introduction. There is a large unmet medical need for noninvasive staging of liver fibrosis. Most types of liver injury such as hepatitis 
C, alcoholic liver disease and nonalcoholic steatohepatitis result in fibrosis. Mild to moderate liver fibrosis is reversible by removing the 
cause of the damage, but if not detected and treated early, liver fibrosis can irreversibly progress into cirrhosis or liver cancer. 
Prognosis, surveillance, and treatment decisions in patients with chronic liver disease rely on precise estimation of the degree of 
fibrosis. While liver biopsy is the gold standard for assessment of fibrosis it is invasive and has potential complications. Since fibrosis is 
characterized by excess type I collagen in the parenchyma, we hypothesized that an imaging agent providing a non-invasive measure 
of elevated collagen would have broad applications in the early assessment and quantification of fibrosis. Methods. A/J mice were 
given carbon tetrachloride in olive oil (40%, 0.04 mL) via oral gavage three-times a week for 20 weeks, control animals received pure 
olive oil. Wistar rats were weekly i.p. injected with diethylnitrosamine (100 mg/kg) for 4 weeks, while the controls received only PBS. 
EP-3533 is a type I collagen-targeted gadolinium-based magnetic resonance (MR) contrast agent that was used previously to assess 
cardiac fibrosis. Imaging was performed at 4.7 T prior to and immediately following i.v. administration of either EP-3533 or Gd-DTPA. 
The rate of contrast uptake into liver was measured using dynamic T1-weighted gradient echo imaging from 1.5 min pre- to 4.5 min 
post-injection. T1 was quantified at 6 time points out to 50 min post injection. Half-lives of EP-3533 in the liver were estimated from the 
change in ∆R1 values (∆R1=1/T1,post -1/T1,pre). Liver tissue was analyzed ex vivo by collagen staining and quantitative analysis of 
gadolinium and hydroxyproline content. Results. Histological analysis confirmed moderate liver fibrosis (Ishak stage 3-4) in both animal 
models (Panel A). Hydroxyproline analysis, a surrogate for the total collagen, indicated more than 2-fold increase in collagen compared 
to control animals. Neither baseline MRI (without contrast agent), nor conventional gadolinium contrast (Gd-DTPA) could distinguish 
fibrotic animals from controls. Using EP-3533, we identified two potential biomarkers of liver fibrosis: probe uptake into liver and its 
washout rate (half-life) were both significantly (p<0.05) slower in fibrotic animals compared to controls (Panel B). Ex vivo quantitative 
analysis demonstrated a strong positive correlation between liver gadolinium content (probe) and collagen levels as assessed by 
hydroxyproline analysis and supports our hypothesis of collagen-binding mechanism of action of EP-3533 (Panel C). Conclusion. MRI 
with a collagen-targeted probe can distinguish moderate fibrosis from healthy liver in two animal models of liver disease. 
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Probing Atherosclerotic Angiogenesis with New Manganese-based Nanocolloid for MRI 
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We have previously reported in hyperlipidemic rabbit models that integrin-targeted gadolinium perfluorocarbon nanoparticles can 
effectively assess plaque angiogenesis using MRI. However, the concern for Nephrogenic Systemic Fibrosis (NSF) has motivated the 
development of alternative technologies that dramatically lower gadolinium use. Objective To evaluate a manganese- gadolinium 
nanocolloid (MnGd NC) with gadolinium levels to less than 300X current single-dose usage levels, while providing high levels of T1-
weighted MR imaging of sparse angiogenic αvβ3-integrin expression in vivo. Methods and Results A new nanocolloid comprised of a 
bivalent manganese oleate (0.49±0.02 mg Mn/ml) /polysorbate core encapsulated with phospholipid surfactant enriched with 1.25 
mole% Gd-DOTA-cholesterol and 0.3 mole% of quinolone-derived peptidomimetic αvβ3-integrin antagonist-coupled to 
phosphatidylethanolamine through a PEG(2000) spacer was produced (Diam., 134±2 nm.; Zeta, -25±02mv; PDI, 0.13±0.03). 
Hyperlipidemic New Zealand White rabbits (n=8), fed a 0.25% cholesterol diet (egg-derived) for 12 months, received αvβ3-integrin-
MnGd NC or nontargeted MnGd NC; αvβ3-Integrin-MnGd NC was also administered to rabbits fed a normal chow (n=4). Dynamic MR 
imaging of the descending thoracic aorta was performed over 2 hours at 3.0T. MR signal enhancement at 2 hours was increased 
47±5% when averaged over all slices and voxels of the aortic wall in hyperlipidemic rabbits treated with αvβ3-integrin-MnGd NC. Signal 
enhancement due to nonspecific neovascular accumulation (nontargeted MnGd NC) was significantly lower, (20±5%, p<0.05). Rabbits 
fed a normal diet and treated with αvβ3-integrin-MnGd NC had the lowest signal increase, 12±3%, which did not differ from the 
nontargeted treatment. The MRI pattern observed was spatially heterogeneous along both transverse and longitudinal planes of the 
descending aorta, and predominantly localized between the left subclavian and the diaphragm. Histology and immunohistochemistry 
corroborated the prominent, neointimal proliferation among cholesterol-fed, atherosclerotic rabbits and the sparse incidence of 
neovasculature in the control animals. Fluorescently labeled αvβ3-integrin-MnGd NC was localized to the advential neovessels,of the 
lipid rich plaques. Conclusions These data describe a novel T1-weighted MR molecular imaging approach to sparse epitopes, such as 
the αvβ3-integrin receptor in atherosclerotic angiogenesis, which reduces the use of gadolinium by 300-fold of that used clinically in a 
single dose Gd-DTPA contrast study. 

 
Figure 1 A-C, In vivo spin-echo image reformatted to display percent enhancement maps (false-colored from blue to red) from individual aortic segments 
of cholesterol-fed rabbit given αvβ3-targeted nanoparticle (A), nontargeted one (B) and normal-fed one given αvβ3-targeted nanoparticle (C). D-F, Extra 

vivo fluorescent imaging of aorta demonstrated more fluorescently labeled αvβ3-integrin-MnGd NC nanoparticle (D) was localized to the advential 
neovessel of the lipid rich plaques compared with nontargeted particles group (E), while normal-fed aorta showed minimum advential neovessel and 
plaques (F). G-I, Immunohistochemistry ofαvβ3 integrin in aorta sections from cholesterol- fed (G-H) and control diet (I) rabbits. Thickened intima is 

observed in cholesterol-fed animal (G-H, x4) but not in control animal (I, x4). 
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Ultra-short echo time nano-particle imaging with Feraheme with an improved sequence - initial 
experiments in a clinical setting 
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Center for Molecular Imaging Research, Boston, MA, USA. Contact e-mail: ravi.seethamraju@siemens.com 

Introduction: Previously it has been demonstrated that Ultrashort echo time imaging (UTE) has shown promise as both angiographic 
and quantitative molecular imaging sequence [1] with MION in phantoms and small animal studies. Clinical application of the same was 
hindered by long acquisition times for the 3D radial UTE sequence employed in those studies. In this abstract we use an improved 
version of the UTE sequence that reduces the scan times within a single breath hold. Methods: In an IRB approved study, patients with 
pancreatic cancer were enrolled to receive 6mg/kg of body weight Feraheme injection (AMAG Pharmaceuticals, Inc, Lexington, MA, 
USA. r1 ~38 L mmol-1 s-1 and r2~ 83 L mmol-1 s-1 at 20 mHz). Feraheme is an FDA approved drug for intravenous treatment of iron 
deficiencies, however because of its high relaxivities it is also a suitable USPIO imaging agent. Imaging was performed with a UTE 
sequence at 3T with TR/TE set to 1.5ms/50μ with 9000 radials covering the 3D space FOV of 380mm and 2mm isotropic resolution. 
Parallel imaging was available in the new sequence thereby bringing the acquisition time to 17seconds, which is well within the limits of 
normal breath holding for most patients. Also a GRE sequence with 6 echoes ranging from 2 to 15 ms were acquired in a monopolar 
was acquired for conventional T2* imaging. The sequences were acquired immediately after injection of Feraheme and 48 hours later. 
Results: As seen from the fig 1 a perceivable difference can be seen in the iron content in the liver and vessels. The penetration of iron 
seems greater at 48 hours time point as can be seen in Fig 1b where the vasculature is more visible than in Fig 1a and results in a 
clean 3D MIP of the vasculature (fig 1c). As also noted from previous studies and as seen from the figures UTE is more sensitive at 
lower concentrations of iron. Conclusion: Fast breath hold imaging with 3D UTE is possible for angiographic and molecular imaging of 
iron oxide nanoparticles. Due to the current concerns with contrast agent use UTE and USPIO based imaging would be ideal as 
sensitivity of UTE is better at lower concentrations of iron. Future Directions: Currently experiments are underway to employ Fat 
saturation in the UTE sequence and add saturation bands to reduce radial artifacts. References: 1. R. T. Seethamraju1, et.al. Proc. 
18th ISMRM 2010, Stockholm, Sweden, 3743. 
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Gd-based "smart" MRI probes for molecular imaging 
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2Chemistry, Stanford University, Stanford, CA, USA. Contact e-mail: ppandit@stanford.edu 

Introduction: Recently, significant efforts are being devoted to the development of “smart” magnetic resonance imaging (MRI) contrast 
agents. A common strategy involves a T1 relaxivity change in response to the presence of a target. Our group has devised a novel 
platform for the development of such “smart” probes based on biocompatible chemical reactions where Gd-containing molecules, under 
the control of pH, disulfide reduction and/or enzymatic cleavage, get activated to form magnetic nanoparticles with enhanced relaxivity 
(Fig. a). Background: In previous work, we have described two separate schemes of “smart” probes; one based on intramolecular 
polymerization (GL scheme)[1], and the other on intermolecular cyclization (DJ scheme) [2]. Here, we assess the MR properties of 
these two smart probe schemes in living cells (breast carcinoma cell line MDA-MB-468) and compare the results with the commercially 
available cell-labeling agent, GdF-M. Methods: Cell loading - Activatable and non-activatable forms of the probes for both GL (GL62 
and GL141) and DJ (DJ137 and GJ171) schemes were prepared as previously described [1,2]. 4 million cells were incubated in 5 mL 
solution of culture medium with GdF-M, GL62, GL141, DJ137, DJ171 (~250 uM) for 2, 4, 8, and 24 hours respectively. Following 
incubation, the cells were washed with PBS (3X), collected and centrifuged. The supernatant was discarded and the cells were 
resuspended in 50 μL of 4% PFA/PBS. The fixed cells were centrifuged at 20Xg for 5 minutes to form pellets. Relaxivity Measurement - 
Cell pellets were then imaged at 0.5T, 1.5T and 3T (GE Healthcare, WI) at 35 °C with a series of inversion-prepared fast spin echo 
scans, identical in all aspects (TR 8000 ms, TE minimum, BW 11.9 kHz, FOV 5 cm, slice thickness 2 mm, matrix 128 x 128, NEX 1) 
except with varying inversion times (TI = 4000, 2400, 1200, 800, 600, 400, 300, 200, 100, 50 ms). This scanning procedure produced 
enough data to fit quantitative T1 relaxation values to each voxel in the image. Signal intensity versus TI relationships were fit to the 
following exponential T1 recovery model by non-linear least squares regression: SI (TI) = S0 [1-2*exp(-TI/T1)+ exp(-TR/T1)]. Relaxation 
rates (R1) were determined as 1/T1. Longitudinal relaxivities, r1 (mM-1s-1) were calculated as the slope of R1 vs [Gd] after the 
determination of true Gd concentration of each cell pellet by ICP-MS measurement. Results: For the same incubation concentration, the 
cellular uptake of the “smart” probes was lower than that for GdF-M (Fig. b). Nonetheless, both schemes of the “smart” probes showed 
similar or higher MR relaxivity than GdF-M in the non-activated form, with an additional increase after activation, particularly at lower 
field strengths (80% for DJ, 30% for GL at 0.5T) as can be seen in Figure c. We hypothesize that increased rotational correlation time 
(τR) after the formation of nanoparticles results in relaxivity amplification after activation. These results successfully demonstrate the in 
cellulo behavior of our “smart” MRI probes. [1] Liang, et al, Nature Chemistry, (2010) 2: 54-60. [2] Ye, et al, Angew Chem. Int. Ed., 
(2011) 50: 2275-2279. 
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Synthesis of Well-dispersed Aqueous-phase Magnetite Nanoparticles and their Metabolism as 
MRI Contrast Agents for Lymphography 

Ruixue Wang1, Yujun Song2, Rong Rong3, Jie Ding2, Jing Liu3, Runsheng Li2, Zhenghua Liu3, Hao Li2, Xiaoying Wang3, Jue Zhang1, 
Jing Fang1, 1Academy for Advanced Interdisciplinary Studies, Peking University, BeiJing, China; 2School of Materials Science and 
Engineering, Beihang University, BeiJing, China; 3Department of Radiology, Peking University First Hospital, BeiJing, China. Contact e-
mail: hbwangruixue@gmail.com 

In the development of novel magnetic contrast agents for early clinical diagnosis of diseases (e.g., imaging of nidus), the metabolism of 
these magnetic nanoprobes in the living body is a primary factor in the determination of optimized dosage and diagnosis time for the 
most contrast imaging and precise discovery of nidus, as well as their bio-safety. In this article, a modified mixed iron salt co-
precipitation process has been developed for the synthesis of well-dispersed Fe3O4 NPs, using poly(vinlypyrrolidone) (PVP) as the 
dispersion agent, and trisodium citrate (TSC) and maleic anhydride (MAH) as co-stabilizers. The resulting spinel magnetite 
nanoparticles with size of 9.8 ±3.0 nm exhibit good aqueous stability and excellent superparamagnetic properties. These NPs show 
good aqueous phase dispersion stability and excellent superparamagnetic properties with saturation magnetization of 48.0 emu/g at a 
low magnetic field of 0.5 T. Their biocompatibility and metabolism for application in magnetic resonance lymphography examinations 
are investigated using standard rabbits as animal models for the determination of optimized dosage and diagnosis time for the mostly 
enhanced imaging contrast for the early diagnosis of diseases (e.g., the precise discovery of nidus). Results indicate that a significant 
darkening effect on the liver epithelial net lymph tissue can be observed in less than 30 min, with about 20% reduction of the spin-spin 
relaxation time of T2 after injection. Metabolism study on these NPs indicates that they show little toxicity to the living organs that were 
examined and finally enter into the hematopoietic organ -spleen without obvious retention in any related organs after recycling for more 
than 2 days. 

 

Long term observation of contrasts in MR images of the rabbit liver at an injection dosage of 15.2 mg-Fe/kg-rabbit: (a) before injection of Fe3O4 
nanoprobes; (b) the first scan at about 5 minutes after injection; and (c) 2 hours, (d) 4 hours, (e) 6 hours, (f) 8 hours, (g) 10 hours and (h) 12 hours after 
injection. The relative signal intensity (SI) in T2WI imaging (SI: the ratio of the signal of the liver and normal saline (Red circles in (a) - (h)): SIliver/SINS) 
of liver after injection of Fe3O4 nanoparicles changes continuously with time passed is summarized in Fig 7(j), showing a lowest point at 2 hours after 

injection. 
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Evaluation of SHP-30 as a New MRI Contrast Enhancement agent of the Liver at 3.0 T and 7.0 
T:Comparison with Feridex 

Lihong Bu1,2, Jin Xie3,2, Jing Huang3, Kin Wai Sun4, Y. A. Wang5, Mei-Sze Chua4, Samuel So4, Zhen Cheng2, Baozhong Shen1, 
Xiaoyuan (Shawn) Chen3,2, 1Department of Radiology, The 4th hospital affiliated to Harbin Medical University, Harbin, China; 
2Department of Radiology, Stanford University School of Medicine, Stanford, CA, USA; 3Laboratory of Molecular Imaging and 
Nanomedicine (LOMIN), National Institute of Biomedical Imaging and Bioengineering (NIBIB),, National Institutes of Health (NIH), 
Bethesda, MD, USA; 4Asian Liver Center, Department of Surgery, Stanford University School of Medicine, Stanford, CA, USA; 5Ocean 
NanoTech LLC, Springdale, AR, USA. Contact e-mail: shenbzh@vip.sina.com 

PURPOSE: The purpose of this study was to synthesize, characterize and tailor the surface properties of magnetic nanoparticles with 
biocompatible copolymer coatings and to compare the efficacy of the resulting nanoconjugates (SHP-30) as magnetic resonance 
imaging (MRI) contrast agents compared with Feridex between 3.0 T and 7.0 T, at different doses in normal liver and for diagnosis of 
human hepatocellular carcinoma Huh 7. MATERIALS AND METHODS: Magnetic nanoparticles with core diameters of 30 nm were 
synthesized by pyrolysis and were subsequently coated with a copolymer containing either carboxyl (SHP) or methoxy groups (SMG) 
as termini. The resulting four nanoparticle formulas were characterized by transmission electron microscopy (TEM), dynamic light 
scattering (DLS) and zeta potential measurements. Subsequently, we incubated the particles with RAW 264.7 cells and evaluated their 
cellular uptake and toxicity by inductively coupled plasma (ICP) and MTT assay, respectively. All two formulas, and Feridex were 
individually injected intravenously into separate, normal Balb/C mice (at 2.5, 1.0 and clinical dose 0.56 mg Fe/kg).The animals 
underwent T2-weighted MRI at multiple time points post injection (p.i.) to evaluate the hepatic uptake and clearance at both 7.0T and 
clinical 3.0T MR system. Furthermore, we compared the abilities of the formulas to and those of Feridex to detect tumors in an 
orthotropic Huh7 tumor model at the dose of 2.5 mg Fe/kg at 7.0T MR system. Prussian blue staining, Hematoxylin and Eosin (HE) 
staining and immunohistochemical staining of macrophages confirmed that most particles were trapped in liver Kupffer cells instead 
tumor cells.RESULTS: TEM revealed a narrow size distribution of 30 nm nanoparticles, in contrast to a wide size distribution of Feridex. 
The average particle sizes, as characterized by DLS, were 63.84, and 49.07 nm for SMG-30 and SHP-30, respectively, all of which 
were much more compact than Feridex. MTT assays showed that the polymer coated nanoparticles had no adverse effect on cell 
growth. Among all the tested formulas, including Feridex, SHP-30 showed the highest macrophage uptake at the in vitro level. In vivo 
MRI studies on normal mice confirmed the superiority of SHP-30 in inducing hypointensities in the liver tissue, especially at clinical dose 
(1.0 mg Fe/kg) at 7.0T MRI system. SHP-30 showed better contrast-to-noise ratio (CNR) than Feridex on the orthotropic Huh7 tumor 
model. CONCLUSION: By tuning the core size and coating materials, we were able to arrive at a novel IONP formula, SHP-30, which 
affords better contrast ability than Feridex in MRI liver imaging at both clinical 3.0T and experimental 7.0T MR system with different 
doses including clinical dose 0.56 mg Fe/kg. SHP-30 is biocompatible and i.v. injectable and is promising to replace Feridex, which has 
been out of market since 2009. 
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Molecular MRI of the kinome: detecting kinase activity using peptide-based CEST probes 
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Protein kinases are the basis of a host of clinically interesting processes that span fields as diverse as oncology and psychiatry. 
Kinases (collectively, the “kinome”) therefore form a major target for novel treatment and probe development (1). These enzymes act 
through phosphorylation of specific recognition amino acid sequences on downstream proteins. CEST MRI is a highly promising 
avenue for molecular imaging of kinase activity given its ability to use endogenously produced peptides and proteins to image reporter 
genes (2, 3). Here we report the development of two peptide based molecular imaging probes to detect the activity of Protein Kinase A 
(PKA), the principal transducer of the secondary messenger cyclic adenosine monophosphate (cAMP). Peptides were designed to 
include the known PKA recognition sequence RRX(S/T)Y, where X is any residue, S/T is the serine or threonine phosphorylation site, 
and Y is generally a hydrophobic residue. We hypothesized that phosphorylation should alter the exchange rates of amine protons of 
the nearby arginine residues in a manner detectable with CEST MRI. Indeed, we observed using CEST MRI at 11.7T that imaging each 
of our peptide probes at either +1.8ppm or +3.6ppm with respect to water is able to resolve >50% signal changes with phosphorylation 
at sub-millimolar concentrations. These probes can be expressed as single-component genes under cell-type selective promoters to 
image the activity of the target kinase in genetically specified cellular populations. In principle, similar strategies can be utilized to 
develop peptide-based molecular MRI probes of any target kinase whose specific recognition sequence is known. References: (1) 
Cohen. 2002. Nat Rev Drug Discov. 1:309-15 (2) Gilad et al. 2007. Nat Biotechnol. 25(2):217-9. (3) McMahon et al. 2008. Magn Reson 
Med. 60(4):803-12. 

 

Top: CEST Z-spectra and MTR Asymmetry plots (inset) for the PKA probe designed using the indicated sequence (LRRASLG in blue; LRRATLVD in 
green) in either the unphosphorylated (darker color) or phosphorylated (lighter color) states. Each probe was dissolved in PBS at a concentration of 

1mM. Spectra frequency given in ppm with the water peak set to 0ppm. Bottom: MTR Asymmetry of the above probes at the indicated frequency 
showing the ability to resolve between the unphosphorylated (darker color) and phosphorylated (lighter color) states across a range of sub-millimolar 

concentrations. All data recorded at 11.7T. 
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Extending the Lifetime of Hyperpolarized Magnetization through Isolated Singlet States; 
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In recent years, “hyperpolarization” methods for carbon and nitrogen have dramatically increased bulk magnetization for many different 
biologically relevant molecules. However, all in vivo work has focused on a small number of molecules with relatively long population 
relaxation time T1 because then at least some reactions can then occur before the signal decays back to thermal equilibrium. 
Generically, 13C T1 values are tens of seconds for carbon without attached protons (and much shorter with attached protons); this 
lifetime permits studies of some important metabolic and pharmacokinetic processes, but it is vastly shorter than the lifetimes 
associated with other molecular imaging modalities (e.g., 18F PET) and provides a fundamental limitation to the ultimate generality of 
the technique. If this challenge is solved, it will mark the beginning of MR as an undisputed molecular imaging modality with almost 
unlimited potential in the characterization of disease; if not, hyperpolarization will play only a niche role in vivo. A recent Science paper 
lengthened spin lifetimes by accessing singlet states between chemically equivalent spins. The test system was doubly labeled diacetyl 
(CH3(

13C=O)(13C=O)CH3), and the key insight was recognizing that chemistry could make the singlet state accessible (in this case, by 
equilibration with the monohydrate). Here we report an alternative strategy to store and retrieve population in singlet states using 
tailored sequences. Consider, for example, a system with two coupled pairs of chemically equivalent spins (e.g., 13C and H, CC’HH’ 
system). The only secular off-diagonal element of the spin Hamiltonian considering the state (αβ−βα)C(αβ−βα)H (singlet in both 13C and 
H) connects it to the state (αβ+βα)C(αβ+βα)H (“triplet-triplet”), which has the same symmetry and strong dipole allowed transitions. The 
relative amplitude of this off diagonal element to the population on the singlet state is proportional to (JCH-JCH’)/(JCC+JHH). Thus, the 
state (αβ−βα)C(αβ−βα)H is well isolated given JCC>>JCH, JCH’. Moreover, this two-level system can be readily recognized as 
mathematically isomorphous to the constant amplitude off-resonance irradiation of a single spin-1/2. Similar to suppression of large 
resonance offsets ∆ω, a proton multiple echo sequence with suitable delays can be applied to interchange population between the 
singlet-singlet and triplet-triplet (Figure 1). We have developed a combined sequence to first move population from the bulk 
magnetization into the singlet-singlet state and the state (αβ−βα)C(αβ+βα)H (singlet in 13C and triplet in H) and retrieve the signal at a 
later time. The estimated lifetime of the population in carbon singlet states ranges from 2 to 10 times for different sets of parameters, 
according to theoretical results using GAMMA simulation package. Generalization to large spin systems will be discussed and both 
theoretical and experimental applications to these molecules will be presented. 

 
Figure 1. In a CC'HH' spin system, for instance that in 4,5-dichlorocatechol (left with the 4 spins marked in red), population can be transferred efficiently 

between singlet-singlet and triplet-triplet states with optimized pulse sequence 
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Mn loaded apoferritin: a MRI sensor of cellular redox capabilities 
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Introduction. MRI has reached a prominent position among the imaging modalities thanks to its outstanding spatial and temporal 
resolution. The mains drawback deals with the low sensitivity of its contrast enhancing probes that limits the potential applications in the 
field of molecular imaging. Therefore great efforts are currently devoted to design probes endowed with an enhanced sensitivity. It has 
been shown that apoferritin can be an excellent candidate for generating a high sensitive contrast agent. Firstly, apoferritin has been 
loaded with Gd-HPDO3A to yield a system endowed with a relaxivity of ca. 800mM-1s-1 per particle. Next, an increase of almost one-
order of magnitude (r1≈7000mM-1s-1) was obtained when apoferritin inner cavity was filled up by Mn2+ ions. The preparation of the latter 
system relies on a chemical reduction step that transforms partially the previously loaded solid β-MnOOH into Mn2+ ions that remain 
entrapped in the apoferritin cavity. The chemical transformation that enables the T1 silent Mn-Apo to convert into a powerful relaxation 
agent prompts us to seek whether an analogous transformation may be operated by a naturally occurring reductant. At physiological 
pH, the redox potential of Mn(III)/Mn(II) pair is 1.5V. Although several naturally occurring processes may display suitable redox 
characteristics, it appear necessary to deal with processes that operate massive transformation inside the cell in order to overcome the 
above mentioned sensitivity issues of the MRI technique. Melanin formation in melanocytes has been selected to test the ability of Mn-
Apo to act as sensor of the massive oxidation of tyrosine derived products that yield the formation of the black insoluble 
macromolecule. Methods. Mn-Apo was incubated in the presence of melanogenic and non-melanogenic B16-F10 obtained by growing 
cells in a humidified atmosphere containing 5 or 10% CO2, respectively. Melanogenesis was evaluated by measuring the abs of cells 
lysate at 490 nm. Results. It is well established that starting from tyrosine, successive oxidation steps lead to dopamine 5,6 DHI and 
dopachrome that readily polymerize to yield melanin. First the reduction of Mn-Apo has been carried out in vitro by adding to its 
solution, aliquots of L-DOPA and tyrosinase. Proton relaxation rate of Mn-Apo solution steadily increases in parallel with melanin 
formation as assessed spectrophotometrically. Next the Mn-Apo ability to act as reporter of melanin formation was assessed on B16-
F10 melanoma cells. Melanogenesis is sensitive to extracellular pH and ionic strength. Therefore, at relatively acid pH (6.7-7.2) the 
melanogenic process occurs slowly or is completely inhibited as confirmed by absorbance measurements of cell lysates. Only 
melanogenic cells showed a marked enhancement of their MRI signal intensity. Conclusions. Mn-Apo can act as in vivo sensor of 
massive oxidative process responsible for the melanin formation in melanocytes. The almost undetectable SI enhancement observed in 
non-melanogenic cells demonstrated the lack of other oxidative metabolic pathway that can significantly affect the Mn-Apo reduction. 
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Uridine-based Paramagnetic Supramolecular Nanoaggregate: a Liver Specific T1 MRI Contrast 
Agent with High Relaxivity 

Hyun S. Lee1, Hyeyoung Moon1, Sankarprasad Bhuniya2, Su Lee2, Jong Kim2, Kwan Soo Hong1,3, 1MRI, Korea Basic Science Institute, 
Cheongwon, Republic of Korea; 2Chemistry, Korea University, Seoul, Republic of Korea; 3Graduate School of Analytical Science and 
Technology, Daejon, Republic of Korea. Contact e-mail: hsys0307@kbsi.re.kr 

Magnetic resonance imaging (MRI) is a powerful noninvasive technique that provides high quality three dimensional images of tissues, 
including information on anatomy, function, and metabolism of tissue in vivo. The chelated Gd3+ metal ion improves imaging contrast 
by increasing the longitudinal relaxation time (T1) of proximal water protons, which appear brighter in the T1-weighted image. Current 
advanced medical diagnosis techniques stipulate high-resolution images with a high magnetic field scanner; however, current Gd3+-
based contrast agents (CAs) ligated with polyamino carboxylate are incapable of meeting requirements as they do not have optimal 
relaxivity profiles at high magnetic fields. This requirement drives the research for smart contrast agents with high relaxivities (r1) for 
better tissue contrast at high magnetic fields and a specific property to hepatocytes to enhance in vivo retention time in liver 
parenchyma, providing with MRI detection of hepatocellular carcinoma (HCC). We have chosen a nucleoside as a molecular platform 
with Gd-DTPA to generate a MRI contrast agent. The relaxation efficiency of these newly synthesized amphiphilic MR CAs was 
determined by measuring longitudinal relaxivity (r1) and transverse relaxivity (r2) at 20 (0.47 T) and 60 MHz (1.41 T) in phosphate 
buffered saline (PBS) at 36oC, depending on alkyl chain length. The measured highest values for LGd3 (chain length = 8) were 30.3 
and 23.4 mM-1s-1 in PBS (pH 7.4) at 0.47 and 1.41 T, respectively. In vivo pharmacokinetics of the complex LGd3 showed highly 
specific for hepatocytes resulting in increase of contrast-to-noise ratio (CNR) by ~240% in T1-weighted MR images of mouse liver 2 h 
after injection of the LGd3, resulting in detection of small HCC with diameter of 1.5 mm in 5-month-old H-ras 12V TG liver tumor mice. 
LGd3 is the first example of a self-assembled paramagnetic amphiphile with high relaxivity, significant binding ability with HSA, and high 
liver specificity among other reported amphiphilic gadolinium-based contrast agent, with a highly potential T1 contrast agent to provide 
with detection of small lesions in liver. *E-mail: kshong@kbsi.re.kr 
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A pH-induced Aggregated SPIONs for MRI Contrast Agents 
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Increasing spin-spin relaxation rate (1/T2) can be induced by self-assembly of magnetic nanoparticles which can serve as magnetic 
relaxation switches (MRS). Weissleder et al. have been studied controlled aggregation of SPIONs by using various molecular 
interactions.[1] Additional recent papers have reported pH-responsive SPIONs and their agglomeration for MRI contrast agents to 
improve T2 relaxation time.[2] Here, we suggested newly designed pH-responsive SPIONs, which were synthesized simply and 
aggregated easily. First, we have synthesized SPIONs in organic solvent at high temperature to make its narrow size distribution (~10 
nm). Second, citraconic amide moiety and dimercaptosuccinic acid (DMSA) have been used as a pH-responsive coating material. 
Method to make the hydrophilic DMSA coated SPIONs are well known previously. Beside citraconic amide moiety wasn’t directly 
coated on SPIONs surface, thus stable citraconic amide moiety-modified SPIONs have been synthesized based on the coupling 
reaction between citraconic anhydride and aminopropyltrimethoxysilane (APTMS). The water soluble magnetic nanoparticles have kept 
their small size in the neutral condition, while they have been aggregated within minutes to make large diameters (~100 nm) under 
acidic pH environment by electrostatic attractions between positive and negative charges. As a result, highly contrasted T2 weighted 
images were obtained in the acidic condition. Their emphasized T2 weighted images in the acidic condition can be used for the 
detection of cancerous cells. Reference 1. (a) Weissleder, R. et al. Nature Biotechnology, 2002, 20, 816. (b) Weissleder, R. et al. Anal. 
Chem. 2007, 79, 8863. (c) Weissleder, R. et al. Nanomedicine and Nanobiotechnology, 2010, 2, 291. 2. (a) Liu, H.; Guo, C. et al. Ind. 
Eng. Chem. Res. 2010, 49, 8518. (b) Winter, J. O. et al. Nanotechnology, 2009, 20, 485601. (d) Stoldt, C. R. et al. Nanotechnology, 
2008, 19, 265102. 
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DEVELOPING A NOVEL CONTRAST AGENT FOR TRACKING T-CELLS FOR CELLULAR MRI 
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Background and Objective: Non-invasive in-vivo tracking of T-cells by magnetic resonance imaging (MRI) can lead to a better understanding of many 
pathophysiological processes, including AIDS, cancer, diabetes, multiple sclerosis, and graft rejection. Furthermore, current “gold standard” to monitor 
cardiac graft rejection is endomyocardial biopsy, which is invasive and subject to sampling errors. We are developing MRI as a new non-invasive 
approach to monitor graft rejection by monitoring the infiltration of immune cells (e.g., T-cells, macrophages, etc) labeled with MRI contrast agents to a 
rejecting graft. We have been able to label macrophages, both ex vivo and in vivo, with iron oxide particles1,2. However, non-phagocytic cells, such as 
T-cells, do not take up these particles readily and thus it is difficult to monitor their infiltration to the inflammatory site by in-vivo MRI. The objective of our 
study is to develop a novel nano-sized iron-oxide particle (ITRI-IOPC-NH2), also containing fluorescent dyes, for detecting cardiac rejection by cellular 
MRI. Methods: Cationic ITRI-IOPC-NH2 particles were synthesized from ITRI-IOPC particles, which are coated with polyethylene glycol (PEG) and 
contain a terminal carboxyl group on the surface3. Fluorescein isothiocyanate and DyLight 649-N-hydroxysuccinimide ester were individually conjugated 
to ITRI-IOPC-NH2 particles (Fig. A). T-cells are directly labeled with these particles by co-incubation in a culture medium. Labeled-T-cells are then 
intravenously infused into our heart-lung transplanted rats and their infiltration is monitored by in-vivo MRI. Results: We have synthesized a novel nano-
sized [~ 70 and 130 nm (Fig. B)] MRI contrast agent, ITRI-IOPC-NH2 series particles coated with PEG, which is widely used in pharmaceutical products, 
with high transverse relaxivity (250 s-1mM-1). The average iron-core size for all IOPC-NH2 series particles is around 10 nm as measured by TEM (Fig. 
C). ITRI-IOPC-NH2 series particles are the first reported magnetic particles that can label T-cells with over 90% efficiency, without using transfection 
agents, HIV-1 transactivator peptide, or electroporation. MRI of gelatin phantoms of labeled-T-cells shows that the cationic surface of these particles 
facilitates T-cell internalization (Fig. D). ITRI-IOPC-NH2 particles do not cause any measurable effects on T-cell function. Infiltration of labeled-T-cells 
can be detected in a rat model for heart-lung transplantation by in-vivo MRI and ex-vivo MRM (Fig. E). Conclusions: Our results suggest that ITRI-IOPC-
NH2 particles have potential for clinical cellular imaging and can be used to label non-phagocytic T-cells for in-vivo MRI cell trafficking studies. 
References: 1. Wu, Y.L., et al. Proc Natl Acad Sci U S A 103, 1852-1857 (2006). 2. Ye, Q., et al. Circulation 118, 149-156 (2008). 3. Chen, C.L., et al. 
Mol Imaging Biol (2010) In Press. 

 

Figure (A) Synthetic scheme of IOPC-NH2 series particles; (B) Dynamic light scattering analysis of the hydrodynamic diameters of IOPC-NH2 particles; 
(C) TEM images of (a) IOPC, (b) IOPC-NH2, (c) IOPC-NH2-FITC, and (d) IOPC-NH2-DyLight 649 particles; (D) MRM images of gelatin phantoms of T-

cells labeled with (a) no particles (control), (b) IOP, (c) IOPC, (d) IOPC-NH2; (E) T2*-weighted in-vivo MRI of (a) allograft heart and (b) lung; Ex-vivo 
MRM of (c) allograft heart and (d) lung. 
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Magnetic cellulose particles as relaxation switches for environmentally sensitive MRI 
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INTRODUCTION: Magnetic relaxation switches have been developed using iron oxide particles that cluster in the presence of a 
stimulus, but the potential of using such systems to monitor intracellular events in vivo via MRI has not been investigated. Here we 
demonstrate the fabrication of magnetic cellulose particles that are relaxometrically sensitive to digestion by cellulase. In the ‘off’ state, 
the particle remains intact. When switched ‘on’ through the cleavage action of cellulase, the iron oxide cores disperse, changing the 
relaxivity of the agent. MATERIALS AND METHODS: Particles: 10-nm magnetite nanocrystals were synthesized via thermal 
decomposition of iron oleate. Magnetic cellulose particles were then fabricated using an oil-in-water single emulsion method. Enzymatic 
activity of cellulase on cellulose particles was assessed by using a hexokinase-based system to measure glucose release from 
cellulose particles after 2 hrs. In vitro study: Magnetic cellulose particles at 2 mM Fe were treated with 1 mM T.reesei/T.viride cellulase 
(pH 5.0, 0.05 M acetic acid) for 3 days and used to make agarose gel phantoms at different [Fe]. r2 and r2* relaxivity measurements 
were made at 4.7 T. In cellulo study: MCF-7 human cancer cells were labeled overnight in media containing magnetic cellulose 
particles (1 mM Fe) and cellulase (1 mM) and used to make agarose gel phantoms. T2 and T2* relaxation times were then measured at 
4.7 T. RESULTS AND DISCUSSION: Cellulose particles were fabricated at a size of 414 ± 182 nm at 70% magnetite with r2 and r2* 
molar relaxivity of 63 s-1mM-1 and 399 s-1mM-1 respectively. Cellulose nanoparticles dissolved to produce glucose when treated with 
cellulase enzyme at an initial rate that agreed with classic Michaelis-Menten kinetics (Fig. I). After 3-day treatment with cellulase, 
particles showed significant morphologic degeneration (Fig. IIa,b). Furthermore, the reaction mix of the cellulase-treated group was 
much darker than control (Fig. IIc). XPS spectra (Fig. IIa,b) showed a lower surface iron in the cellulase treatment group relative to 
control, suggesting higher dissolution of surface iron. Relaxometry of the two reaction mixtures showed a clear difference in r2 relaxivity 
with the treatment group having 66% higher r2 than control. The disparity in r2* relaxivity was not as large (Fig. III). Because r2* values 
are so much higher than r2 for both treatment and control groups, we hypothesize that these particles exist in the static dephasing 
regime (where r2*>>r2). CONCLUSION: These results demonstrate the potential of fabricating environmentally sensitive MRI contrast 
agents made entirely from a naturally occurring polymer. We believe that such agents could be used to report on intracellular events 
like the differentiation of a transgenic neural progenitor cell line that expresses cellulase as a reporter gene when differentiating into a 
neuron, if labeled with a cellulosic MRI agent like the one described here. 
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Synthesis and Initial Characterization of Gadolinium-Linked Dendrimeric Agent Targeted to 
the Folic Acid Receptor 

Amber L. Doiron1,2, Robert Shepherd1, Kristina D. Rinker1, Richard Frayne2, Linda B. Andersen2, 1Chemical Engineering, University of 
Calgary, Calgary, AB, Canada; 2Radiology, University of Calgary, Calgary, AB, Canada. Contact e-mail: adoiron@ucalgary.ca 

Medical imaging of atherosclerotic plaques is vital in assessing the likelihood of the plaque to cause a stroke or heart attack and 
determining how detrimental that event may be. The vulnerability of the plaque to rupture is best characterized by its biochemical, 
biomechanical, and cellular composition. We are currently investigating a molecularly-specific magnetic resonance contrast agent to 
target atherosclerotic plaques based on cellular composition to augment medical imaging and identification of plaques. The gadolinium-
containing nanoparticle agent is targeted to a subset of activated macrophages residing within the plaque that over-express the folic 
acid receptor. The molecular imaging agent, modified from Swanson (1), was created starting with an amine-capped generation five 
poly(amido amine) dendrimer (128 functional groups) that was conjugated to approximately 10 folic acid moieties and 1 AlexaFluor® 
430 using 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide. The dendrimer was then reacted with diethylenetriaminepentacetic 
dianhydride and incubated in gadolinium chloride to create a folic acid-, fluorophore-, and gadolinium-linked nanoparticle. The 
fluorophore was attached to the particle to enable visualization in cell culture and ex-vivo small animal studies with fluorescence 
microscopy. Successful particle creation was confirmed chemically with infrared spectroscopy and nuclear magnetic resonance 
spectroscopy, as well as morphologically with transmission electron microscopy. The agent had a minimal in vitro cytotoxic effect on 
human endothelial cells at a dose of under approximately 1-2 nanograms per cell. The number of gadolinium ions per nanoparticle 
conjugate was measured by inductively coupled plasma mass spectrometry to be 110 ± 30, with minimal in vitro release of gadolinium 
from the agent over time. Approximately 30% of the fluorophore was released in vitro over a period of 5 days. Preliminary measures 
performed on 3T MR reveal a relaxivity of 48 ± 20 s-1mM-1 Gd. The targeting efficiency of the conjugate in vitro was studied using a 
human cell line expressing the folic acid receptor (KB cells) compared to a cell line without the receptor (THP-1 cells). Studies to 
determine the in vitro kinetics of binding and internalization are currently being conducted by exposing the folic acid receptor-expressing 
KB cell line to the nanoparticle imaging agent over a range of concentrations and times. Upcoming studies are focused on the use of 
the agent in an in vitro flow chamber model as well as a mouse model of atherosclerosis. In a parallel plate flow chamber, a monolayer 
of cells is exposed to flowing media containing nanoparticles, and the cells can be subsequently imaged with fluorescence microscopy 
and MR to determine localization of the contrast agent in a flow environment (2). Additionally, a murine partial carotid ligation model of 
atherosclerosis (3) will be used to study the targeting and attachment of the nanoparticle contrast agent in vivo. 1. Swanson SD et al. 
(2008) Int J Nanomedicine 3:201-210. 2. Aulanier AL et al. (2011) BioTechniques 50: 120-123. 3. Nam D et al. (2009) Am J Physiol 
Heart Circ Physiol 297: H1535-H1543. 

Disclosure of author financial interest or relationships: 
A.L. Doiron, None; R. Shepherd, None; K.D. Rinker, None; R. Frayne, Lantheus, Consultant; L.B. Andersen, None. 

  

S 62 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P026 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Quantitative molecular MR imaging of U87 brain tumor angiogenesis using a novel RGD Gd-
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INTRODUCTION. Molecular MR imaging is an increasingly used tool to investigate tumors angiogenic activity. In our work, we used a 
high relaxivity Gd(Gadolinium)-based emulsion grafted with RGD peptides to target αυβ3 integrins over-expressed during tumor 
angiogenesis induced in mice brain. This study proposes a methodology allowing in vivo quantification of the Gd-based emulsion 
concentration by acquiring dynamic T1 maps. MATERIALS AND METHODS. In vivo experiments were carried out on 12 nude mice 
induced with U87 brain tumor (average diameter ∼ 4mm). Mice were separated into 3 groups according to the injected MRI contrast 
agent (defined in Figure 1): the targeted group (n=4) received the targeted emulsion before MRI acquisition, while the control group 
(n=4) received the non-targeted emulsion. The competition group (n=4) first received the competitor emulsion, and 2 hours later the 
targeted emulsion prior to MRI acquisition. All injections were performed at the caudal vein of the mouse with the same dose for all 
groups (1nmol/kg of nanoparticles). MRI sessions were performed on a 7T preclinical scanner (Pharmascan, Bruker): quantitative T1 
maps were acquired every 13 minutes with an IR-TurboFLASH sequence (TE/TR=2.5/5ms, 60 TI spaced by 80ms) to produce 
concentration maps of the injected contrast agent and follow its biodistribution in the mouse brain during 90 minutes (Figure 2). For 
histological analyses, mice were deeply anesthetized, their brains collected after an intra-cardiac perfusion of physiological serum to 
remove blood then fixed with paraformaldehyd. RESULTS. Vascular concentration of injected contrast agent was measured in the 
retro-orbital sinus along the MRI session: for all mice, it remains stable around 5nM during 90 minutes demonstrating a long term 
vascular remanence of the different emulsions. Concentrations of injected contrast agent were also measured in the tumor and in a 
control area of healthy tissue: a more important uptake of emulsion is observed in the tumor for all groups which reflects that the tumor 
is more vascularized than healthy tissues due to neoangiogenesis. The specific binding of RGD peptides with αυβ3 integrins is 
illustrated on Figure 3: the concentration of emulsion in the tumor is more important for the targeted group than for the control group, for 
which no specific binding occurs, and also than for the competition group, for which some αυβ3 receptors are already occupied by the 
competitor emulsion. Fluorescence imaging of rhodamine used to label the targeted emulsion confirms its presence in neoangiogenic 
vessels surrounding the tumor and immunohistochemistry of αυβ3 integrins confirms the colocalization between the RGD Gd-based 
emulsion and its target (Figure 4). CONCLUSION. This study shows that molecular MRI allows detecting neoangiogenic vessels in 
brain tumor, combining the use of a high relaxivity and RGD Gd-based emulsion with quantitative T1 maps acquisition. Contrast agent 
concentration-time curves measured in tumors and histological data confirm the specific binding of this targeted emulsion with the αυβ3 
integrins over-expressed in brain tumors induced in mice. 
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Magnetic nanoparticles are very useful as contrast-enhancing agents in magnetic resonance imaging (MRI). The size of the 
nanoparticles influences many aspects and is a very important factor to consider when developing contrast agents. Here we present 
results regarding accumulation of magnetic nanoparticles with different iron oxide core size in murine tumors. Iron oxide nanoparticles 
with different size (5-25 nm) were synthesized by continuous-flow synthesis and size distribution analysis was made based on TEM 
pictures. The nanoparticles were coated with PEG (Mw=460-590) and XPS studies revealed an equal thickness of the PEG layer on all 
nanoparticles. Relaxivity measurements showed higher r2 values for increasing iron oxide core size. The uptake of the nanoparticles in 
cells (HeLa, RAW and J774A.1) was size dependent, and the uptake of the small particles was higher than the uptake of the larger 
particles. The blood half-life in mice increased with nanoparticle size. MRI 24 hours after intravenously injection of the nanoparticles into 
mice bearing a C3H tumor in the leg showed a size dependent trend where the large nanoparticles gave the most increase of R2. Ex 
vivo studies of biodistribution showed that the nanoparticles predominantly ended up in the liver and spleen and thus were cleared by 
the RES as expected. This size-dependent accumulation in the tumors can be explained by the longer circulation time of the large 
nanoparticles and the fact that more particles were leaking out in the tumor area because of the EPR effect. 
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Novel Gadolinium Dendrimer Magnetic Resonance Imaging Contrast Agents for the Non-
Invasive Detection of Activated Platelets 
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Molecular magnetic resonance imaging (MRI) is being increasingly recognised as suitable for the non-invasive and early diagnosis of 
diseases by detecting specific tissue markers. Contrast agents such as Gadolinium (Gd) cause a reduction in the T1 relaxation time and 
are preferred over negative contrast agents such as SPIOs, because they provide a positive, bright contrast against the targeted tissue. 
It is now recognised that platelets apart from their classic role in thrombosis and haemostasis are also potent inflammatory cells. The 
most abundantly expressed protein on the platelet surface is the integrin GPIIb/IIIa. We previously generated small recombinant 
antibody fragments against ligand-induced binding sites (LIBS) on GPIIb/IIIa, which are highly specific for activated platelets. MRI 
contrast agents with these single-chain antibodies (scFvs) directed against activated platelets would allow in vivo imaging of 
thrombosis, atherosclerosis and inflammation. Here we present novel targeted MRI contrast agents based on conjugating poly-lysine 
gadolinium-containing dendrimers with scFvs against activated GPIIb/IIIa. Dendrimers with 16 Gd-Diethylene triamine pentaacetic acid 
(DTPA) chelates were synthesised and conjugated via a unique point of attachment to scFvs with a C-terminal thiol using maleimide 
chemistry. Firstly we tested the new constructs in vitro using ex vivo formed human thrombi made from platelet rich plasma. Histological 
examinations and in vitro MRI studies at 4.7T and 9.4T confirmed that the imaging probes target activated GPIIb/IIIa on platelets and 
bind to the thrombus surface. Next, we examined the performance in a well-established model of FeCl3 induced carotid injury in C57Bl6 
mice. We injected animals with the scFv dendrimer fusion constructs and imaged at 9.4T on a Bruker small animal MRI system. In vivo 
MR imaging contrast studies showed in single cases a clear signal enhancement after administration of the targeted agent. 
Immunohistochemistry of the dissected tissue confirmed specific binding to the carotid injury site (Figure). This suggests that the 
targeting of the construct under arterial shear conditions was successful but that the signal from the 16-Gd-Dendrimer could be stronger 
for convincing in vivo imaging in small animals. To increase the signal strength we doubled the Gd payload per dendrimer construct 
from 16 to 32 and also switched to the second generation chelate 6-amino-6-methylperhydro-1,4-diazepinetetraacetic acid (AAZTA) 
which allows the coordination of two water molecules instead of only one for DTPA. Studies revealed that this strategy increases the 
relaxivity from 2.2 to 5.6 mM-1s-1 (Table). The improved 32-Gd-AAZTA constructs are currently made for future in vitro and in vivo tests. 
In conclusion, we present the synthesis, in vitro and in vivo testing of promising novel biocompatible single-chain antibody targeted 
poly-lysine dendrimer constructs for the non-invasive detection of activated platelets using magnetic resonance imaging. These imaging 
probes could be used for the early in vivo detection of thrombosis and inflammation. 

 
Figure: A MRI image of ferric chloride-induced carotid artery injury before/after (15, 30 min) administration of targeted scFv-Gd16-Dendrimer. B Histology 

of thrombus with anti-V5 mAb as component of the platelet-targeted scFv confirms binding of targeted scFv-Gd16-Dendrimer. 
Relaxivties of the different Dendrimer constructs 

 

 
Diethylene triamine pentaacetic acid (DTPA) 

6-amino-6-methylperhydro-1,4-diazepinetetraacetic acid (AAZTA) 
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Baltimore, MD, USA; 2Institute for Cell Engineering, Johns Hopkins University School of Medicine, Baltimore, MD, USA; 3F.M. Kirby 
Research Center for Functional Brain Imaging, Kennedy Krieger Institute, Baltimore, MD, USA; 4Department of Chemistry, Johns 
Hopkins University School of Medicine, Baltimore, MD, USA. Contact e-mail: abarshi2@jhmi.edu 

Introduction: The gene encoding the enzyme Herpes Simplex Virus type 1 Thymidine Kinase (HSV1−TK) is widely used for gene 
therapy, PET imaging and has already been used in the clinic. Cells expressing HSV1−TK can phosphorylate a range of nucleoside 
analogs and the phosphorylated nucleosides accumulate inside the cell. Availability of an imaging probe for MRI will eliminate the need 
for radiolabeled probes and allow one to acquire high−resolution anatomical information together with sub−cellular genetic information. 
In this study we demonstrate that chemical modification of thymidine (dT), the native substrate of HSV1−TK, improves Chemical 
Exchange Saturation Transfer (CEST) MRI contrast. In addition, we show that the suggested CEST-based probes can be 
phosphorylated by HSV1−TK, thus making them potential reporter probes for imaging HSV1−TK expression with CEST−MRI. Results 
and Discussion: To improve the CEST−MRI characteristics of dT analogs, we sought to reduce the exchange rates of their NH (imino) 
protons by increasing their pKa value through chemical modification in the molecule. The results show that the pKa of this proton can 
be increased from 9.96 to 11.6 by reducing the 5−6 double bond of the pyrimidine ring (compounds 2 and 3). For both 2 and 3 we found 
a reduction of the exchange rate of the NH proton with the water protons (see table). On the other hand, replacing the methyl group at 
position 5 with Cl, dramatically reduced the pKa value of the imino proton to 7.97 (compound 1), thus increasing its exchange rate with 
water (see table). From the Z−spectra and the MTR Asymmetry (MTRasym) plots (b) and the MTRasym maps at 5.0ppm (c), one can see 
that reducing the exchange rates of the imino proton improves the CEST MRI contrast generated by the molecule. Contrary, at low pKa 
values (compound 1) no peak was obtained for the imino proton (fast exchange). The observed peak at 5.0ppm of compound 3 (and 2, 
data not shown) is narrower and higher as compare to dT. These results indicate that compound 3 is a good reporter probe for imaging 
the expression of the HSV1−tk as a reporter gene using CEST−MRI. In order to examine the ability of the HSV1−TK to phosphorylate 
the CEST−based reporter probes, recombinant HSV1-TK was expressed in E. coli and purified. The level of phosphorylation was 
measured using the Kinase−Glo™ assay. As shown in the graph (d), purified HSV1−TK phosphorylates dT, and compounds 2 and 3 to 
the same level. Thus indicating that the new CEST contrast agents can be used as substrates for HSV1−TK. We also found minimal 
phosphorylation of compound 3 by mammalian TK, making it a specific CEST−based reporter probe for imaging the expression of the 
HSV1−tk reporter gene. Conclusion: In this study we showed that chemical modification of the native HSV1−TK substrate (dT) to 
reduce proton exchange rates improves its CEST−MRI contrast properties, with higher specificity to HSV1−TK over mammalian TK. 
Therefore we suggest compound 3 (a modified dT) as a CEST−based reporter probe for imaging expression of the HSV1−TK reporter 
gene with MRI. 
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Small molecule FDA-approved Gadolinium (Gd) chelates, used in many MRI imaging procedures offer enhanced contrast in Magnetic 
Resonance Imaging (MRI). These small molecules are rapidly cleared by a healthy renal system, and therefore have low toxicity. 
However, these small molecule chelates lack the relaxivity, or signal intensity, desired of contrast agents. To make up for this downside, 
it is necessary to inject a high concentration of these contrast agents into the body. Conversely, macromolecular Gd contrast agents 
such as polymers and dendrimers have higher molecular relaxivities, and are thus promising contrast agents. However, these 
macromolecular contrast agents are not cleared as rapidly due to their larger size and may persist longer in the body, where they could 
transmetallate. The challenge is to create a macromolecular Gd contrast agent which displays high molecular relaxivity but can be 
degraded rapidly in order to facilitate renal clearance. We have developed two separate hydrophilic organometallic systems in our 
laboratory and have investigated their properties as potential MRI contrast agents. When coordinated with gadolinium, both systems 
enjoys high molecular relaxivity characteristic of macromolecular contrast agents, but degrade in physiological conditions and can be 
cleared from the body faster than other macromolecular systems, reducing the potential toxicity of these contrast agents in vivo. In one 
system, an organometallic crosslinker was developed to prepare high-relaxivity hydrogel particles after chelation with gadolinium. 
These particles can function as imaging agents as well as delivery vehicles. In another, a pH-degradable polymer containing ketal 
moieties and metal coordinating units was prepared. Shown in Fig. 1, the pH-degradable polymer was observed to have a pH-
dependent degradation, as well as a pH-dependent relaxivity decrease. We have successfully chelated Gd in these systems, and are 
currently chelating a number of other biomedically relevant Lanthanides. We envision that a similar degradable polymer could not only 
be used as a MRI contrast agent, but also be formulated with implantable polymer membranes and films for monitoring the integrity of 
such devices in vivo. The degradable gel particles could be used as a theranostic for protein/gene/siRNA delivery and simultaneously 
tracking. 
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We describe simple synthesis method of superparamagnetic nanoparticles (SPION)s based on sulfobetaine zwitterionic ligands as 
small and stable contrast agent for magnetic resonance imaging (MRI). The SPIONs are synthesized by thermal decomposition. Such 
nanoparticles that are synthesized at high temperature have uniform physical properties. However, these nanoparticles are not suitable 
for in vivo application because they are stabilized by liphophilic acids. For biological and in vivo applications, it is important that such 
nanoparticles must be dispersed in aqueous phase and be stable under physiological conditions. Using a simple nano-emulsion 
method, the nanoparticles are coated with zwitterionic surfactant to impart water-dispersity and high in vivo stability. Zwitterions are 
known to be antibiofouling materials to overcome limitations of poly ethylene glycol (PEG) such as the increase of hydrodynamic size 
and autoxidation. We demonstrate that zwitterions surfactant coating layers are formed easily on hydrophobic oleic acid stabilized 
SPIONs via hydrophobic and van der Waals interactions, zwitterions SPIONs have ultrathin (~5nm) coating layer with mean sizes of 
12.0 ± 2.5nm measured by dynamic light scattering (DLS). Upon incubation in 1M NaCl and 10 % FBS, zwitterions coated SPIONs 
show high colloidal stabilities without precipitations. Size of zwitterions coated SPIONs are monitored for 24h by DLS, which reveals 
little size changes. Then, T2 relaxivity coefficients of zwitterions coated SPIONs are obtained by measuring the relaxation rate based 
iron concentration, and afford a good MR signal. This zwitterions passivation of SPIONs offers nanoparticles stabilization when 
preserving small particles size. Therefore we expect a decrease in uptake by RES and an increase in renal clearance of zwitterions 
SPIONs. 
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Manganese oxide (MnO) based particles are an attractive alternative to iron based particles for molecular and cellular imaging. Dark 
contrast from iron containing particles is constantly in an ‘on’ state, and can be easily confounded with endogenous stores of iron in 
vivo. MnO particles, however, exhibit a pH sensitive switch from ‘off’ to ‘on’, producing unmistakable bright contrast on T1 weighted 
images following cell uptake. We propose a novel paradigm for utilizing MnO nanocrystals for molecular and cellular MRI by 
encapsulating MnO within poly(lactic-co-glycolic acid) (PLGA) nano- and microparticles (NPs, MPs). We show how these particles 
exhibit a 35-fold change in r1 with pH, making them the most dynamic ‘smart’ MRI contrast agent yet reported. Mn (II) acetylacetonate 
was thermally decomposed to form MnO nanocrystals. MnO PLGA NPs and MPs were fabricated with MnO:PLGA weight ratios of 0, 
50, and 100%. Fluorescence was added with coumarin-6. Cores and particles were characterized by x-ray diffraction (XRD), 
transmission electron microscopy (TEM), and scanning electron microscopy (SEM). Mn particle content was determined by thermal 
gravimetric analysis. r1 molar relaxivity of intact MnO NPs and MPs in agarose was determined at 4.0 T. Controlled release curves were 
generated by suspending NPs and MPs in PBS pH 7.4 and citrate buffer pH 5 to mimic extracellular space/cytoplasm and endosomes, 
respectively. Mn2+ concentrations were calculated from T1 values of supernatants, collected over 41 d, using a measured r1 for Mn2+ of 
7 mM-1s-1. Rat RG2 cells were labeled with MnO particles in media or media only. After 24 h, cells were washed, pelleted, and imaged 
at 4.0 T to generate T1 values or analyzed by microscopy. Intracellular evolution of Mn2+ from MnO was assessed by electron 
paramagnetic resonance (EPR), which detects Mn2+ not intact MnO. TEM showed 15-20 nm MnO cores (Fig 1A), while XRD confirmed 
MnO crystal structure and identity. Average NP and MP diameters per SEM images (Fig 1B) were ~ 140 nm and 1.7 μm. Total Mn 
particle content was high, ranging from 35 to 63%. Intact MnO NPs and MPs had very low r1 (0.21 and 0.54 mM-1s-1). Particles in citrate 
buffer pH 5 showed significant Mn2+ release (90-95% total) over 41 d, whereas, particles in PBS pH 7.4 did not (<5% total). After 24 h, 
NPs and MPs had labeled RG2 cells with green fluorescence (Fig 1C). T1 values of labeled cells were reduced compared to control (Fig 
1D). EPR spectra of MnO particle labeled cells each showed robust Mn2+ signal (Fig 1E), indicative of Mn2+ intracellular evolution, while 
cells alone had no signal. These results suggest that MnO particles will only exhibit bright contrast after endosomal uptake due to Mn2+ 
evolution in low pH; uninternalized particles will not cause contrast because Mn2+ is not formed at pH 7.4. The NPs and MPs reported 
here are smart contrast agents. The conversion of MnO in acidic environments to Mn2+ yielded a maximal 35-fold change in r1 of 0.21 to 
7 mM-1s-1, over 10 times greater than previously reported smart agents. Particle applications include liver imaging, tumor detection, and 
endocytotic verification. 

 
Figure 1, A) TEM of MnO cores. B) SEM of MnO MPs. C) Bright field and fluorescence microscopy overlay showing an RG2 cell labeled with green 

MnO MPs. D) T1 maps of RG2 cell pellets labeled with: 1) media 2) 50% MnO NPs 3) 100% MnO NPs 4) 50% MnO MPs 5) 100% MnO MPs. E) EPR 
spectrum of RG2 cells incubated with 50% MnO MPs for 24 hours, showing intracellular evolution of Mn2+. 

Disclosure of author financial interest or relationships: 
M. Bennewitz, None; M. Nkansah, None; T. Lobo, None; G. Ulas, None; G. Brudvig, None; E.M. Shapiro, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S33



Presentation Number P034 
Poster Session 2 

September 8, 2011 / 15:15-16:45 / Room: Hall F 

FAD-coated fluorescent iron oxide nanoparticles for RCP-mediated targeting and labeling of 
metabolically active cancer cells 

Jabadurai Jayapaul1,2, Susanne Arns1, Wiltrud Lederle1, Peter Comba2, Fabian Kiessling1, Jessica Gätjens1, 1Department of 
Experimental Molecular Imaging, Medical faculty, RWTH Aachen University, Aachen, Germany; 2Institute of Inorganic Chemistry, 
Heidelberg University, Aachen, Germany. Contact e-mail: jjayapaul@ukaachen.de 

In this study, we present a versatile flavin adenine dinucleotide (FAD) based iron oxide nanoparticle system as a hybrid optical and MR 
probe for targeting cells with high metabolic activity via riboflavin carrier protein (RCP). Riboflavin (Rf) is an essential vitamin that 
mediates various redox reactions in cellular metabolism and is highly upregulated in metabolically active cells. Consequently, targeting 
the riboflavin carrier protein (RCP) is a promising strategy for labeling metabolically active cancer cells. Therefore, ultrasmall 
superparamagnetic iron oxide nanoparticles (USPIO) were adsorptively coated with FAD which rendered them target-specific and 
fluorescent (FAD USPIO). The core diameter, surface morphology and surface coverage of the resulting FAD USPIO were evaluated 
using different physico-chemical characterization techniques (TEM, FT-IR, MRI and fluorescence spectroscopy). The biocompatibility of 
FAD USPIO was checked using two different cell viability assays (Trypan blue staining, 7-AAD staining). In vitro cell labeling efficiency 
of FAD USPIO was studied using MRI and fluorescence microscopy. The RCP-mediated uptake of FAD USPIO by LnCap cells was 
further investigated by competition experiments with free Rf using MRI and fluorescence microscopy. The in vivo accumulation of FAD 
USPIO in prostate cancer tumors (LnCap) compared to Resovist was assessed by MRI and subsequently validated using histology. 
TEM measurements showed an average particle size of 5.8 ± 1 nm. FT-IR results confirmed the binding of FAD to USPIO via inherent 
phosphate groups. MR (3T) measurements showed high relaxivity value (r2) in de-ionized water for FAD USPIO (r2 = 136.22±0.46 s-
1mM-1), similar to Resovist (r2 = 144.36±0.92 s-1mM-1). Fluorescence spectroscopy of FAD and FAD USPIO displayed a maximum 
fluorescence emission at 530 nm in water. Trypan blue and 7-AAD staining showed no loss in viability of LnCap cells incubated (3h, 
24h) with FAD USPIO at relevant cell labeling concentration (c(Fe) = 0.3 µmol Fe/mL). In line with the high cell labeling efficacy of FAD 
USPIO shown by fluorescence microscopy, we observed a significantly higher R2 relaxation rate after 1h incubation of LnCap cells with 
FAD USPIO (135.56±36.78 s-1) than with USPIO (2.76±0.43 s-1). Further, the RCP-specific uptake of FAD USPIO revealed using 
fluorescence microscopy by competitively blocking upregulated RCP with free Rf (10- and 100-fold), was further confirmed by a 
decrease in R2 relaxation rates (7.76±1.42 s-1 (10 fold) and 2.22±0.15 s-1(100 fold)) compared to FAD USPIO alone. Furthermore, the 
in vivo specificity of FAD USPIO compared to Resovist was clearly elucidated by the increase in the R2star relaxation rates (FAD 
USPIO/Resovist (n=3): 21.86±3.85 s-1/6.43±3.88 s-1 (1h incubation)), which was further supported by histology. Therefore, our study 
evidently proved that FAD USPIO nanoparticles possessed better fluorescent- and magnetic-imaging properties in labeling 
metabolically active cancer cells via highly upregulated RCP. 
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Introduction. Pancreatic ductal adenocarcinoma (PDAC) is a devastating malignancy with a high mortality and short average survival. 
Characteristically, pancreatic tumors have had poor chemotherapeutic response. A defining feature of many PDAC is an intense fibrotic 
reaction associated with the tumor, known as the desmoplastic reaction, that results in a poorly perfused and poorly vascularized tumor, 
which limits efficient delivery of chemotherapeutics. The sonic hedgehog pathway is implicated in the regulation of desmoplasia in 
PDAC. It has been shown in animal models that inhibition of the sonic hedgehog (SHH) pathway suppresses the formation of stroma 
and results in better delivery of standard chemotherapeutics and subsequently better outcomes [1]. Noninvasive monitoring of tumor 
desmoplasia and its response to treatment would be valuable in guiding therapy. We hypothesize that molecular MRI of collagen would 
be a direct biomarker of the desmoplastic response and enable therapy monitoring. Methods. A mouse pancreatic cancer cell line, from 
Ptf1-Cre; LSL-KRAS-G12D; p53 Lox/+ mice on an inbred FVB/n strain background was used to generate tumors. Cells (10-20,000) 
were directly implanted in the pancreas of wild type FVB mice and the tumors were allowed to grow to up to 10 mm in diameter in 1-2 
weeks (N=8). MR imaging was performed at 4.7T prior to and following 20 µmol/kg i.v. injection of EP-3533, a peptide-based 
gadolinium probe that binds to type I collagen [2]. Imaging included high resolution T1- and T2-weighted imaging, T1 quantification, and 
dynamic contrast enhancement during probe administration. Following imaging, tumor and pancreas were removed and stained for 
collagen with Trichrome and analyzed for hydroxyproline and gadolinium (probe) content. Results. MR imaging showed heterogeneous 
enhancement of the tumor, with greater and persistent enhancement in the tumor rim (Panels A and B). Staining for collagen revealed 
heterogeneous distribution within the tumor mass (Panel C), consistent with the MR findings. Ex vivo analysis showed a very strong 
correlation (r=0.9) between tumor hydroxyproline (total collagen) levels and gadolinium (probe) concentration (Panel D) suggesting that 
the mechanism of tumor enhancement was due to collagen targeting by the probe. MR signal enhancement at 60 minutes post injection 
strongly correlated with hydroxyproline content in the tumors (r=0.80). As expected, signal enhancement also correlated linearly 
(r=0.87) with ex vivo gadolinium levels in the tumor tissue. Conclusion. Molecular MR imaging with a collagen-targeted probe strongly 
correlates with quantitative ex vivo measures of fibrosis and demonstrates potential for noninvasive monitoring of the desmoplastic 
response. [1] Olive K. P. et al.; Science, 2009, 324, 1457-1461. [2] Caravan P. et al.; Angew. Chem. Int. Ed., 2007, 46, 8171-8173. 

 

Coronal T1-weighted images of tumor before (A) and 1h after (B) injection of EP-3533. T = tumor, also marked with dashed line and arrow, N = necrotic 
center of tumor, Sp = spleen, St = stomach. (C) Histological slide of tumor stained with Trichrome showing heterogeneous distribution of collagen (blue). 

(D) Correlation of tumor ex-vivo hydroxyproline (surrogate for collagen) and gadolinium (probe) amounts. 
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Magnetic resonance imaging (MRI) is a noninvasive, high spatial resolution imaging modality, which is used widely in clinical 
diagnostics. However, the relatively low sensitivity of MRI requires enhanced contrast agents to increase contrast between pathological 
and normal tissues. “Smart” MR contrast agents that can modulate their MR properties (relaxivity) resulting in signal amplification upon 
the interaction with a molecular target can greatly improve MR detection of specific molecular events. Significant efforts have been 
made to generate “smart” contrast agents. We report here a novel strategy for the development of “smart” contrast agents, which is 
based on our recently developed biocompatible intramolecular macrocyclization reaction. We have previously demonstrated that this 
macrocyclization chemistry can lead to the formation and assembly of nanoparticles in vitro and in living cells under the control of 
disulfide reduction and/or enzymatic cleavage. We envisioned that a similar molecular template containing Gd3+-chelates could 
macrocyclize to produce more hydrophobic Gd-containing macrocycles in response to the molecular target (Scheme 1). These 
macrocycles will further aggregate and assemble into Gd-nanoparticles through hydrophobic interactions, resulting in an increase in the 
relaxivity (r1) of Gd. For example, an acyclic precursor 1 comprising two chemical groups—1,2-aminothiol and 2-cyanoquinoline—and 
two Gd3+ chelates was prepared as two isomers which can be spontaneously converted into each other when incubation in PBS buffer 
(pH 7.4). Both isomers can be activated by reduced agent (TCEP, etc.) to produce macrocycles 3 that further aggregated into Gd-
containing nanoparticles with diameters ranging from 100 nm to 200 nm, as revealed by the DLS, SEM, and TEM images. MRI 
relaxivities were measured at three different field strengths (0.5, 1.5 and 3 T), and both isomers exhibited enhancement in their r1 
relaxivity after activation (Table 1). Additional examples of “smart” MRI probes activated by other targets such as enzymes will be 
presented too. 

 

Scheme 1. A “smart” MRI contrast agent can self-assemble into Gd-nanoparticles through reduction-controlled macrocyclization reaction to generate 
increased relaxivities (r1). 

Table 1. Relaxivities of probes 1-I and 1-II before and after activation with TCEP a 

 

a The relaxivities were acquired at 0.5 T, 1.5 T and 3 T at 37 °C in PBS buffer. 
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Cell tracking studies in MRI are currently performed with “negative” contrast agents (CAs). However, FeOx-labeled cells generate 
susceptibility artifacts in MR-images, which can dramatically affect the anatomical information in the area of implantation. Positive CAs 
are being developed to allow the precise and possibly quantitative tracking of cells with T1-weighted MR imaging sequences. Ultra-
small CAs based on gadolinium oxide (GdOx) particles provide the highest Gd densities of all nanoparticulate products developed for 
molecular and cellular MRI[1-3]. They can be used to label and track cells in T1-w. MRI [4, 5]. Although less sensitively detected than 
FeOx, positive CAs could be superior in applications requiring the injection and tracking of cells in precise locations (e.g. myocardium, 
brain). Since the positive contrast enhancement effect is mostly due to the interaction of protons with Gd surface atoms, particles must 
be extremely small (∼1 nm diam.) for maximal signal enhancement. GdOx nanoclusters, a new class of CAs, are characterized by a 
very small number of metal atoms per particle (∼100). Up to now, the synthesis of GdOx nanoclusters was only possible using long and 
tedious synthesis techniques [6]. Here we report on a new, fast, reliable and efficient one-pot technique allowing the synthesis of sub-2 
nm diameter PEG-coated GdOx nanoclusters (PEG-GdOx-nc) in 3h only. Relaxivities of this CA (Fig. a) are the highest ever reported 
for GdOx nanoparticles (r1= 14.2 and r2= 17.2 mM-1s-1 at 60 MHz; r2/r1 = 1.21). A glioblastoma multiforme (GBM) brain cancer model 
was next used to demonstrate the strong potential of PEG-GdOx-nc for cell tracking. F98 cells were incubated (2h) with the CA. Gd 
uptake was quantified with ICP-MS (0.5pg Gd/cell). Cell viability was assessed after labeling (>90%), and the optimal distribution of 
particles in the cells was demonstrated by TEM. MR-images (1T) of labeled cell pellets were used to quantify the signal intensity 
enhancement effect per cell, using a previously reported methodology (Fig. b) [7]. Cell pellets as small as <50 k were detected. Then, 
cells were implanted in the caudoputamen of nod-scid mice, and imaged for 1 month at 1T, using a dedicated mouse brain coil and a 
3D-GRE T1-weighted sequence (Fig. c). In conclusion, F98 cells are labeled rapidly and efficiently with PEG-GdOx-nc, and they appear 
bright in 1T MR images. The positive contrast enhancement can be tracked over at least 3 weeks in vivo. No susceptibility effect was 
noticed. Therefore, PEG-GdOx-nc can be used to visualize the presence of 104-105 cells implanted locally. Signal intensity studies are 
being performed to quantify the impact of cell division and vesicular entrapment on the positive contrast effect. References:[1] R. Bazzi, 
et al., J Lumin, 102 (2003) 445-450. [2] F. Soderlind, et al., J Colloid Interf Sci, 288 (2005) 140-148. [3] M.A. Fortin, et al., 
Nanotechnology, 18 (2007) 395501 (395501-395509). [4] M.A. Fortin, et al., Proc. ISMRM 2009. [5] L. Faucher, et al., CMMI (2010). [6] 
J.Y. Park, et al., Acs Nano, 3 (2009) 3663-3669. [7] Fortin MA, et al., Proc.ISMRM 2011. 
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Aim: To evaluate the performance of Ultrashort TE and Inversion-recovery with ON-resonant water suppression (IRON) sequence for 
angiographic and molecular imaging positive sequences for clinical application. Introduction: Recent studies have shown that both 
IRON and UTE have both shown promise as positive contrast sequences. In order to translate these sequences for clinical viability, 
issues like acquisition time, fat saturation and USPIO concentration sensitivity need to be ascertained. In this abstract we explore these 
issues in both the sequences to ascertain their applicability. Methods: A phantom was created from Feraheme injection solution (AMAG 
Pharmaceuticals, Inc, Lexington, MA, USA. r1 ~38 L mmol-1 s-1 and r2~ 83 L mmol-1 s-1 at 20 mHz) with varying concentrations in the 
range of (0, 10, 50, 100, 200 and 500 nmols immersed in a beaker filled with water. An additional vial was filled with vegetable oil to 
represent fat. Scanning was performed on a 1.5T clinical scanner with a 12 channel head coil. Feraheme is an FDA approved drug for 
intravenous treatment of iron deficiencies, however because of its high relaxivities it is also a suitable USPIO imaging agent. The TE of 
the UTE sequence was set to 0.05s and flip angle was optimized to get the best sensitivity range. A GRE IRON sequence was 
optimized by varying water suppression bandwidth to get optimal sensitivity to iron. Both sequences were set in 3D mode covering 
approximately a FOV of 380mm and 2mm isotropic resolution. Both sequences were optimized to reduce the scan time within one 
breath hold. Results: As can be seen from fig 1a when optimized both sequences have nearly identical sensitivities to Feraheme, 
however on enabling fat saturation there is a loss in sensitivity when the concentration is greater than 100 nmols. This behavior is seen 
in both the sequences. Fig 1c shows the how the positive contrast increases with concentration of iron in the case of the UTE 
sequences (the concentration increases in a clockwise manner); note how the fat vial also appears bright. In the case of UTE (Fig 1d) 
and GRE-IRON) (Fig 1e) the behavior is similar however the fat vial is fully suppressed enough to blend in the background. The 
acquisition time for the GRE-IRON was longer than that of UTE; though well within a breath-hold; however the GRE-IRON sequence 
can also be run in 2D mode, though this may not be suitable for angiographic imaging. Conclusion: Both UTE and IRON perform 
equally well when optimized properly. UTE being faster in the current experiments would be ideal for angiographic imaging of a large 
volume. GRE-IRON on the other hand can be run in 2D mode and when enabled with respiratory gating can be more suitable for 
morphologic imaging. Both sequences show a reduction in sensitivities above 100 nmols when fat sat is enabled. 

 
Fig 1. (a) Concentration curves for UTE and GRE-IRON, (b) Loss of sensitivity with Fat saturation for > 100nmols, (c) UTE phantom image without fat 

saturation. (d) UTE with fat saturation and (d) GRE-IRON with fat saturation. 
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Optimal Dosage Estimation of an Experimental SPION for Simultaneous Measurement of 
Water Exchange and Blood Volume from a Single Contrast Injection MR Imaging 
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Medical Solutions, USA Inc., Malden, MA, USA; 2Radiology, Athinoula A. Martinos Center for Biomedical Imaging, Charlestown, MA, 
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Aim: To determine the optimal concentration range of an experimental SPION over which measurement of water exchange and blood 
volume measurement is accurate from a single contrast injection. T1 is measured with Ultrashort TE (UTE) and T2* with conventional 
multi-echo Gradient Echo (GRE) sequence. Background: Acquisition of both T1 and T2* contrast-enhancement with a single contrast-
agent injection of SPION may provide simultaneous measurement of water exchange and blood volume. For water exchange and blood 
volume determination we need to determine the exact range of SPIO concentrations over which they are valid. It has been previously 
shown with Ultrashort TE (UTE) [1] exhibits positive contrast (T1) and can linearly predict iron-oxide nano-particles concentration. Also 
it is well known that multi-echo GRE can accurately measure T2* of iron-oxide nano particles. T1 quantification with UTE is dependant 
on flip angles and T2* quantification with GRE is dependant on the choice of TEs. Materials and Methods: A phantom was created with 
vials of varying iron concentration (1.5, 1.75, 2.0, 2.5, and 3.5 mg/ml) created from a solution of an experimental SPION (17 mg/ml, 
pH=8, ~21nm diameter, Relaxivity at 0.47T is R1~19 (mM/sec) and R2~41 (mM/sec)). The Phantom was imaged on a 1.5 T scanner. 
Sequences for measurement are as follows: 1. UTE sequence 1 (T1) : TR/TE =85/0.05 msec; Flip angles = 10-90° with increments of 
10°. 2. multi-echo GRE sequence (T2*): TR=20msec; TE=1.65 -15.65 msec with increments of 2 msec; flip angle, 15°. 3. UTE 
sequence 2 (PD) : TR/TE =400/0.05 msec. The additional Proton density image (seq 3) was acquired as an estimate of M0. Signal 
intensities (SI) on various iron concentration were estimated using the following formula: SI = M0*(1-exp(-TR/T1)*exp(-TE/T2). Results: 
The estimated R1 and R2* change with concentration is shown in Figure 1. Both R1 and R2* show a linear increase and reach a 
plateau at 2.0 mg/ml of iron concentration. UTE and single echo gradient-echo (TE, 3.65 msec) MR images are demonstrated in figs. 2 
and 3. As previously reported UTE shows better delectability for nanoparticle detection via R1 even at 3.5 mg/ml compared to GRE. 
Vials with iron concentration above 2.5 mg/ml are undetectable by GRE due to higher susceptibilities, whereas they are still detectable 
with UTE though the linear dependency with concentration is no longer valid. Conclusion: Accurate determination of the concentration 
of the experimental SPION with a single injection and simultaneous measurement of water exchange and blood volume via T1 and T2* 
measurement with UTE and conventional GRE MR imaging respectively is possible and is best when the concentrations are less than 
2.0 mg/ml. Future directions: In-vivo experiments in mice are being conducted to validate these conclusions. 1. R. T. Seethamraju1, 
et.al. Proc. 18th ISMRM 2010, Stockholm, Sweden, 3743. 
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Clathrin Triskelia As Potential High-Relaxivity Magnetic Resonance Nanoprobes For Molecular 
Imaging of Dopamine Receptors 

Gordana D. Vitaliano1,2, Franco Vitaliano1, David Rios1, Perry F. Renshaw4, Martin H. Teicher2,3, 1Brain Imaging Center, McLean 
Hospital, Belmont, MA, USA; 2Department of Psychiatry, Harvard Medical School, Boston, MA, USA; 3Developmental 
Psychopharmacology, McLean Hospital, Belmont, MA, USA; 4The Brain Institute, University of Utah, Salt Lake City, UT, USA. Contact 
e-mail: gvitaliano@mclean.harvard.edu 

Background: A rapidly developing area in neuroscience is molecular-level imaging, encompassing the study of receptors, transporters, 
enzymes, genes and intracellular processes. Magnetic Resonance Imaging (MRI) is a noninvasive visualization technique with high 
spatial resolution, but low sensitivity for visualization of molecular targets. In order to improve MRI sensitivity for molecular brain 
imaging, our goal was to develop small (<20 nm) clathrin triskelia-based nanoplatforms with high molecular relaxivity that incorporate 
large payloads of Gadolinium (Gd) contrast agents, which can be delivered non-invasively and target specific dopamine receptors in the 
rat brain. Methods: Gadolinium-2-(4- Isothiocyanatobenzyl) diethylene-triamine-pentaacetic acid (Gd-DTPA-ITC) was conjugated to 
clathrin triskelia through reactive lysine residues. The chelate to protein molar ratio was determined by using a standard Arsenazo III-
based spectrophotometric method. Relaxivity for each sample was calculated by using T1 data and Gd concentrations as determined 
by NMR and spectrophotometric analyses. We then conjugated Maleimide-PEG-Dopamine-3 Antibody (D3Ab) and Maleimide-PEG-
rhodamine to clathrin triskelia through cysteine residues, and delivered nanoprobes intranasally. Animals were sacrificed 3 hours after 
intranasal administration and immunohistochemistry and fluorescent analyses were performed. Results: Electron Microscopy has 
shown a large proportion of Gd-DTPA-clathrin triskelia with a mean hydrodynamic radius of 18.5±6 nm. The mean Chelate/Protein 
molar ratio was 27±4.8/1. At 0.47T, Gd-DTPA-ITC-Clathrin-Triskelia displayed relaxivity of 1,166 mM-1s-1 per particle, and 16 mM-1s-1 
per Gd ion. Three hours after intranasal administration D3-Clathrin nanoprobes were found only in D3 related brain regions in rats. 
Fluorescent and light microscopic examination of the D3 brain regions confirmed specific targeting of D3 receptors with D3-nanoprobes. 
Confocal laser microscopy confirmed integrity of the nanoparticles in the rat brain. Clathrin and D3Ab fluorescence co-localized in the 
D3 brain regions. Discussion: We demonstrated that Clathrin triskelia can serve as robust MRI platforms onto which multiple functional 
motifs can be added through chemical modifications; and that small and stiff molecular structures with large rotational correlation times 
can exhibit about 300-fold greater molecular relaxivity than the MRI contrast agent gadopentetate dimeglumine. Triskelia nanoprobes 
were successfully delivered non-invasively into the rat brain, were able to target specific dopamine receptors, and remained stable in 
the rat brain. These preliminary results should encourage further investigation into the use of clathrin triskelia as a new nanoplatform for 
MR contrast enhanced molecular brain imaging and drug delivery. Targeted, high precision dosing can be developed for genes, RNA 
interference and antisense gene therapeutics, and neurotrophic, neuroprotective and psychotropic drugs for treating different brain 
disorders. 
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Enhancing transversal relaxation for Gd3
+-chelated mesoporous shelled Fe3O4 nanoparticles 

in MR imaging 

Chia-Hao Su1, Chih-Chia Huang2, Fong-Yu Cheng2, Chen-Sheng Yeh2, 1Center for Translational Research in Biomedical Sciences, 
Chang Gung Memorial Hospital, Kaohsiung, Taiwan; 2Department of Chemistry and Center for Micro/Nano Science and Technology, 
National Cheng Kung University, Tainan, Taiwan. Contact e-mail: chiralsu@gmail.com 

Non-invasive magnetic resonance imaging (MRI), which does not harm the body, provides anatomical details in diagnosis and offers a 
highly resolved contrast between the specific tissues or organs of interest and their surrounding tissue. MRI measures the 
characteristics of the hydrogen nuclei of water and shows the spatial distribution of the intensity of water protons. In the past decade, 
significant effort in synthesis of nano-sized particles has led to increased recognition of nanoparticulates as potent MRI contrast agents 
because of their diverse sizes, shapes, and surface characteristics. The particle size, structure, composition and crystallinity as well as 
surface chemistry all strongly affect relaxivity and contrast performance. In the present study, highly magnetic (94 emu/g) truncated 
octahedral iron oxide nanoparticles were synthesized and then followed by sol-gel hydrolysis condensation yielding mesoporous silica 
shelled Fe3O4 nanoparticles. A new type of T2 contrast agent, Gd3

+-chelated Fe3O4@SiO2 nanoparticles, was formed using DOTA 
chelating Gd3

+ anchored inside the pore channels of mesoporous shells. The Gd3
+-chelated Fe3O4@SiO2 nanoparticles displayed 

increased transverse relaxivity. The r2 relaxivities increased from 97 s-1mM-1 of Fe3O4 to 681 s-1mM-1 of Gd3
+-chelated Fe3O4@SiO2 

with r2/r1= 126, a reference value of MR contrast agent enhancement indicating that Gd3
+-chelated Fe3O4@SiO2 is a good candidate for 

a T2 contrast agent. It is proposed that the confined characteristics of the mesoporous shell might play an important role affecting 
relaxation rate. The Gd3

+ ions were immboilized inside the confined channels resulting in dipole-dipole coupling of the neighboring 
Gd3

+-Gd3
+ interacting each other. The effectiveness of Gd3

+-chelated Fe3O4@SiO2 nanoparticles as a contrast agent was evaluated in 
vivo for MR images of the liver, kidneys, spleen, and lymph nodes. The detection of lymph node makes the Gd3

+-chelated Fe3O4@SiO2 
nanoparticles as potent T2 contrast agents in the diagnosis of metastatic lymph nodes. A new type of magnetic nanoparticle comprised 
of Fe3O4@SiO2 plus Gd3

+ was prepared to form Gd3
+-chelated Fe3O4@SiO2. The immobilization of Gd3

+ ions inside the interior 
channels of the mesoporous silica shell enhanced the transverse relaxation rate, which led to a large r2 relaxivity. This showed that the 
surface chemistry of magnetic nanoparticles strongly affected relaxivities. The detection of lymph nodes showed that the Gd3

+-chelated 
Fe3O4@SiO2 nanoparticles are potent T2 contrast agents for diagnosing metastatic lymph nodes. For short-term cytotoxicity studies, 
this new T2 contrast agent showed no adverse effect on organ tissues or Kupffer cells. 
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Human Natural Killer (NK) cells labeling with Ultrasmall Superparamagnetic Iron Oxide 
(USPIO)-Ferumoxytol and Its Magnetic Resonance Imaging 

Omer Aras1, Marcelino Bernardo1, Dawn M. Betters2, Michael J. Kruhlak4, Richard Childs2, Joseph A. Frank3, Peter Choyke1, Noriko 
Sato1, 1Molecular Imaging Program, NCI/NIH, Bethesda, MD, USA; 2Hematology Branch, National Heart, Lung, and Blood Institute; 
National Institutes of Health, Bethesda, MD, USA; 3Radiology and Imaging Sciences, Clinical Center, National Institutes of Health, 
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Aim: Natural Killer (NK) cells are important mediators of cell based immunotherapy. The aim of this study is to explore the feasibility of 
using Ferumoxytol, a Food and Drug Administration (FDA) approved ultrasmall superparamagnetic iron oxide (USPIO), for labeling and 
magnetic resonance imaging (MRI) of human natural killer (NK) cells. Material and Method: Human NK cells (CD3-/CD56+) isolated 
from PBMC and expanded in vitro were labeled with Ferumoxytol alone, Ferumoxytol with protamine sulfate (PS) or Ferumoxytol with 
PS and heparin (H) mixture. H was used to examine if it enhance the labeling. In each labeling condition, increasing concentrations of 
Ferumoxytol (equivalent to iron concentrations of 0-100 µg/mL) were used. The presence of USPIO in NK cells was confirmed by 
Prussian blue staining. The effects of the labeling on cell viability were examined by Trypan blue staining. To determine the MRI 
detection threshold of labeled NK cells in vitro, titration experiments with different numbers of labeled cells were performed using a 
clinical 3 T MRI system. Results: A labeling efficiency of >99% was achieved after incubating NK cells with 100 µg/mL of USPIO for 2 h 
either in the presence of PS (40µg/mL) or in the presence of the PS (40µg/mL)-H (2U/mL) mixture. No significant cell death was 
observed with either method. In vitro MRI of labeled NK cells revealed that both USPIO-PS and USPIO-PS-H mixture labeling methods 
resulted in a significant but similar signal intensity (SI) loss on T2*WI sequences (48% and 46%, respectively) (Figure1a). USPIO alone 
only showed minimum SI loss (5%) but no visible Prussian blue staining (Figure1b). While 10 6 cells/mL resulted in strong SI loss, as 
few as 105 cells/mL could also be detected in vitro relative to unlabeled cells by using this approach. Conclusion: The results of this 
study indicate that: (1) human NK cells could be effectively labeled with either USPIO-PS or USPIO-PS-H mixtures. (2) Optimized NK 
cell labeling was achieved with a USPIO concentration of 100 µg/mL and an incubation time of 2 hr without posing significant adverse 
effects on the viability of cells; (3) While macrophages have been shown to take up USPIOs, to the best of our knowledge, this is the 
first study showing effective labeling of NK cells with USPIO. NK cells can be successfully labeled in vitro with a FDA approved USPIO 
under suitable conditions and this method may enable dynamic imaging of innate immune responses and MRI-based tracking of 
adoptively transferred human NK cells in patients with cancer. 
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Enhanced Targeting of Low pHe Tumor Microenvironments with Glycol Chitosan Coated 
Superparamagnetic Iron Oxide (SPIO) Nanoparticles 

Samuel Crayton, Andrew Tsourkas, Bioengineering, Univ of PA, Philadelphia, PA, USA. Contact e-mail: atsourk@seas.upenn.edu 

It is known that many human solid tumors exhibit elevated rates of glycolytic metabolism and can establish a “hostile” tumor 
microenvironment with increased levels of lactate and low extracellular pH (pHe). Furthermore, it is commonly believed that this altered 
microenvironment contributes to tumor progression and resistance to therapy. Therefore, we are developing magnetic resonance (MR) 
contrast agents that specifically accumulate at sites of low pHe. We hypothesize that this imaging technology will allow for the sensitive 
detection of “hostile” microenvironments and could provide an improvement in the detection of a broad range of malignant lesions. pH 
responsive superparamagnetic iron oxide nanoparticles (a T2* weighted MR agent) have been synthesized by covalently grafting glycol 
chitosan (a biocompatible pH sensitive polymer) onto the surface of conventional dextran SPIO nanoparticles. Since glycol chitosan 
possesses amino groups with pKa of approximately 6.5, the resulting constructs display a favorable pH-dependent zeta potential, 
developing a positive surface charge as the local pH drops below 7.0. It is hypothesized that when these circulating agents encounter 
an acidic environment in vivo, the titration of the surface charge to positive values will lead to electrostatic association with the local 
cells. These agents also exhibit a transverse relaxivity comparable to dextran SPIO nanoparticles and their properties remain stable 
upon exposure to physiologic pH and temperature. In-vitro cell studies indicate that glycol chitosan SPIO nanoparticles exhibit a strong 
pH-dependent cellular association while control agents (dextran SPIO and glycol chitosan SPIO chemically modified to lack pH 
sensitivity) do not. Furthermore, in vivo biodistribution and MR studies demonstrate glycol chitosan SPIO have greater tumor 
accumulation and generate greater negative contrast enhancement compared to control agents. 
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Effect of ligand density, receptor density, and nanoparticle size on cell binding and uptake 

Andrew Elias, Andrew Tsourkas, Bioengineering, University of Pennsylvania, Philadelphia, PA, USA. Contact e-mail: 
atsourk@seas.upenn.edu 

With an ever-growing library of nanoparticle agents for imaging and therapeutic applications, it is becoming increasingly popular to use 
affinity ligands to improve targeting and delivery efficiencies. While it is generally accepted that the multivalency of an affinity ligand can 
improve cell targeting as compared to monovalent alternatives, there has been limited analysis performed to determine the optimal 
levels of multivalency (i.e. ligand densities) for affinity ligands that have been complexed to nanoparticle surfaces. We have recently 
developed a site-specific bioconjugation strategy that allows for distinct control of ligand density on a nanoparticle through the 
combined utilization of expressed protein ligation (EPL) and copper-free click chemistry. This EPL-Click conjugation strategy was 
applied to create superparamagnetic iron oxide (SPIO) nanoparticles labeled with HER2/neu targeting affibodies at differing ligand 
densities. Each HER2-SPIO conjugate was found to target HER2/neu positive cells with high specificity; however, it was discovered 
that an intermediate ligand density provided statistically significant improvements in cell binding compared with higher and lower ligand 
densities. This intermediate optimal ligand density was found to be conserved when experiments were extended to nanoparticles with 
differing hydrodynamic diameters, different HER2/neu targeting ligands and also to cells with lower receptor densities. Additionally, an 
intermediate optimal ligand density was also evident when nanoparticles labeled with folic acid were used to target cells expressing the 
folate receptor. These findings suggest that the ability to optimize nanoparticle ligand density could have significant downstream effects 
on generated contrast and dose delivered for diagnostic and therapeutic studies. 
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Influence of pH and pendant arm position on the CEST properties of carboxylic acid and 
amine Eu(III)DOTA tetraamide derivatives 

Mary Evbuomwan1, Garry E. Kiefer1,2, Dean Sherry1,3, 1Chemistry, University of Texas at Dallas, Richardson, TX, USA; 2Macrocyclics 
Inc., Dallas, TX, USA; 3Advanced Imaging Research Center, UT Southwestern Medical Center, Dallas, TX, USA. Contact e-mail: 
omarye@utdallas.edu 

The development of responsive paramagnetic chemical exchange saturation transfer (PARACEST) contrast agents is becoming an 
active area of interest in the field of MRI probe design. PARACEST agents are particularly attractive for MRI applications because these 
agents can be designed to sense their biological environment and the contrast effect can be selectively switched ‘on’ and ‘off’ by the 
application of a specific radiofrequency pulse. Paramagnetic Eu(III) complexes of DOTA tetraamide derivatives have been most widely 
studied as PARACEST agents to date because they exhibit the slowest water exchange rates among the lanthanide ions, a feature 
required for CEST. Further modulation of these exchange rates by chemical modification of the DOTA tetraamide ligand structure 
presents a convenient route to new PARACEST agents that respond to a variety of physico-chemical parameters. In this study, we 
present a series of Eu(III)DOTA-tetraamide complexes having extended carboxylic acid and amine groups and demonstrate that these 
two classes exhibit opposite CEST responses with changes in pH. The carboxylic acid derivatives display optimum CEST properties 
around physiological pH while at lower pH values, the magnitude of the CEST effect diminishes considerably. Broadening of the CEST 
exchange peak at low pH can be attributed to acid catalysis of the Eu3+-bound water proton exchange catalyzed by the protonated 
carboxylic acid functional groups. Conversely, the amine derivatives display an optimum CEST effect at acidic pH values while at 
physiological pH and above, the CEST exchange peak broadens. The disappearance of the CEST effect at higher pH values has been 
attributed to base catalysis of the Eu3+-bound water proton exchange by the deprotonated amine functional group. These results 
provide new insights for the design of responsive PARACEST agents and highlight the potential of utilizing the agents in this study as 
pH- sensitive PARACEST MRI probes. 

 

CEST spectra of 20 mM of the above Eu(III) complexes acquired at 25°C using a B1 of 14.1μT, and saturation time of 6s. 
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Mn-loaded apoferritin: a new highly sensitive MRI imaging probe for the detection and 
characterization of hepatocarcinoma lesions in a transgenic mouse model 

Simonetta Geninatti- Crich1, Juan C. Cutrin2,3, Stefania Lanzardo3, Laura Conti3, Ferenc K. Kalman1, Ibolya Szabó1, Silvio Aime1, 
1Department of Chemistry, Center for Molecular Imaging, University of Torino, Torino, Italy; 2Center of Experimental Pathology, School 
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The major aim of this study is the design of a non-invasive imaging protocol that could contribute to the improvement of hepatocellular 
carcinoma diagnosis. In fact, the detection and characterization of hepatic lesions is still an issue in spite of the efforts done with 
different diagnostic modalities. In the last ten years attention has been focused on two liver-specific MRI contrast media, namely Gd-
EOB-DTPA and Gd-BOPTA. They can be used either in the early dynamic phase or in the hepatobiliary phase where some hepatic 
lesions appear hypo-intense with respect to the normal tissue as a consequence of the lower uptake of the contrast, whereas other 
metastatic lesions appear iso- or hyper-intense. This is the consequence of the different expression of OATP transporters that has been 
shown to be not directly related to tumor differentiation. Targeting others biomarkers may allow an improved characterization of cellular 
transformations that lead to HCC. Since the epitopes to be targeted are usually present at very low concentrations, it is necessary to 
design proper methods to amplify the MRI response. Ferritin is an interesting carrier for molecular imaging agents since its internal 
cavity can be loaded with Mn2+ ions or Gd-complexes to yield a system endowed with high T1 relaxation enhancement capability. The 
scavenger receptor 5 (SCARA5) has been identified as a receptor for L-ferritin which mediates the delivery of non-transferrin-bound 
iron to the developing kidney. In liver, SCARA5 downregulation appears related to HCC tumorigenesis and can be proposed as a 
molecular marker of HCC. Its expression can be followed using Mn-Apo, a novel MRI contrast agent consisting of ca. 1000 manganese 
entrapped in the inner cavity of apoferritin. Part of the metallic payload is under the form of Mn2+ that endow the nano-sized system 
with a very high relaxivity that can be exploited to detect hepatocellular carcinoma. Mn-Apo injected intravenously was very efficiently 
taken up by liver and the extent of its uptake depends on ferritin receptors expression. Herein it has been shown that, after 
administration of Mn-Apo to HBV-tg transgenic mice that spontaneously develop hepatocellular carcinoma, the signal intensity in MR 
images is hypointense in the liver regions histologically corresponding to hepatocarcinoma (Figure 1). About 60% of these lesions are 
also detectable in Gd-BOPTA enhanced images but the remaining ones appear isointense with respect to the surrounding normal liver 
tissue. Conversely, a part of the lesions detected in Gd-BOPTA enhanced images were not visible in Mn-Apo enhanced images. This is 
consistent with the fact that SCARA5 and OATP expressions are not uniform in all types of clinical hepatocellular carcinomas. The 
heterogeneity in the expression of different receptors/transporters on cell surfaces in hepatic lesions outlines the importance of the use 
of different contrast agents, internalized through different pathways, in order to improve the diagnosis of this complex pathology. The 
herein reported investigations give important insights to correlate the ferritin receptors expression to the neoplastic evolution of HCC. 
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Hyperpolarized Oncology: Real time Molecular and Metabolic Imaging of Cancer In Vivo 
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Background: Dynamic Nuclear Polarization (DNP) has made great progress with oncology applications of C1 and C2 labeled pyruvic 
acid and C1 lactate. My laboratory has made progress on in vivo applications of four other modalities of hyperpolarization-a) 13C-
Parahydrogen Induced Polarization of succinic acid and diethylsuccinate b) 1H flow-DNP hyperpolarized water c) DNP 
hyperpolarization of 29Si nanoparticles and c) DNP hyperpolarization of 31P backbone of DNA oligonucleotide sequences 
corresponding to Single Nucleotide Polymorphism (SNP) of p53 oncogene. Hyperpolarization may provide a disruptive technology for 
today’s MRI in oncology as follows: 1. MRI enhanced 10,000 fold would match the sensitivity of PET. 2. Enhanced MRS of cancer 
biomarkers, lactate, succinate, alanine, fumarate, malate, citrate (~1mM) 10,000 fold would match the sensitivity of 80 molar water -
MRI. 3. Hyperpolarized 13-carbon MR will provide detection of 1000-fold lower tissue concentrations of TCA cycle intermediates 
(typically 10 - 50 micromolar) or of intrinsic 31P of nucleotides in oncogenes or Single Nucleotide Polymorphism (SNP) would permit 
their MR imaging. 4. By imaging the first 100 seconds of in vivo enzyme reactions, enhanced MR will image drug action in real time. 
Results: Krebs-cycle activity in model cancers using PHIP hyperpolarization: The recent discovery of succinic dehyrogenase and 
fumarate hydratase as oncogenes on enzymes traditionally assigned to the Krebs cycle in rare tumors Von Hippel Lindau series and 
discovery of the universal hypoxia inducing factors HIF 1alpha, has reopened interest in TCA cycle activity of common as well as rare 
tumors. Hyperpolarized 13C MRI, MRS and CSI was performed first with 1-13C succinate and more recently with a modified reagent, 
hyperpolarized 1-13C diethyl succinate. Both reagents are readily metabolized through several steps of the TCA cycle, as shown by the 
appearance of relevant hyperpolarized cycle intermediates. Two different tumors demonstrate different patterns of enrichment of TCA 
cycle intermediates after intravenous delivery of hyperpolarized succinate. As a ‘model’ for future real-time imaging of 
chemotherapeutic agents, 2-nitropropionate, a specific inhibitor of succinic dehydrogenase markedly altered the pattern of TCA cycle 
metabolites observed after administration of hyperpolarized 1-13C diethyl succinate. Imaging oncogenes or SNP’s: DNP 
hyperpolarization of 31P intrinsic to nucleotides recently demonstrated in duplex strands but not in single stranded DNA recognizes the 
introduction of mismatched sequences in gene fragments, specifically models of P53. If this can be ‘scaled’ to provide hyperpolarized 
31P MR spectra of larger DNP duplex fragments and ultimately to whole genes, hyperpolarization will provide a new technique for 
cancer screening. Hyperpolarized Silicon nanoparticles in oncology: Preliminary in vivo applications of this important family of reagents 
recently achieved in my laboratory. Acknowledgments: Prof. Charles Marcus and Maja Cassidy Harvard University, Prof. Song-I Han 
and Dr. Mark Lingwood, UC Santa Barbara 

 

A representative 13C MR time-resolved stackplot as seen in a mouse which received 0.1 mmol of hyperpolarized diethyl succinate by tail vein injection. 
All spectroscopy shown was collected using single 30o pulse and acquire sequence every 6 to 9 seconds. Also shown are overlays of 13C FISP images 

in false color of hyperpolarized diethyl succinate delivered by i.v. injection over the proton image of the mouse using the same FOV, central slice 
placement, and slice thickness. 
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A novel MRI probe for imaging of psychiatric disorder-related monoamine oxidase activity 
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Introduction: Monoamine oxidase (MAO) is a flavoenzyme that catalyzes an oxidation of monoamine neurotransmitters such as 
dopamine, serotonin, and epinephrine in order to maintain their homoeostasis. The relationship between a dysfunction of the MAO 
activity and a psychiatric disorder has been suggested and studied for a number of years. Against this background, there has been 
increasing attention on chemical probes that can detect MAO activity in a complex biological system. To date, several activatable 
chromogenic, fluorogenic, or luminescent MAO probes have been reported. These probes turn-on their color, fluorescence, or 
luminescence upon reaction with MAO, and in fact, realized visualization of MAO activities. In terms of optical permeability, however, 
the applicability of these indicators is limited typically to in vitro studies. In this context, we set our goal of imaging of MAO activity in 
vivo by the magnetic resonance (MR) based techniques. Results: We designed a novel MRI probe for imaging of MAO activity. In 
HPLC analysis, our probe proved to be a substrate for MAO with reaction kinetics comparable to natural monoamine substrates. Then 
we moved on to MR-based detection of MAO activity. NMR analysis showed that MAO oxidation triggers NMR signal change of our 
probe, which was enough to analyze each the substrate (probe) and the product separately. Actually, we succeeded in selective 
imaging of each compound by 11.7 Tesla micro NMR. In this presentation, we will show our recent progress on MAO-specific MRI 
probes. The details of probe design, preparation method, characterization, and NMR/MRI measurements will be discussed. 
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Gd-loaded Yeast Cell Wall Particles as an innovative micron-sized platform for labeling and 
tracking immune cells by multimodal imaging 
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The relatively low sensitivity of paramagnetic MRI probes has prompted the development of systems able to deliver a high number of 
MR imaging reporters to the biological target site of interest. Several nano-sized carriers have been considered including naturally-
occurring systems such as proteins, virus capsids or lipoproteins. The search for carriers able to carry a large number of paramagnetic 
units prompted us to consider the recently proposed micron-sized platform of yeast cell wall particles (YCWPs). Yeasts are cells whose 
membrane consists of β-1,3-D-glucan polymer associated with mannose-containing proteins and chitin. Such materials appear to be 
well tolerated by living systems and can be processed into small fragments by macrophages. Moreover, β-1,3-D-glucan is an excellent 
targeting vector towards several antigen presenting cells mainly through the dectin-1 receptor. We developed a procedure for 
entrapping paramagnetic emulsions in the inner core of YWCPs using water-insoluble Gd-complexes (e.g. Gd-DOTAMA(C18)2). Figure 
1 (left) shows a TEM image of the Gd-loaded particles. The vesicles appear as pseudo spherically-shaped particles (mean diameter of 
6 μm) whose cores are filled up with the Gd-based emulsion. The longitudinal relaxivity of Gd-loaded YCWPs measured at 20 MHz was 
ca. 50 % higher than that reported for the same chelate embedded in a liposome membrane (22.3 vs. 15 mM-1s-1). Furthermore, it was 
estimated that each YCWP is loaded with ca. 1.6×107 Gd3+ ions, thus yielding a relaxivity per particle of 3.5×108 mM-1s-1. To the best 
of our knowledge, this is the highest relaxivity ever measured for a Gd-based agent. The high affinity of YCWPs to cells of the immune 
system was used to exploit the labeling of macrophages with the aim of tracking them by MRI. Experiments, performed on J774 murine 
macrophages, have demonstrated a high and very fast uptake of the paramagnetic particles with good temporal persistence of the 
contrast and an extremely low cytotoxicity (Figure 1 - middle). Studies on the mechanism of phagocytosis showed that YCWPs are 
internalized both by clathrin-dependent endocytosis and by macropinocytosis, because both chlorpromazine and wortmannin were able 
to decrease the internalization of the particles, consistent with the evidences that β-glucans (as microorganisms) can be recognized 
either directly by membrane receptors (non-opsonic) or indirectly, by opsonic recognition (as example, complement receptor 3). 
Preliminary in vivo studies on melanoma-bearing mice showed that Gd-labeled YCWPs are able to enhance the signal in the lymph 
node (arrow) proximal to the tumor, after intra-muscular injection (Figure 1 - right). In summary, YCWPs may represent a very 
promising class of carriers for designing highly sensitive MRI probes. In addition, and analogously to other particulate systems, YCWPs 
can be loaded with lipophilic probes for other imaging modalities, and, moreover, glucan shells can be suitably functionalized to endow 
them with targeting abilities. Figure 1 - TEM image (left), J774 macrophages labeled with YCWPs (middle) and MR image of a 
melanoma-bearing mouse injected with Gd-loaded YCWPs (right). 

 

Disclosure of author financial interest or relationships: 
S. Figueiredo, None; J. Moreira, None; C.F. Geraldes, None; S. Aime, Bracco Imaging, Consultant; Aspect Imaging, Grant/research 
support; E. Terreno, Bracco Imaging SpA, Consultant . 

  

Proceedings of the 2011 World Molecular Imaging Congress S49



Presentation Number P050 
Poster Session 2 

September 8, 2011 / 15:15-16:45 / Room: Hall F 

Validation of Ferritin Over Expression for Fibroblast Cell Tracking with  
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Intro Fibroblast recruitment and activation (fibrosis) accompanies angiogenesis in multiple processes of tissue remodeling including wound 
healing, myocardial infarction and tumor progression. The use of iron oxide particles for MRI of cell migration and survival is well 
established. However, lingering iron oxide particles after cellular apoptosis have limited wide scale use in cell tracking. The over expression 
of the heavy chain of ferritin (FHC), a cellular regulator of iron homeostasis, can be used to label and image cell migration and survival. 
However, lower sensitivity has limited the use of FHC for cell tracking. Purpose We sought to determine if FHC over expression could 
produce sufficient MRI contrast for detection of low cell densities in the tracking of fibroblast recruitment to sites of fibrosis. Methods CV1 
fibroblasts cells were transfected with an influenza hemagglutinin (HA)-tagged ferritin -(HA-FHC) (F). Over expression of HA-FHC 
compared to wild type (WT) CV1 cells was confirmed via Western blot analysis. In WT and F cells, cell culture medium was supplemented 
with 1mM feracitate for 48 hours. Afterwards cells were washed 3 times with PBS and either isolated (d1) or cultured in normal medium for 
7 days (d7). One group of WT cells were cultured in normal medium as controls (C). In vitro Cells were harvested, counted, and suspended 
in 1% agarose at cell densities of 1, 2.5, 5,10, and 20 x10^6 cells/ml. MRI was performed (d1 and d7) on a 9.4T scanner using a multi-spin 
echo (MSE) pulse sequence (TE=11ms x 60 images, TR=3s, FOV=6x4 cm, thickness=1mm, matrix=256x256). R2 was calculated on a 
pixel-wise basis for each phantom, and mean R2 of C was subtracted from that of F and WT to calculate ∆R2. Cellular iron content was 
determined with inductively coupled plasma mass spectrometry. In vivo 2 and 4x10^5 F-d1 and C cells were isolated, suspended in 40uL 
of PBS (densities=2.5, 5.0 x10^6 cells/ml), and injected subcutaneously into opposing hind limbs of a mouse. After 2.5 hours, T2* was 
quantified from gradient echo images (TE=2.5,5,8,12,16,22,30 ms; TR=0.8s; flip angle=10; FOV=5x5cm; matrix=256x256, averages=4), 
and T2 was quantified from MSE images. Results Ha-FHC protein levels were increased in F cells, but α-tubulin levels were similar in F 
and C cells. At d1 (Fig A) and d7, F showed greater ∆R2 at increasing cell densities vs. WT, and significantly increased cellular iron 
content vs. WT and C (Fig B, bars p<0.05). In vivo results illustrated clear hypo-intensities around injection sites of F (left), but not C (right) 
cells in T2* weighted images (Fig C, arrows), and to a lesser extent on T2 weighted images. Discussion FHC over expression increases 
iron uptake, and importantly, retention over a time relevant for cell tracking. Further, ∆R2 correlates with cell density in FHC over 
expressing cells, suggesting that quantitative cell density measurement is feasible. Our in vivo results indicate sufficient contrast on MR 
images at low cell densities, enabling the use of FHC over expression for tracking fibroblast recruitment with MRI in various fibrotic 
processes including cancer progression, graft implantation and heart disease. 

 

Figure. (A) Over-expression of HA-Ferritin (Ferritin) results in increased relaxation (R2) measured from spin echo images compared to simple iron 
labeling (WT) of CV1 fibroblasts at increasing cell densities. (B) Iron uptake and retention is significantly higher in HA-Ferritin over-expressing cells 

compared to WT cells. Iron levels in cells in which medium was not supplemented with iron (Control) is shown for reference. (C) Implantation of 200,000 
and 400,000 HA-Ferritin over-expressing cells in the hind limb of a mouse (left) demonstrate a dramatic T2* effect on gradient echo MR images, 

revealing detectability at low cell densities. In contrast, injection of control cells (right) in identical quantities is undetectable. 
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INTRODUCTION: PLGA encapsulated iron oxide nano- (NPs) and microparticles (MPs) are important advancements for cellular MRI 
as they incorporate large amounts of iron and possess favorable degradation characteristics. Furthermore, PLGA is an FDA-approved 
material with a long history of use in drug delivery, enabling a clear trajectory towards potential clinical use. Here we describe design 
improvements to PLGA-encapsulated iron oxide NPs and MPs, cell differentiation and cytokine release experiments, and ultimately, the 
first in vivo demonstration of MRI-based cell tracking using PLGA-encapsulated iron oxide MPs, or Bio-MPIOs. MATERIALS AND 
METHODS: Magnetic particles: PLGA encapsulated magnetic NPs and MPs were fabricated with increasing amounts of magnetite and 
assayed for iron content and size. Cell studies: Magnetic PLGA NP and MP cell labeling kinetics were assayed over 24 hrs in culture 
using dose and time dependent experiments. Labeled mouse mesenchymal stem cells (mMSCs) were differentiated down adipogenic 
and osteogenic lineages. Adult-derived rat neural progenitor cells (NPCs) labeled with PLGA NPs or MPs were cultured for 2 weeks in 
differentiation media. Cells were then fixed and stained for Tuj1 (immature neurons), GFAP (astrocytes), and O4 (oligodendrocytes). 
Lastly, macrophages labeled with magnetic PLGA particles were assayed for cytokine release. In vivo MRI: MRI-based cell tracking 
was tested using a paradigm of in vivo labeling and tracking of endogenous rat NPCs. PLGA MPs (20 µl of 10 mg/ml particles) were 
injected into the lateral ventricles of the brains of 6-week old rats (n=4 for each particle type) and rats underwent high resolution (100 
microns isotropic) 3D gradient echo MRI at 11.7T over the course of two weeks. NPCs phagocytose these particles at the ventricle and 
carry them as they migrate to the olfactory bulb, revealing dark contrast on T2*-weighted MRI. RESULTS and DISCUSSION: Maximal 
particle loading was achieved using a feed ratio of 2:1 magnetite to PLGA, both for NPs and MPs, incorporating as much as 84 wt% 
magnetite. SEM images of these particles are shown in Figure I. Magnetic cell labeling with both NPs and MPs occurred in a time and 
dose dependent manner with 92-95% viability (Supp. Fig. I). Equivalent osteogenic and adipogenic potential (Supp. Fig. II) was 
observed for mMSCs labeled with all particle types. Immunocytochemistry on labeled NPCs (Fig. III) showed that the cells retained their 
ability to differentiate into neurons, astrocytes, and oligodendrocytes. Macrophages labeled with all particle types secreted high levels of 
TNF-alpha and IL-6 following stimulation with LPS (Supp. Fig. III). Magnetic PLGA MPs enabled the visualization of the NPC migration 
pathway with as good, if not better fidelity than the Bangs MPIOs traditionally used for this (Fig. II). This is the first demonstration of 
MRI-based cell tracking using Bio-MPIOs and is encouraging for the development of these particles for clinical MRI-based cell tracking. 
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Introduction Contrast agents (CA) in magnetic resonance imaging are commonly based on gadolinium complexes or iron oxide 
nanoparticles. The latter are made up of an iron oxide core and a dextran shell which can be further modified. It is of crucial importance 
that core and shell do not separate in vivo, such that the iron oxide nanoparticles can be traced e.g. by fluorescence labelling and can 
be distinguished from the iron pool of the organism. Synthesis and in vivo experiment The SPIOs (superparamagnetic iron oxide 
particles) of this study consist of an iron oxide core with a diameter of 8.5 nm and a shell of dextran T20. There are about 20 dextran 
molecules per core which were crosslinked with epichlorohydrin and treated with ammonia to stabilise the nanoparticles and to 
generate primary amino groups (CLIO-NH2) [1]. With this procedure the hydrodynamic diameter decreased from 40-50 nm (SPIO) to 20 
nm (CLIO-NH2). The primary amine groups were converted into carboxyl groups by reaction with succinic anhydride. The modification 
of the organic shell had little effect on the r1 relaxivity of the iron oxide nanoparticles, wheras r2 increased from 206 L/(s mmol) (SPIO) 
to 332 L/(s mmol) (CLIO-COOH) at 7 T. The colloids were labelled with 6-amino-fluorescein via EDC coupling at pH 6 [2]. Approx. 20 
dye molecules per core were bound (determined by UV/vis spectroscopy). Solutions of the labelled colloids (5.0 mg Fe / mL) were 
intravenously administered (30 mg Fe / kg bw) to 24 weeks old ApoE knockout mice that had been fed a high-cholesterol diet. Results 
and outlook Most of the iron was found in liver and spleen and some iron was detected in the aorta (Figure 1). Fluorescence is 
detectable only in those regions where also iron is found, demonstrating the strong binding of the dye. Additional functionalization with 
suitable antibodies was undertaken to provide a target-specific contrast agent with the ability to mark blood platelets in the aortic 
plaque. Acknowledgment This work was supported by the Comprehensive Heart Failure Center (CHFC) of the Universitätsklinikum 
Würzburg. References [1] S. Palmacci, L. Josephson, US Patent 5,262,176, 1991. [2] E.Y. Sun, L. Josephson, K.A. Kelly, R. 
Weissleder, Bioconjugate Chem. 2006, 17, 109-113. 

 

Figure 1: Fluorescence microscopy (left) and prussian blue stain (center) of liver tissue, prussian blue stain (right) of aorta wall. Slice thickness 8 µm. 
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Development of sensitive molecular imaging agents is one of the major challenges for advancing targeted imaging using MRI. The 
development of imaging agents that can be directly imaged using MRI holds particular interest since these have the potential to 
increase sensitivity while being able to directly probe a reaction or process that occurs in vivo. One such class of agents that have 
found recent attention are based on 19F - these hold particular promise since there is very little endogenous fluorine present in the body 
meaning that contrast with surrounding tissue is not required for in vivo imaging.1,2,3,4 Here we report on the development of sensitive 
polymeric 19F MRI contrast agents that combine controllable functionality, ability for cell-targeting in vivo and low cytotoxicity. Poor 
sensitivity in 19F MRI of polymeric probes is attributed to three main factors: poor molecular mobility; association of fluorinated 
segments; and low fluorine content. To overcome such issues, we use hyperbranched polymers enabling high segmental molecular 
mobility while maintaining high fluorine content.5 Controlled functionality was introduced and molecular mobility was conferred via 
flexible and polar repeat units that are well hydrated under aqueous conditions. Random branching frustrates aggregation of the 
fluorinated segments allowing incorporation of up to 20 mol % fluoro-monomer. Hyperbranched polymers also facilitate orientation of 
functionality, such as cell-targeting agents, thus ensuring correct presentation for efficient biological recognition. To demonstrate the 
imaging potential of these molecular probes, the hyperbranched polymers were ligated with folic acid (~ 3 per polymer) and the 
targeting ability of the molecule was tested in an animal model of subcutaneous melanoma tumours in mice (B16 cells). Figure 1 shows 
the 19F MRI images overlayed on proton images of the region of the tumour taken 1 hour following intravenous injection of the 
hyperbranched polymer (100 µl of a 2 wt% solution of polymer). When folic acid was present on the molecule, cellular uptake of the 
polymer was observed in the tumour, liver and kidney. In contrast, no uptake was observed in either the tumour or liver when folic acid 
was not present. Thus, fast excretion of the molecule via the kidneys meant that the agent was only accumulated in cells where 
receptor mediated binding was occurring. Rhodamine B was attached to the same molecule as a secondary imaging modality and the 
resulting whole animal images are also shown in Figure 1 for comparison. Clearly, both imaging approaches show the efficacy of 
targeting tumour cells in vivo and the fluorescence images validate the 19F MRI results. In conclusion, we have demonstrated the 
effective targeting and imaging of tumour cells in mice in vivo using hyperbranched macromolecules designed for 19F MRI. 1. Janjic, J. 
M. et al. J. Am. Chem. Soc. 2008, 130, 2832-2841. 2. Ahrens, E. T. et al. Nat. Biotechnol. 2005, 23, 983-987. 3. Srinivas, M. et al. 
Trends in Biotech. 2010, 28, 363-370. 4. Ogawa, M. et al. Macromol. Chem. Phys. 2010, 211, 1602-1609. 5. Thurecht, K.J. et al. J. Am. 
Chem. Soc. 2010, 132, 5336-5337. 

 
1H with overlayed 19F MRI images (1 hr after injection of hyperbranched polymer) of mouse, 1 week after subcutaneous injection of B16 melanoma cells 
(tumour region circled). The molecular imaging agent was detected in the tumour (left), liver and kidneys (not shown) for the folate-targeted polymer. No 

19F signal was detected at the tumour when folate was not ligated to the macromolecule (right). (b) Co-registered fluorescence and x-ray images of 
mouse injected intravenously with polymer ligated with folate and rhodamine B (left) and non-folate-ligated polymer (right). 
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Chemical exchange saturation transfer (CEST) has been used to generate image contrast by taking advantage of slow-to-intermediate 
exchange conditions (kex ≤ ∆ω) between two exchanging proton pools. Paramagnetic CEST (PARACEST) agents that have 
exchangeable protons shifted well away from bulk water resonance have great potential for measuring a variety of physiological 
parameter changes in tissue such as pH, temperature, metabolite concentrations (zinc ions, glucose, lactate, nitric oxide, phosphate 
esters) and enzyme activity [1]. However, most of the responsive PARACEST agents only have a single CEST signal that changes 
intensity in response to external stimuli and this could limit potential in vivo applications because the CEST contrast depends not only 
on the presence of the analyte but also on the agent concentration [1]. To date, quantitative CEST sensing is normally achieved by 
using a cocktail of agents, wherein one proton exchange pool is used as the CEST sensor and another pool as a concentration marker 
[1]. In this work, we describe a unique platform for creating PARACEST responsive agents for ex vivo or in vivo determination of 
analytes of diagnostic interest. Analyte promoted cleavage of a phenol O-R bond (Figure 1) results in more negative charge appearing 
on the carbonyl oxygen atom coordinated to the Eu3+ ion. This, in turn, triggers a downfield shift (≥ 5 ppm) in CEST exchange 
frequency. This novel design provides a direct readout of analyte concentration without the need of a concentration marker by use of 
ratiometric CEST imaging. Another unique aspect of this design is that the ratiometric image data can be collected at CEST activation 
frequencies widely separated from the bulk water frequency. The application of this platform is clearly demonstrated in building agents 
that respond to the concentration changes in pH (Compound 1), highly reactive oxygen species (hROS) (Compound 2 and 3), or activity 
changes in enzyme (Compound 4). Unknown concentration of analyte could be easily calculated from the corresponding calibration 
curve obtained by plotting CEST intensity ratio as a function of known concentration of analyte. Reference: [1] Viswanathan, S.; 
Kovacs, Z.; Green, K. N.; Ratnakar, S. J.; Sherry, A. D. Chem. Rev. 2010, 110, 2960-3018. 
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Introduction: Strategies have been developed for labeling cells with micron sized iron oxide particles (MPIOs) for MRI-based cell 
tracking. Although approaches are well established, current protocols for some cell types employ long labeling times. This is 
problematic for cells do not fare well for long periods of time in culture, such as neutrophils and hepatocytes. It has been demonstrated 
that incubation of iron oxide nanoparticles with positively charged transfection agents, such as poly-l-lysine (PLL) increases labeling 
efficiency. Therefore, we sought to ascertain whether pre-incubating MPIOs with various quantities of PLL would produce similar 
enhancements. Here we investigated three different cell types for enhancement of cell labeling by prior complexation of MPIOs with 
various amounts of PLL. High resolution confocal microscopy was utilized to determine uptake efficiency. Materials And Methods: The 
short-term labeling efficiency and toxicity of different PLL/MPIO formulations, NH2 modified MPIOs, were compared in mouse 
embryonic fibroblasts, mouse mesenchymal stem cells (MSCs), and rat bone marrow derived macrophages (BMMs). Different 
formulations of MPIO/PLL were made through simple incubation of PLL and MPIOs in dH2O for 3 hours. Commercial MPIOs and 
PLL/MPIO formulations were characterized by measuring zeta potential using Phase Analysis Light Scattering. The labeling efficiency 
and toxicity of each particle was assessed by simple incubation for 1-4 hours and counting labeled, live cells via flow cytometry. High 
resolution confocal fluorescence microscopy was used to determine whether MPIOs were actually internalized or associated on the 
exterior of the cell membrane. Results And Discussion: The results show that complexation of PLL with MPIOs prior to magnetic cell 
labeling produces better labeling efficiency than unmodified MPIOs for both fibroblasts and MSCs (Figure 1). It also shows that charge 
and coating of particles does not affect uptake rate of natural phagocytes such as macrophages. Interestingly, the labeling efficiency of 
NH2 MPIOs is higher than all of the other particle formulations, suggesting that the NH2 groups may have a positive influence on cellular 
uptake despite the net negative charge on the particle. The overall net negative charge is most likely due to the base polystyrene/divinyl 
benzene coating of the MPIO. Confocal microscopy data revealed that PLL/MPIO formulations are internalized by cells over two fold 
faster than unmodified MPIOs at 1-2 hours incubation times (Figure 1). This enhancement in cell labeling rate and efficiency is 
potentially useful for cells that are difficult to maintain in culture, in particular immune cells. In MRI based cell tracking, shortening the 
required in vitro labeling time will reduce the chances of unintentional cell activation and increase the amount of viable cells available 
for transfection. 

 

Figure 1: A) Fibroblast, B) BMM, C) MSC labeling efficiency; D) MPIO Uptake Efficiency. MPIO-PLL formulations are expressed as a ratio of mg of iron 
to mg of PLL. 
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Several gadolinium-based Magnetic Resonance Imaging (MRI) Contrast Agents (CAs) are being used successfully in the clinic for 
diagnostic imaging. Extension of this field to molecular imaging is, however, made extremely difficult by the relatively poor sensitivity 
with which Gd is detected in its current form1. Recently, a new material based on gadolinium ion-loaded ultrashort carbon nanotubes 
(US-tubes) was described that elevated Gd relaxivity (rate constant proportional to delectability in MRI) to unprecedented levels. These 
gadolinium ion-loaded, US-tubes (Gadonanotubes) have shown relaxivity up to 635 mM-1s-1 at low fields1, compared to ~7 mM-1s-1 for 
clinical Gd-chelates and up to 60 mM-1s-1 for experimental Gd-chelates. The high gadonanotube relaxivity values are not readily 
accounted for by the existing SBM theory. Moreover, the Gadonanotubes relaxivity is exceptionally high at imaging magnetic fields, 
suggesting that using the Gadonanotubes might allow applications in receptor targeted molecular imaging with Gd3+ ion2. 
Characterization of these nanoconstructs is therefore important, but quite challenging due to their poor yield of Gd loading and relatively 
low solubility. The current work had two objectives: (1) to improve gadolinium loading of the nanotubes, and (2) to establish their 
stability, specifically investigating leakage of Gd3+ ion from the Gadonanotubes when incubated in human serum. We used carrier-
added 153Gd-GdCl3 for loading and stability studies, which allowed precise determination of these two properties at very low 
concentrations of Gd3+ ion. 153Gd-GdCl3 was used to label US-tubes. A micro centrifugal filter device was used to separate bound and 
unbound Gd3+ ion under a variety of conditions and times, and the amount of 153Gd was counted on a Wizard gamma counter. The 
results from this study suggest that the gadolinium loading can be improved significantly, loading up to 17% of the Gd available, 
compared to <2% previously observed. We found two types of Gd: one was labile (removable from US-tubes) and the other was 
nonlabile (unremovable from the US-tubes). We interpret these results as arising from Gd fractions that are superficially bound and 
internalized. No leakage of gadolinium from the internalized fraction was observed after human plasma incubation for 48 h, suggesting 
that the Gadonanotubes will be stable in circulation in vivo, and thus good candidates, once biochemically-targeted, for use in high 
relaxivity, targeted MRI probes. ______________________ 1A.D. Nunn, K. Linder, M.F. Tweedle, “Can Receptors be imaged with MRI 
agents” Quart. J. Nucl. Med. 2, 155, 1997 2B.Sitharaman, L.J. Wilson, “Gadonanotubes as new high-performance MRI contrast agents” 
Int. J. Nano medicine, 1, 291, 2006. 
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Introduction: Early diagnosis of colorectal cancer (CRC) is a realistic approach to reduce its high mortality rates. Currently available 
methods for early detection of CRC such as (virtual) colonoscopy do not distinguish the 5% of adenomas expected to progress into 
CRC (high-risk adenomas) from adenomas with low risk of progression. We aim to develop a contrast agent for non-invasive molecular 
imaging of high-risk adenomas and CRC by MRI. In this study, targeted microcapsules were developed using a chimeric monoclonal 
antibody (Cetuximab) specifically targeting the epidermal growth factor receptor (EGFR) as contrast agent for molecular imaging of 
colorectal tumors by fluorine (19F) MRI. Methods: Polymeric microcapsules were prepared by a modified solvent emulsification-
evaporation process in order to obtain core-shell microcapsules encapsulating perfluorooctyl bromide (PFOB)1. The microcapsules 
were characterized physico-chemically and the encapsulated amount of PFOB was quantified by 19F NMR. In vivo 19F spectroscopic 
imaging was performed to verify the signal intensity of the non-targeted microcapsules in the mouse colon. For this purpose, we used a 
newly developed MR sequence named 19F ultra-fast Turbo Spectroscopic Imaging (F-uTSI)2,3. These experiments were done on a 3T 
whole-body MRI scanner (Achieva, Philips Healthcare) and equipped with dual 19F/1H capabilities. Next, targeted microcapsules were 
generated by surface modification of the PFOB microcapsules to conjugate the Cetuximab on their polymeric shell.For the targeted 
microcapsules, the amount of antibody associated to microcapsules was quantified by radiolabeling the antibody with Iodine-125 prior 
to coupling. The surface modification of the microcapsules was verified by X-ray photoelectron spectroscopy (XPS) and in vitro 
targeting efficacy was tested with EGFR positive cancer cells, A431 cells (FACS and confocal microscopy). In vitro 19F-MRI of the 
targeted microcapsules bound to the cells was performed with the F-uTSI technique. Results and Discussion: Two types of 
microcapsules were obtained: non-targeted and targeted with a mean diameter around 2 μm. 19F NMR allowed the quantification of 
PFOB at each step of the preparation process of the microcapsules. After a rectal administration (50 μl 0.3% v/v) in-vivo fluorine images 
of a mouse colon were obtained using the 3D-F-uTSI sequence. The 19F maps were overlaid onto proton anatomical images of the 
abdomen. The surface modification of the microcapsules with the antibody did not change the physico-chemical characteristics of the 
microcapsules. XPS and radioactivity results confirmed the presence of the antibody and the in vitro results showed the specific 
targeting properties of the microcapsules. Conclusion: The targeted polymeric microcapsules developed are promising 19F-MRI contrast 
agents for imaging early stage CRC. Acknowledgment: This research was supported by the Center for Translational Molecular 
Medicine (DeCoDe). References: 1.E. Pisani et al. Adv. Funct. Mater.18 (2008) 1-9 2.M. Yildirim et al., Proc. Intl. Soc. Mag. Reson. 
Med. 16 (2008) 3257 3.R. Lamerichs et al., Proc. Intl. Soc. Mag. Reson. Med. 17 (2009) 617 

Disclosure of author financial interest or relationships: 
R. Diaz-Lopez, CTMM:public-private consortium, Grant/research support; R.C. Vulders, Philips Electronics, Employment; J. 
Pikkemaat, Philips Electronics, Employment; C. van der Marel, Philips Electronics, Employment; G.A. Meijer, None; R.J. Fijneman, 
Public-Private-Partnership, Grant/research support; R. Lamerichs, Philips Electronics, Employment . 

  

Proceedings of the 2011 World Molecular Imaging Congress S57



Presentation Number P058 
Poster Session 2 

September 8, 2011 / 15:15-16:45 / Room: Hall F 

MRI Responsive Contrast Agents: Towards Sensing and Imaging of Neurotransmitters 

Fatima Oukhatar1,2, Goran Angelovski1, Nikos K. Logothetis1,3, Éva Tóth2, 1Physiology of Cognitive Processes, Max Planck Institute, 
Tuebingen, Tuebingen, Germany; 2Centre de Biophysique Moléculaire, CNRS, Orléans, France; 3Imaging Science and Biomedical 
Engineering, University of Manchester, Manchester, United Kingdom. Contact e-mail: fatima.oukhatar@tuebingen.mpg.de 

Amino acid neurotransmitters are considered as key biological messengers. Thus, their quantification and monitoring would allow a 
greater understanding of the molecular mechanisms associated with the function of the brain and the associated neurological disorders. 
Currently no method exists that can non-invasively determine the concentration of neurotransmitters in vivo. Magnetic resonance 
imaging (MRI) has recently been demonstrated as a promising method to monitor physiological events noninvasively, with high 
temporal and spatial resolution. Here, we address the issue of neurotransmitter monitoring through MRI by describing our progress 
towards the development of MR probes for tracking the change in neurotransmitter concentrations within the brain. We designed and 
synthesized two “turn-off” DO2A derived gadolinium based probes, which respond to changes in neurotransmitters concentrations at 
physiological pH. These complexes consist of a dual receptors, which on interaction with the neurotransmitters modulate their relaxivity. 
In vitro inversion recovery measurements were performed at physiological pH and at 60 MHz to monitor the changes in relaxivity upon 
the addition of neurotransmitters. Both GdL1 and GdL2 complexes showed a relaxivity change of up to 75% upon the addition of 
millimolar concentrations of certain neurotransmitters. Luminescence studies were also performed with EuL1 and EuL2 in the absence 
and presence of the same neurotransmitters. Changes in the europium emission spectra and a modulation of the hydration number (q) 
were observed upon addition of neurotransmitters for EuL1. The observed decrease in q was in good agreement with the change in 
relaxivity. These preliminary results give valuable insights into understanding the structural aspects of the contrast agent interaction 
with neurotransmitters and will help to improve the molecular design of new responsive agents. The financial support of the Max-Planck 
Society and the CNRS is gratefully acknowledged. [1] J. Borg, Behavioural Brain Research 2008, 195, 103-111. [2] S. Narayan, B. 
Tang, S. R. Head, T. J. Gilmartin, J. G. Sutcliffe, B. Dean, E. A. Thomas, Brain Research 2008, 1239, 235-248. [3] S. Aime, D. Delli 
Castelli, E. Terreno, Angewandte Chemie-International Edition 2002, 41, 4334-4336. [4] A. Mishra, P. Fouskova, G. Angelovski, E. 
Balogh, A. K. Mishra, N. K. Logothetis, E. Toth, Inorganic Chemistry 2008, 47, 1370-1381. [5] S. Aime, M. Botta, E. Gianolio, E. 
Terreno, Angewandte Chemie-International Edition 2000, 39, 747-750 
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Introduction Labeling of cells with magnetic nanoparticles enables the non-invasive in vivo monitoring of their migration in the tissue by 
MRI. Most labels are based on coated iron oxide (IO) nanoparticles. Their biochemical properties can be improved by coating 
modifications. We prepared maghemite (γ-Fe2O3) nanoparticles coated by sodium hyaluronate (HA) conjugated with dopamine (DPA) 
and investigated their properties at different DPA-HA/γ-Fe2O3 and DPA/HA ratios in various cell types. Experimental HA conjugated 
with DPA was used as a coating for γ-Fe2O3 particles. HA, DPA and DPA-HA coatings with different DPA/HA ratios and different 
amounts of coating (DPA-HA/γ-Fe2O3 ratio) were tested. Endorem® was used as a standard. Hydrodynamic diameter and zeta-
potential were determined. The coated nanoparticles' morphology and size were examined by transmission electron microscopy. The 
particles were tested on rat bone marrow stromal cells (rMSCs) and human chondrocytes (hCHONCs) to evaluate labeling efficiency 
(using Prussian Blue and counterstaining of nuclei with nuclear fast red). The chondrogenic differentiation of labeled human MSCs was 
tested by incubation with chondrogenic medium for 20 days. T2 relaxation times of the particle suspensions (converted to relaxivities r2) 
as well as of suspensions of labeled cells (converted to relaxation rates R2) were measured at 0.5T and 4.7T. Results With increasing 
HA/γ-Fe2O3 or DPA-HA/γ-Fe2O3 ratios, the hydrodynamic diameter increased. The negative charge of HA ensured the colloidal stability 
of the HA- and DPA-HA-γ-Fe2O3 dispersions. At high DPA/HA ratios, the colloidal stability was lost. The growth of labeled rMSCs 
decreased to 70-100% of that of unlabeled cells and was comparable to the growth of Endorem® labeled cells. Viability was not 
affected by any coating variation. No difference in growth or viability between labeled and unlabeled hCHONCs was observed. A higher 
labeling efficiency was achieved with higher DPA-HA/γ-Fe2O3 and DPA/HA ratios. The presence of DPA in the coating supported the 
formation of pellets and chondrogenic differentiation with no adverse effect of the DPA-HA-γ-Fe2O3 label. The relaxivity r2 of HA and 
DPA-HA-γ-Fe2O3 was substantially higher than that of DPA-γ-Fe2O3 or neat γ-Fe2O3. It increased with increasing HA/γ-Fe2O3 ratios due 
to the amount of water associated with the HA chains. However, at very high HA/γ-Fe2O3 ratios the nanoparticles precipitated and r2 
decreased. The highest relaxation rates R2 of labeled cells were found in cells labeled with DPA-HA-γ-Fe2O3 at a DPA/HA ratio of 
0.019 (w/w), which represented the optimum between the high relaxivity of the HA coating and high uptake due to DPA. Conclusion 
HA in the coating of nanoparticles ensured colloidal stability and increased r2 relaxivity. Conjugation with DPA increased cellular 
uptake. No significant differences in proliferation, viability or differentiation were found between cells labeled by DPA-HA-γ-Fe2O3 and 
by standard IO particles. Therefore, these nanoparticles represent an improved cellular label for cell tracking using MRI. 
Acknowledgement: Grants GACR 203/09/1242, MSMT 1M0538, MZ0IKEM2005. 

 

Prussian Blue staining of hCHONCs labeled with (a) Endorem, (b) HA-γ-Fe2O3 nanoparticles, and (c) DPA-HA-γ-Fe2O3 nanoparticles. Scale bar 25 μm. 
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Aim. To develop a variable size, multi-coatable family of nanoparticles with reproducible synthesis, biologically stable, very simple 
radiolabelling for SPECT and PET alike. The other aim was achieving simultaneous contrast using the labelled nanoparticles in MRI 
and/or X-ray CT. Materials and Methods. Prussian Blue {Fe4[Fe(CN)6]3, PBNP=Prussian Blue Nanoparticle} is capable of stably 
binding metal ions. We examined the effect of component proportions, coatings, incubation time and pH on changes in size, dispersion 
and shape of PBNPs. Size and shape were determined with dynamic light scattering (DLS) and atomic force microscopy (AFM, Figure 
panels A-E). We radiolabelled PBNPs with 201Tl and used thin layer chromatography and AFM as quality control. We performed T2 
and T1-weighted in vitro MRI measurements using a Mediso nanoScan® PET/MR system with various PBNP concentrations. In vivo 
wholebody imaging of the radiolabelled particle biodistribution was performed in mice (n=8) with a neurotrauma model injecting cca. 10 
MBq of radioactivity iv. Results.We were able to reproducibly change the size of PBNPs between 20 and 200 nm and to synthetize 
them in non-coated form or coated with citrate or polyvinil-pirrolidone. Ageing did not affect geometric parameters of the PBNPs (6 
weeks at room temperature). AFM has demonstrated the PBNPs being cuboidal with the proportions of e.g.153x150x50 nm. 
Radiolabelling yield was >98% in all experiments. A concentration-dependent contrast increase was observed in T2-weighted MR 
measurements. Test animals showed no acute nor chronic in vivo toxicity signs. Using 201Tl-labelled non-coated PBNPs of 60 nm 
longest side, we could detect a focal uptake in brain due to blood-brain barrier (BBB) leakage 3 hours post neurotrauma. Citrate-coated 
90 nm 201Tl-PBNPs were imaged in mice for 24 hours and were detecting increased perfusion around the trauma region 3 h post 
trauma while apparently not accumulating in trauma site, due to high albumin binding, that was not relevant in PVP-coated PBNPs. 
Conclusions. Controlled size and shape PBNP production was achieved. PBNPs were successfully labelled with 201Tl. The synthetized 
and subsequently radiolabelled cuboidal PBNPs were capable of giving a signal in SPECT and MRI. The developed synthesis and 
radiolabelling process and coating variations enable for further functionalizing of the NPs. Given the well proven capabilities of PB for 
chelating, a large inventory of PET and SPECT metal isotopes is available for PB-like multimodal NP synthesis. References. Máthé and 
Szigeti PPA US 61/299357 (2010) and PCT US Pat. Pending (2011) 
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Nanotechnology and molecular imaging have been combined to generate multifunctional nanoparticles that simultaneously facilitate 
early stage cancer diagnosis and target drug delivery with minimal toxicity and monitor cancer treatment. In particular, various Gd- and 
iron oxide-based nanoprobes have been reported as dual-modality MRI-optical imaging to overcome the limitations of either imaging 
method when used alone. We have recently developed dendrimer-based PARACEST (Paramagnetic Chemical Exchange Saturation 
Transfer) MRI nanoprobe. However, to the best of our knowledge, no dendrimer-based PARACEST dual modality MRI-Optical imaging 
contrast agents have been reported. Dendrimer-based MRI contrast agents passively target tumor tissues via the Enhanced 
Permeability and Retention (EPR) effect, which may further improve the detection of dendritic PARACEST agents within tumors. Here, 
we report the detection of U87 glioma by dendrimer-based PARACEST dual modality MRI-Optical imaging. We have synthesized (Eu-
DOTAMGly)41-G5-Cy5.5 based on our recent published method. In the first step of the synthesis, Cy5.5 succinimidyl ester was reacted 
with the free primary amines of G5-PAMAM dendrimer with formation of a covalent amide linkage between dendrimer and dye. The 
unreacted dye was removed by diafiltration. The number of conjugated dye units per G5-Cy5.5 was determined by absorption 
spectroscopy using extinction coefficient 250000 M-1cm-1 for the linked Cy5.5. The spectroscopic study revealed that on average 1.22 
molecule of Cy5.5 is conjugated with G5 dendrimer. Conjugation of Cy5.5 to G5 dendrimer slightly shifted the absorption maxima 
(λabs) and fluorescence emission maxima (λem) relative to the corresponding bands for the free dye. Then, Eu-DOTAGly was 
incorporated with the dendritic conjugate. Interestingly, we did not observe any quenching of fluorescence emission of Cy5.5 in the 
presence of Eu-DOTAGly on the same dendrimer molecule. Intracranial implanted U87 glioma was produced in nude rat. Optical and 
MR Imaging was performed on day 28-30 following the implantation of the tumor. A solution of 0.04 mmol/kg Eu-G5-Cy5.5 was injected 
through the tail vein catheter and a series of PARACEST MR images were then acquired for 50 min. The pharmacokinetics of Eu-G5-
(Cy5.5)1.22) was visualized in the rat glioma tumor over the course of 50 min post-contrast administration. Immediately after acquisition 
of the MRI data was completed, optical imaging of the same rat was performed to generate matched sets of dual modality imaging data 
of the tumor. Visualization of the U87 tumor in the both MR and fluorescence images was clearly achieved. This is the first 
demonstration of detection of human malignant glioma in a rat model by dual modality optical and PARACEST MR imaging. 
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Introduction. Recently, Cerenkov Luminescence Imaging (CLI) has been proposed to be an effective modality for rapid and relatively 
inexpensive in vivo monitoring of radiolabeled compounds. In addition to these advantages, CLI utilizes instrumentation commonly 
found in most research institutions, thus widening the pool of researchers with access to this modality. Here, we demonstrate the use of 
CLI to non-invasively assay the target binding and clearance of two novel radiotracers related to AABD, a probe designed for use with 
the DOTA Antibody Reporter 1 (DAbR1) reporter gene (Wei et al.) When labeled with 86Y, AABD has been shown to bind DAbR1 with 
infinite affinity in vivo; this system offers several attractive features for reporter gene imaging by PET. However, 86Y is not widely 
available, and there is interest in using this reporter system with 90Y, a beta-emitting radionuclide that may be imaged by CLI. 
Furthermore, the ability to image 90Y biodistributions using CLI is relevant to the development of radiotherapeutics that use targeted 
delivery of 90Y for therapy. Using the DAbR1 reporter gene as a model system, we study the ability of CLI to efficiently assay the 
biodistribution of 90Y-labeled compounds in an effort to improve upon the existing AABD reporter probe. Methods and Results. SCID 
Hairless Outbred (SHO) mice were injected bilaterally in the subscapular region with either parental U87 glioma cells (lacking reporters) 
or U87 cells engineered to bicistronically express the DAbR1 reporter gene and the fluorescent protein mCherry. Following 
development of tumors, mice received intravenous injections of 8 microCi 90Y-labeled AABD derivatives in triplicate. Dynamic CLI was 
completed for each triplicate for 30 minutes post-injection of probe. Subsequent Cerenkov luminescence images were acquired at 1.5 
and 3.5 hours. In order to confirm CLI results, in vivo fluorescent images were acquired prior to CLI as an indirect measure of DAbR1 
expression and ex vivo biodistribution of the radiotracer was measured in relevant organs. Conclusions. Specific to the goals of this 
study, CLI of mice injected with two AABD derivatives demonstrated that both probes retained the ability to bind DAbR1-expressing 
cells and very effectively confirmed altered clearance routes of the novel probes relative to AABD. Images indicated significantly 
decreased clearance through the liver and gastrointestinal tract and slightly increased uptake in kidneys. These conclusions made 
solely on information in the in vivo CLI images were confirmed by ex vivo biodistribution measurements. In a broader sense, this study 
validates the use of CLI as an effective modality with which to non-invasively study the biodistribution of beta-particle emitting 
radiotracers during the development of novel imaging and therapeutic agents while also for the first time presenting the use of CLI for 
reporter gene imaging. 

 

Cerenkov Luminescence Imaging (CLI) for Evaluation of Radiotracer Biodistribution. A) Cerenkov luminescence images acquired 3.5 hours post-
injection of 8microCi of either “probe A” (top) or “probe B” (bottom) showing increased binding to DAbR1-expressing tumors (right shoulders) and 

increased kidney uptake in probe A relative to probe B. B) Fluorescent images of the same six mice acquired immediately prior to radiotracer injection 
confirming the presence of mCherry (and, indirectly, the bicistronically expressed DAbR1) in right shoulder tumors, but not in control tumors (left 

shoulders). C) Ex vivo biodistribution of radiotracer confirming increased right tumor and kidney uptake of probe A. 
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Detection of radiotracer distribution in preclinical animal models has traditionally required use of costly PET or SPECT scanners, often 
accompanied by a CT scanner for anatomical reference. The detection of Cerenkov radiation emitted by charged radionuclide decay 
products has recently emerged as a promising method to track radiotracer distribution in vivo. While the charged particles travel faster 
than the speed of light in a dielectric medium (such as tissue), photons in the visible band are emitted via the Cerenkov effect, and 
these photons can be detected by optical imaging. While 2D imaging of Cerenkov radiation is now well established, there has been little 
study of the use of Cerenkov imaging to derive kinetic information. We demonstrate optical imaging methods for determining radiotracer 
distribution that present distinctive spatial visualization of tracer kinetics in mice. Doses of 18F-FDG and 90Y-AABD were injected into 
mice and imaged in a highly sensitive optical imaging instrument with a cooled CCD at -90 °C using a wide-band emission filter. Images 
were acquired at a number of time points to capture the temporal distribution of the radiotracer as it accumulates and is excreted from 
various organs and tissues throughout the animal body. The kinetics of 18F-FDG for tumor uptake was also investigated. A mouse with 
a subcutaneous implant of a 4T1-luc2-mCherry tumor was injected with a dose of 18F-FDG and imaged dynamically in the optical 
system. In lieu of region of interest analysis, a principal component-like algorithm, multivariate curve resolution (MCR), was applied to 
the series of 2D time-domain images. The MCR-derived basis functions characterize the temporal change in pixel intensities of the 2D 
images over time. By pixel mapping the curves, radiotracer kinetics appear in identifiable tissues of the animal body. These optically 
derived kinetic curves can be analyzed when using radiotracers which cannot be imaged via PET or SPECT scanners, such as the 
beta-minus emitter 90Y. MCR optically derived renal and bladder kinetic curves follow the shape of documented time activity curves 
derived from PET data. Comparisons between radiotracer kinetics show that the renal elimination half-life of 90Y-AABD is roughly twice 
that of 18F-FDG. Kinetics mapping to 2D images shows that while there is well-established uptake of 18F-FDG in the brain relative to 
skin and skeletal muscle, 90Y-AABD does not exhibit marked brain uptake, in agreement with published ex-vivo measurements made 
in a beta-counter. 

 

Figure 1. Mouse injected with 315 µCi of 18F-FDG, and imaged dorsally starting 55 seconds post-injection. Left image shows component overlay, and 
right plot shows component temporal distribution. The yellow arrow points to a 4T1-luc2-mCherry tumor. 
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Molecular imaging using nanoparticle (NP)-based agents is a new frontier of biomedical research for visualizing, characterizing and 
monitoring molecular abnormalities caused by disease. NPs decorated with tumor targeting ligands could achieve higher binding 
efficiency as well as better retention. However, NPs have long circulation times and poor pharmacokinetics for in vivo imaging, raising 
potential concerns of high background and their risk of diagnostic toxicity. Therefore, pre-targeting strategy would be advantageous by 
using targeted NPs derivatized with bioorthogonally “reactive” groups to accumulate around tumor first before being visualized by 
complementary contract agent with rapid blood clearance and excretion. Recently we demonstrated a convenient and modular 
approach to prepare supramolecular nanoparticles (SNPs) via a self-assembly approach using multivalent molecular recognition based 
on β-cyclodextrin (CD) and adamantane (Ad) motifs. Size-controlled SNPs were synthesized by mixing three molecular building blocks, 
an Ad-grafted polyamidoamine dendrimer (Ad-PAMAM), CD-grafted branched polyethylenimine (CD-PEI), and Ad-modified 
polyethylene glycol (Ad-PEG) with various surface ligands, such as an arginine-glycine-aspartic acid (RGD) peptide for binding integrin 
αvβ3 and norbornene (Nb) terminals for bioorthogonal ligation. Herein, we demonstrate a pre-targeting visualization strategy whereby 
molecular contrast agents undergo in vitro assembly with SNPs already bound on tumor cell surface via a bioorthogonal, site-specific 
inverse-electron-demand Diels-Alder (IED-DA) cycloaddition. Our preliminary data showed the coupling between Ad-PEG-Nb and Tz-
FITC could complete within 30 min in PBS at 37oC. To test tumor targeting efficiency and specificity, in-vitro experiments using RGD-
conjugated SNPs (100±10 nm with 5% RGD and Ab coverage) were carried out on both U87 (integrin αvβ3 positive) and MCF7 cells 
(negative control), respectively. For the preconjugation experiment, both cells were incubated with FITC-SNPs [5 µg, synthesized by 
mixing SNP and Tz-FITC (3.0 nmol, which is approximately 5 eq. of Ad-PEG-Nb ligands on SNPs) for 30 minutes prior to use] at 37oC 
in OPTI-MEM cell media for 30 minutes. For the pretargeting experiment, the cells were first treated with SNPs (5 µg), incubated for 1 
h, and then treated with Tz-FITC (3.0 nmol, about 5 eq. of Ad-PEG-Nb ligands on SNPs), for 30 minutes. U87 cells in both experiments 
showed positive signals compared to MCF7 cells, indicating that RGD-conjugated SNPs can selectively target integrin αvβ3 positive 
cells. The fluorescence intensity from the pretargeting approach was about 3.5 times higher than that from the preconjugation 
approach, showing that the probe and reaction kinetics play an important role in signal enhancement. Further detailed in vitro studies 
using other bioorthogonal reactions and the validation of tumor pre-targeting with our targeted, radiolabeled SNP system in xenografted 
mice are currently underway. 

 

(A) Synthesis of FITC-SNP using Tz-FITC via bioorthogonal IED-DA ligation; (B) schematic illustration of the preconjugation/pretargeting approaches, 
and fluorescence images of U87 and MCF7 cells after incubated with FITC-SNPs (1,2) or SNP then Tz-FITC (3,4), respectively. 
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The purpose was to create, characterize, and compare (with previously available designs) a multimodal, functionalizable nanoparticle. 
Several previously unavailable design requirements necessitated the introduction of a new synhesis protocol: Long plasma half-life 
required a hydrodynamic target size of 35nm, small enough to evade fast reticuloendothelial uptake and large enough to avoid renal 
clearance. Stability requirements necessitated covalent cross-linking of the carbohydrate cage, easy functionalization the introduction of 
sterically accessible amine groups. Particles were precipitated from Fe2+ and Fe3+ (ratio 2:1) in presence of monodispersed 10kD 
dextran. Cross-linking was achieved with epichlorohydrin, amination with NH3, purification with ultrafiltration and dialysis. Particles and 
two commercial products (Endorem, Guerbet; Resovist, Schering) underwent core and hydrodynamic size determination (transmission 
electron microscopy, electron tomography, laser light scattering), amine group determination (incubation with fluorescin isothiocyanate), 
relaxivity measurement (1.5T, 3T, 7T, water, plasma, 20°C, 37°C), Fe2+/3+ ratio determination (Mössbauer spectroscopy), 
physicochemical stability assessment (zeta potential, laser light scattering during thermal cycling 20°C-80°C). Biocompatibility was 
assessed by Resazurin on LLC-PK1 cells; internalization was measured for three cell lines (HAEC, HASMC, HT29). Core size was 
4.8nm, hydrodynamic size 38.7nm. Size alternations upon cycling were <2%. Iron content was 1000-2000 atoms Fe per particle. The 
number of sterically accessible amine groups averaged 17. The cores showed cubic magnetite structure. R1 and R2 were 12.49 and 
140.52mM-1s-1. Cellular viability was unchanged after incubation, no internalization was observed. We created a biocompatible, 
functionalizable, stable nanoparticle with smaller size and therefore potentially longer plasma half-life, yet comparable relaxivity to 
commercial particles detectable in nanomolar concentrations with MRI as well as fluorescence and electron microscopy. Attachment 
sites allow for functionalization with diverse ligands, and potentially multivalent interactions with the target. 
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Introduction Low density lipoprotein (LDL) plays a critical role in cholesterol transport to peripheral tissues, which is crucial for the 
maintenance of cell membranes. However, intra-arterial LDL deposition is one of the main causes of atherosclerotic plaque formation 
and progression that can lead to clinical events such as myocardial infarction and stroke. To facilitate study of these highly important 
natural nanoparticles, we developed novel technology to allow labeling of native human LDL with gold nanocrystals and rhodamine 
lipids (Au-LDL). This enables studying LDL interactions with hepatocytes and macrophages using a variety of imaging techniques, 
including computed tomography (CT), transmission electron microscopy (TEM), and fluorescence techniques. Methods and results LDL 
was isolated from human plasma by sequential ultracentrifugation (Methods Enzymol. (1986) 126;6). Lipid coated gold nanocores 
incorporating rhodamine were synthesized as described previously by Cormode et al.(Nano Lett (2008) 3715-3723). Native LDL 
nanoparticles were sonicated in water for 5 min with gold nanocores in a 1mg ApoB100 to 2.8mg gold ratio (Fig.1A). Empty LDL and Au 
aggregates were removed via centrifugation on a dual KBr density gradient. Negative stain TEM confirmed that the gold nanocores had 
entered the hydrophobic triglyceride/cholesterol ester center of LDL, and showed a similar size and morphology to native LDL (Fig. 1B). 
The diameters of Au-LDL, determined by TEM, were 21.3±3.2nm compared to 23.6±2.9nm of native LDL, indicating little difference 
between Au-LDL and native LDL. Further characterization was done using both denaturing and non-denaturing gel electrophoresis. We 
found that this method was vastly more effective for labeling LDL with gold nanocores than the classic Krieger method (Methods 
Enzymol. (1986) 128;608-613). In vitro incubations and competition assays were performed in hepatocytes (HepG2) and murine 
macrophages (J77A4.1). CT scans of the cell pellets, as well as a visually detectable color difference of the pellet incubated with Au-
LDL alone, the competition assay, and the control showed that the cells take up Au-LDL in a saturable, receptor-like process (Fig.1C). 
Fluorescence microscopy performed on HepG2 cells, showed uptake of Au-LDL, a decreased uptake in the competition assay, and no 
uptake in the control (Fig. 1D). TEM confirmed that the gold nanocores were taken up by the cells (Fig. 1E). Future experiments will 
involve CT imaging and microscopy studies in atherosclerotic mice. Conclusion Native human LDL loaded with gold nanocrystals have 
a comparable composition and morpohology, and behave similarly to unlabeled LDL. HepG2 cells take up Au-LDL in a receptor-like 
manner, as detected by CT, confocal microscopy and TEM. Therefore Au-LDL can likely be used as a surrogate marker to study LDL 
interactions and atherosclerotic plaque formation. Clinical relevance Au-LDL has potential to be used for studying and imaging the 
behavior of LDL in atherosclerosis and other diseases. This could be an important new step in better understanding the onset and 
progress of atherosclerosis and the lipid metabolism in human. 
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Objective: Utilization of nano-sized particles as carriers for drug and/or imaging agent delivery has been actively investigated. To avoid 
undesired clearance of the particle from blood circulation, surface modification with hydrophilic polymer such as poly(ethylene glycol) 
(PEG) is frequently adopted. However, these particles with hydrophilic polymers are shown to activate immune system at the first 
dosing. As a result, nearly all particles injected at the second dosing are trapped by liver and spleen. This is named as accelerated 
blood clearance (ABC) phenomenon. For the practical utilization of nano-sized particles as carriers for drug delivery system (DDS), 
resolution of the ABC phenomenon is essential. “Lactosome” is a core-shell type polymer micelle composed of AB-type amphiphilic 
block polydepsipeptide, which has a hydrophobic poly(L-lactic acid) (PLLA) block and a hydrophilic poly(sarcosine) (poly(Sar)) block. 
Lactosome, whose diameter is 30-35 nm, is accumulated at tumor region with a high tumor/normal tissue ratio, therefore, it is 
considered to be a powerful candidate as carriers for tumor targeting DDS (1). However, the ABC phenomenon was observed with 
intravenous injection of Lactosome. Koide et al. reported that the activation of the immune system may be related with the size of 
nanoparticle (2). The report prompted us to prepare improved Lactosomes with smaller diameter to evade from the ABC phenomenon. 
Result: To reduce the size of polymer micelle, we newly designed and synthesized A3B-type amphiphilic block polydepsipeptide, 
having three hydrophilic poly(Sar) chains for one hydrophobic PLLA chain. A3B-type amphiphilic block polydepsipeptide was self-
assembled in aqueous buffered solution and gave Lactosome (A3B-type) with 20 nm of diameter. Interestingly, upon mixing AB and 
A3B type block polydepsipeptides, the diameter of Lactosome can be finely and sequentially adjusted from 20 to 35 nm. Using these 
Lactosomes, the effect of the particle size on the ABC phenomenon was evaluated by measuring produced anti-Lactosome IgM amount 
(Figure 1). It is clearly shown that the ABC phenomenon is reduced by decreasing the Lactosome diameter. Using near-infrared 
fluorescein labeled A3B-type Lactosome, in vivo image was taken. After 7 days from the first injection of Lactosome (A3B-type) to the 
tumor-bearing mice, indocyaningreen (ICG) labeled Lactosome (A3B-type) was again intravenously injected, and biodistribution of 
Lactosome was evaluated. Different from the AB-type Lactosome with 35 nm of diameter, A3B-type Lactosome was widely spread in 
whole body, and fluorescein intensity detected from liver or spleen was drastically suppressed. Transplanted tumor could be imaged 
clearly, and the time when tumor/background signal ratio became maximum was shortened from 48 h to 24 h. This is because 
excessed A3B-type Lactosome in blood was smoothly excreted via kidney. (1) A. Makino, S. K. Kondoh, R. Yamahara, I. Hara, T. 
Kanzaki, E. Ozeki, M. Hiraoka, S. Kimura Biomaterials 2009, 30, 5156 (2) H. Koide, T. Asai, K. Hatanaka, T. Urakami, T. Ishii, E. Kenjo, 
M. Nishihara, M. Yokoyama, T. Ishida, H. Kiwada, N. Oku Int. J. Pharmaceutics 2008, 362, 197 

 

Effects of Lactosome diamer on ABC phanomenon 
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Cerenkov radiation is the low level blue-light produced by charged particles traveling faster than the speed of a light through a medium. 
Cerenkov Luminescence Imaging (CLI) is an emerging modality that utilizes the light produced by PET radionuclides for in vivo imaging 
using optical equipment. Work has shown tumor and cardiac CLI using targeted and small molecule tracers [1,2]. Quantum Dots (QD) 
have been used to shift the light from the blue to deeper penetrating red [3]. Pursuing multiple strategies for CLI and SCIFI, we have 
sought to use particles to block the Cerenkov light from a tumor as well as to turn SCIFI ‘on’ using nanoparticles. We term this 
Secondary Cerenkov-Induced Fluorescence Imaging (SCIFI). METHODS: To modulate the blue-light Cerenkov and red-light of SCIFI 
different strategies were pursued. All imaging was performed using a Calipers IVIS 200 system, with PET verification of radiotracer 
distribution using the Concorde microPET R4. Small molecule and nanoparticle quenchers and fluorochromes were evaluated for CL 
and SCIFI actiavation by PET tracers. For quenching applications, crosslinked iron oxide nanoparticles (CLIO) were used. For 
fluorescence, the spectral characteristics of QD-565, 605 and 800 were separated using the 560, 600 and ICG filters respectively. In 
order to determine if these particles could be used for SCIFI activation in vivo, the targeted radiotracer 89Zr-DFO-trastuzumab (89Zr-
Her) [5] was administered to mice bearing BT-474 tumors (n=3). Following 6 hours of uptake, an integrin (αvβ3) targeted cRGD-QD-605 
was administered, or a control (scrambled). Spectral imaging using an appropriate filter (600 +/- 20 nm) was performed at various time 
points to detect SCIFI activation. All CLI was measured by user defined ROI. RESULTS: CLIO overlays very well with the Cerenkov 
luminescence spectra. It has been determined that this is due to the iron oxide core of the particles, which see an absorbance increase 
below 400 nm. CLI of mice with tumor burden injected with PBS or CLIO demonstrate significantly different (p<0.05) tumor CLI. Animals 
dosed with CLIO showed approximately 20% CLI decrease. 89Zr-Her had 10% ID/g uptake in the target tumor at the 6 hour time point. 
At this juncture, targeted QD-605 were administered. Co-localization of the particles over the next 24 hours was monitored and 
revealed SCIFI activation specifically in the tumor at 18 hours. CONCLUSIONS: In proof of principle strategies we have shown that we 
can modulate the output of either Cerenkov light, or activate SCIFI. Utilizing nanoparticle strategies for advanced SCIFI targeted 
oncologic applications we illustrate the potential of Cerenkov beyond monitoring distribution of radiotracers. Advanced CL imaging 
provides the opportunity to utilize widespread clinical radionuclide agents in concert with optically relevant nanoparticle technologies to 
obtain biomolecularly specific data. [1] Robertson R, et al. 2009, Phys Med Biol. 54:N355-N365. [2] Ruggiero A, et al. 2009, J Nucl Med 
51:1123-30 [3] Dothager RS, et al. 2010, PLoS One, 5(10): e13300. doi:10.1371/journal.pone.0013300. [4] Holland JP, et al. PLoS One 
2010, 5:e8859. 
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The combination of radionuclide-based imaging modalities such as single photon emission computed tomography (SPECT) and 
positron emission tomography (PET) with magnetic resonance imaging (MRI) is likely to become the next generation of clinical 
scanners. Hence, there is a growing interest in the development of SPECT- and PET-MRI agents [1]. These dual-modality agents may 
allow users to make the most of the high sensitivity of PET/SPECT and the high anatomical resolution and soft tissue contrast of MRI in 
a synergistic fashion. To this end, we have developed a new class of SPECT/PET-MR imaging agents based on the conjugation of 
radiolabeled bisphosphonates (BP) directly to the surface of superparamagnetic iron oxide (SPIO) nanoparticles (Figure 1) [2]. We have 
demonstrated the high potential of the BP-iron oxide conjugation using radiolabeled BPs (64Cu for PET or 99mTc for SPECT), and 
Endorem/Feridex, a liver MRI contrast agent based on SPIO. The size of radiolabeled Endorem was characterised by TEM and DLS 
showing that the labelling does not affect the size of the particles. EDX, Dittmer-Lester and radiolabeling studies demonstrate that the 
BP is bound to the nanoparticles and that it binds to the Fe3O4 cores of Endorem, and not its dextran coating. The bimodal imaging 
capabilities and excellent stability of these nanoparticles were confirmed in vivo using MRI and nanoSPECT-CT or nanoPET-CT 
imaging, showing that the radionuclides and Endorem co-localise in the reticuloendothelial system (liver and spleen) and the lymph 
nodes, as expected for particles of the composition and size of Endorem. To the best of our knowledge, these are the first examples of 
radiolabeling SPIOs with BP conjugates and the first examples of radiolabeling SPIO nanoparticles directly onto the surface of the iron 
oxide core, and not its coating. BP polymer conjugates such as PEG-BPs have also been synthesised and have been shown to strongly 
bind to the surface of SPIOs and modify its solution properties. This work lays down the basis for a new generation of SPECT/PET-MR 
imaging agents in which the BP group could be used to attach functionality to provide targeting, stealth/stability and radionuclides to 
Fe3O4 particles and other inorganic materials of biomedical interest using very simple methodology readily amenable to GMP. 
References: [1] a) A. Louie, Chem. Rev. 110, (2010), 3146; b) L. E. Jennings, N. J. Long, Chem. Commun. (2009), 3511; c) S. Lee, X. 
Chen, 8, Mol. Imaging (2009), 87; d) J. Kim, Y. Piao, et al., Chem. Soc. Rev. 38, (2009), 372; e) J. Cheon, J. H. Lee, Acc. Chem. Res. 
41, (2008), 1630. [2] a) R. Torres Martin de Rosales, R. Tavaré, et al., Angew. Chem. Int. Ed. (2011), DOI: 10.1002/anie.201007894; b) 
R. Torres Martin de Rosales, R. Tavaré, et al., Bioconjugate Chem. 22, (2011), 455-465. 
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Purpose: The combination of both nuclear and fluorescent reporters provides unique opportunities for noninvasive nuclear imaging with 
subsequent fluorescence image-guided resection and pathology. Our objective was to synthesize and optimize a dual-labeled 
trastuzumab-based imaging agent that can be used to validate an optical imaging agent with potential use in identifying tumor 
metastases in HER2+ breast cancer patients. Methods: Trastuzumab was conjugated with both a radiometal chelating group (DTPA) 
and a fluorescent dye (IRDye 800CW), and radiolabeled with indium-111. After evaluating the conjugate’s purity, via size exclusion high 
pressure liquid chromatography (SE-HPLC) and a polyacrylamide gel separation-based assay, the conjugate’s stability was assessed 
in human serum and PBS for 24 h at 37° C. Immunoreactivity was characterized by flow cytometry and the Lindmo assay using the 
HER2+ cell line SKBR-3, and the internalization rate of 111In-DTPA-trastuzumab-IRDye 800 by SKBR-3 cells was explored. 
Additionally, biodistribution of 111In-DTPA-trastuzumab-IRDye800 was performed in a SKBR-3 xenograft model. Results: 111In-DTPA-
trastuzumab-IRDye800 demonstrated high purity by both chemical and fluorometric determinations. Both flow cytometry and the 
Lindmo assay demonstrated a high binding affinity of 111In-DTPA-trastuzumab-IRDye 800 to HER2-overexpressing cells. The dual-
labeled conjugate was stable in PBS, but not in serum after 24h at 37° C. Larger molecules (>150KD) were seen after a 24h incubation 
in human serum.. Biodistribution studies revealed tumor-specific accumulation of 111In-DTPA-trastuzumab-IRDye800 in SKBR-3 
tumors, and tumor uptakes at 24h and 48h were 12.42±1.72% and 9.96±1.05%, respectively following intravenous administration. The 
tumor-to-muscle ratio was 9.00 at 24h, and increased to 12.32 at 48h. Liver and kidney showed marked uptake of the dual-labeled 
imaging agent. Conclusion: 111In-DTPA-trastuzumab-IRDye 800 is an effective diagnostic biomarker that can be used to validate dual-
labeled, molecularly targeted imaging agents and can allow these agents to be translated into clinical practice for identifying HER2+ 
lesions in solid tumors. 

 

Figure 1. A) The reaction scheme for preparing 111In-DTPA -trastuzumab-IRDye 800. B) SDS-PAGE analysis of unpurified and purified DTPA-
trastuzumab-IRDye 800. C) Fluorescence intensity surface plot of of trastuzumab, purified DTPA-trastuzumab-IRDye 800 and IRDye 800. E) 

Cytofluorimetric comparison of unconjugated trastuzumab (red line), DTPA-trastuzumab (blue line), and DTPA-trastuzumab-IRDye 800 (brown line). F) 
Fluorescence intensity surface plot of 111In-DTPA-trastuzumab- IRDye 800 incubated with human serum for 24h. G) Biodistribution study in SKBR-3 

tumor-bearing nude mice at 4h, 24h, and 48h postinjection of 111In-DTPA-trastuzumab-IRDye 800. 

Table 1 Biodistribution study in SKBR-3 tumor-bearing nude mice at 4 h, 24 h, and 48 h postinjection of 111In-DTPA-trastuzumab-IRDye800. Results 
are presented as %ID/g±SD (Blocked with 50 μg of trastuzumab) 
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Nanoparticle based hybrid imaging by MRI, PET-CT and Fluorescent reflectance techniques are emerging in imaging carotid artery 
disease. Number of Cu-64 labeled nanoparticle based receptor specific imaging agents is increasing as molecular imaging database- 
64Cu-DOTA/Cy5.5-2.5D Target: avB3, αvB5, and α5B1 integrin receptors; 64Cu-NO2A-(9-Anc)-BBN(7-14)NH2 Target: GRPR; 64Cu-
NO2A-(AMBA)-BBN(7-14)NH2 Target: GRPR; 64Cu-NO2A-(6-Ahx)-BBN(7-14)NH2 Target: Gastrin-GRPR. Aim: Precursor 64Cu-TNP 
molecule is detectable by MRI signals (T2, T2*, or steady-state free-precession) and PET-CT. Methods and Materials: Nanoparticle 
MION with dextran coating was crosslinked with epichlorin hydrin, aminated and labeled with near infrared fluorochrome Vivotag-680 
(VT680, VisEn Medical, Woburn, MA) in ratio of VT680 per nanoparticle (5 dye moieties/NP). A trimodality reporter 64Cu-TNP is a 
derivatization product made of the chelator DTPA attached with radiotracer 64Cu and iron oxide core in center(see Figure 1A). Results; 
64Cu-TNP provides contrast in MRI imaging(T2, T2*, or steady-state free-precession sequences); 2. fluorochrome attached with 64Cu-
TNP is used for fluorescence imaging, including fluorescence microscopy, flow cytometry, and fluorescence-mediated tomography; 3. 
crosslinked aminated polysaccharide coating provides the biocompatibility and determines the blood half-life and provides linker for 
attachment of tracers and potentially affinity ligands. The novelty of 64Cu nanoparticle is that it provides protein structural, molecular 
and physiological information same time of carotid artery wall proteins in carotid artery carotid artery disease. Phagocytic activity and 
inflammatory activity in atherosclerosis plaque can be detectable and measurable by trimodal imaging based on hydrid 64Cu-polymer 
encaged iron oxide nanoparticles(see Figure 1B). Conclusion: better physiological imaging techniques based on 64-Cu nanoparticles 
are possible by multiple contrast magnetic resonance imaging, susceptibility weighted imaging, positron emission tomography, 
nanoparticle based imaging, computer tomography, fluorescent based imaging, and fluorescent microscopy but not confirmed yet. 
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The combination of MRI and SPECT would put a new entry into a powerful diagnostic probe. Although quite a few of dual modal 
MR/SPECT imaging probes enchored by nanoplatforms are avialable, little endeavor has been made in connection with the small-
molecule based probes for the same purposes. In fact, small molecule multi modal probes are the simplest in concept. Yet, it is 
challenging to achieve more than a 1:1 ratio of probe types in a single molecule, limiting probe utility to modalities of similar sensitivities. 
For instance, the imaging sensitivity of MRI is typically six orders of magnitude lower than that of SPECT. These drawbacks may 
account for the relative paucity of reports of multi modal small-molecule probes compared with nanosystems. Thus our goal is to 
develop a dual probe that consists of a mixture of heterotrimetallic Gd-[99mTc]2 and Gd-[Re]2 complexes. In each complex, rhenium or 
technetium is incorporated in the corresponding Gd-complex via a trinucleating chelate such as DTPA-bis(histidine) conjugate. The 
formation of the Gd-[Re]2 complex was characterized by microanalytical and spectroscopic (NMR, IR, mass) methods. Complex Gd-
[Re]2 was characterized by comparing its HPLC profile with that of the corresponding Gd-[99mTc]2 complex. The fusion images of 
MR/SPECT with a mixture of Gd-[Re]2 and Gd-[99mTc]2 show a similar pattern of biodistribution. The complexes show the strong 
enhancement in liver, gallbladder and kidney. The elimination of the complexes take place mainly through glomerular filteration and bile 
excretion. A heterotrimetallic Gd-[99mTc]2/[Re]2 complexes could be suitable to both MR and SPECT imaging. The unique and 
characteristic feature of the present probe is that it enables to overcome the sensitivity difference problem by regulating the ratio of Gd-
[99mTc]2to Gd-[Re]2. 
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A multifunctional oil-in-water nanoemulsion for molecular imaging of angiogenesis was characterized for its cellular interaction and 
targeting capabilities in vitro. To better understand its in vivo targeting and magnetic resonance imaging (MRI) enhancement an 
experimental setup for combined in vivo confocal laser scanning microscopy (CLSM) and MRI was developed. The nanoemulsion is 
around 100 nm and consists of a soybean oil core that is stabilized by a lipid monolayer of DSPC, PEGylated DSPE, cholesterol and 
Gd-DTPA-DSA at a molar ratio of 1.1/0.15/1.0/0.75. For detection with fluorescence techniques 0.1 mol% fluorescent lipid was 
included. RGD-peptides were conjugated to target αvβ3-integrin on angiogenically activated endothelial cells (A). Inhibition of different 
internalization pathways into endothelial cells (HUVEC) in vitro, indicated that the nanoemulsion was predominantly internalized via the 
caveolae-mediated pathway. Using double labeled nanoemulsions (Rhodamine-PE and NIR664-PEG2000-DSPE) CLSM revealed the 
nanoparticle to be initially internalized intact, but showed disintegration over time (B). Interestingly, non-targeted control nanoemulsion 
was found in lysosomes whereas RGD-nanoemulsion was not (C). To assess the effect of PEG-DSPE content in the lipid corona of the 
nanoemulsion on the targeting, we varied the PEG-DSPE content. To that end PEG-DSPE was increased at the expense of DSPC to 
allow varying PEG from 5 to 50 mol%. Targeting to HUVEC in vitro was found to be most effective at low PEG densities. At 20 mol% 
PEG and higher the targeting of nanoemulsions was significantly hampered (D). It is known that PEGylation significantly affects the 
biodistribution of nanoparticles in vivo. Based on this and the observed in vitro effect, nanoemulsion containing 5 and 50 mol% PEG-
DSPE were selected for in vivo CLSM. After i.v. injection of RGD-nanoemulsions with 50 mol% PEG-DSPE, CLSM showed association 
of the agent with the vessel wall in the vicinity of cell nuclei, indicating uptake in endothelial cells. Also some vascular extravasation was 
observed. Control nanoemulsions marginally accumulated 80 min post injection, but were found significantly extravasated at 24 hours 
post injection (E). Experiments with nanoemulsions containing 5 mol% PEG-DSPE are carried out at the moment. A Helmholz coil 
accurately fitting the window chamber was developed (F). MRI at 7 T of window chamber mice without tumor was done with a T1-
weighted RARE protocol (TR/TE: 500/16.5 ms, voxel: 500x75x75 µm, 16m40s). The images we generated of the skin tissue in the 
chamber had an SNR of 10.8. Accumulation of paramagnetic nanoemulsions in inflamed skin tissue was detected 20 hours post 
injection (G). In this study a multifunctional nanoparticle platform was characterized in vitro and in vivo. In vivo CLSM allows for real 
time follow up on nanoparticle trafficking at a (sub)cellular resolution. To translate the CLSM findings into a clinically relevant MR 
image, MRI will be performed on the same tumors. This unique setup will allow us to better understand and improve the targeting and 
diagnostic as well as therapeutic value of this flexible nanoparticle agent. 

 

Figure A: Cartoon of the nanoemulsion with its possible components. B: CLSM images of HUVEC incubated with double labeled RGD-nanoemulsions, 
yellow in the overlay indicates intact particles (bar = 10 µm). C: CLSM of cells incubated with nanoemulsions (red) and fluorescently labeled lysosomes 

(green). Yellow indicates colocalization. D: Ratio in cellular uptake (as measured with flow cytometry) between RGD and control nanoemulsion as a 
function of PEG2000-DSPE content. E: In vivo CLSM images of RGD and non-targeted (NT) control nanoemulsions (red) in the tumor vasculature 

(green). The 3D reconstruction shows RGD-nanoemulsion close to cell nuclei (blue). F: The Helmholz coil with the window chamber positioned in it. G: 
MRI images pre and post injection of paramagnetic nanoemulsion. 
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Introduction We report the performance of a receptor-targeted probe designed specifically for multi-modality mapping of the sentinel 
lymph node (SLN). We synthesized the probe by covalently attaching a near infra-red cyanine dye to tilmanocept (MW= 17 kDa, 
diameter = 7.7 nm), a radiopharmaceutical [1] that binds to a receptor specific to recticuloendothelial cells. A phase 3 clinical trial of Tc-
99m-labeled tilmanocept [2] just recently closed. Methods and Results In vitro binding assays (n = 5, 4 degC) of Tc-99m-labeled Cy7-
tilmanocept (0.90 Cy7/tilmanocept) to receptor-bearing J774E macrophages demonstrated sub-nanomolar affinity (KD = 0.25 ± 0.10 
nM). When radiolabeled and injected into the footpad of mice, the probe identified SLNs via optical imaging (GE eXplore Optix MX)(Fig 
1a) and radioactivity detection in a manner that demonstrated receptor-mediated uptake. The “unblocked” group (Fig 1b) consisted of 6 
mice injected with 0.11 nmol of Tc-99m-labeled Cy7-tilmanocept; the “blocked” group (n = 6, 31 nmol) was designed to saturate 
(“block”) the receptor sites within the SLN. After 2.5 hr of imaging, the mice were euthanized, the SLNs assayed for radioactivity, and 
the fluorescence-intensity of the SLNs were plotted against time. The percent ID (based on nuclear counting data) in the SLN, uptake 
rate constant, and SLN uptake peak (both based on fluorescence imaging) of the “unblocked’ group were significantly (p < 0.008) 
higher than the “blocked” group. We successfully performed SLN mapping in six pigs with a hand-held intra-operative fluorescence 
detector. When administered (3.0 nmol, 0.28 Cy7/tilmanocept) into the gastric submucosa of pigs (n=6), the fluorescence detector 
identified (signal-to-noise ratio > 2.9) all radioactive SLNs in vivo and ex vivo. Lastly, the intra-nodal biodistribution of the probe was 
measured by high resolution fluorescence imaging of SLNs excised after footpad injection (0.22 nmol, 0.90 Cy7/tilmanocept) of rabbits 
(n=4). Histomicrographs demonstrated co-localization with carbon particles after an intra-dermal or footpad co-injection. Conclusion 
These studies demonstrated the feasibility of receptor-mediated SLN mapping with a hand-held fluorescence detector at the 
intermediate spatial scale, where the surgical wound [the region-of-interest (ROI)] is approximately 5 cm in diameter. In addition, the 
study demonstrated the ability of ex vivo fluorescence imaging at the millimeter scale (ROI size, 10 mm). This latter capability can guide 
the pathologist to the most probable site of metastatic deposits within the SLN. Greater certainty would increase throughput during the 
histologic examination, while increasing the accuracy of the pathologic interpretation and the SLN mapping procedure. This study 
provides the motivation for a phase 0 study of breast cancer patients; the primary aim will be biological safety and secondary aims will 
be a test of the hand-held fluorescence detector and the ability of a full-field optical imaging system to provide images at the largest 
spatial scale (50 cm ROI). [1] Vera et al. J Nucl Med 2001;42; [2] Wallace et al. Ann Surg Oncol 2003;10. 

 

Figure 1. Mouse fluorescence imaging studies of Tc-99m-labeled Cy7-tilmanocept demonstrated receptor-binding to sentinel lymph nodes. (a) An optical 
image (GE eXplore Optix MX) acquired 2.5 hours after a 0.11 nmol (“unblocked” group) injection into the footpad. The fluorescence-intensity curve (not 
shown) peaked at 100 minutes post injection at a value of 400 kcps per uW. Mice (“blocked” group) injected with a saturating dose (31 nmol) displayed 

“flat” fluorescence-intensity curves. (b) The “unblocked” group exhibited higher SLN uptake (Percent ID as measured by Tc-99m) and fluorescence-
intensity curves with higher uptake rates and higher peak values. 
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Introduction: [18F]-Positron emission tomography (PET) is a powerful imaging technique that provides in vivo information on the 
distribution of radiolabeled biomolecules. However, its relatively low spatial resolution (1-2 mm) may partially limit the application of 
PET. The challenge can be addressed by combining PET imaging with a second imaging technique such as fluorescence which offers 
much higher spatial and temporal resolution. In this study, a simple and fast method was developed to introduce [18F]-fluoride ion into 
BODIPY dyes in a single step. Method: The hydroxo derivatives of bodipy dyes were synthesized similar to previously reported 
procedures. Various reaction temperature, time, solvent, and additive, were explored to optimize the labeling reaction with F-18. The 
stability of final product was evaluated both in vitro and in vivo. Result: Radiosynthesis of the novel dual modality imaging agent can be 
carried in the matter of minutes in aqueous solutions using the target [18O]-water/[18F]-fluoride. These conditions are attractive 
because they do not involve the potentially tedious [18F]-fluoride drying steps inherent to many nucleophilic radiofluorination protocols. 
The 18F labeled BODIPY dye is stable in PBS up to 6 h post incubation (>95% purity). Small animal PET demonstrated no bone uptake 
even at 4 h post injection, which indicates that the hydrolytic release of free [18F]-fluoride is essentially negligible on the time scale of 
the 18F-nuclear decay. Both optical and microPET revealed the major accumulation of activity in kidney followed by liver. The good 
correlation between ex vivo fluorescence and microPET imaging further confirms the stability of our dual modality imaging agent. 
Conclusion: In summary, we report the synthesis of a novel [18F]-PET/fluorescence dual modality agent in which both the positron 
emitting and fluorescence properties are confined to a unique molecular compartment. The resulted 18F-BODYPY dye demonstrated 
good stability both in vitro and in vivo. We anticipate that this novel method could be widely used in constructing PET/optical dual 
modality agents. 
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Objective: This study investigated the in vivo properties of two heavy chain antibody fragments (VHH), ni3A and pa2H, to differentially 
detect vascular or parenchymal amyloid-β deposits characteristic for Alzheimer’s disease and cerebral amyloid angiopathy using an 
APP/PS1 transgenic mouse model. Methods: The correct use of APP/PS1 mice was validated by immunohistochemistry with both 
VHHs upon brain sections. Blood clearance, fraction analysis and a complete biodistribution including brain uptake at several time 
points were assessed by bolus injection of radiolabeled VHH in APP/PS1 mice or wildtype littermates. In addition, in vivo specificity for 
Aβ was examined in more detail with fluorescently labeled VHH by circumventing the blood-brain barrier (BBB) either via direct 
application or intracarotid co-injection with mannitol. Results: Similar selectivity of ni3A for solely vascular amyloid as previously seen 
upon human sections was not detected upon murine tissue. Both VHH showed rapid renal clearance (10-20 min) while being mainly 
presented within the blood plasma (~80-90 %). Regarding brain uptake pa2H resulted in a significant higher brain uptake 24 hours 
post-injection in the APP/PS1 animals (0.027 vs. 0.038 %I.D/g, p = 0.002). In vivo specificity for Aβ was confirmed for both fluorescent 
VHH after BBB breakdown, where pa2H remained readily detectable for 24 hours or more after injection. Furthermore, both VHH 
showed affinity for murine parenchymal and vascular deposits, in contrast to human tissue, where ni3A specifically targeted only 
vascular Aβ. In general, labeling did not affect Aβ specificity as was verified by immunofluorescence and quantitative autoradiography. 
Interpretation: Despite a brain uptake that is as yet too low for in vivo imaging, this study provides evidence that VHH detect Aβ 
deposits in vivo, with high selectivity and favorable in vivo characteristics, making them promising tools for further development as 
diagnostic agents for the distinctive detection of different Aβ deposits. Acknowledgements: Research was supported by the Center for 
Translational Molecular Medicine(LeARN), IOP Genomics(IGE05005), the Center for Medical Systems Biology(CMSB2), and NWO 
Athena(700.58.801). 

 

Figure 1. After disruption of the BBB using a coinjection of 15% mannitol with pa2H-Alexa594 into the right carotid artery of an aged APP/PS1 mouse 
sacrificed 2hrs post injection, amyloid plaques are clearly depicted in both hemispheres using a Thioflavin T (ThT) staining (A), while the pa2H-Alexa594 

signal is only detected in the right hemisphere (B). More careful examination shows all Alexa594 signal colocalizes with ThT in the right hemisphere, 
while in the left only some autofluorescense can be detected. Furthermore, immunofluorescense antiAβ staining of the plaques using Alexa488 within 

the left hemisphere (C) results only in green signal, while within the right hemisphere (D) the red signal from pa2H-Alexa594 nicely colocalizes within the 
plaques. Experiments performed in a similar setting but sacrificed 24hrs post-injection, showed similar results with pa2H-Alexa594 still nicely 

corresponding to the green labeling of the anti-Aβ staining within the right hemisphere (E). 
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The Molecular Imaging and Contrast Agent database (MICAD; www.micad.nih.gov) program is one of the key components of the 
United States NIH Roadmap and Common Fund. The primary goal of MICAD is to promote research and development in molecular 
imaging by providing freely accessible, current, online scientific information regarding molecular imaging probes and contrast agents 
that are under development, in clinical trials or commercially available for use with any modalities (PET, SPECT, MRI, X-ray/CT, optical 
or ultrasound etc.). The MICAD website, officially launched in September 2005, currently has detailed information on approximately 
1,000 imaging agents. The following initiatives were implemented in MICAD: 1) MICAD chapters are assigned with PubMed 
Identification Numbers (PMID) and are accessible through PubMed. 2) FDA-Approved Imaging and Contrast Agents List is now 
available for download from the MICAD homepage. 3) Molecular Imaging Probes and Contrast Agents List is now available for 
download from the MICAD homepage. The list represents >4,000 possible imaging probes from 1970 forward. 4) The MICAD 
homepage was redesigned so that agent searches may be based on the method of detection, source of signal, agent or target 
category, available preclinical/clinical studies, and text words. Viewing all entries in MICAD is now easier because agents have been 
categorized and arranged according to the modality used for imaging. Also, a summary of all MICAD entries can be downloaded as a 
CSV file from the homepage. 5) Each MICAD chapter details the chemical characteristics (including structure e.g. for small molecules) 
and the in vitro and in vivo (preclinical and clinical) activities of an imaging probe or contrast agent. Some new chapters in MICAD 
provide information regarding the nucleotide/protein sequence, gene, clinical trials, or FDA drug information involving the cellular 
component targeted by the imaging or contrast agent. All chapters have references that are linked to PubMed. Chemical structures of 
small molecules are linked to PubChem. 6) To facilitate rapid expansion of MICAD a Guest Author Program was implemented so that 
members of the imaging community can write and submit entries (chapters) for publication in the database as guest authors. 7) A 
Supplemental Information Section was added to each MICAD chapter to facilitate the sharing of cutting-edge, unpublished or as yet 
unavailable information regarding an agent. This new and largely unrestricted section allows members of the imaging community to 
deposit images, research data, or other relevant information about the agent in each chapter. 8) An e-mail announcement 
(eAnnouncement) with the newly uploaded agent chapters to the database is periodically sent to members of the imaging community 
registered with MICAD. Individuals interested in receiving the eAnnouncement may register at the MICAD web site 
(www.micad.nih.gov). 
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Breast cancer is the second leading cause of cancer-related deaths in women of the western world. Despite early diagnosis and 
treatment, breast cancer can recur even if the cancer was confined to the breast at the time of detection. Once metastatic breast cancer 
has been diagnosed, it can be treated but, in most cases, none of these treatments lead to long-term survival (www.cancer.gov). 
Therefore, new therapeutic approaches for metastatic breast cancer are urgently needed. Here, we describe a nanodrug for image-
guided therapy of lymph node metastatic breast cancer. The nanodrug is detectable by magnetic resonance and optical imaging and is 
designed so that it targets both primary tumor cells and lymph node metastases. Its therapeutic effect is achieved through conjugation 
to locked-nucleic acid (LNA) knockdown probes targeting microRNA-10b (miR-10b)- a known mediator of tumor invasion and migration. 
We show that treatment of invasive human breast tumor cells (MDA-MB-231) with the nanodrug results in an 88% downregulation of 
miRNA-10b with the application of just 1.5 nmoles/ml of LNA and abolishes the invasion and migration of the tumor cells. In vivo, we 
present results indicating that after intravenous delivery to mice implanted with luciferase expressing MDA-MB-231-luc-D3H2LN tumor 
cells, the nanodrug accumulates in the primary tumor (Fig. 1A and B) and lymph nodes (Fig. 1B) and effects a dramatic reduction of 
detectable tumor cell metastasis to lymph nodes (Fig. 1C). 

 
Fig. 1. A. Color-coded T2 map before and after injection of the nanodrug, showing detectable accumulation in the primary tumor (outlined). B. Near 
infrared optical imaging demonstrating uptake of the nanodrug by the primary tumor (PT) and lymph nodes (arrows). C. Bioluminescence imaging, 
showing a reduction of lymph node metastases from the luciferase-expressing breast tumor cell line by treatment with the anti-miR10b nanodrug. 
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Introduction Some of the best methods for synthesizing inorganic nanocrystals yield hydrophobic nanoparticles, so methods to make 
these nanocrystals biocompatible are of prime importance. Biocompatibility is crucial for cell tracking, where large quantities of 
diagnostically active nanoparticles are loaded into cells to allow their visualization with non-invasive imaging techniques in vivo. In this 
report, we studied the effect of six core compositions (soybean oil, MCT, cottonseed oil, corn oil, olive oil and no oil) on the structure of 
lipid coated iron oxide nanoclusters, cell labeling efficacy and cell viability, with the aim of determining an optimal formulation to be used 
in cell tracking. Methods & Results Fluorescently labeled lipid-coated iron oxide nanoclusters were prepared using a solvent 
evaporation technique, as described by Jarzyna et al. (Biomaterials, 2009, 6947-6954). Nanoparticle size and morphology (A) were 
studied with dynamic light scattering and transmission electron microscopy (TEM). Relaxivities (r1 and r2) were acquired at 9.4 T. 
Murine macrophage cells (RAW 264.7) were incubated with each nanoparticle at a final concentration of 200 μg Fe/ml for 3 h at 37 °C. 
Cell uptake was evaluated with using TEM as well as fluorescence- and light microscopy (B-D). The contrast in the cells was 
determined by MR imaging (E) and cell viability was probed using the MTT assay (F). An initial screening process found that the 
nanoclusters produced by cottonseed oil, corn oil and olive oil to lead to low cell viability. High payloads of hydrophobic iron oxide 
nanocrystals were incorporated into the nanoparticles with each type of core used (A). The macrophages took up large quantities of 
nanoparticle (B-D), with the iron-oxide only nanoparticles taking up the most (4.7 pg Fe/cell). MR images of cells incubated with 
nanoparticles corroborated this result with most contrast (signal loss) observed with iron-oxide only nanoparticles (E). The MTT assay 
revealed that the iron-oxide only nanoparticles reduced the viability of cells the least with increasing toxicity observed from MCT core 
and soybean oil core nanoparticles (F). Furthermore, while storage under nitrogen or air made no difference to the effect on cell viability 
for MCT core or iron-oxide only nanoparticles, storage under nitrogen reduced the toxicity of the soybean oil core nanoparticles. In 
addition, the toxicity of the soybean oil core nanoparticles formulations increased as the time since synthesis increased (F), potentially 
due to oxidation of the triglycerides in the soybean oil. Conclusion Clearly, even when combining biocompatible materials such as 
soybean oil and iron oxides, the resulting formulation is not guaranteed to be biocompatible. The formulation without oil caused the 
lowest toxicity and greatest cell labeling (4.7 pg Fe/cell) and hence is the best candidate to be used in cell tracking applications. Clinical 
Relevance With the cessation of production of clinically approved iron oxides such as Feridex, the herein reported lipid-coated 
nanoclusters represent viable alternatives for cell tracking applications. 
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The main input of today’s nanotechnology in biology is that it allows real progress to achieve temporal and spatial site-specific drug 
delivery, local therapy, and imaging. The future of nanomedicine lies in the development of multifunctional nanoplatforms which 
combine both therapeutic components and multimodality imaging. Indeed, targeted diagnostic multi-modal medical imaging (nuclear 
medicine PET, SPECT, and MRI (MEMRI)) is a current field of wide interest in biomedicine. Dendrimers platforms and dendronized 
metal oxides nanoparticles could be integrated in the new area of Nanopharmaceuticals which include either imaging systems or 
biologically active drug delivery products. Small-sized dendrimers and dendrons (due to highly controlled molecular structure and high 
tuneability, leading to biocompatible, polyfunctionnal and water-soluble systems) have therefore an impressive future in this direction. 
We will first describe the synthesis and biodistribution studies of L-DOPA-derivatized stable dendritic 99mTc chelates: scintigraphic 
imaging (Single Photon Emission Computed Tomography SPECT) (Figure 1) showed a rapid vascular dispersion, a low liver uptake, a 
rapid and intense renal activity. Vascular activity persisted 20 minutes after IV injection. SPECT revealed a digestive uptake, such as 
observed in human after injection of 18F-Dopa. One hour after injection, liver and vascular activities have disappeared, and only renal 
uptake was intense. No RES uptake was observed. A second part will be dedicated to dye-derivatized (Vital Blue) dendronized hybrid 
nanoparticles as magneto-optical probes for breast cancer early diagnosis. The suspension stability as a function of the grafting rate 
and optimisation of grafting conditions leading to stable suspensions in water and physiological conditions will be discussed in details. 
First in vivo experiments will be exposed. Bioconjugate Chemistry 2009, 20, 760-767; Dalton Trans. 2009, 4442-4449; New J. Chem., 
2010, 34, 267-275; Chem. Comm. 2010, 46, 985-987; Toxicology In vitro, 2010, 24, 1386-1394; Contrast Media and Molecular Imaging 
2010, DOI:10.1002/cmmi.416. 
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Multimodal in vivo imaging of hypoxia-inducible factor-1 (HIF-1) active tumors by HIF-1α-
mimic oxygen-dependent degradation protein probes with interchangeable labeling system 
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Objectives: Most solid tumors contain hypoxic regions, which are closely correlated with tumor malignancy and resistance to chemo- 
and radiotherapy. In these hypoxic areas, hypoxia-inducible factor-1(HIF-1) is activated and facilitates the malignant progression. 
Therefore, the visualization of HIF-1 is clinically important. We have designed a novel in vivo imaging probe for HIF-1-active tumors that 
was a recombinant protein consists of protein transduction (PTD) domain, oxygen-dependent degradation (ODD) domain, and 
HaloTag® protein (POH). Our strategy is as following; it is under the same ODD regulation as HIF-1α, it can be transported into cells 
with PTD and it can be labeled with any chemicals at a specific site through HaloTag using very strong affinity between HaloTag and 
HaloTag ligand(HL). In this study, we prepared 2 kinds of POHs labeled with near-infrared fluorescent dyes and radionuclides, and 
strategically investigated the feasibility of clinical application of POH by multimodality imaging. Methods: Fusion protein of POH was 
prepared by conventional methods. HL-IR800 was provided by Promega (Madison, WI) and conjugated to POH (POH-NIR). HL-DOTA 
and HL-BnDOTA were synthesized from HL-NH2 and NHS-DOTA or p-SCN-BnDOTA, purified by C-18 column, and identified by mass 
spectrometry. HL-DOTA provided by Promega was also used. They were labeled with 111In, and conjugated to POH (POH-RI). Cell 
uptake was examined using Suit-2/HRE-Luc cells. For in vivo studies, Suit-2/HRE-Luc or FM3A bearing mice were used. Optical and 
SPECT/CT images were acquired using photon-counting device (Caliper Life Sciences, Alameda, CA) and small animal dedicated 
SPECT/CT scanner (Bioscan, Washington, D.C.), respectively. Results: Final preparations of POH-NIR and POH-RI were confirmed 
as a single band around 46 kDa by SDS-PAGE and their labeling efficiencies were over 70%. Uptake of POH-NIR in the hypoxic cells 
was significantly higher than that in normoxic ones, and was correlated well with the expression of HIF-1α detected by western blotting. 
Its accumulation in the tumor in vivo was also correlated well with HIF-1 transcriptional activity measured by bioluminescence. 
Immunohistochemical analysis revealed that POH was located in HIF-positive regions in the tumor. The biodistribution of POH-RI was 
similar to that of POH-NIR and it accumulated well in the tumor (0.8-2.6 % dose/g) at 24 h after the intravenous injection. On in vivo 
SPECT images, although POH was distributed strongly in the liver and kidney, tumors were able to be identified 1h after the injection. 
And, as the activities of background areas as well as liver and kidneys gradually decreased, tumors were more clearly visualized 24 h 
after the injection. Conclusion: Studies using POH-NIR proved the validity of our strategy and revealed that POH was a specific probe 
to HIF-active tumors. Furthermore, POH-RI provided quantitative information about its biodistribution and clearance, and quantitative in 
vivo SPECT images for the first time. Multimodal imaging using interchangeable labeling system would powerfully promote the clinical 
translation of our HIF imaging strategy. 
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Dual-labeled Anti-PSCA-antibody-based agent for PET and NIR Fluorescence imaging 
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Prostate stem-cell antigen (PSCA) is a cell-surface antigen expressed in the normal prostate and overexpressed in over 80% of 
prostate cancer tissues. PSCA overexpression is associated with increased tumor stage, grade, and bone metastasis, as well as 
androgen independence and higher resistance to treatment. The aim of this work was to prepare and characterize a humanized 
monoclonal anti PSCA antibody (anti-PSCA mAb) for near infrared fluorescence (NIRF) and PET imaging using a near infrared (NIR) 
dye Alexa Fluor 750 (AF) and [64Cu]Cu-NOTA as a prerequisite for combination of both imaging methods. We evaluated the imaging 
potential of the [64Cu]Cu-NOTA-AF-anti-PSCA mAb in human prostate cancer xenograft mouse models by using the androgen-
independent recombinant cell line PC3-PSCA as target and the non-transfected cell line as control. anti-PSCA mAb was conjugated 
with the bifunctional chelator 2-(p-isothiocyanatobenzyl)-1,4,7-triazacyclononane-1,4,7-triacetic acid (SCN-Bz-NOTA) and Alexa Fluor 
succinimidyl carboxic acid (Ex 752 nm; Em 776 nm; AF). NOTA-AF-anti-PSCA mAb was labeled with 64Cu within 30 min with high 
radiolabeling yield and radiochemical purity. The [64Cu]Cu-NOTA- AF-anti-PSCA mAb showed high accumulation in xenotransplanted 
prostate carcinomas in mice after 24 hours demonstrated with both small animal PET and NIRF. The comparison of both methods in 
living animals showed the high signal intensity and accumulation of the probe in tumors; however only PET allowed the quantitative 
characterization of the probe distribution in vivo. Subsequent whole body cryosectioning of the animals into 40-micrometer sections 
permitted the direct comparison of the autoradiograms and NIRF images of the tissue cuts. The quantitative comparison of the 
registered autoradiograms and the NIRF images showed a good correlation of the pixel intensities, however, the different geometric 
resolution did not allow a pixel vise comparison. The NIRF images showed a higher differentiation than the autoradiograms. This was 
used to study the stability of the radio- and NIR-label on the mAbs. Dual labeling of antibodies is a promising tool for quantitative 
evaluation of the long time distribution in animals using also NIRF of cryosections beyond the decay of the radionuclide used. 
Acknowledgement: This project was partially supported by FP7 project “GIPIO”, Project Reference: 223057 
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Selection of optimal NIR/nuclear strategy for dual-labeling applications 
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Objectives: Near-infrared (NIR) fluorescence provides contrast for non-invasive molecular imaging with advantages such as high 
photon count rate, lack of radioactivity, and extended shelf-life. Uncertainties around tissue penetration and sensitivity remain, but are 
being addressed through comparative studies by using dual-labeled contrast agents that utilize both NIR fluorescent dyes and 
radionuclides for hybrid imaging. Herein, we survey the optical properties of commercially available NIR fluorophores for use in dual-
labeled NIR/nuclear imaging conjugates and their stability under conditions for radiolabeling. Methods: The NIR dyes indocyanine green 
(ICG), IRDye 800CW, CF770, CF790, Alexa Fluor790, and Cy7 were tested. Each dye was reconstituted in water at 6 µM and further 
diluted for analysis of optical properties. In parallel, dye solutions were processed under non-radioactive labeling conditions commonly 
used for Tc-99m (saline, pH 7), In-111 (0.2 M sodium acetate, pH 6), Cu-64 (0.1 M sodium acetate, pH 6), and Ga-68 (1.25 M sodium 
acetate, pH 4) to simulate the effects of buffer concentration and pH on optical properties. Next, radioactive solutions of 64Cu (300 µCi) 
and 68Ga (0.5-4.5 mCi) were employed to test optical properties and stability of the dyes under actual radiolabeling conditions. Optical 
properties were evaluated using a Fluorolog Tau-3 spectrofluorometer using ICG at 785/830 nm as a standard. Stability was evaluated 
by HPLC using UV, fluorescence, and radiometric detection. Results: Fluorolog analysis of IRDye 800CW revealed a 3-fold greater 
brightness in water compared to ICG. Upon exposure of IRDye 800CW to buffer conditions, each condition significantly reduced 
brightness, with the most prominent effect observed under Tc and In conditions. Similarly, CF770 was brighter than ICG (~2-fold) and 
exhibited a significant reduction in fluorescence following preparation in each buffer condition. CF790 was nearly 4.5-fold brighter than 
ICG and did not change under Tc conditions, though the other buffers did cause a reduction in fluorescence. The fluorescence of Alexa 
Fluor790 was also ~4.5-fold that of ICG, yet underwent significant reduction in Ga and In conditions. The addition of either 64Cu or 
68Ga reduced the fluorescence of each dye, though to a lesser degree with 64Cu. Increasing 68Ga activity caused a decrease in 
brightness that was proportional to the amount of 68Ga added, yet each dye still maintained higher fluorescence intensity than ICG 
controls. HPLC analysis did not reveal any stability issues with the dyes throughout the time points investigated. Conclusions: Design of 
a dual-labeled nuclear/NIR agent must consider the impact of radiochemistry steps on the optical properties of the selected dye to 
maximize utility of multimodal platforms. Using parameters optimized for our NIR imager, we have developed a dual-labeling toolkit to 
guide selection of dye/radioisotopes combinations for multimodal agent development. This data complements factors for dye selection 
such as molecular weight, chemical structure, impact on pharmacokinetics, and cost to develop an optimal dual-labeling strategy. 
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Biokinetic analysis of versatile dendronized iron oxides with optical imaging 
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Introduction: For biological applications, dendrimers and especially the dendron building blocks are very promising as the diversity of 
functionalization brought by the arborescent structure simultaneously solves the problems of biocompatibility, low toxicity, large in vivo 
stability and specificity. Moreover, in addition to the multifunctionalization of a low molecular weight molecule, the dendron unit allows a 
versatility of size (according to the generation) and of physicochemical properties (hydrophilic, lipophilic). The resulting effects on 
stability (dendrimer effect), contrast qualities, pharmacokinetics and biodistribution of the contrast agents and radiotracers will clearly be 
identified. Optical imaging is particularly useful to study bioelimination and biokinetic of the compounds in function of dendron size or 
other chemical parameters. Materials and methods: Different dendrimers and dendrons were synthetized and coated to 10nm iron 
oxide nanoparticles leading to biocompatible, polyfunctionnal and water-soluble dendronized metal oxides nanoparticles with optical 
probe (Alexa or cyanine) labeling grafted at the dendron periphery. 100 to 200 ml of dendronized iron oxide nanoparticles solution were 
injected by intra-venous way in nude mice. Dynamic acquisition was acquired immediately after IV injection on mice positioned in dorsal 
decubitus during 30 minutes with a CCD camera (ORCAIIBT-512G- Hamamatsu), and then static views (dorsal, ventral left and right 
lateral) at 30 and 45 minutes, 1, 2, 3, 4 and 24 hours. Animals were sacrified at different time (30 minutes, 1, 2, 4 or 24 hours after 
injection and many organs (liver, kidneys, spleen , brain, heart, lungs, whole digestive tract and sample of skin, bone, muscle, blood 
and urinary) were ex-vivo imaged. Visual analysis of images was performed to identify and estimate the predominance of elimination 
way (hepato-biliary and urinary), the speed of total elimination from the organism, the existence of an unspecific uptake in lung or in 
RES organs (liver, spleen, bone). These parameters were compared for different solutions. Results: Dendronized iron oxide 
nanoparticles freely circulate after IV injection. No lung or RES permanent uptake was observed. Dendronized compounds are rapidly 
eliminated both by hepato-biliary and urinary elimination. Size of Dendron seem to influence the bioelimination speed and importance of 
hepato-biliary vs urinary elimination way. Small dendrons were completely eliminated before 24 hours, predominantly by urinary 
elimination. Hepato-biliary elimination of bigger dendrons was more important and little slowly. For smaller dendrons, liver signal was 
visible few minutes after IV injection, and decrease rapidly (practically no signal was detected ex vivo at 30 minutes), and then after 30 
minutes, signal was detected in digestive tract. Conclusion: Optical imaging allow to determine bioelimination of dendronized 
compounds and observed influence of dendron size on the biokinetic parameters. Dendronized iron oxide nanoparticles present 
versatile biokinetic properties, very favorable for imaging or theranostic applications with grafting of target molecules. 
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Tumor targeting DNA nanoparticles as novel multifunctional contrast agents 
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We recently developed a self-targeted DNA nanoparticle library technology that allows for the selection of particles that bind to specific 
cell types. DNA nanoparticles generated by rolling circle amplification (RCA) of a circular DNA template are subjected to a binding 
enrichment process similar to biopanning strategies used with aptamer and phage displayed libraries. Iterative binding and selection 
steps allow for isolation of binding sequences. Using this approach we have developed DNA particles with narrow binding specificities 
for human dendritic cells, mouse pancreatic cancer line Panc02 and human breast cancer line MDA-MB-231 respectively. Template 
design is modular with the ability to incorporate disparate targeting elements and payload carrying elements (PAC) without cross 
interference in substrate binding specificities. RCA generates a DNA particle with concatemeric repeats of a templating molecule to 
create self-targeting nanoparticle carrier with tunable size characteristics (50-250nm). Amino tagged PAC can be easily funtionalised 
with various moieties via EDC/NHS crosslinking. PAC-Diethylenetriamine pentaacetic acid (PAC-DTPA) conjugates were synthesized 
using the above mentioned route and subsequently labeled with 99Tc or Gd for nuclear and MRI contrast imaging. Contrast labeled 
PAC was then hybridized onto the DNA nanoparticle carrier. Stability of PAC-DNA hybridization was assayed over 5 days showing 
negligible PAC release. Multiple targeting and payload modalities on the DNA nanoparticle allow for strong interactions and complex 
payload delivery to tumor cells, allowing for greatly enhanced radioactive and MRI signatures of these target cells when coupled with 
99Tc and Gd. Biodistribution and stability studies are underway. 

 

Figure 1. DNA nanoparticles for radio and MRI imaging. A. Conjugation of Gd3+ and In+ the adapter molecule using DTPA and EDC/s-NHS chemistry. 
B. Assembly of nanoparticle complex with multiple targeting and payload modalities. 
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Synthesis and testing of a multifunctional imaging probe for silencing MGMT in gliomas 
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Introduction: Recent clinical trials have shown that temozolomide (TMZ), an imidazotetrazine second-generation alkylating agent is the 
only anticancer drug that improves survival in glioblastoma multiforme (GBM) patients in combination with radiotherapy. However, 
temozolomide resistance acts as a significant obstacle on the way to its successful implementation in the clinic. The principal 
mechanisms contributing to TMZ resistance include the action of O6-methylguanine-DNA methyltransferase (MGMT), a protein that 
removes drug-induced alkylguanine adducts from DNA created by alkylating agents such as TMZ. In this study we focused on 
alleviating TMZ resistance by silencing MGMT using a theragnostic siRNA-nanoparticle probe. Methods: A probe (CTX-MN-Cy5.5-
siMGMT) consisting of therapeutic (siRNA to humanMGMT) and imaging (magnetic nanoparticles, MN for MRI and Cy5.5 for optical 
imaging) moieties was synthesized. For targeting glioma cells nanoparticles were conjugated to FITC-labeled Chlorotoxin (CTX, a 
peptide with high specificity and binding affinity to gliomas through membrane bound matrix metalloproteinase-2) using an SPDP linker 
(Fig. 1A). Synthesized probe was characterized by iron assay, BCA assay, gel electrophoresis gel, DLS particle size analysis and T2 
relaxivity. In vitro testing of the probe included cell-binding assays with human T98G glioma cells. Non-targeted probe served as 
control. Fluorescence microscopy was used to determine cellular distribution of the probe. The silencing efficiency of the probe was 
tested after 48 hrs of incubation with the cells. MGMT gene and protein expression was quantified by qRT-PCR and Western blot 
respectively. Results and Discussion The synthesized CTX-MN-Cy5.5-siMGMT nanoparticle probe contained the following ratios of its 
components: MN/Cy5.5/CTX/siRNA = 1/2.7/2.9/1. The cell binding assay demonstrated concentration-dependent preferential uptake of 
the CTX-targeted probe by both cell types compared to non-targeted probe. Fluorescence microscopy demonstrated co-localization of 
Cy.5.5 (red) and FITC (green) signals indicating integrity of the probe after incubation with the cells (Fig. 1B). qRT-PCR demonstrated 
significant (40%) downregulation of the targeted gene. Currently, we are in the process of testing a siRNA-nanoparticle probe in 
combination with chemotherapy in vitro. Future studies will include in vivo imaging and combined siRNA/TMZ therapy in a human 
glioma xenograft animal model. 
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Quantitative Comparison of Dual-labeled Imaging Agents in a Mouse Model of Prostate Cancer 
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Detection of lymph node (LN) involvement in prostate cancer (PCa) is crucial for accurate diagnosis and determining treatment 
regimen. Here we compare multimodality contrast agents designed to detect nodal metastases in a mouse model of PCa. Monoclonal 
antibody (mAb) specific for epithelial cell adhesion molecule (EpCAM) was produced in-house, subsequently dual-labeled with a near-
infrared (NIR) fluorophore and a conventional radiotracer, and then assessed for comparison with a commercially available mAb 
previously used in preclinical imaging of PCa LN metastases. At 10 - 12 weeks post-orthotopic prostate implantation of DsRed-
expressing PC3 cells into Nu/Nu mice, dual-labeled mAb was administered intravenously (40 µg/250 µCi/mouse). Within 18 - 24 hr, 
mice underwent µPET/CT and fluorescence imaging. In-house mAb had similar immunoreactivity, but greater binding affinity compared 
to the commercial mAb. DsRed-positive metastatic LNs found in mice with primary prostate tumors were detectable by NIR 
fluorescence imaging and µPET/CT. The mean %ID/g measured by µPET for DsRed-positive LNs in tumor-bearing animals was found 
to be significantly higher (P < 0.05) in mice given dual-labeled in-house mAb (6.99 +/- 1.34) relative to that found for mice that received 
the dual-labeled commercial mAb (3.87 +/- 2.03). However, no significant differences were found when the mean target-to-background 
ratio (TBR) of %ID/g was calculated for DsRed-positive LNs in tumor-bearing animals given the mAb produced in-house (3.84 +/- 1.22) 
and compared to that calculated for mice given the mAb produced commercially (3.83 +/- 1.30). NIR fluorescence imaging results were 
similar for the groups of animals given in-house versus commercial mAb preparations. The use of a multimodality contrast agent 
capable of detecting LN metastasis in vivo during conventional PET/CT and assisting intra-operatively may help improve PCa LN 
staging. We have assessed immunoreactivity and binding affinity as well as demonstrated specificity and sensitivity of different mAb 
preparations directed at EpCAM. Further optimization of this targeting agent, including investigation of single-chain variable fragments 
(scFv), is underway and may allow for enhanced detection of nodal involvement in PCa. 
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The ideal protocol to generate 18F-labeled probes for positron emission tomography (PET) would be to flow aqueous 18F- through a 
storable microcolumn loaded with precursor molecules, which would stoichiometrically release the final 18F-labeled probe ready for use 
with minimal purification. Such a protocol would be much simpler and faster than current methods, which typically require concentration 
of 18F-, transfer to a dry nonaqueous solvent, high-temperature reaction with a reactive precursor, reaction of the 18F-labeled tag with 
a biochemical ligand, and at least one chromatographic purification. We now report substantial progress towards the ideal protocol, 
including near-infrared fluorescence (NIRF) labeling as a bonus. We have previously demonstrated (Bioconjugate Chem., 2010, 21, 
1811) an amine-reactive, Cy7-like small molecule that utilizes novel boronate-fluoride trapping technology for multimodality18F-PET 
and NIRF imaging. The utility of this species was verified on tilmanocept, a phase III agent for mannose receptor-targeted sentinel 
lymph node (SLN) mapping, whose 99mTc label was replaced by our 18F-PET/NIRF moiety. In a single mild step, aqueous 18F- 
converts the organoboronate into an organotrifluoborate purifiable by size-exclusion chromatography and stable enough in vivo so that 
defluorination is negligible compared to radioactive decay. The built-in NIRF dye enables real-time fluorescence-guided resection of 
sentinel lymph nodes followed by high-resolution fluorescence histology after radioisotope decay. Tilmanocept's desired pharmaceutical 
properties such as rapid SLN targeting and reduced distal node uptake were preserved. 18F-PET/NIRF-tilmanocept could be a higher-
resolution alternative to 99mTc-sulfur colloid, the current standard in SLN mapping, or even 99mTc-tilmanocept. However, one 
weakness of the above labeling procedure was that 18F- was diluted with excess 19F- to drive complete conversion of the tilmanocept-
conjugated boronate into the trifluoborate, to avoid having to separate the latter two species. This dilution reduced specific activity. We 
now present a next-generation PET/NIRF precursor that can be immobilized on a solid support or microcolumn in such a way that 
reaction with aqueous 18F- releases the final 18F-labeled PET/NIRF probe. This strategy greatly reduces or simplifies the 
chromatographic purifications and should increase specific activities because a limiting amount of no-carrier-added 18F- elutes only a 
stoichiometric amount of final product trifluoborate from the solid support. Unreacted precursor boronate remains attached to the 
support, which may be reusable until depleted. The immobilization strategy is particularly advantageous for labeling macromolecular 
ligands like tilmanocept or antibodies, because it inherently separates 18F-labeled free ligand from unlabeled immobilized ligand. Prior 
labeling strategies in free solution require a difficult purification step or saturation with 19F, which reduces specific activity. The speed, 
convenience, and simplicity of this elution-based labeling procedure may facilitate wider application of 18F-based PET. 

 

Disclosure of author financial interest or relationships: 
R. Ting, None; T.A. Aguilera, Avelas Biosciences, Consultant; J. Crisp, None; D.J. Hall, None; W.C. Eckelman, Molecular Insight 
Pharmaceuticals, Consultant; D.R. Vera, None; R.Y. Tsien, Avelas Biosciences, Consultant; Avelas Biosciences, Stockholder . 

  

S88 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P093 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

In vivo tracking of human neural progenitor cells in rodent CNS via MR and optical imaging 

Ksenija Bernau1,3, Hélène A. Benink2, Chad A. Zimprich2, Masatoshi Suzuki3, Mary E. Meyerand1, Clive N. Svendsen4, 1Biomedical 
Engineering, University of Wisconsin - Madison, Madison, WI, USA; 2Promega Corp., Madison, WI, USA; 3School of Veterinary 
Medicine, University of Wisconsin - Madison, Madison, WI, USA; 4Regenerative Medicine Institute, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA. Contact e-mail: kbujanovic@wisc.edu 

Introduction Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease manifested through the deterioration and loss of 
function of motor neurons in the spinal cord and brain stem. While drug treatments have shown moderate inhibition of the disorder, 
stem cell therapy, such as using human neural progenitor cells (hNPC), has become increasingly attractive for treatment of this 
disease. Still, one of the major roadblocks in these efforts arises from the dynamic nature of hNPC proving it hard to predict their 
homing in vivo. Therefore, having the ability to track hNPC in the central nervous system would allow researchers to better monitor cell 
behavior once transplanted. So far, superparamagnetic iron oxide (SPIO) has been the gold standard for tracking cells in vivo using 
magnetic resonance imaging (MRI). While this method provides high signal strength, it decays significantly within a few months, making 
long term tracking difficult. For this reason, we have explored over-expression of ferritin, an intracellular iron-storage protein, which by 
binding endogenous iron molecules allows for detection of hNPC using MRI. Furthermore, since MRI provides high resolution but 
relatively low sensitivity, we are also exploring the sensitivity benefits of optical imaging by over-expressing luciferase in hNPC. 
Methods We have established two hNPC lines stably expressing either ferritin or luciferase (hNPC-Fer, hNPC-Luc2) through lentiviral 
infection. We have used these cells to repeat our proof of concept work done with hNPC transiently expressing the proteins. We 
scanned 1x106 hNPC-Fer and 5x105 hNPC-Luc2 using MRI and optical imaging, respectively in vitro. We also imaged these cells in 
vivo following injection of 6x105 hNPC-Fer into the rat striatum via MRI and injection of 9x105 hNPC-Luc2 into the rat striatum via optical 
imaging. To test whether the protein expression decreases following transient transfection and lentiviral infection, we performed 
immunocytochemistry for ferritin and luciferase, respectively. Results We have shown that hNPC expressing either ferritin or luciferase 
can be visualized via T2* gradient echo MRI sequence and bioluminescene protocol in the optical imager, respectively, in vitro and in 
vivo in rat striatum following transient and stable expression. In confirmation of the in vivo data, in vitro protein expression was found to 
decrease for both proteins from approximately 90% on the day following transfection to less than 20% ten days later due to its transient 
expression. Protein expression did not change for either protein following lentiviral infection, suggesting stable expression in hNPC. 
Conclusions The ability to detect hNPC-Fer and hNPC-Luc2 in vivo permits evaluation of long-term tracking of transplanted cells. It 
also allows us to test the effects of continual production of ferritin and luciferase on hNPC and surrounding tissues in vivo. Altogether, 
these studies may be expanded by using different cell lines and may have important clinical applications for ALS and other 
neurodegenerative disorders. 
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Novel molecular imaging approaches including PET/MRI are very important for early detection and effective treatment of the most 
significant impact on clinical of diseases. PET-MRI combination is a powerful imaging modality in evaluating various kinds of 
malignancies, resulting in the necessity of the development of contrast agents. In this study, we report 18F-labeled superparamagnetic 
iron oxide nanoparticles (SPIONs) for PET imaging of pancreatic tissues. SPIONs were functionalized with bombesin (BBN) to target its 
receptors that are expressed in pancreas tissues. 18F or Cy5.5 were labeled to the BBN-conjugated SPIONs for in vivo PET imaging 
and in vitro cell binding studies, respectively. In vitro cellular binding studies, Cy5.5 BBN-conjugated SPIONs exhibited specific binding 
properties in PC3 cells. To investigate the feasibility of pancreas PET imaging in vivo 18F-labeled BBN-conjugated SPIONs were 
intravenously injected into the tail vein of a normal animal. In vivo rabbit PET imaging indicated that the SPIONs showed specific higher 
uptake into the pancreas tissue than non-pancreatic tissues. In conclusion, our SPIONs have potential for future clinical applications for 
PET/MRI imaging of pancreatic diseases. 
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In this work we describe the development of dual-modality mesoporous silica nanoparticles (MSNs) for use as in vivo contrast agents in 
computed tomography (CT) and optical imaging (OI). MSNs were synthesized using conventional sol-gel chemistry and their outermost 
surfaces labeled with amines. To enhance CT contrast, naked platinum (Pt) was then nucleated onto resident MSN amines via 
microwave irradiation reduction, to yield platinum nanoparticle / MSN aggregates (MSN-PtNPs) in the same synthesis vessel. 
Inductively coupled plasma mass spectroscopy (ICP-MS) revealed MSN-PtNP compositions to be ~14% Pt by weight. TEM of pristine 
MSNs (Figure 1a) and MSN-PtNPs (Figure 1b) showed both species to possess average particle diameters of ~50 nm, and a small 
percentage of the latter’s exterior to be covered with ~3 nm diameter PtNPs; leaving most of the MSN-PtNP pores unobstructed, in 
direct communication with the external environment. To enhance OI contrast, the near-infrared fluorescent dye Dy800 was then 
conjugated onto the residual amine groups that lined MSN-PtNP nanochannels. Fluorescence spectra of MSN-PtNP-Dy800 specimens 
appeared very similar in intensity and shape to those of unconjugated Dy800 preparations, with emission maxima at ~783 nm (Figure 
1c; (inset) ex: 770 nm, em: 800 nm). CT of 800 μg/ml aqueous suspensions of pristine MSN, MSN-PtNP-Dy800, and PEG-ylated (to 
prolong circulation) MSN-PtNP-Dy800 (MSN-PtNP-Dy800-PEG) demonstrated that even relatively modest degrees of Pt labeling can 
result in substantial x-ray attenuation (Figure 1d, i-iii). In vivo imaging studies were then conducted using an orthotopic hepatoma 
mouse model - to characterize our nanoplatform's untargeted imaging contrast enhancement via exploiting the tumor’s intrinsic vascular 
leakiness. As shown in the fluorescence images of Figure 1e (ex: 770 nm, em: 800 nm), significant hepatoma accumulation of MSN-
PtNP-Dy800-PEG appeared within 60 minutes of the contrast agent’s injection and remained largely undiminished in its intensity 120 
minutes post-injection. CT of the same animal (Figure 1f) revealed similar localization of the dual-modality contrast agent even 180 
minutes following its administration. However, CT contrast enhancement, while appreciable, was not as great as that observed for OI, 
suggesting that additional Pt labeling of MSNs might be beneficial. 

 
Figure 1 
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Lanthanide complexes have unique physical properties making them suitable for applications in both luminescence and magnetic 
resonance imaging. Specifically, a mixture of lanthanide complexes from the same ligand can display identical biodistribution while 
exhibiting distinct optical and magnetic properties. We designed and synthesized a series of four ligand systems appended with an aryl 
phosphonate arm, whose solution-state properties accommodate the requirements of both imaging modalities. With the addition of 
Gd3+ and Tb3+, we obtained four Gd3+ complexes and four analogous Tb3+ complexes. The Gd3+ complexes displayed significantly 
higher relaxivities than those of commercially available agents and other phosphonate-appended macrocyclic complexes. Their efficacy 
was maintained in a model extracellular environment (DMEM), with only a modest loss in function. The Tb3+ complexes provided long-
lived luminescence, with an inner sphere hydration number (q) ranging from 0.3 to 0.7. No significant effect on q was observed after the 
addition of biologically relevant quantities of either carbonate or phosphate, anions previously shown to inhibit the function of some 
contrast agents. Preliminary results were also obtained in cellulo. Phantom images of each of the Gd3+ complexes were recorded in 
the presence of 3T3 cells. Within the cell pellets, all the complexes displayed higher relaxivities than GdDOTA. Following incubation 
and washing, one of the complexes maintained a high relaxivity, implying a strong complex-cell interaction. The Investigated complexes 
hold great promise as contrast agents for bimodal imaging. They are effective in a range of media, including in the presence of cells. 
Moreover, through further synthetic modifications, these agents could be used in targeted cellular imaging. 
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Introduction Evaluation of specific biomarkers in cancerous lesions is of great importance in accurate tumor staging and treatment 
planning. Visualization of marker-positive tumor cells may aid radical excision of the lesions. Several imaging agents for tumor specific 
biomarkers have been developed and studied in both the pre-clinical and clinical setting. Next to targets such as HER2, the chemokine 
receptor 4 (CXCR4) has been proposed as potentially interesting biomarker. Several imaging agents have been developed that target 
CXCR4 and can be used to visualize CXCR4 expression either via a fluorescent or radioactive label. Where normally different imaging 
agent are used for every step in the diagnostic trajectory, hybrid imaging agents with both radioactive and fluorescent properties can be 
used throughout the whole diagnostic process. We used a single CXCR4 targeting hybrid tracer to determine the expression level in 
tumor (biopsy) tissue, plan the surgical intervention, guide the surgical excision and validate the targeting efficacy ex vivo. Methods Ac-
TZ14011, an antagonistic peptide that targets the CXCR4 receptor was used as a targeting moiety. Labeling of this peptide with a 
multifunctional single attachment point (MSAP) reagent resulted in a hybrid imaging agent containing a DTPA chelate (enabling 
radioactive labeling with 111In) and a fluorescent dye with Cy5.5 spectral properties. The level of CXCR4 expression in tumor tissue 
was assessed by FACS analysis using the fluorescent beacon. SPECT/CT and fluorescence imaging were then used to provide 
surgical guidance. Ex vivo evaluation of the tracer distribution and validation of its targeting efficacy was conducted via fluorescence 
imaging (macro scale), confocal microscopy and FACS analysis (micro scale). Results Incubation of tumor cell suspensions with 
MSAP-Ac-TZ14011 enabled the identification of CXCR4 positive cell-populations and discrimination between CXCR4 positive and 
negative mouse tumor models based on their differences in CXCR4 expression using FACS. After target validation, 111In-MSAP-
AcTZ14011 could be used for 3D SPECT/CT imaging of the tumor location (radioactive label) and provided surgical fluorescence 
guidance towards the tumor. Ex vivo examination of the tumor tissue enabled evaluation of the tracer distribution and target specificity 
via fluorescence imaging. Conclusions The hybrid imaging agent 111In-MSAP-AcTZ14011 allows for the integration of the different 
diagnostic processes involved in CXCR4 imaging and surgical guidance. Hereby showing the added value multimodal imaging labels in 
this translational research field. 
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We report the optimization of a triple modality reporter system that combines genes encoding a fluorescent protein (FP), a luciferase 
enzyme (Luc), and a thymidine kinase (Tk) for long-term, sensitive tracking of tumor growth in live animals by fluorescence, 
bioluminescence, and positron emission tomography, respectively. Our triple reporters improve on previous designs1,2 by replacing 
GFP or mRFP1 with an infrared or far-red FP, for which fluorescence depth-attenuation is less than that of shorter wavelength FPs. We 
have included self-cleaving viral 2A sequences between each component to ensure equal initial stoichiometry of each reporter without 
forcing them to remain fused to each other. In selecting an optimal far-red FP, E2-Crimson, infrared FP (IFP), mPlum, and mNeptune 
were compared for optical attenuation by overlying tissue and brightness in tumor cells, both using purified protein and identically 
constructed expression vectors that differed only in the identity of their FP. Although purified IFP had the lowest fluorescent signal 
attenuation with increasing depth, HT1080 cells stably expressing IFP were relatively dim in cell culture and xenografts. E2-crimson 
was the brightest of the four FPs as a single reporter in HT1080 cells by microscopy, fluorescence-activated cell sorting (FACS), and 
epifluorescence of subcutaneous tumors. However, E2-Crimson, mPlum, and mNeptune had comparable brightness in the triple 
reporter context for both stable and transiently transfected cells. Overall, FP brightness in cell culture was lower in the triple reporters 
than in the single (FP only) and double reporters (FP and Luc or FP and Tk). Luciferase activity of the codon-optimized wild-type firefly 
luciferase, Luc2, and thymidine kinase activity of the truncated wild-type herpes simplex virus I, wttk2, were not significantly different 
between the double and triple reporter contexts. In subcutaneous xenografts of HT1080 and PC-3 cells stably expressing the E2-
Crimson-Luc2-Wttk reporter, <500 cells could be reliably detected by bioluminescence compared to <2500 by far-red epifluorescence. 
Though bioluminescence remains somewhat more sensitive than epifluorescence for macroscopic imaging, the new FPs have 
narrowed the gap and remain essential for FACS, microscopy, and calibration of injectable optical probes. These multimodality 
reporters will optimize detection and sensitive, quantitative monitoring of tumor growth in vivo, for evaluation of nongenetic, injectable 
imaging agents for early tumor detection, fluorescence-guided surgery, and novel cancer therapeutics. (1) Ray, P., Tsien, R., and 
Gambhir, S. S., Construction and validation of improved triple fusion reporter gene vectors for molecular imaging of living subjects. 
Cancer Res 67 (7), 3085 (2007). (2) Ibrahimi, A. et al., Highly efficient multicistronic lentiviral vectors with peptide 2A sequences. Hum 
Gene Ther 20 (8), 845 (2009). 
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The Small Rigid Platforms (SRP) are a new type of multimodal contrast agents for biomedical applications. These SRP are composed 
by gadolinium complexes (Gd-DOTA) covalently grafted to an inorganic matrix based on polysiloxane. An original synthesis ensures a 
small size (inferior to 5 nm) to these nanoparticles that can gather several imaging properties. The rigidity due to the inorganic matrix 
and the weigth of the nanoparticles (evaluated around 8.5 kDa) permit an excellent magnetic answer in MRI with a relaxivity about three 
times superior (per Gd) to those of molecular commercial agents. Adding nuclear imaging properties to this platform has been 
performed by the chelation of radioactive isotopes (for example 111In for SPECT) at the surface of the platform. Such types of 
multimodal probes are required by the market to accompany the development of new technologies combining different imaging 
techniques in one apparatus (i.e. scintigraphy/MRI instruments). The sensibility of the scintigraphy combined to the resolution of the 
MRI will greatly improve the reliability of the diagnosis especially for small tumours. The addition of fluorescence properties is possible 
by the grafting of organic fluorophores (like fluoresceine or cyanine) on the free amino functions present at the surface of the inorganic 
matrix. These fluorescence properties will be very helpful for surgery to delineate the area of the diseased zone. The free amino 
functions disseminated in the polysiloxane shell can be also be used for the functionalization by targeting polypeptides like cyclic RGD 
in order to combine active and passive (by EPR effect) targeting. The SRP have been already intravenously injected to healthy animals 
to test their properties as multimodal contrast agents and have been detected thanks to four different types of imaging techniques 
(Magnetic Resonance Imaging, Scintigraphy, Fluorescence Imaging and X-Ray tomography). The in-vivo biodistributions on rats and 
mice indicate that they freely circulate in the blood vessels without undesirable accumulation in the lungs, spleen and liver; the SRP are 
eliminated exclusively by renal excretion thanks to their small size. A longer circulating time than the classical molecular contrast agents 
combined with a better r1 per Gd (and a fortiori per object) contribute to significantly improve the contrast in MRI. First In-vivo 
experiments on tumourous animals have showed an augmentation of the signal in diseased area due to passive targeting by EPR 
effect. The presentation will first focus on the synthesis of the SRP, their multimodal properties will then be discussed before the 
presentation of the biological results. 

 
a) In vivo SPECT/CT imaging after intravenous injection of SRP on a male c57Bl/6J mouse, b) Representation of the ultrasmall nanoparticles with a 
polysiloxane bone and DOTA chelating gadolinium c) SRCT image of transverse slice including the bladder (B) of a Fisher 344 rat 20 minutes after 

intravenous injection. d) Time-of-flight angiographic images of the brain of a male c57Bl/6J mouse after injection of nanoparticles (images obtained at 
7T), e) fluorescence reflectance imaging of a female swiss nude mouse before and 1H30 after the injection of the nanoparticles (K for Kidney). 
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We propose a new approach using multimodality imaging to facilitate sentinel node biopsy examinations, in which radioactive and near 
infrared (NIR) fluorescent nanoparticles can depict deep situated sentinel nodes and fluorescent nodes, as well as simultaneously 
visualize anatomical configurations in the field of interest. For this reason we have developed polyamidoamine (PAMAM) coated silica 
nanoparticles loaded with technetium-99m (Tc-99m) and ICG. To test the feasibility and utility of this dual-modality imaging system we 
conducted animal studies. The mean diameter of PAMAM coated silica nanoparticles was 30-50 nm as evaluated by images of 
transmission electron microscopy and scanning electron microscopy. The distribution of the particle size was measured by a laser 
scattering particle size analyzer (SALD-7100, Shimadzu, Japan). The peak of the distribution was 30 nm in ethanol solution. The 
combined labeling with both Tc-99m and ICG-Sulfo-OSu was verified by thin layer chromatography, TLC, before each experiment. 0.1 
ml of the nanoparticle solution (7.4 MBq, except for one rat; with 3.7 MBq, and 1 micro-gramm ICG) was submucosally injected in the 
tongue of six male Wister rats. Lymphoscintigraphy (sequential static images, every 5 minutes) was performed for 6 rats for one hour 
immediately after injection. Scintigraphic images showed an increased accumulation of Tc-99m in the neck with a markedly increased 
uptake at the injection site. Single increased nodal uptake was seen in 4 of 6 rats in the final static images. After completion of 
lymphoscintigraphy, animals were euthanized. As skin incision was made and 19 lymph nodes were identified in the dissected necks of 
6 rats. After lymph node excision, contact-radiography was performed which revealed 3 markedly increased uptake nodes and 3 weak 
uptake nodes. NIR fluorescence imaging was performed on all dissected necks. The PDE system (Hamamatsu Photonics Co, Japan) 
provided clear fluorescence images of lymph nodes in the neck with anatomical configurations real time. The intensity of fluorescence 
was arbitrarily evaluated and 6 lymph nodes were weak to strong, (+) ~ (+++), and other lymph nodes were evaluated as having no 
fluorescence. Increased radioactive nodes coincided with fluorescent nodes. Radioactivity of 15 excised lymph nodes in 4 rats was 
assayed with a gamma-well counter. The radioactivity comparison revealed a large difference between the high fluorescence intensity 
group (4 lymph nodes, mean %; 0.109±0.067) and the low or no fluorescence intensity group (8 lymph nodes, mean %; 0.001±0.000). 
(p < 0.05). TEM revealed that small black granules were localized and dispersed within the cytoplasm of macrophages in lymph nodes. 
The appearance of small spherical granules was restricted to macrophages but not other lymphatic cells. Although further studies are 
needed to determine the appropriate sensitivity and safety of this dual imaging nanoparticles, the results may promise for a better target 
nodes detection by the dual modality method in sentinel node biopsy. 
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The platelet derived growth factor receptor β (PDGFRβ) belongs to the family of receptor tyrosine kinases, is associated with 
angiogenesis and is known to be overexpressed in a variety of tumors. Recently a new linear dodecapeptide (PDGFR-P1) with affinity 
for the extracellular domain of PDGFRβ was identified by the phage display technology, and the binding and metabolic properties of it 
were in vitro and in vivo evaluated. The results of these studies indicated that PDGFR-P1 might be a promising molecule for the 
development of a specific PDGFRβ-binding ligand. Aim of the present study is to identify the binding site in the sequence of PDGFR-P1 
and improve its target affinity and specificity. To achieve this goal, arrays of peptide-cellulose conjugates of different modified 
derivatives and fragments of PDGFR-P1 were synthesized and spotted on glass slides. The extracellular domain of PDGFRβ was 
incubated with the arrays and enzyme based detection was performed for visualization of peptide-target interactions. The extracellular 
domain of EGFR and FGFR were used as negative control targets. Peptide array analysis led to identification of derivatives and 
fragments of PDGFR-P1 with increased binding capacity for PDGFRβ. No binding was shown for the negative control targets EGFR 
und FGFR, indicating a specificity for PDGFRβ. Derivatives and fragments of PDGFR-P1 that showed increased binding on the arrays 
were chemically synthesized by Fmoc solid phase peptide synthesis and labeled with [125]I. Binding, kinetic, competition and 
internalization studies were performed on the PDGFRβ overexpressing human pancreatic cancer cell line BxPC3. The in vitro 
experiments revealed an increased binding capacity in BxPC3 cells. Binding of the radiolabeled derivatives was strongly inhibited by 
the unlabeled molecules and by unlabeled PDGFR-P1, but not by other negative control peptides at the same concentration. 
Internalization experiments revealed only a slight internalization, which however could be significantly inhibited by incubation at 4°C. 
The results of our study indicated the amino acids in the sequence of PDGFR-P1 that might be important for target binding and 
revealed molecules with increased target affinity and specificity, which might be promising candidates for the development of new 
ligands that can be used for molecular targeting and imaging of the platelet derived growth factor receptor β. 
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Engineered antibody fragments, specifically the minibody and cys-diabody format, typically retain high binding specificity of the parental 
monoclonal antibody (mAb) but feature pharmacokinetics/clearance optimized for imaging. Minibodies (~80kDa) are bivalent 
homodimers of a single-chain variable fragment (scFv) linked to the human CH3 domain. The smaller cys-diabody format (~55kDa) is a 
bivalent homodimer consisting of cross-paired scFv subunits with a C-terminal cysteine residue that forms an intermolecular disulfide 
bridge. Additionally, following mild reducing conditions, the cys-diabody can be site-specifically conjugated with a radiolabel, fluorescent 
dye, or other detection moiety in order to better preserve immunoreactivity, an important consideration with smaller protein formats that 
are intrinsically less suited to non-specific approaches. Rapid circulation clearance by the cys-diabody (t1/2 ~2-4h) and minibody (t1/2 
~6-10h) promises the potential of “same-day” imaging in humans, a major evolution for antibody-based imaging agents, which have 
typically required several days to a week between injection and imaging to allow background activity to clear. Furthermore, for clinical 
applications where low background in specific anatomical regions (such as pelvic region or liver) is needed to fully ascertain the extent 
of pathology, clearance can be directed to the liver (minibody) or kidneys (cys-diabody) based on the differing molecular weights of 
these proteins. Minibodies and cys-diabodies specific for prostate stem cell antigen (PSCA), prostate-specific membrane antigen 
(PSMA), HER2, and CD20 have previously been reported as PET tracers in preclinical models of cancer. Routine conversion of intact 
mAbs into minibodies and cys-diabodies that retain sufficient specificity and affinity for the target is of critical importance to broader 
implementation of this approach and is a question that has been insufficiently studied to date. Here we compare the relative affinity of 
two single-digit nanomolar affinity human(ized) mAbs against different tumor antigens versus their respective engineered fragments. 
Recombinant fragment proteins were produced in mg quantities using a mammalian expression system and purified to >90% purity 
using two purification steps. In order to determine relative affinities, the parental mAbs were biotinylated and used as tracers in 
competition ELISA. To compare the different formats, plates were coated with soluble recombinant antigen and the relative affinity of 
the parental mAb vs. fragment was determined. Results determined that, in all cases, less than a two-fold loss in affinity was 
experienced following reformatting of the mAb into a minibody or cys-diabody fragment, including protein variations such as linker 
configurations and domain orientation. These results support continued development of novel imaging tracers for pre-clinical and 
clinical molecular imaging that harness the specificity and rapid development advantages of biologics over small molecule approaches. 

 

Competitive binding curves showing the relative affinity of an example from the cys-diabody fragment “class” versus that of the parental, intact antibody. 
Data points represent the average +/- the standard error of the mean (SEM). 

Disclosure of author financial interest or relationships: 
D.T. Ho, ImaginAb, Inc, Employment; A.A. Lipman, None; T. Olafsen, ImaginAb Inc, Consultant; ImaginAb Inc, Stockholder; A.M. Wu, 
ImaginAb, Inc., Consultant; ImaginAb, Inc., Stockholder; L. Rahib, None; T. Trinh, None; K.M. Sorenson, ImaginAb, Inc., 
Employment; C.P. Behrenbruch, ImaginAb, Inc., Stockholder .  

S98 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P103 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

99mTc-MDP MICROPINHOLE BONE SCINTIGRAPHY VS HUMAN BODY X-RAY INSTRUMENT 
FOR DETECTING BONE METASTASIS OF MOUSE MODELS 

Shunfang Yang1, Jie Cao1, Yanbing Sun2, Meiping Shi3, Jianding Ye2, Yigang Ye2, Lanxiang Zhao3, Zhengbo Song4, Wenhui Xie1, 
Ning Zheng5, 1nuclear medicine, Shanghai Chest Hospital, Shanghai, China; 2Radiology, Shanghai Chest Hospital, Shanghai, China; 
3Pathology, Shanghai Chest Hospital, Shanghai, China; 4Shanghai Lung Tumor Clinical Medical Center, Shanghai Chest Hospital, 
Shanghai, China; 5Shanghai Thoracic Tumor Institute, Shanghai Chest Hospital, Shanghai, China. Contact e-mail: yzyg@sh163.net 

Objective: To compare 99mTc-MDP micropinhole bone scanning with human body X-ray instrument for detecting bone metastases of 
mouse model with five Chinese lung adenocarcinoma, a Chinese esophageal cancer and a human breast cancer cell lines. Methods: 
Intracardiac injection of cells (SPC-A-1BM, CPA-Yang1, CPA-Yang2, CPA-Yang3, CPA-Yang4, CEK-Sq-1 and MDA-MB-231BM3) with 
high bone metastatic potency into eight-week-old male/female athymic BALB/c-nu/nu nude mice resulted in tumor a few colonies in the 
mice after inoculation. The metastatic lesions were detected by 99mTc-MDP bone scintigraphy with a self-designed insert with the 
aperture diameter approximate 1 millimeter of pinhole collimator and human body X-ray instrument (CR) as in vivo imaging of the mice. 
Then, the eight skeletons taken to pathology per mouse (jaw bone, shoulder blade, two humerus, two femurs, thoracic vertebra, lumbar 
vertebra). Results: The micropinhole bone scan can obtaining ultra-high-resolution images. The overall sensitivity, specificity and 
accuracy for bone scan vs X-ray by pathology in detecting bone metastasis of mouse model bearing human cancer cells were 
presented table 1. Conclusion: The conventional human body X-ray instrument (CR) and the 99mTc-MDP micropinhole bone 
scintigraphy can detect bone metastasis of mice bearing Chinese human lung adenocarcinoma and esophageal cancer cells, the 
famous breast cancer cells but the efficacy of bone metastasis detection is different. 

 
Table.1 Bone Scintigraphy vs X Ray by Pathology 
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Colloidal Hybrid Nanoparticles for High Performance Dual-modality MR/NIR Imaging of Cells 
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University, Daejeon, Republic of Korea. Contact e-mail: khmyws@naver.com 

Herein, we suggest a facile and robust methodology for the synthesis of novel nanostructured materials for high performance dual-
modality molecular imaging (high resolution T2-weighted magnetic resonance imaging and highly sensitive near-infrared optical 
imaging) nanoprobes by combining inorganic colloidal chemistry and ionic gelation of biocompatible polyelectrolytes. The surface of 
MnFe2O4 nanoparticles synthesized in organic solvent was modified using negative polyelectrolytes for aqueous dispersion and ionic 
complex formation with positive polyelectrolytes. During the ionic gelation process, MnFe2O4 nanoparticles satellites were 
encapsulated in the ionic complex matrix, which induced synergistic magnetism and resulted in high relaxivity (r2). The positively 
charged outer surface can be finally assembled with another negatively charged materials, such as carboxyl-terminated NIR fluorescent 
nanocrystals called quantum dots (QDs). To demonstrate the potent applications of the novel nanomaterials as highly sensitive 
cellular/molecular imaging probes, we have also investigated the cell labeling efficiency of nanoprobes using both phagocytic 
(macrophage and dendritic cells) and non-phagocytic (cancer cell) cells. Regarding the high resolution T2- weighted MRI contrast 
properties, MRI relaxivity (r2) of the hybrid nanoparticles was 507 (Mn+Fe) mM-1S-1 , which is much higher than that (30-50 mM-1S-1) 
of conventional superparamagnetic iron oxide nanoparticles, single Mn-SPIO particles coated with lipid micelle (66 (Mn+Fe) mM-1S-1), 
and Mn-SPIO cluster loaded amphiphilic polymer micelle (270 (Mn+Fe) mM-1S-1). We have employed flow cytometry to quantify the 
labeling efficiency of cancer cells by the novel nanoprobes. When conventional NIR emitting QDs were used for cell labeling, the NIR 
fluorescence signal was clearly observed even at a QD concentration of 5 nM, with the increase in geometric mean fluorescence 2.5-
fold above background. In contrast, the delivery efficiency of the developed nanoprobes to HeLa cells was markedly improved, and the 
extent of labeling was increased with the concentration of the probes. After 3 hrs incubation time, the increase in the geometric mean 
NIR fluorescence above background was approximately 23-fold, even in the concentration of test (100 pM). It should be noted that the 
labeling efficiency of novel nanoprobes was approximately 65-fold compared to the QDs only, after 24 hrs incubation with 100 pM 
concentration of nanoprobes. We could observe the NIR fluorescence microscopy image of cells even at 12.5 pM in our experiment 
condition. Taken together, the hybrid nanoparticles are expected to be used as high performance dual modality MR/NIR nanoprobes in 
the labeling and monitoring of therapeutic cells in vivo. 
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Marie Kueny-Stotz1, Lai Truong-Phuoc2, François-Xavier Blé3, Franklin Tellier3, Patrick Poulet3, Sylvie Begin-Colin2, Geneviève 
Pourroy2, Delphine Felder-Flesch1, 1DMO, IPCMS, Strasbourg, France; 2DCMI, IPCMS, Strasbourg, France; 3LINC, Institut de 
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Since the last ten years, iron oxide nanoparticles (IO NPs) of small sizes (between 10 and 40 nm) have become of great interest in the 
field of biomedicine.[1] Moreover, decorating these NPs with multifunctional and biocompatible organic ligands can lead to powerful 
applications, which include notably Magnetic Resonance Imaging (MRI) contrast enhancement and targeted cancer therapy by sentinel 
node detection. If polymers have long been employed to coat the surface of IO NPs, dendrons are nowadays more and more used, due 
to their great advantages (monodispersity, easy change of the characteristics by enhancing the generation,..). Indeed, the coating of IO 
NPs by dendrons using a phosphonate group as anchoring agent has been proved to lead to very stable suspensions and to enhance 
the MRI contrast.[2] New attempts to develop original and never-encountered dendronized IO NPs have recently been investigated in 
the field of cancer therapy and especially in the treatment of breast cancer through sentinel node (any node receiving lymph drainage 
from the tumour site and containing most likely malignancy if the tumour has metastasized) detection. Most teams using sentinel node 
biopsy in the treatment of breast cancer inject either radioactive colloid (99mTc-labelled RuS)[3] or Patent Blue dye[4] in the periareolar 
area to label the lymph node system for its per-operative detection. The detection is done by a gamma probe or visual colour detection 
respectively. If radioisotope injection is widely used today in the most advanced countries, new strategies using non-nuclear detection 
are also investigated. In this context, we decided to develop new and original dendritic molecules bearing a blue dye and to optimize 
the surface engineering of IO NPs with these ligands for magneto-optical detection of the sentinel node in early breast cancer. Dendritic 
structures holding three key-functionalities, (i) a phosphonate anchor to link covalently the nanoparticles, (ii) PEG-groups ensuring the 
hydrophilicity and the biocompatibility of the final nano-object, and (iii) a blue dye allowing optical detection, have also been designed. 
We will discuss the synthesis of these specific dendrons, explain their grafting on the iron oxide nanoparticles and outline the 
dendronized-nanoparticles’ colloidal suspensions properties. Finally, some first in vivo magneto-optical detection results will be 
presented. Acknowledgement: European Community's Seventh Framework Programme (FP7 2007-2013) under grant agreement nr 
NMP3-SL-2008-214032. References [1] (a) J. Mater. Chem. 2004, 2161 (b) J. Am. Chem. Soc. 2006, 7383 (c) Small 2009, 2883 (d) 
Biomaterials 2010, 3694. [2] (a) Dalton Trans. 2009, 4442 (b) Chem. Comm. 2010, 985. (c) Contrast Media and Molecular Imaging 
2010, DOI:10.1002/cmmi.416. [3] Surg. Oncol. 1993, 335. [4] Ann. Surg. 1994, 391. 
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reporters 
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California, Berkeley, Berkeley, CA, USA; 2Howard Hughes Medical Institute, Berkeley, CA, USA. Contact e-mail: 
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Living organisms produce hydrogen peroxide (H2O2) to kill invading pathogens and for cellular signaling, but aberrant generation of this 
reactive oxygen species is a hallmark of oxidative stress and inflammation in aging, injury, and disease. The effects of H2O2 on the 
overall health of living animals remain elusive, in part owing to a dearth of methods for studying this transient small molecule in vivo. 
Here we report the design, synthesis, and in vivo applications of a new class of chemoselective bioluminescent probes for the real-time 
detection of H2O2 within living animals. These probes are caged firefly luciferin molecules that selectively react with H2O2 to release 
firefly luciferin, which triggers a bioluminescent response in the presence of firefly luciferase. The high sensitivity and selectivity of the 
probes for H2O2, combined with the favorable properties of bioluminescence for in vivo imaging, affords a unique technology for real-
time detection of basal levels of H2O2 generated in healthy, living mice. Moreover, we demonstrate the efficacy of the probes for 
monitoring physiological fluctuations in H2O2 levels by directly imaging elevations in H2O2 production in models of cancer and 
inflammation in vivo. The ability to chemoselectively monitor H2O2 fluxes in real time in living animals offers new opportunities to dissect 
H2O2’s disparate contributions to health, aging, and disease. 

 

Detection of increased H2O2 production in prostate tumors in the presence of testosterone. 
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Detection and imaging Tuberculosis with blaC-specific fluorescent probes 

Hexin Xie1, Joseph Mire2, Ying Kong3, Jim Sacchettini2, Jeffrey D. Cirillo3, Jianghong Rao1, 1Department of Radiology, Stanford 
University School of Medicine, Stanford, CA, USA; 2Department of Chemistry and Biochemistry and Biophysics, Texas A&M University, 
College Station, TX, USA; 3Department of Microbial and Molecular Pathogenesis, Texas A&M Health Science Center College of 
Medicine, College Station, TX, USA. Contact e-mail: xiehexin@stanford.edu 

Tuberculosis, caused by Mycobacterium tuberculosis (Mtb), is among the most lethal diseases for human being globally. Most of the 
current Tuberculosis diagnosis approaches are time-consuming, weeks or even months are required to obtain the final results, which 
significantly hampers disease-control process. Recently, fluorescence technique, due to its fast response and high efficiency, has 
emerged as a powerful tool for disease detection and diagnosis. On the basis of monitoring activity of blaC, a unique beta-lactamase 
naturally expressed in Mycobacterium tuberculosis, fluorescent probes have been developed for the detection of Tuberculosis both in 
vitro and in vivo. Nevertheless, most of these probes lack specificity between blaC and other type of beta-lactamases, especially TEM-1 
beta-lactamase (TEM-1 bla), the most commonly-encountered beta-lactamase in gram-negative bacteria. To suppress this challenge, 
our strategy is to optimize the structure of the fluorescent probe based on the structural difference between blaC and TEM-1 bla. A 
series of fluorescent probes were synthesized and the kinetic parameters with blaC and TEM-1 bla were measured. We identified 
substituent on the 7-position of the lactam ring was crucial for the specificity of blaC over TEM-1 bla. For example, a probe having a 
methoxy group on the lactam ring (CDC-OMe) with blaC exhibits over 1000-folds faster kinetic rate than the probe with TEM-1 bla. The 
probe has also been utilized in the Mtb detection in vitro, displaying promising results. Reference. 1) Gao, W.; Xing, B.; Tsien, R. Y.; 
Rao, J. J. Am. Chem. Soc., 2003, 125, 11146-11147. 2) Xing, B.; Khanamiryan, A.; Rao, J. J. Am. Chem. Soc., 2005, 127, 4158-4159. 
3) Kong, Y.; Yao, H.; Ren, H.; Subbian, S.; Cirillo, S. L. G.; Sacchettini, J. C.; Rao, J.; Cirillo, J. D. P. N. A. S., 2010, 107, 12239-12244. 

 
Scheme 1. Hydrolysis of CDC-OMe by blaC triggers the release of fluorophore umbelliferone 
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Utilizing native fluorescence imaging to assess pharmacokinetics of a novel anticancer 
prodrug 
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During a compound screening study in search for better nitroreductase substrates, our group has discovered a new anticancer prodrug 
6-chloro-9-nitro-5-oxo-5H-benzo[a]phenoxazine (CNOB) which promises high efficacy in treating cancer in vitro and in vivo. Upon 
activation by selected nitroreductases, the reduced compound 9-amino-6-chloro-5H-benzo[a]phenoxazine-5-one (MCHB) becomes 
highly fluorescent with maximum emission wavelength at 625nm. At the same concentration, MCHB emits more than 60 fold higher 
amount of photons as compared to a widely-used fluorescent drug, doxorubicin. These features provide a valuable opportunity to study 
prodrug activation in real-time via fluorescence imaging. Our objectives are to utilize the native MCHB fluorescence as a novel 
approach to quantitatively measure the prodrug pharmacokinetics (PK) in tumor and to predict the prodrug pharmacodynamics (PD) by 
imaging. Murine mammary cancer (4T1) cells expressing luciferase gene (4T1-luc) and 4T1-luc transfected with humanized ChrR6 
(4T1-luc/hChrR6) were utilized. In vitro cell viability from CNOB treatment was determined by MTS assays. Fluorescence of MCHB in 
cell culture medium was measured by a Tecan reader. Both types of cells were implanted in nude mice to generate tumor xenografts. 
CNOB was administered intravenously (3.3mg/kg) and fluorescence images were taken at various times via IVIS Spectrum®, followed 
by sacrifice for tissue drug analysis using high performance liquid chromatography (HPLC). Correlation and statistical analyses were 
performed via GraphPad Prism™. In vitro results demonstrate significant (p < 0.01) time-dependent responses both in MCHB 
fluorescence generation and cell viability reduction. The production of MCHB fluorescence (representing PK) is highly correlated (ρ = -
0.96) with the reduction of viability (representing PD) only in cells expressing HChrR6 (4T1-luc/hChrR6). In vivo imaging analysis 
confirms that MCHB was significantly generated only in tumors expressing HChrR6 (see figure). We found a direct correlation between 
tumor MCHB levels determined via fluorescence imaging and HPLC analysis. The imaging results show significantly (p < 0.05) higher 
MCHB fluorescence levels in 4T1-luc/hChrR6 tumors as compared to 4T1-luc tumors, with calculated MCHB area under the 
concentration curve (AUC) of 582.0±246.2 and 50.7±23.7 μg×h/L (n=5), respectively. The HPLC-determined AUC values are 611.4 and 
40.1 μg×h/L in 4T1-luc/hChrR6 and 4T1-luc tumors, respectively. We are currently using imaging to assess PD parameters (cell 
apoptosis and tumor regression), as well as more in depth PK analysis in order to establish the PK-PD correlation in vivo. In summary, 
our results indicate that CNOB can be selectively activated in the presence of HChrR6 in cancer cells and tumors. The activated 
compound MCHB can be quantitatively monitored by fluorescence imaging in living mice. Cancer cell viability significantly correlated 
with MCHB fluorescence. We conclude that fluorescence imaging can be used to determine the kinetics of CNOB activation and 
distribution, as well as the pharmacokinetics. 

 
Figure. Representative images (upper panels) and photon intensity analysis (lower chart) of MCHB fluorescence in 4T1-luc and 4T1-luc/hChrR6 tumors 
after 4h, 6h, and 24h post CNOB injection. Mice were implanted with 4T1-luc/hchrR6 or 4T1-luc (left or right mouse, respectively in each panel) tumors 

on the lower back. 
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Photoacoustic imaging (PAI), a promising non-ionizing and non-invasive molecular imaging technique, which takes advantage of both 
optical and acoustic imaging, and thus overcomes the depth limitation of most of traditional optical imaging techniques. It provides 
functional and molecular information of tumors in real time, with high imaging contrasts, and ultrasonic spatial resolution through 
endogenous and exogenous PAI contrasts. Although a number of light absorption agents such as carbon nanotubes, gold-nanorods 
and nanocages have been suggested as good PAI agents, they generally have relatively large particle sizes (~50 nm) and non-optimal 
pharmacokinetics. In order to optimize photoacoustic agents to achieve high imaging sensitivity and desired in vivo tumor targeting 
properties, many gold-based nanoparticles (Au-NPs) with different shapes, sizes and optical properties are currently under exploration 
in the field. Here, we designed novel Au-based anisotropic nanostructures, Au-tripod nanoparticles (Au-tripods), with stringently 
controlled shapes. Such NPs could exhibit superior optical properties and their optical absorption wavelength could be tuned in the 
visible and near infrared (NIR) region, therefore they could serve as promising photoacoustic contrast agents. We prepared ultra-small 
Au-tripod NPs (~15 nm) with strong NIR optical absorption by varying their geometries and shapes. In a phantom study and 
subcutaneous experiment, the photoacoustic spectra suggested that 725 nm is the preferable wavelength for in vivo experiment and 
the intensity of the PAI signal of Au-tripod NPs normalized to the particle concentration is as high as that of carbon nanotubes and also 
higher than that of wavelength-matched gold nanorods at the same concentration of gold. After conjugated with cyclic Arg-Gly-Asp 
(RGD) peptides, the targeting ability of c(RGDyK)-Au-tripods to integrin αvβ3 in vivo was evaluated with mice (N=3) bearing U87MG 
tumors. After intravenous injection of 7 pmol of c(RGDyK)-Au-tripods , these NPs were found to selectively concentrate at U87MG 
tumor cells. Compared to gold nanorods, Au-tripods prepared here with 20 nm of hydrodynamic size have much less reticuloendothelial 
system (RES) uptake and prolonged circulation time, and they display favorable in vivo pharmacokinetics and excellent tumor PAI 
signal. Radiolabels (64Cu) were introduced for tracking and imaging of Au-tripods in real time in living mice (N=3). Positron emission 
tomography (PET) provided three-dimensional distribution information of radiolabeled Au-tripods in the live mice at multiple time points 
after post-injection of 7 pmol of c(RGDyK)-Au-tripods labeled with 100 uCi 64Cu. These quantitative kinetic results were further verified 
ex vivo using PAI and elemental analysis. In a short, the novel Au-tripods is a highly promising new type of nanoparticles for PAI and 
multimodality imaging of tumor and other diseases in vivo. 
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Introduction: One of the most important issues for improving the performance of bioluminescence imaging (BLI) is the choice of a smart 
luminescent probe. In particular, the available luciferases for BLI display different characteristics in terms of emission wavelengths, 
kinetics, thermal stability, brightness and level of gene expression in mammalian cells. Recently, we demonstrated sensitive dual color 
in vivo imaging and showed spectrally-separate images and quantification of dual bioluminescent (BL) signals in a mixed population of 
cells either injected subcutaneously or directly into the prostate. Here, we report the direct comparison of three differently optimized 
luciferase genes for in vitro and in vivo multicolor applications. The technical issues of using dual luciferases for imaging are discussed. 
Methods: Green click beetle luciferase, CBG99, a red emitting codon-optimized luciferase reporter gene mutant of P.pyralis, Ppy RE9 
and codon optimized wild type enzyme Luc2 were cloned in the same vector backbone and used for transfection of Human embryonic 
kidney cells (HEK293). After addition of the assay substrate, D-luciferin, BL signals were imaged with an ultrasensitive cooled CCD 
camera using a series of band pass filters (20nm). A plasmid encoding secreted M.Longa luciferase under the control of the CMV 
promoter was used to correct the signal for transfection efficiency. Light output and kinetics of emission were evaluated and spectral 
unmixing algorithms were applied to the images to separate signals where possible. Furthermore, HEK293 cells expressing the 
luciferases were injected subcutaneously and intravenously in order to evaluate differences in light transmission through superficial and 
deep tissues. Results: When expressed under the same conditions CBG99 showed a 4-fold higher signal compared to Ppy RE9 while 
Luc2 showed a signal intensity comparable to that of CBG99 in vitro. Interestingly, 1 hour after addition of the substrate, PpyRE9 and 
Luc2 signals where comparable while CBG99 signals were 9-fold higher. Although the spectrum of emission of Luc2 undergoes a red 
shift at 37°C in vivo spectral unmixing of signals from the green emitting enzyme was less efficient. On the contrary, the spectral 
characteristics of PpyRE9 combined with its good level of expression in mammalian cells allows a good unmixing of signals in vivo and 
in vitro. In vivo, where the substrate availability is a concern and acquisition time was 30 sec (5 min after substrate injection), CBG99 
showed the highest signal in the lungs when cells accumulated after intravenous injection. Conclusion: Luc2 and CBG99 showed 
comparable signal intensity and superior to that of PpyRE9 in vitro although the latter demonstrated a favorable emission kinetics 
compared to WT enzyme. Our study confirmed the enhanced sensitivity for dual color imaging of the D-luciferin-dependent reporter 
gene couple CBG99-PpyRE9. Considering the different yield of photons of the luciferases at different expression and imaging 
conditions, dual color systems must be carefully designed when combining different constructs and promoters for in vivo BLI. 

 

Figure 1 a) Comparison of signal intensities 5 minutes and 1 hour after substrate addition to cell lysates. b) In vivo imaging of cells expressing the 
different luciferases, 5 minutes after introperitoneal addition of D-luciferin. 
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Epidermal growth factor receptor (EGFR) is over-expressed in numerous solid tumours including head and neck, colon, prostate, and 
lung (amongst many others) and is associated with poor prognosis. Early detection of these cancers using non-invasive molecular 
imaging techniques is sought after for reducing invasive surgical procedures and for providing effective treatment. We have recently 
developed a highly robust and biocompatible gold nanoparticle termed Raman active Phospholipid gold nanoparticle (RAP gold) for 
surface enhanced Raman scattering (SERS) based molecular imaging by encompassing a Raman dye adsorbed on a 60nm colloidal 
gold nanoparticle encapsulated by a phospholipid bilayer. This novel formulation is highly versatile for surface modification by changing 
lipid constituents for bioconjugation or direct lipid mediated targeting while its SERS capability allows for ultrasensitivity in detection. In 
this study, we synthesized and optimized the lipid formulation for RAP gold conjugated to EGFR targeting molecules for optimal serum 
stability by using UV spectroscopy, dynamic light scattering, zeta potential measurements and transmission electron microscopy. We 
then validated its specificity to bind EGFR on tumour cell lines using confocal Raman microscopy and reflectance mode microscopy. 
Most importantly, we demonstrate the use of RAP gold for SERS molecular imaging to illuminate EGFR over-expressing tumour tissues 
from various animal models by using our Raman imager with NIR excitation (785nm) and captured with an EMCCD camera. The 
presence of RAP gold on the tumours was further validated using inductively coupled plasma mass spectroscopy and silver 
enhancement staining for gold. With ease in interchanging targeting motifs or lipid surface chemistry, we report RAP gold as a valuable 
SERS molecular imaging probe for highly sensitive cancer detection. 
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Photoacoustic tomography as a hybrid modality that combines optical and ultrasound imaging promises the possibility of deep imaging 
(up to 5 cm) with high resolution and contrast. Diverse molecules have been used as exogenous photoacoustic agents, a majority of 
them being various nanoparticles. Although nanoparticles generally have high extinction coefficients and provide high photoacoustic 
signal, their size is often rather large which can hinder their delivery to target sites and negatively affect their pharmacokinetics. Only a 
handful of small molecule chromophores have been explored so far, primarily as agents providing target non-specific photoacoustic 
contrast. In search for the optimal small molecule that can be utilized for photoacoustic labeling of targeting moieties we investigated 15 
chromophores, 0.5-1 KD in size, with various extinction coefficients, quantum yields, and maximum absorption wavelengths. Five 
quenchers, nine fluorescent molecules and two chromophores approved for human use by the Food and Drug Administration, were first 
categorized in terms of intensity of the photoacoustic signal and photostability. The molecules that showed superior photoacoustic and 
photostability behavior, Seta1, ATTO700 and ATTO740, were further investigated with regards to toxicity and imaging sensitivity in 
living mice. The toxicity study was performed by injecting mice with 20mg/kg chromophores and monitoring their weight over the period 
of one week and their overall appearance over the period of three months. None of the three molecules showed any apparent toxicity in 
mice. The imaging sensitivity study was performed by mixing the varying amounts of chromophore with matrigel and subcutenously 
injecting the mixture in mice. We could detect as low as 75 pmol of chromophores subcutaneously injected in mice (Figure1). To 
demonstrate feasibility of photoacoustic labeling and show the ability of the probe to detect tumors, we have labeled a model molecule, 
L-polylysine, with Seta1 and ATTO740 and used the bioconjugates for in vivo imaging of A431 tumors. This study represents the first 
report of systematic evaluation of small molecules’ applicability as photoacoustic signaling moieties. 

 
Figure 1. Seta1 In Vivo Sensitivity. Seta1 dye was mixed with matrigel in different amounts and subcutaneously injected into mice. The lowest amount 

that provided photoacoustic signal distinguishable from the background was found to be 75 pmol. 

Disclosure of author financial interest or relationships: 
J. Levi, None; S. Kothapalli, None; S. Bodapati, None; C.T. Chan, None; B. Khuri-Yakub, None; S.S. Gambhir, Cellsight, 
Stockholder; Endra, Inc., Stockholder; Enlight, Inc., Stockholder; VisualSonics/Sonosite, Stockholder; Spectrum Dynamics, 
Stockholder; RefleXion Medical, Inc., Stockholder; NinePoint Medical, Stockholder; Bayer Schering, Grant/research support; Canary 
Foundation, Grant/research support; Doris Duke Distinguished Clinical, Grant/research support . 

  

S108 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P115 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Reversibly Controlled High-Contrast Fluorescence Imaging of Dye-Crosslinked Dendritic 
Nanoclusters in Living Vertebrates 

Yoonkyung Kim, Hye-youn Jung, Yun Hui Choe, Korea Research Institute of Bioscience and Biotechnology, Daejeon, Republic of 
Korea. Contact e-mail: ykim@kribb.re.kr 

The diarylethene derivative, known as one of the most efficient photochromic species for reversible photoswitching, has been used in 
reversible quenching of the fluorescence of a fluorophore through photochromic fluorescence resonance energy transfer (pcFRET). 
Here, we developed a biocompatible reversible photoswitching system based on the dendritic nanocluster which was readily 
internalized into living cells and living zebrafish. These nanoclusters were prepared by oligomerizing dendrimers using diarylethene 
derivative (FRET acceptor) as a crosslinker, followed by the attachment of a fluorophore (FRET donor). The fluorescence of dendritic 
nanoclusters inside the cells and zebrafish-internalized by either permeation or microinjection-was switched off and on by alternate 
irradiation with UV and visible light, respectively. Interestingly, of the two surface modifications applied (anionic vs. neutral) to enhance 
the biocompatibility, the nanocluster of a neutral surface showed lower cytotoxicity, superior cellular uptake, and higher on-off contrast 
in photoswitching. More significantly, a high degree of fluorescence quenching was achieved when dendritic nanoclusters were 
internalized into living systems (83-95%). This corresponded to the on-off contrast values of 6.0-19.1 in vitro or in vivo. We envision that 
our relatively nontoxic dendritic nanoclusters for reversible photoswitching may greatly facilitate fluorescence imaging in vivo by 
enhancing its resolution through the reversibly controlled exhibition of high on-off contrast. 
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Synthesis and Evaluation of PEGylated Mesoporous Silca Nanoparticle for Size Dependant In 
vivo Tumor Targetability 

Dong Wook Kim, Hye Lan Kim, Sang Bong Lee, Hwan-Jeong Jeong, Seok Tae Lim, Myung-Hee Sohn, Nuclear Medicine, Chonbuk 
National University Medical School, Jeonju, Republic of Korea. Contact e-mail: kimdw@chonbuk.ac.kr 

Purpose :In this study, we developed various size of mesoporous silca nanoparticle (MSN) for tumor optical fluorescence imaging. The 
accumulation in the tumor tissue of MSN was occurred through enhanced permeability and retention (EPR) mechanism. Method : MSN 
were synthesized by a selfassembly method and this surface was covered with amine terminal. Particle size was regulated with NaOH. 
This MSN was conjugated with hydroxysuccinimidyl-PEG (Mw: 685.71) (MSN-PEG) and then hydroxysuccinimidyl-Cy5.5 (MSN-PEG-
Cy5.5). TEM, FT-IR and pore size distribution of MSN-PEG were determined. For in vivo studies, various size of MSN-PEG-Cy5.5s 
were injected via tail vein into U87MG xenografted mice. Images were acquired until 24 h after post-injection. Results : Size distribution 
of MSN-PEG-Cy5.5s was from 30 to 170 nm (30, 60, 100, and 170). TEM images showed the highly uniform characteristics in terms of 
both particle size and shape. IVIS in vivo optical images showed that MSN-PEG-Cy5.5s with 100 or 170 nm were more highly 
accumulated in the liver and tumor over time compared with MSN-PEG-Cy5.5s with 30 or 60 nm. Ex vivo images of MSN-PEG-Cy5.5s 
with 100 or 170 nm were also showed high signal intensity in the tumor tissue than MSN-PEG-Cy5.5s with 30 or 60 nm. Conclusion : 
These results suggest that in vivo tumor accumulation of MSN-PEGCy5.5s through enhanced permeability and retention (EPR) 
mechanism was increased with particle size dependently. The design of particle size will be an important factor and so should include a 
careful consideration of the effect size upon MSN used for therapeutic carrier to delivery an anticancer drug. 
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Non-Invasive Fluorescence Imaging of Tumor Hypoxia Using a Carbonic Anhydrase IX-
Targeted Agent 

Bagna Bao1, Jun Zhang1, Emma Handy1, Paul Kennedy1, Garry Cuneo1, Claudiu T. Supuran2, Wael Yared1, Jeffrey D. Peterson1, 
Milind Rajopadhye1, Kevin Groves1, 1PerkinElmer, Boston, MA, USA; 2Department of Chemistry, Laboratory of Bioinorganic 
Chemistry, Università degli Studi di Firenze, Florence, Italy. Contact e-mail: kevin.groves@perkinelmer.com 

Carbonic anhydrase IX (CAIX) is a transmembrane cell surface enzyme which catalyzes the reversible interconversion of CO2 to 
bicarbonate and a proton. CAIX is overexpressed in response to tumor hypoxia in many common tumor types and plays a critical role in 
hypoxia associated tumor acidosis. Tumor hypoxia and subsequent expression of CAIX are also correlated to metastasis, poor 
prognosis and resistance to therapeutic intervention making CAIX an important biomarker in the study of hypoxia, tumor cell 
proliferation and therapy. The aim of the present work was to design a near-infrared (NIR) fluorescent agent for in vivo detection and 
quantification of CAIX expression and tumor hypoxia by fluorescence molecular tomography (FMT). We synthesized an optical agent, 
VM3219, using a modified version of the CAIX inhibitor acetazolamide coupled to a cell impermeable NIR fluorochrome. Binding 
specificity was determined by measuring inhibition of CO2 hydration by the enzyme active site which demonstrated the agent to have a 
Ki of 7.5 nM and a >30-fold preference for CAIX over the cytosolic form carbonic anhydrase II (CAII). Cell surface specificity was 
confirmed by flow cytometry using HeLa cells cultured under normoxic and hypoxic conditions in comparison to a non-binding control 
and competition with unlabeled inhibitor. Biodistribution in HT-29 tumor bearing mice at 24 h post injection showed significant 
accumulations of VM3219 fluorescence in tumors with very little accumulation in other tissues. Quantification by FMT showed that 
approximately 140 pmol (7% of injected dose) was retained in tumor tissues after 24 hours, 17-fold more than a nonbinding control 
molecule. The CAIX agent signal could be effectively blocked by 75% with pretreatment of the mice with unlabeled CAIX inhibitor 
acetazolamide (i.v.). Importantly, VM3219 was specifically localized in hypoxic regions of the tumors. HT-29 tumor bearing mice were 
injected (i.v.) with VM3219 and imaged by FMT at 24 hours, after which pimonidazole and Hoechst were injected to visualize the 
hypoxic regions within the excised tumors by fluorescence microscopy. VM3219 signal was shown to co-localize with both CAIX 
antibody and pimonidazole, and was located away from well perfused (oxygenated) regions of the tumors indicated by the Hoechst 
perfusion stain. Thus, we have established a spatial correlation of fluorescence signal obtained by non-invasive, tomographic imaging 
of VM3219 with regions of hypoxia and CAIX expression, and an inverse correlation with well perfused regions. These results illustrate 
the potential of VM3219 and FMT imaging to non-invasively quantify CAIX expression as an endogenous marker of tumor hypoxia, 
crucial to the study of the underlying biology of hypoxic tumors and the development and monitoring of novel anti-cancer therapies. 
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Evaluation of biotinylated Bombesin analogs as tumor targeting probes 

Shu-Huei Wang, Natarajan Raju, Himing Ding, Michael F. Tweedle, Radiology, The ohio state university, Columbus, OH, USA. Contact 
e-mail: shu-huei.wang@osumc.edu 

Gastrin Releasing Peptide receptors (GRP-R) are found overexpressed in most breast and prostate cancers, and are therefore useful 
targets of GRP bioconjugates created for in vivo molecular imaging, targeted systemic radiotherapy, and tumor margin assessment. 
Avidin-biotin conjugates are frequently used to screen early targeted reagents because they are simple to create from biotinylated 
peptides/proteins by virtue of the reliable 1015 M-1 binding constant of biotin for avidins, and the availability of 4 accessible biotin 
binding sites on avidins, allowing assembly of complex hetero-multivalent conjugates. We aimed to create GRP-R targeted streptavidin 
conjugates by combining small GRP ligands, GRP-8 and GRP-14 (full length Bombesin or truncated Bombesin, with 14 or 8 amino 
acids, respectively, known to bind to GRP-R at 1 - 3 nM Kd), to streptavidin (~50 kDa). In GRP-14, the extra 6 amino acids are 
unnecessary for binding GRP-R. Initial attempts left GRP-biotin-streptavidin conjugates that failed to bind to GRP-R in PC3 cells known 
to overexpress GRP-R. We therefore synthesized and tested biotnylated-GRP-8 reagents: biotin-Linker-GRP-8 with linkers = GGG 
(G=glysine), GGG-PEG (PEG = 9-atom poly(ethylene glycol), and GGG-PEG-PEG. We purchased (from AnaSpec Co.) biotin-GRP-14, 
and biotin-LC-LC-GRP-14 (LC undisclosed by company). To evaluate the Linkers for maintaining avidity of the biotinylated peptides for 
streptavidin, we competed commercial FITC-streptavidin (FITC-avidin) with the 5 biotinylated reagents for binding to commercial 
biotinylated plates. The strongest binding was achieved with biotin-GGG-PEG-PEG- GRP-8, and the weakest binding was with biotin-
GRP-14 (see Figure). In addition, only the two PEG-containing conjugates produced FITC-avidin-biotin-Linker-peptide reagents that 
specifically bound to GRP-R expressing PC3 and T47D cells, with FITC-avidin-biotin-GGG-PEG-PEG-GRP-8 being the best overall. 
Both the binding of the biotin-Linker-GRP to FITC-avidin and binding of the FITC-avidin-biotin-Linker-GRP to the GRP-R receptor in 
cells was highly sensitive to the Linker, probably due to its length, in part, but also to other yet to be deciphered qualities. 
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Detection of nanoparticles in mouse cancer using an integrated photoacoustic micro-
ultrasound system 

John Sun, Andrew Heinmiller, David Bates, Andrew Needles, Catherine Theodoropoulos, VisualSonics Inc, Toronto, ON, Canada. 
Contact e-mail: jsun@visualsonics.com 

VisualSonics have recently developed a photoacoustic imaging system (VisualSonics VevoLAZR, Toronto, Canada) that combines the 
sensitivity of optical imaging modalities and the high resolution of high-frequency micro-ultrasound. Using this system equipped an 
integrated LZ250 photoacoustic probe (21MHz centre frequency ultrasound and tuneable 680-970nm laser), we investigated various 
commercially available nano-sized contrast agents in vessel phantoms and in tumor-bearing mice. These agents included gold 
nanorods, gold nanoshells, and commonly used optical florescent dyes. 3 types of gold nanorods coated with a dense layer of 
hydrophilic polymers (Nanopartz, Loveland, CO) with axial and long diameter of 25 and 48nm respectively were used. These were: 
bare unconjugated [690nm], epidermal growth factor receptor (EGFR)-conjugated [690nm], and control-conjugated [694nm] gold 
nanorods. The gold nanoshells [790nm] (Nanospectra, Houston, TX) contain a silica core with gold and polyethylene glycol coating 
forming a 150nm diameter sphere. The optical florescent dyes used were: Angiosense 680 [680nm] and 750 [750nm] (PerkinElmer, 
Waltham, MA), and IRDye800 [790nm] (Licor, Lincoln, NE). In the vessel phantom study, the nanoparticles filled PE20 tubing and were 
imaged in water. The concentrations used for all gold particles and florescent dyes were 1.5mgAu/mL and 13.3nmol/mL respectively. 
Laser wavelengths were chosen based on the peak absorption of the individual agents (indicated above in [ ]). All acquired 
photoacoustic intensities were normalized for laser fluence. In the phantom study, gold nanoshells showed the greatest photoacoustic 
signal intensity, followed by EGFR-conjugated gold nanorods. The optical florescent dyes were also readily visualized as they produced 
significantly higher photoacoustic signal intensities relative to the saline control. 150uL of gold nanoshells and EGFR-conjugated gold 
nanorods, in addition to a saline control, were injected intravenously through the tail vein into mice bearing hind limb subcutaneous 
Lewis Lung carcinoma tumors. The extent of nanoparticle accumulation in the tumor was observed 24 hours later. At 24 hours, both the 
gold nanoshell- and nanorod-injected mice showed significant accumulation of nanoparticles as suggested by increased photoacoustic 
signal intensities in the tumors. In this study, we have demonstrated that the VevoLAZR photoacoustic system is able to detect, non-
invasively and in vivo, accumulation of gold nanoparticles in mouse tumors. 
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Development of Fluorescence Probes for Hydrogen Peroxide and Its Application to Live Cell 
Imaging 

Masahiro Abo1, Yasuteru Urano2, Tetsuo Nagano1, 1Graduate school of pharmaceutical sciences, The University of Tokyo, Tokyo, 
Japan; 2Graduate school of medicine, The University of Tokyo, Tokyo, Japan. Contact e-mail: ff097002@mail.ecc.u-tokyo.ac.jp 

Hydrogen peroxide is a biologically important small molecule which is believed to be involved in signal transduction by reversible 
oxidation of proteins such as thioredoxins and phosphatases. Selective and sensitive detection methods for hydrogen peroxide would 
be powerful tool for studying such biological phenomena. Here we report the development of a highly sensitive and selective 
fluorescence probe for hydrogen peroxide and its application to live cell imaging. We designed 5-benzoylcarbonylfluoresceins as 
candidate fluorescence probes for hydrogen peroxide based on benzil chemistry, utilizing photoinduced electron transfer strategy to 
control the fluorescence. Among several derivatives we synthesized, the nitro derivative, NBzF, showed a large fluorescence increment 
up to 150 fold upon addition of hydrogen peroxide. The observed reaction rate constant between NBzF and hydrogen peroxide was 
determined as 4.2 × 10-3 s-1 at 37 °C by fitting the data to a pseudo-first order model; this value is similar to those of previously 
reported fluorescence probes for hydrogen peroxide based on boronate chemistry. Among various reactive oxygen species (ROS), 
NBzF showed almost no response to superoxide, hydroxyl radical, hypochlorite, nitric oxide and singlet oxygen, and also showed only a 
relatively small fluorescence increment in the presence of peroxynitrite and tert-butyl hydroperoxide. Thus, NBzF showed the high 
selectivity for hydrogen peroxide among ROS. To demonstrate the usefulness of NBzF, we applied diacetylated NBzF to live cell 
imaging using RAW 264.7 macrophages. NBzF was loaded into RAW 264.7 macrophages which were then stimulated with phorbol-12-
myristate-13-acetate (PMA). The stimulated RAW 264.7 macrophages showed bright spots localized in endosomes, while 
macrophages without PMA showed quite low levels of intracellular fluorescence. We confirmed that the fluorescence increment was 
suppressed by inhibitors of hydrogen peroxide. We also applied NBzF to live cell imaging of hydrogen peroxide in A431 human 
epidermoid carcinoma cells upon stimulation by epidermal growth factor (EGF). It is reported that EGF-stimulated A431 cells transiently 
generate hydrogen peroxide, leading to inhibition of protein-tyrosine phosphatase 1B by reversible oxidation of the protein and thus 
strengthening the phosphorylation signal from EGF receptor. So, we investigated whether NBzF could visualize hydrogen peroxide 
generated as a signaling molecule in A431 cells. NBzF was loaded on A431 cells and then cells were stimulated by 500 ng/ml EGF. 
EGF-stimulated A431 cells showed rapid intracellular fluorescence increment within 20 minutes. This fluorescence increment was 
suppressed by the treatment with inhibitors of hydrogen peroxide, which support NBzF detects hydrogen peroxide in A431 cells. Thus, 
NBzF could detect hydrogen peroxide generated by living macrophages and carcinoma cells, and should be useful as a tool for the 
study of redox biology. 
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Multiplex bioluminescence imaging system for simultaneous monitoring of glioma stem cells 
viability, self-renewal and differentiation 

Christian E. Badr1, Danielle Morse1, Bakhos A. Tannous1,2, 1Department of Neurology, Massachusetts General Hospital/Harvard 
Medical School, Charlestown, MA, USA; 2Department of Radiology, Massachusetts General Hospital, Boston, MA, USA. Contact e-
mail: badr.christian@mgh.harvard.edu 

Glioma stem cells (GSCs) are capable of self-renewal, differentiation into adult malignant cells and are highly resistant to conventional 
therapy. Several genes are differentially regulated in glioma stem cells (GSC) versus mature glioma cells (GC). Among those is the 
transcription factor Sox2, particularly interesting due to its role in growth and self renewal of different types of stem cells. On the other 
hand, Glial fibrillary acidic protein (GFAP), a member of the cytoskeletal protein family, is expressed in astroglial cells and neural stem 
cells as well as in astrocytoma and GBM. After studying the mRNA expression levels of several genes which are involved in self-
renewal or stem-cell differentiation we found that GFAP is highly expressed in mature GCs compared to GSCs, whereas the 
transcription factor Sox2 showed high expression in GSC compared to mature GCs. In an effort to develop an imaging system to 
monitor GSCs fate, we designed three different secreted luciferases, each utilizing a different substrate and controlled by cell-specific 
promoter, to monitor simultaneously GSCs self-renewal, differentiation and death. Since all three luciferases are secreted, expression 
and therefore promoter activation can be monitored in real-time by collecting an aliquot of the cell-free conditioned medium (for in vitro 
assays) or blood (for in vivo assays) at different time points. Further, the same three luciferases can be localized in animals using triple 
in vivo bioluminescence imaging. A constitutively active promoter driving the expression of the Gaussia luciferase (uses coelenterazine 
as a substrate) and the cyan fluorescent protein separated by an internal ribosomal entry site (IRES) is used to monitor cell viability; 
Tandem repeats of the Sox2 DNA binding site driving the expression of a secreted red-shifted variant of Luciola italica firefly luciferase 
(rFluc; uses beetle D-luciferin substrate) and the yellow fluorescent protein is used for self-renewal; and finally, a compact GFAP 
promoter driving the expression of the luciferase from the ostracod Vargula (Cypridina) hilgendorfii (Vluc; uses vargulin substrate) and 
the mCherry red fluorescent protein for differentiation. This triple reporter system allows real-time simultaneous monitoring of 3 distinct 
biological events in GSCs including self-renewal, differentiation and viability and is compatible with high-throughput screening to find 
modulators of GSCs differentiation. 
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Imaging Retrograde Neural Transport with a Molecular Probe: Neurography 

Dawid Schellingerhout1,2, Lucia Le Roux1, Sebastian Bredow1, 1Department of Experimental Diagnostic Imaging, University of Texas 
M.D. Anderson Cancer Center, University of Texas M D Anderson Cancer Center, Houston, TX, USA; 2Department of Radiology, 
University of Texas MD Anderson Cancer Center, Houston, TX, USA. Contact e-mail: Dawid.Schellingerhout@mdanderson.org 

Purpose: To develop an agent for imaging retrograde axonal transport in nerve tissues based on the optical labeling of a fragment of 
tetanus toxin protein. Materials and Methods: A His-tagged recombinant Tetanus Toxin C fragment(TTc) was produced in E.coli, 
purified, and labeled with Alexa-790 for optical imaging studies. Gel electrophoresis (SDS-PAGE) and quantitative immunodetection 
studies were performed. Cell uptake studies were performed to assess in vitro efficacy. Labeled TTc was injected into the soleus 
muscle of C57bl and Balb/C mice, and Wistar rats, and imaging performed with the IVIS 200 (Xenogen). In situ validation was 
performed with laser scanning confocal microscope FV 1000 (Olympus) utilizing intact glycerol mounted samples, and cryo-sections. 
Results: Gel electrophoresis and quantitative immunodetection indicated that the integrity and immune reactivity of the protein was 
preserved after labeling. Cell uptake assays indicated robust uptake in differentiated PC12 cells. In vivo optical imaging demonstrated 
the uptake of TTc-Alexa in the sciatic nerve and spinal cord. Progressive uptake and transport of the agent could be seen along the 
course of the sciatic nerve and spinal cord. Confocal microscopy studies on intact excised nerve segments and cryosections confirmed 
the compound uptake in nerve fascicles of the sciatic nerve. Axonal nerve uptake and superficial lymphatic uptake were clearly 
distinguishable, and transport was shown to be nerve-specific. Immunohistochemistry on cord sections demonstrated the presence of 
the agent in spinal cord neurons. Conclusion: Fluorescently labeled TTc is taken up into motor nerve endings after intramuscular 
injection, and is retrogradely transported in nerve axons. This process can be demonstrated with non-invasive in vivo imaging, and 
allows nerve anatomy and function to be studied. 

 

Fluorescence images of an animal that underwent injection of a single dose of 30 µg TTc-Alexa790 into the left calf muscle also indicate nerve uptake 
and transport of TTc into the spinal cord (yellow arrows). At later time points, low-level non-specific diffused fluorescence can be seen in other body 

parts such as the tail and contralateral hind limb. 
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Development of silica-coated quantum dot square (QD2) for in vivo cell tracking 

Do Won Hwang1, Bong-Hyun Jun2, Yoon-Sik Lee2, Dae-Hong Jeong3, Hyewon Youn4, Dong Soo Lee5, 1Department of Nuclear 
Medicine, Seoul National University, Seoul, Republic of Korea; 2School of Chemical and Biological Engineering, Seoul National 
University, Seoul, Republic of Korea; 3Department of Chemistry Education, Seoul National University, Seoul, Republic of Korea; 
4Cancer Imaging Center, Seoul National University Cancer Hospital, Seoul, Republic of Korea; 5Molecular Medicine and 
Biopharmaceutical Science, WCU Graduate School of Convergence Science and Technology, Seoul, Republic of Korea. Contact e-
mail: hdw6592@hanmail.net 

Purpose: Quantum dots have been broadly used for biological application with substantial advantages such as high brightness and 
photostability over organic dye. However, the metal-induced cytotoxicity and weak fluorescence intensity of quantum dots (QDs) may 
hamper the efficiency of QDs for in vivo biological applications. This study reports the applicability of highly sensitive QD-based probes 
consisting of numerous single quantum dot doped with silica shells (QD2) for effective bioimaging. Methods: We produced silica-coated 
QD2 containing approximately 500 single QDs in gram scale. In vivo fluorescence signals were obtained by in vivo maestro 
fluorescence imaging device. Results: The QD2 nanoparticle showed approximately 200 times higher fluorescence activity than single 
quantum dots (sQD). When the same amount of sQD or QD2 was injected into thigh of mouse, significantly bright fluorescence signal 
was found in QD2. The highly sensitive QD2 revealed that fluorescence signal in QD2 tagging cells-implanted mouse was detected 10 
days after cell implantation. Moreover, silica-coated QD2 was less toxicity than same amount of silica-free sQD. QD2 nanomaterials 
exhibited the improved QY was seen as 16%. Conclusion: We developed highly sensitive silica-coated QD2 nanoparticle by detecting 
strong fluorescence signals in vivo. The developed QD2 could be used as potential imaging agents for cell tracking study. 
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A novel secretion system for eukaryotic protein delivery via tumor targeting bacteria 

Thuy X. Phan, Vu H. Nguyen, Jung-Joon Min, Nuclear Medicine, Chonnam National Univ., Gwangju, Republic of Korea. Contact e-
mail: phanxuanthuy@gmail.com 

Bacteria-mediated cancer treatment has become an important strategy for alternative cancer therapy with its own advantages of natural 
colonization in tumor tissue, easiness of manipulation with fully-known decoded genome sequences, and low-cost of production. In 
order to endow the versatile activities as a drug delivery system to the bacteria, it is important to establish secretory system for the 
secretion of eukayotic protein drugs. Therefore, in this study, Gaussia luciferase (GLuc) as well as Renilla luciferase (Rluc8), which are 
well-known bioluminescence reporter genes and whose products are known to be secreted from eukaryotic cells only or from 
combination with leader sequences respectively, have been investigated to explore whether GLuc and Rluc8 themselves can be 
secreted from bacteria. For further application as drug delivery, we constructed the fusion proteins between Gluc or Rluc8 with other 
target proteins such as Noxa-proapoptotic protein, growth factor related protein, and ACD-which catalyzes the cyclization of AMP to 
cAMP. Those target proteins with different sizes would show the promising secretory capacity of Gluc and Rluc8. To investigate the 
secretion but not leakage of Gluc and Rluc8, Chloramphenicol has been used to block the bacterial cell division. The bacterial growth 
was monitored through bacteria viable count. The expressions of protein in pellet and supernatant were confirmed by Western blot and 
optical imaging using cool-CCD camera. The full length of human Noxa protein, FGF protein or ACD protein was conjugated in the C-
terminal of GLuc or Rluc8 to form GLuc-Noxa, Gluc-ACD, Rluc8-Noxa, and Rluc8-FGF. All the gene constructions were cloned in 
vector regulated by pBAD promoter to control the gene expression deliberately. The plasmids were transformed into DH5alpha, 
attenuated Salmonella typhimurium defected ppGpp synthetic pathway, VNP20009 or SL1344. All bacterial strains have been shown 
well tumor targeting ability in previous studies. The successful secretion of Gluc and Rluc8 themselves have been showed in 
supernatants of DH5alpha and Salmonella typhimurium ppGpp through Western blot data and optical imaging data using cool-CCD 
camera. Especially when the bacterial growth was blocked by Chloramphenicol, the results of those supernatants strongly indicated the 
expression of Gluc and Rluc8 but not its leakage through bacterial cell division. All fusion proteins also showed the secretion from 
DH5alpha strains. However, only some constructions can be secreted by Salmonella typhimurium like Gluc-Noxa in Sal ppGpp, Rluc8-
Noxa in VNP20009, and Gluc-ACD in SL1344. This study demonstrated the multiple potential of Gaussia luciferase and Renilla 
luciferase as a dual-purpose agent, bacterial secretory system as well as optical imaging reporter which facilitate the drug delivery 
using non-pathogenic bacteria as well as the monitoring the drug delivery kinetics. 
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Seeking Better BLI Reporter Genes: Red-Shifted Firefly Luciferase Ppy RE9 vs. Conventional 
Luc2 

Yajie Liang1,2, Piotr Walczak1,2, Jeff W. Bulte1,2, 1Division of MR Research, Russell H. Morgan Dept. of Radiology, The Johns Hopkins 
University School of Medicine, Baltimore, MD, USA; 2Cellular Imaging Section, Institute for Cell Engineering, The Johns Hopkins 
University School of Medicine, Baltimore, MD, USA. Contact e-mail: agetliang@gmail.com 

Bioluminescence imaging (BLI) has been widely used for in vivo tracking of transplanted stem cells, including hematopoietic stem cells, 
embryonic stem cells, mesenchymal stem cells, and neural stem cells. One critical issue for non-invasive in vivo imaging of 
bioluminescent cells is the robust absorption of luminescent light (<600 nm) by living tissues such as blood hemoglobin, which greatly 
attenuates the sensitivity of this imaging technique. As such, the development of luciferase with red-shifted emission spectrum for BLI 
has been actively pursued. We explored a mutant of firefly luciferase Ppy RE9 (PRE9) with red-emitting spectrum, which provided 50 to 
100-fold greater integrated light intensities than the conventional click beetle red BLI reporter. We compared PRE9 with the yellow 
luciferase luc2 gene, and evaluated its suitability for BLI of neural stem cells. Both BLI reporter genes were constructed into lentivectors 
with separately expressed fluorescent protein (Venus) for transduction of C17.2 cells. The two cell lines stably expressing PRE9 or luc2 
were FACS sorted, and cells with identical expression level of reporter genes were used to compare their light emission in living cells in 
vitro and after they were transplanted into immunodeficient mice in vivo. We found that luminescence from PRE9 was stable with a 
peak emission at 620 nm, shifted to red compared to that of luc2 (Fig 1a). As a consequence, we found that the emission from PRE9 
was much less affected by tissue absorbance compared to that of luc2 (Fig 1a). In addition, the emission peak for PRE9 was stable in 
contrast to fluctuations in emission wavelength from luc2 in response to extracellular pH changes (Fig 1b and 1c). However, the total 
emitted light radiance from PRE9 was somewhat lower than that of luc2 both in vitro and in vivo, with a 50% in vivo reduction for PRE9 
as compared to luc2(Fig 1d). Nevertheless, we conclude that, taken as a whole, PRE9 has favorable properties as compared to luc2 in 
terms of pH independence, red-shifted spectrum and tissue light penetration, justifying further optimization of protein expression and 
enzymatic activity. 

 

Comparison of BLI reporter genes PRE9 vs luc2. (a). Emission spectrum of PRE9 and luc2 in living cells in vitro and in vivo, showing better consistency 
of emission of light from PRE9 between in vitro and in vivo conditions. b and c. Response of luc2 (b) and PRE9 (c) emission spectrum to pH changes, 
revealing the exceptionally stable spectrum of PRE9. (d) Quantification of light output from the two luciferase demonstrated that luc2 emits more light 

under either in vitro or in vivo conditions. 
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Hypoxia is commonly observed in areas of primary tumors and metastases and is associated with resistance to treatment, more 
aggressive tumor phenotypes, and poor prognosis. Therefore, characterization and imaging of tumor hypoxia is an important issue in 
cancer biology. Cell surface carbonic anhydrases IX (CAIX) and XII (CAXII) catalyze the reversible hydration of carbon dioxide and 
dehydration of bicarbonate, and are hypothesized to be involved in intracellular pH regulation. Expression of CAIX and CAXII are 
associated with tumor cell hypoxia in a variety of human tumors and they have been proposed as possible intrinsic markers for 
development of targeted therapeutic and/or imaging agents. In this study, we describe the development and characterization of targeted 
hypoxia imaging probes by conjugation of CAIX and CAXII specific monoclonal antibodies (mAbs) to a near-infrared fluorescent dye 
(CA9Ab-680 and CA12Ab-680). Immunocytochemistry (ICC) of the five different breast cancer cell lines in normoxic and hypoxic 
conditions showed high specificity of the imaging probes for detection of hypoxia in vitro and the results were 100% in agreement with 
qRT-PCR. For the in vivo study, ZR-75.1 cells were selected as cells with induced expression of both CAIX and CAXII, according to our 
qRT-PCR and ICC results. By both in vivo and ex vivo fluorescence imaging, CAIX and CAXII expression was detected with regional 
heterogeneity following intravenous injection of CA9Ab-680 and CA12Ab-680 into nude mice bearing ZR-75.1 mammary fat pad tumors 
(1A, 1B). Both probes were observed to be co-localized with pimonidazole staining by confocal microscopy of tumor sections (1C). In 
conclusion, the hypoxia imaging probes described in this study may serve as broadly applicable reagents for the non-invasive imaging 
of hypoxia and therapy response. Agents targeted to CAIX and CAXII may also be developed that can deliver therapy to hypoxic 
regions of the tumor. In the future, these agents may be improved by development of small targeting peptides to improve the 
pharmacokinetic profile, development of agents with theragnostic capability, and by using more established clinical imaging modalities 
such as MRI, or detection of positron or single photon emissions. 

 

Figure 1. (A,B) In vivo and ex vivo fluorescence images of mice bearing ZR-75.1 xenograft tumors, 24 hours post intravenous injection of agents. (C) 
Confocal microscopy analysis in tumor sections: representative fluorescence images of ZR-75.1 tumor sections injected with pimonidazole (30 min 
before euthanasia) and CA9Ab-680 and CA12Ab-680 (24 h after injection) and Hoechst 3342 (1 min before euthanasia). n = regions of necrosis. 
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Near-infrared dyes have attracted considerable attention because of their great potential application for in vivo imaging and 
photodynamic therapy. However, there are relatively few NIR dyes that are readily available. Porphyrins represent some of the most 
intensively studied NIR dyes but aqueous insolubility and aggregate formation complicate their application for in vivo imaging. We have 
recently synthesized a series of lipid conjugates bearing the NIR fluorophore pyropheophorbide a (Pyro). As universal carriers for these 
NIR phospholipids, we have developed lipid-based nanoparticles composed of a hydrophobic cholesterol ester core and a PEGylated 
lipid shell. The shell was designed to contain metal-chelating groups that could attach targeting molecules to the nanoparticles through 
interaction with a His-tag targeting molecule. The Pyro conjugates were introduced either into the core or shell of the nanoparticles. 
Particle size could be varied by using core lipids of different natures to obtain a series of the nanoparticles with narrow size distribution 
and hydrodynamic size ranging from 8 nm to 20 nm. The nanoparticles were conjugated with intracellular adhesion molecule 1 (ICAM-
1), a natural low-affinity ligand (<10-4 M-1) recognizing the integrin receptor on the surface of immune cells and used to investigate 
nanoparticle binding to the CER-43 T cell line and stability in serum containing media. We showed that the nature of core lipids 
influenced nanoparticle stability. Time course analysis of the nanoparticle binding to the cell surface revealed that the shell loaded 
imaging agent is much more effective than the core loaded one. Due to multivalent nature of the targeting nanoparticles a wide 
spectrum of ligands can be used in the nanoparticle composition. These data provide information about potential of these nanoparticles 
as in vivo imaging agents. 

Disclosure of author financial interest or relationships: 
N. Anikeeva, None; Y. Sykulev, None; H. Choi, None; J. Delikatny, None; A.V. Popov, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S121



Presentation Number P129 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Preclinical Optical Molecular Imaging with Near-infrared Fluorescent Probes: a Comparison 
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The epidermal growth factor receptor (EGFR) is known to be overexpressed in many types of human epithelial cancers (1); therefore, 
non-invasive molecular imaging of EGFR is of great interest. A number of studies have employed monoclonal antibodies (mAbs) as 
probes; however, their characteristic long half-life in the bloodstream has encouraged the development of smaller probes for more rapid 
tumor visualization (2). Nanobodies (3) are the smallest functional fragments of naturally occurring heavy-chain only antibodies (HcAb), 
and although smaller than mAbs (15 kDa, instead of 150 kDa), nanobodies can bind very specifically and with high affinities to their 
targets. In this study, an anti-EGFR nanobody-based probe is developed and tested in comparison with the anti-EGFR mAb cetuximab 
for application in optical molecular imaging. The anti-EGFR nanobody 7D12, the negative control nanobody R2, and cetuximab were 
conjugated to the near-infrared fluorophore IRDye800CW-NHS (IR, LI-COR Biosciences). This conjugation had no detrimental effect on 
the binding properties of either one of these molecules. The probes were injected via the tail vein of nude mice bearing A431 tumor 
xenografts at the hind legs and these mice were imaged at several time points post injection (p.i.) with an IVIS Lumina (Caliper Life 
Sciences). Tumors were visible 30 min after the injection of 7D12-IR (with best images obtained 2 h p.i.), whereas with cetuximab IR 
the best images were obtained 24 h p.i.. In the first 3 h p.i., tumor to normal tissue (T/N) ratios were higher with 7D12-IR than with 
cetuximab-IR, and with R2-IR the T/N ratios obtained were approx. 1, indicating no specific accumulation of the control probe at the 
tumors. The quantification of the IR-conjugated proteins in the tumors revealed approx. 17% of injected dose per gram (ID/g) of tumor 2 
h after injection of 7D12-IR; while 24 h after injection of cetuximab-IR approx. 10% ID/g of tumor uptake was obtained. Tumor sections 
imaged with an Odyssey scanner (LI-COR Biosciences) presented a homogeneous distribution of 7D12-IR, whereas cetuximab-IR was 
irregularly distributed in the tumors. In conclusion, 7D12-IR allows earlier visualization of tumors than cetuximab-IR. Furthermore, tumor 
uptake is greater for 7D12-IR than cetuximab-IR, which seems to be due to a more homogeneous distribution of the nanobody 
throughout the tumors. This study stimulates further research on the development of nanobody-based probes for rapid preclinical 
optical molecular imaging, which holds promise as a complementary diagnostic tool in humans. (1) Ciardiello, F.; Tortora, G. N Engl J 
Med 2008, 358, 1160-74 (2) Olafsen, T.; Wu, A. M. Semin Nucl Med 2010, 40, 167-81 (3) Muyldermans, S.; Atarhouch, T.; Saldanha, 
J.; Barbosa, J. A.; Hamers, R. Protein Eng 1994, 7, 1129-35 

 

I. Schematic representation of a monoclonal antibody (mAb), a heavy-chain only antibody (HcAb) and a nanobody. II. Mice with A431 tumor xenografts 
at the hind legs (arrows) were imaged at several time points after injection: A. R2-IR, 30 min p.i.; B, C. 7D12-IR 30 min and 2 h p.i. D, E. cetuximab-IR 

30 min and 24 h p.i., respectively. K - kidney. III. Tumor sections imaged with an odyssey scanner: R2-IR and 7D12-IR obtained 2 h p.i. and cetuximab-
IR obtained 24 h p.i.. 
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Objectives: With many desirable properties such as biocompatibility, versatile chemistry, and intrinsic fluorescence, zinc oxide 
nanowires (ZnO NWs) can serve as a novel nanoplatform for cancer imaging and therapy. The goal of this study is to demonstrate the 
proof-of-principle that intrinsically fluorescent ZnO NWs can be functionalized for optical imaging applications. Methods: Fluorescent 
ZnO NWs were synthesized by chemical vapor deposition, where a fast Zn deposition rate was adopted to achieve a high point defect 
concentration. The resulting fluorescent ZnO NWs were conjugated to cyclic RGD peptides (potent integrin αvβ3 antagonist) through 
polyethylene glycol (PEG) linkers. SEM/TEM analyses, dynamic laser scattering (DLS), absorption/fluorescence spectra, and zeta-
potential measurement were performed to characterize the as-synthesized, PEG-modified, and RGD-PEG-conjugated NWs. Cellular 
toxicity of NW, PEG-NW, and RGD-PEG-NW were then evaluated using MTT assay. Lastly, U87MG human glioblastoma cells (integrin 
αvβ3 positive) were incubated with various concentrations (10 - 100 μg/mL) of NW, PEG-NW, or RGD-PEG-NW and the fluorescence 
signal of the cells were examined under a fluorescent microscope at different time points (0.5 - 4 h). MCF-7 human breast cancer cells 
(integrin αvβ3 negative) were used as a negative control. Results: Ultra-small ZnO NWs (~20 nm in diameter and ~100-500 nm in 
length) were synthesized through kinetics control, which exhibited intrinsic green fluorescence (Em: 490 nm). Significant changes in 
zeta-potential confirmed the success of PEG- and RGD-PEG-conjugation at the NW surface (unmodified ZnO NW: -29.5 ± 1.8 mV; 
PEG-NW: -26.1 ± 3.5 mV; RGD-PEG-NW: -9.1 ± 0.9 mV). MTT assay revealed that at a concentration of 30 μg/mL, the viability of 
U87MG cells treated with NW was significantly lower (70.2 ± 5.4 %) than cells treated with PEG-NW (85.4 ± 5.8 %) or RGD-PEG-NW 
(83.2 ± 6.2 %), indicating that PEGylation could enhance the biocompatibility of ZnO NWs. Incubation with RGD-PEG-NW resulted in 
good fluorescence signal of the U87MG cells as early as 15 min post-incubation. The fluorescence intensity plateaued at 1 h and 
declined after 4 h, possibly due to the dissolution of internalized ZnO NWs. Experiments with PEG-NW or NW, blocking studies, as well 
as results from integrin-negative MCF-7 cells all confirmed that the fluorescence signal observed in U87MG cells upon RGD-PEG-NW 
incubation is integrin αvβ3-specific. Conclusions: For the first time, we demonstrated that intrinsically fluorescent ZnO NWs can be 
functionalized for optical imaging applications. Upon further optimization, ZnO NW could serve as a novel biodegradable platform for 
future cancer-targeted imaging and therapy. 
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Self-assembled nanoparticles, composed of amphiphilic hyaluronic acid (HA) derivatives, are promising carriers for delivery of 
anticancer drugs and imaging agents because they can selectively bind to CD44 which is the receptor over-expressed on many cancer 
cells. However, the significant portion of bare hyaluronic acid nanoparticles (HA-NPs), systemically administered, is known to 
preferentially accumulate at the liver site. Also, self-assembled nanoparticles are readily dissociated under the diluted condition in vivo, 
which may result in the premature release of the drugs and cause significant toxicity to normal tissues and cells. In an attempt to 
overcome these drawbacks, we have prepared mineralized nanoparticles (MHA-NPs) using poly(ethylene glycol)-HA conjugates in the 
presence of calcium nitrate and ammonium phosphate. Doxorubicin was physically encapsulated into MHA-NPs which were labeled 
with the near-infrared fluorescent dye (Cy5.5). The resulting hybrid nanoparticles showed enhanced drug release under mild acidic 
environments compared to the physiological conditions, owing to dissolution of calcium phosphate minerals under acid condition. When 
the hybrid nanoparticles were systemically administered into the tumor-bearing mice, strong signal was observed at the tumor site, 
indicating the high tumor targetability of the hybrid nanoparticles. Overall, these mineralized nanoparticles might be useful as the 
carriers for imaging agents and the anticancer drugs. 

 

Schematic process for preparation of mineralized nanoparticles. 
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Abstract: Protease controlled assembly of nanostructures has remained challenging for supramolecular chemists. Herein, we report a 
condensation system which could be controlled by caspase-3, an important protease which is associated with cell apoptosis. We 
designed Acetyl-Asp-Glu-Val-Asp-Cys(StBu)-Lys(Biotin)-CBT (2) for self-assembling biotinylated nanoparticles (Biotin-NPs) upon 
caspase-3 cleavage and condensation, subsequently enriching the fluorescent dye SA-FITC on the surface of the nanoparticle for 
fluorescence to turn on. Upon caspase-3 cleavage, compound 2 can condense to form macrocyclized dimer with a hydrophobic core 
and two relatively hydrophilic biotinylated arms. In a physiological solution, the dimers self-assemble to form Biotin-NPs with a mean 
diameter of 155 nm and the biotin arms extend on the surfaces of the nanoparticles. As formed Biotin-NPs could enrich FITC-labelled 
streptavidin (SA-FITC) via biotin-streptavidin conjugation and significantly enhance the fluorescence signal of the dye. Compared with 
that in the scrambled control of 2 (i.e., 2-scr), SA-FITC in 2 incubated with caspase-3 has 2 folds and 5 folds of enhanced fluorescent 
signals before and after centrifugation respectively. By means of fluorescence turn-on, this provides us with a new method of caspase-3 
detection. 

 

Figure 1. (a) Caspase-3 controlled condensation for self-assembly of Biotin-NPs for SA-FITC fluorescence to turn on. (b) Fluorescent images of 1 μg/mL 
SA-FITC in 1 mM of 2 or 2-Scr after 3 h incubation with 10 nmol/U of caspase-3 at 37 oC. (c) Fluorescent images of b after centrifugation. Excitation: 

465 nm, emission: GFP filter. 
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reactive oxygen species 
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In designing genetically encoded reporters to non-invasively image biological processes in vitro and in vivo, it is crucial to understand 
the sensitivity of these reporters to their environment. Recently, we found that the commonly used bioluminescent reporter protein, 
Firefly Luciferase (fLuc), exhibited a rapid loss in activity in cells undergoing programmed cell death (PCD). In contrast, a variant of 
Renilla Lucferase, RLuc8, demonstrated quite stable activity under the same conditions. Following extensive inhibition analyses, it was 
determined that reactive oxygen species (ROS), particularly hydrogen peroxide (H2O2), was primarily responsible for the disparity 
between fLuc and RLuc8 activity in cells undergoing PCD. ROS are natural byproducts of oxygen metabolism that are normally 
regulated by antioxidants; if the balance between ROS and antioxidants becomes skewed, cells can enter a state of ‘oxidative stress.’ It 
has been reported that many cases of PCD are either catalyzed or regulated by ROS. Consistent with these reports, when fLuc and 
RLuc8 were intracellularly coexpressed, changes in the bioluminescence ratio, RLuc8:fLuc, served as a useful metric for ROS levels in 
cells undergoing caspase-dependent and -independent PCD, in vitro and in vivo. It is envisioned that this ratiometric reporter could 
have widespread impact on research endeavors involving ROS, including therapeutic development and evaluation. 
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Nitrogen-containing bisphosphonates (N-BPs) are utilized widely in the clinic for treatment of bone disorders such as osteoporosis and 
Paget’s disease. Bisphosphonates are also attracting growing interest in cancer therapy. N-BPs inhibit farnesyl pyrophosphate 
synthase (FPPS), thus disrupting prenylation of proteins essential for normal cell function. One of the heterocyclic N-BPs, minodronic 
acid, is the most potent bisphosphonate inhibitor of FPPS reported in the current literature; its phosphonocarboxylate (PC) analogue, 3-
IPEHPC, was recently identified as the most potent selective Rab geranylgeranyl transferase (RGGT) inhibitor to date. The need to 
elucidate the mechanisms, bone mineral penetration and cellular distribution of these compounds has prompted the design and 
synthesis of fluorescent imaging probes that can mimic some or all of their pharmacological properties. We introduced the first 
synthesis [1] of novel fluorescent conjugates of the heterocyclic N-BP drug risedronate. The synthesis is based on attachment of a 
functionalized linker to the drug under exceptionally mild reaction conditions (aqueous conditions at near neutral pH; 40 °C). The drug-
linker derivative is then facilely conjugated to a suitable activated form of an imaging agent of choice, yielding a fluorescent BP imaging 
probe. This methodology has been successfully applied to minodronic acid and related PC analogues using a new linker reagent, 
epichlorohydrin, and the fluorescent dyes successfully conjugated include popular near infrared (NIR) dyes such as Alexa Fluor 647 
and IRDye 800CW. Syntheses of four new fluorescent imaging probes based on minodronic acid and 3-IPEHPC will be presented and 
a fluorescent imaging “toolkit” with a total number of 20 probes derived from three heterocyclic N-BP drugs and related analogues will 
be described. The new fluorescent probes generally retain substantial affinity for bone mineral, reflecting the varying affinities of their 
parent drug components. This fluorescent bisphosphonate imaging probe “toolkit” has been successfully applied in several biological 
studies, including the cellular distribution of BPs [2], and simultaneous detection of skeleton distribution of BPs or PCs with different 
bone binding affinities. Moreover, we have now obtained evidence that certain conjugates have anti-prenylation and anti-osteoporosis 
effects in vivo, with activities that can be varied substantially between different drug-dye combinations, providing the first examples of 
biologically active bisphosphonate imaging probes. References: [1] Kashemirov BA, Bala JL, Chen X et al. Fluorescently labeled 
risedronate and related analogues: “magic linker” synthesis. Bioconjug Chem 2008;19:2308-10. [2] Roelofs AJ, Coxon FP, Ebetino FH 
et al. Fluorescent risedronate analogues reveal bisphosphonate uptake by bone marrow monocytes and localization around osteocytes 
in vivo. J Bone Miner Res 2010;25:606-16. 
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Fluorescent reporter that can be turned on and off in response to specific biological events have facilitated the visualization of molecular 
events associated with pathologic conditions. These activatable probes have fluorescence quenched in the nonactivated state to 
minimize signal, but becomes highly fluorescent after specific biological events. Here we demonstrate a novel method to visualize 
primary and metastatic breast tumors using pH-activatable probe. The NIR pH-sensitive dye used to construct the probe exhibit high 
spectral sensitivity to pH changes. Upon conjugation of pH-sensitive cyanine dye to a αvβ3 integrin (ABIR) receptor targeting peptide, a 
protein that is highly overexpressed in endothelial cells during tumor angiogenesis, this probe becomes highly selective for tumors to 
give high signal-to-noise ratio. Both in vitro and in vivo data demonstrate the efficient accumulation and fluorescence enhancement of 
the NIR pH-activatable probe in tumor. This technology provides a means for detecting primary and metastatic breast cancer with high 
selectivity for tumors compared to surrounding normal tissues. 
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The ability to quantitatively determine receptor density in vivo is a critical requirement for the optimization of a new class of cancer 
targeted molecular therapeutics. Present imaging technologies do not allow for the differentiation between signal due to specific 
receptor binding and that due to non-specific uptake. A novel reference tracer technique has been developed which involves the 
simultaneous administration of two distinct fluorophores, one targeted and one non-targeted, and allows for the imaging of receptor 
density. The approach is based on a PET brain imaging technique in which a reference tissue is used as a surrogate for the plasma 
input function. The reference tissue is assumed to be devoid of specific receptors, but otherwise display the same uptake kinetics. In 
cancer imaging the unique biology of the tumor does not allow for the selection of a suitable reference tissue. However, the ability to 
separate fluorescent dyes allows for the use of a reference tracer, i.e. a non-targeted dye, in its place. In order for the model to hold, 
similar assumptions to those made in the PET model must be valid. Specifically, the uptake kinetics between the two dyes must be the 
same. The same tissue is used in this instance so the validity of this assumption defers to the properties of the tracers. The tracers 
must display the same plasma clearance curves and also extravasate into the tissue at the same rate. In addition levels of non-specific 
binding must either be low enough that they do not effect transport at the time scale of interest or similar enough between the two 
tracers so as to be irrelevant. Ideally one would like to use two tracers that are essentially the same except that one binds and the other 
does not. While this is not possible, the use of affibodies allows this ideal situation to be approached reasonably well. The affibody is a 
stable 56-residue protein scaffold made up of a three-helix bundle and can be engineered to target specific receptors. A unique 
cysteine residue on the C-terminal end allows for the site-specific conjugation of fluorescent dyes. Thirteen amino acid residues on 
helices one and two make up the binding domain and thus along with the variations in the attached dyes represent the only difference 
between the two tracers. Experiments were conducted using an EGFR targeted affibody conjugated to IRDye 800 as well as a non-
targeted affibody conjugated to IRDye 700. Six nude mice were inoculated with a human glioma cell line (U-251) in the left flank (U-
251). Tumors were allowed to grow to a size of approximately 150 mm3. Mice were anesthetized while the tumor and a portion of 
muscle were exposed imaged on an Odyssey Scanner (LI-COR Biosciences, Lincoln, NE). Images of the uptake of both dyes were 
acquired repeatedly just prior to and for 60 minutes following the injection of the two tracers. A modified Logan graphical analysis was 
used to determine binding potential on a pixel by pixel basis. Tumors displayed binding potentials ranging from 2 to 3 while muscle 
showed a near zero binding potential 

 

Map of EGFR binding potential with U-251 tumor region and muscle highlighted 
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orthogonal “Click” Chemistry 

Sudath Hapuarachchige, Wenlian Zhu, Yoshinori Kato, Dmitri Artemov, Radiology and Radiological Science, Johns Hopkins School of 
Medicine, BALTIMORE, MD, USA. Contact e-mail: shapuar1@jhmi.edu 

Multi-step optical imaging with targeted probes driven by bio-orthogonal reactions has been proven to be highly specific with low 
background noise.1 In this strategy, two imaging components, the primary high-affinity targeting molecule and the secondary molecule 
serving as the imaging probe, are functionalized with a reactive pair of chemical groups which are uncommon in living systems so that 
the reaction does not interfere with regular biochemical and physiological processes.2 Hence, the copper-free “click” chemistry (1,3 
dipolar cycloaddition) between strain-promoted cyclic alkyne and azide is a promising reaction that can be used for multi-step immuno-
labeling and bio-orthogonal tagging for molecular imaging of cell surface receptors. In this study, we used trastuzumab (Herceptin®), a 
humanized monoclonal antibody, which is a therapeutic agent for the treatment of Her-2/neu expressing breast carcinoma. 
Trastuzumab was modified and labeled with azido linker and rhodamine respectively yielding Her-(Rhod)2(PEG4-Az)22. The degree of 
azido linker substitution and fluorophore labeling was determined by MALDI-TOF and fluorescence methods. Full probes were prepared 
by reacting Her-(PEG4-Az)20 with TAMRA-dibenzocyclooctyne (TAMRA-DIBO) or by reacting Her-(PEG4-Az)20 with biotin-
dibenzocyclooctyne (biotin-DIBO) followed by labeling with streptavidin-Alexa Fluor 488 and used as single-components to image Her-
2/neu receptors in BT-474 cells. In the two-component imaging study cells were first immuno-labeled with Her-(Rhod)2(PEG4-Az)22 
followed by “click” labeling with streptavidin-Alexa Fluor 488 pre-conjugated with biotin-DIBO (Figure 1, panel A). For three-component 
imaging study, the cells were first immuno-labeled with Her-(Rhod)2(PEG4-Az)22, reacted with biotin-DIBO and subsequently labeled 
with streptavidin-Alexa Fluor 488 (Figure 1, panel B). The modification of trastuzumab with azido linker and the fluorophore did not 
interfere with the immuno-labeling on Her-2/neu receptors of BT-474 cells. Streptavidin Alexa Fluor 488 pre-conjugated with biotin-
DIBO efficiently and bio-orthogonally reacted with Her-(Rhod)2(PEG4-Az)22 on cell surface at physiological condition, at 37 0C in PBS 
with 1% FBS. Our cell imaging studies demonstrated that the two-component imaging system driven by bio-orthogonal “click” chemistry 
is a convenient, bio-compatible, highly targeted and promising method for imaging cell surface receptors with low background noise. 
We envision that this strategy can be used for in vivo detection of Her-2/neu overexpressing cells, for early detection of Her-2/neu 
positive tumors and for noninvasive monitoring of receptor expression in heterogeneous tumors. 01. Haun, J. B.; Devaraj, N. K.; 
Hilderbrand, S. A.; Hakho Lee, H.; Weissleder, R. Nat. Biotechnol., 2010, 5, 660-665. 02. Sletten, E. M.; Bertozzi, C. R. Angew. Chem., 
Int. Ed. 2009, 48, 6974-6998. 

 

Figure 1. Multi-component labeling strategy via bio-orthogonal “click” chemistry 
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Quantitative Detection of Circulating Cancer Cells in Mouse Blood Using Fluorescence-
Labeled Bombesin 
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BACKGROUND. Gastrin releasing peptide receptor (GRPr) is an emerging target for imaging and therapeutic applications for prostate 
cancer. However, the use of GRPr as a biomarker for detecting circulating prostate tumor cells remains under-explored. The objective 
of this study was to evaluate the possibility of using fluorescent Bombesin (BBN) as a specific probe for detecting malignant prostate 
cancer cells in peripheral blood. METHODS. The GGG-BBN[7-14]NH2 was prepared via a solid phase peptide synthesis method. AF 
680 was then manually conjugated to the peptide to form AF680-GGG-BBN[7-14]NH2 (AF680-BBN). PC-3 cancer cells and mouse 
white blood cells (WBCs) were incubated with the AF680-BBN in varies time and concentrations to optimize labeling conditions. 
Detection and quantification of PC-3 cells in the mouse white blood cells were performed using flow cytometry and confocal 
microscope. A gating strategy based on AF680-BBN labeling and auto-fluorescence signal was developed to quantify PC-3 cells in the 
presence of white blood cells. Non-fluorescent beads were added to the labeled cell mixture and served as an internal standard for 
precise quantification of PC-3 cells using flow cytometry. RESULTS. The binding of AF680-BBN was highly specific to PC-3 cancer 
cells in mouse blood. There was no binding observed to mouse blood cells. The in vitro binding affinity of AF680-BBN to PC-3, IC50 
(the half maximum inhibitory concentration), was 8.24 ± 2.5 nM determined by a competitive displacement cell-binding assay using 
125I-Tyr4-BBN. The minimum time and concentration of AF680-BBN for effective labeling of PC-3 cells at 37 °C was 30 min and 50 
nM. Pre-incubation of PC-3 cells with unlabeled BBN resulted in a completely inhibitionof AF680-BBN labeling, confirming that the 
labeling was specific to GRPr. For a quantitative analysis of PC-3 cells, the gating strategy was applied to WBCs, PC3 cells, and beads 
mixture. In blood samples in which PC-3 cells were added, an average of 4.6 cells were detected in the most dilute sample examined 
(10 cells/ml); 3.85 cells were expected theoretically. Correlation and regression analysis of detected versus expected number of PC-3 
tumor events showed a positive correlation (R2 = 0.96). The number of tumor cells detected was in a good agreement with the number 
of tumor cells expected (p=0.93, student t test). The results were highly reproducible across three separate experiments. DISCUSSION 
AND CONCLUSIONS. The results suggest that AF680-BBN specifically binds to PC-3 cells by targeting to GRPr, with no binding to the 
mouse white blood cells. The use of AF680-BBN labeling and auto-fluorescence signal of cancer cells on multi-parameter flow 
cytometry is a useful and sensitive approach for detecting and quantifying human prostate cancer cells in blood. This technique has the 
potential for monitoring the kinetics of metastatic progression and for investigating the biological relevance of circulating tumor cells in 
experimental mouse models of metastatic prostate cancer. The results support the use of such compounds in the application of rare 
CTCs molecular imaging. 

 

Figure 1. Flow cytometry and microscope images of mixed mouse white blood cells and PC3 cells. One-dimensional histogram acquired by flow 
cytometry. (A) before labeling, (B) after labeling with AF680-BBN, APC-Cy7 histogram (FL-9 channel), and (C) green auto-fluorescence FITC histogram 

(FL-1 channel).Fluorescence microscope images of mixed mouse white blood cells and PC3 cells. D: without AF680-BBN labeling. E: labeled with 
AF680-BBN at 50nM for 30min.F: pretreated with free BBN for 10 min and then treated with AF680-BBN at 50nM for 30 min. G: auto-fluorescence 

images of PC3. (D.E.F: Cy5 filter: G: FITC filter) 
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Toronto, Toronto, ON, Canada; 2Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, ON, Canada; 
3Biophysics and Bioimaging, University Health Network, Toronto, ON, Canada; 4Department of Biomedical Engineering, University at 
Buffalo, Buffalo, NY, USA; 5Department of Biomedical Engineering, Washington University, St Louis, MO, USA. Contact e-mail: 
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Our group has recently discovered organic nanovesicles generated from self-assembled porphyrin-lipid conjugates, termed 
porphysomes. Porphysomes exhibit extreme structure-dependent fluorescence self-quenching, resulting in unique photothermal and 
photoacoustic properties. Upon laser irradiation of porphysomes, energy usually released as fluorescence was dissipated as heat. 
Therefore, when intact, porphysomes generated a strong photoacoustic signal and nearly silenced fluorescence emission. However, 
upon disruption of the porphysome liposome-like structure using detergent, the photoacoustic signal decreased and the fluorescence 
emission drastically increased. Porphysomes have demonstrated their utility in photoacoustic tomography through the sensitive 
visualization of the lymphatic system in rats. In addition, the organic nature of porphysomes ensures enzymatic biodegradation of the 
nanovesicles and minimal toxicity. The discovery of porphysomes introduces a new platform of organic nanoparticles for biophotonic 
imaging, combining the optical properties commonly associated with inorganic nanoparticles with the biocompatibility and drug loading 
capacity of organic nanoparticles in one simple package. 

 
Figure 1. Structure-dependent photoacoustic and activatable fluorescence signal generation. Photoacoustic (P.A.) images in Tygon tubing (top), white 

light images (middle) and fluorescence images in microcentrifuge tubes (bottom) of porphysomes and PBS with/without detergent. 
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In Vivo Imaging of Protease Activated Photoacoustic Probe 
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Khuri-Yakub3, Sanjiv S. Gambhir2,1, 1Canary Center at Stanford, Palo Alto, CA, USA; 2Radiology, Stanford University, Palo Alto, CA, 
USA; 3Electrical Engineering, Stanford University, Palo Alto, CA, USA. Contact e-mail: jlevi@stanford.edu 

Photoacoustic imaging has experienced an extremely rapid growth over recent years due to the many advantages it offers over other 
imaging modalities. Although there has been a great progress in the expansion of photoacoustic molecular imaging agents, very little 
has been done on the development and imaging of activatable or “smart” photoacoustic probes. Here we report on a matrix 
metalloprotease activatable (MMP) photoacoustic probe, BHQ3-APP-Alexa750, that showed over 13-fold higher photoacoustic signal in 
cells exposed to the cleaved probe over the ones exposed to the non-activated, un-cleaved probe. Photoacoustic imaging of tumor 
xenografted mice intravenously injected with 10 nmol probe revealed considerably higher signal in HT1080 tumors (N=5), determined to 
have high MMP-2 activity, compared to BT20 tumors (N=3) with lesser MMP-2 activity (Figure 1A). In comparison to signal in BT20 that 
was confined to periphery and was not retained over time, the signal in HT1080 was located within tumor boundaries and remained 
fairly constant at all time points. Although the imaging agent was designed as a photoacoustic probe, it still provides a fluorescent signal 
that we utilized to optically image the cleavage and validate the photoacoustic data. There was a significant difference (P<0.05) in 
fluorescence intensity between HT1080 and BT20 tumors one hour post injection of 5 nmol probe (Figure 1B). At the same time, the 
fluorescence intensity detected in kidneys was not significantly different between mice bearing tumor xenografts with different levels of 
MMP2 expression (Figure 1C). This method of imaging activatable photoacoustic probes is easily translatable to other proteases by 
adapting the cleavable peptide sequence to the protease of interest. 

 

Figure 1. Photoacoustic and optical imaging of the BHQ3-APP-Alexa750 probe activation in HT1080 and BT20 tumors. (A) Tumor bearing mice were 
intravenously injected with 10 nmol B-APP-A probe and photoacoustically imaged using 675 and 750 nm laser light at 30, 60 and 90 minutes post 

injection (p.i.). Background corrected subtraction photoacoustic images (675 nm - 750 nm) were notably higher at all time points in HT1080 than in the 
BT20 tumor. Photoacoustic signals detected at 30, 60 and 90 minutes were pseudo-colored green, red, and blue respectively. (B) Tumor (black arrows) 
bearing mice were intravenously injected with 5 nmol B-APP-A probe and optically imaged one hour p.i. using ICG filter set. (C) Quantitative analysis of 
optical images revealed 1.6 fold higher fluorescent signal in HT1080 tumors. While the difference in tumor signal showed statistical significance (P<0.05) 

the variation in signal coming from kidneys did not. The error bars represent standard deviation (N=2). 
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Differential Fluorescence Molecular Imaging of EGFR in Brain Tumors 

Richard S. Agnes, Ann-Marie Broome, James Basilion, Radiology, Case Western Reserve University, Cleveland, OH, USA. Contact e-
mail: Ann-Marie.Broome@case.edu 

Glioblastoma multiforme (GBM) is the most common and most malignant of the glial tumors. In 40-50% of these tumors, mutations 
resulting to overexpression or activation of epidermal growth factors are found. Thus, the ability to differentially image EGFR expression 
levels through non-invasive means to identify the tumor biomarker might be critical in the selection of treatment and vehicles of targeted 
drug delivery. In this regard, we are developing agents that can cross the blood/brain tumor barrier and be used for in vivo imaging of 
brain tumors using optical imaging technologies, especially fluorescence molecular tomography (FMT). Using an EGFR phage display 
peptide ligand (GE11, YHWYGYTPQNVI), we have generated a small library of near-infrared fluorescently-labelled Cy5.5 peptides with 
varying amounts of discrete ethylene glycol linkers. Based on in vitro binding affinity and cell uptake studies, we have identified an 
agent that can observed efficiently in Gli36∆5 and U87GM glioblastoma cells that expresses EGFR at high and low levels, respectively. 
In intracranial brain tumor models, we are able to show that our agent allows for the detection of differential levels of EGFR. FMT 
analyses of mice injected with our agent displays significantly four-fold higher signal in brain tumors derived from Gli36∆5 than the 
U87GM cells. To confirm the FMT quantitation, the brain tissues were examined with 2D fluorescence image analyses. Similarly, 
tumors from Gli36∆5 cells displayed five-fold higher signal than from U87GM cells (157 +/- 9 versus 33 +/- 7 RFU). These agents would 
have potential application for the diagnosis and monitoring of therapeutic response in brain tumor. 
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Gaussia luciferase as novel bioluminescence reporter for optical imaging of Staphylococcus 
aureus 
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Kingdom; 2Department of Molecular Medicine and Pathology, The University of Auckland, Auckland, New Zealand. Contact e-mail: 
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Secreted Gaussia luciferase (Gluc) is a useful reporter for gene expression because of advantages of being a small and bright 
luciferase with an energy independent mechanism of bioluminescence. Another advantage for some applications is the secreted nature 
of this luciferase allowing it to be assayed in cell supernatants. To date Gluc has been mainly used in mammalian systems with just one 
example of its use in infection models for the acid-fast Mycobacteria. We aimed to improve the utility of this reporter for use in Gram 
positive pathogenic bacteria: On expressing wild type Gluc in Staphylococcus aureus we found that although the protein allowed for 
high bioluminescence, secretion from the bacteria was very low. To address this we replaced the native leader peptide for secretion 
with that of the S. aureus Protein A , which is recognised by the S. aureus Sec apparatus. Comparison of supernatant and cell fractions 
by luminometry and Western blot confirmed that gene engineering of Gluc to replace the eukaryotic leader with that of a S. aureus 
secreted protein could enhance the ability of Gaussia luciferase secretion from bacteria. 
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siRNA probes for stroke therapy and imaging 
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OBJECTIVE One obstacle in the development of neuroprotective agents involves the failure of most molecules to cross the blood brain 
barrier and achieve a therapeutic threshold in diseased or damaged cells. This process if further complicated in the setting of stroke, 
where pathological neuroepithelial changes and edema also limit drug access. We address these issues by applying highly potent and 
selective RNA interference technology to stroke treatment while directly monitoring the drug delivery to target tissues. As a target we 
selected c-src (src) that is implicated in stroke damage in models of ischemic stroke. To deliver siRNA to stroke lesion in vivo we used 
Cy5.5-labeled myristolated polyarginine peptide (MPAP), which has previously shown its utility in in vitro studies (1). METHODS 
Complexation of c-src siRNA (siSRC) to Cy5.5-labeled MPAP was performed by incubating the two components together in 5% glucose 
for 15 minutes at room temperature. Transient cerebral ischemia model was used for the study. Adult male mice (C57BL/6N) were 
subjected to sixty minutes of middle cerebral artery occlusion (MCAo) by intraluminal filament. 2,3,5-Triphenyltetrazolium chloride (TTC) 
staining was used to evaluate infarct size. Forty-eight and 24 hours prior to occlusion mice were injected intravenously with siRNA that 
had been electrostatically complexed in MPAP. Delivery of the therapeutic to the brain was monitored with an IVIS whole body imaging 
system 18 hours before surgery and at the time of sacrifice 24 hours after reperfusion. Saline treated animals served as controls. 
RESULTS The siSRC-MPAP-Cy5.5 probe was synthesized with the initial optimized molar ratio of siRNA/MPAP = 1/5. The presence of 
stroke was confirmed by TTC staining in experimental and control animals (Fig. 1A). In vivo (Fig. 1B) and ex vivo (Fig. 1C) optical 
imaging showed significant and persistent accumulation of MPAP-siRNA in the brain region relative to saline-treated controls. We are 
now in the process of evaluating the silencing efficiency of the injected probe. CONCLUSION We have demonstrated the functionality 
of our dual optical imaging and therapeutic probe in an in vivo mouse model of stroke. In future we will believe that this method will 
ultimately aid in managing stroke damage. This study was supported in part by NIH F31 NS073414-01. (1)Ifediba M et al., Bioconjugate 
Chem, 2010, 21, 803-806. 
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National University College of Medicine, Soeul, Republic of Korea; 2Biomedical Sciences, Seoul National University College of 
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Introduction: Though there is an increasing requirement of a new visualizing method for intracellular proteins in live cell imaging, most 
of antibody-based imaging can only visualize membrane proteins. Cellular fixation and permeabilization is only way to visualize the 
existence of certain intracellular protein using current methods. Human Telomerase Reverse Transcriptase (hTERT) is a good 
intracellular target molecular for cancer diagnosis because its expression is detected in most cancer. In this study, we developed a new 
fluorescence probe for imaging intracellular protein hTERT by utilizing hTERT specific antibody with protein transducing domain TAT 
peptide and an synthetic fluorescenct dye. Methods: hTERT antibody was conjugated with the TAT peptide (RRRQRRKKR) from HIV 
protein transducing domain and a synthetic fluorescence dye (FPR-648, Bioacts, Seoul, Korea). Hep3B (hTERT positive cells) and 
U2OS (hTERT negative cells) were used to visualize intracellular hTERT. The expression of hTERT was detected by RT-PCR. 
Intracellular localization of hTERT was imaged by confocal microscopy and visualizing efficiency of TAT-antibody-FPR648 was 
analyzed by Tissue-FAXS. Live cell imaging was performed using Olympus IX81 fluorescence imaging system. Results: The 
expression of hTERT was successfully detected in Hep3B cells but not in U2OS cells. Confocal microscopy demonstrated that the 
optical signals were clearly observed in Hep3B cells and weakly detected in U2OS cells 1 hr after treatment of TAT-hTERT antibody-
FPR648, but . However, signals were only detected in Hep3B cells after 24 hr. Interestingly, nuclear transport of the agents were also 
observed in hTERT positive cells. FPR648 was stable enough to maintain its fluorescence under the repeated exposure of confocal 
laser. Conclusion: We developed the hTERT targeted fluorescence imaging probe using the TAT conjugated antibody with an optical 
dye. This system can be utilized as a useful tool for visualizing intracellular protein without fixation and permeabilization. 
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Enhanced in vivo detection of lacZ expression in prostate cancer by chemiluminescence 
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Introduction: Prostate cancer is the most common cancer among men and the second leading cause of cancer death among men. 
Gene therapy holds great promise for the treatment of prostate cancer, but implementation is hindered by difficulties in assessing the 
success of transfection, in particular, assessing the location, magnitude and persistence of transgene expression. The lacZ gene 
encoding the enzyme β-gal was the first reporter gene to be widely used in biology and remains exceedingly popular. However, existing 
reporter substrates have limitations for applications in vivo. MRI (1H and 19F) methods have been presented together with radionuclide 
and optical (fluorescence, coupled bioluminescence, and photoacoustic) imaging approaches. A recent innovation used 
chemiluminescence based on the commercial agent Galacto-Plus to selectively detect β-galactosidase in vivo in breast tumor 
xenografts transfected to stably express the lacZ gene [PLoS ONE 5(8): e12024; 2010]. We have now demonstrated similar feasibility 
using Galacto-Star in prostate tumors and demonstrate enhanced light emission using the wavelength shifter RubyII. Methods: β-
galactosidase cleavage of 1,2-dioxetane substrates produces an unstable excited-state anion intermediate that subsequently fragments 
with the emission of light. These assays also include a polymeric enhancer (a water-soluble macromolecule), which is necessary for the 
production of an intense light signal. We tested the enhancer RubyII to increase the wavelength and enhance intensity of light. PC3-
cells were transfected to stably express β-gal and PC3-WT and PC3-lacZ cells were implanted subcutaneously in contralateral thighs of 
male nude mice. We examined chemiluminescent light emission based on several substrates including Galacto-Plus and Galacto-Star 
with either Sapphire, Emerald or Ruby enhancers. Result: Initial in vitro studies comparing the enhancers showed that addition of the 
RubyII enhancer increased the wavelength. Bathing excised tumor tissues in Galacton-Star substrate with added RubyII enhancer 
increased the maximum wavelength from <500 nm to 625 nm (see supplementary figure), and the CLI intensity was considerably 
increased. Following IV injection of a mixture of Galacto-Star or Galacto-Plus together with RubyII provided selectively visualization of 
the PC3-lacZ tumor versus PC3-WT (see inset). X-gal staining, western blot and β-gal assay confirmed lacZ expression in PC3-lacZ 
tumor. Conclusion: Optical imaging is limited by light penetration through tissue. Longer wavelengths exhibit much greater penetration 
and thus the addition of the RubyII wave shifter promises to expand the sensitivity and utility of chemiluminescent imaging in vivo. 
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The ability to detect and quantify protease activity using activatable near-infrared (NIR) imaging agents provides valuable information 
about the development of disease biology in vivo. In particular, the cathepsins are of critical importance in oncology research due to 
their strong overexpression and role in primary tumor progression, tumor metastasis, and angiogenesis. Currently available fluorescent 
agents for in vivo cathepsin imaging have high molecular weights and long circulation half-lives, which allow for an intense and stable 
fluorescent signal. However, the large size can also slow tissue penetration and enzyme kinetics delaying the useful imaging window in 
vivo and increasing wash out time. The aim of the present work was to design a pan-cathepsin NIR fluorescent agent with fast tissue 
distribution and rapid activation kinetics for in vivo detection and monitoring of tumor progression . We synthesized ProSense750 FAST 
using a 20 kDa polymer scaffold to effect the desired pharmacokinetics and a discrete pair of self quenched fluorophores separated by 
a highly cathepsin sensitive peptide sequence. The in vitro and in vivo properties of this new agent were then compared to that of 
ProSense750, a ~500 kDa macromolecular construct consisting of a highly pegylated polylysine backbone labeled with many NIR 
fluorophores. The agents were screened against a panel of enzymes including cathepsins and other tumor-relevant enzymes such as 
matrix metalloproteases (MMPs). Both agents showed broad pan-cathepsin activation with little or no MMP activity. Consistent with its 
small architecture and sterically accessible cleavage site, ProSense750 FAST was activated approximately 5X faster than the larger 
agent. Mouse macrophages and 4T1 mouse breast adenocarcinoma cells showed efficient uptake and activation of the two agents with 
fluorescence located within the cathepsin-rich lysosomes. Nearly complete inhibition of agent activation was achieved using the cell-
permeable calpain/cysteine inhibitor E64d. In vivo FMT imaging of ProSense750 FAST (t1/2 ~ 30 min) in a 4T-1 tumor model revealed 
clearly detectable tumor fluorescence as early as 2h after injection, with an optimal imaging window between 6 and 24 h and wash out 
by 72 h, allowing for shorter-spaced repeated injections in longitudinal studies. The larger ProSense750 (t1/2 ~ 20 h), in contrast, 
showed a much later optimal imaging window (24-48h) and a flatter signal that could allow greater flexibility in imaging times for large 
animal cohorts. Assessment of organ biodistribution revealed two different elimination routes for the two agents. While ProSense750 
was eliminated predominantly through the liver, the smaller ProSense750 FAST was eliminated by renal clearance and had lower 
background liver fluorescence. In summary, we have compared two NIR cathepsin agents of similar elemental composition but vastly 
different molecular weights. The contrast in the behavior of the two agents provides insight for the design of optical agents with tunable 
in vivo profiles for specific applications in oncology and other disease research. 
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Cerenkov radiation energy transfer (CRET) for enhanced optical imaging of high energy 
radiodecay particles 

Robin S. Dothager, David Piwnica-Worms, BRIGHT Institute, Washington University School of Medicine, St. Louis, MO, USA. Contact 
e-mail: dothagerr@mir.wustl.edu 

Optical imaging techniques have been developed to visualize PET isotopes in biological systems by taking advantage of the well-known 
Cerenkov radiation emitted by high energy charged particles. Cerenkov radiation occurs upon β or α decay when the initial velocity of 
sufficiently high-energy particles can momentarily exceed the speed of light in tissue, producing characteristic photon emissions 
primarily in the ultraviolet and blue wavelengths. Thus, optical imaging of Cerenkov radiation in vivo is limited by these highly absorbed 
photons in living organisms. To improve optical imaging of Cerenkov radiation in biological systems, we have previously demonstrated 
that Cerenkov radiation from isotopes undergoing β+ decay (64Cu, and 18F) can be spectrally coupled by energy transfer to high Stokes-
shift quantum nanoparticles (Qtracker705) to produce highly red-shifted photonic emissions. To further understand this phenomenon, 
we examined solutions containing Qtracker705 and several β decaying isotopes expected to have differences in photon output 
corresponding to β decay energy. In a 96-well plate format, photon output from Cerenkov radiation, as given by the photon flux when 
measured through a <510 nm filter, were in the rank order: 32P > 18F > 64Cu. However, CRET ratios for the isotopes were in the rank 
order: 64Cu > 32P > 18F, which reflected several variables, including filter choice, decay range, solution depth, decay energy, and decay 
type. Previous demonstrations of CRET imaging in vivo have focused on the use of imaging phantoms where activity and quantum dots 
are injected simultaneously into the same compartment or using pseudotumors, which do not have the ability to accumulate [18F]FDG 
as is observed in vivo with vascularized tumors. Therefore, to demonstrate CRET imaging in a manner more representative of tumor 
physiology in vivo, a study was done in mice bearing subcutaneous KB-8-5 tumors that were injected intravenously with [18F]FDG. 
Following injection, [18F]FDG was allowed to accumulate in tumors for 30 minute and then imaged. Next, the tumors were injected with 
Qtracker705 and quickly imaged again. In these preliminary studies, tumors injected with Qtracker705 showed CRET ratios in vivo of 
2.0 ± 0.3, values that declined as [18F]FDG was cleared. Thus, quantitative CRET imaging may afford a variety of novel optical imaging 
applications and activation strategies for PET radiopharmaceuticals and other isotopes in biomaterials, tissues and live animals. 
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A novel approach to quantify cancer biomarker expression in vivo with fluorescence 
molecular imaging using a reference tracer 
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Engineering, Dartmouth College, Hanover, NH, USA. Contact e-mail: Kenneth.Tichauer@Dartmouth.edu 

The efficacy of new cancer therapies targeted to molecular receptors is contingent upon the abundance of receptor expression in a 
tumor, and so a critical aspect of drug evaluation is the ability to actively interact with an individual tumor based on receptor density and 
affinity. Unfortunately, the uptake into tumors is dominated by enhanced permeability and retention, an effect in tumors that makes it 
difficult to resolve nonspecific uptake of a molecular marker from receptor-mediated uptake using conventional molecular imaging 
approaches. In this study, a novel approach is demonstrated to quantify receptor binding as a function of receptor density and ligand 
affinity. Tracer kinetic models applied to molecular imaging data can be used to quantify specific binding; however, to apply these 
models advantageously in a clinically relevant timescale (within an hour of probe injection), the dynamics of the tracer concentration in 
the blood must be accounted for (blood sampling). A more direct imaging approach utilizes a “reference tissue model” [1]: the uptake of 
the tracer in a receptor-void tissue is used as a surrogate for a blood reference. However, the assumptions of this approach tend to fail 
for more unusual tissues types such as tumors. In this study, a reference tracer (a non-targeted imaging agent) uptake curve is used to 
replace the reference tissue curve (see Figure). By measuring the uptake of both a targeted and a non-targeted tracer in the same 
region of interest, the difficulty in selecting an adequate reference tissue is avoided. Fluorescence molecular imaging was the modality 
of choice for this study because it offers a number of different approaches to accurately separating signal from more than one 
fluorescent marker, simultaneously. The reference tracer model was studied in six, six-week-old SCID male nude mice that were 
inoculated with a human glioma cell line in the left flank (U251). Tumors were allowed to grow to a size of approximately 150 mm3 
before imaging. Mice were then anesthetized, their tumor was exposed, and they were imaged on an Odyssey Scanner (LI-COR 
Biosciences, Lincoln, NE), which is capable of imaging fluorescence at 700 and 800 nm simultaneously. Epidermal growth factor 
receptor (EGFR)-targeted probe (IRdye-800CW-EGF) mixed with a non-targeted reference probe (free IRdye-700CW) was injected and 
images of the uptake of both dyes were acquired for 60 min. EGFR is a cell membrane receptor with upregulated expression in many 
human cancers and is a target of the monoclonal antibody therapeutic cetuximab. The reference tracer model measured a binding 
potential (BP) of EGFR in the U251 glioma tumor of 2.42 ± 0.44 and a BP of 0.10 ± 0.07 in the muscle (considered to be void of EGFR). 
The binding potential (BP) is theoretically a product of the affinity of a tracer for its targeted receptor (Ka) and the receptor density (the 
parameter of interest). Since the Ka can generally be known for a specific tracer-receptor pair, BP can be used to map receptor 
density,, providing critical information to make decisions on the efficacy of molecular therapies. [1] Laruelle M J Cereb Blood Flow & 
Metab 2000 

 

Figure: A) White-light image of mouse prepared for imaging B) Fluorescence scanner composite fluorescence image of tracer uptake (zoomed into left 
flank). C) Uptake of non-targeted tracer in U251 tumor D) Uptake of EGFR-targeted tracer in the U251 tumor. The bottom half of the figure depicts a 

simplification of how the reference tracer model calculates receptor density. 
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Fusion of cell-SELEX and in vivo imaging-based screening to identify both tumor-targeting 
agents and biomarkers 

Agnes Cibiel1,3, Anikitos Garofalakis1,2, Bertrand Tavitian1,2, Carine Pestourie1,2, Frederic Duconge1,2, 1DSV/I2BM/SHFJ, CEA, Orsay, 
France; 2U1023, INSERM, Orsay, France; 3Universite Paris Sud XI, Orsay, France. Contact e-mail: frederic.duconge@cea.fr 

Aptamers are short oligonucleotides (< 100 bases) selected from large combinatorial pools of sequences (from 1012 to 1015) for their 
capacity to bind a target (amino acids, antibiotic, proteins…). Such ligands are isolated by a method of directed molecular evolution 
usually named SELEX (Systematic Evolution of Ligands by Exponential enrichment). Since 2005, our group and others have adapted 
the SELEX against whole living cells. Using this strategy (named cell-SELEX), we selected several nuclease resistant 2'-Fluoro-
pyrimidines (2'-F-Py) RNA aptamers against cell surface biomarkers that can represent surrogate markers of cancer cells. Using 
fluorescence imaging techniques (planar and tomography), we investigated their biodistribution and tumour targeting capacities in nude 
mouse xenograft models. Despite high affinity against cells in vitro, only one aptamer (named ACE8) exhibited significant tumor uptake 
compared to a control sequence (0.67 ± 0.16% of injected dose 3 hours after injection compared to 0.07 ± 0.06%, respectively). This 
aptamer was then used to purify and identify its target, annexin A2 (AII), a known cancer biomarker involved in metastasis and 
angiogenesis. Accordingly, we also demonstrated that ACE8 inhibits angiogenesis in an endothelial tube formation assay. In 
conclusion, since SELEX performed against living cells can select several aptamers against different cell surface targets in parallel, we 
postulate that in vivo imaging-based screening using fluorescence imaging represents a powerful method to discriminate those that can 
bind a target of therapeutic interest and, most importantly, that have the highest chance of being rapidly translated for in vivo use. Thus, 
fusion of cell-SELEX with fluorescence imaging-based screening can have a broad application not only to identify tracers for imaging 
but also "druggable" tumor-associated biomarkers. (Figure) General strategy to identify both tumor-targeting agents and biomarkers. 
Several aptamers are selected against cell surface targets using cell-SELEX without any a priori knowledge of their target. The 
aptamers are labeled with a near-infrared emitting dye and the in vivo tumor targeting evaluated in a mouse model using fluorescence 
imaging. Finally, the aptamers with promissing in vivo tumor targeting are used for biomarker discovery by affinity chromatography. 
Financial support (FMT-XCT) European program (grant agreement 201792), the European Molecular Imaging Laboratory (EMIL) 
network [European Union (EU) contract LSH-2004-503569], and by the “Agence Nationale pour la Recherche” (projects ANR-
emergence ARTIC et ANR-PNANO nanorings). 
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A Novel Multimodality Targeted Gold Particle for Concurrent Raman/Photoacoustic Imaging 

Jesse V. Jokerst, Sri Rajasekhar Kothapalli, Scott Tabakman, Jelena Levi, Sanjiv S. Gambhir, Radiology, Stanford University, 
Stanford, CA, USA. Contact e-mail: jokerst@stanford.edu 

Imaging of tumor angiogenesis has shown promise in monitoring a tumor’s response to therapy as well as staging and surgical 
resection. A single contrast agent that allows pre-surgical imaging for staging and location as well as intra-operatively for complete 
resection of tumor margins is critical. We have developed a class of gold nanorods (GNRs) with concurrent Raman and photoacoustic 
signatures to label angiogenesic tumor. The GNRs were coated with a Raman reporter, functionalized with polyethylene glycol (PEG), 
and capped with cRGD (Panel A). This dually-active probe is useful for deep tissue imaging via the photoacoustic modality and the 
Raman signal is useful for tumor resection and superficial imaging. GNRs were synthesized using the seeded-growth mechanism with 
tunable resonances. GNRs with peak absorbance at 780 (~ 10 x 40 nm; TEM in B) were selected and incubated with the laser dye 3,3′-
diethylthiatricarbocyanine iodide (DTTC) at a ratio of 1:1000 nanorod to dye. Thiolated amino- or methoxy-PEG (5000 = MW) was also 
added at 1 mg/mL and resulting mixture dialyzed overnight versus water. Toxicity testing in U87MG cells (known to upregulate αVβ3 
integrins) of the purified mixture at 0.16 nM indicated no significant difference between Raman-active, PEGylated rods and media 
control. Freshly prepared GNRs without PEG left all cells metabolically inactive. To target integrins, cRGD peptides were incubated with 
the GNRs at 1000-fold molar excess and crosslinked via standard bioconjugation chemistry. Binding efficiency was tested by incubating 
GNRs with adherent U87MG and HT29 (αVβ3 integrin negative) cells at 0.05 nM for one hour and normal saline washes. Raman signal 
from targeted GNRs (D) was 75-fold greater than the non-specific binding of PEG-GNRs (C). The negative cell line (HT29) had signal 
7-fold less than the positive cell line. Competitive inhibition decreased signal by 2.2. All data was significant at p < 0.05 for multiple 
fields of view under the Raman microscope. The capacity of the GNRs to be imaged in vivo was determined by injecting 225 µL of 2.2 
nM GNRs into mouse tail vein bearing a MDA-435S tumor. Raman mapping before (E) and 2 hours after injection (F) indicated an 8-
fold increase in signal due to GNR and was still statistically elevated (p < 0.05) up to 24 hours later. Photoacoustic signature at 780 nm 
both before (G) and 2 hours after injection (H) was 1.4-fold increased. Green circles indicate tumor center. This is the first example of 
dual Raman/photoacoustic imaging in vivo and offers many possibilities when the multiplex-capacity and sensitivity of Raman is 
combined with the depth penetration of photoacoustic and resolution of photoacoustic imaging. 
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Non-invasive monitoring of pulmonary fibrosis grade by using a matrix metalloproteinase 
activatable probe 

Lei Zhu1, Yan Cai2, Seulki Lee1, Xiaoyuan (Shawn) Chen1, 1Laboratory of Molecular Imaging and Nanomedicine, NIBIB, Bethesda, MD, 
USA; 2National Cancer Institute, Bethesda, MD, USA. Contact e-mail: lei.zhu@nih.gov 

Pulmonary fibrosis (PF) is a progressive fibrosing lung condition pathologically characterized by various degrees of inflammation and 
fibrosis of the lung parenchyma. Since the etiopathogenesis of PF is complicated and not fully understood, the management of PF 
remains a challenge. FDG-PET and high resolution computed tomography (HRCT) are used in PF diagnosis in the clinic with limited 
sensitivity and specificity. Both MMP-2 and MMP-9 are known to be expressed in subepithelial myofibroblasts and occasionally in areas 
of denuded alveolar basement membranes. The increased activity of such MMPs leads to the breakdown of the interstitial matrix and 
triggers certain growth factors, which play an important mechanistic role in PF pathogenesis. Herein we monitored the progression of 
PF in an animal model by imaging MMP expression in vivo using our newly developed, fast and ultra-sensitive MMP activatable optical 
probe. This probe is capable of boosting fluorescent signals upon target MMP cleavage as early as 30 minutes from injection in a small 
animal and is able to sustain the strong fluorescent signal up to 24 hours. MMP expression in a bleomycin-induced mouse PF model at 
different disease stages (3, 7, 14 and 21 days) was quantified by qPCR, Western blot and immunostaining. MMP-activated 
fluorescence images were acquired at different time points after bleomycin induction. After scanning, mice were sacrificed, and major 
organs were subjected to ex vivo imaging and biodistribution studies for fluorescence signal quantification. We found a good correlation 
between the stage of pulmonary fibrosis and fluorescence intensity that reflects MM expression, suggesting that the probe might be a 
promising tool for PF imaging. 
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Design and Syntheses of Caged mGluR6 Antagonists for Studies on Dynamic Signaling 
Mechanisms in ON Bipolar Cells 

Zhen-Dan Shi, Agnieszka Sulima, Haitao Wu, W Wade Kothmann, Jeffrey Diamond, Gary L. Griffiths, National Institutes of Health, 
Rockville, MD, USA. Contact e-mail: shizh@mail.nhlbi.nih.gov 

A metabotropic glutamate receptor, mGluR6, is a G protein-coupled receptor that is expressed only in ON bipolar cells in retina and is 
activated by the neurotransmitter, glutamate. Activation of mGluR6 results in hyperpolarized ON bipolar cells. Mechanisms of the 
intracellular signaling cascade are still poorly understood because the slow photoreceptor response to light makes it difficult to discern 
many important physiological characteristics of the synapses. ON bipolar cells can be depolarized using competitive mGluR6 
antagonists, and based on these findings, we designed two caged (non-fluorescent) mGluR6 antagonists to enable consistent 
stimulation of ON bipolar cells at 1000 times faster speeds than photoreceptors. The first is the caged compound 1-(4,5-dimethoxy-2-
nitrophenyl)ethyl-caged cyclopropyl-4-phosphonophenylglycine (DMNPE-caged CPPG) and the second is coumarin-caged alpha-
methyl-3-methoxy-4-phosphonophenylglycine (coumarin-caged UBP1111). CPPG is a potent and selective group III mGluR6 
antagonist and when caged with DMNPE can be activated by UV illumination at >360nm. CPPG and DMNPE were conjugated to 
provide the DMNPE-caged CPPG probe. The second probe, coumarin-caged UBPP1111, is based on a recently reported highly potent 
mGluR6 antagonist, UBP1111. For preparation of this probe, coumarin was chosen as a caging group for its photolytic properties, since 
coumarin caged compounds can be photolyzed in the visible wavelength region, avoiding potential phototoxic effects of UV light. The 
coumarin-caged UBP1111 conjugate were prepared in 8 synthetic steps with a 6% overall yield. In conclusion, we report our success in 
preparing two caged mGlu6 antagonists, the first via a facile synthetic route and the second via a lengthy synthesis. The detailed 
background, design and syntheses will be described. 
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Signals of enhanced firefly luciferase on 7 days after tumor injection can predict the formation 
of mice xenograft in breast cancer model 

Ilhan Lim1,2, Hyewon Youn3,4, Keon Wook Kang3, Young Joon Kim2, Brian Rabinovich5, So Won Oh3, Myung Geun Song3, June-Key 
Chung3, Myung Chul Lee3, Dong Soo Lee3, 1Nuclear Medicine, Korea Cancer Center Hospital, Seoul, Republic of Korea; 2Molecular 
Imaging Research Center, Korea Institute of Radiological and Medical Sciences (KIRAMS), Seoul, Republic of Korea; 3Nuclear 
medicine, Seoul National University College of Medicine, Seoul, Republic of Korea; 4Tumor Imaging Center, Seoul National University 
Cancer Hospital, Seoul, Republic of Korea; 5M. D. Anderson Cancer Center, University of Texas, Houston, TX, USA. Contact e-mail: 
erosion@daum.net 

Purpose: It will be helpful for the low tumorigenic cell line if the formation of xenograft can be predicted early. We evaluated the 
feasibility of bioluminescence imaging for predicting the formation of mice xenograft as early as possible. Methods: Human breast 
cancer cells (KPL-4) were genetically engineered using retroviral vector technology to express the enhanced firefly luciferase (effLuc). 
The correlation between cell number and photon emission in vitro was evaluated. A xenograft of breast cancer model was aimed to 
achieve by subcutaneous injection of 5 x 10^6 the KPL-4 effLuc-engineered cells in the 10 mammary fat pads of 5 mice. The formation 
of xenograft was monitored using calipers and an ultrasensitive charge-coupled device camera on day 0, 3, 7, 10, 14, 17, 22, 36, 43 
after injection. Results: The linear relationship between the KPL-4 effLuc-engineered cell number and photon emission was observed 
(R^2>0.99, p<0.001, n=3). On 7 days after the injection of the cell, swelling of injection site was observed in the 6 of 10 sites suggesting 
the formation of xenograft (median diameter 0.47 cm). Compared with the signals of effLuc on the day of injection, those of effLuc 
increased in 2 of 10 injection sites on 3 days after tumor injection but those of others decreased. On day 7, only one of them continued 
to show the increase of the effLuc signal. On day 17, all of the swelling in injection site disappeared but only one site where there 
showed the increase of effLuc signal on day 7 showed strong effLuc signal (1.5 x 10^9 photon/s/mm^2). On day 36, only one site where 
there showed the increase of effLuc signal on day 7 revealed the formation of xenograft (diameter 0.48 cm). Conclusion: The signal of 
bioluminescence imaging strongly correlated with cell and tumor growth. Signals of enhanced firefly luciferase on 7 days after tumor 
injection can predict the formation of mice xenograft in breast cancer model. 
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Surface Engineering of QDots for In Vivo Imaging and Pancreas Targeted Imaging 

Chang-Moon Lee1,2, DooRye Jang1,3, Su-Jin Cheong1,3, Eun-Mi Kim1,3, Min-Hee Jeong1,3, Sun-Hee Kim1,3, Dong Wook Kim1,3, Seok 
Tae Lim1,3, Myung-Hee Sohn1,3, Hwan-Jeong Jeong1,3, 1Department of Nuclear Medicine, Chonbuk National University Medical School, 
Jeonju, Republic of Korea; 2Institute for Medical Sciences, Chonbuk National University, Jeonju, Republic of Korea; 3Cyclotron 
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The surface engineering for Q-Dots not only allows water solubility and expanding their fields of application, but it also allows reducing 
the cytotoxicity and tagging ligands for the target molecules. The aim of this study was to investigate the effect of gluconic acid (GA) 
conjugation on the biodistribution of cysteamine-capped quantum dots (Cys-QDots) in vivo. Cadmium selenide/zinc sulfide (CdSe/ZnS) 
was capped with Cys through a thiol exchange method, and different amounts of GA were conjugated to the amine groups of 
cysteamine via the formation of an amide bond. The emission maxima of the synthesized QDots, the Cys-QDots and the GA-Cys-
QDots were located at 720, 600 and 610 nm, respectively. On the cell viability studies, the GA-Cys-QDots showed very low toxicity 
against the CHO cells as compared to the cytotoxicity of the Cys-QDots. The QDots were next intravenously injected into normal mice 
and then we performed ex vivo optical imaging. The majority of the Cys-QDots were accumulated in the lung. In contrast, the GA-Cys-
QDots were cleared out of the body through the kidney. Bombesin-conjugated GA-Cys-QDots showed high accumulation into pancreas 
compared with non-pancreatic tissues. Therefore, we expect that the conjugation of GA onto the Cys-QDots can create opportunities 
for using Cys-QDots for in vivo imaging and GA-Cys-QDots with a ligand which can target specific tissues have great potential as a 
targeted imaging agent. 
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pH-Stimuli Responsive Near-infrared Optical Imaging Nanoprobe based on Poly(γ-glutamic 
acid)/Poly(β-amino ester) Nanoparticles 

Hye Sun Park, Yong Taik Lim, Graduate School and Department of Analytical Science and Technology, Chungnam National 
University, Daejeon, Republic of Korea. Contact e-mail: hyesun-1981@hanmail.net 

pH-stimuli responsive near-infrared optical imaging nanoprobes are designed and synthesized in this study in a facile one-step 
synthesis process based on the use of the biocompatible and biodegradable polymer poly(γ-glutamic acid) (γ-PGA)/poly(β-amino 
ester)s (PBAE). PBAE has good transfection efficiency and promotes degradation properties under acidic conditions. This pH-
responsive degradability can be used for the effective release of encapsulating materials after cellular uptake. As an optical imaging 
probe, indocyanine green (ICG) is a FDA-approved near-infrared fluorescent dye with a quenching property at a high concentration. In 
this regard, we focus here on the rapid degradation of PBAE in an acidic environment, in which the nanoparticles are disassembled. 
This allows the ICG dyes to show enhanced fluorescence signals after being releasing from the particles. We demonstrated this 
principle in cellular uptake experiments. We expect that the developed pH-stimuli responsive smart nanoprobes can be applied in 
intracellular delivery signaling applications. 
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Development of a fluorescence probe with cell-permeability activity induced specifically by 
matrix metalloproteinase 

Takuya Myochin, Kenjiro Hanaoka, Tetsuo Nagano, Graduate school of pharmaceutical sciences, The University of Tokyo, Tokyo, 
Japan. Contact e-mail: ff117018@mail.ecc.u-tokyo.ac.jp 

Proteases are one of the most notable enzyme families because of their involvement in regulation of diverse disease processes and 
their potential values as biomarkers and therapeutic targets. Especially, matrix metalloproteinases (MMPs) are a family of zinc 
metalloproteinases, which have important roles for degrading the extracellular matrix (ECM) and remodeling tissue in both physiological 
and pathological processes. For example, MMP2 and membrane-type 1 MMP (MT1-MMP), two of the important members of MMPs, 
have been related to tumor invasion, metastasis and angiogenesis. Therefore, a molecular imaging for detecting their activity is 
important to predict the malignancy of tumors. Near-infrared (NIR) fluorescence probes which are specially activated by intratumor 
MMPs have been developed over the last decade. However, there still remained a concern about its sensitivity because the activated 
fluorescence probes are cell-impermeable. i.e., the activated fluorescence probes are easily washed out from tumor. To overcome this 
problem, some NIR fluorescence probes for MMP activity with cell-penetrating peptide have been reported. However, there were still 
some problems such as its toxicity. So, we set out to develop a NIR fluorescence probe activated by MMPs, which shows cell 
permeability after the enzymatic reaction based on the simple strategy and are retained in the MMP-active sites in vivo. We developed 
the activatable fluorescence MMP probe by utilizing the dark quencher: a NIR fluorescence dye-peptide substrate, whose fluorescence 
is quenched by the NIR dark quencher, BHQ-3. To retain the activated probe in the MMP-active site, we controlled the cell-permeability 
of the activated probe based on its chemical structure. We chose some cell-permeable fluorescence dyes, Cy5, BODIPY and SiR, 
which may make it possible to penetrate the activated probe into the cell and retain it for a long time. Further, we used the probes to 
detect the MMP activity of HT-1080 cells which express MMP2 and MT1-MMP inside the cells by fluorescence microscopy. The probe, 
which contains BODIPY scaffold as a fluorophore, was only one which could detect the MMP activity inside the cells by fluorescence 
microscopy. We applied this probe to tumor-bearing mouse in vivo, and observed the MMP activity for much longer compared with the 
MMP probe whose activated probe is cell-impermeable. The results demonstrate that our strategy for controlling the cell-permeability of 
the activated probe is useful to retain it in the MMP-active sites in both cultured cells and living animals. 
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In Vitro Characterization of MMP-2 Specific Probes for Optical Imaging 
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Introduction: Matrix metalloproteinases (MMP) are a family of enzymes involved in physiological (embryogenesis, wound healing) and 
pathological (cancer, atherosclerosis) processes [1]. MMP-2 and MMP-9 have similar substrate affinity - yet possess different and 
individual roles in cancer progression [2]. In order to target and image MMP-2 activity using optical imaging, we developed a panel of 
new probes based on a variety of MMP-2 specific peptide substrates flanked with Cy5 and QSY21 as fluorophore/quencher FRET 
partners. Methods: The probes were synthesized on the solid phase. The solubility of the probes in aqueous media and organic media 
was compared, and each probe was quantified in the optimal conditions. Specificity was assessed for each probe (10 μM) incubated in 
the presence of 20 nM MMP-2, -9, -3 or -7, as these enzymes have similar substrate binding [3]. Optical characteristics (absorption, 
excitation, emission) were determined for all probes. Quenching efficiency was calculated from pre- and post-activation fluorescence 
levels. The formation of aggregates and respective spectra were confirmed using gel filtration. Results and discussion: The probes had 
a strong tendency to form H-aggregates in aqueous buffers as observed by a blue-shifting of the absorption spectrum peak from 650 
nm to 605 nm. This aggregation was not observed in methanol or DMSO. Further experiments were carried out using dilutions from 
highly concentrated DMSO probe solutions. Quenching efficiency was found to vary between 96.9% and 99.4%, yielding a 32 to 166 
fold increase in fluorescence after activation. MMP-2 specificity compared with MMP-9 was found to vary between 4.6 to 19.7 fold. 
Overall, the specificity of our probes was found to increase with the formation of H-aggregates and with a reduction of digestion rate by 
MMP-2. Gel filtration of PBS dissolved probes allowed us to detect products of three different sizes, which we tentatively assigned to 
monomers, dimers and trimers. The absorption spectrum of each product was found to correspond to the expected spectrum for the 
non aggregated (monomer) and aggregated (dimer and trimer) forms. Activation of the probe and removal of the quenching moiety was 
found to prevent H-aggregation, which suggests QSY21, which has a low solubility in aqueous media, could be responsible for the 
observed H-aggregation. Conclusion and Perspectives: Our probes displayed a large array of characteristics - going from very specific 
and slowly activated probes to less specific but quickly activated probes. The quenching efficiency of all of our probes (≥96.9%) was 
satisfactory. The next step will be to evaluate our probes in vivo to identify the best candidate for optical imaging of MMP-2 activity in a 
tumor model. 1. Yan, C. and D.D. Boyd, J Cell Physiol, 2007. 211(1): p. 19. 2. Overall, C.M. and O. Kleifeld, Nat Rev Cancer, 2006. 
6(3): p. 227. 3. Lukacova, V., et al., J Biol Chem, 2004. 279(14): p. 14194. 

 

Figure 1. Probe specificity. Digestion of 10 μM of probe I with MMP2, MMP3, MMP7, MMP9 (20 nM). MMP2 cleaves the probe quickly as compared with 
other MMPs. 
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Sentinel lymph node (SLN) biopsy techniques have been widely in the diagnosis of cancer metastasis because lymph node metastasis 
is one of the most important prognostic signs. Indocyanine green (ICG) has potential application as a molecular imaging probe for SLN 
mapping due to its excellent biocompatibility and fluorescent properties emitting in the near-infrared (NIR) region, where light 
transmission through biological tissue is maximized. However, its low photostability in an aqueous solution at the physiological 
temperature and its rapid diffusion behavior through SLN into the second lymph node have limited its wide use in real clinical fields. In 
this study, we developed a new NIR imaging contrast system consist of ICG and poly (γ-glutamic acid) (γ-PGA) polymers for efficient 
sentinel lymph node mapping. By a combination of clinically used ICG and the biocompatible anionic polyelectrolyte, γ-PGA, the 
photostabilities of aqueous ICG solutions at room and body temperatures were drastically enhanced. When the ICG/γ-PGA complex 
was injected subcutaneously into the front paw of a mouse, it entered the lymphatics and migrated to the axillary sentinel lymph node 
(SLN) within 2 minutes. Furthermore, the NIR fluorescent signal intensity and retention time of ICG/γ-PGA complex in lymph node were 
superior to those of ICG only. In addition, a histofluorescent study of the SLN resected under NIR imaging revealed that ICG and γ-PGA 
were co-localized in the lymph node. Taken together, the experimental results on the enhanced photostability and retention time of the 
ICG/γ-PGA complex provide strong evidence that it has promising potential for improved sentinel lymph node mapping. 
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BACKGROUND/HYPOTHESIS: Semiconductor quantum dot nanocrystals (QDs) are useful as optical probes for biomedical imaging. 
However, the commonly used trioctylphosphine oxide (TOPO) coated QDs may be unstable under physiological conditions because of 
ligand exchange between QDs and reactive nucleophilic biomolecules. This exchange may alter the biochemical structure of proteins, 
and possibly degrade QDs, causing them to release TOPO and toxic cadmium ions. In this study, 31P NMR spectroscopy was used to 
monitor the interaction between TOPO-QDs and biologically abundant mercapto (-SH) group. METHODS: The cores of the QDs were 
prepared using the reaction between cadmium oxide and selenium and were then coated with ZnS followed by TOPO. Transmission 
electron microscopy showed that the QDs had a diameter of ~ 6.2 nm. The optical properties of QDs were confirmed by fluorescent 
emission and UV-Vis absorption spectra. UV-Vis spectrum showed broad absorption centered around 500 nm. Fluorescent spectrum 
showed an emission peak at 617 nm. Mercaptoethanol was selected to mimic nucleophilicity of biologically abundant protein thiols 
(Figure 1A). In order to monitor the ligand exchange reaction between QDs and thiol, mercaptoethanol (1 mM - 90 mM) was added to 
the suspension of QDs (56 mg/mL). The 31P NMR spectra were obtained with a 400 MHz Bruker Advance spectrometer. 
Deuterochloroform (CDCl3) was used as a solvent, and phosphoric acid served as an external standard. RESULTS: Figure 1B shows 
representative 31P NMR spectra of QDs in the absence and presence of mercaptoetahnol (thiol) as well as a spectrum of pure TOPO in 
CDCl3. The spectra of QDs did not display any obvious peak related to phosphorus containing species when the concentration of thiol 
is very low (less than 10 mM). With increasing concentration of added thiol, sharp peaks related to free phosphorus containing species 
were observed. When the concentration of thiol was 15 mmol/L, a sharp peak around 45.5 ppm could be detected indicating that a 
phosphorus containing species was cleaved from QDs by the action of thiol. The chemical shift of cleaved phosphorus containing 
species is close to that of free TOPO measured at the present condition (48.4 ppm). Thus, the peak around 45.5 ppm was tentatively 
assigned to the cleaved TOPO from the surface of QDs. CONCLUSIONS: 31P NMR was used to detect the ligand exchange reaction 
between thiol and TOPO stabilized QDs. This study demonstrates that TOPO-QDs are relatively unstable and that TOPO can be 
cleaved from QDs in the presence of a nucleophilic agent such as thiol, which is widely distributed in tissue and physiological fluids. 
Thus, TOPO coated QDs may be unsafe for in vivo applications in humans and animals because of the potential release of toxic 
cadmium ions under physiological conditions. This research provides preliminary information about the potential risk presented by the 
degradation of TOPO-QDs in physiological systems. Further, 31P NMR may be employed to monitor the cleavage of TOPO from TOPO-
QDs and assess their stability in vivo. ACKNOWLEDGMENT: This work was supported by DOD BC094936 and BC094963, and 
NIH/NCRR/RCMI 2G12 RR003048. 

 

Figure 1. A: Nucleophilic attack of thiol on TOPO-QDs which leads to cleavage of TOPO from the surface of QDs. B: 31P NMR spectra of QDs in the 
absence and presence of different concentration of thiol as well as that of pure TOPO in CDCl3. 
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Introduction/Background: Atherosclerosis develops early in life and potentially leads to acute fatal events. It is important to have the 
capacity to image vessels at both the anatomic and the molecular levels, in order to assess the plaque size and composition towards a 
better diagnosis and treatment. Preclinical imaging has a multifaceted role to play in this endeavor. Animal models can be used to 
better understand the factors affecting disease development and to judge of the efficacy of potential therapies. Current in vivo analyses 
are restricted and new imaging technologies and potential biomarkers of vulnerable plaque are required to improve our ability to 
quantify disease progression and treatment. Fluorescence imaging offers various possibilities for molecular imaging, however, poor 
resolution and limited tissue penetration can restrain its use. Photoacoustic tomography is a technique allowing high spatial resolution, 
comparable to ultrasound, with a strong potential for molecular imaging. Materials/Methods: Targeted probes were synthesized using 
gold nanoshells which have tunable optical properties, bifunctional polyethylene glycol molecules (NHS-PEG-OPSS) and commercial 
VCAM-1 antibodies. Gold nanoshells absorbing in the near infrared range (>700 nm) were produced repeatedly, concentrated 
efficiently and without damaging the shells using centrifugation and ultrafiltration and characterized using transmission electron 
microscopy (diameter = 40 nm, thickness = 5 nm) and spectrophotometry. In order to increase their circulation time and to reduce 
toxicity, measured by MTS assays, an optimal polyethylene glycol concentration was used (0.125 mg/mL) as well as an acceptable 
injection concentration. Results: Gold nanoshells were synthesized, concentrated and conjugated with VCAM-1 antibodies, in order to 
create targeted probes to detect the location of this pro-inflammatory adhesion molecule in atherosclerotic animals. In vitro toxicity tests 
were performed, on bare and pegylated nanoshells, to determine the optimal pegylation and injection concentrations. ELISA assays 
were used to quantify the number of antibodies per nanoshells and in vitro tests were performed with cells expressing VCAM-1 to 
validate the sensitivity and specificity of the synthesized complex. In vivo animal toxicity was assessed. No visible signs of acute toxicity 
post-injection were noted and mice survived to injection of nanoshells (OD=200). Photoacoustic imaging was performed using a custom 
built system with animals developing atherosclerosis (ApoE -/-, high fat diet, Harlan Teklad) and compared to controls (C57BL6J, 
Jacksons Lab). Conclusions: Molecular imaging techniques have been mostly used in oncology, however, they offer potential solutions 
to characterize the development, progression and regression of cardiovascular diseases, repeatedly and non-invasively, allowing 
clinicians to better assess the health of their patients. Targeted photoacoustic imaging probes were developed, validated in vitro and 
used in vivo to detect the presence of VCAM-1, a known pro-inflammatory biomarker. 
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Purpose: There is an urgent need for improved diagnostic imaging techniques to assess the architecture and function of lymphatic 
vasculature for phenotyping disease. The aim of this study was to develop and characterize a novel peptide imaging agent for non-
invasive near-infrared fluorescence imaging of the lymphatic system that can be used to assess lymphatic disease. Our imaging agent 
consists of a cyclic albumin binding domain (cABD) peptide, with sequence, (Arg-Leu-Ile-Glu-Asp-Ile-Cys-Leu-Pro-Arg-Trp-Gly-Cys-
Leu-Trp-Glu-Asp-Asp-Lys), conjugated to a bright near-infrared fluorophore, IRDye800CW, to allow for enhanced vascular retention 
and signal. Methods: Synthesis of cABD-IRDye800 was conducted using solution phase conjugation followed by HPLC purification. 
Characterization of the peptide conjugate was performed using mass spectrometry to confirm the expected molecular weight, 
fluorescence spectroscopy to assess optical properties, and serum albumin binding assays and Biacore surface plasmon resonance to 
determine binding affinity. SDS-Page studies were conducted to determine binding specificity and hydrophobicity was assessed by the 
octanol water partition coefficient, while chemical stability was monitored by HPLC. Finally, cABD-IRDye800 was used for fluorescence 
imaging of normal C57BL/6 mice to monitor lymphatic uptake and retention and in VEGFR3 +/- mutant mice in conjunction with 
intravital imaging and immunohistochemistry for assessment of lymphatic hypoplasia. Results: cABD-IRDye800 was successfully 
conjugated and purified. The conjugate showed a greater fluorescent yield than commonly used ICG as determined by extinction 
coefficient and quantum yield, a high affinity for albumin and serum protein with IC50 and Kd in the nanomolar range, binding specificity 
for albumin as compared to the structurally distinct protein ovalbumin, and superior retention characteristics within mouse lymphatics 
when compared to IRDye800CW. The conjugate was also found to be stable over a 14 day HPLC study. Based on its favorable 
characteristics for lymphatic imaging, cABD-IRDye800 was further used to show a lack of lymphatic vessels in the inguinal region of a 
VEGFR3 +/- mouse model of Milroy’s congenital lymphedema. These findings were subsequently confirmed by intravital imaging using 
Evans Blue, which showed a lack of dye uptake into the lymphatic vessels and inguinal lymph node, as well as immunohistochemistry, 
which confirmed a lack of staining for lymphatic vessel markers in the skin of VEGFR3 mice when compared to wild type C3H mice. 
Conclusion: cABD-IRDye800 has utility for assessing lymphatic function in mouse models of human lymphatic disease and the potential 
for use in clinical diagnostic imaging of lymph and possibly blood vasculature as well. 
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We have developed a paradigm-shifting strategy that transforms stable, non-pH-sensitive NIR quantum dot (Qdots) to highly pH-
responsive nanosensors. Upon conjugation of a pH-sensitive dye to Qdots, the lifetime of the highly luminescent NIR Qdots linearly 
correlated with pH of the solution. The Qdot acquired the pH-sensitive properties of the low luminescent NIR pH-sensitive dye through 
FRET based modulation of the Qdot luminescence lifetime. The calculated pKa of Qdots is consistent with that of the NIR dye. This 
study revealed a new approach to develop highly luminescent lifetime pH-sensitive Qdots for biological imaging. The Qdot FRET 
donors are readily custom-engineered to match the acceptor’s absorption features of a pH sensitive organic dye used to modulate the 
lifetime of Qdots. The versatility of this new approach provides a nano-platform to monitor cellular and tissue pH of biological system 
longitudinally with minimal photobleaching. 
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Objectives: Angiogenesis is an indispensable process during tumor development. The currently accepted standard method for 
quantifying tumor angiogenesis is to assess microvessel density (MVD) based on CD105 staining, which is an independent prognostic 
factor for survival in patients of most solid tumor types. The goal of this study is to evaluate tumor angiogenesis in a mouse model by 
near-infrared fluorescence (NIRF) imaging of CD105 expression. Methods: TRC105, a human/murine chimeric anti-CD105 monoclonal 
antibody, was conjugated to a NIRF dye (IRDye 800CW; Ex: 778 nm; Em: 806 nm). FACS analysis and microscopy studies were 
performed to compare the CD105 binding affinity of TRC105 and 800CW-TRC105. In vivo/ex vivo NIRF imaging, blocking studies, and 
ex vivo histology were performed on 4T1 murine breast tumor-bearing mice to evaluate the ability of 800CW-TRC105 to target tumor 
angiogenesis. Another chimeric antibody, Cetuximab, was used as an isotype-matched control. Results: FACS analysis of HUVECs 
revealed no difference in CD105 binding affinity between TRC105 and 800CW-TRC105, which was further validated by fluorescence 
microscopy. 800CW conjugation of TRC105 was achieved in excellent yield (> 85%), with an average of 0.4 800CW molecules per 
TRC105. Serial NIRF imaging after intravenous injection of 800CW-TRC105 revealed that the 4T1 tumor could be clearly visualized as 
early as 30 minutes post-injection. Quantitative region-of-interest (ROI) analysis showed that the tumor uptake peaked at about 16 h 
post-injection. Based on ex vivo NIRF imaging at 48 h post-injection, tumor-uptake of 800CW-TRC105 was higher than most organs 
thus providing excellent tumor contrast. Blocking experiments, control studies with 800CW-Cetuximab or 800CW, as well as ex vivo 
histology all confirmed the in vivo target specificity of 800CW-TRC105. Conclusions: This is the first successful NIRF imaging study of 
CD105 expression in vivo. Fast, prominent, persistent, and CD105-specific uptake of the probe during tumor angiogenesis was 
observed in mouse models. 800CW-TRC105 may be used in the clinic for imaging tumor angiogenesis within the lesions close to the 
skin surface, tissues accessible by endoscopy, or during image-guided surgery. 
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Introduction The study of nanoparticle-nanoparticle and nanoparticle-cell interactions is of paramount importance to better understand 
biological processes and to improve the design of nanomaterials to be applied for molecular imaging. Förster resonance energy transfer 
(FRET) between a nanoparticle core and its coating allows studying the aforementioned phenomena with a variety of optical 
techniques. In the current study we applied to lipoproteins, natural nanoparticles comprised of lipids and apolipoproteins that transport 
fats throughout the body. We developed a high-density lipoprotein (HDL) based nanoparticle that consists of a quantum dot (QD) core 
and Cy5.5 labeled lipidic coating. The methodology allows judicious tuning of the QD/Cy5.5 ratio, which enabled us to optimize FRET 
between the QD core and the Cy5.5 labeled coating (Fig.1A). FRET allowed us to study lipoprotein-lipoprotein interactions, lipid 
exchange dynamics and the influence of apolipoproteins on these processes. Moreover, we were able to study HDL-cell interactions 
and exploit FRET to visualize HDL uptake by and dissociation in live macrophage cells. Methods and Results Exceptionally stable 
CdSe-CdS-ZnS core−shell−shell (CSS) QDs were synthesized, capped with oleic acid and coated with an appropriate mixture of Cy5.5 
labeled and unlabeled phospholipids. Subsequently, ApoA-I was incorporated in the lipid corona to render stable dual labeled hybrid 
nanoparticles that consist of one QD core per particle, schematically depicted in Fig. 1A. To investigate the occurrence of FRET we 
acquired emission spectra and life time measurements of QD-HDL nanoparticles that contained varying amounts of Cy5.5 in their lipid 
coating (Fig. 1B). Next, we studied the particle-particle interactions through FRET facilitated optical measurements. Particle-cell 
interactions with cell membranes (Fig. 1C-D) were studied using the same methodology and ultimately, we performed a proof-of-
principle study where we aimed to visualize FRET of QD-HDL-Cy5.5 nanoparticles in living adhered J774A.1 macrophages via 
fluorescence microscopy. This allowed us to study and visualize the temporal fate of QD-HDL once associated with macrophages 
(Supplemental Data). We observed the lipid coating to very differently interact with the cells from the QD core The fluorescence from 
the lipids primarily integrated in the cell membrane, while the QD core was predominantly found in the cytoplasm, suggesting a 
dissociation of the HDL nanoparticle upon association with the macrophage cells. Lastly, FRET fluorescence microscopy convincingly 
corroborated the aforementioned and proved to be a valuable tool to study the disassembly of the HDL nanoparticle. Conclusion Both 
the increasing interest in lipid-coated nanocrystals and the need to better understand HDL biology in detail inspired us to develop a 
hybrid nanoarchitecture that resembles HDL. We show that these lipid-coated and dye labeled QDs represent a versatile probe to study 
FRET and also allow the study of fundamental and biological processes via FRET, including lipid-exchange between nanoparticles and 
nanoparticle uptake by cells. 
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The use of non-imaging intra-operative gamma probes has become a well-established technique for the localization of sentinel lymph 
nodes and the ssuccess of sentinel node detection during surgery may depend on the performance of gamma probe detector material 
used. A wide range of intra-operative gamma-probes are commercially available based on scintillator (e.g. a bismuth germanate (BGO)) 
or semiconductor (e.g. a cadmium zinc telluride (CZT)) detectors. Cerium-doped lanthanum bromide (LaBr3:Ce) crystals have lately 
drawn significant interest due to their high scintillation yield, superior energy resolution and fast decay time. This study aims to evaluate 
LaBr3:Ce probe (Ø 7 mm and different thicknesses:5-15 mm) at 140 and 511 keV compared to the two commercial gamma probes: a 
Modelo2, scintillator with a BGO and Neoprobe, a semiconductor with a CZT based-crystal using Mote Carlo simulations. GEANT4 
application for tomographic emission (GATE; version 4.0.0) as used in this study is a relatively new Monte Carlo simulation package 
based on GEANT4 dedicated to nuclear medicine applications. The performance of gamma probes involved sensitivity and spatial 
resolution following NEMA NU3-2004 protocols for non-imaging intra-operative gamma probes. Spatial resolution was determined in a 
scatter medium without background radiation. Sensitivity defined as the number of detected events divided by the number of simulated 
events were modelled in air, in a scatter medium, and through side shielding in air, using a 18 MBq and 1.5 MBq sources of 99mTc 
18F; respectively. The internal radioactivity of LaBr3:Ce scintillaotr was modelled based on experimental measurements. The spatial 
resolution results demonstrated the superiority of LaBr3:Ce probe with respect to BGO due to the fact that LaBr3:Ce has 85% higher 
light output than BGO. For example, at 511 keV, sspatial resolution results at 511 keV ranged from 18.6±1.2 mm to 38.3±1.7 mm with 
the LaBr3:Ce probe compared to 23.2±0.8 mm to 54.3±2.1 mm with the BGO probe, from 0 to 20 mm depth. The sensitivity decreased 
with the depth, as expected, and the sensitivity for the LaBr3:Ce and BGO probes are comparable. The LaBr3:Ce probe significantly 
improves sensitivity with respect to the CZT probe. In air, the sensitivity with the CZT probe ranged from 112 to 34 MBq−1 s−1, while 
with the LaBr3:Ce probe, the sensitivity decreases from 734 to 218 MBq−1 s−1. The internal radioactivity drawback of LaBr3:Ce 
scintillator is likely to be serious only for the very long time of counting measurements. In conclusion, because the relatively new 
LaBr3:Ce, scintillators combines excellent spatial resolution and slightly higher sensitivity notwithstanding comparison of other 
performance aspects, they have the potential to be the detector of choice in non-imaging intra-operative gamma probes. However, 
further investigations, including low cost crystal growth techniques and experimental evaluation are needed before these materials can 
be commonly used. 
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Gene and cell based therapies hold the promise of curing a variety of incurable diseases if therapeutic transgene (TG) and therapeutic 
cell (TC) pharmacokinetic issues hampering their progress can be resolved. Radionuclide-based imaging reporter gene (IRG) systems 
are currently the only IRG systems sensitive enough for general and non-invasive monitoring of TG and TC kinetics in humans. A 
variety of positron emission tomography (PET) IRGs (PRGs) have been developed, but none are yet ideal TG or TC kinetics imaging 
tools. We have pursued a new development strategy which began by evaluating the biodistribution of several candidate fluorine-18 
radiolabeled PET tracers in vivo to identify the most suitable PET reporter probe (PRP) for a class of potentially non-immunogenic 
human derived PRGs. Method: Initially, a group of nucleoside analogs amenable to fluorine-18 labeling were identified. These PET 
tracers, 5 of which were novel, were then screened to determine their biodistribution in C57/BL6 mice (n=3 for each PET tracer) through 
dynamic microPET scans. Whole-body clinical PET scans were performed in a healthy male human volunteer at 4 time points for up to 
2.5 hours to determine tissue time activities of the top candidate, 1-(2’-[18F]fluoro-5-methyl-β-L-arabinofuranosyl)uracil ([18F]L-FMAU). 
We utilized rational design to introduce mutations into human nucleoside kinase thymidine kinase 2 (TK2) to improve the affinity of the 
kinase for our top candidate probe. The sensitivity and specificity of the novel PET reporter probe/gene pair was then determined in 
vitro and in vivo using a murine cancer model. Results: Of the 8 PET tracers synthesized, 4 exhibited lower abdominal background 
than 9-[4-[18F]fluoro-3-(hydroxymethyl)butyl]guanine ([18F]FHBG), the only PRP that has thus far been used for imaging TCs in patients 
Of these four probes, 18F-L-FMAU was selected as the top candidate based on its biodistribution in mice and the fact that a compound 
with the same chemical structure had already been investigated in humans, facilitating relatively rapid translation into clinical studies. 
Whole-body 18F-L-FMAU PET scans in the healthy human volunteer showed that it had lower intestinal background than [18F]FHBG, 
indicating 18F-L-FMAU may be more suitable for imaging TG and TC kinetics in the lower abdomen of patients. We designed a TK2 
point mutant (TK2-N0) that showed a two-fold increase in in vivo uptake of 18F-L-FMAU compared to TK2 when assayed in a murine 
xenograft cancer model. We then identified a second TK2 mutant (TK2-N5) that showed a two-fold increase in in vitro uptake of 18F-
LFMAU as well as less resistance to inhibition by thymidine compared to TK2-N0. Conclusions: Using a novel platform for the 
development of PRG/PRP systems we have identified 18F-L-FMAU as a suitable PRP for imaging mutant human tk2 PRGs. Paired with 
the novel PET reporter gene, TK2-N5, this will expand the utility of PET reporter gene systems in pre-clinical systems and potentially in 
clinical applications. 
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2'-Deoxy-2'-[18F]Fluoro-9-β-D-arabinofuranosylguanine and 3'-Deoxy-3'-[18F]Fluoro-9-β-D-
xylofuranosylguanine as In vivo Probes for Imaging Gene Expression with PET 

Mohammad Namavari, Si Yeol Song, Ataya Sathirachinda, Ramasamy Paulmurugan, Sanjiv S. Gambhir, Radiology, Stanford 
University, Stanford, CA, USA. Contact e-mail: namavari@stanford.edu 

The synthesis of radio-labeled [18F]-fluoroguanine derivatives as potential in-vivo probes for imaging reporter gene (RG) expression 
with Positron Emission Tomography (PET) is reported. In our continuing efforts to find a better [18F]-fluoroguanine derivative as in-vivo 
probe for imaging RG expression with PET, we have prepared two new derivatives, 2'-Deoxy-2'-[18F]Fluoro-9-β-D-
arabinofuranosylguanine ([18F]F-AraG) and 3'-Deoxy-3'-[18F]Fluoro-9-β-D-xylofuranosylguanine ([18F]F-XyloG). The uptake of [18F]F-
AraG and [18F]F-XyloG in C6, HSV1-tk/sr39tk and HSV1-tk/wild type cells was investigated. In preliminary cell uptake experiments, 
[18F]F-AraG showed statistically higher uptake (1.6 times) in C6 cells expressing HSV1-tk/sr39tk (mutant) as compared to C6 cells 
(P<0.05). Also, [18F]F-XyloG showed statistically higher uptake (1.5 times) in C6 cells expressing HSV1-tk/sr39tk as compared to C6 
cells (P<0.05). However, [18F]F-XyloG showed significantly higher uptake (2.2 times) in C6 cells expressing HSV1-tk/wild type as 
compared to C6 cells (P<0.05). A similar trend was observed with the uptake of [3H]penciclovir in the above cell lines. In conclusion, 
cell uptake studies suggest that [18F]F-AraG and [18F]F-XyloG may be promising PET radiotracers for monitoring HSV1-tk RG 
expression. 

 

Structures of 18F-labeled guanine derivatives 
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Automation of a digital microfluidic system for repeatable radiosynthesis of 2-[18F]fluoro-2-
deoxy-D-glucose ([18F]FDG) and other tracers 

Gaurav J. Shah1,5, Supin Chen2, Pei Yuin Keng1, Saman Sadeghi1, Chang-Jin Kim3, R Michael van Dam1,4, 1Crump Institute for 
Molecular Imaging and Department of Molecular & Medical Pharmacology, University of California, Los Angeles, Los Angeles, CA, 
USA; 2Bioengineering Dept., University of California, Los Angeles, Los Angeles, CA, USA; 3Mechanical and Aerospace Engineering 
Dept., University of California, Los Angeles, Los Angeles, CA, USA; 4Biomedical Engineering Dept., University of California, Los 
Angeles, Los Angeles, CA, USA; 5Sofie Biosciences, Inc., Culver City, CA, USA. Contact e-mail: gjs1981@gmail.com 

We report an automated system for the radiochemical synthesis of [18F]FDG (FDG) with an electrowetting-on-dielectric (EWOD) digital 
microfluidic chip. The many advantageous features of micro-scale radiosynthesis have driven efforts towards microfluidics-based 
radiosynthesizers. EWOD provides a more robust and reliable platform for radiosynthesis than other microfluidics platforms for batch 
radiosynthesis due to the inert Teflon® surface compared to PDMS which absorbs or interact with organic solvents and reagents. 
Additionally, liquids are controlled entirely electronically providing flexibility in synthesis protocols and additional robustness. Repeatable 
synthesis of FDG sufficient for preclinical imaging (Fig d) on EWOD device has been achieved with high (88±7%, n=11) fluorination 
efficiency and high (>95%, n=9) hydrolysis efficiency. Following radiosynthesis, off-chip purification through a miniaturized cartridge 
produced high (>99%) purity FDG. Currently reagents are loaded manually to the chip, leading to chemical and radiation exposure 
hazards, and requiring greater time, effort and expertise. The common approach of pre-loading reagents into on-chip reservoirs is not 
feasible for this application due to volatility of many reagents and concerns of cross-contamination, and reported techniques for loading 
reagents from off-chip reservoirs would be incompatible with organic solvents. For on-demand loading of aqueous and non-aqueous 
microfluidic droplets (0.5 to 2 μL) from large (10’s to 1000 μL) reservoirs, as required in radiosynthesis, we introduced a proof-of-
concept loading technique by combining compressed inert gas and gravity (Fig b) [Shah et al., Proc. Transducers 2011]. Here, we 
present a prototype system based on this technique to automate loading of all the reagents for FDG synthesis on EWOD. The EWOD 
chip (~5x5x0.3cm3) (Fig e) contains an array of inlet holes located to match the ‘liquid needles’ held in the ‘needles block’, connecting 
the chip to the vials in the vials holder (Fig c). Each vial also has a ‘gas needle’ connected through channels in the needle block to 
pneumatic valves (not shown), so as to enable independent loading from any vial. Each inlet hole on the chip is adjacent to a loading 
site (Fig e), where an EWOD electrode is used to electrically sense the arrival of liquid. Once loaded, droplets can be transported by 
sequential application of EWOD voltage to the appropriate transport electrodes. The EWOD chip contains a reaction site comprising 
concentric ring-shaped electrodes for resistive heating to perform reactions and evaporations. Figs e-i describe the steps of the FDG 
synthesis as performed on an EWOD chip, where reagents are in turn loaded at loading sites, transported by EWOD, and heated at the 
central heater for the drying, fluorination and hydrolysis steps. The final product, i.e. FDG (Fig j, inset) is extracted for in-line purification. 
All components requiring radiation shielding are highly compact (fit within a 15x10x10cm3 volume) (Fig c) as is suitable for a benchtop 
radiosynthesis system. Future work includes system optimization and its extension to multi-pot synthesis for various PET tracers. 

 

(a) Concept of EWOD. Electrode surfaces are initially hydrophobic. When EWOD actuation voltage is applied to the electrode, its surface becomes 
hydrophilic, causing droplet transport. After voltage is turned off, the surface returns to hydrophobic. (b) Schematic of on-demand reagent loading. (c) 

Automated on-demand loading setup. Each vial cap is punctured by a ?liquid needle? connected to the chip, and a ?gas needle? (needles shown 
without the vial), connected to a pneumatic valve (not shown) through a gas channel. (d) FDG synthesized on EWOD was used to image BC-1 

lymphoma xenograft in mouse. Biodistribution was very similar to [18F]FDG from conventional radiopharmacy. (e-i) Automated radiosynthesis on 
EWOD. Liquid is pumped into the chip through inlet adjacent to loading sites. Loaded droplets are transported by EWOD to the heater for drying, 

reaction and hydrolysis steps to produce (j) [18F]FDG (inset- FDG synthesized on-chip), and extracted with water for off-chip purification. 
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Hypersulfated heparan sulfate glycosaminoglycans - Novel cerebral and visceral amyloid-
associated biomarkers in mouse and man that can be targeted with the heparin-binding 

peptide p5 

Jonathan S. Wall1,2, Tina A. Richey2, Alan Stuckey1, Angela Williams2, Ying Huang1, Emily B. Martin2, Sallie D. Macy2, Stephen J. 
Kennel1,2, 1Radiology, University of Tennessee Graduate School of Medicine, Knoxville, TN, USA; 2Medicine, University of Tennessee 
Graduate School of Medicine, Knoxville, TN, USA. Contact e-mail: jwall@utmck.edu 

Heparan sulfate proteoglycans (HSPG) are ubiquitous components of pathologic amyloid deposits in the organs of patients with 
disorders such as Alzheimer’s disease, systemic light chain (AL), and reactive (AA) amyloidosis. Although recent advances have been 
made in the translation of novel tracers for imaging Aβ amyloid in patients with Alzheimer’s disease, molecular imaging methods for the 
early detection of visceral amyloidosis (e.g., AL and AA) are limited and generally unavailable outside the U.K. Therefore, there remains 
a continued need to develop novel, specific, amyloidophilic imaging radiotracers to assist in diagnosis, disease staging and monitoring 
response to therapy. Amyloid-associated HSPG has been differentiated from that found in surrounding healthy cells and tissues by the 
preferential binding of certain HS-reactive scFv antibodies. One of these scFvs, for which the chemical target was well defined, was 
used to show that HSPG in amyloid was likely hypersulfated and, therefore, electrochemically similar to heparin. This unique property 
renders HSPG a potential novel biomarker in amyloid that might be targeted specifically with appropriate reagents. Using a transgenic 
murine model of visceral AA amyloidosis, we have examined the amyloid reactivity of 7 heparin-binding peptides in vivo by using 
SPECT/CT imaging, micro-autoradiography and tissue biodistribution measurements. All of the peptides bound amyloid deposits within 
1 h post-injection, but the degree of reactivity differed widely as evidenced by SPECT images, biodistribution measurements and the 
grain density seen in autoradiographs. One radiolabeled peptide, designated p5, bound rapidly and specifically to murine AA amyloid in 
the liver, spleen, kidney, intestines and pancreas with sufficient avidity to be observed in SPECT images within 1 h and as late as 24 h 
post-injection. To generalize these findings, a biotinylated form of this peptide was generated and shown histochemically to bind human 
AA, ALκ, ALλ, ATTR, and Aβ amyloid deposits in formalin-fixed paraffin-embedded tissue sections. This basic, heparin-binding peptide 
selectively recognized the HSPG in murine, canine, feline and human amyloid deposits in vivo and in ex vivo tissues and, therefore, has 
potential as a radiotracer for the non-invasive molecular imaging of amyloid deposits in patients with these devastating diseases. 
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EVALUATION OF MONOCLONAL ANTIBODIES EFFICACY BY PRECLINICAL MULTIMODALITY 
IMAGING 

Muriel BUSSOn, Christel Larbouret, Jean-Pierre Pouget, Pierre-Olivier Kotzki, André Pèlegrin, INSERM, Montpellier, France. Contact 
e-mail: m.busson@valdorel.fnclcc.fr 

After a decade of scepticism due to the disappointing results of the first clinical studies, the interest for monoclonal antibodies in 
cancerology is now increasing. Many antibodies today present an increasing part of cancer therapy and are FDA approved recognised 
drugs. Discovery and validation of these therapies need to validate their biodistribution, uptake by the tumour and efficacy in preclinical 
studies. The combined nanoSPECT/CT (Bioscan®) system allowed acquisition and superposition of molecular and morphological 
images. By SPECT/CT imaging, we were able to follow biodistribution of antibodies for several days and even weeks. Comparison with 
clinically used therapeutics antibodies, labelled with 125I, allowed us to detect and characterize the uptake of several antibodies by 
pancreatic tumors. We then compared the uptake of bispecific antibodies and monoclonal antibodies by the tumor. Several antibodies 
directed against the same target injected to animals bearing tumors expressing the same receptor rate in vitro allowed the evaluation of 
tumors architecture. Last, we compared the fixation kinetics of these radiotracers. A multimodal approach permitted the evaluation of 
our antibodies effect. By non-invasive imaging, we visualized mouse peritoneal carcinomatosis or SC xenografts proliferation using 
cancer cells expressing luciferase gene. Luciferase activity expression was monitored in intact animals with a CCD camera (Caliper®) 
and allowed us to follow tumour formation, proliferation rate and metastases location, and also to evaluate radioimmunotherapy and 
immunotherapy strategies in these animals. A double labelling with bioluminescent and fluorescent reporters permitted the evaluation of 
biological activities on one hand and proliferation rate on the other hand. Last, tumour vascularisation could be evaluated by non-
invasive echography. In conclusion, our multimodal imaging allowed a rapid detection of tumor growth and evaluation of 
radioimmunotherapy strategies, avoiding sacrificing numerous animals. CT allowed the anatomical localisation of the 
radiopharmaceuticals, which were imaged by SPECT technology. In combination with optical (bioluminescence and fluorescence) 
imaging, these models constitute a powerful tool to evaluate cancer immunotherapies efficiencies. 
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Practical synthesis of 3’-Deoxy-3’-[18F]Fluorothymidine ([18-F]FLT) in a microfluidic batch 
reactor 

Artem Lebedev, Umesh Gangadharmath, Reza Miragaie, Carroll E. Ball, Jianzhong Zhang, Joseph C. Walsh, Hartmuth C. Kolb, 
Arkadij Elizarov, Molecular Imaging, Siemens, Culver City, CA, USA. Contact e-mail: artem.lebedev@siemens.com 

Background: Several development programs are investigating the usefulness of [F-18]-FLT for imaging highly proliferative tissues in 
vivo. While the synthetic methods for producing [F-18]-FLT have been widely published, improvement of the synthetic conditions are 
needed for increased output. . More specifically, high yielding chemistry that can be performed multiple times a day will ensure that the 
production demands meet the increasing need for [F-18]-FLT Methods: 5’-O-Boc-3’-beta-nosyl-2-N-Boc thymidine (2 mg/run) was used 
as the precursor for the synthesis of [F-18]FLT. The synthesis platform contains an integrated microfluidic reactor (60 uL reactor 
volume) equipped with an integrated reagent delivery system and semi-preparative HPLC purification system. The precursor was 
reacted with [F-18]KF, K222, and either K2CO3 or KHCO3 in MeCN at various times and temperatures in the presence of controlled 
amounts of water. Deprotection was then accomplished using phosphoric acid at 145°C for 5 min. [F-18]FLT was purified by RP-HPLC 
(Phenomenex Synergy Hydro RP) filtered through 0.22 um sterile filters. Results: [F-18]FLT was prepared in yields reaching 43% 
(decay corrected) in less than 1 hr. [F-18]FLT prepared on this system met our internal release specifications for chemical and 
radiochemical purity, sterility, residual solvent limits, pH, K222, appearance and pyrogenicity. Additionally, the microfluidic reactor’s 
design allowed us to perform up to 6 experiments in a day. During the development process, the efficiency of the [F-18]fluorination was 
dependent on two parameters: the temperature used for drying of the K222/K18F complex and the concentration of total water within 
the reaction mixture. First, the extensive drying of K222/[F-18]KF at or above 100 °C resulted in poor fluorination yields (30-50% 
conversion analyzed by radioTLC). Interestingly, low yields were also observed when two consecutive MeCN-mediated azeotropic 
drying cycles were performed at 85 °C. Secondly, the presence of water (0.5% v/v) in the precursor solution added to dried K222/K18F 
revealed conversions as high as 85% by radioTLC. Conclusions: The synthesis of [F-18]FLT in a microfluidic reactor has a number of 
assets. First, the synthetic method requires only small amounts of precursor (2 mg) and it can be completed in under 1 hr, yielding 
product that meets our internal specifications. Additionally, given the variability of yields based on our drying experiments, the labeling 
variability may be controlled by the purposeful addition of water. As a consequence, yields over 40% (decay corrected) have been 
observed. Because multiple batches of F-18]FLT (up to 6) can be made, a site can produce adequate supply of tracer to satisfy 
research demands for [F-18]FLT 
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A Novel Method to Label Liposomes with 111In by the 1,4,7,10-Tetraazacyclotetradecane-
N,N',N'',N'"-Tetraacetic acid (DOTA) Derivative 

Wei-Chuan Hsu2,1, Jeng-Jong Hwang2, Shu-Pei Chiu1, Te-Wei Lee1, Gann Ting3, 1Division of Isotope Application, Institute of Nuclear 
Energy Research, Taoyuan, Taiwan; 2Department of Biomedical Imaging and Radiological Sciences, National Yang-Ming University, 
Taipei, Taiwan; 3National Health Research Institutes, Taipei, Taiwan. Contact e-mail: wchsu@iner.gov.tw 

In this study a new 111In labeling method for polyethyleneglycol (PEG)-coated liposomes is described. The in vitro and in vivo 
characteristics were compared with the conventional 111In-oxine-labeled PEG-coated liposomes. Methods: PEG-coated liposomes 
were labeled with 111In by the 1,4,7,10-Tetraazacyclotetradecane-N,N',N'',N'"-Tetraacetic acid (DOTA) derivative of 1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-N-[amino(polyethylene glycol)] (DSPE-PEG) and compared with PEG-coated liposomes labeled with 
111In-oxine. In vitro stability tests were performed. MicroSPECT/CT and planar gamma imaging of both liposomal preparations were 
determined in the human epithelial colon LS174T bearing nude mice. Results: Per liposome, 13 111In were incorporated. The labeling 
efficiency of the 111In-DOTA-liposomes was greater than 95%, so no postlabeling purification was required, in contrast to the 111In-
oxine loaded liposomes. The 111In-DOTA-liposomes showed greater in vitro stability than the conventional 111In-oxine loaded 
liposomes. Imaging studies show that tumor uptake of two drugs were similar (10.6 ± 0.91%ID/g versus 11.1 ±0.33%ID/g, 48 h 
postinjection, P = 0.47). Conclusion: This new 111In-DOTA based labeling method for liposomes is rapid, efficient and easy to perform. 
Furthermore, the 111In-labeled liposomes have an superior stability and in vivo characteristics. The new labeling method is a major 
step forward toward a radiopharmaceutical for tumor imaging that can be prepared in a one-step procedure within 30 min at 60 
centigrade and thus can be applied in every routine clinical practice. 
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Synthesis and In vitro evaluation of C3’ and N3 modified 99mTc-MAMA-alkyl-thymidine 
derivatives as potential probes for tumor cell proliferation imaging 

Dian-Rong Tsai, Chuan-Lin Chen, Department of Biomedical Imaging and Radiological Sciences, National Yang-Ming University, 
Taipei, Taiwan. Contact e-mail: podxpo@hotmail.com 

Purpose: Nucleosides are vital marks in assessing cell proliferation. The purpose of this study was to synthesize a serious 99mTc-
labeled thymidine analogues of 3’-aminothymidine containing monoamino-monoamide dithiol (MAMA) alkyl group precursor with 
different spacer lengths at the C3’ ribose position and the derivative of monoamino-monoamide dithiol (MAMA) modified with 5 
methylene spacer at N-3 position for evaluation as tumor proliferation tracers. Method: These 3’-aminothymdine analogues and N-3 
modified thymidine derivative were synthesized in several steps and their structures were identified with 1H and 13C-NMR and mass 
spectrometry. Via two-step, one-pot reaction, these 99mTc-labeled thymidine analogues were completed and analyzed with radio-TLC, 
HPLC and their log P were determined. The in vitro cellular uptake studies of these 99mTc-labeled-thymidine analogues were performed 
in the NG4TL4 sarcoma cells at designed time points. The FUdR pretreatment assay was pretreatment with 5-fluorodeoxy-uridine 
(FUdR) and following treated with 99mTc-labeled-thymidine analogues and compared with 131I-IUdR. Results: All radioactive 99mTc-
labeled thymidine analogues were obtained with acceptable radiochemical yield (>70%) and high radiochemical purity (≧95%). The 
cellular internalization studies revealed the low uptake of the 99mTc-labeled- 3’-aminothymdine analogues but significant uptake for the 
N-3 modified thymidine derivative after 2 h incubation time. In the FUdR pretreatment assay, the uptake ratio elevated from 4.52±0.07 
to 21.30±0.67 without and with FUdR pretreatment after 1 h incubation time. Conclusion: The results of this in vitro study show that the 
N-3 modified 99mTc-labeled-thymidine analogue may be useful as a potential single photon emission computed tomography tumor 
tracer. 
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Disposable Cartridge Production of [18F]FDG on the Biomarker Generator 

Aaron McFarland, Atilio Anzellotti, Doug Ferguson, Maxim Kiselev, James D. Bailey, Anthony M. Giamis, ABT Molecular Imaging, 
Louisville, TN, USA. Contact e-mail: amcfarland@abt-mi.com 

Introduction: There continues to be only one widely used PET biomarker, [18F]FDG. One of the primary reasons for this lack of 
development is due to the nature of the production and distribution network for the single [18F]FDG biomarker. ABT Molecular Imaging 
has created a manufacturing platform for the medical and biotechnology industries. This Biomarker Generator produces [18F]FDG "on-
demand" for human injection and/or research subjects. Experimental: The Biomarker Generator consists of a lower-energy positive ion 
accelerator that operates with 4 μA on target. This produces [18F]fluoride at 1-2 mCi per minute. At the end of bombardment, 20-25 mCi 
(740-925 MBq) are transferred to the automated chemistry platform. The Biomarker Generator then uses microchemistry technology to 
conduct the [18F]FDG synthesis, purification, and compounding of the final dose from a disposable cartridge. This cartridge, called the 
Dose Synthesis Card (DSC), maintains the entire wetted path for the production. The SPE-based purification column neutralizes the 
acid-based hydrolysis conditions, removes unreacted [18F]fluoride, and strips kryptofix and other non-polar components from the 
mixture. The product solution is then terminally sterilized through a 0.22 μm filter. The resulting radiopharmaceutical product is collected 
in the final product applicator. A 200 μL aliquot from the dose applicator is removed using microfluidic automation for quality testing of 
the radiopharmaceutical product including: tests for pH, kryptofix, acetonitrile concentration, radiochemical purity, and radiochemical 
identity. Results and Discussion: The entire process, including bombardment, is complete in 36 minutes. Continuous bombardment 
by the accelerator shortens the cycle time. The pre-purification radiochemical yield is 94% [18F]FDG. Residual loss, radioactive material 
left behind, is less than 12%. The overall radiochemical yield for the 18-minute microchemistry process is 55%. To demonstrate the 
stability, robustness, and reproducibility of the Biomarker Generator, 10 subsequent “single-dose” production runs were performed in 
one day. Conclusion: We have demonstrated the capability to manufacture single dose units of [18F]FDG in an economic, efficient, and 
timely manner from a disposable Dose Synthesis Card (DSC). Future improvements remain in terms of user interface and further 
streamlining the process. 
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[18F]YF3 nanoprobes: novel 18F-labeled imaging agents for tumor targeting 
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Department of Radiology, Stanford University School of Medicine, Stanford, CA, USA. Contact e-mail: lqxiong@stanford.edu 

Objectives: Fluorine-18 is classically introduced into a molecule by forming a C-18F bond under basic conditions, which often includes 
multiple synthetic steps and tedious purification processes. In recent years, nanoparticles are known to offer various platforms to attach 
targeting moieties for both novel probe and drug development. Our aim is to develop an easy, efficient, and versatile synthetic strategy 
to incorporate 18F into nanoparticles by directly labeling YF3-based nanoprobes under mild aqueous conditions. In this study, folate-
functionalized, Doxorubicin (DOX)-conjugated, and 18F-labeled YF3 (DOX@FA-[18F]YF3) nanoparticles were prepared and further 
evaluated in cancer cells (e.g., PYMT and MDA-MB-468 cells) and rodent (e.g., serum stability, in vivo biodistribution). Methods: FA-
YF3 and Cit-YF3 nanoparticles were synthesized by adding the YCl3.6H2O and NH4F to citric acid or folate aqueous solution and stirred 
for 30 min at 75 °C. Doxorubicin linked YF3 nanoparticles were synthesized by adding the DOX to the aqueous solution of FA-YF3 and 
stirred at room temperature for 24 h. 18F-labeling was carried out by mixing 18F-fluoride-K2CO3 solution with YF3 nanoparticle solution at 
RT for 10 min. Six nude mice were scanned for 15 min, 2 h and 4 h on a Siemens/Concorde Microsystems MicroPET rodent R4 after 
tail vein injection of [18F]FA-YF3. Results: YF3 nanoparticles were dispersed very well in the water with an average diameter of ∼20 nm. 
The in vitro cytotoxicity was measured using the MTT assay against MDA-MB-468 cells after 24 h. The cellular viability was estimated 
to be 73.8% for Cit-YF3 and 79.4% for FA-YF3, respectively, at an equivalent concentration of 200 μg/mL. While DOX@ FA-YF3 was 
cytotoxic against MDA-MB-468 cells. The cellular viability was estimated to be 20.3% at 20 μg/mL DOX. However, free DOX exhibited 
higher toxicity, with 11.9% cellular viability at the same drug concentration. [18F]Cit-YF3, [18F]FA-YF3, DOX@FA-[18F]YF3, and 
DOX@Cit-[18F]YF3 were prepared efficiently in 10 min with a radiochemical yield of 85%, 91 %, 98%, and 99%, respectively. All 
reagents showed high radiochemical purity (>99%) and were kept stable at 95% within 120 min in mouse serum. To evaluate the 
targeting effect of nanoparticles, the cellular uptake of FA-[18F]YF3 in PYMT (high folate receptor expression) and MDA-MB-468 cells 
(low folate receptor expression) were investigated. The PYMT cell uptake of FA-[18F]YF3 was 6.69±0.47, and 13.62±0.99 (%) at 30 min 
and 120 min, respectively; while the radioactivity in the MDA-MB-468 cells was 3.20±0.14 and 5.43±0.32 (%) at 30 min and 120 min, 
respectively. In the microPET baseline study (Figure 1B), high FA-[18F]YF3 uptake was observed in the liver and spleen at 15 min, after 
4 h most FA-[18F]YF3 was observed in the bladder. Slight bone uptake was observed at 2 h and 4 h suggesting that minimal 
defluorination of [18F]YF3 nanoparticles may be occurring in vivo. Conclusion: YF3 nanoparticles may serve as a new radiolabeling 
agent to efficiently introduce fluorine-18 into biomarkers for PET imaging. 
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Radiolabeled γ-polyglutamic acid complex for the detection of sentinel lymph node 
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Nanoparticles such as liposome, micelle, and dendrimer are broadly and energetically investigated in the bioimedical sciences because 
of the effectiveness in the tumor therapy and diagnosis as carriers of anticancer drugs and molecular imaging probes. Recently, we 
reported that the ternary anionic complex of plasmid DNA with polyethyleneimine (PEI) and γ-polyglutamic acid (γ-PGA) could serve as 
a vector for gene delivery, which showed remarkable gene expression without causing cell toxicity. For the exploitation of the γ-PGA 
complex as a nanocarrier for molecular imaging, we developed a radiolabeled γ-PGA complex composed of generation 4 PAMAM 
dendrimer conjugated with p-SCN-Bn-DTPA (DTPA-G4), PEI, and γ-PGA. As a target tissue, we selected sentinel lymph nodes, the 
nodes nearest to the primary tumor, whose status is frequently used as an indicator of surgical management. We prepared 111In-labeled 
DTPA-G4/PEI/γ-PGA (111In-PGA complex) by reacting 111In-DTPA-G4 with PEI and γ-PGA in turn. Cationic 111In-DTPA-G4/PEI (111In-
PEI complex) and anionic 111In-DTPA-G4/PEI/alginic acid (111In-ALG complex) were also prepared for comparison, and characterized 
their size and ζ-potential. For each nanoparticle, we evaluated cytotoxicity by WST-8 assay, and monitored erythrocyte agglutination 
activity by measuring the percentage of agglutinated erythrocytes. Cellular uptake of 111In-labeled particles into RAW264 macrophages 
was measured in the presence or absence of the endocytosis inhibitors and γ-PGA. 111In-labeled probes were injected into the foot 
pads of rats. Biodistribution studies were conducted 1, 6, and 24 h after injection; and SPECT/CT studies were performed 24 h after 
injection. The PEI complex (30.2 nm, +47.7 mV) had a strong cationic charge, and therefore agglutinated with erythrocytes and 
exhibited extremely high cytotoxicity. In contrast, the PGA complex (24.8 nm, −48.9 mV) and ALG complex (45.6 nm, −43.7 mV), which 
had strongly anionic surfaces, exhibited no agglutination activity with erythrocytes and lower cytotoxicity, indicating their higher 
biocompatiblility. 111In-PGA complex exhibited high uptake by RAW264 comparable to the 111In-PEI complex, which was taken up more 
efficiently than 111In-ALG complex. Uptake of the 111In-PGA complex was inhibited by a phagocytosis inhibitor (cytochalasin D) and γ-
PGA itself, indicating the mechanism of uptake occurs via phagocytosis and a γ-PGA specific pathway. In vivo, the radioactivity of 111In-
PGA complex in the first draining popliteal lymph node was significantly higher than 111In-PEI and 111In-ALG complex; accumulation in 
the other tissues was negligible. Moreover, with SPECT/CT, the 111In-PGA complex more clearly visualized the popliteal lymph node 
compared with the other complexes. In conclusion, 111In-DTPA-G4/PEI/γ-PGA showed not only low cytotoxicity but also high 
accumulation in the macrophage in vitro. This complex also clearly visualized rat popliteal lymph node with SPECT/CT. These results 
suggested that 111In-DTPA-G4/PEI/γ-PGA would be useful for nuclear imaging of sentinel lymph nodes. 
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Novel PET Imaging Drug Development from Bench to Bedside--Learning from Developing and 
FDA Submission of 18F-fluoroacetate Sodium and 18F- PEG6-IPQA for Clinical Phase I Trials 
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Developing a PET imaging drug of a new molecular entity from bench to bedside requires the sponsor to submit to the FDA an 
Investigational New Drug (IND) application. We, at the Center for Advanced Biomedical Imaging Research (CABIR) of M. D. Anderson 
Cancer Center, have developed, filed with the FDA two INDs for two novel PET imaging drugs, and gained FDA’s permission on both 
INDs to proceed with the proposed clinical trials. In this presentation, we report our experience in developing novel PET imaging drugs 
and our learning on these successful IND submissions. The development of imaging drugs from bench to bedside is a process of 
building bridges among discovery, development, institutional review board (IRB), and the FDA. In an academic hospital such as M. D. 
Anderson Cancer Center, the strengths and resources lie firmly on both the scientific discovery by researchers and clinical trials by 
clinicians. To translate a good discovery into a clinical trial for potential diagnostic uses through IND route has been explored only more 
recently by pioneers in the field. The main tasks involved in developing a new PET imaging drug include establishing a solid toxicity 
study and compilation of existing knowledge, a well designed clinical trial protocol, and sufficient Chemistry, Manufacturing, and Control 
(CMC) information. Having limited funding, personnel, and facility resources which are typical in an academic institution during product 
research and development inevitably led to questions and decisions of: how one balances outsourcing and internal work? Where 
should you emphasize and spend your valuable resources to meet regulatory demands? How do you ensure the toxicity protocol would 
yield results meeting the FDA regulations? How sufficient is CMC information needed for a phase I study and as the IND proceeds? 
What is commonly required information from FDA reviewers during the 30-day IND review and what is our learning in addressing their 
questions successfully? There is no doubt that developing imaging drugs in an academic institution is a challenging task and it requires 
multidisciplinary team efforts to accomplish. We firmly believe, nonetheless, that it is one of the viable paths to introduce more 
innovative imaging products into the market. 
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Divergent Synthesis of 18F-Tags for Bioorthogonal Labeling via Strain-Promoted Azide-
Dibenzocycloazaoctyne Cycloaddition 
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An ongoing area of intense research is the development of facile, reproducible approaches for labeling biomolecules with F-18, due to 
its widespread availability and highly favorable imaging properties. However, it is still challenging to perform 18F-labeling of 
biomolecules in terms of reaction rates, efficiency, and selectivity. Bioorthogonal-based click reactions via strain-promoted alkyne-azide 
cycloaddition (SPAAC) require no cytotoxic copper catalyst and could be exploited for radiolabeling biomolecules. 
Dibenzoazacyclooctyne (DBACO), a strain alkyne that has been applied for SPAAC reactions, is thermally stable and remarkably 
reactive toward azides with better reaction kinetics compared to other cycloalkyne systems. It could be an ideal motif for SPAAC-based 
18F-labeling of azido-modified targeting ligands/biomolecules in a “modular” fashion [see (a)]. Herein we introduce a divergent 
approach to prepare complementary 18F-tags for bioorthogonal SPAAC-based labeling reactions from a readily-accessible building 
block, N-succinimidyl-4-[18F]fluorobenzote [18F]SFB, which can be promptly synthesized by our one-pot microwave-assisted process. 
Through a an optimized amidation reaction, novel oligo-PEGylated 18F-tags with DBACO ([18F]2) or azide ([18F]6) functionalities were 
synthesized for testing their suitability for SPAAC-based radiolabeling ligations. [18F]2 was prepared by coupling [18F]SFB with oligo-
PEGylated DBACO-amine 1 in isolated radiochemical yield (RCY) of 80-90% (referred to [18F]SFB). The overall synthesis duration was 
about 30 minutes. [18F]2 showed great solubility and stability in PBS (pH 7.4). It was also reasonably stable in mouse serum (>70% 
intact) after 2 hour incubation at 37°C. Azido-amine 3, -sugar 4, and -modified cyclic RGD peptide 5 successfully underwent SPAAC 
ligations with [18F]2 in PBS to afford the corresponding cycloadducts [18F]2●3, [18F]2●4, and [18F]2●5 in good to high yields (65%-
95%), respectively [see (b)]. The chemical identity of these adducts have been confirmed by comparing their HPLC profiles with the 
corresponding non-radioactive standards. The SPAAC ligations were generally completed within 15 min with the azide concentration as 
low as 35 μM. Depending on the availability of targeting ligands, 18F-DBACO or 18F-azide can be on either side of the triazole ring, 
thus providing great flexibility for installing complementary groups in starting material. For example, 18F-azide, N3-PEG8-[18F]FB 
[18F]6, was also synthesized within 30 minutes under the same condition used in the synthesis of [18F]2 in good radiochemical yields 
(>80%). Creating new 18F-labeled “clickable” ligands by our divergent approach is essential to expand the repertoire of 18F-tags useful 
for radiolabeling biomolecules. In summary, the fast and high-yielded SPAAC-based ligation shows great potential in bioconjugation 
applications and could lead to the further development of reagent kits to produce radiolabeled biomolecules in situ and on demand. The 
validation of tumor pre-targeting with our system in xenografted mice is currently underway. 
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Pharmacological Evaluation of 5-(2-[18F]Fluoroethoxy)-L-Tryptophan (L-FEHTP) for Tumor 
Imaging by Positron Emission Tomography (PET) 

Stefanie D. Krämer1, Linjing Mu2, Claudia Keller1, Adrienne Müller1, Olga F. Kuznetsova1,3, Cristina Müller4, Dominic Franck1,5, Roger 
Schibli1, Simon M. Ametamey1, 1Center for Radiopharmaceutical Sciences ETH-PSI-USZ, ETH Zurich, Zurich, Switzerland; 2Center for 
Radiopharmaceutical Sciences ETH-PSI-USZ, University Hospital Zurich, Zurich, Switzerland; 3N.P.Bechtereva Institute of Human 
Brain RAS, Russian Academy of Science, St. Petersburg, Russian Federation; 4Center for Radiopharmaceutical Sciences ETH-PSI-
USZ, Paul Scherrer Institute, Villigen, Switzerland; 5Current address: Radiochemistry Research, Bayer Healthcare AG, Berlin, 
Germany. Contact e-mail: skraemer@pharma.ethz.ch 

A typical feature of many tumor cells is their high membrane density of the large neutral amino acids exchange transporter heterodimer 
LAT1/4F2hc (LAT1). 18F- or 11C-labeled substrate analogs provide thus good candidates for tumor imaging by PET. Endocrine tumors 
display in addition high aromatic amino acid decarboxylase (AADC) activity, producing biogenic amines from aromatic amino acids 
which are stored in secretory vesicles. Typical LAT1 and AADC substrates are L-5-hydroxytryptophan (5HTP) and L-DOPA. [11C]-5HTP 
and [18F]FDOPA are successfully used for PET imaging of endocrine tumors. We aimed at synthesizing and evaluating 5-(2-
[18F]fluoroethoxy)-L-tryptophan (L-[18F]FEHTP) for tumor imaging. We hypothesized that L-[18F]FEHTP will be taken up via LAT1 and 
will accumulate in endocrine tumors via storage of the decarboxylated product. L-[18F]FEHTP synthesis was similar to the procedure 
reported by Li et al. (2010), i.e. 18F-fluorination of ethyleneglycol di-tosylate and subsequent reaction with L-5HTP to form L-
[18F]FEHTP. Cell uptake and efflux of L-[18F]FEHTP was investigated in vitro in comparison with [18F]FDOPA. Plasma albumin binding 
was studied by equilibrium dialysis. In vivo PET imaging was performed with xenograft-bearing nude mice. The metabolic fate of the 
tracer was evaluated by UPLC® and TLC analysis of blood, xenograft and brain extracts. Uptake of L-[18F]FEHTP by endocrine NCI-
H69, pseudo-endocrine PC-3 and exocrine MDA-MB-231 cancer cells was between 50 and 110 % of added radioactivity per mg protein 
after 60 min incubation at 37°C. This was up to two-fold higher than observed for [18F]FDOPA. L-[18F]FEHTP uptake was inhibited to > 
95 % by 10 mM 2-amino-2-norbornanecarboxylic acid (BCH), a competitive inhibitor of LATs. Cell efflux was accelerated by addition of 
L-leucine, a substrate of the LAT exchange transporters. PET imaging showed L-[18F]FEHTP accumulation in all three types of 
xenografts, however with relatively high background activity. Signal ratios of L-[18F]FEHTP and [18F]FDOPA between tumors and 
reference tissue were similar and highest for NCI-H69, followed by PC-3 (Figure) xenografts. In contrast to L-tryptophan, L-[18F]FEHTP 
hardly bound to albumin. We, therefore, assign the high background activity to the relatively high LAT1 expression in rodent tissues. 
Importantly, the LAT1 expression is negligible in most human tissues. One striking difference between L-[18F]FEHTP and [18F]FDOPA 
was their in vivo metabolism. While the latter was completely metabolized within 60 min, no metabolites were detected in tumor and 
brain and only traces of metabolites were found in blood within 60 min after L-[18F]FEHTP application. The peripheral AADC inhibitor 
carbidopa affected [18F]FDOPA PET results but had no influence on the PET images of L-[18F]FEHTP. In conclusion, L-[18F]FEHTP is a 
good candidate for tumor imaging by PET. We identified LAT but not AADC as the predominant mechanism of accumulation in tumor 
cells. Reference: R. Li et al. (2010) Appl. Radiat. Isot. 68: 303-308. 
 

 
PET images with L-[18F]FEHTP and [18F]FDOPA of PC-3 xenograft bearing nude mice. 
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Molecular imaging with promise of personalized medicine can provide patient-specific information noninvasively, thus enabling 
treatment to be tailored to the specific biological attributes of both the disease and the patient. This study was to investigate the 
characterization of DO3A-CH2CO-G-4-aminobenzoyl-Q-W-A-V-G-H-L-M-NH2 (AMBA) in vitro, MicroSPECT/CT imaging and biological 
activities of 111In-AMBA in PC-3 prostate tumor-bearing SCID mice. A solid phase approach was used to synthesize AMBA. The affinity 
of AMBA to BBN type 2 receptor was determined by a competitive displacement cell-binding assay using 125I-Tyr4-BBN. The PC-3 
tumor-bearing SCID mice were imaged by microSPECT/CT and sacrificed for biodistribution at 1, 4, 8, 24 and 48 hr after iv injection of 
111In-AMBA. The data of absorbed radiation dose were calculated with OLINDA/EXM computer program. Purity of synthesized AMBA 
was greater than 95.43 %. The IC50 and Ki of AMBA in the human bombesin 2 receptor were 0.82 ± 0.41 nM and 0.65 ± 0.32 nM, 
respectively. The uptake of 111In-AMBA reached highest with 3.87 ± 0.65 %ID/g at 8 h. MicroSPECT/CT imaging studies suggested that 
the uptake of 111In-AMBA was clearly visualized between 8 and 48 h post-injection. The distribution half-life (t½α) and the elimination 
half-life (t½β) of 111In-AMBA in mice were 1.53 h and 30.7 h, respectively. The Cmax and AUC of 111In-AMBA was 7.57 %ID/g and 66.39 
g×%ID/h, respectively. The effective dose appeared to be 0.11 mSv/MBq-1. We demonstrated a good uptake of 111In-AMBA in the 
GRPR-overexpressed PC-3 tumor-bearing SCID mice. 111In-AMBA is a safe, potential molecular image-guided diagnostic agent for 
human GRPR-positive tumors, ranging from simple and straightforward biodistribution studies to improve the efficacy of combined 
modality anticancer therapy. 
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Development of PET image-based pharmacokinetic evaluation method for nucleic acid drug 
delivery system -the utility of 18F-labeled oligonucleotide synthesized by click chemistry- 
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Nucleic acid drugs have attracted much attention because of their characteristic action mechanism that is post-transcriptionally gene 
silencing. However, most clinical trials have not been going well and the approved nucleic acid drug is very few. A contributory factor is 
their no-targeting potential to the aimed tissues and, therefore, the drug delivery system (DDS) for nucleic acid drugs is one of the major 
issues to be addressed. In the context of these trends, pharmacokinetic evaluation method of nucleic acid drugs in a living body 
including human beings is urgently needed. We focused positron emission tomography (PET) as a modality because of its potential for 
non-invasive visualization of biodistribution in vivo with high spatial and temporal resolution. Recently, we have developed 
stoichiometric 18F-labeling method of oligonucleotide, based on so-called “click chemistry”, which allows rapid and site-specific 
conjugation under low concentration and mild condition. In this study, we validated the utility of 18F-labeled oligonucleotide synthesized 
by the click chemistry for PET image-based pharmacokinetic evaluation of nucleic acid drug delivery system. At first, we successfully 
synthesized a variety of chemically modified 18F-labeled oligonucleotides, including phosphorothioate (PS) and bridge-type artificial 
nucleic acid (BNA) as well as phosphodiester (PO), whose radioactivity, radiochemical purity and specific radioactivity were sufficient 
for PET study. Subsequently, rats were intravenously administered with these 18F-labeled oligonucleotides and the quantitative 
pharmacokinetic analyses based on PET study were carried out. In the case of the PO and BNA, the radioactivities were rapidly 
excreted in urine and bile. The retention of radioactivity in renal cortex region was characteristic of BNA. In contrast, the radioactivity 
was rapidly accumulated mainly in the liver and kidney in the case of PS. These results are in good agreement with the traditional 
pharmacokinetic studies based on the ex vivo radioactivity measurements in isolated tissues. And additively, to investigate the targeting 
potential of DDS to the aimed tissue, we designed a cholesterol-modified derivative of our developing antisense nucleic acid drug 
aimed at clinical application and evaluated pharmacokinetics of that using PET imaging. As a result, the radioactivity of the modified 
nucleic acid drug in the liver was significantly increased in comparison to the unmodified one, indicating cholesterol-modification is 
effective tool for liver-targeting of this drug. These results led us to believe that the PET image-based pharmacokinetic evaluation, 
combined with stoichiometric synthesis of 18F-labeled oligonucleotides by click chemistry, is useful for the development of nucleic acid 
drugs and DDSs for them. 

Disclosure of author financial interest or relationships: 
H. Mukai, None; D. Ozaki, None; H. Nagata, None; Y. Cui, None; T. Kuboyama, Kyowa Hakko Kirin, Co., Ltd., Employment; Y. Wada, 
None; T. Imanishi, None; T. Kodama, None; S. Obika, None; M. Suzuki, None; H. Doi, None; Y. Watanabe, None. 

  

Proceedings of the 2011 World Molecular Imaging CongressS174



Presentation Number P184 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Development of novel 99mTc-labeled bioreductive probes for tumor hypoxia imaging 
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[Objective] Tumor cells located in hypoxic areas play a critical role in malignant progression or high metastatic ability and they are often 
resistant to chemo- and/or radiotherapy. Therefore, the visualization of tumor hypoxia will greatly contribute to the optimization of the 
treatment of tumor. Here we newly designed 99mTc-labeled probes for tumor hypoxia imaging that consisted of short peptides with three 
amino acid residues and 4-nitrobenzyl ester group. Our strategy was as follows; Short peptides worked as ligands for 99mTc and formed 
compact 99mTc complexes. 4-Nitrobenzyl ester groups were expected to be specifically reduced in hypoxic cells because of excess 
electrons under hypoxia. As a result, they would give the corresponding carboxylate anions that could not penetrate cell membranes 
again because of their negative charge and hydrophilicity. Consequently, they should specifically accumulate in hypoxic cells. In this 
study, we synthesized some probes and evaluated them. [Method] Chemistry: The ligands were synthesized from glycine 4-nitrobenzyl 
ester using Boc chemistry, and labeled with 99mTc using ligand-exchanging reaction with 99mTc-glucoheptonate (GH). Purification by 
RP-HPLC gave the desired 99mTc-complexes. Biological assay: The accumulation of 99mTc-labeled probes in hypoxic cells was 
evaluated using FM3A cell line. After 1-hr preincubation of cells under hypoxic or normoxic conditions, 99mTc-labeled probes were 
added. Cells were collected after the incubation of 5, 30 and 60 min and the radioactivity of each cell fraction was measured. The 
bioreduction of the probe in hypoxic cells was confirmed by analyzing chemical forms of 99mTc in cell lysate by RP-HPLC and LC/MS. 
The 99mTc-labeled probes were also reduced in vitro by nitroreductase, an enzyme reducing nitro aromatic compounds, and analyzed in 
the same manner for comparison. [Results] Two ligands bearing 4-nitrobenzyl ester groups, SD-32 and SD-33, were obtained in good 
yields of 33% and 39% over eight steps, respectively. SD-32 was successively labeled by ligand exchanging reaction with 99mTc-GH to 
afford 99mTc-SD32 in a radiochemical yield of 76% whereas SD-33 was not labeled. 99mTc-SD32 accumulated 1.3 to 2.1 times more in 
hypoxic cells than in normoxic ones at each time point up to 60 min. In HPLC analysis of the cell lysate, the peak for 99mTc-SD32 at 
10.0 min disappeared and a new peak at 2.0 min appeared instead. The reduced metabolite of 99mTc-SD32 by nitroreductase also gave 
a peak at a similar retention time, and these peaks were identified as the debenzylated products derived from the reduction of 99mTc-
SD32 by LC/MS. These results strongly suggested that hydrophobic 99mTc-SD32 was easily reduced in hypoxic cells and converted to 
the corresponding carboxylate anion. And, higher accumulation of 99mTc-SD32 in hypoxic cells can be explained by the physiochemical 
properties of the reduced probe bearing carboxylate anion. [Conclusion] We developed a new 99mTc-labeled bioreductive probe, 99mTc-
SD32, for imaging tumor hypoxia and this probe would allow visualizing hypoxia regions in tumors in vivo. 
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Background PET imaging of transgenic rats can characterize these disease models, and may enable the longitudinal evaluation of 
new therapeutics. [18F]-fluorodopa (FDOPA) PET allows measurement of the uptake, sequestration and subsequent turnover of 
dopamine (DA) in the brain. Such methodology has been successfully applied in humans and non-human primates but has not, as yet, 
been developed in the rat. The main difficulty for FDOPA PET in rodents is the rapid metabolism of the tracer. Here we report 
developmental work using the well-characterized 6-OHDA lesion rat model of Parkinson's disease (PD). Methods 5 unilaterally 
lesioned and 4 healthy Sprague Dawley rats underwent dynamic [18F]-FDOPA PET imaging whilst under isoflurane gas anaesthesia. 
AADC and COMT inhibitors were given prior to the imaging to reduce peripheral tracer metabolism. [11C]-(+)-dihydrotetrabenazine 
(dTBZ) PET was used to measure neuronal density in the striatum, a method previously verified by autoradiography. Imaging was 
performed using a small animal scanner (MicroPET Focus 120). Pre-defined regions of interest were manually placed on the images, 
providing time-activity curves for the left and right striatum and the cerebellum (reference region). Tracer kinetic modelling was 
performed using Patlak and Logan-type graphical methods to estimate the striatal Kocc and effective distribution volume ratio (EDVR). 
Kocc is used as an indicator of FDOPA uptake, its decarboxylation to fluorodopamine (FDA) and subsequent storage. In addition to this, 
the EDVR is sensitive to FDA release, metabolism and removal from the brain. Lesion severity (LS) metrics were defined as (1 - 
Xipsi/Xcontra) where X equals the dTBZ binding potential or the FDOPA derived Kocc or EDVR. Results In 6 of the 9 rats the radiotracer 
distribution showed good brain uptake with high accumulation in the striatum; a representative image from one scan is shown in Figure 
1. The striatum-to-cerebellum ratio (S/C) for late time-frames in these 6 rats was 2.4 ± 0.4 (mean ± standard deviation), with the 
standard uptake value (SUV) for the healthy striatum being 1.4 ± 0.3 kBq cm-3 MBq-1 kg. The other 3 rats had low uptake: the S/C was 
1.4 ± 0.7 and SUV was 0.18 ± 0.1. We hypothesize that the COMT inhibitor was ineffective in these 3 rats; the data were discarded. 
Tracer kinetic modelling applied to the 6 remaining rats gave Kocc values of 0.013 ± 0.003 min-1 and an EDVR of 1.13 ± 0.3 in the 
healthy striatum. The initial data support a linear relationship between the FDOPA and dTBZ derived measures of LS in the 6-OHDA 
lesioned rat. Discussion To our knowledge this is the first report of [18F]-FDOPA PET imaging of dopaminergic function in rats. 
Consideration must be given to the effects of AADC and COMT inhibitors upon the Kocc and EDVR values if these metrics are to be 
interpreted unambiguously. The current data encourage and require further investigation. We conclude that [18F]-FDOPA PET can, in 
some cases, provide a measure of lesion severity in the unilaterally lesioned rat. The tracer is potentially useful for the investigation of 
FDOPA uptake and DA turnover in transgenic rat models of PD. 

 

Figure 1. FDOPA PET image of a healthy rat; transverse slice through the striatum (shown via arrow) 
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Background: Vascular endothelial growth factor (VEGF) and its receptors represent the most commonly targeted signalling pathway in 
angiogenesis. Imaging VEGF production within tumours may enable non-invasive determination of response to treatment in a 
prospective fashion. Bevacizumab (Avastin®) is a humanised monoclonal antibody that binds to all isoforms of VEGFA and is used as 
an antiangiogenic cancer therapy. Our aim is to use labelled bevacizumab with Indium-111, a gamma emitter, to enable imaging of 
VEGF with single photon emission computed tomography (SPECT). Method: Bevacizumab was conjugated with benzyl-DTPA and 
radiolabelled with Indium-111. Instant thin layer chromatography (ITLC) was used to check labelling efficiency. Inhibition assays were 
performed to demonstrate preserved specificity of bevacizumab for VEGFA. Balb/c nude mouse models bearing variably expressing 
VEGF tumours were used to determine the specificity of radiolabelled bevacizumab in vivo. Gamma counting of organs and tumour 
were used to determine the biodistribution of the tracer. Distribution of the tracer on autoradiography was also compared to staining of 
VEGF on immunohistochemistry. Results: Radiolabelling of benzyl-DTPA-bevacizumab with Indium-111 occurs with an efficiency of 
greater than 95%. In vitro inhibition assays yield an IC50 that demonstrates that binding specificity for VEGF is essentially unchanged. 
In vivo the tracer demonstrates specific uptake in tumours expressing VEGF. Distribution of VEGF within tumours correlates well with 
the distribution of VEGF as demonstrated on immunohistochemistry. Conclusion: Radiolabelling bevacizumab with Indium-111, 
demonstrates specificity for VEGF in xenograft mouse models and has potential as a SPECT imaging tool for VEGF. 
Acknowledgements: Helen Sheldon and Stanley Liu for providing the cell lines 
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Evaluation of 64Cu-labeled dipicolylamine (DPA) as a new PET probe for in vivo imaging of 
phosphatidylserine exposure 
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Objectives: Anionic phosphatidylserine (PS) is highly exposed on the surfaces of cancer cells and tumor blood vessels. Synthetic bis-
zinc(II)-dipicolylamine (Zn-DPA) derivatives have strong binding affinities to biological membranes enriched with PS. This study was 
designed to investigate the feasibility of a small-molecule PET probe, 64Cu-labeled DPA, for in vivo imaging of PS exposure. Methods: 
Bis-dipicolylamine was radiolabeled with 64Cu (t1/2 = 12.7 h) to provide 64Cu-DPA which was then subjected to in vitro and in vivo 
evaluations, including stability, lipophilicity, U87MG cell uptake, PET/CT imaging and direct tissue sampling biodistribution studies in a 
U87MG tumor xenografted mouse model. Results: The direct 64Cu-radiolabeling of DPA (n = 6) was achieved with radiochemical purity 
of >98%. The octanol/water partition coefficient (log P) for 64Cu-DPA was determined to be -1.32 ± 0.07, suggesting that 64Cu-DPA is 
moderately hydrophilic. A stability study in PBS showed that 64Cu-DPA is stable with > 92% of 64Cu-DPA remaining intact after 6 h 
and in vitro studies revealed 64Cu-DPA binds to U87MG glioma cells and has good tumor cell retention. In PET studies, the U87MG 
tumors were all clearly visible with high contrast to contralateral background at all measured time points after injection of 64Cu-DPA. 
Much lower tumor uptake and predominant liver uptake were observed for 64CuCl2-PET, indicating that the tracer uptake in U87MG 
tumor results from 64Cu-DPA rather than free 64Cu. In addition, 64Cu-DPA demonstrated good tumor retention and high tumor-to-
muscle ratio (14.99 ± 0.65 at 24 h post-injection). However, high accumulation and retention of 64Cu-DPA in the liver was also 
observed. Finally, biodistribution results were consistent with the quantification of microPET imaging. Conclusions: Our results showed 
the feasibility of direct radiolabeling of DPA with 64Cu and 64Cu-DPA has the potential for in vivo imaging of PS exposure with PET. 
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Purpose: Positron emission tomography (PET) is being widely used in the pharmaceutical industries and provides unbiased in vivo 
measurement of radiotracer distribution at very high sensitivity. We previously reported the utility of PET for the analysis of drug 
absorption in the gastrointestinal (GI) tract using rats. In this study, PET imaging technique was applied to investigate oral absorption 
processes in the GI tract on healthy human subjects. Methods: A quantitative PET study with 2-[18F]fluoro-2-deoxy-D-glucose 
([18F]FDG) was done for healthy male volunteers. Before the PET study in human, a method to deliver the radiotracer safely into the 
stomach without radiation exposure in the esophagus region was developed using soft gelatin capsules. After oral administration of 
[18F]FDG to the healthy male subjects, PET scan to the abdominal region and the whole body were performed as well as continuous 
blood sampling, and then the disposition of radioactivity in each part of the GI tract was evaluated. The radiometabolite analysis of 
[18F]FDG in the blood were performed by TLC-autoradiography. The gastric emptying rate (kGE) and intestinal elimination rate (kIT) were 
estimated from the time-radioactivity profile in the stomach and the small intestine, respectively. Results and Discussion: PET image 
analysis showed that the radioactivity was rapidly passed through the stomach, periodically migrated along to the intestinal tract, and 
then gradually disappeared from the GI tract on healthy male subjects following oral administration of [18F]FDG. The radiometabolite 
analysis showed that most of radioactivity in the blood were derived from parent [18F]FDG. The gastric emptying rate and intestinal 
elimination rate constant revealed that rate limiting step for GI absorption of [18F]FDG was intestinal absorption. These results indicate 
that PET image analysis enables the quantitative assessment of drug disposition in the human GI tract after oral administration. 
Conclusions: We demonstrated the high potential of PET imaging technique to elucidate drug absorption process in the human GI tract. 
This study is a part of “Research Project for Establishment of Evolutional Drug Development with the Use of Microdose Clinical Trial”, 
sponsored by the New Energy and Industrial Technology Development Organization (NEDO). 
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Objectives: This study was aimed to develop a molecular imaging probe 18F-labeled Annexin V (18F-Annexin V) for cancer apoptosis 
detection and treatment monitoring by Positron Emission Tomography/Computerized Tomography (PET/CT). Methods: 18F-Annexin V 
was prepared by the conjugation of Annexin V with N-succinimidyl-4-[18F]fluorobenzoate ([18F]SFB) in sodium borate buffer (pH 8.5), 
and purified by PD-10 gel column with the elution of phosphate buffer saline (PBS, pH 7.4). The radiochemical purity of 18F-Annexin V 
was analyzed by radio-HPLC with a gel column. W256 tumor-bearing rats (SD) treated with cyclophosphamide (CTX, 200mg/kg) for 
24h were intravenously injected with 18F-Annexin V solution and scanned by PET/CT at 2h post-injection (p.i) for non-invasive PET 
imaging studies in vivo. The tumor tissues were collected to perform immunohistochemical analysis including TUNEL and HE post 
PET/CT imaging. Results: The radiolabeling yield of 18F-Annexin V was around 15~20% based on [18F]SFB. The final 18F-Annexin V 
could be obtained within 50min with the radiochemical purity of above 95%. 18F-Annexin V showed significant accumulation in tumor 
tissue and detected successfully the tumor apoptosis with high contrast according to PET/CT images. The apoptosis of cancer tissues 
was confirmed by the results of TENEL and HE. Conclusions: 18F-Annexin V was developed as a molecular imaging probe of 
apoptosis detection by PET/CT and held great potential to monitor early cancer chemotherapy. Research Support: This work was 
supported by National Science Foundation of China (No. 30700188) and Key Project of Shanghai Committee of Science & Technology, 
China (No. 08411954200). 
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Introduction: The recent advancement of nanotechnology has provided unprecedented opportunities for the development of 
nanoparticle enabled technologies for detecting and treating cancer. However, applications of these nanotechniques were limited by the 
potential nanotoxicity and the lack of well controlled surface modification method. Here, we reported the construction of a PET trackable 
nanoplatform based on phage particle, which are physically well-characterized, trackable after surface modification, biocompatible and 
biodegradable, nonpathogenic, and dictate its own target specific production. Experiment: In our approach, we constructed integrin 
αvβ3 targeted phage nanoparticle for PET imaging by expressing multiple RGD peptide on its surface. The target binding affitinity of 
this engineered phage particle was evaluated in vitro. A bifunctional chelator (BFC) 1,4,7,10-tetraazadodecane-N,N',N",N"'-tetraacetic 
acid (DOTA) or AmBaSar was then conjugated to the phage surface for 64Cu2+ chelation. After 64Cu radiolabeling, microPET imaging 
was performed in U87MG tumor model and the receptor specificity was confirmed by blocking experiments. Results: The phage-RGD 
demonstrated target specificity based on ELISA experiment. According to the TEM images, the morphology of the phage was 
unchanged after the modification with BFCs. The labeling yield was 25 ± 4% for 64Cu-DOTA-phage-RGD and 46 ± 5% for 64Cu-Sar-
phage-RGD, respectively. At 1 h time point, 64Cu-DOTA-phage-RGD and 64Cu-Sar-phage-RGD have comparable tumor uptake (~ 
8%ID/g). However, 64Cu-Sar-phage-RGD showed significantly higher tumor uptake (13.2 ± 1.5 %ID/g, P<0.05) at late time points 
compared with 64Cu-DOTA-phage-RGD (10 ± 1.2 %ID/g). 64Cu-Sar-phage-RGD also demonstrated significantly lower liver uptake, 
which could be attributed to the stability difference between two chelators. There is no significant difference between two tracers 
regarding the uptake in kidney and muscle at all time points tested. In order to confirm the receptor specificity, a blocking experiment 
was performed. In the RGD blocking experiment, the cold RGD peptide was injected 2 min before the administration of 64Cu-Sar-
phage-RGD. Tumor uptake was partially blocked at 1h time point. Phage-RGD particle was also used as the competitive ligand. In this 
case, the tumor uptake was significantly reduced and the value was kept at low level consistently. Conclusion: In this report, we 
constructed a PET trackable nanoplatform based on phage particle and demonstrated the imaging capability of these targeted agents. 
We also demonstrated that the choice of chelator could have significant impact on imaging results. The method established in this 
research may be applicable to other receptor/ligand systems for theranostic agent construction, which could have an immediate and 
profound impact on the field of imaging/therapy and lay the foundation for the construction of next generation cancer specific 
theranostic agents. 
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Background: Translocator protein 18 kDa (TSPO) expression is upregulated in the mitochondria of activated inflammatory cells, such as 
microglia within the CNS. Imaging TSPO (formerly called the peripheral benzodiazepine receptor) with PET would facilitate the 
localisation of cerebral inflammation. For example, the TSPO-selective PET radioligand [11C]-(R)-PK 11195 has been used to identify 
areas of brain inflammation in several neurological diseases, such as Multiple Sclerosis. However, [11C]-(R)-PK 11195 has a poor 
signal to noise ratio, with a relatively low amount of specific binding and low brain uptake. [18F]GE-180 is a novel PET ligand with high 
affinity (0.87 nM) and selectivity for TSPO and an in vivo performance superior to that of [11C]-(R)-PK 11195. Methods: GE-180 is a 
novel tricyclic indole based ligand, prepared in high EOS yield (typically 40% NDC) using a direct radiolabelling strategy from the 
corresponding mesylate precursor. Naïve rats were used to determine the biodistribution, specific binding and metabolic profile of 
[18F]GE-180. Comparison studies were performed using both [11C]-(R)-PK 11195 and the novel TSPO ligand [18F]PBR06. [18F]GE-
180 was also assessed in the rat facial nerve axotomy (FNA) model. Axotomy of the facial nerve induces focal inflammation (with high 
TSPO expression) unilaterally in the corresponding facial nucleus. Results: [18F]GE-180 was rapidly cleared from blood before 
reaching a steady-state by 30 minutes pi. Highest initial uptake was to the lung (TSPO expressing tissue) with excretion primarily via 
the hepatobiliary route. [18F]GE-180 had good whole brain uptake with a peak of 1.0% id (0.53% id/g) at 2 minutes pi. There was good 
differentiation between the olfactory bulbs (high TSPO expression) and the striata (low TSPO expression) for at least 60 minutes pi. 
Less than 10% of the signal in the brain was due to metabolites at any timepoint. Pre-administration of excess unlabelled PK11195 or 
GE-180 decreased the uptake and retention of [18F]GE-180 in peripheral TSPO expressing organs (e.g. lungs). Within the brain the 
amount of radioactivity in the olfactory bulb was reduced by ~60% with the in vivo administration of either TSPO ligand. There was no 
reduction of radioactivity in the low TSPO-expressing striata. Specificity of [18F]GE-180 for the TSPO was further confirmed in the FNA 
model, where high in vitro binding was observed to the ipsilateral (inflamed) facial nucleus compared to the contralateral (unaffected) 
side. Blocking the TSPO with excess unlabelled PK11195 or GE-180 reduced binding in the ipsilateral facial nucleus by ~85%, showing 
high specificity of [18F]GE-180 to TSPO-rich areas of inflammation. Conclusion: The data presented here demonstrates that [18F]GE-
180 is able to bind specifically to tissues known to express high levels of the TSPO receptor and represents a novel tracer for imaging 
TSPO expression clinically. [18F]GE-180 has the same high uptake and retention in high TSPO expressing regions as the DAA class of 
ligands (including [18F]PBR06) but also rapid clearance from low expressing regions which gives improved signal to noise as well as 
improved signal magnitude. 
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Copper-64 (t1/2 = 12.7 h) decays by β+ (20%) and β- emission (37%), as well as electron capture (43%), making it well suited for 
radiolabeling proteins, antibodies and peptides, both for PET imaging (β+) and therapy (β+ and β-). Recently, a new class of 
bifunctional chelators has been synthesized based on the cage-like hexaazamacrobicyclic sarcophagine (denoted as “Sar”). The 
resulting 64Cu complexes demonstrated great in vivo stability and efficient radiolabeling efficiency under mild conditions. As 
sarcophagine has two relatively inert primary amines on either end of its cage, we therefore embarked the project to develop novel Sar 
cage derivatives with multifunctional groups introduced to both ends. In our first chelator design, we intended to introduce two pendant 
carboxylate groups at either end of the Sar cage (named BaBaSar), which could be further conjugated to multiple targeting ligands via 
biologically stable amide bonds. In order to prove the advantage of the multifunctional Sar chelators, we chose c(RGDyK) peptide 
(denoted as RGD), a well-known ligand targeting integrin αvβ3 during angiogenesis, for the construction of a divalent PET imaging 
probe. The two pendant carboxylate arms of BaBaSar were conjuatged with two RGD via succinimidyl esters to make BaBaSar-RGD2. 
The BaBaSar-RGD2 was labeled with 64Cu in 0.1 M NH4OAc buffer within 5 min at room temperature. The radiochemical yield (RCY) 
was 90.7 ± 5.1% (n = 4). The in vitro stability of 64Cu-BaBaSar-RGD2 was evaluated after 1 h, 4 h, and 20 h incubation in 1×PBS by 
radioHPLC. No significant amount of free 64Cu was detected by radioHPLC up to 20 h. The IC50 values for BaBaSar-RGD2 was 6.0 ± 
0.9 nM (n = 3). The in vivo tumor-targeting property of 64Cu-BaBaSar-RGD2 was evaluated in nude mice bearing U87MG tumors. 
Region-of-interest (ROI) analysis on microPET images shows the tumor uptake as 6.16 ± 0.88, 6.22 ± 1.42, and 5.54 ± 1.27 %ID/g at 1, 
4, and 20 h post injection, respectively. The tumor/liver, tumor/kidneys, and tumor/muscle ratios reached 2.99 ± 0.46, 3.03 ± 1.19, and 
20.27 ± 6.16 at 20 h post injection, respectively. In the presence of a blocking dose of RGD, the U87MG tumor uptake was reduced to 
the background level and the uptake values were 0.69 ± 0.12, 0.29 ± 0.05, and 0.13 ± 0.05 %ID/g at 1, 4, and 20 h post injection, 
respectively. In conclusion, we have successfully demonstrated that the Sar cage could be efficiently functionalized through an 
alkylation reaction. The cage-like BaBaSar structure demonstrated favorable 64Cu labeling property and the resulted 64Cu-BaBaSar-
RGD2 showed great stability both in vitro and in vivo. In the future, two different biomarkers could be installed onto the two pedant arms 
of BaBaSar for constructing dual targeting probes. Furthermore, the two reactive sites of BaBaSar could be used to attach a targeting 
moiety on one side and an additional label (for secondary imaging modality) or theraputic motif on the other side. We anticipate that this 
newly developed method will offer a novel way to construct multimodality imaging and theraputic drugs. 

 

Decay-corrected whole-body coronal microPET images of athymic female nude mice bearing U87MG tumor from a static scan at 1 h, 4 h, and 20 h after 
injection of 64Cu-BaBaSar-RGD2, with or without c(RGDyK) as blocking agent (10 mg/kg body weight). Tumors are indicated by arrows. 
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Carbonic anhydrase IX (CA IX) is a hypoxia-regulated transmembrane protein, which is over-expressed in many types of human 
cancer. In contrast to the nearly ubiquitous family of different carbonic anhydrase enzymes, CA IX exhibits an extra proteoglycan-like 
region (PGLR). Aim of the present study is to identify new peptide ligands with specificity and affinity for the PGLR region of CA IX. 
Such peptides might be used for specific targeting and imaging of human carbonic anhydrase IX and visualization of tumor hypoxia. In 
order to identify such a binder, the PGLR domain was synthesized by solid phase peptide synthesis. Phage display was performed by 
biopanning against synthetic PGLR employing a 12 amino acid library. The identified peptide L-75-PGLR-7 was chemically synthesized, 
labelled with 125I- and 131I- and characterized for binding and metabolic stability. For in vitro characterization kinetic, competition and 
internalization studies were carried out on the CA IX positive renal cell carcinoma cell line SK RC 52. The Ca IX negative pancreatic 
carcinoma cell line BxPC-3 was used as negative control. CA IX expression in both cell lines was determined by RT-PCR and Western 
blot. Serum stability of L-75-PGLR-7 was investigated in human serum. In vitro binding experiments of 125I-labelled-L-75-PGLR-7 
revealed an increased uptake in CA IX positive cells over time. Radioligand binding was inhibited up to 95% by the unlabelled peptide. 
Internalization studies showed no increased uptake of the radioligand at 4 °C and 37 °C, which indicates binding of the peptide solely to 
the cell membrane. Experiments using the negative control cell line BxPC3 as target revealed a reduced activity to the background 
level. These data indicate that L-75-PGLR-7 is a promising lead structure for the development of a new ligand targeting the PGLR 
region of human carbonic anhydrase IX. 
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Yin Zhang1,2, Gregory W. Severin2, Hao Hong1, Jonathan W. Engle2, Yunan Yang1, Todd E. Barnhart2, Bryan R. Leigh3, Robert J. 
Nickles2, Weibo Cai1,2, 1Radiology, University of Wisconsin - Madison, Madison, WI, USA; 2Medical Physics, University of Wisconsin - 
Madison, Madison, WI, USA; 3TRACON Pharmaceuticals, Inc., San Diego, CA, USA. Contact e-mail: yzhang65@wisc.edu 

Objectives: High tumor microvessel density (MVD) correlates with poor prognosis in multiple solid tumor types. The gold standard for 
assessing MVD in the clinical setting is CD105 immunohistochemistry on paraffin-embedded tumor specimens. The goal of this study 
was to develop a 89Zr-based positron emission tomography (PET) tracer for non-invasive imaging of CD105 expression. Methods: 
TRC105, a chimeric anti-CD105 monoclonal antibody, was conjugated to p-isothiocyanatobenzyl-desferrioxamine (Df-Bz-NCS) and 
labeled with 89Zr. FACS analysis and microscopy studies were performed to compare the CD105 binding affinity of TRC105 and Df-
TRC105. PET imaging, biodistribution, blocking, and ex vivo histology studies were performed on 4T1 murine breast tumor-bearing 
mice to evaluate the pharmacokinetics and tumor targeting efficacy of 89Zr-Df-TRC105. Another chimeric antibody, cetuximab, was 
used as an isotype-matched control. Results: FACS analysis of HUVECs revealed no difference in CD105 binding affinity between 
TRC105 and Df-TRC105, which was further validated by fluorescence microscopy. 89Zr-labeling was achieved with high yield and 
specific activity. Serial PET imaging revealed that the 4T1 tumor uptake of the tracer was 6.1 ± 1.2, 14.3 ± 1.2, 12.4 ± 1.5, 7.1 ± 0.9, 
and 5.2 ± 0.3 %ID/g at 5, 24, 48, 72, and 96 h post-injection respectively (n = 4), higher than all organs starting from 24 h post-injection 
which provided excellent tumor contrast. Biodistribution data as measured by gamma counting were consistent with the PET findings. 
Blocking experiments, control studies with 89Zr-Df-cetuximab, as well as ex vivo histology all confirmed the in vivo target specificity of 
89Zr-Df-TRC105. Conclusion: This is the first successful PET imaging study of CD105 expression with 89Zr as the radiolabel. Rapid, 
persistent, CD105-specific uptake of 89Zr-Df-TRC105 in the 4T1 tumor was observed. Further studies are warranted and currently 
underway. 
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Nuclear Energy Research, Taoyuan County, Taiwan. Contact e-mail: yucy@iner.gov.tw 

Liposomes can be served as carriers of chemotherapeutic drugs or radionuclides for therapeutic applications or diagnostic imaging. 
188Re-labeled and doxorubicin encapsulated bombesin-targeted liposomes (188Re-DXR-liposomes-BBN) is a bombesin coupled 
liposome that carry the chemotherapeutic drug, doxorubicin (DXR) and radionuclide (188Re) simultaneously for cancer therapy. In this 
study, we have developed one pot process for simple manufacture of 188Re-DXR-liposomes-BBN. 188Re-DXR-liposomes-BBN was 
composed of DSPE-PEG2000-BBN, pre-formed Liposome, DXR and 188Re. Bombesin was covalently coupled to the terminal of 
polyethylene glycol (PEG) from PEG-lipid derivates (DSPE-PEG2000-NHS) to produce DSPE-PEG2000-BBN. 188Re was labeled to 
the lipophilic chelator, N,N-bis (2-mercaptoethyl)-N’,N’-diethylethylenediamine (BMEDA) to form 188Re-BMEDA, which across the lipid 
bilayer, and trapped in inner phase of liposome. The labeling efficiency of 188Re-BMEDA was 99~100 %. To prepare 188Re-DXR-
liposome-BBN, DSPE-PEG2000-BBN, 188Re-BMEDA and DXR were mixed with pre-formed liposome in proportion at 60oC incubation 
for 30 min. The DSPE-PEG2000-BBN was then inserted into pre-formed liposome, 188Re-BMEDA and DXR were entrapped into 
liposome through the one-step incubation. The product, 188Re-DXR-liposome-BBN, was then purified through a gel-filtration column. 
Three bath production showed the entrapped efficiency of 188Re-BMEDA and DXR was 70~75 % and 89~92% respectively. And the 
particle size 188Re-DXR-liposome-BBN was 83~90 nm, DXR to phospholipid ratio was 130~142 μg/μmole, the specific activity of 
188Re was large than 1 mCi/mL. We concluded the one pot process is a simple, effectively means for production of 188Re-DXR-
liposome-BBN. 

 

Scheme of one pot process for preparing 188Re-DXR-liposomes-BBN 

Table 1. The quality control data of 188Re-DXR-liposome-BBN from three batch synthesis. 
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In Vitro and Ex Vivo Evaluation of [18F]FP-(+)-DTBZ - A Predicted PET Ligand for Imaging 
Pancreas in Diabetes 

Dnyanesh Tipre, Rajakrishnan Veluthakal, Department of Medicine, Columbia University Medical Center, New York, NY, USA. Contact 
e-mail: dnyanesht@yahoo.com 

Introduction:[18F]FP-(+)-DTBZ shows high uptake in rat and human pancreas on PET images. The radiotracer binds specifically to 
VMAT2 that are known to express in pancreatic beta cells. Therefore, [18F]FP-(+)-DTBZ was predicted as a potential PET radiotracer 
to quantify VMAT2 and pancreatic beta-cell mass. The objective of this study was to evaluate specificity of radiotracer in postmortem 
human pancreas, and potential of radiotracer to detect changes in pancreatic VMAT2 and beta cell mass in pre-diabetic and diabetic rat 
model. Methods: The radiotracer binding specificity was evaluated in vitro in non diabetic, type-1 and type-2 diabetic postmortem 
human pancreas. Sixty minutes post [18F]FP-(+)-DTBZ i.v. bolus injection, radioactivity in the pancreas, liver, spleen and kidneys was 
measured ex vivo in control Sprague Dawley (SD), streptozotocin (STZ) treated SD, insulin implanted STZ treated SD; and Zucker lean 
and obese rat from different age and weight groups. Results: [18F]FP-(+)-DTBZ binding in human pancreas was not saturable. The 
radiotracer does not distinguish diabetic from non-diabetic pancreas. In ex vivo study, STZ treated hyperglycemic rat did not show 
decreased radioactivity uptake associated with beta cell mass loss. The perfusion corrected radioactivity in the pancreas and kidneys in 
STZ treated and insulin implanted STZ treated rat mainly reflect changes in blood flow due to hyperglycemia and STZ toxicity. The 
decreased pancreatic radioactivity in Zucker lean and obese rat with age progression and increasing body weight was positively 
correlated with decreased blood perfusion in pancreas. Conclusion: We conclude that due to high non specific binding in pancreas, 
[18F]FP-(+)-DTBZ will not be useful for quantitative imaging of pancreatic beta-cell mass and associated VMAT2 changes in diabetes. 
The variation in pancreatic blood perfusion in hyperglycemia, during age progression or increasing body weight would impact on 
pancreatic radiotracer uptake and the radiotracer will not be suitable to quantify pancreatic beta-cell mass in animal model of obesity, 
pre-diabetic or diabetic condition. Scope: This study describes in vitro binding assay of [18F]FP-(+)-DTBZ in human pancreas and ex 
vivo radiotracer evaluation in rat model which could prove an important radiotracer screening steps prior to in vivo PET study in human. 
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Imaging LLC, Little Rock, AR, USA; 2Radiation Oncology, University of Arkansas for Medical Sciences, Little Rock, AR, USA; 
3Biochemistry, Molecular Biology, and Biophysics, University of Minnesota, Minneapolis, MN, USA; 4Radiology, University of Arkansas 
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Introduction Anginex, a 33-residue peptide, was designed based on sequences of known endogenous angiogenesis inhibitors and was 
previously shown to inhibit endothelial cell growth more effectively than several of these inhibitors. Anginex was also shown to sensitize 
tumor endothelial cells to radiation, inhibit tumor growth up to 80% in murine and human tumor models. It may improve tumor response 
to radiation by improving oxygenation. We observed a lasting influence of anginex therapy on tumor growth inhibition in combination 
with weekly radiation on a model of focal human multiple myeloma. Anginex inhibits tumor growth specifically through binding to 
Galectin-1 (gal-1), which is overexpressed in tumor endothelial cells. By binding to gal-1, anginex disrupts endothelial cell adhesion and 
migration, inducing apoptosis and inhibiting angiogenesis. The study of inhibition of gal-1 overexpression could lead to development of 
more effective therapeutic agents. In order to provide a tool to evaluate regional biodistribution and pharmacokinetics of anginex, and 
possibly to provide an angiogenesis-targeted radiotracer, we have radiolabeled anginex with high specific activity fluorine-18. Labeled 
anginex may also serve as a tracer to assess angiogenic activity in tumors which would allow evaluation of optimal radiation therapy 
scheduling and tumor targeting for therapeutic use of this or other anti-angiogenic agents. Methods [18F]Fluorobenzaldehyde was 
synthesized by the reaction of high specific activity [18F]fluoride with p-trimethylammoniumbenzaldehyde triflate and purified by 
passage over a C18 cartridge. The labeled fluorobenzaldehyde was then reacted with anginex in the presence of sodium 
cyanoborohydride and the resulting [18F]anginex was purified by reverse phase HPLC. Results [18F]Anginex was obtained via 
reductive amination of high specific activity [18F]fluorobenzaldehyde with anginex in 77% chemical yield. The use of high specific 
activity fluorobenzaldehyde (>2 TBq/umole) vs. standard specific activity (37-185 GBq/umole) improves overall yield of [18F]anginex 
and also allows use of less precursor to maintain usable yield. Regional pharmacokinetics were measured by PET scanning in mice, 
demonstrating excellent tumor uptake and low background. In the murine SCK breast carcinoma model tumor/muscle ratio was 10.8, 
and in the human multiple myeloma murine xenograft 30% of total injected dose localized in the tumor. Conclusions [18F]Anginex was 
labeled with [18F]fluorobenzaldehyde. The use of the high specific activity labeling reagent increased the labeling yield and reduced the 
amount of precursor required for labeling. Preliminary microPET data show that uptake in two tumor types is substantial and selective, 
with high tumor-to-background ratios. Further work to define the specificity of [18F]anginex for its receptor galectin-1 in vivo using PET 
imaging and biological correlate assays is ongoing in our laboratories and in feline head and neck clinical studies. Research Support 
Supported by grants CA107160 and CA096090 from the NCI and by the Central Arkansas Radiation Therapy Institute. 

 

Synthesis of [18F]anginex 
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Imaging the CB1 receptor radioligand [125I]SD7015 in mouse brain using in vivo SPECT and 
ex vivo autoradiography 
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Gulyás6, Christer Halldin6, Tamás F. Freund5, 1CROmed Ltd, Budapest, Hungary; 2Nanobiotech&In Vivo Imaging Centre, Semmelweis 
University, Budapest, Hungary; 3NIMH, NIH, Bethesda, MD, USA; 4IRIBHM, Université Libre de Bruxelles, Brussels, Belgium; 5Institute 
of Experimental Medicine, Budapest, Hungary; 6Karolinska Institute, Stockholm, Sweden; 7Dept. Anatomy, Semmelweis University, 
Budapest, Hungary. Contact e-mail: domokos.mathe@cromedresearch.com 

We aimed to evaluate a high-affinity (KI = 3.4 nM) moderately lipophilic (cLogD = 4.14) CB1 receptor (CB1R) radioligand [125I]SD7015 
([125I]1-(2-iodophenyl)-4-cyano-5-(4-methoxyphenyl)-N-(piperidin-1-yl)-1H-pyrazole-3-carboxylate)1 by SPECT imaging in the mouse 
brain in vivo. The applied multiplexed multipinhole SPECT system, NanoSPECT/CTPLUS is capable of high-resolution, quantitative 
imaging of 125I-labelled molecules in vivo. Methods. We imaged the biodistribution of radioactivity in CB1R knock-out (-/-) CD-1 mice (n 
= 3), control CD-1 strain (+/+) mice (n = 2), and control C57BL6 mice (n = 6) under urethane narcosis. 1 to 5 MBq of [125I]SD7015 
radioactivity was injected systemically. A mouse MRI atlas was fused to the SPECT/CT images. Animals were sacrificed after SPECT 
imaging. Brains, livers and bodies were measured for ex vivo organ radioactivity. Brain phosphorimager plate autoradiography (ARG) 
was performed on 4 µm-thin cryostat sections. SPECT/CT/MRI-atlas coronal brain sections were matched with corresponding ex vivo 
ARG sections of the same animals. SPECT images from CB1R(-/-) mice showed very low radioactivity uptake. Blood and image noise 
signals were only detected. No specifically bound autoradiography signal was recorded from any (-/-) mouse ARG. Brain radioactivity 
SUV was 1.7±0.8 (average ± SD) in (+/+) mice and 0.1±0.0 in (-/-) mice at 3 h post injection. High uptake regions of SPECT images in 
control animals corresponded to CB1R-rich areas of the hippocampus, limbic areas and cingulate cortex as identified by the MR atlas. 
Asymmetry was present both in positive in vivo images and autoradiograms. [125I]SD7015 readily enters the mouse brain enabling in 
vivo 125I-SPECT imaging. The ligand’s brain radioactivity biodistribution matches that of known CB1R expression. The radioligand 
[125I]SD7015 is a promising SPECT ligand for studying mouse brain CB1R patterns e.g. to investigate transgenic disease models. 
Research Support.CROmed Ltd., Mediso Ltd. VWP and SRD were supported by the Intramural Research Program of NIH (NIMH). 
Reference. Donohue S.R. et al. (2009) Bioorg. Med. Chem. Lett. 19, 6209-6212. 
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Purpose: Gastrin-releasing peptide receptor (GRPR/BB2) is up-regulated in numerous cancers including prostate cancer. Bombesin 
(BBN) is a homolog of gastrin-releasing peptide and its analogs have been widely used for developing molecular probes. In vivo 
pharmacokinetics of radiolabeled BBN analogs can be improved by modifying the linker between BBN and its chelating agent. A 
number of linkers including 8-aminooctanoic acid (8-AOC) and p-aminobenzoic acid (AMBA) have been developed. In this study we 
designed and synthesized a novel BBN positron emission tomography (PET) probe featuring 4 copies of 8-AOC-BBN peptides 
displayed on the star-shaped poly(ethylene glycol) (StarPEG) (Figure 1A). We tested both its in vitro and in vivo tumor targeting 
characteristics in prostate cancer cell line PC3 and compared this novel probe with a BBN monomer probe. Methods: DOTA-GC-8-
AOC-BBN(7-14)NH2 was synthesized on solid-phase using conventional Fmoc chemistry. The attachment of the monomers to the 4-
arm StarPEG-Maleimide gave rise to the final product StarPEG-BBN. Mice were implanted with PC3 cells in the right shoulder and 
divided into 3 groups (n=3 each). 2 groups were injected with 64Cu-StarPEG-BBN or 64Cu-DOTA-AMBA-BBN; the third group were 
injected with 250 µg of unlabeled 8-AOC-BBN along with 64Cu-StarPEG-BBN. Mice were then imaged with PET at 1 h, 4 h, and 24 h 
post injection (p.i.). Results: StarPEG-BBN was successfully synthesized. Cell binding studies showed that StarPEG-BBN had good 
binding affinity to PC3 cells (IC50=39.12 nM). In vivo images revealed that StarPEG-BBN had good tumor uptake, which was 
comparable with that of AMBA-BBN and significantly blocked by co-injection of unlabeled 8-AOC-BBN at 4h p.i. (Figure 1B). Compared 
with AMBA-BBN, StarPEG-BBN also exhibited lower liver uptake (2.53±0.83 %ID/g vs. 5.43±0.45 %ID/g) and higher tumor-to-blood 
ratio (16.84±2.66 vs. 9.47±0.50) in the biodistribution study at 24 h p.i.. Conclusion: StarPEG-BBN was designed and successfully 
synthesized. Both in vitro and in vivo studies demonstrated that the novel 4-arm PEG platform StarPEG was capable of delivering BBN 
peptides to GRPR with high affinity and good specificity. Notable advantages of StaPEG-BBN over AMBA-BBN include lower liver 
uptake and higher tumor-to-blood ratio. 

 

Figure 1. (A) A scheme of synthesis of the multi-displaying BBN analog StarPEG-BBN. (B) From left to right, representative PET images of PC3 tumor 
mice injected with 64Cu-StarPEG-BBN, 64Cu-DOTA-AMBA-BBN, and 64Cu-StarPEG-BBN with 250 µg of unlabeled 8-AOC-BBN, respectively, at 4 h 

p.i.. 
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Imaging Immunoregulatory Macrophages in Transplantation 
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Background: Macrophages represent a critical cell type in host defence, development and homeostasis, however due to significant 
plasticity identification of a unique pan-macrophage marker has so far proved elusive. The antigens CD64, CD68 (Macrosialin), CD163, 
CD169 (Sialoadhesin) and CD204 (Macrophage Scavenger Receptor A) represent the known set of cross species macrophage 
markers. Of these antigens, none are uniquely expressed on macrophages (CD64 is expressed on monocytes, subsets of germinal and 
blood dendritic cells (DC), CD68 on various leukocytes, CD163 on monocytes, CD204 monocytes and DC) and of the most myeloid 
restricted of these (CD163) significant amounts are found as soluble product, complicating its use for in vivo applications such as 
imaging. We have studied macrophage subpopulations expressing sialoadhesin (Sn), a macrophage-restricted antigen endogenously 
expressed in lymphoid tissue but also elicited during the pathogenesis of a variety of diseases, using the monoclonal antibody SER4. 
With a putative function in cell-cell interaction and immunoregulation, Sn has also been implicated in several diseases, where Sn 
expressing macrophages have been found in both (autoimmune) inflammatory and tumour infiltrates. Methods: SER4 was directly 
labelled with 99mTc using 2-mercaptoethanol reduction followed by incubation with 99mTcO4 and MDP kit. Stability of labelled SER4 
(99mTc-SER4) was assessed by size-exclusion chromatography (SEC) using a gamma detecting radio-HPLC system. An in vitro 
binding assay of 99mTc-SER4 to recombinant sialoadhesin fusion protein (Sn-Fc) was developed, in which binding was measured by 
decreased retention time on SEC radio-HPLC. Imaging of wild type mice was performed at 3hrs post injection with 99mTc-SER4 and 
99mTc-IgG isotype control. Additionally, imaging of 99mTc-SER4 was performed upon Sn knockout (KO) mice. We used a mouse 
heterotopic heart transplantation model in which either mis-matched or matched donor hearts were transplanted into a recipient 
abdomen to study immune rejection in solid organs. Imaging was performed at day 7 post transplantation. Results: 99mTc-SER4 
exhibited serum stability of >95% over 24 hrs. Binding of 99mTc-SER4 to Sn-Fc was shown to be specific as evidenced by a change in 
retention time of 99mTc-SER4 in presence of Sn-Fc which was reversed by blocking with cold SER4. No change in retention time of 
99mTc-IgG in the presence of Sn-Fc was observed. In vivo imaging revealed remarkable rapid blood clearance of 99mTc-SER4 for a 
150kDa protein, permitting imaging at the early time point of 3hrs. Clearance to endogenous Sn expressing tissues including spleen, 
liver and bone marrow was confirmed by comparison with biodistribution and imaging data taken from 99mTc-IgG in wildtype mice and 
99mTc-SER4 in Sn KO mice. At day 7 post transplantation, 99mTc-SER4 was able to image the rejected donor heart. A significant 
higher uptake in allogeneic as compared to syngeneic transplants (P = 0.002) was also observed. Conclusions: We propose anti-Sn 
imaging as a novel strategy for detecting the presence of immunoregulatory and inflammatory macrophages present during pathology. 

 

Representative images at 3hrs post injection of radiolabelled antibody (Ab). A) 99mTc-IgG control antibody in wildtype (WT) mouse; B) 99mTc-SER 4 
(Sn targetting Ab) in WT mouse; C) 99mTc-SER4 in Sn knockout (KO) mouse. Control Ab in WT and targeted Ab in Sn KO both demonstrate low blood 

clearance, whilst targeted Ab in WT exhibits rapid homing to Sn expressing tissues (spleen, bone marrow, liver) 
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Tumor endothelial marker 8 (TEM8) has been reported to be up-regulated in both tumor cells and tumor-associated endothelial cells in 
several cancer types. TEM8 antagonists and TEM8 targeted delivery of toxins have been developed as effective cancer therapeutics. 
The ability to image TEM8 expression would be of use in evaluating TEM8 targeted cancer therapy. Methods: The TEM8 expression 
levels were determined by Western blot and immunohistochemistry fluorescent staining. A 13-meric peptide, KYNDRLPLYISNP (QQM), 
was identified from the small loop in domain 4 of protective antigen (PA) of anthrax toxin. TEM8 binding affinity was evaluated and 
small animal PET imaging was performed by 18F-labeled QQM in both UM-SCC1 and MDA-MB-435 tumor models. Results: TEM8 
expression in UM-SCC1 tumors was much higher than that in MDA-MB-435 tumors, as demonstrated by Western blot. Co-localization 
of TEM8 and vascular endothelial cell marker CD31 was illustrated by immunohistochemistry staining. A modified ELISA assay showed 
that QQM peptide binds specifically to the extracellular vWA domain of TEM8 with an IC50 value of 304 nM. QQM was coupled with 4-
nitrophenyl 2-18F-fluoropropionate (18F-NFP) and purified by HPLC to give almost quantitative yield with high specific activity (79.2 ± 
7.4 TBq/mmol, n = 5). 18F-FP-QQM showed significantly higher uptake in TEM8 positive UM-SCC1 tumors than in TEM8 negative 
MDA-MB-435 tumors. Conclusion: The rationally designed QQM peptide binds specifically to the extracellular domain of TEM8. 18F-
FP-QQM peptide tracer is a promising lead compound for measuring TEM8 expression and warrants further study. 
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Optimization of a novel peptide tracer for the detection of visceral amyloidosis by comparative 
dual energy SPECT imaging 
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Amyloidosis is characterized by the extracellular deposition of protein fibrils, heparan sulfate proteoglycan (HSPG) and other accessory 
components in organs and tissues leading to dysfunction and death. Amyloid is invariably associated with diseases such as Alzheimer’s 
disease (AD), light chain (AL) amyloidosis, and reactive (AA) amyloidosis. In addition, amyloid may be a complicating pathology in type 
II diabetes, cases of chronic inflammation such as rheumatoid arthritis, and in patients with multiple myeloma. Although recent 
advances have been made in the translation of tracers for imaging Aβ amyloid in patients with Alzheimer’s disease, molecular imaging 
methods for the early detection of visceral amyloidosis are limited and generally unavailable outside the U.K. Therefore there is a need 
to develop novel, specific, amyloidophilic imaging radiotracers to assist in diagnosis, disease staging and monitoring response to 
therapy. To this end, we have identified a heparin-binding protein, designated p5, that has been shown to bind visceral murine AA 
amyloid deposits in vivo by using SPECT imaging and micro-autoradiography. Peptide p5 is a 31-amino acid reagent (pI = 10.3) with 8 
lysyl residues intermittently spaced along the length of the peptide chain. In preparation for translation to the clinic, we prepared 
variants of p5 that either enhanced or decreased the electropositive valency of the peptide. Parent peptide p5 was radiolabeled with 
99mTc and the variant peptides radiolabeled with 125I for comparative dual energy SPECT/CT imaging analysis in mice with AA 
amyloidosis. SPECT imaging and quantitative biodistribution measurements demonstrated that addition of 14 amino acids (including 4 
lysines) to peptide p5 modestly enhanced amyloid binding at 4 h pi (~2-fold increase in the %ID/g relative to p5); however, the slower 
blood clearance of the longer peptide resulted in decreased tissue:muscle ratios. Loss of 7 or 14 amino acids, p5(1-24) and p5(1-17), 
respectively resulted in decreased binding of the peptide to the amyloid in most organs and tissues relative to the full length p5 peptide. 
These data indicate that the in vivo interaction of p5 with the HSPG in amyloid deposits is related to the net positive charge. Although 
addition of 4 -AQK- motifs enhanced the binding of the peptide to the amyloid, the increased binding was masked by slower clearance 
of the longer peptide relative to p5. In contrast, reduction of the electropositive valency on the p5 peptide by +2 [p5(1-24)] or +4 [p5(1-
17)] resulted in a >3-fold reduction in %ID/g binding to amyloid and poorer imaging. We have demonstrated, using dual energy SPECT 
imaging and biodistribution measurements, that the 31-mer peptide p5 affords optimal translational properties for in vivo detection of 
visceral amyloidosis. 
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Stable and rapid binding of 124I-labeled peptide p5 to visceral amyloid in vivo as evidenced by 
dynamic PET imaging 
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Tennessee Graduate School of Medicine, Knoxville, TN, USA; 2Medicine, University of Tennessee Graduate School of Medicine, 
Knoxville, TN, USA; 3Siemens Preclincal Solutions, Knoxville, TN, USA. Contact e-mail: emarti15@utk.edu 

Heparan sulfate proteoglycans (HSPG) are ubiquitous components of pathologic amyloid deposits of patients with Alzheimer’s disease, 
systemic light chain (AL), and reactive (AA) amyloidosis. Although recent advances have been made in the translation of tracers for 
imaging Aβ amyloid in patients with Alzheimer’s disease, molecular imaging methods for the early detection of visceral amyloidosis (AL 
and AA) are limited and generally unavailable outside the U.K. Therefore, there is a need for novel, specific, amyloidophilic imaging 
radiotracers to assist in diagnosis, disease staging and monitoring response to therapy in these patients. We have demonstrated that 
amyloid deposits are preferentially targeted in vivo by scFv antibodies reactive with heparin-like HS. In addition, a synthetic, heparin-
binding peptide, designated p5, when radiolabeled with 125I, was used to image AA amyloid in mice by SPECT/CT. We examined the 
dynamic behavior (binding and clearance) of 124I-p5 peptide by using PET/CT in diseased and healthy mice. In healthy, amyloid-free 
mice, 124I-p5 peptide was rapidly cleared from the blood pool with a Kfast and Kslow of 1.8 ± 0.06 and 0.02 ± 0.004 min-1, respectively. 
The peptide appeared rapidly in the kidneys with a peak uptake time of ~7 mins followed by a rapid bi-exponential loss of radioactivity 
with a Kfast of 0.08 ± 0.003 min-1. The decrease in radioactivity from the kidney coincided with its reappearance in the blood pool and 
subsequent uptake by the stomach at a rate of 64 kBq/mL/min. These data indicated that rapid dehalogenation of the peptide was 
occurring in the kidneys. The free 124I-iodide then returned into the circulation as evidenced by its uptake in the stomach and, to lesser 
degree, the thyroid. No accumulation of radioactivity was observed in the spleen or liver. In AA mice, however, there was rapid binding 
of 124I-p5 peptide in the liver (Kfast = 1.96 ± 0.09 min-1) which reached a plateau at ~25 min post injection and did not decay over 2 h. In 
mice with AA, blood pool clearance of the tracer was essentially equivalent to that seen in healthy mice; however, only modest 
dehalogenation of the peptide occurred in AA animals as evidenced by the scant uptake of 124I-iodide in the stomach. Peptide p5 is 
rapidly and stably accumulated in AA amyloid deposits in the liver (and spleen) up to 2 h post injection - a desirable property in an 
amyloid imaging agent. Furthermore, when not bound to amyloid, the radio-iodinated p5 peptide was rapidly dehalogenated in the 
kidneys, and the liberated iodide was sequestered by the stomach and thyroid. This fortuitous process led to enhanced signal-to-noise 
ratios in the kidney, a major site of visceral amyloid deposition in man, when imaging with radioiodide-conjugated p5 peptide. 
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Automated synthesis and quality control tests of USP grade 18F-fluoroestradiol for early 
phase clinical trial 

Manish Dixit, Jianfeng Shi, Ling Wei, George Afari, Sibaprasad Bhattacharyya, ADRD, SAIC, National Cancer Institute, Frederick, 
MD, USA. Contact e-mail: bhattacharyyas2@mail.nih.gov 

18F-fluoroestradiol [18F]FES, a steroid based PET tracer has emerged as a dependable tracer for the evaluation and management of 
breast cancer patients. In our newly established USP laboratory at NCI-Frederick, we are developing this tracer for early phase clinical 
trial. A clinically acceptable tracer requires a rapid reliable synthesis and must be demonstrated to maintain all specifications including 
chemical purity and stability as per FDA guideline. The use of automation should minimize the variance in the chemical reaction when 
compared with manual synthesis. This is particularly important in the case of a multi-center trial where manufacturing is performed at 
the individual sites. A fully automated one pot synthesis method was developed in a semi-closed automated system. In a typical 
automated reaction, 1-1.2 mg of 3-O-Methoxymethyl-16, 17-O-sulfuryl-16-epiestriol precursor was heated with azeotropically dried 
[18F]KF at 110 C for 10 min in acetonitrile (1.3 mL). Subsequent hydrolysis was done at 120 C for 8 min with 2.0 M HCl (600µL) 
solution. Hydrolysis process was repeated in same pot twice. Product was then neutralized with 2 mL of NaHCO3 buffer (4.2%, USP 
grade). Whole reaction mixture was transferred to the preparative HPLC system of automated synthesizer. [18F]FES peak (Fig.01) was 
collected (through a 0.22 micron sterile filter) in a sterile vial filled with 20 mL of formulation buffer. Approximately 0.5 mL (0.5-1.0 
mCi)of product was withdrawn from final product vial to perform all QC tests. Total synthesis time was 75 min. Radiochemical yield and 
purity was >20% and >99% respectively (n=20). QC results showed that the product met all the specifications of a USP grade 
radiotracer. In summary, we have developed a fully automated process for 18F-FES synthesis in our new USP laboratory. The 
production method is highly reproducible and product qualifies for the human injection. Detail production method along with QC test 
results will be presented. Funded by NCI/NIH, Contract No. HHSN261200800001E 

 

Fig.01 Preparartive HPLC of 18F-FES: mobile phase 50% ethanol; flowrate, 3 mL/min 
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Synthesis of new ligands for imaging adenosine A2A Receptors using Positron Emission 
Tomography (PET) and In vivo evaluation of [ 18F]MNI-444 in nonhuman primate 
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NeuroImaging, New Haven, CT, USA; 2Institute for Neurodegenerative Disorders, New Haven, CT, USA. Contact e-mail: 
cvala@mnimaging.com 

Adenosine is an endogenous modulator of neurotransmission in both the central and peripheral nervous systems that interacts with four 
different G-protein-coupled receptors classified as A1, A2A, A2B and A3. The A2A adenosine receptor subtype, which is positively coupled 
with adenylyl cyclase, is highly expressed in the striatum, where it is functionally linked to dopamine D2 receptors. Experiments 
indicating that administration of A2A adenosine receptor agonists decrease the binding of D2 dopamine receptor agonists in striato-
pallidal suggest that adenosine A2A antagonists may be useful in the treatment of Parkinson’s disease1. The recent interest in therapy of 
Parkinson s disease (PD) with drugs acting through adenosine 2a (A2a) receptors has emphasized the need for non-invasive 
scintigraphic methods for assessing these biological targets for both developing new drugs and elucidating pathophysiological changes 
in PD patients. In this study, we report the synthesis and in vitro binding affinity of a small library of fluoro and iodo adenosine A2A 
receptor ligands. Among those, ligand 1, with binding affinity of 2.8 nM, was radiolabeled by reaction of [18F]F- with the tosyl precursor 
to form [18F]MNI-444 with a radiochemical yield ranging from 10-25% and a radiochemical purity greater than 95%. In vivo evaluation of 
[18F]MNI-444 in anesthetized rhesus monkeys showed total brain uptake of 1.4% of the injected dose with a plasma free fraction of 
1.3%. The regional brain uptake was in accordance with A2A distribution, with the highest uptake in the striatum reaching around 4.5 
SUV at 15 min post-injection (p.i.) and followed by gradual washout. Metabolite analysis revealed a relatively fast metabolic rate with 
45% of unchanged tracer after 15 min p.i.; however, detected metabolites were polar and deemed unlikely to cross the blood brain 
barrier. These results are in agreement with the known regional distribution of A2A adenosine receptor in the brain and suggest that 
[18F]MNI-444 is a good tool for PET imaging of A2A receptor. 1 Jacobson, K. A.; Gao, Z. Nature Reviews Drug Discovery, 2006, 5, 247-
264. 
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Radiosynthesis and microPET imaging of 18F-fluoropropyl-β-D-glucoside for tumor detection 
via sodium-dependent glucose transporters 
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Objectives: Sodium-dependent glucose transporters (SGLTs), highly expressed in kidneys, play an important role in the absorption 
and reabsorption of D-glucose. Overexpression of SGLTs in some tumor cells has also been reported. In this study, 18F-fluoropropyl-β-
D-glucoside (18F-FPG) was prepared and was characterized as a novel probe for SGLT imaging in a tumor mouse model. Methods: 
Starting from D-glucose, the precursor for 18F-FPG preparation, compound 4, can be synthesized via a four-step reaction. After 
radiofluorination with n-Bu4N

18F, followed by acid hydrolysis and HPLC purification, 18F-FPG (6) can be obtained. The nude mice 
bearing either A549 lung cancer (high SGLT expression) or SAS head and neck cancer (low SGLT expression) were used to conduct 
microPET imaging after administration of 18F-FPG. Results: Starting from compound 4, 18F-FPG was prepared in fair radiochemical 
yield (25%, in average of five runs after HPLC separation, decay corrected) and high radiochemical purity (>98%). The synthesis time 
was 90~120 min from the end of bombardment. After administration of 18F-FPG, apparent radioactivity accumulation in A549 xenografts 
at 60 min post intravenous injection (p.i.) was noticed, whereas that in SAS tumor was not, suggesting 18F-FPG could differentiate the 
expression level of SGLT in different tumor cells. The tumor-to-muscle ratio (T/M) of the larger A549 xenograft (left thigh) derived from 
microPET images was 1.22, 1.83, 1.98, and 1.89 at 5, 20, 40, and 60 min p.i., respectively. The larger tumor exhibited higher 18F-FPG 
accumulation than the smaller one. High and persisted radioactivity retention in kidneys, the organs rich in SGLTs, of all 18F-FPG-
injected mice was observed, and may indicate the high specificity of 18F-FPG toward SGLTs. Conclusion: This study successfully 
prepared a novel glucoside derivative (18F-FPG) with acceptable radiochemical yield, and also demonstrated that 18F-FPG may be a 
promising SGLT PET probe for imaging tumor or renal dysfunction. 
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PET imaging of the pancreatic beta cells with radiolabeled Somatostatin analogs: A potential 
biomarker for beta cell mass measurement 
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Yasuyoshi Watanabe1, 1Center for Molecular Imaging Science, RIKEN, Kobe, Japan; 2Image-based Medicine Center, Institute of 
Biomedical Research and Innovation, Kobe, Japan; 3Graduate School of Medicine, Kobe University, Kobe, Japan. Contact e-mail: 
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Background and Aim: Recently, several papers have reported that pancreatic beta cell mass (BCM) starts to decrease even before the 
appearance of physical findings not only in type 1 diabetes mellitus (DM) but also in type 2 DM. Thus, evaluation of BCM is thought to 
be useful for better control of DM at earlier stages and more effective prevention of the onset or complications of DM. However, biopsy 
is the only way to measure BCM precisely until now though it is highly invasive. Therefore, it is significant to develop non-invasive 
methods to quantify BCM. For non-invasive evaluation of BCM, we focused on Somatostatin receptors highly expressed in the 
pancreatic beta cells and performed Positron Emission Tomography (PET) imaging studies with radiolabeled Somatostatin analogs. In 
our previous work, we have shown that [Ga-68]DOTA-octreotide (DOTA-OC) was highly accumulated in the pancreas of normal rats, 
using PET imaging. The time-activity curve and blocking study with the unlabeled octreotide demonstrated that the pancreatic 
accumulation of DOTA-OC was by the specific binding to Somatostatin receptors in the pancreatic islet beta cells. Furthermore, the 
accumulation was significantly decreased in the pancreas of Streptozotocin-induced diabetic rats. In the present study, for the purpose 
of developing PET probes with higher affinity to the pancreatic beta cells than DOTA-OC, we further synthesized two radiolabeled 
somatostatin analogs: [Ga-68]DOTA-[Tyr3]-octreotide (DOTA-TOC) and [Ga-68]DOTA-[Tyr3]-octreotate (DOTA-TATE). To compare 
with DOTA-OC, animal PET imaging and the ex vivo gamma counting study with DOTA-TOC and DOTA-TATE were conducted. 
Methods: Normal male Sprague Dawley rats were used. After injection of PET probe into the tail vein, a 90 min emission scan in the 
abdomen was performed under isoflurane anesthesia. When finishing the PET scan, the tissues and organs were harvested from the 
rats and their radioactivity was measured with a gamma counter. Results and Conclusion: The PET images indicated that both DOTA-
TOC and DOTA-TATE were highly accumulated in the pancreas and the SUV of the pancreas was higher than that with DOTA-OC. 
The biodistribution data revealed the pancreatic accumulation of DOTA-TOC was more than that of DOTA-OC by 54.5% and that of 
DOTA-TATE was more than that of DOTA-OC by 104.4%. Namely, DOTA-TATE showed most potent and specific to the pancreatic 
beta cells among these three Somatostatin radiotracers. These results suggested that DOTA-TATE could be a candidate of PET probe 
for human clinical trial. 
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Comparison Study of [18F]FAl-NOTA-PRGD2, [18F]FPPRDG2 and [68Ga]Ga-NOTA-PRGD2 for 
PET Imaging of U87MG Tumors in Mice 
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Among the various radiolabeled RGD peptides, [18F]FPPRGD2, a F-18 labeled dimeric cyclic RGDyK peptide, has favorable properties 
for PET imaging of angiogenesis by targeting the αvβ3 integrin receptor. This radiotracer has been approved by the FDA for use in a 
clinical trial. However, the time-consuming multiple-step synthetic procedure required for preparation may hinder the widespread usage 
of this tracer. The recent discovery and development of F-18 fluorine-aluminum complex to radiolabel peptides provides a unique 
strategy for simplifying the labeling procedure. On the other hand, the easy to prepare [68Ga]-labeled NOTA-RGD derivatives have also 
been reported to have promising properties for tumor imaging. The purpose of this study was to prepare [18F]FPPRDG2, [18F]FAl-
NOTA-PRGD2, and [68Ga]Ga-NOTA-PRGD2 and to compare their pharmacokinetics and tumor imaging properties using small animal 
PET. All three compounds showed high tracer uptake in the U87MG tumors and high target-to-background ratio. The uptake in the liver, 
kidneys and muscle are similar for all three tracers with predominant renal clearance. In conclusion, both [18F]FAl-NOTA-PRGD2 and 
[68Ga]Ga-NOTA-PRGD2 have similar or superior imaging properties and pharmacokinetics comparable with that of [18F]FPPRGD2. 
Considering their ease of preparation and good imaging quality, [18F]FAl-NOTA-PRGD2 and [68Ga]NOTA-PRGD2 are promising 
alternatives to [18F]FPPRGD2 for PET imaging of tumor αvβ3 integrin expression. 

 

Figure 1. Chemical structures of dimeric RGD peptides and decay-corrected whole-body coronal microPET images of U87MG tumor-bearing mice at 60 
min after injection of 3.7 MBq (100 μCi) of [18F]FPPRGD2, [18F]FAl-NOTA-PRGD2 or [68Ga]Ga-NOTA-PRGD2. Tumors are indicated by arrows. 
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18F-Labeled Cystine Knot Peptides for PET Imaging of Integrin αvβ6 
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Integrin αvβ6 is a cell-surface receptor with low levels in healthy tissue but is overexpressed in breast, lung, colon, skin, ovarian, and 
pancreatic cancers. Pancreatic cancer is of particular interest because of the critical need for a molecular imaging agent for early 
detection as 80% of pancreatic cancers have local advancement or metastasis at time of presentation. Thus, a radiotracer for integrin 
αvβ6 would provide significant clinical utility. We have recently engineered cystine knot peptides with 3-6 nM affinity for integrin αvβ6 
and demonstrated their effectiveness in 64Cu-DOTA microPET studies. Here we evaluated two 18F-labeled cystine knot peptides, R01 
and S02, for microPET imaging of pancreatic adenocarcinoma xenografts in mice. Cystine knot peptides were labeled with N-
succinimidyl-4-18F-fluorobenzoate and purified by HPLC (93% and >99% purity for 18F-FB-R01 and 18F-FB-S02). 18F-FB-R01 and 
18F-FB-S02 were 87% and 94% stable in human serum at 37 degrees for 2 h. 18F-FB-peptides (~2 MBq injected via tail-vein) were 
used for microPET of integrin αvβ6-expressing BxPC3 pancreatic adenocarcinoma xenografts (~5-12 mm diameter) in mice (n=4). 18F-
FB-R01 and 18F-FB-S02 exhibit 2.3±0.6 %ID/g and 1.3±0.4 %ID/g, respectively, uptake in tumor at 0.5 h. Target specificity was 
confirmed by low tumor uptake in integrin αvβ6-negative 293 tumors (1.4±0.6 and 0.5±0.2 %ID/g for R01 and S02, both P<0.05) and 
low muscle uptake (3.1±1.0 and 2.7±0.4 tumor:muscle for R01 and S02). MicroPET data were corroborated by ex vivo gamma counting 
of dissected tissues, which also demonstrated low uptake in non-target tissues with only modest kidney uptake (9.2±3.3 and 1.9±1.2 
%ID/g at 2 h for R01 and S02, n=3). Thus, 18F-FB-R01 and 18F-FB-S02 show translational promise for molecular imaging of integrin 
αvβ6 overexpression in pancreatic and other cancers. 

 

PET Imaging. Integrin αvβ6-expressing BxPC3 or non-expressing 293 cells were xenografted into nude mice. Two MBq of 18F-FB-knot peptide (R01 or 
S02) was injected via the tail vein. Five minute static scans were acquired at 0.5 h post-injection. Coronal and transverse images are shown. 
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2’Nitroimidazole Derived MRI-PET Contrast Agents: Synthesis Methods and Preparation 
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Synthesis of nitroimidazole radiosensitizers is reported useful in imaging of tumor cells. Nitroimidazole compounds are radiolabeled for 
specific use in imaging such as 18F for positron emission tomography; 99mTc for single photon emission computed tomography; 123I, 
or 131I for computer assisted tomography and 19F for magnetic resonance imaging. In synthesis of radiopharmaceutical compounds, 
parent nitroimidazole is modified to thiopyranosyl nucleosides, neuraminic acid derivatives followed by nitro group deprotection-
substitution and radiolabeling by specific isotopes (see Table 1). Several attempts have been made to radiolabel the nitroimidazole by 
[18F]fluorine, [131I or 123I]iodine, [99mTc]technicium and [64Cu]copper on modified side chain of nitroimidazole compounds to design 
multimodal and multifunctional imaging techniques to monitor the tumor hypoxia by measuring distribution of radiatiolabel or radiation. 
Nitroimidazole initially showed poor diffusion and stability in tissues with neurotoxicity limited its use as radiosensitizer. Several 
nitroimidazole derivatives were developed as potent less toxic and highly stable radiopharmaceuticals wuth optimized radiolabel with 
high detectability and tumor oxygen or hypoxia using acylation, tosylation, florination and hydrolysis(see Figure 1). Present time, 
nitroimidazole base dradiopharmaceuticals have emerged as multimodal and multifunctional hypoxia reporters with antitumor, anti-
ischemic, anti-inflammatory and tumor targeting properties. In conclusion, nitroimidazole based radiopharmaceuticals are new 
generation hypoxia biomarkers for localized theradiagnostic utility in clinical medicine. 

 
Precursor Nitroimidazole compounds as potential hypoxia markers 

 
Source: Sharma R. Current Radiopharmaceuticals. 2011 
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Synthesis and evaluation of 68Gallium labeled peptidomimetic ligands for imaging of integrin 
α5β1 expression 
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Objective: Next to the integrins ανβ3 and αIIbβ3 which are in the focus of research for some years already, some other integrin 
subtypes gained interest recently. Among them is the integrin α5β1, which is of importance during tumor angiogenesis and which is 
also expressed on some tumor cell types. We synthesized peptidomimetic structures that are able to specifically address one integrin 
subtype only. Here we present first preliminary data for ligands targeting α5β1. Methods: The structure was developed using a 
homology modeling approach and tested for activity using isolated integrins and their natural ligands fibronectin and vitronectin. The 
integrin α5β1 selective moiety was coupled to either DOTA (first generation ligand) or NODAGA (second generation ligand) for labeling 
with 68Gallium. Radiolabeling was successfully performed on a fully automated module. First experiments included in vitro cell binding 
studies and biodistribution as well a PET/CT scans (Inveon, Siemens) of BALB/c nude mice (n=5) bearing two different tumor 
xenografts with α5β1 expression (RKO and HCT-116). Results: The binding assay revealed a dramatically higher affinity of the ligands 
for α5β1 than for ανβ3 (1st generation: 18.6 nM to >1000nM; 2nd generation: 0.89 nM to 9600 nM). Cell internalization studies with the 
DOTA-conjugated first generation ligand showed internalization of the ligand in α5β1 positive cells, which could be blocked specifically 
by unlabelled ligand. However, in-vivo the compound did not prove to be stable and no specific tracer accumulation could be seen. 
However the second generation ligand conjugated to NODAGA and labeled with 68Ga3+ proved to be stable in-vivo and could be 
labeled with high efficiency (85%) and purity (90-94%). Preliminary results from PET experiments show that the tracer successfully 
accumulates in RKO and HCT tumors (see figure). In a first biodistribution experiment, tracer uptake in RKO tumors of 3.0 % ID/g 
tissue was reached; tumor-to-blood ratio was 2.2 and tumor-to-muscle ratio 5.8. Immunohistochemical staining confirmed the presence 
of α5β1 in the RKO and HCT tumors. Conclusion: A highly specific peptidomimetic ligand for the integrin α5β1 was successfully 
synthesized and α5β1 positive tumors could be successfully visualized by PET/CT with good contrast in first preclinical studies. 
Currently further in-vivo experiments are going on to evaluate this promising tracer in more detail and to decide whether clinical 
translation is worthwhile. 

 

Micro-PET/CT scan of nude mouse with HCT116 xenografts in both shoulders. Note intense tracer accumulation of the 68Ga-labeled alpha5beta1-
selctive ligand in the tumors with good target-to-background contrast. CD31 staining shows intense vascularisation of the tumor. CD49e (alpha5) 

staining shows alpha5-integrin expression in the tumor. 
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Cell Uptake Study of [18F]Fluoroacetate in Human-Derived Hepatocellular Carcinomas 
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[Objective] We have investigated radiosynthesisa of [18F] Fluoroacetate ([18F] FACE) as a new tumor seeking radiopahrmaceutical for 
clinical positron-emmison tomography (PET). Fluoroacetate goes into the intracellular TCA cycle as a form of fluoroacetyl-CoA, and 
then it is metabolized into fluorocitrate by citrate synthase. However, fluorocitrate doesn’t receive further metabolic process by 
aconitase, so the substance remains inside the cycle. In this study, we have assessed the uptake mechanism of [18F] FACE using 
several types of human-derived hepatocellular carcinomas in tumor differentiation. [Methods] We evaluated the uptake of [18F] FACE in 
the carcinoma cell line (JHH-1, JHH-2, JHH-5, HepG2, HuH7) at regular intervals (5-120 min) after addition of the radiotracer that was 
synthesized in our facility. We also evaluated the uptake of [18F] FACE by ATP as an inhibitor of citrate synthase. Furthermore, we 
performed a comparison cell uptake study with [18F] FDG. [Results & Conclusions] Each cell line uptakes [18F] FACE in early phase 
and the cell line indicated 1.2-1.5 times accumulation compared to medium culture in 120 min. In inhibition study using ATP, it revealed 
that the citrate synthase was a key enzyme for uptake of [18F] FACE inside these tumor cells. Interestingly, there was a difference in 
the pattern of uptake in time among the cell lines cell, indicating that it could be as a diagnostic tool to distinguish tumor differentiation 
of the hepatoma in clinical practice. Also, unique uptake pattern and inadequate inhibition of the radiotracer were observed in some cell 
lines, suggesting the possibility of other metabolic pathway of [18F] FACE in hepatocellular carcinomas. 
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In vivo SPECT/CT imaging of 123IVFAU in orthotopic lung tumor expressing herpes simplex 
virus type-1 thymidine kinase 

Tae Sup Lee, In Ho Song, Hee Chung Kwon, Joo Hyun Kang, Kwang Il Kim, Yong Jin Lee, Molecular Imaging Research Center, 
KIRAMS, Seoul, Republic of Korea. Contact e-mail: nobelcow@kirams.re.kr 

Purpose: Radiolabeled uracil nucleoside analogs have been extensively used to evaluate the expression of herpes simplex virus type-1 
thymidine kinase (HSV1-tk). In this study, we evaluated radioiodinated 5-(2-iodovinyl)-2’-fluoro-2’-deoxyarabinouridine (IVFAU) as a 
gene expression imaging agent in HSV1-tk expressing orthotopic lung cancer model. Methods: Lewis lung carcinoma (LLC) and 
retrovirally HSV1-tk transduced LLC (LLC-TK) cells were used for in vitro uptake with radiolabeled IVFAU. Biodistribution of IVFAU 
performed in LLC and LLC-TK tumor bearing mice and SPECT/CT imaging acquired in orthotopic LLC-TK lung tumor model. After 
SPECT/CT imaging, digital whole body autoradiography (DWBA) performed to verify tumor location. Results: Radioiodinated IVFAU 
showed specific uptake in LLC-TK cells compared to LLC cells at all time point. IVFAU uptake in LLC-TK cells was 130 fold higher than 
that in LLC cells at 240 min. Radiolabeled IVFAU showed widespread distribution of nucleoside in vivo but with selective localization in 
LLC-TK tumor. The LLC-TK to LLC tumor ratio was 1.54 ± 0.29 and 3.27 ± 0.42 at 2 h and 24 h, respectively. In orthotopic LLC-TK 
tumor model, SPECT imaging of 123IVFAU delineated HSV1-tk expressing lung tumor and the localization of lung tumor was verified 
by DWBA. Conclusion : IVFAU showed selective uptake in HSV1-tk expressing lung tumor cells and othotopic lung tumor model. 
Radioiodinated IVFAU could be useful for a gene imaging agent in HSV1-tk/GCV gene therapy of lung tumor. 

 
SPECT/CT imaging of IVFAU in orthotopic HSV1-tk expressing lung tumor model. 1. CT image, 2. SPECT image, 3. SPECT/CT image, 4. forzen section 

photo , 5. digital whole body autoradiography. (The order is from left to right panel). 
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Molecular Imaging of Natriuretic Peptide Clearance Receptor in Atherosclerosis with 
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Yongjian Liu1, Eric Pressly2, Luke Connal2, Annie L. Nguyen3, Dana Abendschein3, Craig Hawker2, Pamela K. Woodard1, Michael J. 
Welch1, 1Radiology, Washington University in St. Louis, St Louis, MO, USA; 2Chemistry and Biochemistry, University of California, 
Santa Barbara, CA, USA; 3Medicine, Washington University, St. Louis, MO, USA. Contact e-mail: liuyo@wustl.edu 

Objectives: The goal of this study was to utilize C-type atrial natriuretic factor (CANF) conjugated Comb-like nanoparticle to image the 
natriuretic peptide clearance receptor (NPR-C) in a rabbit atherosclerosis model and demonstrate the superiority of nanoparticle in 
molecular imaging. Methods: C-type atrial natriuretic factor (CANF) was conjugated to Comb-like nanoparticle chelated with DOTA, 
respectively, to target and image the NPR-C receptor expressed at atherosclerotic plaque in rabbit model with the non-CANF 
conjugated Comb-like nanoparticle as control. The expression of NPR-C receptor was characterized with Western blot. 
Immunohistochemistry (IHC) was also used to localize the expression of NPR-C receptor. Competitive PET and IHC receptor blocking 
studies were accomplished to evaluate the receptor specific uptake. Results: PET imaging illustrated significantly (p<0.05) higher 
standardized uptake values (SUV) of 64Cu-DOTA-CANF-Comb nanoparticle at the injured sites relative to the non-injured control site in 
the rabbit atherosclerosis models. Furthermore, the tracer uptake at the lesion of the targeted nanoparticle was much higher (p<0.05) 
than that of control nanoparticle. More importantly, in contrast to the previously published 64Cu-DOTA-CANF peptide tracer, the 64Cu-
DOTA-CANF-Comb nanoparticle showed greatly increased (p<0.05) uptake and contrast ratio in targeting NPR-C receptor in 
atherosclerosis models. Western blot results clearly showed the expression of NPR-C receptor. Both PET and IHC blocking studies 
confirmed receptor mediated tracer uptake. Conclusions: The developed 64Cu-DOTA-CANF-Comb nanoparticle offered sensitive and 
targeted molecular imaging for NPR-C expression in rabbit atherosclerosis model. The superiority of the CANF-comb nanoparticle over 
the CANF-peptide was demonstrated. Research Support: This work is supported by the NHLBI Program of Excellence in 
Nanotechnology (HHSN268201000046C).64Cu production is supported by NCI (CA86307). 
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F-18 labeled Bis-dialkylamino-curcuminoid as a potential amyloid-beta imaging agent 
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Moore1, 1Martinos Center, Massachusetts General Hospital/Harvard Medical School, Charlestown, MA, USA; 21Nuclear Medicine and 
Molecular Imaging, Massachusetts General Hospital/Harvard Medical School, Boston, MA, USA; 3Shriners Burn Hospital, Boston, MA, 
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Objectives: Novel and effective methods for early detection of Amyloid β species in vivo are needed. Our previous data indicate that 
CRANAD-5, an analog of curcumin, is able to label amyloid plaques in brain tissues and bind to Abeta aggregates, dimers and 
monomers in solution. To investigate its in vivo PET imaging potential, we have replaced a N-methyl with a N-(2-[18F]fluoroethyl) group 
in its structure. Methods: The curcuminoid N-2-ethane mesylate was radiofluorinated using dry K18F/Kryptofix in DMSO at 120C for 5 
min. Once cooled, the mixture was diluted with water and was passed through a C-18 SepPak. Polar materials were eluted with water 
and the F-18 curcuminoid was eluted with methylene chloride. The F-18 curcuminoid was purified by normal phase HPLC. 
Biodistribution was preformed in normal mice at 5, 30 and 60 min after intravenous injection of the F-18 probe. PET imaging was 
performed with APP-PS1 transgenic AD mice and age-matched wild type mice. Results: [18F]Fluoroethylamino curcuminoid can be 
prepared by this method although dimerization under basic conditions remains a concern. Biodistribution in normal mice showed brain 
accumulation (DPG): 0.94%, 0.94% and 1.0% at 5, 30, and 60 min, respectively. PET imaging results indicated that transgenic mice 
had higher probe retention in brain than the control wild type mice. Conclusion: The bis-dialkylamino group enhances brain uptake and 
stability for this class of compounds. Furthermore, the uptake and retention of F-18 labeled CRANAD-5 in transgenic AD mice indicates 
that this type of bis-dialkylamino curcuminoid could be a potential PET imaging probe for Alzheimer’s disease. Further improvements 
are underway to study clearance rate and brain uptake. 
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Zr-89 labeled liposomes for PET: Stability and pharmacokinetics over one week with NDL 
tumor mouse model 
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CA, USA. Contact e-mail: jwseo@ucdavis.edu 

Non-invasive liposomal studies with PET have employed F-18 (half life: 109 min) and Cu-64 (half-life 12.7 hours) to evaluate liposomal 
fate; however, the half life of each isotope limited studies of liposomal activity to 6-48 hours. Zr-89 (half-life: 78 hours) has recently been 
used for tumor imaging with antibodies and albumin but had not yet been conjugated to liposomes. Here, we report a liposomal labeling 
method with Zr-89 using 89Zr-Df-NHS-PEG1.6k-, 89Zr-Df-NCS-, and 89Zr-Df-NCS-PEG2.0k-liposomes (Df: desferal or desferrioxamine) 
to image the pharmacokinetics of liposomes in a mouse model of cancer (Figure a). Methods: 89Zr-Df-NCS- and 89Zr-Df-NCS-PEG2.0k-
liposomes were prepared from Df-NCS conjugated to 1 mol% H2N-DSPE- and 1 mol% H2N-PEG2k-DSPE liposomes, resulting in 
thiourea formation at the linkage. 89Zr-Df-NHS-PEG1.6k-liposomes were prepared by the incorporation of 1 mol% Df-NHS-PEG1.6k-
DSPE, which has an amide linkage (Figure a). PET images were acquired at 0.5, 24, 48, 72, 120, and 168 hours after tail vein injection 
of the Zr-89 labeled liposomes (~ 11 mg/kg) to NDL-tumor bearing FVB mice. Time activity data was analyzed using region of interest 
analysis in blood pool and tumor. The biodistribution of the three liposomal formulations were evaluated in tumors and lymph nodes at 
48 and 168 hours. Results: Over the course of the imaging study, the circulation of liposomes within the blood pool was similar for the 
three liposomal formulations, e.g. at 24 hours after injection the blood activity for 89Zr-Df-NCS-liposomes, 89Zr-Df-NHS-PEG1.6k-
liposomes and 89Zr-Df-NCS-PEG2.0k-liposomes was 8.76 ± 0.14 %ID/cc, 13.5 ± 1.5 %ID/g, and 9.91 ± 0.62, respectively. For 89Zr-Df-
NCS-liposomes and 89Zr-Df-NHS-PEG1.6k-liposomes, tumor accumulation of radioactivity peaked at 24 hours at values of 6.6 ± 1.1 
%ID/cc and 8.2 ± 0.59 %ID/cc, respectively, and peaked at 48 hours at a value of 6.3 ± 0.88 %ID/cc for 89Zr-Df-NCS-PEG2.0k-
liposomes. The clearance of radioactivity from the tumor was less rapid for 89Zr-Df-NCS-PEG2.0k-liposomes (likely shifting the time of 
peak accumulation, see Figure b), where tumor radioactivity decreased by 66%-39% (decay corrected) between 48 and 168 hours for 
the three liposomal formulations. Radioactivity increased within the regional lymph nodes within this same time period and the 
maximum radioactivity observed within regional lymph nodes was ~26% ID/g at 168 hours, with the greatest lymphatic activity observed 
for 89Zr-Df-NCS-PEG2.0k-liposomes. Discussion and conclusion: In summary, we developed a liposomal labeling method with Zr-89 
and monitored liposomal pharmacokinetics over one week using PET. Tracking of the accumulation and clearance of liposomes and 
metabolites with PET is feasible. Differences in the tumor clearance of Zr-89 between conjugation chemistries merit further study. PET 
imaging of lymphatic clearance may be applied to evaluate therapeutic response and tumor metastasis in future studies. 

 

Disclosure of author financial interest or relationships: 
J. Seo, None; L.M. Mahakian, None; J.R. Beegle, None; K. Ferrara, None.  

Proceedings of the 2011 World Molecular Imaging Congress S207



Presentation Number P217 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

Protein Bioconjugates for PET Imaging of VEGFR-2 
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The vascular endothelial growth factor receptor-2 (VEGFR-2) plays a pivotal role in tumor angiogenesis. Positron emission tomography 
(PET) of VEGFR-2 could be promising in monitoring patients undergoing anti-angiogenic therapies that block VEGFR-2 function. Two 
classes of VEGFR-2 binding proteins have recently been reported. The first one includes the D63AE64AE67A mutant of the VEGF121 
protein (VEGFDEE) which was previously discovered and non-site specifically modified with metal chelator DOTA. The resulting 
bioconjugate was further radiolabeled with 64Cu for PET studies and showed promising imaging results. The second class is the 
fibronectin type III domain protein, such as clones 159 and E25, which have also been shown to bind to VEGFR-2. The aim of this 
study was to evaluate their use for development 64Cu labeled PET probes for imaging of VEGFR-2. We cloned the appropriate 
sequences in the prokaryotic expression vector pET15b and purified the proteins via metal-ion affinity chromatography. DOTA 
conjugation of both fibronectin domain proteins was performed via the N-terminus using DOTA-NHS ester. DOTA conjugation of 
VEGFDEE was achieved through either the lysine residues of the protein using DOTA-NHS ester or cysteine residues using maleimido-
mono-amide-DOTA. The four bioconjugates were then radiolabeled using 64CuCl2 and tested in vitro and in vivo for their capability as 
PET probes for imaging of VEGFR-2. Cell uptake assays showed the highest uptake for 64Cu-DOTA-MAL-VEGFDEE (28.5 ± 1.8 %ID) 
and moderate uptakes for 64Cu-DOTA-NHS-VEGFDEE, 64Cu-DOTA-E25 and 64Cu-DOTA-125 (7.3 ± 0.4 %ID, 2.7 ± 0.1 %ID and 4.0 
± 0.2 %ID, respectively) into porcine aortic endothelial cells stably transfected with VEGFR-2/KDR (PAE-KDR) after 1 h. A significant 
reduction of the cell uptakes by adding a large excess of the corresponding unlabeled protein revealed the specificity for all 
bioconjugates but not for 64Cu-DOTA-E25. In vivo PET imaging in VEGFR-2-expressing 4T1 murine breast tumor-bearing mice 
revealed that the tumor uptake of 64Cu-DOTA-MAL-VEGFDEE was significantly higher compared to the uptake of 64Cu-DOTA-NHS-
VEGFDEE (3.54 ± 0.29 %ID/g vs. 2.27 ± 0.15 %ID/g at 20 h p.i.). In contrast, minimum uptake was found for both 64Cu-DOTA-E25 and 
64Cu-DOTA-125 in VEGFR-2-expressing U87MG human glioblastoma tumors. In conclusion, VEGFDEE and fibronectin proteins have 
been studied for VEGFR2 imaging. The 64Cu site-specifically labeled VEGFDEE displayed promising properties for in vivo VEGFR2 
imaging. 

 

 

Protein bioconjugates for VEGFR2 imaging. (A) Illustrations and PET scans of 64Cu-DOTA-MAL-VEGFDEE and 64Cu-DOTA-NHS-VEGFDEE for 
imaging in 4T1-tumor bearing mice at 20 h p.i. (B) Illustration and PET scans of 64Cu-DOTA-E25 and 64Cu-DOTA-159 for imaging in U87MG-tumor 

bearing mice at 1.5 h p.i. 
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Synthesis and evaluation of a new 64Cu-labeled cyclic peptide for microPET imaging of 
interleukin 11 receptor alpha-chain 
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Objectives: Experimental evidence has shown that interleukin 11 (IL-11) and its receptor alpha-chain (IL-11Rα) are associated with 
breast cancer development and progression, and may play a vital role in development of bone metastases. The aim of this study is to 
synthesize and evaluate a new 64Cu-labeled cyclic peptide for microPET imaging of IL-11Rα in a breast cancer model. Methods: The 
cyclic peptide [c(CGRRAGGSC)], named ILP, was conjugated with the macrocyclic chelating agent 1,4,7,10-tetraazadodecane-
N,N’,N’’,N’’’-tetraacetic acid (DOTA) in the presence of N-hydroxysulfosuccinimide (Sulfo-NHS) and N-(3-dimethylaminopropyl)-N′-
ethylcarbodiimide (EDC). The resulting DOTA-ILP conjugate was confirmed by mass spectrometry (MS) analysis and radiolabeled with 
64Cu in ammonium acetate buffer (pH = 5.5). The lipophilicity of 64Cu-DOTA-ILP probe was determined by octanol-water partition 
coefficient measurements. The in vitro stability of 64Cu-DOTA-ILP was studied in phosphate buffered saline (PBS) at 1, 4, 7, and 24 h. 
Small animal PET imaging studies were carried out in female athymic nude mice bearing subcutaneous MDA-MB-231 xenografts. 
Results: The DOTA-ILP was synthesized in 85% yield. The radiolabeling with 64Cu was achieved in 80 to 90% decay-corrected yield 
with radiochemical purity of >98%. The specific activity of 64Cu-DOTA-ILP was estimated to be ~37 MBq/nmol. No significant 
difference between 64Cu-radiolabeled tracer and unlabeled conjugate was observed by analytical HPLC. The 64Cu-DOTA-ILP tracer 
demonstrated high hydrophilicity, as determined by octanol-water partition coefficient measurements, with a log P value of -2.28±0.03. 
The in vitro experiment demonstrated that 64Cu-DOTA-ILP is stable in PBS with more than 96% of 64Cu-DOTA-ILP remaining intact 
after 24 h of incubation. Cellular uptake and retention studies revealed 64Cu-DOTA-ILP binds to MDA-MB-231 human breast cancer 
cells and has good tumor cell retention. PET imaging results showed that 64Cu-DOTA-ILP has preferential tumor uptake in MDA-MB-
231 xenografts with reasonable tumor washout (1.79 ± 0.27%ID/g at 24 h after injection). The blocking experiment was achieved by co-
injection of 64Cu-DOTA-ILP with non-radiolabeled ILP (25 mg/kg) at 24 h post-injection, suggesting 64Cu-DOTA-ILP is a target-specific 
probe. The biodistribution results were consistent with the quantification of microPET imaging. Conclusions: The DOTA-ILP conjugate 
was successfully radiolabeled with 64Cu in a good yield. In vitro and in vivo data demonstrated the potential of 64Cu-DOTA-ILP for IL-
11Rα-targeted breast cancer PET imaging. 
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18F-radiolabeled porous silicon based nano- and microcarriers for drug delivery and imaging 
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Pekka Lehto4, Päivi Laaksonen5, Markus B. Linder5, Anu J. Airaksinen1, 1Laboratory of Radiochemistry, Department of Chemistry, 
University of Helsinki, Helsinki, Finland; 2Division of Pharmaceutical Technology, Faculty of Pharmacy, University of Helsinki, Helsinki, 
Finland; 3Laboratory of Industrial Physics, Department of Physics and Astronomy, University of Turku, Turku, Finland; 4Department of 
Applied Physics, University of Eastern Finland, Kuopio, Finland; 5Nanobiomaterials, VTT Technical Research Centre of Finland, Espoo, 
Finland. Contact e-mail: mirkka.sarparanta@helsinki.fi 

Porous silicon (PSi) exhibits several favorable biological properties, such as biocompatibility, biodegradability, and non-toxicity, which 
together with the capacity to host a variety of payloads make it a lucrative and promising candidate material for the development of 
controlled drug delivery and release systems. Our aim was to develop a 18F-radiolabeling method for porous silicon (PSi) micro- and 
nanoparticles for the investigation of their biodistribution as part of their evaluation as drug delivery carriers in vivo. Several different PSi 
materials were studied, including thermally oxidized TOPSi, thermally hydrocarbonized THCPSi and thermally carbonized TCPSi. In 
addition, post-radiolabeling coating of THCPSi nanoparticles with Hydrophobin II (HFBII), an amphiphilic fungal protein, was 
investigated. Direct one-step 18F-labeling was achieved for all the particle types studied with 18F-/K2.2.2/K+ complex in anhydrous DMF 
at +120 °C. Spectroscopic studies (FTIR, XPS) revealed that the 18F attachment to Si proceeds likely via substitution to surface Si-H, 
Si-O-Si or by isotopic exchange to residual Si-F from the porous silicon etching process, rendering the resulting Si-18F bond good to 
excellent hydrolytic stability in vivo. We used electron microscopy, dynamic light scattering and zeta potential measurements to verify 
that neither the surface chemistry nor morphology was affected by the radiolabeling. Radiolabel stability was investigated in vitro at pH 
values 2.33, 7.41, 8.70, and in human plasma before forwarding the most promising particle types to biodistribution studies in rats after 
oral and intravenous administration. In vivo, intravenously administered 18F-THCPSi nanoparticles were rapidly recognized by the 
mononuclear phagocyte system. After oral administration the 18F-label enabled visualization of nanoparticle passage in the 
gastrointestinal tract up to six hours. HFBII coating of the nanoparticles rendered the particles with gastroretentive properties, 
warranting their use for drug delivery on the oral route. Selected results from the 18 F-labeled PSi nanocarrier development are 
illustrated in the figure. Acknowledgements. Financial support from the Academy of Finland (decision numbers 127099, 123037, 
122314 and 140965), the Jenny and Antti Wihuri Foundation, the Drug Discovery Graduate School and the University of Helsinki 
Research Funds is acknowledged. References. [1] Bimbo LM, Sarparanta M et al. (2010) ACS Nano, 4(6): 3023-3032. 

 

A) In vitro stability and biodistribution of 18F-THCPSi after intravenous administration. B) HFBII-coated PSi nanoparticles associating with gastric mucosa 
after oral administration. 
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SPECT imaging with the therapeutic Auger electron emitter Er-165 
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Introduction. In targeted radionuclide therapy of cancer Auger electron emitting radionuclides offer the opportunity to deliver a high 
radiation dose to the tumour cells with high radiotoxicity while minimizing toxicity to normal tissue. The Auger emitter Er-165 (T1/2: 10.3 
h) has previously been suggested as a very potent candidate for targeted radionuclide therapy.1,2 The radioisotope decays via electron 
capture with no accompanying gamma radiation which minimizes the normal tissue dose and thus, makes it an ideal isotope for Auger 
therapy. On the other hand, in order to determine individualized biokinetics of a future therapeutic compound utilizing this radioisotope 
and to perform personalized patient dosimetry, gamma ray emission suitable for imaging (PET or SPECT) are required from either the 
therapeutic radioisotope itself or an imaging analogue of the same element. The latter to ensure identical biological behaviour in vivo. 
However, this is not feasible using any of the radioisotopes of Erbium, and hence, the aim of this study was to determine if the 
characteristic X-rays emitted in the Er-165 decay can be used for SPECT-imaging. Methods. Er-165 was produced via the Ho-
165(p,n)Er-165 nuclear reaction using Erbium oxide powder as target material. The compressed target material was irradiated for up to 
4 h with 15 µA 11 MeV protons using a GE PETtrace cyclotron. After the irradiation, the target material was left overnight to let the 
coproduced F-18 decay and then dissolved in hot, concentrated HCl. The solution was then evaporated to dryness and redissolved in 
water or NaCl-solution for injection. To determine the imaging capabilities of Er-165, a Siemens Symbia T16 SPECT/CT scanner was 
used. The obtainable planar resolution of Er-165 10 cm from the LEHR collimator was measured using capillary tubes and compared to 
that of Tc-99m. Moreover, SPECT/CT and planar images of a scatter phantom with capillary tubes inserted in the centre and periphery 
and a Jaszczak phantom containing Er-165 were obtained to determine the scatter and attenuation correction capabilities of the 
scanner and visual quality. Finally, planar and SPECT/CT scans of a Wistar rat injected with Er-165 were performed. Results. A FWHM 
of 8.2 mm planar resolution was measured for Er-165 10 cm from the collimator, which was comparable to the FWHM of Tc-99m of 7.2 
mm. The Jaszczak phantom showed an excellent planar image quality (see fig. 1) which was comparable to that of Tc-99m and also 
the rat scan confirmed the imaging potential of Er-165. From the scatter phantom, the attenuation and scatter corrected counts for the 
central and the peripheral line sources agreed within 10 % - both with and without scatter medium (water). Conclusion. The 
characteristic X-rays from Er-165 can be used for SPECT/CT imaging to determine the relative organ distributions in future Auger 
therapy utilizing this radioisotope. However, exact quantification of the organ activities could be challenging and warrant further studies. 
1. Beyer GJ, Zeisler SK, Becker DW. Radiochimica Acta. 2004;92(4-6):219--222. 2. Tarkanyi F et al. Appl. Rad. Isot. Feb 
2009;67(2):243-247. 

 

Fig.1. Planar scintigraphy of a Jaszczak phantom containing Er-165. 
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99mTc-pH peptide (pHLIP): a novel SPECT imaging agent for the detection of areas of acidic 
pH 
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Background: Many pathological conditions such as cancer, ischemic stroke, inflammation, atherosclerotic plaques are associated with 
increased metabolic activity and hypoxia resulting in an elevated extracellular acidity. Hypoxia and acidity have therefore emerged as 
important factors in tumour biology and response to cancer treatment. Imaging of hypoxic and acidic regions could provide new 
information about disease localisation and progression and might enhance diagnosis and therapy. pHLIP (pH (low) insertion peptide), is 
a 36-amino acid peptide derived from the bacteriorhodopsin C helix. The peptide has three major states: soluble in water and bound to 
the surface of a membrane being unstructured and inserted across the membrane as an α-helix. At physiological pH the water-soluble 
form is favoured, whereas at acidic pH the transmembrane α-helix predominates. The insertion of pHLIP (AH114567) is reversible and 
orientated such as the C-terminus is translocated across the membrane while the N-terminus stays outside of the membrane. Published 
data has demonstrated that optical or PET versions of pHLIP are able to accumulate in areas of low extracellular pH (pHe). Here we 
report evidence that AH114567 can be successfully radiolabelled with 99mTc and can localise to areas of low extracellular pH (pHe) in 
preclinical models of prostate cancer. Methods: A tetra-amine chelate was conjugated to pHLIP to allow for rapid labelling at RT. 
99mTc-AH114567 was then assessed in PC-3 and LnCaP prostate cancer models, chosen since there is a known reported difference 
in pHe. SCID mice were inoculated with PC-3 or LnCaP cells. Typically 4-8 weeks post inoculation, the tumoured mice were 
administered 1-5 MBq of 99mTc radiolabelled AH114567, followed by biodistribution analysis. To demonstrate specific binding of 
99mTc-AH1114567 comparison studies were carried out with a negative control, 99mTc-AH1114578. 99mTc-AH1114578 differed from 
99mTc-AH1114567 in that the two aspartic acid residues required for protonation and plasma membrane insertion were modified to 
lysine residues. Results: Biodistribution analysis demonstrated that 99mTc-AH1114567 was able to accumulate in both PC-3 and 
LnCaP tumours, with ~ 5%id/g in LnCaP tumours and 3.1 %id/g in PC-3 tumours 24 hours post injection, reflecting the lower pHe of the 
LnCaP tumours. However, prolonged blood residence of 99mTc-AH1114567 resulted in sub-optimal tumour to blood ratios, with a ratio 
of >1 achieved only after 10 hours pi. Comparison to 99mTc-AH1114578 and modulation of the tumour pH via administration of 
bicarbonated water confirmed the specific uptake of 99mTc-AH1114567 to areas of low pHe. Conclusions: Overall, the data presented 
here demonstrate that 99mTc-AH114567 is able to localise specifically to areas of low pHe in a variety of tumour models, and this 
uptake can be modulated with bicarbonate. However, further optimisation of 99mTc-AH114567 is required to reduce the prolonged 
blood retention and background tissue uptake seen, prior to progression into clinical studies. 
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Longitudinal imaging of transplanted islets in a rat model with SPECT 
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Department of Nuclear Medicine, Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands. Contact e-mail: 
K.Andralojc@nucmed.umcn.nl 

Aim: Pancreatic islet transplantation is a promising clinical modality to restore normoglycemia in diabetic patients. However, patients 
still experience a significant islet loss immediately after transplantation as well as on the long term. Therefore, there is an urgent need 
for a method that would allow to non-invasively monitor beta cell mass after transplantation in vivo. Such a method could give more 
insight into rejection after transplantation and could aid to further improve treatment after islet transplantation. We have developed a 
non-invasive imaging technique that specifically visualizes beta cells in vivo. This method is based on targeting the glucagon-like 
peptide1 receptor (GLP-1R) using a specific radiotracer (In-111-labeled Exendin-3). The GLP-1R is expressed at high levels on 
pancreatic beta cells. We examined whether intramuscularly transplanted islets in rats could be visualized by microSPECT after i.v. 
injection of radiolabeled Exendin-3. Materials & Methods: Islets of Langerhans were isolated from Wag/Rij rats. Various numbers of 
islets (250,500,750,1000) were transplanted into the left thigh muscle of Wag/Rij rats (n=20), while vehicle was injected in the right 
muscle as a control (n=4). Rats were monitored up to 16 weeks starting from day 2 post transplantation through weeks 
1,2,3,4,6,8,11,14, and 16. Quantitative SPECT was performed one hour after i.v. injection of 15MBq In-111-labeled Exendin-3, using a 
U-SPECT II microSPECT scanner. After acquiring the last SPECT, the rats were euthanized and the radioactivity in the transplant and 
other relevant tissues was measured. The muscle with engrafted islets was embedded in paraffin for microautoradiography and 
immunohistochemistry. Results: All islet grafts were clearly visualized with SPECT at every time-point, up to 4 months after 
transplantation. Anti-insulin staining confirmed that islets after transplantation were viable and produced insulin. In-111-Exendin-3 
uptake in the muscle with 1000 engrafted islets as determined by SPECT imaging was higher than uptake in the control muscle 
(0,27±0,06%ID vs 0,07±0,02%ID). Radioactivity in the grafts showed a high linear correlation (R2=0,992) with the number of 
transplanted islets (Fig.1A). Calculated activities in an isografts 4 weeks post transplantation were as follows: 250 islets 4,26±0,07 kBq, 
500 islets 4,73±0,4 kBq, 750 islets 5,52±0,2 kBq and 1000 islets 6,12±0,4 kBq. Ex vivo autoradiography (Fig.1C) and 
immunohistochemistry (Fig.1B) performed on consecutive histological slices showed high uptake of In-111-Exendin-3 in the islet grafts. 
Conclusion: In-111-Exendin-3 accumulated efficiently in transplanted islets after i.v. injection. Transplanted islets could be clearly 
delineated by SPECT, allowing long time follow-up. The method is sensitive and quantitative as radioactivity in the isografts correlated 
linearly with the number of transplanted islets. In-111-Exendin-3 could potentially be used for non-invasive beta cell mass determination 
after transplantation. Acknowledgements: Work was supported by NIH grant (1R01 AG 030328-01) and the European Community's 
Seventh Framework Programme (FP7/2007-2013). 
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Synthesis and evaluation of novel radioligands for tumor diagnosis with the anticancer agent 
HSA-TIMP2 

Naeun Choi1, Sung-Min Kim1, Kwan Soo Hong1, Chulhyun Lee1, Jee-Hyun Cho1, Sheen-Woo Lee2, Eun Kyoung Ryu1, 1Magnetic 
resonance Research, Korea Basic Science Institute, Chungbuk, Republic of Korea; 2Radiology, Gachon University School of Medicine 
and Science, Incheon, Republic of Korea. Contact e-mail: cne0211@kbsi.re.kr 

The human serum albumin tissue inhibitor of metalloproteinase 2 (HSA-TIMP2), is known to possess antitumor activity, which has been 
attributed to its ability to inhibit endothelial cell proliferation by binding to integrin receptors. In this study, a fusion protein, cyclic 
arginine-glycine-aspartate (RGD)-HSA-TIMP2, formed by conjugating HSA-TIMP2 with a RGD peptide, and its [I-123]- and [Ga-68]-
labeled compounds, were synthesized and evaluated with in vivo tumor imaging using single photon emission computed tomography 
(SPECT) and positron emission tomography (PET). RGD-HSA-TIMP2 was synthesized from a two-step reaction from activation with N-
succinimidyl iodoacetate. [I-123]RGD-HSA-TIMP2 was synthesized using the iodogen tube method. The [Ga-68]labeled fusion protein 
was prepared using a SCN-Bz-NOTA-fusion protein and [Ga-68] from a [Ge-68]/[Ga-68] generator in 0.1 M sodium carbonate buffer 
(pH 9.4) for 20 min at room temperature. The mixtures were purified by size-exclusion chromatography. The radioligands were 
subsequently injected into the tail veins of mice bearing human glioblastoma cancer U87MG xenografts. SPECT and PET imaging and 
biodistribution studies were then performed. RGD-HSA-TIMP2 was synthesized from covalent bonding of the RGD peptide to the side-
chain amino groups of the HSA-TIMP2. This conjugation improved the anticancer effect of HSA-TIMP2 in cancer cells. The decay-
corrected radiochemical yields of the radioligands ranged from 30 to 50%. Tumor uptake was high in both the PET images and in the 
biodistribution studies at 3 h after injection. These studies demonstrated that the novel fusion protein and its radioligands may be useful 
for the diagnosis of tumors. Further studies are warranted to investigate the antitumor effects of RGD-HSA-TIMP2 in in vivo tumor-
bearing animal models. 
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Efficient Synthesis of [11C]H-1152, a PET Probe Specific for Rho-kinases (ROCKs) by Pd(0)-
mediated Rapid C-[11C]Methylation 

Masaaki Suzuki1, Misato Takashima-Hirano1, Hiroko Koyama2, Takafumi Yamaoka2, Kengo Sumi3, Hiroko Nagata1, Hiroyoshi Hidaka3, 
Hisashi Doi1, 1RIKEN Center for Molecular Imaging Science, Kobe, Japan; 2Division of Generation and Advanced Medical Science, Gifu 
University, Graduate School of Medicine, Nagoya, Japan; 3D. Western Therapeutics Institute, Inc., Nagoya, Japan. Contact e-mail: 
suzuki.masaaki@riken.jp 

Objectives: The small GTPase Rho and the first Rho effectors, Rho-kinases (ROCKs) are involved in diverse cellular functions such as 
cell migration, cell proliferation, cell contraction, cell adhesion, cell motility, etc. H-1152 (1) is a potent, specific and membrane-
permeable inhibitor of ROCKs.[1] Our aim is to radiolabel 1 by 11C as a novel PET probe for imaging ROCKs in in vivo systems. 
Methods: We recently elaborated the method to introduce the [11C]CH3 group rapidly onto heteroaromatic rings included in pyridine-
related heteroaromatic compounds.[2] The methyl group in a isoquinoline ring part in 1 is a target to be labeled by 11C using the above 
rapid C-[11C]methylation. Results & Discussions: Tributylstannyl precursor 2 in which amino group is protected by trifluoroacetyl (TFA) 
group synthesized from the corresponding bromoisoquinoline via highly selective lithiation (then stannylation) in 68% yield underwent 
the rapid C-[11C]methylation. Thus, the trapping reaction of [11C]CH3I with 2 conducted using 2, Pd2(dba)3, P(o-tolyl)3, CuBr, and CsF 
(3:1:16:2:5) in NMP at 80 °C for 5 min and the following deprotection of TFA (2M NaOH, 100 °C, 1 min) gave [11C]H-1152 (3) in 78% 
(av.) decay-corrected radiochemical yield (based on [11C]CH3I) and >99% radiochemical purity. The total synthetic time was about 35-
40 min. The isolated radioactivity was 1.7-5.1 GBq with 82-108 GBq/μmol specific radioactivity at the end of synthesis (n = 5). 
References: [1] Y. Sasaki, et.al. Cell. Mol. Biol. Lett. 2001, 6, 506. [2] M. Suzuki, et. al. Chem. Eur. J. 2009, 15, 12489. 
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Radiosynthesis of a F-18 Labeled Fluoro Analog of Brivanib 
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Kim2, Benjamin Henley3, Joseph Fargnoli3, Wendy Hayes2, 1Chemical Synthesis, Bristol Myers Squibb, Lawrenceville, NJ, USA; 
2DCMP, Bristol-Myers Squibb, Lawrenceville, NJ, USA; 3Discovery Biology, Bristol-Myers Squibb, Lawrenceville, NJ, USA; 4Chemical 
Synthesis, Bristol-Myers Squibb, Wallingford, CT, USA. Contact e-mail: david.donnelly@bms.com 

Objectives: Brivanib (1) is a dual VEGFR/FGFR inhibitor. The L-alanine prodrug of brivanib (2) is currently in Phase III clinical 
development. The objective of this project was to prepare a F-18 labeled fluoro analog of brivanib for subsequent tumor penetration 
studies. Methods: The last step in the synthesis of brivanib involves the reaction of propylene oxide with an advanced heteroaryl-OH 
derivative. Substitution of propylene oxide with chiral epifluorohydrin yielded the chiral fluoro analog of brivanib (3). The crystal 
structures of both the R and S isomers were solved and the Ki and IC50 values for these analogs compared favorably to that of 
brivanib. Our radiosynthetic approach focused on a multistep synthesis where [18F]-S-epifluorohydrin was initially prepared from the 
corresponding glycidyl tosylate and then subsequently reacted with an advanced heteroaryl-OH derivative to yield the desired [18F]-S-
fluoro analog of brivanib (3). In a typical experiment starting with 850 mCi of F-18 fluoride, we obtained 8.4 mCi of product, with a 
specific activity of 2.3 Ci/micromole and a radiochemical purity of >99%, in a ~1% uncorrected radiochemical yield and in a synthesis 
and purification time of 2 h. Proof of structure was confirmed by both chiral and reverse-phase HPLC. 
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Radiolabeled Cu-ATSM as a novel indicator of over-reduced states in mitochondrial disorders: 
studies with mtDNA-less ρ0 cells and the cybrids carrying MELAS mtDNA mutation 

Yukie Yoshii1,2, Makoto Yoneda3, Masamichi Ikawa3, Takako Furukawa1,2, Yasushi Kiyono2, Tetsuya Mori2, Hiroshi Yoshii4, Oyama 
Nobuyuki3, Hidehiko Okazawa2, Tsuneo Saga1, Yasuhisa Fujibayashi1,2, 1Molecular Imaging Center, National Institute of Radiological 
Sciences, Chiba, Japan; 2Biomedical Imaging Research Center, University of Fukui, Eiheiji, Japan; 3Faculty of Medical Sciences, 
University of Fukui, Eiheiji, Japan; 4Emergency Radiation Exposure Medical Care Research Center, National Institute of Radiological 
Sciences, Chiba, Japan. Contact e-mail: yukiey@nirs.go.jp 

Introduction: Radiolabeled Cu-diacetyl-bis (N4-methylthiosemicarbazone) (*Cu-ATSM), including 60/62/64Cu-ATSM, is a potential 
imaging agent of hypoxic tumors for use with PET. We have reported that *Cu-ATSM is trapped in tumor cells under intracellular over-
reduced states, such as hypoxia. In this study, to evaluate *Cu-ATSM as an indicator of intracellular over-reduced states in disorders 
with mitochondrial dysfunction, we examined correlation between *Cu-ATSM uptake and levels of biological reductant NADH and 
NADPH with mtDNA (mitochondrial DNA)-less ρ0 cells the parental 143B human osteosarcoma cells and with ρ0-cybrids carrying 
mutated mitochondria from a patient of mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes (MELAS) 
(2SD cells) and that carrying wild-type one (2SA cells). Methods: 64Cu-ATSM uptake and NADH and NADPH levels were examined in 
ρ0, 143B, 2SD and 2SA cells, which were under normoxia and hypoxia. Results: ρ0 cells showed 2.7-fold higher 64Cu-ATSM uptake 
than parent 143B cells under normoxia (P<0.05), whereas the 64Cu-ATSM uptake was not increased under hypoxia compared with that 
under normoxia in ρ0 cells. A significantly positive correlation was observed between 64Cu-ATSM uptake and NADH and NADPH levels 
in the study with ρ0 and 143B cells (R = 0.98 and R = 0.97, respectively). 2SD cells showed 1.5-fold increase in 64Cu-ATSM uptake 
under normoxia as compared with the control 2SA, whereas 2SD cells showed no significant increased 64Cu-ATSM uptake under 
hypoxia, which was correlated with NADH and NADPH levels (R = 0.96 and R = 0.86, respectively). Conclusions: This study 
demonstrated that 64Cu-ATSM uptake was correlated with the levels of NADH and NADPH, despite oxygenic conditions. We have 
recently reported 62Cu-ATSM-PET can visualize stroke-like episodes in MELAS patients even in the tissues under normoxic conditions 
with maintained cerebral blood flow (Ikawa et al. 2009). Also, 62Cu-ATSM accumulation was increased with a positive correlation with 
disease severity in patients of Parkinson’s disease (Ikawa et al., in press). Taken together, *Cu-ATSM would be a promising marker of 
intracellular over-reduced states not only for hypoxic tumors but also for disorders with mitochondrial dysfunction, such as mitochondrial 
encephalomyopathies, Parkinson’s disease and Alzheimer’s disease. 
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PET/MRI of metastatic peritoneal and pulmonary colorectal cancer in mice with HER1-targeted 
89Zr labeled panitumumab 

Tapan K. Nayak, Kayhan Garmestani, Diane Milenic, Martin Brechbiel, Radioimmune and Inorganic Chemistry section, NCI/NIH, 
Bethesda, MD, USA. Contact e-mail: tapann@gmail.com 

Purpose : Human epidermal growth factor receptor (HER1) plays an important role in the pathogenesis of colorectal cancer (CRC). 
Panitumumab (VectibixTM) is a human anti-HER1 monoclonal antibody approved for the treatment of CRC. However, there is little data 
regarding the HER1 status in the corresponding metastases. More importantly, there is little information available regarding the 
localization of panitumumab at primary and metastatic lesions. In this pre-clinical study, we present the utility of PET/MRI incorporating 
the use of 89Zr-labeled panitumumab in assessing actual antibody accessibility to tumor tissue, tumor targeting, and the status of 
HER1 in distant metastases using models of peritoneal and pulmonary colorectal cancer metastases. Experimental design : 
Panitumumab was conjugated with bifunctional desferrioxamine B (Df-Bz-NCS) and labeled with 89Zr. In vivo biodistribution and PET 
studies were performed in athymic mice bearing HER1-positive LS-174T and HER1-negative A375 tumor xenografts. Additionally, 
studies were performed in two different models of intraperitoneal colorectal cancer (3 d and 7 d tumor burden) and pulmonary 
metastases model. MRI studies were performed for metastatic models to characterize the targeting potential of labeled panitumumab to 
different lesion sites. Results: HER1-mediated targeting was achieved in all HER1-expressing models. The LS-174T tumor area under 
the curve (AUC) was 3.7-fold greater than the A375 tumor AUC. The LS-174T tumor AUC of 204.13 ± 9.67 was significantly greater (p 
< 0.001) than LS-174T tumor AUC[0→6 d] of 36.45 ± 1.39 obtained from mice co-injected with 0.1 mg panitumumab for blocking the 
target. Differences were observed in the two models of intraperitoneal LS-174T tumor xenograft models. The tumor uptake in mice with 
a 3 d tumor burden were 2-fold greater than the mice with a 7 d tumor burden. Mediastinal lymph node metastases were detected by 
PET in the pulmonary metastatic colorectal cancer model. PET/MRI studies revealed HER1-mediated tumor targeting in all metastatic 
models. Conclusion: This study demonstrates the potential utility of 89Zr labeled panitumumab in assessment of HER1 status in distant 
metastases and understanding the variations in antibody uptake at different lesion sites. 89Zr labeled panitumumab can play a vital role 
in patient stratification and immunotherapy with panitumumab and therefore warrants further investigations for clinical translation. 
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Synthesis of [18F]FAC on a new, cassette-based radiosynthesizer capable of multi-pot high 
temperature and pressure reactions 
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Los Angeles, CA, USA; 2Biomedical Engineering Interdepartmental Program, UCLA, Los Angeles, CA, USA; 3Sofie Biosciences, Inc., 
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Objective: Greater than 95% of clinical PET studies are performed with 2-[18F]fluoro-2-deoxy-D-glucose ([18F]FDG). While [18F]FDG 
has been successful as a general molecular diagnostic test, there is a need to increase the accessibility of other probes to diversify 
assays of biological processes of disease. The 1-(2’-deoxy-2’-[18F]fluoroarabinofuranosyl)cytosine ([18F]FAC) family of probes has 
been shown to provide an in vivo assay of the rate determining enzyme, deoxycytidine kinase, in the DNA salvage pathway that could 
have important applications in oncology and immunology (1)(2). However, there are no commercial devices able to meet the chemistry 
requirements of the [18F]FAC synthesis (Fig. 1a): the multiple reaction steps, the reagents that are corrosive and/or sensitive to the 
environment, and the need to perform some steps at high temperatures (e.g., up to 165C) and pressures (e.g. >100 psig [690 kPag]). A 
radiosynthesizer that can reproducibly supply the [18F]FAC family of probes is needed. Methods: We have developed a 2nd 
generation, multi-pot synthesizer (GEN2) (Fig. 1b). Each reaction vessel is moved among dedicated ‘stations’ for reagent addition, 
sealed reaction, evaporation, and transfer. This eliminates exposure of tubing and valves to high pressures, the root cause of limitations 
found in other systems. In order to facilitate routine synthesis, we developed a modular cassette-based reagent delivery system for 
GEN2 that contains all wetted paths and reagents for a synthesis. Each cassette comprises reagent storage vials, gaskets for sealing 
the reaction vial, purification cartridges, and disposable valves. To validate the design and operation, we performed the synthesis of 
[18F]FAC: Briefly, pentose triflate was radiofluorinated with [18F]KF/K2.2.2 in acetonitrile (MeCN) at 165C, followed by bromination in 
dichloroethane and acetic acid at 80C. This radiolabeled intermediate was reacted with a silyl derivative at 160C, before undergoing 
deprotection with sodium methoxide and neutralization with HCl (both at 100C) to form the final product. Results: Compared to our first 
generation synthesizer, the cassette-based approach of GEN2 reduced the number of reagents prepared and installed by the operator 
and eliminated the need for cleaning. Setup time and manual interventions were reduced. Performance of [18F]FAC synthesis was 
comparable to previous reports. Conclusions: GEN2, with the integrated reagent delivery system, is capable of producing the [18F]FAC 
family of probes that require certain stringent reaction conditions. Commercialization of this system with disposable cassette-based 
“kits” could facilitate production of these tracers, while providing a path to make [18F]FLT, [18F]F-DOPA, etc. more readily available. 
With minimum modifications, this unit can be utilized to produce essentially all classes of F-18 labeled probes requiring a wide range of 
reaction conditions. References:1. Laing RE et al. PNAS 106(8):2847-2852 (2009). 2. Shu CJ et al. J Nucl Med. 51(7):1092-1098 
(2010). 

 

Fig. 1: (Top) Multi-pot synthesis of [18F]FAC. (Bottom) Schematic of integrated radiosynthesizer with reagent cassette. 
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Peptide Tags for the Site-Specific Modification of Proteins for Molecular Imaging 
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Introduction: Radiolabelling proteins for imaging purposes is currently challenging due to potential interference at the active site, and 
subsequent loss of affinity of the protein for its target. To overcome this challenge, it is necessary to control labelling by directing the 
radiolabel to a specific site on the protein. This has been achieved for synthetic peptides by introducing amino acid building blocks 
attached to chelators. However, this approach is not applicable to proteins as they can only be produced biologically with proteogenic 
amino acids. We are therefore exploring the use of genetically encoded tags based on amino acid sequences to provide unique 
reactivity for the site-specific labelling of proteins. Progress has been made in the optimisation of the histidine tag for the coordination of 
[99mTc(CO)3]

+. In addition, a high throughput screening methodology has been developed for the efficient identification of peptide tags 
suitable for the radiolabelling of proteins for application in SPECT/PET. Method: Peptide sequence analogues of the hexahistidine tag 
containing nearby cysteine residues have been synthesised. Radiolabelling studies with [99mTc(CO)3(H2O)3]

+ and LCMS analysis with 
[Re(CO)3]

+-bound peptides have been carried out. Combinatorial peptide libraries were also used in a high throughput screening 
methodology for the labelling of multiple peptide sequences with the 99mTc-tricarbonyl system. The peptide arrays were incubated with 
[99mTc(CO)3]

+ under different conditions and binding to the peptide sequence was observed on a phosphor imager. Results: The 
presence of a cysteine in combination with the hexahistidine tag substantially increased the labelling efficiency of the generic his-tag 
with [99mTc(CO)3]

+: a radiochemical yield of 97%, with fewer isomeric forms, can be achieved after 15 minutes at 37oC while, in the 
absence of the cysteine residue, the same yield is only achieved after 1 hour. The combinatorial peptide library provides an efficient 
and straightforward method for the identification of sequences suitable for coordination to radioisotopes. Sufficient resolution for the 
detection of peptide-bound sequences has been demonstrated using the phosphor imager. It was found that for coordination with 
[99mTc(CO)3]

+, peptide sequences require the presence of a histidine residue and high isoelectric point. This high throughput screening 
methodology is suitable for use with multiple radiolabels. Conclusion: The radiolabelling of proteins with [99mTc(CO)3]

+ has improved 
significantly through the incorporation of a cysteine residue close to the hexahistidine tag. In principle, genetically encodable tags can 
be identified using the combinatorial peptide library methodology for the site-specific labelling of all protein biomolecules with a 
radioisotope of choice. Consequently, radiolabelling proteins in vivo for SPECT/PET imaging will potentially become a more reliable and 
widely used tool in the near future. 
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Why is HEPES better than other buffers for 68Ga labelling? 
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In radiochemistry and radiopharmacy there are numerous examples where the radiolabelling yield and the radiochemical purity of the 
final solution strongly depend from the pH at which occurs the radiolabelling. For this reason the presence of buffers can be very 
important in the radiolabelling procedure. Some published works point out the better performance of 67/68Ga labelling in HEPES when 
compared with the same labelling in acetate or other buffers but, to our knowledge, there was not until now a clear explanation for those 
observations. In this study we report the NMR studies (1H and 71Ga NMR) together with some theoretical modelling calculations on the 
Ga:HEPES system performed with the aim of elucidating the possible role of the HEPES buffer in the 68/67Ga radiolabelling. Our 
results demonstrated that HEPES acts as a weakly but competitive chelator of Ga(III) and that this interaction depends from the relative 
Ga:HEPES concentration. 
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PEGylated DOTA-NAPamide derivative for in vivo Targeting of Melanoma 

Francisco F. Silva, Célia Fernades, Lurdes Gano, Paula D. Raposinho, António Paulo, Isabel R. Santos, Instituto Tecnológico e 
Nuclear, Sacavém, Portugal. Contact e-mail: fsilva@itn.pt 

Melanoma is one of the most common forms of skin cancer, accounting for 79% of all cutaneous neoplasm-related deaths. It is an 
increasingly incident malignancy and rapidly becoming a major public health problem in the modern world. When diagnosed early, 
melanoma can be cured by total resection and about 80% of cases are dealt this way.[1] It is known that both murine and human 
melanomas overexpress the melanocortin type 1 receptor (MC1R), a member of the G protein-coupled receptors family; furthermore, 
more than 80% of human metastatic melanoma samples also display MC1R receptors. Research undergone in the latest decade has 
shown that the in vivo targeting of MC1R with radiopeptides is a promising approach to detect melanoma tissues by SPECT (Single 
Photon Emission Computed Tomography) or PET (Positron Emission Tomography), and to treat this type of cancer.[2] Several 
radiolabeled α-Melanocyte-Stimulating Hormone (MSH) peptide analogues have shown encouraging results for melanoma imaging and 
therapy due to their nanomolar MC1R binding affinities, high receptor-mediated tumor uptake in murine melanoma-bearing mice and 
human melanoma xenografts. However, their relatively high kidney retention still limits the usefulness of these compounds.[3] In our 
attempt to develop new radioconjugates for the targeting of melanoma with improved biological profile, we have synthesized a 
PEGylated DOTA(1,4,7,10-tetraazacyclododecane-1,4,7,10-tetracetic acid)-NAPamide compound (DOTA-PEG-NAP) and we have 
studied its labelling with 67Ga (Fig.1). NAPamide is an α-MSH peptide analogue that has shown very interesting results, namely due to 
its lower kidney uptake, in comparison with other α-MSH derivated peptides.[4] By using a flexible poly(ethylene glycol) (PEG) as a 
linker between the peptide and the chelator we expected to further improve the biodistribution profile of the compounds, particularly in 
which concerns the minimization of their renal retention.[5] Herein, we will report on the synthesis and characterization of novel 
PEGylated Ga/67Ga-DOTA-NAPamide compounds, as well as on their biological evaluation in vitro and in vivo, using mouse 
melanoma cells and melanoma tumor-bearing mice. [1] Gray-Schopfer V., Wellbrock C., Marais R., Nature, 2007, 445:851. [2] Miao Y., 
Whitener D., Feng W., Owen N.K., Chen J., Quinn T.P., Bioconjugate Chem., 2003, 14:1177. [3] Bapst J.-P., Calame M., Tanner H., 
Eberle A.N., Bioconjugate Chem., 2009, 20:984. [4] Froiddevaux S., Calame-Chirste M., Tanner H., Eberle A.N., J. Nucl. Med., 2005, 
46:887. [5] Zhang H., Schumacher J., Waser B., Wild D., Eisenhut M., Reubi J.C., Maecke H.R., Eur. J. Nucl. Med. Mol. Imaging, 2007, 
34:1198. 

 

PEGylated Ga/67Ga-DOTA-NAPamide compound. 
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Jonathan S. Wall1,2, Amy K. LeBlanc1, Tina A. Richey2, Alan Stuckey1, Murthy Akula1, George Kabalka1, Emily B. Martin2, Robert 
Donnell3, Sallie D. Macy2, Stephen J. Kennel1,2, 1Radiology, University of Tennessee Graduate School of Medicine, Knoxville, TN, USA; 
2Medicine, University of Tennessee Graduate School of Medicine, Knoxville, TN, USA; 3Pathobiology, University of Tennessee College 
of Veterinary Medicine, Knoxville, TN, USA. Contact e-mail: jwall@utmck.edu 

The ability to specifically target tumors and, in particular, metastases is critically important for the accurate diagnosis, disease staging 
and treatment of patients with cancer. The most commonly used radiotracers for non-invasive tumor imaging are 18FDG and 18FLT 
(PET) and 99mTc-labeled octreotide (SPECT). Both 18FDG and 18FLT accumulate at sites of hypermetabolic activity and/or cell division, 
such as tumors;in the case of 18FDG, sites of inflammation, the myocardium and the brain are additional areas of accumulation. 
Octreotide binds the somatostatin receptor which is expressed in high concentrations on many neuroendocrine and pancreatic tumors. 
In contrast to 18FDG and 18FLT, tumor targeting by peptides affords an opportunity for both imaging and therapy for use in patients with 
cancer. Here we describe our preliminary observation that heparin-binding peptides can target hypersulfated, tumor cell surface-
expressed proteoglycans. Peptides labeled with biotin for histological staining or radioiodinated peptides for in vivo SPECT/CT imaging 
specifically detected tumors in mice. Based on our initial observation that the heparin-binding peptide, p5, bound basal cell carcinoma 
tumor in a tissue overlay assay, we surveyed the reactivity of this, and related peptides, with a series of tumor core biopsies and for 
reactivity with murine melanoma pulmonary metastases in C57B/6 mice by using SPECT/CT imaging and microautoradiography. 
Biotinylated peptides were shown to bind preferentially to human carcinomas histochemically in a panel of 35 biopsy samples. 
Reactivity was particularly strong with liver, cervical, and lung carcinomas. No reactivity was observed with sarcomas or lymphomas, 
but modest binding was observed with human melanoma. This reactivity was confirmed by fluorescence microscopy using biotinylated 
peptide and HeLa human carcinoma and B16F10 murine melanoma cells grown in culture. Finally, by using SPECT/CT imaging, we 
detected pulmonary colonies of B16F10 cells in C57Bl/6 mice and demonstrated co-localization of 125I-labeled p5 peptides but not 
control peptides with the lesions by microautoradiography. Binding of the 125I-p5 peptide was not uniform throughout the tumor mass, 
and one peptide specifically associated with tumor vasculature. Heparanase expression by tumor cells results in the truncation of 
heparan sulfate glycosaminoglycan chains and their subsequent increased sulfation. We have now shown that heparin-binding 
peptides, such as p5, bind preferentially to carcinoma and melanoma tumors of both human and murine origin. Although preliminary, 
these data support the further investigation of these and similar reagents for the radiodetection and radiotherapy of appropriate tumors. 
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Sibaprasad Bhattacharyya1, Ling Wei1, Lisa Riffle2, G. C. Hill3, James L. Tatum4, James Doroshow5, Joseph Kalen2, 1ADRD, SAIC, 
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Panitumumab (Vectibix®) is a fully humanized monoclonal antibody approved by the FDA for the treatment of EGFR-expressing 
metastatic colorectal cancers. It is anticipated that 89Zr-Panitumumab, as a PET-imaging agent, could be a reliable predictor of EGFR 
antibody efficacy. We chemically conjugated the bifunctional chelate desferrioxamine (DFO) to the Panitumumab at well defined and 
limited substitution ratios (1:1-2) and subsequently labeled with 89Zr. In a typical conjugation reaction, 3-4 mg of Panitumumab was 
incubated with 3 equivalent of desferrioxamine chelate at room temperature for 2 hrs. Reaction pH was adjusted to 9 using 0.1M 
Na2CO3. Purification was done in a PD10 column using saline as mobile phase. Isolated yield of the conjugate was 75% (n = 10). 
Approximately 3-4 mCi of 89Zr-oxalate was incubated for 1 hr. with 1 mg of DFO-Panitumumab conjugate at pH 7. After a PD10 column 
purification the radiochemical yield and purity of 89Zr-Panitumumab was > 80% and > 98% respectively (n=10). Biodistribution studies 
were performed (1850 kBq; I.V. tail-vein injected) on non-tumor bearing athymic nude (male and female) mice, which resulted in 
minimal (1-4 %ID/gm) organ uptake for the majority of organs. Further pre-clinical studies with tumor bearing mice are underway. 
Funded by NCI/NIH, Contract No. HHSN261200800001E 
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Objectives: Prostate specific membrane antigen (PSMA) is over-expressed in primary and advanced prostate cancer. [18F]F-PMPA 
(2RS,4S)-2-[18F]fluoro-4-phosphonomethyl-pentanedioic acid; BAY1075553), a small molecule inhibitor of PSMA enzymatic activity, 
was efficiently synthesized from a direct radiolabeling precursor and evaluated as a novel tracer for molecular imaging of prostate 
cancer. Methods: In vitro inhibition of N-acetylated α-linked acidic dipeptidase (NAALADase) activities of the different stereoisomers of 
F-PMPA were determined by measuring the release of [3H]glutamate upon incubation of the PSMA substrate [3H] N-
acetylaspartylglutamic acid (NAAG) with membrane lysates from PSMA expressing LNCaP cells. Different stereoisomers of [18F]-
PMPA were synthesized by direct radiofluorination from the respective, isomerically pure tosylate precursors (dimethyl-2-
{[bis(benzyloxy)phosphoryl]¬methyl}-4-(tosyloxy)pentanedioate). Organ distribution and microPET imaging experiments were 
conducted in nude mice carrying LNCaP, 22Rv1, or PC-3 tumors at different time points after injection of the PET tracer. Results: Two 
of the four stereoisomers of F-PMPA, (2S,4S)-F-PMPA (Ki = 1.6nM) and (2R,4S)-F-PMPA (Ki = 3.2nM), showed the highest potency to 
inhibit NAALAdase activity in vitro. A direct radiolabeling synthesis was developed for (2S,4S)-[18F]F-PMPA starting with the 
isomerically pure (2S,4R) tosylate precursor which gave [18F]F-PMPA as a mixture of the desired stereoisomer (2S,4S)-[18F]-PMPA 
(90%) and the second active stereoisomer (2R,4S)-[18F]-PMPA (10%). This PET tracer (2RS,4S)-[18F]-PMPA (BAY1075553) was 
tested in prostate cancer xenografts in rodents, showing high uptake into PSMA expressing tumors (LNCaP (see Figure), 22Rv1), fast 
and exclusively renal elimination, and very low background in other organs except kidney and urinary bladder. Conclusions: [18F]F-
PMPA is a potent small molecule inhibitor of PSMA with favorable preclinical imaging profile, straight-forward radiosynthesis, and 
thereby an attractive candidate for clinical testing in prostate cancer patients. 

 

PET image of LNCaP bearing nude mouse 110-130 min post injection of BAY1075553. 
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Objectives: 4-Borono-2-18F-fluoro-L-phenylalanine (FBPA) PET has been routinely employed for the evaluation of pharmacokinetics of 
L-p-boronophenylalanine (BPA) in tumor patients before conducting boron neutron capture therapy (BNCT). FBPA PET has also found 
wide spread applications in tumor diagnosis as a useful alternative of 2-deoxy-2-18F-fluoro-D-glucose (FDG). This study evaluated and 
compared the biological characteristics of FBPA and FDG for detecting head and neck tumor xenograft in a tumor-bearing mouse 
model. Methods: A human head and neck carcinoma SAS cell culture and its xenograft in nude mouse were used as the cell and tumor 
mouse model. The cellular uptake of FBPA and FDG in SAS cell lines was studied. Dynamic animal PET imaging of SAS tumor 
xenograft mouse after intravenous injection of FBPA and FDG was conducted and compared. The distribution of FBPA in the tumor-
bearing mice post injection was also investigated Result:The uptake of FBPA in the SAS cells increased rapidly for the first 15 min and 
reached a steady-state level after 60 min of incubation. The uptake of 18F-FDG in the SAS cells was lower compared to that of FBPA. 
The cell-to-medium (C/M) ratio of FBPA and FDG was 1.73±0.11 and 0.97±0.03 at 15 min, 2.22±0.13 and 1.25±0.03 at 60 min, and 
2.30±0.17 and 1.62±0.05 at 120 min of incubation, individually. In biodistribution study, the tumor uptake of FBPA was rapid, reached 
8.86±3.49 %ID/g at 15 min, peaked at 60 min (12.95±2.85 %ID/g), and declined slowly at 2 h post-injection (9.89±2.48 %ID/g). 
MicroPET imaging of the SAS xenograft mouse exhibited more remarkable tumor accumulation after administration of BPA than that of 
FDG, the results were consistent with those observed in the cellular uptake and biodistrubution studies. Conclusion:The results of our 
study demonstrated that FBPA is superior to FDG in the detection of human SAS head and neck carcinoma in a tumor xenograft mouse 
model. 
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Background: Nicotinic acetylcholine receptor (nAChR) α7 subtype is supposed to play an important role in Alzheimer's disease, 
schizophrenia, etc. Recently, we developed a new PET imaging agent for α7 nAChR, [11C](R)MeQAA, which showed high uptake to 
the mouse and monkey brain. Quantification of the receptor is necessary for evaluation of these diseases. In this study, several kinetic 
analyses were performed in monkeys for quantification of α7 nAChR. Methods: Dynamic PET scan was performed for 90 min in the 
conscious rhesus monkeys after the intravenous injection of [11C](R)MeQAA (800 MBq) with an animal PET scanner (SHR-7700, 
Hamamatsu Photonics K.K.). Arterial blood was sampled and the metabolites were analyzed by TLC throughout the scan. Regions of 
interest were placed in the thalamus, hippocampus, frontal cortex and cerebellum. 1-Tissue compartment model, 2-tissue compartment 
model, Logan plot, and Logan plot with reference tissue method were tested using the obtained data set, and distribution volume (DV) 
and distribution volume ratio (DVR) were calculated. Cerebellum was used as the reference region. Results: The evaluated DVs are 
13.3, 11.3, 11.3 and 9.9 mL/cm3 for thalamus, hippocampus, frontal cortex and cerebellum, respectively, by 1-tissue compartment 
model analysis. Almost the same results were obtained by 2-tissue compartment analysis. Logan plot produced slightly smaller DVs 
compared to the compartment analyses. DVRs were almost the same in all methods. Discussion: Larger DV was obtained in the 
thalamus (receptor rich region), compared to the cerebellum (receptor poor region). 1-Tissue compartment model fitted well to each 
time-activity curve and elicited quite similar DVs with 2-tissue compartment model. This means 2-tissue compartments are not 
necessary for DV determination. DVRs were almost the same in all methods, and Logan arterial input method and Logan reference 
tissue method derived similar DVRs. This suggests that the cerebellum is a suitable reference region for quantification of α7 nAChR 
with [11C](R)MeQAA. 
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The goal of this study was to develop new strategies for labeling small peptides with Br-76 using either a direct labeling method or a 
prosthetic group depending on the available functional group on the peptides. Methods: Cyclic Arg-Gly-Asp (RGD) peptides, c(RGDyK) 
that contains both tyrosine and lysine residues and c(RGDfK) that contains only a lysine residue, and their respective dimeric forms 
E[c(RGDyK)]2 and E[c(RGDfK)]2 were used as the model peptides. Chloramine-T or peracetic acid was used as the oxidizing agent. A 
new labeling agent, N-succinimidyl-3- [76Br]bromo-2,6-dimethoxybenzoate ( [76Br]SBDMB) was prepared for peptide labeling. N-
succinimidyl-2, 6-dimethoxybenzoate was also used to pre-attach 2, 6-dimethoxybenzoyl (DMB) moiety to the peptide and then labeled 
with Br-76. The competitive cell binding assay was performed to determine the binding affinity of the brominated peptides. PET imaging 
of U87MG human glioblastoma xenografted mice was performed using [76Br]-BrE[c(RGDyK)]2 and [76Br]-BrDMB-E[c(RGDyK)]2. Ex vivo 
biodistribution assay was performed to confirm PET quantification. The mechanism of bromination reactions between DMB-c(RGDyK) 
and brominating agent CH3COOBr was investigated with DFT(B3LYP)/6-31G* method with the Gaussian 09 program package. The 
solvent effect was studied by the Polarizable Continuum Model (PCM). Results: The yield for [76Br]SBDMB was over 60% using 
peracetic acid. The conjugation yields for labeling c(RGDfK) and c(RGDyK) were over 70% using the prosthetic group at room 
temperature. Labeling yield for pre-conjugated peptides were over 60%. SDMB conjugation and bromination did not affect the binding 
affinity of the peptides with integrin receptors. Both [76Br]Br-E[c(RGDyK)]2 and [76Br]BrDMB-E[c(RGDyK)]2 showed high tumor uptake in 
U87MG tumor bearing mice. The specificity of the imaging tracers was confirmed by decreased tumor uptake after co-administration of 
unlabeled dimeric RGD peptides. The energy barrier of the transition state of dimethoxybenzoyl group is 8.5 kcal/mol lower than that of 
the tyrosine residue. Conclusions: The newly developed N-succinimidyl-2, 6-dimethoxybenzoate molecule can be used either for one-
step labeling through pre-conjugation or as the precursor for Br-76 labeled prosthetic group for indirect labeling. Radiobromination on 
dimethoxybenzoyl group has selectivity over radiobromination on tyrosine. The energy barrier difference of the transition states 
between the dimethoxybenzoyl group and the tyrosine residue may account for the reaction selectivity when both groups are present in 
the same molecule. 

 

Figure 1. In vivo PET imaging of U87MG xenograft mice by 76Br-labeled RGD peptides. Decay-corrected whole-body coronal microPET images of 
U87MG tumor-bearing mice at 30, 60, and 120 min after injection of 3.7 MBq (100 μCi) of [76Br]Br-E[c(RGDyK)]2 (A) and [76Br]BrDMB-E[c(RGDyK)]2 (B). 
(C) Decay-corrected whole-body coronal microPET images of U87MG tumor-bearing mice at 30, 60 and 120 min after injection of 3.7 MBq (100 μCi) of 

[76Br]BrDMB-E[c(RGDyK)]2 with 300 µg of unlabled RGD peptide as blocking agents. (D, E & F) Quantification of [76Br]Br-E[c(RGDyK)]2 (D), 
[76Br]BrDMB-E[c(RGDyK)]2 (E) and [76Br]BrDMB-E[c(RGDyK)]2 (Blocking, F) in U87MG tumor, liver, kidneys and muscle. ROIs are shown as mean 

%ID/g ± SD. 
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Introduction: Targeted cardiovascular delivery is promising for decreased systemic toxicity and increased treatment efficacy; however, 
many questions remain unanswered, including the fate of the shell and cargo after accumulation on the endothelium1. Here, we used a 
previously developed heart-homing liposome as a model to study the fate of the payload after binding to the endothelium. Methods: 
After the accumulation of heart-homing liposomes, the fate of the cargo was studied with confocal microscopy and flow cytometry. For 
confocal microscopy, Alexa555 was encapsulated as a model cargo and FITC-Lectin was injected as a vascular marker. Ten conditions 
were: A. lectin only; B. free dye; C. control (no CRPPR) liposomes; D. CRPPR-buried liposomes; E-J. CRPPR liposomes: 7 (E, H), 20 
(F, I), and 60 (G, J) mg lipids per kg of body weight. Thirty min (A-G) or 24 hrs (H-J) post injection, the hearts were harvested and the 
external surface of the left ventricle was imaged. The images were normalized by subtracting autofluorescence (Lectin only) and setting 
F (CRPPR liposome, 20mg/kg, 0.5hr) as 100. For flow cytometry, Alexa488 was used as a model cargo. Four or 12 hours post 
injection, the hearts were harvested and digested on a Langendorff apparatus, and the isolated cells were read by flow cytometry. The 
plots from a control mouse (no injection) were used to generate the gates for Alexa488. Results: By incorporating a heart-homing 
peptide (CRPPR) onto the surface of the liposomes, we developed a heart-homing liposome. In vivo PET studies indicate that 44 ± 9% 
ID/g of the CRPPR liposomes accumulated in the heart within 100 sec, and remained bound over 90 min (Fig. 1a)2. In ex vivo images 
acquired 30 min after the injection of CRPPR liposomes, red fluorescence (Alexa555) increased in both blood vessels and the 
surrounding tissue, indicating that the payload penetrated the endothelium. Compared with no-CRPPR, and CRPPR-buried liposomes, 
CRPPR liposomes increased the fluorescence by (21.8 ± 9.7), and (12.8 ± 10.3) times (Fig. 1b). Following the injection of CRPPR 
liposomes, punctate fluorescence was observed on the vessel wall with homogeneous fluorescence in the surrounding tissue. With 
increasing dosage (7-60mg/kg), the fluorescence of the surrounding tissue did not change significantly, while both the intensity and the 
area of the punctates increased. The product of punctuates intensity and area increased from 1.0± 0.5, to 11.1±7.8, to 5.4±3.4 for 7, 20, 
and 60 mg/kg, respectively, indicating a saturation threshold of endothelial accumulation. Twenty-four hrs later, ~30% of the initial 
fluorescence remained in the surrounding tissue. Flow cytometry data (Fig. 1c) indicated that the payload entered into (2.76±0.04)% 
myocytes, (57.1±0.07)% endothelial cells, and (40.1±0.07)% Thy1.1+ (fibroblast related) cells. Conclusion:Thus, we conclude that 
heart-homing liposome delivered cargo through the endothelium and into cardiomyocytes. 1 O. C. Farokhzad and R. Langer, ACS 
Nano 3 (1), 16 (2009). 2 H. Zhang, J. Kusunose, A. Kheirolomoom et al., Biomaterials 29 (12), 1976 (2008). 
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Cytotoxicity of nitroimidazole on tumor cells and liver cells was established for nitroimidazole as radiosensitizer in theradignostics 
(cancer therapy and hypoxia monitoring). Substituted nitro group on imidazole ring is determinant of biochemical cytotoxicity as hypoxia 
reporter in isolated tumor cells and tumor tissues. Aim: Radiolabeling of nitroimidazole imparts tracer properties to locate the distribution 
(radiosensitizer) of nitroimidazole in the body. A ‘theradiagnostic criteria of hypoxia’ of nitroimidazole radiosensitizer is proposed based 
on tumor killing by enhanced tumor oxygen tension (therapeutics) and altered metabolizing enzymes (diagnostics) due to cytotoxicity of 
radiosensitizer. Both properties of nitroimidazole cytotoxicity and oxygen sensitivity place the nitroimidazole compounds in the class of 
tumor therapy and hypoxia detection. Initially nitroimidazole cytotoxicity was reported as antiparasitic drug. Now it is potential 
radiosensitizer in hypoxia theradiagnostics in last two decades. Hydrophilic small chemical structure of nitroimidazoles interact with 
intracellular metabolism in liver by biotransformation and biooxidation. Regulatory nitroimidazole metabolizing and xenobiotic enzymes 
play significant role to excrete out nitroimidazole from the body and limited stay in tissue. Nitroimidazoles show different properties with 
poor tissue diffusion, less antioxidant redox potential and long retention time in tissue making them poor choice of hypoxia markers. 
Efforts are continuing to characterize new 2-Nitroimidazole based radiopharmaceuticals as less cytotoxic, more tumor oxygen specific 
and multifunctional apoptosis, proliferation, and hypoxia reporters. New techniques are emerging out to synthesize multimodal and 
multifunctional nitroimidazole radiopharmaceuticals in theradiagnostics and radiation oncology. Conclusion: Report introduces new 
synthetic nitroimidazole available radiosensitizers with a comparison of their efficacy and cytotoxic property useful in hypoxia detection 
and hypoxia monitoring of tumor cells and liver cells to establish the nitroimidazole as radiosensitizer in theradignostics. 

Radiosensitizer nitroimidazoles based on cytotoxicity used in hypoxia and hyperthermia 

 

Source: Sharma R.Current Radiopharmaceuticals,2011 
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Fully automated synthesis of [68Ga]NODAGA-RGD - labeling results and comparison of 
[68Ga]NODAGA-RGD and [18F]Galacto-RGD in vivo 

Karolin Pohle1, Johannes Notni1, Johanna Bussemer1, Gjermund Henriksen1, Horst Kessler2, Markus Schwaiger1, Hans J. Wester3, 
Ambros J. Beer1, 1Department of Nuclear Medicine, Technische Universität München, Klinikum rechts der Isar, Munich, Germany; 
2Institute for Advanced Study and Center of Integrated Protein Science, Technische Universität München, Munich, Germany; 
3Pharmaceutical Radiochemistry, Technische Universität München, Munich, Germany. Contact e-mail: ambros.beer@tum.de 

Objective: In numerous clinical studies, [18F]Galacto-RGD has demonstrated to be a valuable probe for imaging of the ανβ3 integrin 
status in vivo. Though [18F]Galacto-RGD shows favourable imaging characteristics, tracer synthesis is time consuming and difficult to 
automate. A promising alternative tracer which can be synthesized using a fully automated module and hence under GMP conditions is 
[68Ga]NODAGA-RGD. Methods: We labeled NODAGA-RGD with 68Ga3+ using a fully automated module. The radiolabeled NODAGA-
RGD was used for imaging experiments without further HPLC purification. Dynamic (90 min.) microPET/CT (Inveon, Siemens) scans of 
two different tumor xenografts with either high (M21) or low ανβ3 integrin expression (M21L) in BALB/c nude mice (n=16) were 
performed and compared with the results obtained for [18F]Galacto-RGD. Blocking experiments were performed for [68Ga]NODAGA-
RGD. Moreover, biodistribution experiments were performed and IC50 was determined (for both tracers). Results: Using the automated 
labeling approach, high radiochemical yield could be obtained and a specific activity of 700 to 800 GBq/μmol was reached (when 
normalizing the results to 1GBq of total activity used for tracer synthesis). [68Ga]NODAGA-RGD and [18F]Galacto-RGD showed similar 
pharmacokinetics. Biodistribution data showed increased tracer uptake in ανβ3 positive tumors (M21) relative to the control tumors 
(M21L) (1.45 ± 0.11 % ID/g vs. 0.37 ± 0.15% ID/g for [68Ga]NODAGA-RGD and 1.35 ± 0.53% ID/g vs. 0.63 ± 0.21% ID/g for 
[18F]Galacto-RGD) giving a M21-to-M21L ratio of 4.8 ± 2.7 and 2.4 ± 1.3, respectively. Tumor-to-blood ratios were 6.1 ([18F]Galacto-
RGD) and 16.1 ([68Ga]NODAGA-RGD), while tumor-to-muscle ratios were 7.6 and 8.5. Specificity of uptake was demonstrated by 
blockade coinjecting an excess of cold NODAGA-RGD. In a competitive binding assay with 125I-echistatin as reference compound, the 
IC50 values were 320 nM for unlabeled Galacto-RGD and 336 nM for unlabeled NODAGA-RGD. Conclusion: [68Ga]NODAGA-RGD 
can easily and efficiently be produced under GMP conditions and shows imaging properties similar to the reference [18F]Galacto-RGD 
and thus may be an efficient alternative tracer for imaging of αvβ3 expression in clinical studies. 

 

Micro-PET/CT scans of nude mice with M21 (red asterisk) and M21L xenografts (white asterisk). The scan with 68Ga-NODAGA-RGD (left side) shows 
similar tumor to background ratios and tracer biodistribution as the scan with 18F-Galacto-RGD (right side). 
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Novel Fluorine-18 Click Labelled Octreotate Analogues, Including Automation onto the 
FASTlab™ Platform Towards a Clinical PET Imaging Agent 

Lisa Iddon1,2, Julius Leyton1, Matthias Glaser2, Bard Indrevoll4, Meg Perumal1, Edward Robins2, Sajinder K. Luthra2, Eric O. Aboagye1, 
Alan Cuthbertson2, Andrew J T. George3, 1Comprehensive Cancer Imaging Centre, Imperial College London, London, United Kingdom; 
2Medical Diagnostics, GE Healthcare, London, United Kingdom; 3Section of Immunology, Imperial College London, London, United 
Kingdom; 4Medical Diagnostics, GE Healthcare, Oslo, Norway. Contact e-mail: iddon_lisa@hotmail.co.uk 

The prevalence of gastroenteropancreatic neuroendocrine tumors (GEP-NETs) has increased over the last three decades, leading to 
an increased need for a suitable PET imaging agent. Somatostatin receptors, mainly sub-type 2, have been shown to be over 
expressed on the surface of GEP-NETs. A somatostatin analogue, octreotide was developed with a longer biological half-life (1.5 h) 
that could be used as a pharmaceutical to treat acromegaly. Octreotide and analogues have been labelled with various isotopes 
towards an improved imaging agent, but [111In]-DTPA-Octreotide (Octreoscan™) remains as the radioligand routinely used in the 
clinic. We have developed a fluorine-18 labelled octreotate analogue which can be used for positron emission tomography (PET) 
imaging. Octreotate was chosen over octreotide, since improvement in receptor affinity has been shown replacing the threoninol to 
threonine. We developed a novel class of fluorine-18 labelled Octreotate analogues through incorporation of various linker moieties at 
the N-terminus of the octapeptide. The labelling was achieved via the copper catalysed azide-alkyne cycloaddition reaction (CuAAC), 
which has proved to be an efficient and selective radiolabelling technique. The preclinical evaluation of our compounds, when 
compared to previously developed PET analogues ([18F]AlF-NOTA-Octreotide (%ID/g =12.73 ±0.05), [68Ga]-DOTA-Octreotide (%ID/g 
= 3.78 ± 0.32)) shows comparable or improved tumor uptake (%ID/g 4.50 ± 1.51 to 17.04 ± 2.76). A lead candidate was chosen, FET-
βAG-TOCA which shows good tumor uptake (%ID/g = 11.58 ± 0.67), low liver uptake, and can be efficiently labelled during the click 
reaction in five minutes at room temperature. We have now transferred the synthesis of FET-βAG-TOCA onto the cassette based 
platform, FASTlab™. We have been able to develop a process, and isolate the final formulated product in EOS yields of 10-18 % (n = 
6) with radiochemical purity (97 %) suitable for routine clinical imaging of GEP-NETs. 
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In vivo specific tumor targeting and imaging using cyclic RGD-PEGylated gold nanoparticle 
probes with directly labeled iodine-125 

Young-Hwa Kim1, Su Hyun Hong2, Hyewon Youn1, Yun-Sang Lee1, June-Key Chung1, Dong Soo Lee1, Jwa-Min Nam2, Keon Wook 
Kang1, 1Department of Nuclear Medicine, Seoul National University College of Medicine, Seoul, Republic of Korea; 2Department of 
Chemistry, College of Natural Sciences, Seoul National University, Seoul, Republic of Korea. Contact e-mail: cine82@snu.ac.kr 

Purpose: The biocompatibility of nanoparticles is important for using them in biomedical field such as in vivo molecular imaging and 
drug delivery. To develop an in vivo monitoring system targeting integrin αvβ3 in tumor angiogenesis, we evaluated the versatile carrier 
system with 125I-labeled gold nanoparticles (AuNPs) conjugated with PEG-RGD peptides for targeting tumor. Methods: We designed 
and synthesized 13 nm sized gold nanoparticles which functionalized with radioactive iodine-125 and cyclic RGD-PEGylated gold 
nanoparticle (125I-cRP-AuNP) probes for targeting intergrin αvβ3 expressing cells. The stability was monitored by ITLC-SG with saline 
(pH 7) as the solvent for 24 h at 37oC in serum. For the competitive binding assay to the integrin αvβ3, 125I-echistatin were incubated 
with αvβ3 expressing cancer cell (U87MG) and non-expressing cancer cell (MCF7) after pre-treating cRP-AuNPs or cRGD peptides. To 
confirm receptor specific internalization of cRP-AuNPs, TEM image was acquired in U87MG and MCF7 cell lines. The uptake and 
clearance of 125I-cRP-AuNPs in vivo was evaluated by serial SPECT/CT studies from 0 h to 5 h after i.v injection of 11.1 MBq 125I-
cRP-AuNPs in a U87MG tumor bearing mice. Renal clearance of 125I-cRP-AuNPs was confirmed radio-TLC analysis of urine samples 
after injection. Results: The entire 125I labeling procedure was completed within 20 min including purification and concentration steps. 
Radio-chemical purity of 125I-labeled cRGD-AuNPs was 97% at 3 h and 88% at 24 h during the incubation in serum at 37oC. In 
competitive binding assay to U87MG cells, IC50 values for cRP-AuNPs and cRGD peptides were 0.33 nM and 51.34 nM (n=3), 
respectively. Remarkably, the 125I-cRP-AuNP probes showed ~150-fold higher αvβ3 avidity than the corresponding cRGD peptides. 
TEM images showed intracellular localization of the particles in U87MG cells only. SPECT/CT image showed uptakes of 125I-cRP-
AuNPs in the U87MG xenografted tumor and blood pool until 1 h after injection, and showed their efficient clearance from the body 
through renal and urinary excretion route. Radio-chemical yield of urine samples was observed over 50% of 125I-labeled cRP-AuNPs. 
Conclusion: In this study, we demonstrated that 125I-cRP-AuNPs can define αvβ3 expressing cancer cells both in vitro and in vivo. 
These functionalized AuNPs have a potential in tumor and angiogenesis targeted imaging which will be useful for various diagnostic 
and therapeutic applications. 
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Development of 89Zr-rituximab immunoPET Tracer for Monitoring Lymphoma Therapy in a 
Humanized Transgenic Mouse Model 

Arutselvan Natarajan1, Sanjiv S. Gambhir1,2, 1Molecular Imaging Program at Stanford (MIPS), Department of Radiology, Stanford 
University, Stanford, CA, USA; 2Bioengineering, Bio-X, Stanford University, Stanford, CA, USA. Contact e-mail: 
anatarajan@stanford.edu 

Positron emission tomography (PET) is an attractive imaging tool to localize and quantify tracer biodistribution. Immuno-PET with an 
intact mAb typically requires two to four days to achieve optimized tumor-to non tumor ratios; thus positron emitter with a half-life of two 
to four days such as zirconium-89 [89Zr]; (t1/2: 78.4 h) would be ideal. Aim: Optimization of antibody-based immunoPET tracer 89Zr-
Desferrioxamine-p-SCN (Df-Bz-NCS)-rituximab (Zr-iPET) to image tumor at longer duration in a humanized CD20-expressing 
transgenic mouse model. Methods: To optimize the radiolabeling efficiency of 89Zr with rituximab-Bz-Df, multiple radiolabelings were 
performed. Radiochemical yield, purity, immunoreactivity and stability assays were carried out to characterize the Zr-iPET for chemical 
and biological integrity. This tracer was used for imaging transgenic mice that express the human CD20 on their B cells (CD20TM). 
CD20TM, mice received 7.4MBq /dose. One group (n =3) received 2mg/kg pre-dose (PD) of cold rituximab 2 h prior to Zr-iPET; the 
other group (n=3) had no pre-dose (NPD). Small animal PET was used to image mice at 1, 4, 24, 48, 72, and 120h. AMIDE software 
was used for image analysis. Results: Quality assurance of the Zr-iPET demonstrated NCS-Bz-Df chelate/antibody (1.5 ± 0.3), specific 
activity (5.1 - 5.9 x 10^5 TBq/mol), radiochemical yield (>70%), and purity (>98%). The Zr-iPET immunoreactivity was >80%. At 120h, 
Zr-iPET uptake (% ID/g) as mean ± STD for PD and NPD groups in spleen was 3.2 ± 0.1 % and 83.3 ± 2.0 % (p value < 0.0013.); liver 
uptake was 1.32 ± 0.05% and 0.61 ± 0.001% (p value < 0.0128) for PD and NPD, respectively. The small animal PET/CT image 
(Figure) shows the spleen specific uptake of Zr-iPET in mice at 120h after tracer injection. Compared to the liver the spleen specific 
uptake of Zr-iPET is very high due to the expression of huCD20. Conclusion: We optimized the radiolabeling efficiency of 89Zr with 
rituximab-Bz-Df. The Zr-iPET product showed consistent radiochemical yield, purity, stability and immunoreactivity. These 
radioimmunoconjugate lots were stable up to 5 days in serum in vitro. The present study showed that 89Zr is well-suited for mAbs to 
image cancer over extended period of time (up to 5 days). Further studies are ongoing. Research Support: ICMIC P50 - CA114747 
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Preparation of 18F-labeled peptides with a high specific activity using the copper(I)-catalyzed 
azide-alkyne 1,3-dipolar cycloadditon 

Herman Gill, Jan Marik, Biomedical Imaging, Genentech Inc., South San Francisco, CA, USA. Contact e-mail: hermang@gene.com 

Objectives: An optimized and flexible procedure is presented where 18F-labeled peptides with a high specific activity are rapidly 
produced from modular building blocks using the copper(I)-catalyzed azide-alkyne 1,3-dipolar cycloaddition (CuAAC). Methods: 18F-
fluorinated azide was prepared by reacting 18F-fluoride with a modular precursor containing a terminal p-toluenesulfonyl group prone to 
nucleophilic substitution, a terminal azide moiety, and an aliphatic or polyethylene glycol backbone. After an HPLC purification, the 18F-
fluorinated azide was coupled with an alkyne-modified peptide by the CuAAC with a ligand capable of stabilizing copper(I). Thereafter, 
a second HPLC purification was employed and the product was recovered by solid phase extraction (SPE). Results: 18F-labeled 
peptide was produced with a 31% (± 6%, n=4, decay-corrected from 18F-fluoride elution) radiochemical yield and 39.0 (± 12.4) Ci/μmol 
specific activity in 77 minutes (± 4 min Conclusions: By combining the ligand-accelerated CuAAC and HPLC purification, 18F-labeled 
peptides were produced with an unparalleled specific activity, quantitative radiochemical and chemical purity, and no transformation 
(i.e., oxidation) products while maintaining an acceptable radiochemical yield and reasonable synthesis duration Research Support: 
None 
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FLUORINATED CANNABINOID CB2 RECEPTOR LIGANDS: SYNTHESIS AND IN VITRO 
BINDING CHARACTERIZATION OF 2-OXOQUINOLINE DERIVATIVES 

Nashaat Turkman, Aleksander Shavrin, Roman Ivanov, Brian Rabinovich, Andrei Volgin, Juri G. Gelovani, Mian M. Alauddin, 
Experimental Diagnostic Imaging, UT MD Anderson Cancer Center, Houston, TX, USA. Contact e-mail: nturkman@mdanderson.org 

Introduction: Cannabinoid receptor 2 (CB2) plays an important role in human physiology and pathophysiology of different diseases, 
including neuroinflammation and neurodegeneration, and cancer. Several classes of compounds, including traditional 
tetrahydrocannabinols, indole derivatives, tricyclic pyrazoles, sulfamoyl benzamides, triarylbis-sulfones, arylsulfonamide, and 2-
oxoquinoline derivatives have been reported to be CB2 receptor ligands. Among these classes of compounds, 2-oxoquinoline 
derivatives appear to be the most efficient inverse agonists with high binding affinity and selectivity for CB2 receptor. We have 
synthesized a new library of fluorinated 2-oxoquinoline derivatives and screened them in vitro by inhibition study on CB1 and CB2 
receptors against [3H]CP-55,940. We report synthesis of the library of fluorinated CB2 receptor ligands and results of their in vitro 
receptor binding assay. Methods: 7-Methoxy-8-alkoxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acid chlorides 11 and 12 were 
synthesized following published methods with minor modifications. Compounds 13-16 were synthesized by coupling 11 or 12 with the 
corresponding amines (Scheme 1), 18 and 19 were obtained by coupling 11 or 12 with the corresponding amine 17 (Scheme 2) and 21 
was obtained by a different methodology. Compounds 22-24 were synthesized according to the scheme 3, and 25 and 26 were 
synthesized according to the scheme 4. All compounds were fully characterized by 1H and 13C NMR spectroscopy and high resolution 
mass spectrometry. Human U87 glioma cells expressing either hCB1 (control) or hCB2 were generated via lentiviral transduction. In 
vitro binding competition assay was performed using [3H]CP-55,940 in U87hCB1 and U87hCB2 cells. The binding inhibition constants 
(Ki) of these compounds was determined for CB1 and CB2. Results: The chemical yields of the acid chlorides of 2-oxoquinoline 
derivatives were 27-30% and those of the fluorinated 2-oxo-quinoline derivatives were in the range of 70-96%. High level of the 
corresponding receptor expression was detectable in 84% of U87hCB1 and 98% of U87hCB2 cells. The Ki values of 13, 14, 15, 16, 18, 
19, 21, 22, 23, 24, 25 and 26 for CB2 were >100, 2.8, 5.0, 2.4, 22, 0.8, 1.4, >1000, 486, 58, 620 and 2400 nM, respectively, and those 
for CB1 were all >10 µM. Conclusion: A series of fluorinated 2-oxoquinilide derivatives have been synthesized, and these compounds 
are suitable for radiolabeling with 18F. In vitro receptor-binding results suggest that some of these compounds are CB2 specific ligands 
and they may be useful for therapeutic application to neuropathic pain, neuroinflammatory diseases and immune disorders. The 18F-
labeled compound 19 with sub-nM Ki may be useful for PET imaging of CB2 expression. References: 1. Huffman J.W. Mini Rev. Med. 
Chem. 2005, 5, 641-649. 2. Marriott K-S.; Huffman J.W. et al. Curr. Top. Med. Chem. 2008, 8, 187-204. 3. Raitio K.H.; Salo O.M.H., et 
al. Current Medicinal Chemistry, 2005, 12, 1217-1237. 4. Raitio K.H.; Savinainen J.R.; Vepsalainen J. et al. J. Med. Chem. 2006, 49, 
2022-2027. 5. Evens N.; Muccioli G.G.; Houbrechts, et al. Nuclear Medicine and Biology. 2009, 36, 455-465. 

Disclosure of author financial interest or relationships: 
N. Turkman, None; A. Shavrin, None; R. Ivanov, None; B. Rabinovich, None; A. Volgin, None; J.G. Gelovani, General Electric, 
Honoraria; Takeda Pharmaceutical, Honoraria; SibTech, Consultant; Macrocyclics, Consultant; M.M. Alauddin, None. 

  

S236 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P247 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Glypican-3 as a Target for the Detection of Hepatocellular Carcinomas using ImmunoPET 
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University, Palo Alto, CA, USA; 2Surgery, Stanford University, Palo Alto, CA, USA. Contact e-mail: hoppmann@stanford.edu 

Hepatocellular carcinoma (HCC) is the third leading cause of death from cancer worldwide. Current diagnostic tools for the detection of 
HCC are not sufficiently sensitive or specific, resulting in delayed diagnosis, limited therapeutic options, and poor prognosis. Hence, 
there is an urgent need for the development of approaches for the accurate and early diagnosis of HCC. The expression of the heparin 
sulfate proteoglycan glypican-3 (GPC3) is up-regulated in HCC while down-regulated in normal liver tissue. Using GPC3 as target for 
molecular imaging by non-invasive positron emission tomography (PET) is promising and, furthermore, has the capability to distinguish 
pre-neoplastic and benign liver lesions from malignant HCCs. The main aim of this study was to investigate whether GPC3 is a feasible 
target for PET imaging of HCC by using a 64Cu-labeled monoclonal antibody (MAb) against GPC3. The anti-GPC3-MAb as well as the 
non-targeting IgG were conjugated with DOTA-NHS ester via lysine residues. Subsequently, the resulting conjugates were radiolabled 
with 64CuCl2 in 0.1 M sodium acetate buffer (pH 6.5). Both 64Cu-labeled antibodies were then used for in vitro cell studies in the 
human HCC cell lines HepG2 (high GPC3 expression), PLC/PRF/5 (low GPC3 expression), and SNU449 (no GPC3 expression). In 
vivo PET was performed in athymic nude mice bearing either HepG2 or PLC/PRF/5 xenografts at 1 h, 4 h, 24 h, 48 h and 72 h post-
injection (p.i.). In vitro cell uptake studies showed an approximately two and eight-fold higher uptake of 64Cu-anti-GPC3-MAb in HepG2 
cells compared to the uptakes in PLC/PRF/5 cells and SNU449 cells, respectively (69.6 ± 7.0 vs. 37.7 ± 4.7 vs. 8.7 ± 1.9 % of applied 
radioactivity per mg cell-protein at 4 h). In contrast, the uptake of non-targeting 64Cu-IgG was two times lower in HepG2 cells (35.8 ± 
5.2 % of applied radioactivity per mg cell-protein at 4 h,) compared to the uptake of 64Cu-anti-GPC3-MAb in this cell line. In vivo PET 
studies in HCC tumor-bearing mice (n=3) revealed the specific targeting of 64Cu-anti-GPC3-MAb in HepG2 tumors. The radioactivity 
uptake in HepG2 xenografts were significantly higher compared to the uptake in PLC/PRF/5 xenografts at all time points (e.g. 14.9 ± 
2.6 vs. 7.2 ± 0.7 % ID/g at 24 h p.i.). Radioactivity uptake in the liver was also measured to be high, especially at early time points (e.g., 
> 30 % ID/g at 4 h p.i.). The HepG2-xenograft-to-muscle ratio reached the highest level at 72 h p.i. with a value of 25.0 ± 4.1. In 
conclusion, GPC3 is a promising target for the detection of HCC by using PET. 

 

Figure: PET imaging of GPC3. Representative PET scans of 64Cu-anti-GPC3-MAb distribution in athymic nude mice bearing HepG2 xenografts (A) and 
PLC/PRF/5 xenografts (B) at indicated time points post-injection. 
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Microwave-assisted one-pot radiosynthesis of 2’-deoxy-2’-[18F]fluoro-5-methyl-1-β-D-
arabinofuranosyluracil ([18F]-FMAU) 

Kai Chen, Zibo Li, Peter S. Conti, Department of Radiology, Univ. of Southern California, Los Angeles, CA, USA. Contact e-mail: 
chenkai@usc.edu 

Objectives: [18F]-FMAU is a PET tracer being evaluated for imaging cell proliferation. Current multi-step procedures of synthesizing 
[18F]-FMAU are time-consuming, resulting in low radiochemical yield and inconvenient applications for the clinic. We have previously 
reported the use of Friedel-Crafts catalysts for an improved synthesis of [18F]-FMAU. In this study, we investigated the efficiency of 
microwave-assisted radiosynthesis of [18F]-FMAU in comparison with conventional thermal conditions. Methods: A simplified one-pot 
synthesis of [18F]-FMAU was developed under microwave conditions. Various reaction time, temperature, and microwave power were 
explored to optimize the coupling reaction of 2-deoxy-2-[18F]fluoro-1,3,5-tri-O-benzoyl-D-arabinofuranose ([18F]-sugar) and bis-2,4-
(trimethylsilyloxy)-5-methyluracil (silylated uracil) in the presence of a Friedel-Crafts catalyst, trimethylsilyl trifluoromethanesulfonate. 
Results: Microwave significantly enhanced the coupling efficiency of [18F]-sugar and silylated uracil by reducing the reaction time to 10 
min (6-fold reduction as compared to conventional heating) at 95 degrees celsius. Base hydrolysis followed by high-performance liquid 
chromatography purification produced the desired [18F]-FMAU. The overall radiochemical yield was 20 ± 4% (decay corrected, n = 3). 
Radiochemical purity was >99% and specific activity was > 400 mCi/μmol. The α/β anomer ratio was 1:2. Synthesis time was about 90 
min from the end of bombardment. Conclusions: A reliable microwave-assisted approach has been developed for routine synthesis of 
[18F]-FMAU. The new approach affords a simplified process with shorter synthesis time and higher radiochemical yield as compared to 
conventional heating. A fully automated microwave-assisted synthesis of [18F]-FMAU can be readily achieved under new reaction 
conditions. 
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Capability improvement: A dual-core Ga-68-generator system for PET radiopharmaceuticals 

Ming-Hsin Li, Institute of Nuclear Energy Research, Longtan, Taoyuan County, Taiwan. Contact e-mail: mhli@iner.gov.tw  

Objectives: PET is a powerful diagnostic and imaging technology which requires short-lived positron emitting isotopes. The Ga-68 
deserves special attention because of its availability from long-lived Ge-68/Ga-68 generator systems which render Ga-68 PET 
radiopharmaceutical labeling independent of an onsite cyclotron. Commercially available Ge-68/Ga-68 generators based on TiO2 allow 
to elute > 50% of Ga-68 in 5-7 ml 0.1 M HCl solution. However, for labelling of biomolecules via bifunctional chelators Ga-68 must be 
pre-concentrated and purified from Ge-68, Zn(II), Ti(IV) and Fe(III). Another Ge-68/Ga-68 generator has been produced with an organic 
polymer that has a high affinity for germanium and a low affinity for gallium, it would be possible to elute Ga-68 under mild conditions 
and in an easily changed form into suitable complexes for clinical use. But a procedure is necessary for converse the commercial Ga-
68 citrate to the chloride solution for radiolabeling procedures. Methods: A binary enriched-69Ga/Ag alloy electrodeposited on silver 
substrate as a solid target was developed. The operational specification of 68Ge was 200 micro-Amperes at 26MeV proton 
bombardment for 12000 micro-Ampere-Hour on this deposits via the 69Ga(p,2n)68Ge reaction. In the chemical process, both the TiO2 
and marcoporous styrene-divinylbenzene copolymer were selected as adsorbents and shaken in a dual-column system within a 
68Ge/68Ga-generator and eluted by 0.1 M HCl and 0.1M sodium citrate solution separately. Pre-concentration of Ga-68 from 0.1 M HCl 
eluate was performed on a micro-chromatography column filled with about 50 mg of a cation exchange resin (Bio-Rad AG 50W-X8). 
Converse Ga-68 citrate to the chloride solution followed the two steps: 1. Ga-68 citrate (100 MGq, INER, Taiwan) was added 10 mL of 
distilled water, whereafter the solution was filtered over a 500mg silica-gel cartridge (J.T.Baker, USA) fitted with a 6-ml plastic syringe, 
at a flow rate of 1 mL per minute. 2. The retained radioactivity was eluted from the cartridge with 3 ml of 0.1 M HC1 and the pH of the 
eluate was adjusted to pH 5 with 0.1 M NaOH to yield Ga-68 chloride solution free from citrate ions. Results: It was revealed from long-
term elution tests that approximately >95% of Ga-68 could be eluted from the generator columns with 10 ml of 0.1M HCl / 10 ml of 0.1M 
sodium citrate per elution, both the Ge-68 leakage were less than 0.0005% of the Ge-68 adsorbed on TiO2 and resin. Conclusions: The 
innovative dual-core Ga-68 generator exhibited a better flexibility for different purpose selection. References 1. Chan H-K, Gonda I. A 
simple method for the preparation of gallium chloride from the citrate solution. Eur J Nucl Med 1991 ;18:860 2. Green MA, Welch MJ. 
Gallium radiopharmaceutical chemistry. Nucl Med Biol 1989; 16 : 435-448 3. Furukawa T, Fujibayashi Y, Fukunaga M, Yokoyama A. 
Gallium labeling of immunoglobulin G with high specific radioactivity. Chem Pharm Bull (Tokyo) 1990; 38:2285 2286 
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Ultra efficient F-18 labeling of Cys40-Exendin-4 and the non-invasive imaging of transplanted 
islets by targeting GLP-1 receptor 
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Introduction: Islet transplantation is a promising treatment option for patients with type 1 diabetes (T1D) and can temporarily achieve 
adequate glycemic control with insulin independence. Despite its great therapeutic potential, to date, 80-90% of patients have 
experienced graft loss within 5 years of islet transplantation. A non-invasive method to monitor transplanted islets would provide us with 
the ability to localize where transplanted islets lodge in the liver, and to estimate how many islets remain alive and functional over time. 
Based on the ultra efficient tetrazine ligation method, here, we developed 18F-labeled Exendin-4 for transplanted islet imaging by 
targeting the glucagon-like peptide-1 receptor (GLP-1R). Methods: Cys40-Exendin-4 was conjugated to Tetrazine-Mal, and then 
radiolabeled with 18F through tetrazine trans-cyclooctene ligation. The in vitro binding affinity of 19F-TTCO-Cys40-Exendin-4 was 
evaluated in INS-1 cells, which over-express GLP-1R. microPET imaging of 18F-TTCO-Cys40-Exendin-4 was performed on both 
subcutaneous INS-1 tumors and intraportal islet transplantation models. Results: With as little as 4 ug peptide, 18F-labeled Exendin-4 
could be obtained in more than 80% based on 18F-TCO. Cell binding assay demonstrated that the Tetrazine/TCO modification had 
minimal effect on the in vitro binding affinity of Exendin-4. The subcutaneous INS-1 tumor was clearly visualized on microPET (tumor 
uptake was 13.0±0.5 %ID/g at 5 h p.i.) after the injection of 100 uCi of 18F-TTCO-Cys40-Exendin-4. The tumor uptake could be 
successfully blocked by cold Exednin-4 (tumor uptake was 1.6±0.2 %ID/g at 5 h p.i.). 18F-TTCO-Cys40-Exendin-4 also demonstrated its 
great potential for islet imaging: more than 50% higher liver uptake was observed in intraportal islet transplantation model than that of 
the control mice. Conclusion: 18F-TTCO-Cys40-Exendin-4 demonstrated persistent and specific uptake in the subcutaneous insulinoma 
mouse model, and the intraportal human islet transplantation mouse model. This novel PET probe would be suitable for in vivo 
pancreatic islets imaging in the human. 

 

Fig 1. Representative coronal microPET images of the NOD/SCID mice bearing INS-1 xenograft after 5 h post injection of 18F-TTCO-Cys40-Exendin-4 
without and with a blocking dose of Exendin-4. 

Disclosure of author financial interest or relationships: 
Z. Wu, None; Z. Li, None; S. Liu, None; M. Hassink, None; I. Nair, None; L. Li, None; R. Park, None; I. Todorov, None; J.M. Fox, 
None; J.E. Shively, None; P.S. Conti, None; F. Kandeel, None. 

  

S240 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P251 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Development of a novel PET imaging agent for the detection of HER2 expression 
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Discovery, GE Healthcare, Amersham, United Kingdom; 2MDx Discovery, GE Healthcare, Oslo, Norway. Contact e-mail: 
matthew.morrison@ge.com 

Background: HER2 status is a critical parameter in therapy selection of breast cancer patients. While establishing HER2 expression in 
biopsies from primary lesions is now a standard procedure, the lack of such information for the metastatic lesions, where HER2 status 
can change, complicates patient management. We report evidence for GE226, an in vivo HER2 imaging agent that can detect 
differences in HER2 expression levels in preclinical models of breast cancer using PET technology. Methods: GE226, the highly 
selective HER2-binding 18F-radiolabelled Affibody® molecule ZHER2:2891 (confirmed via Biacore™ binding studies) was assessed in 
a dual tumour breast cancer mouse model: CD1 nude mice were inoculated with NCI-N87 (high HER2 status) and A431 (low HER2 
status) cells in separate flanks. On day 25 post innoculation, the tumoured mice were administered 10 MBq of 18F-radiolabelled 
GE226, followed by biodistribution or PET imaging analysis. Results: Biodistribution analysis demonstrated good differentiation of 
GE226 retention between high and low HER2 expressing tumours from as early as 30 minutes post injection (8.4% ID/g and 3.4% ID/g 
respectively). GE226 cleared quickly from background tissue, including kidneys, with excellent ratios for tumour:muscle (8.9 for high 
HER2 status and 3.6 for low HER2 status, 60 min p.i.) and tumour:blood (4.5 for high HER2 status and 2.1 for low HER2 status, 60 min 
p.i.). PET imaging of GE226 in the dual tumour mouse model showed a marked difference in signal intensity between the two tumour 
types (see Figure 1). Conclusions: GE226, an 18F-radiolabelled Affibody® molecule selective for HER2, can image different levels of 
HER2 expression in a dual-tumour preclinical model of breast cancer, accompanied by good target:background ratios. Further 
development is planned for GE226, with the aim to determine the HER2 status in metastatic breast cancer patients using PET. 

 
Figure 1. Uptake of GE226 in high (N87) and low (A431) Her2 expressing tumours. Image at 120 minutes p.i. 
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Mn-52 PET Tracer Production and Characterization in Phantoms and In Vivo 

Geoffrey Topping1, Paul Schaffer2, Rick Kornelsen3, Thomas J. Ruth2, Vesna Sossi1, 1Physics and Astronomy, University of British 
Columbia, Vancouver, BC, Canada; 2Nuclear Medicine, TRIUMF, Vancouver, BC, Canada; 3Pacific Parkinson’s Research Center, 
University of British Columbia, Vancouver, BC, Canada. Contact e-mail: gtopping@physics.ubc.ca 

52Mn-MnCl2 was produced and imaged for the first time with PET in phantoms and in a live rat. MnCl2 is used as a contrast agent in 
MRI to probe neuronal activity and connectivity, but Mn has not previously been reported as a PET radioisotope. This project aims to 
develop and characterize Mn-52 as a PET tracer. Natural Cr foil (0.5 mm nominal thickness) was irradiated with 12.5 MeV protons to 
produce Mn-52. Foil was dissolved in concentrated aqueous HCl, and Cr and Mn-52 were separated by column chromatography. 
Samples were tested by gamma counting and ICP-MS to identify fractions with good Mn-52 content while minimizing Cr contamination. 
A NEMA image quality phantom and 1.1 mm inner diameter plastic capillary tubes for resolution measurement were filled with 
separated Mn-52 in solution and imaged in a Focus 120 microPET system. Similar images were also acquired with F-18. Resolution 
images indicate similar results between Mn-52 and F-18, consistent with their similar positron range; Gaussian fits to profiles through 
image centres have FWHM 1.95 mm (Mn-52) and 2.09 mm (F-18). Image quality phantom images, with a 1820 pixel / 3.4 cm2 region of 
interest placed in the centre of the uniform region of the phantom, show standard deviation of voxel values of 2.8% in F-18 (energy 
window 350-750 keV) and of 6.1% in Mn-52 (350-750 keV) or 4.0% in Mn-52 (450-600 keV). Approximately 600 kBq of separated Mn-
52 was redissolved in saline, filtered, and given as intraperitoneal injection to a male Sprague-Dawley rat. Approximately 1 and 2 days 
post-injection, the rat was scanned for 1 hour in a Focus 120 microPET scanner. Prompts rates and reconstructed images indicated 
relatively little Mn-52 was retained in the body 1 or 2 days post-injection; most of the activity was excreted into the cage bedding. 
Images on both days show two separate localized accumulations of activity in the abdomen, suggesting activity has accumulated in 
vivo, at least partly, away from the injection site. Planned future work includes refining tracer production methods, alternative tracer 
administration methods such as IV infusion, and scanning while or immediately after tracer is given, as well as comparisons between 
PET and MRI Mn imaging. 
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Lactoferrin-modified liposome with improved brain drug delivery 
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Objective: Lactoferrin (Lf) conjugated polyethylene glycolated liposome (PL) was constructed and was entrapped with 99mTc as a 
radiotracer for study as a novel brain drug delivery system across the blood-brain barrier. Methods: Lf was thiolated and conjugated via 
maleimide functional group on the surface of polyethylene glycolated liposome to form the modified liposome, referred to Lf-PL. The 
biorecognitive activity of Lf-PL was investigated by Lf ELISA assay following DLS analysis. The 99mTc radionuclide by its complex with 
N,N-bis (2-mercaptoethyl)-N’,N’-diethyl-ethylenediamine (BMEDA) was entrapped in the core of the liposomes, PL and Lf-PL with 
ammonium sulfate gradient. The resulted 99mTc loaded liposomes, referred to PL[99mTc] and Lf-PL[99mTc] were taken for in vitro 
stability study and in vivo pharmacokinetic study. The effect of Lf-PL[99mTc] on improving brain drug delivery was assessed by in vitro 
bEND.3 cell uptake study and in vivo brain uptake study using BALB/c mice via intravenous injection in comparison with PL[99mTc]. 
Results and Discussion: According to DLS analysis, the size of PL was 91.23±35.76 nm in diameter and increased to 96±35.69 nm 
after Lf conjugation. The average number of Lf conjugated on each nanoparticle was ca. 60. The Lf ELISA results confirmed the 
biorecognitive activity of Lf-PL. The 99mTc-BMEDA loaded efficiency for Lf-PL[99mTc] (26.4±4.45%) was lower than that for PL[99mTc] 
(75.31±5.52%), indicating that the coupled Lf ligands might somewhat obstacle the 99mTc-BMEDA trapping in the liposome. The 
radiochemical purities of PL[99mTc] and Lf-PL[99mTc] all maintained high above 87% during 48 h incubation in normal saline or in rat 
plasma at 37 degree Celsius. The particle sizes of the 99mTc-BMEDA loaded liposomes were similar to the unloaded liposomes. From 
pharmacokinetic study, the area under the concentration-time curve (AUC0→24h) was calculated with 653.57±40.84 h %ID/g for Lf-
PL[99mTc] in comparison with 746.37±119.26 h %ID/g for PL[99mTc], being without significant difference (P-value = 0.33). From the 
results, Lf-PL[99mTc] likely maintained a long circulation property as PL[99mTc]. The in vitro uptake of Lf-PL[99mTc] by bEND.3 cells 
(26.53±0.4%) presented at ca. 15-fold and 3-fold higher than that of 99mTc-BMEDA (1.89±0.8%) and that of PL[99mTc] (8.99±1.19%), 
respectively at 1 h postincubation . The in vivo brain uptake of Lf-PL[99mTc] (1.02±0.06% %ID/g) presented at ca. 1.47-fold higher than 
that of PL[99mTc] (0.69±0.06% %ID/g) at 1 h postinjection, respectively (P-value < 0.01). Conclusion: The aforementioned in vitro and 
in vivo studies suggest that Lf-PL may be a potential brain drug delivery system. 
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68Ga-DOTA-NAPamide for PET imaging of melanoma metastases 
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Introduction 2-[18F]fluoro-2-deoxy-D-glucose ([18F]FDG) has been examined extensively for its ability to diagnose and stage 
melanoma non-invasively. Although FDG PET has reasonable sensitivity and selectivity, it was reported that some melanoma cells 
were undetectable by [18F]FDG since they used non-glucose based substrates as energy source. Radiolabeled α-melanocyte-
stimulating hormone (MSH) peptide analogs have been shown to specifically bind to melanocortin receptors that are overexpressed on 
human and mouse melanoma cells. Some studies have successfully used 1,4,7,10-tetraazacyclododecane-N-tetraacetic acid (DOTA) 
coupled to the α-MSH analogs for radiolabeling with 68Ga [1,2], a positron-emitting radionuclide which can be obtained via the 
68Ge/68Ga radionuclide generator system [3]. One of these promising α-MSH analogs, [Ac-Nle4,Asp5,D-Phe7,DOTA-Lys11]-α-MSH4-
11 (DOTA-NAPamide), labeled with 68Ga yields clear melanoma PET imaging in a B16 melanoma mouse model [1]. In the present 
work, 68Ga-DOTA-NAPamide was characterizated in vitro and in vivo using the mouse melanoma B16V5 cell line. Material & Methods 
DOTA-NAPamide was obtained from Bachem (Switzerland). The 68Ge/68Ga commercial generator (based on a TiO2 phase and 
obtained from Eckert & Ziegler) was eluted according to the manufacturer protocol with 6 mL 0.1 M HCl. The purification and 
concentration of 68Ga eluate was performed following the method described by Velikyan et al. [4]. 68Ga was added to 10 nmol of 
DOTA-NAPamide in HEPES buffer (pH 3.5). The reaction mixture was incubated at 90 C for 15 min, and passed through a small C18 
cartridge (SepPak light, Waters) providing quantitative recovery of the peptide on reverse phase. Radiochemical purity analysis was 
assessed by RP-HPLC using a Jupiter 4 µm Proteo 90A (250x4.6 mm) analytical column (Phenomenex). Radionuclide purity was 
assessed by γ-spectrometry HPGe detector immediately and after 24-48 h in order to determine the 68Ge breaktrough. Saturation and 
competitive experiments were performed by incubating B16V5 cells in 24-well plates with the radioligand 125I-NDP-MSH and a series 
of dilutions of DOTA-NAPamide or 68Ga-DOTA-NAPamide. Data were analysed using GraphPad Prism software. C57BL6 mice 
injected intravenously or subcutaneously in both flanks and intravenously with B16V5 cells, the mice were injected i.v. with 68Ga-
DOTA-NAPamide (0.7-3.7 MBq) and imaged at 30 min after injection. One hour static data set was collected and the images were 
corrected for random and scatter and reconstructed with 2D OSEM. Results and Conclusion The radiochemical purity of the labeled 
peptide was >95% and the product was produced with a specific activity around 10 GBq/µmol. Both DOTA-NAPamide and 68Ga-
DOTA-NAPamide displayed favorable MC1R binding affinity (low nanomolar range). We were able to see specific uptake in 
xenografted melanoma tumours and also in lung metastasis who expressed the receptor. The high specificity and the availability of this 
compound make it very advantageous for longitudinal studies of preclinical treatments in melanoma models. 
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Tumor Targeting Mechanism of Radiolabeled MMP-2/9 Activatable Cell Penetrating Imaging 
Probes 
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 INTRODUCTION: Activatable cell penetrating peptides (ACPPs) are a new class of promising molecular imaging probes for the 
visualization of proteolytic activity in vivo. The cell penetrating function of a polycationic peptide is efficiently blocked by intramolecular 
electrostatic interactions with a polyanionic peptide. Proteolysis of a cleavable linker present between the polycationic cell penetrating 
peptide and the polyanionic peptide affords dissociation of both domains and enables the activated cell penetrating peptide to enter 
cells. Fluorescently labeled ACPPs cleavable by matrix metalloproteinase-2 and -9 (MMP-2/9) have been reported as specific probes 
for MMP-2/9 expressing tumors in mice[1,2]. Here, we developed MMP-2/9 activatable dual isotope radiolabeled ACPPs and assessed 
their in vivo biodistribution in tumor-bearing mice. These probes enabled us to discriminate activated from intact ACPP.   METHODS: 
MMP-2/9 ACPP, a non-cleavable negative control (non-ACPP), and a cell penetrating peptide serving as positive control (CPP) were 
synthesized. The cell penetrating peptide domain of ACPP, non-ACPP, and CPP was labeled with 177Lu and the polyanionic peptide 
domain of ACPP and non-ACPP was labeled with 125I. 177Lu/125I-ACPP, 177Lu/125I-non-ACPP, or 177Lu-CPP (60 nmol, N=6) were 
intravenously injected into MMP-2/9 positive HT-1080 tumor-bearing (8-50 mm3) nude mice. In vivo biodistribution was determined 24h 
post-injection by γ-counting and tissue MMP-2/9 expression levels were determined by gelatin zymography.   RESULTS: 177Lu-ACPP 
showed a significant ~3-fold increase in tumor uptake relative to the negative control 177Lu-non-ACPP (p<0.01). Furthermore, the 
uptake of 177Lu-ACPP in tumor was significantly higher than in muscle (p<0.01), suggesting tumor associated activation of ACPP by 
MMP-2/9. Interestingly, our data indicated a significantly higher 177Lu-ACPP uptake compared to the negative control in nearly all 
tissues, including MMP-2/9 negative tissues such as muscle and heart (p<0.01). 177Lu/125I-ACPP administration demonstrated that the 
higher tissue uptake of ACPP results from uptake of its activated form (Fig. A). Next, the biodistribution of the positive control 177Lu-CPP 
showed no significantly different tumor-to-tissue ratios compared to 177Lu-ACPP (Fig. B, p>0.05).   CONCLUSIONS: These data[3] 
demonstrate that while in vivo activation of the MMP-2/9 sensitive ACPP results in strongly enhanced tissue retention of the activated 
peptide, the tumor retention of the ACPP is most likely caused by activation in the vascular compartment rather than in the tumor tissue 
as has been suggested earlier[1,2]. More selective systems are required to unleash the full potential of the elegant ACPP concept for 
tumor-specific delivery of diagnostic and/or therapeutic cargoes in vivo.   ACKNOWLEDGEMENTS: This research was supported by 
the Center for Translational Molecular Medicine and the Netherlands Heart Foundation (TRIUMPH).   REFERENCES: [1] Jiang et al. 
PNAS 2004;51:17867-72 [2] Olson et al. Integr Biol 2009;1:382-93 [3] van Duijnhoven et al. J Nucl Med 2011;52:279-86 
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In vivo transfection of human Chronic Lymphocytic Leukemia (CLL) B cells using Microbubble 
aided Sonoporation 
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Introduction: CLL patients typically develop progressive immune deficiency, which impairs their immune response to vaccines. One of 
the implicated abnormal immune functions is the loss of the antigen presenting CD40 ligand (CD154) on the malignant B-cells. Early 
clinical results using gene therapy to reintroduce CD154 that requires ex-vivo transfection of malignant B-cells with an adenovirus 
showed great promise. We aimed to develop a microbubble (MB) aided ultrasound gene therapy approach to treat CLL in vivo to not 
only eliminate the virus but also avoid the complexity of ex-vivo transfection and allow the general use of this therapy. Materials and 
methods: The sulfhydryl groups on the anti-ROR1 antibodies were activated by traut's reagent and incorporated into lipid shell of MBs 
composed with DSPC, DSTAP and DSPE-PEG2000-Maleimide. ROR1 targeted or non-targeted MBs were then loaded with a GFP-
luciferase gene construct. Six to eight week old female BALB/c RAG-/-/γc-/- mice were obtained from Dr. Catriona Jamieson (University 
of California, San Diego) and housed in laminar-flow cabinets under specific pathogen-free conditions and fed ad libitum. All 
experiments were approved by IACUC and conducted in accordance with the guidelines of the National Institutes of Health for the care 
and use of laboratory animals. Following isoflurane anesthesia, 10^7 freshly acquired human CLL B cells suspended in medium were 
given either IV in 150µL or IP in 500µL. A few minutes later the CLL B-cells were chased with either targeted or non-target MBs IV or 
IP. 10 min later ultrasound was applied at 2w/cm2 and 50% duty cycle for 90 seconds over the abdomen. 48 hours later mice were re-
anesthetized and injected with luciferin (150 mg/kg) IP and imaged 10 minutes later with an IVIS 200 system (Xenogen, Alameda, CA). 
The total photon flux emission (photons/s) from the region of interest (ROI) covering the entire abdomen was analyzed with Living 
ImageTM software (Caliper Life Science, Hopkinton, MA). Animals were then killed and fluorescent microscopy performed on peritoneal 
fluid, blood or lysates of liver, spleen and bone marrow to detect GFP expression. Co-localization of the GFP signal was assessed with 
CD5 and CD19 positive cells. Results and Conclusions: CLL B cells were successfully transfected in vivo based on optical imaging. The 
CLL B cells harvested from bone marrow, spleen and whole blood confirmed the results from in vivo optical imaging. 
Acknowledgements: The study was supported by NIH ICMIC P50 CA128346 and in part by PO1-CA081534 and a Specialized Centers 
of Research grant (to T.J.K.) from the Leukemia and Lymphoma Society of America. 
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Introduction: Chronic lymphocytic leukemia (CLL) is the most common leukemia in adults in the western world. Early clinical results 
using gene therapy that requires ex-vivo transfection of malignant B-cells with an adenovirus showed great promise. This study 
addresses the limitation of viral transfection ex-vivo that complicates the GMP FDA-regulated procedure and the low transfection 
efficiency that requires high viral titers increasing risk in these debilitated patients. Materials and methods: ROR-1 that is uniquely 
expressed on malignant B-cells was used to target DNA-carrying microbubbles (MBs) to promote ultrasound-mediated transfection. We 
used the pEGFP-N1 plasmid that is expressed with a CMV promoter to assess transfection. Plasmid DNA was purified using the 
Qiagen EndoFree Plasmid Mega Kit with inclusion of a 10% Triton X-114 (Sigma) extraction step before application of the bacterial 
lysate onto the column. The sulfhydryl groups of anti-ROR1 antibodies were activated using traut's reagent and attached to the MB 
shell composed of DSPC, DSTAP and DSPE-PEG2000-Maleimide via maleimide chemistry. Free antibodies were removed by 
washing. The positively-charged MBs either plain or loaded with the anti-ROR1 antibody were incubated with the EGFP-N1 construct 
and the free DNA removed by washed. Blood samples were collected from CLL patients after written, informed consent. Mononuclear 
cells were isolated using Ficoll-Hypaque separation and were suspended in HBSS for use. Cell viability assessed by exclusion of 
propidium iodide (PI) was 85%. MB targeting sensitivity and specificity for CLL cells was assess in vitro using targeted and non-targeted 
MBs mixed with fresh patient blood containing high malignant B-cell titer. The association of MBs with cells staining positive or negative 
for CD5 and CD19 was determined. Patient blood mixed with targeted or non-targeted DNA-carrying MBs were treated with ultrasound 
at 2w/cm2and 50% duty cycle using a sonoporation device. GFP expression and cell viability (propidium iodide exclusion) were 
assessed by flow cytometry. Cells expressing GFP were assessed for the presence of CD5 and CD19 to determine the sensitivity and 
specificity of transfection. Results and Conclusions: Although primary malignant B lymphocytes are notoriously resistant to most gene 
transfer techniques, we achieved a high transfection efficiency (approximately 90%) cell viability (approximately 80%) and specificity as 
only CD5 and CD19 positive cells expressed GFP. Transfection was only observed when ROR-1 targeted MBs were used. This 
strategy makes it possible to use MBs to transfect malignant B-cell rather than viruses to not only improve tansfection efficiency, but 
also eliminate the need for viruses, simplify the technique, and decrease cost. 

Disclosure of author financial interest or relationships: 
W. Cui, None; S. Zhang, None; R.F. Mattrey, None; T.J. Kipps, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S247



Presentation Number P260 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 
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skeletal muscle of mice. 
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USA. Contact e-mail: stavri@ucsd.edu 

Purpose: Ultrasound (US) mediated gene delivery (USMG) has the advantage of being targeted and safe as compared to viral-based 
gene therapy strategies. Current USMG strategies are limited as microbubbles (MBs) are restricted to the intravascular compartment. 
Our goal was to load neuroprogenitor cells with DNA carrying microbubbles (dMBs) and then transfect these cells in vivo using US. 
Materials and Methods: IFP-IRES-GFP, a combination construct with 2 reporter genes viz. IFP (ex/em: 684/705nm) and GFP, was 
provided by Tsien Lab (UCSD). It was amplified by standard technique and then the DNA was loaded on to positively charged MBs 
(dMBs). C17.2 cells, a Beta-galactosidase expressing neuroprogenitor cell line provided by Evan Snyder, MD/PhD (UCSD/Burnham 
Institute), were incubated with dMBs overnight at 37oC. Degree of dMB labeling and cell viability by dye exclusion was assessed. For in 
vivo transfection studies, 16 tibialis anterior muscles (TA) from 8 mice were studied by intramuscular injection of labeled cells or dMBs 
+/- sonoporation (1MHz, 1-2W/cm2, 60sec exposure, 50% duty cycle) as divided into the following groups: A) 40,000 dMB labeled cells 
and sonoporation (n=7); B) dMBs and sonoporation (n=3); C) 40,000 dMB labeled cells only (n=3); D) Sonoporation only (n=2); and E) 
no intervention (n=1). If sonoporation was applied to the TA muscle, it was performed 2 hrs after the intramuscular injection. Mice were 
sacrificed 36hrs after sonoporation and IFP expression was detected with ex vivo optical imaging of all TA’s using a Cy5.5 filter. All TA 
specimens were frozen and cryosections were immunostained to detect Beta-galactosidase expressing C17.2 cells and detect GFP 
expression by fluorescence microscopy. Results: Cell viability after MB loading was >90%. Each cell contained 2-3 MBs on average on 
bright field microscopy. Ex vivo optical imaging of TA muscles demonstrated maximum IFP fluorescence in group A where dMB labeled 
cells were sonoporated. Fluorescence of group A was more than group B(dMBs + sonoporation, no cells) and group C(dMB labeled 
cells, no sonoporation). Group D(sonoporation alone, no cells, no dMBs) showed minimal fluorescence and E was considered as 
baseline autofluorescence. Histology confirmed the presence of C17.2 cells in group A and C and GFP expression correlated with ex 
vivo imaging findings. Conclusion: We demonstrate ultrasound mediated in vivo transfection of neuroprogenitor cells in skeletal 
muscle of mice. We also demonstrate that reporter gene expression was better with dMB labeled cells as compared to equivalent 
number of dMBs alone. Additionally, we showed that sonoporation increases gene expression. Significance: Our results lay the 
foundation to allow for ultrasound mediated extravascular delivery of gene therapy by using targeted cell based therapy. 
Acknowledgements: The study was supported by RSNA R&E Foundation Resident Research Grant RR1019 and in part by ICMIC 
P50 CA128346. 
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Serge Muyldermans6, Tony Lahoutte1,5, Alexander L. Klibanov2, Nick Devoogdt1, 1Cellular and Molecular Imaging, Vrije Universiteit 
Brussel, Brussels, Belgium; 2Cardiovascular Division, University of Virginia, School of Medecine, Charlottesville, VA, USA; 3Cardiology, 
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Background: Microbubbles (µBs) bearing antibodies or ligands on their surface are used for molecular imaging with diagnostic 
ultrasound as they are able to recognize and bind specifically a molecule of interest located within the vasculature. The camelidae-
derived heavy chain antibody-fragments, called nanobodies, are a new class of molecular tracers, with a nanomolar affinity for their 
target and an easily tailoring. Therefore, we hypothesized that they are well-suited for the design of targeted µBs. Aim: Development 
and characterization of eGFP- and VCAM1-targeted µBs using biotinylated nanobodies. Methods and results: Anti-eGFP (cAbGFP4) or 
anti-VCAM1 (cAbVCAM1) nanobodies were first site-specifically biotinylated in bacteria. This metabolic biotinylation method yielded 
functional nanobodies with exactly 1 biotin located at the opposite site of the antigen-binding region. The biotinylated nanobodies were 
subsequently coupled to lipid µBs via streptavidin-biotin bridging chemistry. The ability of μB-cAbGFP4 to recognize eGFP was tested 
as proof-of-principle by fluorescent microscopy and confirmed the specific binding of eGFP to μB-cAbGFP4. Using flow cytometry and 
fluorescent spectrometry, we determined that a maximum of approximately 3x105 nanobodies per µB were coupled to the µB’s surface. 
Dynamic flow chamber studies were performed to demonstrate the ability of µB-cAbVCAM1-5 to bind VCAM1 antigen at different wall 
shear stress (ranging from 0.5 to 5 dynes/cm2). Adherence was detected either by fluorescence microscopy or ultrasound imaging. µB-
cAbVCAM1 were able to bind specifically their target under flow conditions up to at least 5 dynes/cm2, with the binding dependent on 
the applied wall shear stress. In vivo targeting studies were performed in MC38 tumor-bearing mice (n=3). 37.5 x 105 µB-cAbVCAM1 or 
control µB’s (µB-cAbGFP4) were injected intravenously and increase in pixel intensity in the tumor was measured at 10 min post-
injection using a contrast-specific imaging mode (‘cadence pulsed sequencing’) on a Sequoia, Siemens ultrasound device. µB-
cAbVCAM1 did show an increased signal enhancement compared to control bubbles (p<0.05) (figure 1), due to specific adherence to 
VCAM1 in the tumor’s vasculature. Presence of VCAM1 expression was confirmed histologically. Conclusions: Using a metabolic and 
site-specific biotinlyation of the nanobodies, an elegant method was described to develop nanobody-targeted µBs. The application of 
VCAM1-targeted µBs as new molecular ultrasound contrast agent was demonstrated both in vitro and in vivo. 
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Crohn’s disease (CD) is a disorder of chronic inflammation of the gastrointestinal tract (GI) attributed to genetic predisposition, bacteria 
and immune dysregulation. Therapy of CD could be enhanced by combining molecular imaging and molecularly targeted therapies. 
Current treatment regimes often require a combination of diverse pharmacological approaches that are not universally effective or safe. 
To explore the possibilities of coupling imaging and therapy, targeted microbubbles were developed that bind to MAdCAM-1 (MB-M) 
and VCAM-1 (MB-V), membrane markers of endothelial cell inflammation thought to be important in Crohn’s Disease. A flow chamber 
assay was performed to validate MB-V and MB-M binding to SV-LEC cell monolayers expressing VCAM-1 and MAdCAM-1. Targeted 
plasmid-bearing MB-V and MB-M were injected intravenously into TNF∆ARE mice, a model that recapitulates features of CD, to test for 
in vivo binding specificity to MAdCAM-1 and VCAM-1. Targeted imaging was validated with a diagnostic ultrasound (US) system 
(Sequoia 512, Siemens) in ex vivo and in vivo experiments, suggesting that VCAM-1 may be an important marker of advanced Crohn’s 
Disease. In addition, we demonstrated functional gene expression of luciferase in the gut tissue following retro-orbital injection of 
luciferase plasmid-bearing MB-V or MB-M and subsequent activation using a 1 MHz transducer. Targeted transfection of the gut 
microcirculation may be a novel treatment strategy to ameliorate CD that minimizes systemic side effects while maximizing the local 
therapeutic effect. 
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While there is an increasing role of ultrasound (US) for breast cancer screening, in particular in young patients with dense breast tissue, 
conventional morphological-anatomical US lacks sensitivity and specificity for early breast cancer detection. Targeted contrast-
enhanced (molecular) US imaging is an emerging tool for the detection and quantification of tumor angiogenesis which is a hallmark of 
early cancer. The goal of our study was to assess the potential of molecular US imaging using novel, clinically-translatable human 
kinase insert domain receptor (KDR)-targeted microbubbles (KDR-MBs) for assessment of breast tissue progression to early breast 
cancer in transgenic mice (FVB/N Tg (MMTV/ PyMT634Mul). In mice carrying the (MMTV/PyMT) transgene, breast cancer progression 
occurs through various histological stages, similar to disease progression in patients, including hyperplasia, adenoma/mammary 
intraepithelial neoplasia, ductal carcinoma in situ, and invasive carcinoma. Mice have 10 mammary glands and breast cancer can 
develop independently at different time points in the different glands in those transgenic mice. Beginning at age 4 weeks, the 
progression of tumor angiogenesis from normal mammary tissue to breast cancer was longitudinally examined weekly with molecular 
US imaging using KDR-MBs in all 10 mammary glands of 17 transgenic mice (a total of 170 mammary glands were examined) and in 8 
age-matched control litter mates (a total of 80 mammary glands were examined). In vivo US imaging was performed in the non-linear 
mode using a 25 MHz transducer on a dedicated small-animal US imaging system (Vevo 2100). In vivo imaging signal was 
quantitatively correlated with ex vivo expression levels of KDR as assessed by quantitative immunofluorescence and with histology on 
H&E stains. There was a significant (p<0.03) increase of in vivo imaging signal on KDR-targeted molecular US images when breast 
tissue progressed over time from normal tissue (3.8 ± 2.2 a.u.) through the different precursor stages to breast cancer (34.8 ± 11.8 a.u.) 
in transgenic mice. Imaging signal was highest in breast cancer and highly correlated with ex vivo KDR expression levels in breast 
tissue (R2=0.8; p<0.01) as assessed by quantitative immunofluorescence. Also, increasing US imaging signal significantly correlated 
with progression of breast tissue from normal to breast cancer (R2=0.63; p<0.03). In contrast, imaging signal obtained from breast 
tissue in control littermates did not significantly (P=0.16) change over time. In conclusion, our results suggest that molecular US using 
KDR-MBs allows non-invasive in vivo assessment of breast tissue progression from normal to breast cancer in this transgenic mouse 
model. Imaging tumor angiogenesis in early breast cancer may help improve diagnostic accuracy of US in early breast cancer detection 
in future clinical trials. 
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Purpose: Inflammatory bowel disease (IBD) including Crohn’s disease and ulcerative colitis is characterized by extensive inflammatory 
changes in the bowel wall and primarily affects young patients. Due to multiple relapses and side effects with long-term immunotherapy, 
regular and accurate monitoring IBD is crucial. Noninvasive targeted contrast-enhanced (molecular) ultrasound (US) may be useful for 
quantitative monitoring of IBD especially in young patients. In this preliminary study, we evaluated the correlation of molecular US 
signal using contrast microbubbles targeted at the inflammation marker P-selectin (MBP-selectin) with a well-established molecular 
imaging modality, [F-18]fluoro-deoxy-glucose positron emission tomography (18F-FDG-PET) regarding quantification of inflammation in 
a chemically-induced colitis model in mice. Methods: Colitis was induced in 4 male BALBc mice (6-8 weeks old) by rectal injection of 
100μl of 2.4.6-trinitrobenzenesulfonic acid (TNBS; 2.5 mg in 50% ethanol). Saline was used for another 4 control mice. After 2 days, 
molecular US using MBP-selectin of 5×107 via i.v. injection was performed in the non-linear contrast mode using dedicated small animal 
US equipment (Vevo 2100; VisualSonics, Toronto, Canada). Images were acquired at a high spatial resolution (lateral and axial 
resolution of 165μm and 75μm respectively; focal length, 8mm; transmit power, 10%; mechanical index, 0.2; dynamic range, 35dB) 
using a dedicated transducer (MS250; center frequency of 21MHz). Four minutes after MB injection, 120 frames were acquired, 
followed by a destruction pulse (transmit power, 100%; mechanical index, 0.63 to destroy all MBs in the field-of-view). After the pulse, 
another 120 frames were acquired to capture the influx of freely circulating MBs. Micro-computed tomography (eXplore RS; GE Medical 
Systems, Waukesha, WI) was performed and further co-registered with 18F-FDG-PET (200µCi FDG injected per mouse; 10-min static 
scan at 1 hour after the injection; Concorde Microsystems µPET rodent R4; Siemens Healthcare, Malvern, PA). US imaging signal was 
expressed in decibel (dB) and FDG uptake in percentage of the injected dose per gram (%ID/g). Results: Molecular US imaging signal 
was significantly higher (P=0.046) in colitis (11.8±7.8dB) than control group (3.0±2.9dB). Similarly, FDG uptake was higher in colitis 
(17.1±15.0%ID/g) than control group (5.2±4.5%ID/g). Molecular US imaging signal highly correlated with FDG uptake (Pearson's 
correlation coefficient R2=0.93; P<0.001). Ex vivo immunofluorescence confirmed overexpression of P-selectin on vascular endothelial 
cells in the submucosa of inflamed colon, whereas there was only background P-selectin expression in normal colon. Conclusions: 
Molecular US with MBP-selectin allowed quantification of P-selectin expression in a chemically-induced murine colitis model. Our 
preliminary study suggested that molecular US imaging signal correlated well with 18F-FDG-PET. Since US is widely available, relatively 
inexpensive, and does not involve irradiation, molecular US is a promising tool for objective quantification of extent of inflammation in 
IBD. 

 

Figure. Transverse US images of the colon in a mouse with colitis in B-mode and contrast-mode following the intravenous injection of MBP-selectin (A). 
Note strong signal in the bowel wall from MBP-selectin attached to the inflammation marker P-selectin. Scatter plot shows strong correlation of US imaging 

signal with 18F-FDG PET signal (B). 
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Small Silica Particles are an Alternative to Microbubbles for Ultrasound Tracking of Stem Cells 
in vivo 
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Small silica particles (200 nm) were found to have strong ultrasound signal (B) versus water control (A) in agarose phantoms. Uptake of these particles 
by mesenchymal stem cells (MSCs) was monitored by a fluorophore embedded within the particle. Panel C is MSCs without particles and D shows red 

signal (green arrows) indicative of particles. Cellular uptake of particles was confirmed with electron microscopy (red arrows E, F). The increased 
echogenicity of particle-labeled cells was confirmed with tissue-mimicking phantoms. Matrigel plugs containing 250,000 cells either particle-free (G) or 

particle-labeled (H) were placed subcutaneously in mice. The labeled plugs were nearly two-fold brighter in B-mode imaging and significant at p > 0.01. 
These results suggest silica particles can be useful to monitor MSC implantation and fate and are an important alternative to micron-sized microbubbles. 
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Regenerative medicine has yet to be completely realized in part because of insufficient imaging modalities to track the location(s), 
number, and differentiation of implanted stem cells. Ultrasound (US) is an especially promising technology due to its broad access, high 
resolution, low cost, and depth penetration. Unlike PET and MRI, US facilitates the real-time guidance of stem cell implantation in 
cardiac and abdominal applications. Unfortunately, US is challenged by a lack of effective imaging probes. Although microbubbles have 
been used for vascular applications, their large size prevents routine cell labeling, which is limited to the cell exterior. Here we report 
nanometer-scale, fluorescent, silica nanoparticles as an US contrast agent and use them to image mesenchymal stem cells (MSCs) in 
animal subjects. These probes offers intense, stable, and multimodal signal in both B-mode and contrast mode with biodegradable 
byproducts. Water (Panel A) and particles between 150 and 625 nm (B) were imaged in agarose at 40 and 16 MHz using B-mode. 
Those near 200 and 500 nm were optimal at 40 MHz, while 300 nm particles had the highest signal at 16 MHz. To test the ability of 
cells to uptake particles, 200 and 490 nm particles were incubated with 250,000 adherent MSCs at 25 - 1500 µg/mL for 8 hours, 
washed with PBS, and detached from the plate. Cell uptake was confirmed with fluorescence microscopy via a fluorophore embedded 
in the silica (green arrow, C) and TEM (D and E). (Panel B is unlabeled cells). We also used flow cytometry to monitor uptake and 
observed that the 200 nm particles gave nearly 5-fold greater signal than the 490 nm particles. Modification of surface charge via 
amino- (APTMS) and mercapto-propyl trimethoxysilane (MPTMS) resulted in 20-fold higher uptake for the MPTMS coated particles 
(zeta = - 50 mV) versus the APTMS particles (zeta = -10 mV). Flow cytometry indicated a dose response curve with little saturation up 
to 1500 µg/mL and R2 = 0.99. There was no measureable cell toxicity up to 1000 µg/mL of silica as measured by MTT assay, although 
cell proliferation was decreased by 30% at this dose. Next, 100,000 MSCs loaded with 1000 µg/mL particles (and then washed) or 
particle free-MSCs were loaded into an agarose phantom. The particle-loaded cells had signal that was 17.6 and 50.3% higher in B-
mode than unloaded control cells at 40 MHz and 16 MHz, respectively. The difference was significant at p < 0.001. Finally, to model in 
vivo MSCs tracking, matrigel plugs (n = 3) of 250,000 cells with (1000 µg/mL, 8 hours, 3X wash) or without silica were injected 
subcutaneously into a mouse and imaged 24 hours after injection. The unlabeled cells (green dash, G) were easily discriminated from 
the labeled cells (green dash, H) at both 16 MHz and 40 MHz. B-mode signal in the labeled cells was nearly two-fold higher in this 
experiment than unlabeled cells and was significant at p < 0.01. This is the first demonstration of in vivo cell tracking with microbubble-
free US and suggests many other applications previously impossible with micron-sized bubbles may now be realized. 
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Targeted microbubble ultrasound contrast agents hold great potential for imaging and drug delivery to regions of inflammation, such as 
atherosclerotic plaques. The local flow environment is important in vascular targeting, but the role of hemodynamic parameters is not 
fully understood. The observation that in vitro targeting of antibody-conjugated microbubbles occurs only at low wall shear stresses 
(WSS < 1.5 dyne/cm2), while in vivo binding is supported at higher WSS (~ 15 dyne/cm2) highlights a gap in our understanding of the 
targeting process. In vitro flow assays are usually conducted without red blood cells (RBCs). We have previously demonstrated using 
fluorescent microscopy that at shear stresses > 3dyne/cm2, targeting efficacy of biotinylated microbubbles increases by at least an 
order of magnitude when RBCs are present at physiological hematocrit. This has crucial implications for optimizing the ligand 
concentration on targeting agents. Our current study is devoted to studying the role of RBCs in microbubble targeting for different 
surface ligand concentrations. We assessed microbubble binding in a parallel-plate flow chamber using ultrasound imaging (Suppl. fig. 
1). Biotinylated lipid-shelled microbubbles were targeted to streptavidin-coated surface. Microbubbles were prepared with 0.2 and 0.05 
mol. % biotinylated material on the surface. For the microbubble size used in the study (diameter ~ 1.7 μm), this corresponds to about 
4000 and 1000 biotin molecules/μm2, respectively. For comparison, our earlier work with microscopy used microbubbles with surface 
density of 20000/μm2. The flow chamber was used in the upright configuration, so that buoyancy aided bubble binding to the reactive 
surface. Shear stresses from 3 to 6 dyne/cm2 were tested. For image analysis, a region-of-interest (ROI) was selected, the images 
were thresholded and the fractional area coverage within the ROI was used to assess bubble accumulation. For surface density of 
4000/μm2, microbubble binding was significantly higher in the presence of RBCs for 3 and 6 dyne/cm2 as compared to plain buffer 
(PBS), with a 30% increase observed in the case of 6 dyne/cm2 (Suppl. fig. 2). This effect was either absent or reversed at the lower 
surface density of 1000/μm2. At 6 dyne/cm2, bubble accumulation in the presence of RBCs was less than half of that observed in PBS. 
At lower shear stresses, we did not detect any significant difference in binding when RBCs were present as compared to PBS (Suppl. 
fig. 3). These results suggest that for the purpose of binding, there exists a ligand density threshold above which the role of RBCs is 
that of enhancing binding and below which their presence impedes targeting. This is likely due to the net effect of tangential (anti-
adhesion) and normal forces (pro-adhesion) that act on the microbubbles due to RBC collisions (Suppl. fig. 4). At higher concentrations, 
the normal forces aid the formation of enough bonds to overcome the tangential forces, but at lower densities these are insufficient. 
Elucidating the multifaceted interaction of RBCs with targeting agents would aid in the development of microbubbles optimized for 
physiological targeting. 
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Background - Microbubbles (MB), comprising shell stabilized gas bubbles less than 10µm in diameter, are widely used as ultrasound 
contrast agents (UCA). Numerous studies have shown their potential for assessing perfusion in various organs as well as their potential 
as drug delivery vehicles. Despite a variety of shell materials and the use of low solubility gasses, MBs have a limited half life in vivo 
due to dissolution of the gas core and filtration by the liver and lungs. As a result, high concentrations of MBs need to be injected to 
ensure an adequate number reach the desired target. The vasculature has billions of potential UCAs in circulation. Approximately the 
same size as MBs, red blood cells (RBC) have the potential to be converted into UCAs. RBCs have a longer lifespan and are inherently 
biocompatible, but are acoustically transparent at low frequencies. By introducing MBs into the cytoplasm, RBCs gain acoustic contrast 
and can potentially be used as UCAs. Methods - Microbubble loaded red blood cell ghosts (MB-ghosts) were produced using a hypo-
osmotic lysis method. Briefly, fresh canine blood was collected by venipuncture into tubes containing EDTA. The whole blood was 
washed and the supernatant removed. The resulting packed RBCs were incubated in a hypotonic solution with lipid shelled MBs 
containing a fluorescent marker (DiI) in the membrane. After lysis, the MB-ghosts were washed in an isotonic solution and the 
supernatant containing free MBs was removed. The MB-ghosts were imaged using phase contrast and fluorescent microscopy to 
determine the location of the MBs inside the ghosts. Control red blood cell ghosts (ghosts) were made in a similar manner except MBs 
were not added. MBs, ghosts, or MB-ghosts were placed at the focus of a 2.25 MHz focused ultrasound transducer (Panametrics 
M306) using a custom microscopy apparatus. Acoustic responses of each were captured using a computer controlled pulser/receiver 
(Panametrics 5900PR), averaged (n = 5000) and the background acoustic signal was subtracted. Results - DiI fluorescence images 
overlaid on phase contrast images of MB-ghosts confirmed the loading of MBs inside RBC ghosts, (Fig 1a). Four sub-types of MB-
ghosts were observed: No MBs (top), MB within the cytoplasm (second), MB attached to the inner membrane (third), and MB attached 
to the outer membrane (bottom). An acoustic signal was apparent from both MBs and MB-ghosts but not control ghosts. The acoustic 
signal of MB-ghosts was nine times larger than that of control ghosts, (Fig 1b). Discussion - We have shown that a MB can be 
successfully loaded within a RBC and that loading does not eliminate acoustic contrast. While the acoustic response from MB-ghosts 
was approximately half that of the free MBs, this may be due to a greater number of free MBs in the acoustic focal plane or possibly 
shielding by the RBC ghost membrane. This is consistent with previous studies that show that phagocytosed microbubbles require 
higher pressures for destruction. Given the capability and durability of ghosts as drug delivery vehicles, MB-ghosts have the potential to 
be robust multi-functional contrast agents. 

 

Figure 1: A) Four sub-types of MB-ghosts: no MB, MB within cytoplasm, MB attached to inner membrane, and MB attached to outer membrane (top to 
bottom respectively). B) Acoustic response from MBs, control ghosts, and MB-ghosts. The acoustic signal of MB-ghosts is nine times larger than that of 

control ghosts. 
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Triple-targeted US Contrast Agents in Tumor Vasculature 

Jason M. Warram1, Anna Goblirsch Sorace2, Reshu Saini2, Heidi R. Umphrey1, Kurt R. Zinn1, Kenneth Hoyt1,2, 1Radiology, University 
of Alabama at Birmingham, Birmingham, AL, USA; 2Biomedical Engineering, University of Alabama at Birmingham, Birmingham, AL, 
USA. Contact e-mail: mojack@uab.edu 

Objective: Actively targeting ultrasound contrast agents to tumor vasculature improves contrast-enhanced ultrasonography (CEUS) of 
tumor angiogenesis. This report summarizes an evaluation of multi-targeted microbubbles (MBs), comparing single, dual, and triple-
targeted motifs. Methods: MBs were avidin/biotin linked to antibodies against mouse αVβ3 integrin, P-selectin, and VEGFR2. These 
receptors are constitutively over-expressed in tumor vasculature. Binding comparisons between targeted MB groups were evaluated on 
mouse angiosarcoma (SRV) endothelial cells. Levels of the targeted receptors were characterized with flow cytometry. Targeted MB 
groups were administered to MDA-MB-231 breast cancer tumor bearing mice (n=3) followed by CEUS with a MB-sensitive harmonic 
imaging mode implemented on a SONIX RP research scanner (Ultrasonix Medical Corp., Richmond, BC, Canada) equipped with a 
L12-5 linear array transducer (5 MHz transmit, 10 MHz receive) to evaluate differences in MB accumulation in the tumor vasculature. 
Results: In vitro analysis showed a 50% increase (P<0.001) in triple-targeted MB binding over dual-targeted MB groups in mouse SRV 
cells. Mice bearing MDA-MB-231 tumors demonstrated a 40% increase in tumor image intensity following dosing with triple-targeted 
MBs, compared with single- or dual-targeted MBs (P=0.006). Histological staining confirmed the presence αVβ3 integrin, P-selectin, 
and VEGFR2 in the tumors. Conclusion: MB accumulation in the tumor vasculature was improved using a triple-targeted MB approach. 

Disclosure of author financial interest or relationships: 
J.M. Warram, None; A. Goblirsch Sorace, None; R. Saini, None; H.R. Umphrey, None; K.R. Zinn, None; K. Hoyt, None. 

  

S256 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P269 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Targeted Delivery of a Cancer-specific Adenovirus Using Microbubbles 
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Gene therapy of cancer using recombinant adenovirus (Ad) has yielded disappointing results primarily due to limited efficacy and safety 
issues. These problems have prompted the investigation of alternate delivery vehicles, such as ultrasound contrast agents, or 
microbubbles (MB), to permit safe and targeted delivery to cancer. One approach is the sonification and destruction of MBs at 
predetermined cancer sites to allow payload release; however, this method cannot be applied to detect unknown cancer locations. This 
limitation was overcome in the current study using a cancer-targeted MB to deliver a cancer-specific Ad to tumor without the need for 
sonification to release the Ad. The diagnostic, dual-reporter Ad, Ad5/3-Id1-SEAP-Id1-mCherry, was packaged using a lyophilized 
reconstitution method in MBs which were targeted to tumor endothelial receptors (αVβ3, P-selectin, and VEGFR2). Fluorescent 
confocal microscopy confirmed that fluorescently labeled Ad particles were packaged within MBs, and functional assays showed 4.72 ± 
0.2 PFU/MB. Human complement effectively inactivated unpackaged Ad particles. Targeted-packaged MBs were shown to adhere to 
the endothelial cell layer while non-targeted-packaged MBs were removed during wash steps. In vitro infectivity of Ad5/3-Id1-SEAP-Id1-
mCherry released from complement-inactivated, targeted-packaged MBs was equivalent to the unpackaged Ad for both the SEAP 
reporter amounts and mCherry fluorescent imaging. The targeted-packaged MBs containing Ad5/3-Id1-SEAP-Id1-mCherry were 
injected systemically in mice bearing MDA-MB-231 tumors (Grp 1, n=5), with two control groups (n=5/group; Grp 2, non-targeted 
packaged MBs; Grp 3, unpackaged Ad group). On day 2 the blood SEAP levels from Grp 1 (16.1 ng/mL ± 2.5) were significantly greater 
(P<0.05) than SEAP amounts from Grp 2 (9.75 ng/mL ± 1.5) and Grp 3 (4.26 ng/mL ± 2.5). The enhanced Ad delivery in Grp 1 was also 
confirmed by fluorescence imaging of the mCherry reporter in tumor. Payload delivery using targeted MBs, without the use of ultrasonic 
release, may lead to a widely applicable method for safe and effective systemic delivery of Ad for the purpose of cancer screening. 

 

Targeted microbubble delivery of a cancer-specific adenovirus for the purpose of breast cancer screening. 
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Novel Gas-Generating Calcium Carbonate Mineralized Nanoparticles for Ultrasound Imaging 
and Tumor Therapy 

Kyung Hyun Min1, Hyun Su Min2, Kwangmeyung Kim2, Ick Chan Kwon2, Seo Young Jeong1, Sang Cheon Lee3, 1Department of Life 
and Nanopharmaceutical Science, Kyung Hee University, Seoul, Republic of Korea; 2Center for Theragnosis, Biomedical Research 
Institute, Korea Institute of Science and Technology, Seoul, Republic of Korea; 3Department of Maxillofacial Biomedical Engineering, 
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Ultrasound (US) is a real-time and non-invasive imaging modality that is widely available to visualize anatomical structures of tissues 
and organs. Conventionally, gas-filled microparticles have been used as contrast agents for ultrasound imaging. However, these types 
of contrast agents have limitations particularly in tumor imaging, because they lack of prolonged circulating properties, which result in 
low permeation to tumor tissues. In this work, we have developed gas-generating mineralized nanoparticles (GGMNPs) that can 
generate nanobubbles for US imaging of tumors. Our major aim is to develop a gas-generating nanoparticle for US agent based on 
natural CaCO3 minerals. The working principle involves the internalization of echogenic GGMNPs in tumor cells and the subsequent 
generation of nanobubbles for US imaging. The uniqueness of our system is not to require the encapsulation of gas on particle. The 
GGMNPs are designed to dissociate in acidic pH to form carbon dioxide (CO2) nanobubbles, followed by expansion or coalescence of 
nanobubbles into microbubbles. To form stable GGMNPs, the block copolymer (poly(ethylene glycol)-poly(L-aspartic acid)) (PEG-PAsp) 
was added during the CaCO3 mineralization. The anionic PAsp block can act as a mineral nucleating/growth template and participated 
in the formation of the CaCO3 core. The PEG block formed the hydrated shell and can contribute to the prolonged circulation for 
extravasation and enhanced permeation and retention (EPR). EDS analysis showed that the GGMNPs predominantly contained Ca, C 
and O, which belong to CaCO3 minerals. We demonstrated the generation of CO2 bubbles from the GGMNPs in a specific cellular pH 
(endo/lysosomal pH). We also incorporated doxorubicin (DOX), within the CaCO3 core for tumor therapy. DOX-GGMNPs have a 
spherical morphology with a mean diameter of 240 nm in PBS solution (pH 7.4 at 37 °C). DOX-GGMNPs exhibited a distinguished pH-
dependant calcium dissolution and drug release profiles at different pH conditions (pH 7.4 and pH 4.5). These results represented that 
the CaCO3 mineral of DOX-GGMNPs would dissolve in an intracellular condition, thereby releasing DOX and also generating CO2. We 
performed in vitro US characterization of GGMNPs. US images of GGMNPs dispersions were significantly enhanced in lower pH 
condition. The contrast enhancement that arises from the GGMNPs dispersion in the cadence mode indicated that the presence of CO2 
was responsible for the resonation under a US field. To demonstrate US imaging of a tumor, we administered an intratumoral injection 
of the GGMNPs dispersion to tumor bearing nude mice and compared US images between pre- and post-injection. GGMNPs in 
endo/lysosomal pH conditions of tumor cells led to the generation of CO2 that can be visualized by US. To assess in vivo antitumor 
efficacy of DOX-GGMNPs, the tumor volume was monitored for tumor-bearing nude mice. The growth of tumors was remarkably 
inhibited, as compared with control groups, due to the stability of DOX-GGMNPs and EPR effect. In conclusion, these results 
demonstrate that our DOX-GGMNPs can serve as a novel US contrast agent for cancer therapy and imaging applications. 
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Towards a Contrast Concentration Independent Readout of Molecular Signals with Micro-
ultrasound 

Eva S. Chan1, John Sun2, F. Stuart Foster1, 1Medical Biophysics, Sunnybrook Health Sciences Centre and University of Toronto, 
Toronto, ON, Canada; 2VisualSonics Inc., Toronto, ON, Canada. Contact e-mail: stuart.foster@sunnybrook.ca 

The use of targeted ultrasound contrast agents (UCA) based on microbubbles for the detection of specific molecular signals has been 
established for many years. Yet the use of this remarkable capability has not found widespread application due, in part, to the fact that 
the quantitative relationship between detected signals and the actual target density has not been well established. In this presentation, 
the quantitative relationship between an important receptor (VEGFR-2)and UCA signals obtained in molecular imaging experiments is 
explored over a range of concentrations and tumour types. The objective of this work is to derive a quantitative means to evaluate 
molecular expression patterns. Hep3B human hepatocellular carcinoma (HCC), Lewis lung carcinoma (LLC) and 231/LM2-4 breast 
cancer cells were each implanted subcutaneously in mice, and evaluated in vivo with VEGFR-2 targeted UCA using a VisualSonics 
2100 high-frequency ultrasound imaging system. UCA wash-in curves were analyzed to extract signals proportional to tumour 
perfusion, blood volume, and targeted UCA VEGFR-2 binding for each contrast injection. Repeated injections (4) of the same 
concentration (2.04x108 MB/mL in 50 μL) were used in 231/LM2 2 tumors (n=5) to test the reproducibility of the ultrasound imaging. 
Next, four targeted UCA concentrations (1.02x109, 2.04x108, 1.02x108 and 1.02.x107 MB/mL in 50 μL) in three tumor models (n=5 
each) were tested to determine the effects on ultrasound imaging blood volume, perfusion and targeted UCA binding. A proposed 
normalization strategy in which the molecular signal is defined as the ratio of power from bound UCA to the blood volume as measured 
by peak power of UCA at wash-in. The rationale for this normalization is based on the hypothesis that receptor density is proportional to 
blood volume. Normalized and unnormalized contrast intensities for the 3 tumour types were compared with VEGFR 2 expression from 
immunohistochemical (IHC) staining. VEGFR 2 targeted UCA's showed significant injection-to-injection coefficients of variation that 
ranged from 10 to 46% in individual mice. All three tumour types exhibited a linear dependence between bound UCA power at t = 4 min 
and injected UCA concentration(R2> 0.99). Comparing between tumor models, the VEGFR-2 signal at the full concentration (1.02x109 
MB/mL) was lower for LLC (220±37) than Hep3B (607±101) and 231/LM2-4 (621±167) tumors. Normalization of these data as 
described above significantly reduced the UCA concentration - molecular signal correlation resulting in a UCA concentration 
independent measurement of the molecular signal. The high variability associated with tail vein injections of microbubble contrast 
agents illustrates the need for improved contrast delivery as well as better means to suppress contrast concentration dependent 
artifacts in molecular imaging with ultrasound. The proposed normalization strategy studied in this project represents a preliminary step 
towards accurate quantification of molecular markers such as VEGFR-2 in mouse. tumours. 
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Novel platelet-targeted microbubbles for non-invasive ultrasound molecular imaging of acute 
thrombosis and thrombolysis 
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Vascular Biology, Baker IDI Heart and Diabetes Institute, Melbourne, VIC, Australia; 2Department of Medicine, Monash University, 
Melbourne, VIC, Australia; 3Department for Cardiology and Angiology, University Hospital Freiburg, Freiburg, Germany. Contact e-mail: 
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Most acute cases of myocardial infarction and stroke are caused by atherothrombosis, when platelet adhesion, activation and 
aggregation, lead to thrombus formation and vessel occlusion. The glycoprotein (GP) IIb/IIIa complex is the most abundant receptor 
expressed on the platelet surface and mediates adhesion and aggregation. We hypothesized that contrast enhanced ultrasound with 
microbubbles selectively targeted to activated platelets would offer real-time as well as high resolution molecular imaging of evolving 
and dissolving arterial thrombi. Lipid-shell based air-filled microbubbles were conjugated to either a single-chain antibody (scFv) 
specific for activated GPIIb/IIIa (LIBS-MB), or a non-specific scFv (control-MB). Non-conjugated microbubbles (MB) were used as 
additional control. Flow-chamber experiments demonstrated strong adhesion of LIBS-MB to immobilized activated platelets compared 
with control-MB or MB (p<0.001). Similar results were obtained in flow chamber experiments using microthrombi (p<0.01). Microbubble 
adherence was tested in vivo in C57/Bl6 mice: Platelet-rich thrombi were induced in carotid arteries of mice by application of ferric 
chloride (6%, 3 min), before microbubbles were injected and then imaged by ultrasound. Greyscale values of the thrombus area was 
calculated, both before and 20 min after injection. There were no differences for thrombi injected with MB or control-MB but a significant 
increase was noted for the LIBS-MB injected animals (p<0.001). After thrombolysis with urokinase, CEU-imaging showed a significant 
reduction in thrombus size (p<0.001). Ultrasound assessment of thrombolysis without contrast enhancing administration of LIBS-MB 
made the evaluation of changes in the thrombus size difficult due to the lack of clarity of the thrombus area. This clearly shows the 
benefit of antibody-targeted microbubbles for in vivo imaging of thrombosis and thrombolysis. We are able to demonstrate that our 
targeted microbubbles specifically bind to activated platelets in vitro. The administration of targeted ultrasound contrast enhancing 
agents allows real-time molecular imaging of acute arterial thrombosis as well as monitoring of pharmacological thrombolysis in vivo. 
This non-invasive and cost effective imaging modality provides a unique opportunity to detect arterial (micro)thrombi with high 
resolution at an early stage allowing for early diagnosis and therapy, as well as the ability to identify failure or success of thrombolytic 
therapy. 

 

Ultrasound assessment of pharmacological thrombolysis. A) Imaging of thrombolysis with LIBS-MB provided clear images of thrombus, 
demonstrating that pharmacological thrombolysis with urokinase was successful. The size of thrombus in the control group, in which saline was 

administrated, remained the same. B) Imaging of thrombolysis without LIBS-MB showed a lack of clarity of the thrombus area, therefore evaluation of 
changes in the thrombus size were difficult. 
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Cone-beam computed tomography (CBCT)-based dosimetric guidance for adaptive volumetric 
modulated arc therapy (VMAT) 

Jianguo Qian, Lei Xing, Gary Luxton, Stanford University School of Medicine, Stanford, CA, USA. Contact e-mail: 
mxqian@stanford.edu 

Purpose: To develop and demonstrate a dose reconstruction protocol that can be readily, routinely applied in current clinical setting to 
evaluate the actual dose delivered to the patient in VMAT treatment and provide dosimetric guidance for adaptive radiation therapy 
(ART) Method and Materials: A Varian Trilogy system and Eclipse treatment planning system (TPS, ver. 8.9) were used for this study. 
The dose reconstruction protocol based on these systems included four steps: (1) Weekly dose verifications were scheduled; (2) For 
each verification, a CBCT was acquired immediately before the fractional treatment and the system’s delivery log files were retrieved 
after the treatment; (3) The fractional dose actually delivered to the patient was reconstructed by following this procedure: i) an up-to-
date patient model was built on the acquired CBCT; ii) Actual delivery parameters at each control point of the treatment plan including 
MLC leaf positions, gantry angles and cumulative monitor units (MUs) were extracted from the system’s log files; iii) A DICOM-
radiotherapy plan (RP) file was reconstituted using the extracted control-point parameters; iv) the resultant DICOM plan file was 
imported into Eclipse TPS and dose was calculated on the pre-treatment CBCT-based patient model; (4) The reconstructed and 
planned doses were compared using different dosimetric merits such as gamma index, dose profile and dose-volume histogram (DVH), 
etc. A Catphan-600 phantom was used to show the feasibility of using CBCT for dose calculation. Seven head and neck (H&N) patients 
were used to demonstrate the clinical practicability and efficacy of this dose reconstruction protocol and its potential application for 
ART. Results: The phantom study showed that the difference in electron density calibration curve between the CBCT and planning CT 
resulted in negligible discrepancy (~0.8%) in dose calculation, demonstrating the feasibility of using CBCT for dose reconstruction. The 
acquired results of two patients indicated that the Trilogy system faithful realized the VMAT plans with minimal dose inaccuracy (<1%) 
caused solely by machine errors. The DVH comparison showed a substantial difference (up to 6%) between the reconstructed and 
planned doses for a patient with considerable change in anatomy. Since the dosimetric effect of machine errors appeared minimal, this 
difference mainly reflected the dosimetric impact of changes in patient model including inter-fraction organ motion, anatomic change 
and patient setup errors. Using this dose reconstruction technique, we found that treatment re-planning effectively reduced the adverse 
dosimetric effects on the targets and organs at risk brought by the change of patient’s anatomy. Conclusion: The CBCT-based dose 
reconstruction protocol affords a clinical practical means for objective dose verification of VMAT treatments delivered to the patient and 
may provide dosimetric guidance for adaptive H&N VMAT in the future. 
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Tamoxifen increased killing efficiency of DR5 agonist TRA8 in Triple Negative (TN) cancer cell-
lines 

Samir Rana1, Hyunki Kim1,2, Kurt R. Zinn1,2, 1Department of Radiology, UAB, birmingham, AL, USA; 2Comprehensive Cancer Centre, 
UAB, birmingham, AL, USA. Contact e-mail: srana1@uab.edu 

Purpose: The purpose of the study was to image binding and distribution of Cy5.5-labeled anti-DR5 antibody (TRA8) in TN breast 
cancer cell-lines treated with TRA8±tamoxifen; and correlate the image intensity with the in-vitro cytotoxicity. Methods: Fluorescent 
Imaging: Cy5.5 was conjugated to anti-DR5 antibody (TRA-8) at a 3:1 molar ratio. Cy5.5-TRA8 (±tamoxifen @ 5nM) was incubated with 
two cell-lines, 2LMP and Sum159, at a concentration of 5μg/ml for 24 hours, and then imaged with a Leica DMIRE2 inverted 
microscope equipped with a Nuance camera. The distribution of Cy5.5-TRA8 was measured using ImageJ, and the best fitting 
Gaussian curve was found using LabVIEW software; the amplitude of the curve were retrieved. ATPlite assay: 2LMP and Sum159 were 
incubated for 24 hr with TRA8, tamoxifen (4nM), or TRA8±tamoxifen (4nM). The concentration of TRA8 ranged from 0-1 µg/ml. ATPlite 
Luminescence ATP detection assay system (PerkinElmer) was used to measure the ATP levels, and data were analyzed using vendor 
software. Results: Cy5.5-TRA8 formed cellular caps (oligomerization), and the distribution followed Gaussian curve in 2LMP (R2=0.93) 
and Sum159 (R2=0.85) cell-lines. The amplitude of the Cy5.5 fluorescence in 2LMP was increased from 71±10 in mono-treatment 
(Cy5.5-TRA8 @ 5μg/ml) to 84±11 in combined treatment (Cy5.5-TRA8 @ 5μg/ml + tamoxifen @ 5nM). Similarly, the amplitude of 
fluorescence in Sum159 was increased from 65±6 in mono-treatment (Cy5.5-TRA8 @ 5μg/ml) to 72±8 in combined treatment (Cy5.5-
TRA8 @ 5μg/ml + tamoxifen @ 5nM). 2LMP viability was reduced to 8.6±0.9% with TRA8 (1μg/ml) alone. TRA8+tamoxifen (4nM) 
further reduced the viability to 1.4±0.3%. Sum159 viability was reduced to 8.3±2% when treated with TRA8 (1μg/ml) alone, and 
0.49±0.03% when combined with tamoxifen (4nM). Conclusion: Tamoxifen appears to be a promising candidate to enhance targeted 
DR5 therapy with TRA8 as the combination treatment improved the cytotoxicity in the TN cell-lines. The increased cytotoxic effect by 
additional tamoxifen treatment was consistent with the increased fluorescent intensity of Cy5.5-TRA8, which may provide insight to the 
mechanism of DR5-mediated apoptosis induced by the combination therapy. 
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Radioisotope Occult Lesion Localization (ROLL) of Breast Lesions. Initial Clinical Experiences 
in a Specialized Breast Unit 
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Kandang Kerbau Hospital, Singapore, Singapore. Contact e-mail: andztan@yahoo.com.sg 

Introduction With the widespread introduction of breast screening initiatives, there has been significant increases in the detection of 
breast lesions that are non-palpable during breast examinations. Precise lesion localization allows the surgeon to better plan surgical 
entry, potentially influencing outcomes. Background The most commonly used technique for occult breast lesion localization is via wire 
localization, but known issues with wire localization techniques include local discomfort, wire migration and wire fractures. ROLL is 
based on the premise of placing a radioisotope marker inside the occult breast lesion under image guidance. With the use of a manual 
gamma probe, the surgeon is able to localize intraoperatively the tumor quickly and accurately. The potential benefits of ROLL include 
easy and precise occult lesion marking via imaging guidance, shorter times of surgery and anesthesia compared with traditional 
methods of localization, and decreased patient discomfort as compared with hook wire localization. Conclusion We present our initial 
experiences with ROLL at a specialized breast unit in Singapore, outlining and illustrating the logistics processes in setting up such a 
service and the clinical outcomes in our pilot series of patients. 
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Comparison of 64Cu liposomes and 18F-FDG in the 7,12-dimethylbenz[a]anthracene (DMBA) 
induced hamster buccal pouch model of oral squamous cell carcinoma (OSCC) 
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Introduction: While 18F-FDG is the gold standard radiotracer for staging of head and neck cancer, a high background tracer level in the 
regions of interest can reduce sensitivity to early lesions. Here, we compare imaging of 64Cu-liposomes with 18F-FDG to assess the 
potential for imaging and drug delivery. Oral Squamous Cell Carcinoma (OSCC) represents approximately 90% of all oral cancers and 
is often associated with poor prognosis due to late presentation, multiple primary tumors and local recurrence post intervention. Further, 
the toxicity of cisplatin treatment limits the dosing schedule for this treatment option. An effective liposomal cisplatin is now in clinical 
trials for other cancers and therefore estimation of accumulation is of value. Methods: We induced OSCC in the hamster model via the 
application of 20ul of 7,12 -dimethylbenz[a]anthracene (DMBA) to the hamster buccal pouch 3 times per week for 14 weeks (four 
groups of N=6 each group). Tumors develop in a similar fashion to carcinogenesis in human OSCC as the disease progresses through 
dysplasia, carcinoma in situ (CIS) and carcinoma. The hamsters (~155 grams in body weight) were imaged with microPET using 18F-
FDG for 30 minutes (30 minutes after injection) and were imaged 2 days later with 64Cu-liposomes for 30 minutes at 24 hours after 
injection. A pathologist blinded to the study provided histological grading of the lesions as well as the level of inflammation. Tumor-to-
background ratios (%ID/cc Tumor)/(%ID/cc cheekpouch) and tumor-to-background contrast (Max tumor-Mean background)/(Max 
tumor+Mean background) were calculated. Results: Tumors ranging from approximately 5-9 mm in diameter were imaged and received 
pathologic gradations of severe dysplasia, carcinoma in situ and squamous cell carcinoma. 64Cu-liposomal particle accumulation 
(%ID/cc and %ID/tumor) averaged across animals exceeded the accumulation of 18F-FDG in each case, where the accumulation of 
64Cu-liposomes was 3.4±5 %ID/cc and 3.0±0.6 %ID/tumor and the accumulation of 18F-FDG was 2.1±0.3 %ID/cc and 0.6±0.3 
%ID/tumor. For tumors graded as severe dysplasia, carcinoma in situ and squamous cell carcinoma, there was an average increase in 
accumulation of 58.5%, 58.4% and 36.2% respectively of 64Cu-liposomes compared to 18F-FDG. When comparing %ID per tumor for 
the same gradations, there was an average increase of 410.0%, 483.5% and 76.4%. The tumor-to-cheekpouch background ratio 
averaged across animals was 11.9±4.0 for 64Cu-liposomes and 6.0±4.3 for 18F-FDG, resulting in a contrast of 0.9±0.03 for 64Cu-
liposomes and 0.8±0.1 for 18F-FDG. Conclusion: Here we show that 64Cu-liposomes can improve the visualization of head and neck 
tumors by improving the image contrast and tumor-to-background ratio. In addition, we find that accumulation of liposomal particles in 
head and neck tumors induced within >150 gram hamsters averaged 3.4%ID/cc, demonstrating the potential for liposomal cisplatin 
therapeutic interventions. 

 

Top: micro PET projection image of a hamster injected with 18F-FDG 30 minutes after injection. Bottom: micro PET image of the same hamster injected 
with 64Cu- liposomes at 24 hours after injection (2 days after 18F-FDG ). Images were normalized to the heart muscle signal in 18F-FDG and the blood 
pool signal in 64Cu- liposomes for comparison. Also shown: Hematoxylin and Eosin (H&E) stained slides displaying histological results with images 

magnified for detail. Animals were euthanized after the 24 hour 64Cu- liposomes scan and cheek pouches were sent for histological stain and analysis. 
Animals received DMBA application on the right side cheek pouch only. The left cheek pouch served as internal control and displays normal epithelium. 
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Using non-invasive fluorescence imaging to assess tissue targeting strategies 
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The benefits of tissue or cell specific drug delivery can not only increase drug concentration at the target but also reduce off-target 
toxicity, and consequently alter PK. Fluorescent labeling of targeted molecules or biologics allows for non-invasive, real-time 
assessment of biodistribution using in vivo fluorescence imaging. In vivo imaging can then be used to look at the dynamics of tissue 
uptake and evaluate clearance and PK/PD effects. In this study, we evaluated two different tissue targeting strategies. First, we looked 
at the liver targeting abilities and dynamics of NIR-labeled HSA-galactose conjugates in nude mice. 4 female nu/nu mice were injected 
via tail IV with either 1 mg/kg 0 HSA-IR Dye (untargeted, 0 galactose molecules) or 18.3 HSA-IR Dye (targeted, 18.3 galactose 
molecules). Fluorescence imaging was done using a commercially available multispectral imaging system, and images were taken over 
the course of 24 h. Average fluorescence signal in liver was normalized to muscle to account for variability in injections and to better 
visualize signal dynamics. A 30-fold higher uptake of the targeted HSA was measured compared to the untargeted HSA. In evaluating 
the early signal dynamics, images were taken continuously for 45 minutes following injection and specific delivery of the HSA 
conjugates were visible in the liver, with little unspecific uptake in any other regions. The second strategy employed ICG labeled lipid 
nanoparticles. Lipid nanoparticles are used as a delivery vehicle due to their increase in circulating half-life and as a passive disease 
site-targeting for biologics (eg, siRNAs). A fluorescence imaging study was designed to look at the biodistribution of the ICG labeled 
LNP encapsulated siRNA when administered i.v. in tumor bearing mice. ICG signal was measured over the course of 24 h. Slower 
signal clearance measured from tumor when compared to other regions (liver, muscle). Fluorescence imaging provides a simple 
method for non-invasive evaluation of labeled conjugates targeting ability of specific tissue or cells. Using contrast enhanced dynamic 
imaging allows for real-time monitoring of changes in biodistribution and excretion. 
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Evidence-based embedded Image Guided Radiation Therapy Software: Clinical Feasibility 
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Purpose: To show clinical feasibility of an in-house radiation therapy image fusion software program capable of in-vivo validation of 
molecular biological target volumes (BTV) with integrated patient-specific histopathology. Methods: We previously published literature 
to show the clinical benefit of dose escalation to pathology validated BTV, in primary prostate cancer (CaP), using manual BTV transfer 
to a treatment planning system (TPS). We present here a case study showing the uses of a new in-house Universal Treatment Review 
System (UTRS) enabling automated transfer of DICOM compatible data and BTV to and from various commercial TPSs. Primary CaP 
case presentation: 63 y/o, with positive biopsy RT-base Gleason 7(4+3) 40%, PSA 4 ng/mL, T1cNxM0 Group IIA. Pretreatment 
capromab pendetide (ProstaScint, EUSA Pharma) SPECT/CT images were acquired, confirming the localized diagnosis and directly 
correlating RT-base tracer uptake (count ratio: 2.7). Tracer count ratios >2.5 are considered suspicious for malignancy. Possible occult 
RT-seminal vesicle (SV) extension was also reported (count ratio: 3.0). To aid image validation, our patented correlated histopathology 
and marker placement system (CHAMPS, ACSI) methodology was incorporated into the UTRS software. SPECT/CT gamma and 
contrast adjustments established a true-gamma level setting by matching the in-vivo tumor foci at the RT-base with pathology findings, 
thus demonstrating agreement with the RT-SV BTV. Planning and treatment IMRT CT scans were acquired. We imported all diagnostic 
and treatment images and in-vivo BTV data in UTRS to assure proper alignment and dose targeting during IMRT to 45 Gy to the 
prostate and SVs. Per protocol 2-weeks post-IMRT a seed implant boost was delivered to 100 Gy (Pd-103) to the prostate, plus 150% 
dose escalation targeted to both RT-base and RT-SV BTV. Isodose and images were automatically transferred from a commercial TPS 
to UTRS and compared for postop dosimetry CT to both BTV. Results: Comparison of the IMRT planning and diagnostic CTs with 
SPECT/CT in UTRS resulted in a required shift of 11 and 17 mm to align the therapy CT and SPECT/CT image sets, and enabled 
digital transfer of DICOM compatible contours and isodose curves from the commercial TPS. The use of UTRS increased confidence in 
the adequacy of dose coverage to all targets. Conclusions: Additional benefit may be gained by automatically correlating pathology to 
geometric locations using CHAMPS in UTRS, allowing multimodality image fusion and transfer of DICOM contours and isodose lines 
to/from commercial TPSs consistently across multiple imaging platforms: PET, SPECT, MRI, Ultrasound, and CT. UTRS has also been 
used to aid in the evaluation of new radiation therapy plans in previously treated patients by reconstructing the combined dose 
distributions from multiple modalities, such as Gamma Knife, Steriotactic Body Radiosurgery, and IMRT. Research benefit could also 
include in-vivo pathologic analysis of novel molecular image tracers through using CHAMPS. Additional research is warranted to 
demonstrate the clinical utility of UTRS embedded with CHAMPS for potential commercial distribution. 

 

1) Image fusion of radiation treatment planning CT for IMRT coregistered to SPECT Capromab Pendetide showing uptake in the right seminal vesicle. 
The yellow contour shows the 45 Gy isodose curve from the TPC, confirming coverage for Image Guided radiation. 
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Image-guided breast tumor combination therapy using doxorubicin and a small interfering 
RNA nanodrug 
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Chemoresistance is an issue, which has plagued tumor chemotherapy ever since its conception. RNA interference, with its ease of 
induction and superior knockdown efficiency, is a natural candidate for the genetic modification of tumor cells in order to enhance 
chemosensitivity. Indeed, the list of in vitro studies combining small interfering RNA (siRNA) and chemotherapy is long. It includes both 
validation of already established targets associated with tumor cell survival, proliferation, and metastasis. A common gene target whose 
silencing has been investigated extensively as a chemosensitizing tool and which is also the subject of this study, is birc5. Birc5 
encodes Survivin, which is a member of the inhibitor of apoptosis protein (IAP) family. It is highly expressed in most cancers and 
associated with chemotherapy resistance making anti-survivin therapy an attractive cancer treatment strategy. Here, we describe the 
design and testing of a combination treatment protocol involving doxorubicin and a siRNA nanodrug that silences birc5. Specifically, the 
nanodrug (MN-EPPT-siBIRC5) consists of superparamagnetic iron oxide nanoparticles (MN, for magnetic resonance imaging (MRI)), 
the Cy5.5 fluorescent dye (for near-infrared optical imaging), peptides (EPPT) that bind the tumor antigen uMUC-1, and a synthetic 
siRNA that targets birc5. In vitro, we find that low concentrations of doxorubicin are associated with induced survivin expression in 
human breast cancer cells, resulting in chemoresistance. Nanodrug-mediated inhibition of induced survivin expression significantly 
interferes with cell growth primarily by induction of apoptosis. In vivo, a combination therapy protocol is designed and applied in a nude 
mouse xenograft model of breast cancer. The animals are treated once a week over two weeks with a low dose of doxorubicin (2mg/kg 
vs. the routinely used 10mg/kg dose) in combination with either MN-EPPT-siBIRC5 or a scrambled siRNA control (MN-EPPT-siSCR). 
Breast tumor growth is quantitatively monitored by imaging (MRI) and caliper measurements. Molecular analysis of the phenotypic 
effects mediated by the combination therapy is carried out ex vivo and includes hematoxylin and eosin staining for necrosis, TUNEL 
assay for apoptosis, and analysis of RNA and protein expression by RT-PCR and Western blot. Our results reveal the induction of 
necrosis and apoptosis in the experimental group, which translates into a significant reduction in tumor growth (Figure). In summary, 
considering the disadvantages of standard chemotherapy, e.g. non-specific delivery, toxicity to healthy tissues, and the possibility for 
resistance to it, we envision a future in which chemotherapy is complemented by molecularly targeted therapies. The studies presented 
here have evolved in response to this vision and illustrate the promise of alternative nano-therapeutic approaches that target or emulate 
the tumor cell epigenome to effect a comprehensive therapeutic response. 

 
Figure. A) Optical imaging in breast tumor xenografts; B) Growth curve of tumors 
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MRI of Intracoronary Local Agent Delivery: Toward Molecular MRI-Guided Gene Therapy of In-
stent Restenosis 
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WA, USA; 2Radiology, Johns Hopkins University, Baltimore, MD, USA; 3Clinical Sites Research Program, Philips Research North 
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In-stent restenosis is still a serious complication of stent implantation in percutaneous coronary artery interventions. Even with drug-
eluting stents, the restenosis rate remains approximate 9%. Gene therapy is a promising method to inhibit in-stent restenosis. However, 
the transfection and expression of the intravenously-delivered genes in the coronary arterial walls are very low, which greatly impedes 
the progress of the gene therapy era. The purpose of this study was to develop a new technique, using molecular MRI to monitor the 
local agent delivery to the targeted coronary artery walls. This study was divided into two phases. For the in vitro experiment, we used 
vascular endothelial cells (ECs) and smooth muscle cells (SMCs) to determine the optimum dose of Motexafin Gadolinium (MGd), a 
dual functional intracellular T1 MR contrast agent/anti-atherosclerotic agent. The vascular cells were cultured in six-well plates. The 
cells in each well were exposed to solutions of 0, 5, 10, 25, 50 and 100-μM MGd, respectively, for 24 hours. Then the cells were 
washed with phosphate buffered saline to remove un-uptake MGd. In each of cell groups, five cells were randomly selected and imaged 
with a confocal microscope. Average signal intensity of MGd-emitted fluoresce was measured. For the ex vivo study, we placed a 
custom agent delivery balloon, 4 mm in diameter and 20 mm in length, into the left anterior descending (LAD) coronary arteries of three 
cadaveric pig hearts, which were positioned in a saline-filled plastic phantom. Then, we locally infused 2-ml 50-μM MGd, diluted with 
Trypan blue, into the coronary arterial walls under MRI guidance using a custom 15-cm surface coil. Axial spin echo T1-weighted MRI 
was performed pre- and post-infusion of MGd/blue mixture (500ms/8ms TR/TE). MR contrast-to-noise ratios (CNR) of the coronary 
arterial walls were measured. After MRI, the targeted coronary arteries were harvested for histologic correlation and confirmation. 
Cytological examination showed that red-colored fluorescence emitted by MGd was detected in the exposed vascular cells (Figure A-
C). Fluorescence signal intensities at different concentrations of MGd demonstrated that the maximal intensity was achieved with a 50-
μM concentration of MGd (Figure D). Axial T1-weighted MR imaging showed a significant enhancement of the coronary artery walls 
after the MGd/blue infusion (Figure G and H) in comparison to the control arterial walls with non-MGd/blue infusion (Figure E) or pre-
MGd/blue infusion (Figure F). The average CNR of the coronary arterial walls was higher for post-MGd/blue infusion than that for pre-
MGd/blue infusion (M). Histology detected trypan blue as blue-color deposits and MGd-emitted red fluorescence through the arterial 
walls, which were not seen in the control arterial walls (Figure I-L). This study initially demonstrates the possibility of using MRI to 
monitor the local agent delivery and distribution in the coronary arterial walls, which establishes groundwork to explore a new 
technique, in vivo molecular MRI-guided intracoronary local gene therapy of in-stent restenosis. 
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Integration of Bioluminescence Imaging with Small Animal Radiotherapy for Treatment 
Planning and Response Assessment 
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Purpose: To determine the capabilities of bioluminescent imaging (BLI) for planning and monitoring response for pre-clinical radiation 
therapy. Method and Materials: Four experimental subjects were studied: An IVIS XPM-2 luminescent phantom (Xenogen, Alameda, 
CA) with two LED sources, a SCID mouse with a subcutaneous luciferase-expressing teratoma, a nude mouse with an orthotopic 
luciferase-expressing A549 lung tumor, and a nude mouse with an orthotopic luciferase-expressing U87 brain tumor. BLI images were 
obtained both on a Xenogen IVIS 3D, for collecting images from multiple angles around the subject, and a Xenogen IVIS Spectrum BLI 
system for multi-spectral imaging. Using the 3D system, images were acquired at 0, 90, 180, and 270 degrees. Spectral images were 
collected at 560, 580, 600, 620, 640, and 660 nm along with a structured light surface image to allow for 3D source location 
reconstruction to be calculated in the Xenogen Living Image software. CT data was collected from each of the the subjects using an 
RS120 microCT scanner (GE Heath Care, Milwaukee, WI). The CT and BLI images were imported, registered, and analyzed in the 
RT_Image software package. Following BLI to CT image registration, the location of the maximum intensity of the BLI signal was 
located in the CT coordinate system. The full width at half maximum (FWHM) of the BLI signal was also measured in two dimensions to 
determine the treatment beam size. Treatment planning was conducted in RT_Image using max position and FWHM values obtained 
from each BLI imaging angle. Three targeting approaches were investigated: a simple beam's eye view at each BLI projection, a 
surface projection approach where the BLI signal was referenced to the CT surface normal, and a isocentric targeting approach based 
on the 3D reconstructed data. The distance to agreement (DTA) was calculated as the distance from the central axis of the beam to the 
known luminescent source location. Results: For the XPM-2 phantom, the DTA from the BEV treatment beam to the CT visible LED 
target was found to be 4.2, 9.5, 2.4 and 6.8 mm for 0, 90, 180, and 270 degrees respectively. Using the surface normal of the signal to 
direct the beams the DTAs went to 0.7, 10.5, 0.4 and 0.06 mm and with angles changing to 236.4, 291.1, 93.7, and 232.2 degrees. 
Finally, the 3D reconstructed source location offered an isocenter the was 3 mm away from the LED target. Conclusions: Using beam’s 
eye view BLI alone does not offer a precise targeting option for all situations. The surface geometry of the subject and depth of the 
luminescent source affects the photon propagation and thus how the signal is observed. Beam alignment based on the BEV alone 
without compensation for these factors, will likely result in mistargeting except for a few special cases where the surface is of the 
subject is flat and the luminescent source is close to that surface. The phantom results show that 3 out of 4 BEV targeting conditions 
could be improved by accounting for the surface geometry. In most other cases 3D BLI and surface projection targeting solutions are 
more robust for treatment planning. 

 
BEV targeting vs. Surface projection targeting 

 
Table 1. Compares the distance to agreement (DTA) from the treatment beam axis to the LED target for both 2D BLI BEV targeting and BLI surface 

projection targeting. In 3 our of 4 cases, using the surface projection method improves the targeting ability over 2D BEV BLI. 
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Tumor Shrinkage, Downregulation of in situ VEGF and K-Ras Expression, and Correlating 
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Colorectal cancer (CRC) is the second leading cause of cancer-related death in North America and Europe. Recent phase III clinical 
trials have failed to show efficacy of anti-EGFR drugs in patients with advanced CRC and revealed the presence of K-Ras mutations as 
a significant determinant of this failure. Vandetanib (ZD6474, AstraZeneca) is an inhibitor of VEGFR-TK and EGFR-TK signaling 
pathways involved in tumor angiogenesis, proliferation, and metastasis. In the present study, we investigated whether six daily 
treatments with vandetanib affected the growth of hypovascular LoVo tumor xenografts harboring K-Ras mutation and whether CT 
perfusion parameters correlated with changes in tumor size and in situ immunohistochemical (IHC) endpoints relevant to the 
mechanisms of vandetanib. At 1 month after LoVo cell implantation, nude rats were gavaged daily with vandetanib (50 mg/kg, n = 8) or 
vehicle (n = 7) for 6 days (D0 ~ D5). Each rat was dynamic contrast enhanced (DCE)-CT scanned with infusion of contrast on D0 
(baseline) and 2 hr post-treatment on D1, D3 and D5. Tumor blood flow (BF), blood volume (BV), mean transit time (MTT) and 
permeability surface area product (PS) and tumor volume were calculated from the acquired DCE-CT images (CT perfusion 4, GE 
Healthcare). Whole tumor tissues excised at D5 were stained for VEGF, EGFR and K-Ras and subjected to digital analysis. Vandetanib 
treatment produced significant tumor shrinkages at D3 and D5 over the control as the treatment progressed (p < .01, Fig. A). Percent 
changes in all CT perfusion parameters relative to the D0 value were not significantly different between the vandetanib-treated and 
control groups at all time points (p > .05). However, a statistical test using the raw parameters showed significant decreasing trends in 
mean tumor BV and PS within the vandetanib-treated groups, but not within controls (for BV, p = .003 vs. p = .054 and for PS, p = .004 
vs. p = .116, respectively. The representative PS maps in Fig. B). Digital analysis of IHC results demonstrated vandetanib treatment 
significantly downregulated both in situ expression of VEGF (p < .05) and K-Ras (p < .01), but not EGFR (p > .05), compared to the 
control (Fig. C). In conclusion, given in situ downregulation of both VEGF and K-Ras proteins and correlating decreasing trends in DCE-
CT derived BV and PS, reflecting the intrinsic property of tissue permeability, following vandetanib treatment, the tumor shrinkage in the 
hypovascular K-Ras mutant LoVo human colon tumor xenograft could be caused by a synergistic inhibition of primarily, K-Ras (anti-
proliferation) and to a lesser extent, of VEGF (anti-angiogenesis due to the pruning away of leaky vessels) by vandetanib. 
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Multi-pinhole SPECT limitation of imaging long circulation Re-188 targeting pharmaceuticals 
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SPECT has been widely accepted for imaging and quantification of radioisotope. Multi-pinhole collimator was implemented into SPECT 
and has been confirmed as a novel approach to improve image resolution. In the past 10 years our lab installed two MicroSPECT/CT 
and the most frequent scanned radioisotopes are Re-188, Tc-99m, In-111 and I-123. Among the radioisotopes Re-188 contains 15% of 
gamma emission (155KeV) and is a promising radionuclide used for therapeutic purposes. According to past studies the maximal 
tolerance dosage (MTD) of Re-188 for rude mice is 800 uCi and SCID mice is 200 uCi. Normally in our therapeutic efficacy studies 80% 
of MTD for Re-188 were used. Re-188 pharmaceuticals such as 188Re-Liposome are used to prolonging Re-188 circulation. 24, 48, 
and 72 hours post Re-188 injection are usually significant since it has maximal tumor/non tumor ratio and required SPECT/CT imaging 
for further PK and Bio-distribution analysis. Re-188 half life is 16.9 hours and typically the radioactivity of Re-188 shrinks two third every 
day. For typical Re-188 80% MTD i.v. injected SCID mice, 72 hours post injection has only 1 uCi gamma emission. For such a low 
radioactivity it’s almost impossible to image by SPECT to distinguish targets from non targeting lesions since major Re-188 radiation is 
shielded by multi-pinhole collimators and apertures and the background noise is normally higher than targeting lesions. Therefore, we 
conducted an observational study to test imaging ability of multi-pinhole SPECT and draw its limitation of scanning Re-188 long 
circulation radiopharmaceuticals. Re-188 was obtained from a Tungsten (W-188-Re 188) generator made from INER and W-188 was 
obtained from ORNL. Multi-pinhole collimators and 2mm high sensitivity apertures (>4500cps per Mbq) were used. 1 uCi, 2 uCi, 5 uCi, 
10 uCi, 20 uCi and 200 uCi Re-188 was prepared and filled into a 1 ml phantom for further SPECT imaging. Results showed energy 
spectrum and count per second can only be distinguished when Re-188 radioactivity is greater than 20 uCi (3 uCi of gamma emission). 
155 KeV energy peak is noted to be under estimated in every phantom and can only be seen when Re-188 radioactivity is greater than 
200 uCi and below this activity the energy is shielded. In sum, 20 uCi of Re-188 is the least radioactivity capable to be scanned by 
multi-pinhole SPECT (540 uCi of Re-188 administered in first place). Multi-pinhole SPECT is not suitable for longer circulation 
therapeutic radiopharmaceuticals such as 188Re-liposome especially in some species that has limited MTD. Hardware and software 
improvement is suggested to SPECT developers on radionuclide that has lower gamma emission. Higher sensitivity collimators such as 
parallel collimators are still better suited for scanning of low gamma emission radionuclide such as Re-188. 

 

Figure 1 shows SPECT energy spectrum of Re-188 in different radioactivity and Re-188 MCA report. 
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Molecular Imaging of Radiation Related Normal Tissue Toxicity 

Rao V. Papineni, Sean P. Orton, William McLaughlin, Douglas Vizard, Carestream Molecular Imaging, Carestream Health, Inc., 
Woodbridge, CT, USA. Contact e-mail: rao.papineni1@carestreamhealth.com 

Radiation induced changes in the bone morphology and bone physiology were determined by non invasive molecular imaging. Three 
sets of athymic nude mice (n=3) were subjected to 0, 5 Gy, and 10 Gy X-ray irradiation focally over the entire right hind limb. NIR dye 
conjugated bisphosphonate (Osteosense) was injected intravenously to assess the changes in the bone binding ability of the molecular 
probe. The mice were imaged from different angles by automatic rotation using a commercially available in vivo multispectral-FX 
imaging system attached with multimodal animal rotation system (MARS). Non-invasive near-infrared fluorescence (NIRF) imaging 
indicated a significant increase in NIR signals at the growing regions of the long bones of irradiated mice compared to that of the control 
mice. This increase in NIR molecular probe binding is unlikely due to the new bone formation considering the early changes, and 
possibly due to osteoradionecrosis related changes, and/or radiation induced bone morphological changes displaying fresh 
hydroxyapatite sites. We propose that such molecular imaging approaches utilizing different molecular probes can be used to 
determine the clinically relevant radiotoxicity. Also, such approaches can be employed as biodosimetry for radiation disasters or in 
radiation threat. 
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In vivo imaging of RNAi induced endocrine therapy resistance in Breast Cancer 
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Objective: Inducible RNA interference is a potent tool for studying the molecular mechanisms underlying the development of drug 
resistance in breast cancer. Herein we demonstrate in vivo imaging of endocrine therapy resistance in breast cancer induced by a 
lentiviral vector with RFP expression as a surrogate marker of shRNA based gene knockdown. Methods: A dual fluorescent doxycycline 
regulated lentiviral inducer system (pInducer, Meerbay et.al. PNAS 2011) was employed to transfect estrogen receptor positive MCF-7L 
breast cancer cells, which respond to endocrine therapy. The pInducer system encoded a constitutive cassette (rtTA3 and eGFP) for 
sorting the transduced cell population rapidly by FACS and selecting the population of cells exhibiting high rtTA3 (reverse tet-
transactivator) expression, and an inducible transcript (shRNA and tRFP) for knocking down the expression of target genes to create 
endocrine therapy resistance while expressing turbo RFP as a surrogate marker of gene knockdown. Two million transfected MCF-7L 
cells were implanted subcutaneously in ovariectomized nude mice with estrogen pellets implants. Tumors were allowed to grow to 200 
mm3, and then the estrogen pellets were withdrawn to administer estrogen deprivation therapy. Doxycycline was administered to mice 
to induce endocrine therapy resistance, and GFP and RFP imaging was performed with a home built optical imaging system. The 
imaging system comprised of a cooled and image intensified CCD camera outfitted with a 28 mm Nikkor lens, with a broadband xenon 
lamp as the excitation source. Two bandpass filters (475/40 nm, 545/30 nm, UVP) were used to generate the excitation lights for GFP 
and RFP. Emission filters, 512/18 nm and 575/15 nm (Semrock) were used to collect fluorescence emission from GFP and RFP 
respectively. The exposure times for GFP and RFP imaging were 100 ms and 10 ms respectively. Tumor to background ratios for 
image intensities were computed to quantify the GFP/RFP expression levels and correlated with tumor growth under estrogen 
deprivation regime. Results: The lentiviral vector is indicated in Fig. 1A. The data is presented here for 4 mice in which estrogen pellets 
were withdrawn once the xenografted MCF7L tumors reached 200 mm3. The tumors expressed GFP signal both before and after 
doxycycline administration as indicated in Fig 1B (top row, Mouse#1). Under estrogen withdrawal, the tumors shrank with time (Fig 1C). 
Two of the mice which were administered doxycycline when tumor size was reduced to ~18 mm3, resumed growth and started 
expressing RFP (Fig 1B (bottom row, Mouse#1)). The tumor to background ratio for RFP expression was substantially higher in mice 
showing development of endocrine therapy resistance (Fig. 1E). These preliminary results indicate the feasibility of employing dual 
fluorescence imaging for non-invasively investigating the mechanisms underlying the development of endocrine therapy resistance in 
breast cancer. 

 

Fig. 1 (A) Lentiviral vector, (B) GFP and RFP images of Mouse#1, (C) Tumor volume with time, (D) Tumor-to-background ratio (TBR) for GFP 
expression, and (E) Tumor-to-background ratio (TBR) for RFP expression. 
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Metabolic Peripheral Nerve-Related Changes Observed In Opioid-Induced Hyperalgesia (OIH) 
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deepak.behera@stanford.edu 

Objective Neurons in chronic pain require increased amounts of energy for repeated signal transmission which is met by increased 
glucose metabolism. Patients with chronic pain undergoing long term treatment with opioids paradoxically demonstrate progressively 
increasing pain, a phenomenon known as opioid-induced hyperalgesia (OIH). We demonstrate elevated metabolic activity associated 
progressive increase in pain related to OIH in injured nerves of the neuropathic pain model using 18FDG PET-MRI, utilizing the better 
resolution of MRI for localizing 18FDG uptake in nerves. Methods Animal experiments were approved by Stanford IACUC. Adult male 
Sprague-Dawley rats were divided into 5 groups(n=5): 1) Spared-Nerve Injury (SNI), a sciatic neuropathic pain model created by 
transecting the left tibial and common peroneal branches, 2) opioid-treated SNI, 3) sham surgery without SNI, 4) opioid-treated sham 
surgery, and 5) uninjured, control group. Opioid-treated animals were chronically treated with buprenorphine (1.2mg/kg SQ x 2 doses) 
at 1, 2, 3 and 4 weeks post-surgery. Presence of pain was ascertained by testing for allodynia using von-Frey’s filaments. Rats were 
imaged at baseline (before surgeries), 2 weeks and 4 weeks after surgery. For imaging, each rat was given 18FDG (500 µCi, IV) and 
kept anesthetized for 1 hour. Ten minute static scans of the thighs were obtained in a microPET followed by T1-weighted FSE MRI (7T 
microMRI). PET and MRI images were fused, and ROIs were placed on 5 mm segments of both sciatic nerves, proximal to the level of 
injury of the left nerve, in each rat using MR images. Signal was recorded from the fused PET images and normalized to background. 
After imaging at 4 weeks, the animals were sacrificed and both sciatic nerves from each rat were harvested for autoradiography. 
Results Behavioral tests using von-Frey filaments ascertained presence of allodynia in the SNI and opioid-treated SNI groups. The 
opioid-treated SNI group showed increasing allodynia from 2 to 4 weeks (p<0.01). No allodynia was seen in the other three groups. 
Only the SNI and opioid-treated SNI groups showed significantly increased PET signal in the injured sciatic nerve at both 2 weeks and 
4 weeks (Fig. A), compared to baseline and control groups (p<0.05). PET signal in the injured sciatic nerves of opioid-treated SNI group 
increased progressively from baseline (1.0±0.1) to 2 weeks (1.7±0.2) and then to 4 weeks (2.7±0.4) (p<0.03) (Fig. B), while that in the 
untreated SNI group remained relatively constant at 2 weeks (2.0±0.4) and 4 weeks (2.4±0.7). Autoradiography at 4 weeks showed 
increased tracer uptake in the injured sciatic nerve in both SNI and opioid-treated SNI groups compared to the uninjured side (p<0.05), 
but not in the other groups. Conclusion Rats with neuropathic pain that chronically receive opioids show progressively increasing pain 
behavior as well as 18FDG uptake in the affected nerve. Using the excellent soft-tissue contrast and resolution of MRI, 18FDG uptake 
in peripheral nerves can be effectively used to monitor OIH using PET-MRI. This technique can show the important opioid effects on the 
peripheral nervous system. 

 

 

A. Normalized 18FDG PET signal in left and right sciatic nerves at baseline (pre-surgery), 2 weeks and 4 weeks after surgery. Progressively increasing 
PET signal is seen in opioid-treated SNI group. (* = p<0.05 for PET signal in left nerve vs right nerve. § = p<0.03 for PET signal in left nerve at 4 weeks 
vs 2 weeks.) SNI=Spared Nerve Injury; SNI+Opd = opioid treated SNI; Sham+Opd = opioid treated sham surgery. B. MRI, PET-MRI and PET images of 

a representative opioid-treated SNI animal showing increased 18FDG uptake in the injured nerve (solid arrows) but no uptake in the uninjured nerve 
(broken arrow). 
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Introduction Hypoxic trait of solid tumors show treatment resistance and carry poor prognosis. Research has been prompted to 
develop new types of drugs which cytotoxicity is enhanced under hypoxia. Some of these hypoxia-sensitive drugs have shown 
promising results in cell culture studies, but their oxygen dependency of cytotoxicity remains obscure in vivo. Here we illustrate the use 
of electron paramagnetic resonance imaging (EPRI) as a novel oxygen imaging modality1 to evaluate oxygen dependent efficacy of 
various hypoxia-sensitive treatments in murine tumor model. Methods Squamous cell carcinoma (SCCVII) tumors were developed in 
hind legs of C3H mice. When tumors became 1 cm size, 3D oxygen map was obtained using a homebuilt 300 MHz pulsed EPRI 
scanner and OX063 as an oxygen tracer, followed by anatomic 7T MRI scans. A glycolysis inhibitor 3-bromopyruvate (3-BrPA, 5 or 10 
mg/kg) was administrated into mice. One day after, biopsy samples were obtained from the tumor to have hypoxic, moderate and well 
oxygenated regions, and applied to clonogenic cell survival assay. Results 3-BrPA blocks glycolysis pathway by inhibiting hypoxia 
inducible enzymes including hexokinase II, and enhanced cytotoxicity of 3-BrPA under hypoxia has been reported in cell culture 
studies. However in vivo, EPRI studies revealed that efficacy of 3-BrPA was substantially attenuated in hypoxic tumor regions (pO2 < 10 
mmHg). The discrepant results between in vitro and in vivo was attributed to biphasic oxygen dependent expression of a 
monocarboxylate transporter 1 (MCT1) in vivo. Expression of MCT1, which uptakes 3-BrPA into cells, was enhanced in vitro under 
hypoxia and in the moderately hypoxic (8-15 mmHg) tumor regions in vivo, but down regulated in the severely hypoxic (< 5 mmHg) 
tumor regions. The expression pattern of MCT1 may not be simply defined by the absolute pO2 value, but also by the size of severely 
hypoxic area. Conclusion These results insist the importance of quantitative and non-invasive oxygen imaging technique to confirm the 
action of hypoxia-sensitive treatments in vivo to avoid unexpected failure of cancer treatment in clinical. (Ref.1. Matsumoto et al. J Clin 
Invest 2008;118(5):1965-73.) 

 
Fig.1 A) A glycolysis inhibitor 3-BrPA was injected after 3D EPR oxygen imaging. One day after, biopsy samples were obtained and cell survival was 

analyzed. B) Attenuated efficacy of 3-BrPA in severely hypoxic tumor regions is attributed to reduced expression of MCT1 transporter for 3-BrPA. 
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Effect of Antiangiogenic and Radiation Therapy on CT Perfusion Parameters in Human Colon 
Cancer Xenografts in Mice 
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Shengjing Hospital of China Medical University, Shenyang, China; 3Radiation Oncology, Stanford University, Stanford, CA, USA; 
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Objectives: To assess early treatment effects on CT perfusion parameters following antiangiogenic and radiation therapy in 
subcutaneously implanted, human colon cancer xenografts in mice and to correlate in vivo CT perfusion parameters with ex vivo 
assays of tumor vascularity and hypoxia. Materials and Methods: Dynamic contrast enhanced CT (perfusion CT; 129mAs; 80kV; 12 
slices x 2.4mm; 150µl iodinated contrast agent injected at a rate of 1 ml/min intravenously) was performed in 100 subcutaneous human 
colon cancer xenografts on baseline day 0. Mice in group 1 (n=32) received a single dose of the antiangiogenic agent bevacizumab 
(10mg/kg body weight), mice in group 2 (n=32) underwent a single radiation treatment (12Gy), and mice in group 3 (n=32) remained 
untreated. On days 1, 3, 5, and 7 after treatment, 8 mice from each group underwent a second CT perfusion scan respectively, after 
which tumors were excised for ex vivo analysis. Four mice were sacrificed after baseline scanning on day 0 for ex vivo analysis. Blood 
flow (BF), blood volume (BV), and Permeability were calculated using the left ventricle as an arterial input function. Correlation of in vivo 
CT perfusion parameters with ex vivo microvessel density (MVD) and extent of tumor hypoxia were assessed by immunofluorescence. 
Reproducibility of CT perfusion parameter measurements was calculated in an additional 8 tumor-bearing mice scanned twice within 5 
hours with the same CT perfusion imaging protocol. Results: The intra-class correlation coefficient for BF, BV and Permeability from 
repeated CT perfusion scans was 0.93, 0.88 and 0.88 respectively. Changes in perfusion parameters and tumor volumes over time 
were different between different treatments. Following bevacizumab treatment, all three perfusion parameters significantly decreased 
from day 1 (p≤0.006) and remained significantly decreased until day 7 (p≤0.008); tumor volume increased significantly only on day 7 
compared to baseline scanning in this treatment group (p=0.04). Following radiation treatment, all three perfusion parameters 
decreased significantly on day 1 (p<0.001); BF and Permeability increased again on day 3 and 5, though without reaching statistically 
significant difference; tumor volumes did not change significantly at all time points (p≥0.3). In the control group, all three perfusion 
parameters did not significantly change compared to baseline, but tumor volume increased significantly at all time points compared with 
baseline scanning (p≤0.04). Ex vivo immunofluorescence analysis showed good and significant correlation between all three perfusion 
parameters and MVD (rho=0.71, 0.66 and 0.69 for BF, BV and Permeability respectively; p<0.001). There was a trend towards negative 
correlation between extent of hypoxia and all three perfusion parameters (rho=-0.53, -0.47 and -0.40 for BF, BV and Permeability 
respectively; p≥0.05). Conclusions: CT perfusion allows a reproducible, non-invasive assessment of tumor vascularity in human colon 
cancer xenografts in mice. Following antiangiogenic and radiation therapy, BF, BV, and Permeability significantly decrease and change 
faster than the tumor volume. 
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Therapeutic efficacy evaluation of curcumin combined with radiation in F98/FGT glioma-
bearing rat model 
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University, Taipei, Taiwan. Contact e-mail: ppi94@hotmail.com 

Curcumin, a Chinese herb, has been shown with anti-inflammatory and anti-cancer effects for several types of cancers in preclinical 
studies, and even in clinical trials. Glioblastoma is the most common and most aggressive brain tumor with low survival rate, and is very 
difficult to be cured by neurosurgery or radiotherapy. Furthermore, the probability of recurrence is usually very high for glioblastomas 
post treatment. In this study, we used lentivirus vectors constructed with trifusion reporter genes (Fluc/GFP/Tk) and transduced into rat 
F98 glioblastoma cells to establish an orthotopic F98/FGT glioma-bearing rat model. The animals were divided into four groups: control 
(vehicle), curcumin alone (120 mg/kg/d administered from day 7 post tumor cells inoculation, radiation alone (local irradiation with 6 Gy 
on day 11), and combination of curcumin and 6 Gy. The therapeutic efficacy was evaluated with noninvasive bioluminescent imaging 
and overall survival. The result shows that curcumin combined with radiotherapy is able to suppress the brain tumor growth and with 
the best overall survival as compared with those of the control and mono-treated groups. These results suggest that curcumin may 
enhance the radiosensitivity of brain tumors to radiotherapy, and may have the potential to be applied in the treatment of glioblastoma 
in clinic. (This study was supported by a grant NSC 99-3112-B-010-015 from National Science Council, Taipei, Taiwan. We thank 
Molecular and Genetic Imaging Core (MAGIC) of National Research Program for Genomic Medicine, Taiwan, for imaging services.) 

 

Tracing tumor signal by bioluminescent imaging. 
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Purpose: It has been reported that Abraxane triggered reactionary angiogenesis. Our previous studies had also confirmed 
morphological alterations of tumor blood vessels to more “normal” structure upon Abraxane treatment. The purpose of this study is to 
investigate vascular response at both molecular level (integrin expression) and functional level (tumor permeability and penetration) 
during Abraxane therapy by 18F-FPPRGD2 PET and dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI), 
respectively. Methods: MDA-MB-435 tumor bearing mice were treated with Abraxane (25 mg/kg i.v. every other day, 3 doses) or 
phosphate-buffered saline as control. Tumor volume was monitored by caliper measurement. PET scans were obtained before and at 
different time points after the start of treatment (days 0, 3, 7, 14, and 21) using 18F-FPPRGD2. DCE-MRI was also performed at the 
same time points to match with PET imaging. The tumoricidal effect was assessed by ex vivo immunohistochemistry. Results: 
Abraxane treatment inhibited the tumor growth, and a significant difference in tumor volume was observed at day 5 after the initiation of 
treatment. The tumor uptake of 18F-FPPRGD2 in the Abraxane-treated group was significantly lower on days 3 and 7 than that at 
baseline but returned to the baseline level at days 14 and 21, indicating relapse of the tumors after the treatment was halted. DCE-MRI 
measurement found a significant reduction of Ktrans on days 3 and 7. Immunohistologic staining confirmed that the change of 18F-
FPPRGD2 uptake correlated with the variation of integrin level in the tumor vasculature induced by Abraxane treatment. The DCE-MRI 
Ktrans change had an inverse correlation with the smooth muscle cell density in vessel walls. Immunohistology suggested a vascular 
remodeling during Abraxane therapy. Conclusion: Abraxane-mediated down-regulation of integrin αvβ3 expression on tumor endothelial 
cells and up-regulation of smooth muscle cells in vessel walls can be quantitatively visualized by PET and DCE-MRI. The change of 
integrin expression and smooth muscle cells precedes that of tumor size. Consequently, combined 18F-FPPRGD2 PET and DCE-MRI 
provide reliable complementary biomarkers to evaluate the tumor response to Abraxane therapy. The results of both methods are in 
excellent agreement with immunohistology and suggest vascular remodeling during Abraxane therapy. 
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New multimodal reporter system for imaging of the efficacy of radiation therapy in vitro and in 
vivo 
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It is widely known that induction of apoptosis plays an important role in non-surgical cancer treatment schemas, including radio- and 
chemotherapy. Current advances in imaging science have made it possible to detect and visualize the effect of radiotherapy on cells 
and tissue in real time and noninvasively. Here we describe the development of a new, multimodal system that allows for the imaging of 
radiation-induced signaling pathways activation in vitro and in vivo. We used this system to monitor the development of irradiation-
induced apoptosis in a neuroblastoma cell line and xenografts quantitatively and with high sensitivity, using bioluminescence and 
fluorescence imaging. The neuroblastoma cell line, BE(1), was transduced in vitro with two retroviral vectors, bearing constitutively 
expressed red fluorescent protein (RFP) and Renilla Luciferase (RLuc) fusion, and a fusion of Firefly luciferase (FLuc) and GFP, driven 
by p53 dependent promoter. Afterward, transduction cells were sorted for high RFP expression. The resulting cell populations were 
incubated in the presence of 2 µg/ml of etoposide or irradiated (2.0 GY total), and the induction of p53 downstream signaling was 
assessed. For in vivo experiments, tumors were developed in rnu/rnu mice via a subcutaneous injection of 5 x 106 cells. After 4 weeks 
of growth, we assessed the change of the BLI signal before and after whole body irradiation (2.0 GY). Changes in reporter system 
activity expression and occurrence of apoptosis were also confirmed by immunohistochemical analysis. In vitro experiments showed 
rapid (< 24 hours) increase of p53 dependent reporter signal outputs after incubation with etoposide or irradiation. Elevated levels of 
p53-driven GFP and FLuc expression were observed for 48 hours; this was followed by a rapid decrease to baseline leves. In vivo we 
were able to show an exponential pattern of BLI signal that constitutively expressed RLuc and was directly proportional to the tumor 
volume. The ratio of baseline FLuc signal to the constitutively expressed RLuc (FLuc/RLuc ratio) was fluctuating between 0.8 to 2.0, 
during the tumor growth phase. We observed a rapid and substantial (16 to 35 folds) increase of FLuc signal driven by p53 promoter 
after whole body irradiation in the same tumors. FLuc/RLuc ratio was proportionally increased within 48 hours after irradiation. 
Histological analysis showed a significant difference in GFP expression before and immediately after irradiation that corroborated 
positive staining for Annexin 5 and TUNEL in tumors from irradiated animals. The presented reporter system is highly responsive to 
apoptosis-inducing drugs and irradiation in living cell cultures and tissue of experimental animals. Multimodal reporter genes allowed for 
sustaining the purity of experimental cell population and non-invasive imaging of both proliferation and the efficacy of radiotherapy over 
time in vitro and in vivo. These results strongly suggest that this approach can be used for high throughput testing of broad panel of pro-
apoptotic drugs and molecules, as well as radiotherapeutic approaches. 
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Currently, there is no effective treatment for smoke-induced respiratory epithelial damage. Thus inhalation injury remains a major threat 
not only for burn related injury but also for toxic components carried within the smoke itself. Previous studies have demonstrated the 
use of nitric oxide donors and chelation agents to enhance wound healing and mitigate smoke-induced respectively. However, there is 
still an unmet clinical need for effective treatment regimens to address both of these serious problems. To address both of these issues 
we have developed a high-throughput in vitro wound healing assay using the novel photonics robotic imaging microscope which allows 
for remote operation, laser cell surgery, and laser based sophisticated single or multi-photon fluorescence of molecular changes in the 
cells associated with wound closure and the response to mitigation agents. We have used this epithelial cell model system to assay the 
effects of the toxic agent cyanide as well and the rates of wound closure of monolayers of cells. We have demonstrated that 
cobinamide, a vitamin B12 analog, and its nitrosylated derivative NO-cobinamide mitgate cyanide toxicity and enhance cell migration, 
respectively. These studies revealed that our optically based real-time quantitative system can be used as a translational research tool 
to enhance the fundamental understanding of the wound healing process and the mechanisms of action of the agents that affect it. 

 

Figure 1. Image Processing of cellular wound repair in human A-549 human lung epithelial cells. Wound closure rates of A-549 cells were measured 
using an algorithm created in MatLab for high-throughput image processing. 
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Tumor Response to Cediranib Assessed with 18F-FMISO PET, Dynamic Contrast Enhanced 
and Diffusion Weighted MRI 

Louisa Bokacheva1, Khushali Kotedia1, Megan Reese3, Sally-Ann Ricketts2, Jane Halliday2, Carl H. Le1, Jason A. Koutcher1,3, Sean 
Carlin3, 1Medical Physics, MSKCC, New York, NY, USA; 2Imaging, AstraZeneca, Macclesfield, United Kingdom; 3Radiology, MSKCC, 
New York, NY, USA. Contact e-mail: bokachel@mskcc.org 

Introduction: Optimizing the clinical utility of antiangiogenic drugs requires greater understanding of the specific consequences of their 
vascular-modifying action. Cediranib (AZD2171), is a highly potent inhibitor of tyrosine kinase activity associated with vascular 
endothelial growth factor (VEGF) receptors-1, -2 and -3, currently in Phase II clinical trials. Serial non-invasive MRI and PET imaging 
was used to determine changes in tumor biomarkers following cediranib treatment (3 x 3mg/kg) over 48 hours. Methods: Rats bearing 
human HT29 colorectal tumors of approximately 1cm3 were imaged pre-treatment (n=12) and randomized into vehicle control (n=6) and 
cediranib-treated cohorts (3 doses of 3 mg/kg administered at 0, 24 and 48 hours). Post-treatment imaging was performed 2h after final 
dose of cediranib was given, n=4-6). Magnetic Resonance Imaging: MRI was performed on a 7T spectrometer. For DCE-MRI, Gd-
DTPA (0.2mmol/kg) was injected via the tail vein after 2min of baseline acquisition followed by 14min of dynamic acquisition. The initial 
area under the curve (IAUC) from the bolus arrival to the tissue up to 90s (IAUC90) was normalized to the median IAUC in the muscle 
in the same animal (nIAUC90). Ktrans and ve were calculated by fitting the voxel concentration vs. time curve with a reference region 
model using muscle as the reference tissue. Apparent diffusion coefficient (ADC) maps were calculated from the DW-MR images. 18F-
FMISO PET: tumor-bearing animals were administered 1mCi 18F-FMISO via tail vein. MeanSUV was derived using a single image 
frame obtained between 90 and 95 minutes post-injection. Following imaging, rats were injected with the perfusion marker Hoechst 
33342, and tumors excised for autoradiographic and histochemical analysis. Results: In cediranib-treated tumors, nIAUC90 and Ktrans 
decreased significantly compared to pre-treatment values, but remained unchanged in vehicle-treated rats. No significant changes 
between pre and post-treatment tumor ADC in either rats treated with cediranib (p=0.74) or treated with vehicle (p=0.98) were 
observed. Analysis of PET data showed a decrease in 18F-FMISO mean SUV in both groups from baseline, with the cediranib-treated 
tumors showing a significant decrease (p<0.01) which was not observed in the vehicle-treated group (Figure 1). Histological analysis of 
tumor sections showed a cediranib-dependent decrease in vascular perfusion, as assessed by Hoechst 33342, but only minor changes 
in markers of hypoxia. 18F-FMISO autoradiography showed a distinctive pattern of high peripheral and low central tumor uptake in 
cediranib-treated animals, which was not evident in the vehicle-treated group. Conclusion: DCE-MRI can be used to detect changes in 
perfusion following cediranib treatment. These changes are observed within 48 hours following commencement of treatment. Changes 
in 18F-FMISO mean SUV following cediranib treatment are not reflected by similar changes in histological hypoxia markers. We 
conclude that the reduction in 18F-FMISO SUV following cediranib treatment results from altered tracer delivery due to reduced vascular 
perfusion, rather than changes in the underlying pO2. 

 

Figure 1. Effect of cediranib on 18F-FMISO uptake. Panels A and B show individual and mean changes in 18F-FMISO mean SUV following treatment 
with cediranib or vehicle control. C and D show normalized transverse sections on a representative tumor imaged before (C) and following (D) Cediranib 

treatment. Arrow indicates tumor. 
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Purpose: To measure the early therapy response of an anti-DR5 antibody, TRA-8, in combination with carboplatin using diffusion-
weighted imaging (DWI) and single voxel 1H MR spectroscopy (MRS) in a triple-negative breast cancer mouse model. Methods: 
Groups 1-4 of nude mice (n=5 for groups 1, 3 and 4; n=4 for group 2) bearing subcutaneous triple-negative breast tumors (2LMP) were 
used; group 1 was untreated (control), while groups 2-4 were treated with carboplatin (30mg/kg i.p.), TRA-8 (0.2mg, i.p.), and the 
combination respectively. TRA-8 was administered on days 0 and 3, while carboplatin was administered on day 1. T2W MRI, DWI and 
point-resolved MR spectroscopy (PRESS) were performed on days 0, 3, and 7, before dosing. Apparent-diffusion coefficient (ADC) of 
tumor regions, relative lipid concentration of a single voxel (27-125 l, depending on the tumor size) within tumors and tumor-volume 
measurements were made among groups 1-4, and statistically analyzed using one-way ANOVA. Results: The ADC value, lipid 
concentration and tumor volume were normalized to those on day 0, and then the changes were given in percentage. The intra-tumoral 
ADC changes were -10.9±4.5% (mean±SE), -0.7±2.3%, 4.5±5.0%, and 6.9±5.9% on day 3, and -10.6±1.8%, 9.2±3.0%, 1.81±9.1%, and 
4.0±4.0% on day 7, for groups 1-4, respectively. The relative lipid concentration changes for the four groups were -35.6±19.2%, 
16.5±36.0%, -25±19.0%, and 3.9±14.0% on day 3, and -22.8±41.8%, -16.1±23.0%, 15.7±16.0%, and 102.2±30% on day 7, 
respectively. The tumor-volume changes were 50.2±7.6%, 63.6±12%, 17.7±10.5%, and 1.4±4.7% on day 3, and 163.7±18.5%, 
140.6±18.9%, 2.5±18.6%, and -24.4±7.4% on day 7. On day 3, the tumor volume change of group 4 was significantly different 
(p=0.001) from that of the control group. On day 7 the tumor volume change of groups 3 and 4 was significantly different (p<0.001) from 
that of the control group. The ADC increases of groups 3 and 4 were significantly higher than that of the control group on day 3 after 
treatment (p=0.047 and p=0.044, respectively). The ADC increases of groups 2 and 4 were significantly higher than that of the control 
group on day 7 (p<0.001 and p=0.01, respectively). No significant lipid level change was found among groups on day 3 after the first 
dose, while the lipid concentration change of group 4 was significantly different (p=0.009) from that of the control group on day 7. 
Conclusion: ADC values increased significantly for both TRA-8 therapy and combination therapy on day 3, and might decrease after 
that. MRS-visible lipid levels increased significantly for combination therapy on day 7 post-treatment. Our results demonstrated the 
effective therapeutic response of TRA-8 in combination with carboplatin for this triple-negative breast cancer mouse model, suggesting 
both ADC values and lipid levels can be used as prognostic biomarkers to assess early therapeutic response. 
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Guo2, Kurt R. Zinn1,4, 1Radiology, University of Alabama at Birmingham, Birmingham, AL, USA; 2Surgery, University of Alabama at 
Birmingham, Birmingham, AL, USA; 3Biostatistics, University of Alabama at Birmingham, Birmingham, AL, USA; 4Comprehensive 
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Purpose: To assess the efficacy of combined EMMPRIN and DR5 targeted therapy for pancreatic adenocarcinoma in an orthotopic 
mouse model using multi-modal imaging. Methods: ATPlite assay was performed to measure cytotoxicity of anti-EMMPRIN mAb and 
anti-DR5 mAb (TRA-8) in MIA PaCa-2 and PANC-1 human pancreatic-cancer cell lines in vitro. The distributions of Cy5.5-labeled TRA-
8 and Cy3-labeled anti-EMMPRIN mAb in the two cell lines were analyzed by fluorescence imaging in vitro. Groups 1-8 of SCID mice 
(n=5~6 per group) bearing orthotopic MIA PaCa-2 tumors were used. Groups 1-4 were i.p. injected with PBS, anti-EMMPRIN mAb (0.2 
mg, semiweekly), TRA-8 (0.1 mg, weekly), and combination, respectively, for 2 weeks, while FDG PET/CT imaging was applied weekly. 
Ki67 and CD31 staining were performed for all tumors of groups 1 and 2 at the end. DCE-MRI was applied for groups 5 and 6, at 0 and 
3 days after PBS (group 5) or anti-EMMPRIN mAb (group 6) administration, and intratumoral Ktrans and MR contrast (prohance) 
concentration at ~40 minutes after dosing (CC40min) were calculated. The %ID/g of Tc-99m-TRA-8 in tumor was measured for groups 
7 (control) and 8 (treated with anti-EMMPRIN mAb twice for 1 week). Results: TRA-8 showed killing efficacy of 80% and 20% at 500 
ng/ml for MIA PaCa-2 and PANC-1 cell lines, respectively, while additional anti-EMMPRIN treatment did not improve the cytotoxicity. 
Cy5.5-TRA-8 formed cellular caps and followed a Gaussian distribution in both the cell lines, while Cy3-anti-EMMPRIN mAb was more 
uniformly distributed on the membrane; the maximum intensity of Cy5.5-TRA-8 in MIA PaCa-2 was 82±9 (mean±SE, n=30), significantly 
larger than that in PANC-1 (13±1; p<0.001). Intratumoral SUVmean changes of groups 1-4 were 36±6, 15±6, 0±17, and -40±12% for 1 
week after therapy initiation, and 45±6, 38±9, 0±15, and -61±18% for 2 weeks, respectively; that of control group was significantly larger 
than those of groups 3 (p=0.030) and 4 (p<0.001). Tumor-volume changes of groups 1-4 were 113±24, 86±15, -45±11, and -74±5% for 
1 week, and 276±29, 157±18, -75±9, and -93±4% for 2 weeks, respectively; all treated groups were significantly lower than that of 
control group (p<0.05). CD31 and Ki67 stained tumor cell densities of the anti-EMMPRIN treated group were significantly lower than 
those of control group (p<0.05). The changes of intratumoral Ktrans and CC40min of anti-EMMPRIN treated group were -35±9% and 
153±44%, respectively, significantly different from those of control group (38±8 and 14±25%, respectively; p<0.05). The %ID/g of Tc-
99m-TRA-8 in tumor of anti-EMMPRIN treated group was 37% larger than that of control group, but not statistically different (p>0.05). 
Conclusions: TRA-8 oligomerization assessed by fluorescence imaging may enable personalized anti-DR5 treatment for pancreatic 
caner. Anti-EMMPRIN therapy demonstrated high antiangiogenic effect, and increased the tumor delivery of MR contrast agent. 
However, tumor uptake of Tc-99m-TRA-8 was not changed by anti-EMMPRIN therapy, presumably due to the long half-life of TRA-8 in 
circulation, and it may explain the additive efficacy in the combination therapy. 
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Noninvasive molecular imaging of radiation-induced tumor apoptosis in vivo using synthetic 
fluorescent peptide probe 

Soo Jung Park1, Seung-Jae Myung2, Ji Hye Kim2, Eun-Ju Do2, Young Eun Cho2, Jong-Ho Kim3, Byung-Heon Lee3, Sang-wook Lee4, 
Byong Duk Ye2, Jeong-Sik Byeon2, Suk-Kyun Yang2, Jin-Ho Kim2, 1Department of internal medicine, Severance Hospital, Yonsei 
University College of Medicine, Seoul, Republic of Korea; 2Department of internal medicine, Asan Medical Center, University of Ulsan 
College of Medicine, Seoul, Republic of Korea; 3Department of Biochemistry and Cell Biology, Kyungpook National University School of 
Medicine, Daegu, Republic of Korea; 4Department of Radiation Oncology, Asan Medical Center, University of Ulsan College of 
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Background and Aim: Quantitative noninvasive imaging of apoptosis in preclinical models would facilitate a more rapid determination 
of therapeutic efficacy. The exposure of phosphatidylserine (PS) molecules from the inner to the outer leaflet of the plasma membrane 
has been recognized as a well-defined molecular epitope of cells undergoing apoptosis. In this study, we report the in vivo molecular 
imaging of radiation-induced tumor apoptosis using synthetic, near-infrared (NIR) fluorescent probe, named PS-specific peptide 
(CLSYYPSYC) which identified by the screening of an M13 phage display peptide library onto PS-coated ELISA plates. Materials and 
Methods: A xenograft mouse model was generated having two intramuscularly implanted colon cancer (HCT116, 5×106 cells) on each 
thigh - one tumor was treated with radiation (2, 5, 10 Gy) while the other tumor served as an individualized control. PS-specific peptide 
combined with Cy5.5 was injected via tail vein 6 h before taking the image and in vivo molecular imaging was achieved at the 24, 48, 
72, 96, or 120 h after radiation. In vivo and ex vivo Imaging were achieved (ex=675 nm, em=720 nm) using IVIS, Xenogen system. 
Confocal microscopy of dissected irradiated and control tumor confirmed PS specificity and statiscally significant different numbers of 
terminal deoxyribosyl transferase-mediated dUTP nick end labeling (TUNEL)-positive cells. Results: Both in vivo and ex vivo images 
showed increased fluorescent uptakes in the irradiated tumors compared with control tumors at the dose of 10 Gy after 72-120 hrs. The 
mean fluorescent intensity ratios of irradiated tumor to control tumor were 0.91, 1.10, 1.71 (×108 p/s/cm2/sr) in the 2, 5, 10 Gy irradiated 
mice, respectively. Confocal microscopy determined the fluorophore specificity for PS and showed the significantly different numbers of 
TUNEL-positive cells between 10 Gy-irradiated and control tumor (52.2 vs. 7.2, P<0.05) at high power field, respectively. Conclusions: 
The results indicate that synthetic NIR PS-specific peptide probe may be useful for preclinical optical detection of tumor apoptosis due 
to radiotherapy. It may even be possible to develop clinically useful early detection to assess radiation-induced cell death using non-
invasive surface or endoscopic optical imaging technologies. 
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PREDICTIVE VALUE OF INDIUM-111 IBRITUMOMAB TIUXETAN (RITUXIMAB) IMAGING IN 
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Dafang Wu, Ching-yee O. Wong, Nuclear Medicine, William Beaumont Hospital, Royal Oak, MI, USA. Contact e-mail: 
dafwu@beaumont.edu 

From 2004 to 2008, seventeen (17) evaluable patients with CD-20 positive B-cell NHK underwent pretherapy imaging with In-111-
rituximab in preparation for Zevalin RIT. Among the patients, there were 13 cases of follicular lymphoma, 2 cases of low-grade B-cell 
lymphoma, 1 case of small lymphocytic lymphoma, and 1 mantle cell lymphoma. The images were reviewed by two Nuclear Medicine 
physicians. The patterns of tracer distribution to lymphoma were correlated to clinical outcomes based on CT criteria (Table 1). Altered 
biodistribution of In-111-rituximab was identified in two patients, who did not proceed with Zevalin RIT. In-111-rituximab images in the 
remaining 15 patients were interpreted as acceptable, and Zevalin (0.3 to 0.4 mCi/kg) was administered one week later for the 
treatment of lymphoma. There are 7 patients whose In-111-rituximab images show a pattern of favorable tracer distribution to 
lymphoma. Follow-up CT scans after Zevalin RIT demonstrated marked decreased adenopathy, compatible with complete remission 
(CR) in 2 patients. Three patients in this group showed partial remission (PR). One patient in this group had a history of follicular 
lymphoma and showed a mixed response in the left axillary lymphoma. The interval enlarged left axillary node after Zevalin RIT was 
biopsied, which was positive for transformed diffuse large B cell lymphoma (DLBCL). The last patient in this group showed progressive 
disease (PD) despite Zevalin RIT, and he has a history of follicular lymphoma transformed into DLBCL three months prior to Zevalin 
RIT. Visual analysis revealed a total of 7 patients with a borderline pattern of tracer distribution to lymphoma. One patient in this group 
showed CR after Zevalin RIT despite the borderline imaging finding. Review of the CT images showed small lymphoadenopathy in the 
neck regions. Three patients in this group showed PR, and the remaining three patients showed some improvement, but an overall 
stable disease (SD). Finally, there is one patient with unfavorable distribution of In-111-rituximab to lymphoma. There is no appreciable 
tracer activity on either 24-h or 48-h images to correspond to lymphoma in the abdomen and right pelvis, with largest node of 
approximately 2.9x2.1 cm. After Zevalin RIT, follow-up CT showed progression of disease (PD). In summary, the overall response rate 
of Zevalin in our patients is 80% (12 of 15 patients), and this is in the range of those reported in the literature (Witzig et al 1999; 2002). 
Altered biodistribution of In-111-rituximab does occur, which may contribute to rituximab bone marrow toxicity in some patients. Our 
data emphasizes the importance of patients’ updated pathology exam results and diagnostic CT findings in the interpretation of In-111-
rituximab imaging studies. With exclusion of patients with transformed BLBCL or small lymphoadenopathy, our limited data shows an 
overall good relationship between In-111 rituximab tracer intensity in lymphoma and clincial response of Zevalin RIT. 

Table 1: Patterns of In-111-Rituximab Distribution to Lymphoma and Clinical Response 

 

*CR: complete response; PR: partial response; MR: mixed response; SD: stable disease; PD: progression of disease, based CT criteria. 
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Molecular Imaging and Therapeutic efficacy of 188Re-(DXR)-liposome-BBN in AR42J 
pancreatic tumor-bearing mice 

Ya-Jen Chang, Chin-Wei Hsu, Lee Wanchi, Chia-Yu Yu, Su-Jung Chen, Chih-Hsien Chang, Te-Wei Lee, Isotope Application Division, 
Institute of Nuclear Energy Research, Taoyuan County, Taiwan. Contact e-mail: yjchang@iner.gov.tw 

Liposomes are good candidates as drug carriers and have been widely investigated in drug-delivery systems. In this study, a new 
combination of bimodality radiochemo-therapeutics of 188Re-(DXR)-liposome-BBN was designed and studied for treating solid 
pancreatic tumor by intravenous administration. The in vivo nuclear microSPECT/CT imaging of tumor targeting, prolonged survival 
time and therapeutic efficacy were evaluated in AR42J malignant pancreatic solid tumor-bearing nude mice. The microSPECT/CT 
imaging of 188Re-liposome-BBN pointed to significantly targeted in tumors at 24 h after intravenous injection (SUV=2.13±0.98). 
Coinjection of a blocking dose of cold BBN (4 mg/kg) inhibited the accumulation of 188Re-liposome-BBN in tumor (SUV=1.82±0.31). 
For therapeutic efficacy, inhibition of tumor growth in mice treated with 188Re-DXR-liposome-BBN was obviously precisely controlled 
(mean growth inhibition rate was 0.092) and had longer survival time (percentage of the lifespan was 86.96%) than those treated with 
anti-cancer drug 188Re-liposome-BBN (MGI=0.130; 75%), Lipo-Dox-BBN (MGI=0.666; 3.61%) and untreated control mice. The 
additive tumor regression effect was observed (CI=0.946) for co-delivery radiochemo-therapeutics of 188Re-DXR-liposome-BBN. 
These results were pointed to the potential benefit of the radiotchemo-herapeutics 188Re-(DXR)-liposome-BBN for adjuvant cancer 
treatment on oncology applications. 

Therapeutic efficacy of radiochemo-therapeutic 188Re-DXR-liposome-BBN on AR42J tumor bearing nude mice 

 

*:MGI, Mean growth inhibition rate = Growth rate of treated group/Growth rate of untreated group. 
**:Expected growth inhibition rate = Growth inhibition rate of 188Re-Liposomes-BBN x Growth inhibition rate of treatment of Lipo-Dox-BBN. 

***:CI, combination index was calculated by dividing the expected growth inhibition rate by the observed growth inhibition rate. An index 
< 1 indicates additive effect. 

#:P values were estimated by log-rank test, P < 0.05 indicates significance. 
##:Percentage increase in life span was expressed as (T/C - 1) × 100%, where T is the median survival time of treated mice and C is the median 

survival time of control mice. 
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Therapeutic efficacy and ultrasound imaging of 188Re-liposome in a C26 Colon tumor-bearing 
mouse 
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Liposomes are good drug delivery system which allow the encapsulation of drugs into vesicles for their delivery. The objective of this 
study is to investigate the therapeutic efficacy of a new radio-therapeutics of 188Re-labeled pegylated liposome in a C26 murine colon 
carcinoma solid tumor model. The anti-tumor effect of 188Re -liposome was assessed by tumor growth inhibition, survival ratio and 
ultrasound imaging. Apoptotic marker was also evaluated by TUNEL (terminal deoxynucleotidyl transferase biotin-dUTP nick-end 
labeling) method in tumor samples obtained at 8 h after injection of 188Re-liposome. In the study on therapeutic efficacy, tumor growth 
inhibition of mice treated with 188Re-liposome was obviously precisely controlled (Mean tumor size was 245.8 ± 150.23 mm3; Mean 
growth inhibition rate (MGI) was 0.135) and have longer median survival time (62 d) than those treated with anti-cancer drug 5-FU and 
untreated control mice (39 d and 30 d, respectively). Four (40 %) of the mice treated with radio-therapeutics 188Re-liposome were 
completely cured after 120 days. Noninvasive monitoring of anti-angiogenesis and tumor volume of C26 murine colon tumors treated 
with 188Re-liposome was performed by serial 3-D power Doppler ultrasound imaging. The imaging showed a decrease in the tumor 
volume and number of blood vessels. TUNEL were significantly higher in treated mice 8 h after 188Re-liposome treatment as compared 
with control mice. These results were pointed to the potential benefit of the radio-therapeutics 188Re-liposome for adjuvant cancer 
treatment on oncology applications. 

 

(A) Longitudinal power Doppler ultrasound Imaging. The images were acquired at 0, 4, 8, 11 and 15 days after injection of 188Re-liposome (29.6 MBq). 
Locations of color signals indicative of blood vessels in the tumor. The arrow marks an area of tumor. The imaging showed a decrease in the tumor 
volume and number of blood vessels. (B) The tumor tissues took at 8 h after 22.2 MBq of 188Re-liposome or normal saline administration and did 
TUNEL staining for apoptosis. The apoptotic cells have DNA fragmentation and are stained positive as brown nuclei. There were significantly more 

apoptotic nuclei (TUNEL-positive) in the treated mice 8 h after 188Re-liposome treatment as compared with control mice. 
Therapeutic efficacy of 188Re-liposomes on C26 colon tumor-bearing BALB/c mice 

 

1.MGI, Mean Growth Inhibition rate = Growth rate of treated group/Growth rate of untreated group. 
2.p-values were estimated by log-rank test, p<0.05 indicates significance. 

3.Percentage increase in life span was expressed as (T/C - 1) × 100%, where T is the median survival time of treated mice and C is the median survival 
time of control mice. 
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Tyrosine Kinase Inhibitor with a Novel Multivalent PET Probe, 64Cu-cyclam-RAFT-c(-RGDfK-)4 
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Pascal Dumy2, Tsuneo Saga1, 1Molecular Imaging Center, National Institute of Radiological Sciences, Chiba, Japan; 2Départment de 
Chimie Moléculair, Université Joseph Fourier, Grenoble, France; 3INSERM U823, Institut Albert Bonniot & Université Joseph Fourier, 
Grenoble, France. Contact e-mail: zhaohui@nirs.go.jp 

Angiogenesis plays important roles in tumor growth and metastasis, and has been increasingly recognized as an essential target for 
tumor imaging and therapy. Positron emission tomography (PET) is one of the most promising tools for noninvasive detection and 
quantification of molecular activities. The cell adhesion protein, αVβ3-integrin, is highly expressed on the activated vascular endothelial 
cells during angiogenesis. We have developed a novel multivalent PET probe, 64Cu-cyclam-RAFT-c(-RGDfK-)4, for αVβ3-targeted 
imaging, and found a strong and positive correlation between the tumor uptake of this probe and the corresponding tumor αVβ3 
expression levels. Our present study is to subsequently investigate the potential of this PET probe for visualization and quantification of 
tumor angiogenesis and furthermore for monitoring of the therapeutic efficacy of a tyrosine kinase inhibitor (TKI) as an antiangiogenic 
drug. Methods: A hypervascular subcutaneous xenograft of a αVβ3-negative human hepatocellular carcinoma cell line (HCC) in athymic 
nude mice was used as a tumor angiogenesis model for the present study. PET imaging and biodistribution studies were performed at 
1 or 3 h after probe administration, and autoradiography and immunostaining of serial frozen tumor sections were carried out to 
compare the intratumoral distribution of the probe and that of microvasculature. Another cohort of HCC tumor-bearing mice were 
divided into 2 groups: vehicle-treated control group and TKI-treated antiangiogenic therapy group. Mouse body weight and tumor size 
were measured throughout the study. After 2 weeks of treatment, tumor microvessel density (MVD), tumor uptake of the probe 
measured by biodistribution study and PET imaging were compared between the control and treatment group. Results: Biodistribution 
and PET studies revealed the favorable tumor uptake of 64Cu-cyclam-RAFT-c(-RGDfK-)4 with high tumor-to-background contrast, and 
autoradiography and immunostaining demonstrated the approximate colocalization of the probe and microvasculature. Antiangiogenic 
therapy did not show obvious side effects, and could delay the tumor growth although the significant difference in tumor volumes was 
not obtained between the treatment and control groups. Antiangiogenic therapy resulted in obvious reduction of tumor MVD. The 
corresponding decrease in tumor uptake of 64Cu-cyclam-RAFT-c(-RGDfK-)4 was expected from biodistribution and PET studies. 
Conclusion: 64Cu-cyclam-RAFT-c(-RGDfK-)4-based PET is able to visualize tumor angiogenesis by targeting the αVβ3-integrin, and 
would be useful for monitoring the relatively early response to antiangiogenic therapy. 
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Magnetic Resonance Spectroscopy, a Recognized Biomarker for Mild AD Indicates Rapid 
Response to Minocycline Therapy 
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Background: Minocycline is a second generation tetracycline, an anti-inflammatory reported to have beneficial effects in some 
neurodegenerative diseases [1,2]. The neuroprotective nature and positive effects of this drug has, so far, only been shown in animal 
models, with two clinical trials in Huntington’s and Parkinson’s diseases still in progress. In this study, we show a rapid response to 
minocycline in a patient with Alzheimer’s disease by employing proton magnetic resonance spectroscopy (MRS) for treatment 
monitoring. MRS has previously been proven to add value [3, 4] to clinical diagnosis of brain diseases and is an established biomarker 
for mild Alzheimer’s disease. Method: A 76 year old female, diagnosed with Alzheimer’s disease by 1H MRS (PROBE-P, TE 35ms, 
8cm3 voxel in the posterior cingulate gyrus grey matter) and clinically by mini mental state exam (MMSE) and neuropsychological 
testing, was examined by 1H MRS over a period of 12 months (a total of three exams) and demonstrated no improvements in either 
behavior or cognitive functions with conventional AD therapy. Minocycline was prescribed by her physician after her third MRS exam. 
Four additional AD patients, monitored over 12 months received only conventional therapies. Results: After one month of therapy, she 
was re-examined and results show an increase in NAA/Cr in both grey matter (+14%) and white matter (18%) as shown in Figure 1. 
However, mI/Cr remained unchanged from previous exams. MMSE was unchanged. The four AD patients who did not receive 
Minocycline showed modest decline in MRS-biomarkers, NAA/Cr and NAA/mI (- 3%; P<0.02) over one year. Conclusion: Although 
MRS did not detect the medicine in the brain, its direct effect on NAA/Cr is detectable and, therefore, proves it to be a valuable 
biomarker for treatment response of therapy. We do not yet know what impact the positive change in NAA/Cr will have on AD, however, 
since a decrease in NAA/Cr and increase in mI/Cr are indicators for AD diagnosis; we believe minocycline and its neuroprotective 
quality gives promise for further studies. References: 1. Kim HS, Suh YH. Minocycline and neurodegenerative diseases. Behav Brain 
Res 2009; 196(2):168-179. 2. Orsucci D, Calsolaro V, Mancuso M. Neuroprotective effects of tetracyclines: molecular targets, animal 
models and human disease. CNS Neurol Disord Drug Targets 2009, 8(3): 222-231. 3. Tran T, Ross B, Lin A. Magnetic resonance 
spectroscopy in neurological diagnosis. Neurol Clin 2009; 27(1):21-60. 4. Xu V, Chan H, Lin AP, et al. MR spectroscopy in diagnosis 
and neurological decision-making. Semin Neurol 2008, 28(4): 407-422. 5. Tran T, Sailasuta N, Watterson M, Brenes L, Ross BD. 
Adding MRS to ADNI Criteria for Drug Monitoring Will Reduce Group Size in Clinical Trials. Proceedings of the 19th Annual ISMRM, 
#2198, Montreal, Canada, 2011. Acknowledgements: TT, KH and BDR thank the LK Whittier Foundation for their support and Dr. 
Oreggio for his contribution to this study. 
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Diffusion weighted MR imaging of the Investigational Aurora A inhibitor MLN8237 and 
Taxotere shows acute and unique decreases in orthotopic MDA-MB-231 xenograft tumours: a 

pilot study 
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Millennium Pharmaceuticals: The Takeda Oncology Company, Cambridge, MA, USA. Contact e-mail: daniel.bradley@mpi.com 

Introduction MLN8237 is an investigational,selective small molecule inhibitor of Aurora A kinase that has demonstrated anti-tumor 
activity in animal models of solid human tumors (Sells et al.,2008 AACR) and is currently in Phase 2 clinical trials. The effects of 
Taxotere on the apparent diffusion coefficient in MDA-MB-231 human breast xenografts showed an increase in ADC upon treatment 
associated with mitotic catastrophe and lytic necrosis in the absence of apoptosis.(Morse et.al.NMR Biomed;20.2007). Earlier work 
(Huck et al.,AACR 2009)demonstrated that MDA-MB-231 xenografts treated with the combination of MLN8237(10 mg/kg) & Taxotere(5 
mg/kg)resulted in a cellular phenotype commonly observed in senescent cells such as; enlarged cellular size and nucleus as well as 
enlarged cytoplasmic vacuoles. Diffusion-weighted MRI Imaging (DWI) is a non invasive technique requiring no exogenous contrast 
agents and yielding both qualitative and quantitative information for the detection and characterization of tumors and it’s response to 
anticancer treatment. This technique reflects changes at the cellular level and can provide information about the cellularity and integrity 
of cellular membranes within a tumor. Materals and Methods 2x106 MDA-MB-231 FP4 human breast cancer cells were implanted into 
the mammary fat pad of female NCR/nude mice. When tumor volumes reached 200-300 mm^3 the mice were randomized and treated 
with either vehicle (10% Hb-cyclodextrin & 1% sodium bicarbonate,n=3) or MLN8237 (10 mg/kg qd) & Taxotere (5 mg/kg q7)(n=3). 
Mice were imaged by MRI one day prior to treatment and three days after treatment. A multislice FSEMS T2 weighted axial scan was 
acquired for RECIST-like determination. Using a central coordinate through the tumor a single slice modified FSEMS DWI (Varian) scan 
with the following parameters was acquired:Bvalue 82 184 738 1313 (<10,<32,G10). Prior to the estimation of the apparent diffusion 
coefficient, the data was denoised and the noise estimated. In the resulting spatial ADC parameter map, high ADC values represent the 
areas with high diffusion. The pre and post treatment ADC values were compared using a paired t-test. Tumors were excised after the 
study and stained with H&E for necrosis and general cellularity observations. Results There was no significant difference in tumor 
volumes between the vehicle and treated groups after three days of dosing. Both groups showed moderate tumor growth during the 
course of the study. T2 showed no significant change in either vehicle or MLN8237+Tax gps. The vehicle treated group showed an 
increase in ADC values after three days of treatment compared to a significant decrease (p<0.05) in ADC in the MLN8237 and 
Taxotere treated group (Figure 1A&1B). The H&E showed some evidence of enlarged cellular size and cytoplasmic vacuoles in the 
MLN8237 and Taxotere treated group compared to the vehicle (Figure 1C). Conclusion This is the first example of in vivo 
measurements detecting an acute decrease in ADC upon anticancer treatment. This change could be partially attributed to the onset of 
a senescent phenotype. 

 

A. Examples of ADC maps of vehicle (top) and MLN8237+Taxotere (bottom) before (left) and after(right) treatment. B. ADC values before and after 
vehicle and MLN8237+Taxotere treatment (mean+/-SEM) C. H&E of vehicle (left) and MLN8237+Tax treatment (right) 
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Schlessinger2, Jerry Clarin2, Baole Wang2, Arunava Chakravartty3, Cherrie Donawho2, Joann P. Palma2, David J. Frost2, Gerard B. 
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Introduction: FLT and FDG-PET are common imaging pharmacodynamic (PD) biomarkers for the evaluation of anticancer treatment 
response. In this study, we compare longitudinal changes of both PD biomarkers in response to irinotecan therapy in an animal model 
of colorectal cancer. Methods: Female, SCID/CB-17 mice with HCT116 tumors were treated with 50 mg/kg irinotecan (Sandoz, 
Holzkirchen, Germany) by intraperitoneal injection weekly for three weeks. FLT and FDG-PET imaging was performed at baseline, the 
day after each treatment for all three treatments, and 5 days following the first treatment. Proliferation and apoptosis were evaluated by 
IHC. Results: Irinotecan treatment caused a suppression of tumor growth relative to tumors in vehicle treated animals. Tumor FLT 
uptake decreased the day after each treatment, but not at day 5 following the first treatment. FDG uptake increased relative to vehicle-
treated animals the day after each treatment with a continuous increase throughout the experiment. Conclusions: The profiles 
measured by FLT and FDG-PET in response to irinotecan treatment are significantly different. FLT-PET may be a better method than 
FDG-PET for assessing treatment response to irinotecan and changes in imaging occur before changes in tumor volume. 
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Objectives: Positron emission tomography (PET) in real time, using 2-deoxy-2-[18F]fluoro-D-glucose (FDG) as a tracer of metabolic 
activity may predict mechanism of action and long-term tumour response to photodynamic therapy (PDT). The effect of PDT on tumour 
FDG uptake rates was evaluated using four sulfonated phthalocyanine analogs with continuous and fractionated illumination protocols. 
Methods: Animals bearing two EMT-6 tumours were infused with FDG while PDT was started 30 min later. Dynamic images were 
acquired for a total period of 3 h to produce time-FDG activity curves for the reference tumour, the light-treated tumour as well as the 
heart. Results: Percentage changes in the FDG uptake rate during and after PDT, as well as delay-to-response, were predictive of PDT 
mechanisms of action, and long-term tumour regression. All treatment protocols induced a reduction in the FDG uptake rate during 
PDT, except for the tetrasulfonated ZnPcS4, reflecting its low photodynamic efficacy. The most dramatic changes in FDG uptake rates, 
comprised of a 70% drop during PDT followed by a 230% increase after PDT, and a relatively short (10 min) delay-to-response time, 
were observed with the trisulfonated porphyrazine ZnNPS3C6 using a fractionated light protocol. Together with strong effects on FDG 
uptake rates in the reference tumour and the myocardium, this FDG response profile is associated with optimal long-term tumour 
response, produced through the combined pathways of direct cell kill, vascular collapse and an inflammatory response. A reduction in 
cardiac FDG uptake, with high kidney uptake after PDT, was associated with elevated animal mortality. Conclusion: Real-time tumor 
FDG uptake profiles during PDT are indicative of tumor response mechanisms and predict the outcome of the treatment. Furthermore, 
changes in cardiac and renal FDG uptake rates can serve as predictors of potential toxic side-effects, as well as potential inflammatory 
responses elicited by the treatment. 

Disclosure of author financial interest or relationships: 
N. Cauchon, None; E. Turcotte, None; R. Lecomte, Gamma Medica, Grant/research support; GE Healthcare, Consultant; AMI LLC, 
Stockholder; J.E. van LIER, None. 

  

S292 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P311 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 
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Introduction: The PI3K/Akt/PTEN network is the most frequently de-regulated pathway in human cancer. The protein kinase Akt, a key 
node on this pathway, has been shown to drive proliferation and survival of tumour cells, and also plays a key role in glucose 
metabolism. Therefore, it is hypothesized that Akt inhibition can be assessed using 18F-flurodeoxyglucose (18F-FDG) positron 
emission tomography (PET). Aim: The aim of this study was to determine tumour uptake of 18F-FDG 4 hours after an acute dose of 
AZD5363 or vehicle using a range of doses in the U87-MG xenograft model, the overall goal being to correlate 18F-FDG changes with 
tumour pharmacodynamics in the absence of any systemic glucose changes. Methods: AZD5363 was administered orally at 130, 200 
and 300mg/kg. Prior to dosing blood glucose concentration was measured and mice were dosed with either vehicle or AZD5363 4 
hours prior to imaging. 18F-FDG was administered as an i.v. bolus under anaesthesia; followed by a 45-minute wash out period and a 
20 minute PET scan. Mice were then sacrificed and blood samples taken for pharmacokinetic (PK) analysis and blood glucose 
concentration. Tumours were removed and snap frozen for pharmacodynamic analysis and background tissues taken for biodistribution 
analysis. Image analysis was carried out using Inveon Reconstruction Workplace (IRW) software. Biodistribution data were derived 
from gamma counting. Decay correction and uptake values were calculated using Microsoft Excel and statistical analysis performed 
using Graph Pad Prism. Results: Mean tumour volumes were not statistically different amongst the four groups. There was significantly 
decreased 18F-FDG uptake (p<0.05) in the tumour in all of the AZD5363 treated groups as a group average compared to vehicle; 
maxSUV = 4.06 ± 0.41 (SEM) in the vehicle; 3.16 ± 0.16; 3.12 ± 0.18 and 2.66 ±0.66 (SEM) in the 130, 200 and 300 mg/kg groups 
respectively. There was a significant increase in blood glucose concentration at only the higher doses of 200 and 300 mg/kg compared 
to the vehicle group post-dose (p<0.05). There was significantly increased 18F-FDG uptake in the blood, lung and liver from 
biodistribution data at the 300mg/kg treated dose compared to vehicle (p<0.05). Ex-vivo tumour biomarker analyses demonstrated 
dose-dependent inhibition of PRAS40 in response to AZD5363. Furthermore, AZD5363 resulted in dose-dependent inhibition of tumour 
growth in this xenograft model. Conclusions: AZD5363 significantly reduced tumour 18F-FDG uptake at all three doses investigated in 
U87-MG human glioma xenografts 4 hours after drug administration. This correlated with inhibition of AKT substrate and downstream 
biomarker phosphorylation in the tumours and was seen at doses that did not cause systemic blood glucose changes. Therefore, 18F-
FDG PET has the potential as a biomarker for AZD5363 activity in the clinic. 
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Introduction MLN8237 is an investigational, selective small molecule inhibitor of Aurora A kinase that has demonstrated anti-tumor 
activity in animal models of solid human tumors (Sells et al., 2008 AACR) and is currently in Phase 2 clinical trials. Aurora A kinase is a 
serine/threonine kinase that is essential for the successful transit of cells through mitosis. 3’-deoxy-3’-[18F]-fluorothymidine (18FLT) is a 
positron emission tomography (PET) tracer used to assess proliferation; the tracer is transported into cells via nucleoside transporters 
and phosphorylated by thymidine kinase-1 (TK1) where it is trapped. TK1 is upregulated during the S-phase of the cell cycle. Germanos 
et al., 2008 showed previously that MLN8237 treated CWR22RV1 s.c. xenografts displayed chronic stable 2-deoxy-2-[18F]fluoro-D-
glucose [18FDG] signal compared to vehicle treated mice. In the current chronic multi-time point study, the use of 18FLT-PET as an 
imaging biomarker for treatment response is explored in the HCT-116 xenograft model treated with MLN8237. Materials/Methods 
Approximately 10 days after tumor cell inoculation (2×106 HCT-116 cells in 100% Matrigel), mice were randomized into two groups of 8 
mice. One group received vehicle and the other 20mg/kg MLN8237 PO, BID for 21 days. FLT-PET, tumor volume and body weight 
were measured on days 0 (prior to start of dosing), 7, 14, and 21. Conscious animals received approximately 200 µCi 18FLT, by tail 
vein IV injection. Images were acquired 1 h after the 18FLT injection. PET imaging was performed using the R4 microPET (Siemens 
Medical). PET data was reconstructed using a 2D ordered-subset expectation maximization (OSEM) method, resulting in whole body 
images 128 x 128 x 63 voxels, using MicroPet Manager (Siemens Medical). Volumes of interest (VOI) were drawn and quantitated with 
ASIPro (Siemens Medical). Due to tissue necrosis a VOI within viable tissue was manually selected for analysis. SUVVOI was compared 
between the two groups using t-test and statistical significance was set at p < 0.05. Results The normalized volume of the MLN8237 
group was statistically unchanged (i.e., stasis) over 21 days, whereas the vehicle group tumors grew significantly. The volume on d7 for 
MLN8237 showed a non significant 15% or 84 mm3 increase from the baseline measurement (d0 565mm3), whereas the vehicle 
increased by 78% or 381mm3 from d0 541mm3 (p>0.05). On d14 the treated group was 644mm3 (chronic stasis), whereas the vehicle 
group was 1298mm3 (p<0.05). The MLN8237-treated group demonstrated a reduction in 18FLT uptake that was maintained for the 
entire 21-day period. The MLN8237 group showed a 38% decline from baseline in 18FLT signal after d7 of treatment (1.34 to 0.85 
SUVVOI p<0.05) and this increased to >50% decline by d21. The vehicle group showed no statistical significant changes from baseline 
through the duration of FLT-PET measurements. Discussion MLN8237 treatment in HCT-116 colorectal tumors caused a significant 
decrease in 18FLT signal at d7 compared to vehicle treated animals. This 18FLT signal change may be used as an early and 
noninvasive predictor of anti tumor activity caused by Aurora A inhibition. 

 

Figure 1 . Normalized SUVVOI 18FLT PET data (mean +/- SEM). The vehicle-treated tumors (●) showed constant 18FLT uptake over the 21 days, which 
indicates a stable proliferative rate in the selected regions. The MLN8237-treated group (o) showed a 38% decline in 18FLT signal after 7 days of 

treatment (p <0.05). 
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Institute of Radiological Sciences, Chiba, Japan. Contact e-mail: winn@nirs.go.jp 

Objective: Dihydroartemisinin (DHA), an active derivative of artemisinin which is now recognized as antimalarial drug, inhibits the 
growth of certain cancer cells and xenograft tumors. Further understanding of the molecular mechanisms and genetic participants that 
govern the antineoplastic effects of DHA is necessary. The anticancer effects of DHA and its underlying mechanisms in pancreatic 
cancer and the efficacy in animal models by noninvasive optical imaging, a suitable technique for real-time characterization of the 
therapeutic effects on tumor, were evaluated. Materials and Methods: Combined with conventional methods such as cell/tumor growth 
assays, flow cytometric analysis, and Hoechst staining for apoptosis, the effect of DHA was confirmed using the pancreatic cancer cell 
line BxPc3-RFP stably expressing red fluorescence protein and in vitro/in vivo optical imaging. Proteins that regulate proliferation 
(proliferating cell nuclear antigen (PCNA)), apoptosis (Bax and Bcl-2), and angiogenesis (vascular endothelial growth factor (VEGF)) 
were evaluated in cell and tumor samples by Western blotting and immunohistochemical analyses. Results: DHA inhibited the 
proliferation and viability of cells in a dose-dependent manner and induced apoptosis. We observed down-regulation of PCNA and Bcl-
2, and up-regulation of Bax. VEGF was down-regulated by DHA in cells under normoxic, but not hypoxic, conditions. Fluorescence 
intensity emitted from cells and tumors correlated linearly with cell count and tumor burden, respectively. Conclusion: DHA inhibits cell 
and tumor growth by interfering with cell proliferation and inducing apoptosis. The antiangiogenic effect of DHA may be partial and 
appears to be a complicated process. Optical imaging allows convenient and reliable real-time evaluation of DHA efficacy in a 
preclinical model and comprehensive analysis substantiates that DHA is a potential candidate for pancreatic cancer therapy. 
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Axitinib is a small molecule inhibitor of VEGF receptor tyrosine kinases currently in phase II and III development (Hu-Lowe, D. D., H. Y. 
Zou, et al. 2008. Clin Cancer Res). Stand alone treatment with axitinib has shown success in renal cell carcinoma (Rini, B. I., G. 
Wilding, et al. 2009. J Clin Oncol). Combination treatment with axitinib and antiproliferative drugs such as docetaxel may provide 
additional efficacy. However, timing of the combination treatment may be key to enhance the anti-tumor effects while minimizing the 
additive side effects. In this study we investigated continuous treatment with axitinib combined with docetaxel, versus a 6 day dose 
break from axitinib prior to second-round docetaxel treatment. Tumors were followed by FLT PET/CT to assess cell proliferation effects 
and tumor volume. All animal study procedures conducted were approved by an institutional review committee (IACUC). Sixty female 
nude mice were included in the study, previously implanted with H460 non-small cell lung cancer cells. At a mean tumor size of 
100mm3, animals were randomized into 3 treatment groups, (1) vehicle, (2) combination axitinib 15mg/kg po BID plus docetaxel 
15mg/kg iv (day 1 and day 16) and (3) docetaxel alone. FLT PET/CT was performed at days 9, 15 and 21 using a Siemens Focus 220 
microPET 60 mins post FLT injection followed by x-ray CT with a GE eXplore microCT. At day 9, based on tumor uptake of FLT and 
volume, the combination treatment group (2) was divided into a continuous treatment group (2A) and a 6 day dose break group (2B). 
Regions of interest were drawn on fused PET/CT images to determine mean and max FLT uptake. A separate cohort of groups (1) and 
(2) were imaged using contrast enhanced ultrasound (50 µl bolus of Definity™ IV) with a VisualSonics Vevo770 system with a 40MHz 
probe. Vascular volume, peak contrast intensity and time-to-80% was compared. FLT PET/CT imaging showed significantly reduced 
FLT uptake and tumor volume in treatment groups relative to vehicle controls. After the 6 day axitinib dose break, group 2B showed a 
significant 69% increase in FLT uptake relative to continuous group 2A, indicating a tumor proliferation rate “flare.” Ultrasound did not 
show significant differences in vascular volume or peak contrast, but showed an increase in time-to-80% in group 2B on day 15, 
indicating a potential increase in small vessel growth. At day 21, one week after treatment resumed, FLT uptake and tumor volume 
showed no significant difference between groups 2A and 2B. This study showed a rapid and significant increase in FLT uptake when 
axitinib treatment was stopped for 6 days before any significant gain in mean vascular volume assessed by ultrasound imaging. . This 
increase in proliferation rate did not result in increased efficacy from docetaxel treatment relative to the continuous axitinib treatment 
group when compared 6 days later. It is possible that a longer dosing break, longer treatment time post dosing break, or a different 
class of cytotoxic agent may be needed to produce meaningful differences. These hypotheses are being investigated. 
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Aim: The ubiquitin-proteasome pathway plays an essential role in the regulated degradation of proteins involved in cell cycle control 
and tumor suppression. Proteasome inhibitiors constitute a class of antitumor agents with preclinical evidence of activity against 
haematological and solid malignancies. Specifically, Bortezomib (PS-341) has been shown to exhibit substantial cytotoxic effect against 
a variety of human tumor cells and promising antitumor activity in multiple cancers due to reduced transcriptional activity of NF-kappaB 
and increased activity of the cyclin-dependent kinase inhibitor p21CIP1/WAF1. In the attempt to use proteasome inhibition for the 
treatment of anaplastic thyroid carcinoma we investigated the cellular response of the anaplastic tumor cell lines SW1736 and C643 to 
the therapy with Bortezomib. Methods: C643 and SW1736 cells were exposed to different concentrations of Bortezomib (10nM-1µM) for 
12, 24 or 48 hours. Gene expression was quantified by Affymetrix Gene chip analysis and Real-time PCR. The functional activity of NIS 
was determined in Na125I uptake experiments. The measurement of apoptosis and cell cycle analysis were performed employing the 
Caspase-Glo 3/7 Assay (Promega) and FACS, respectively. Results: The transcriptional profile of Bortezomib-treated C643 and 
SW1736 cells revealed an up-regulation of components of the proteasome/ubiquitin pathway including the proteasome 26s subunits 
and of heat shock protein transcripts as well as an increased expression of proteins involved in apoptosis, regulation of the cell cycle 
and re-differentiation. Employing RT-PCR for quantification of thyroid-specific gene transcription significant induction of Pax8 but also of 
TTF-1 expression was detected in SW1736 (4500 fold, 5 fold) and in C643 (711 fold, 3.4 fold) after the treatment with 100nM 
Bortezomib for 24 hours. In addition, expression of the thyroid-specific target genes thyroglobulin (Tg), Sodium iodide symporter (NIS), 
thyreoperoxidase (TPO) and thyroid stimulating hormone receptor (TshR) as well as a significant increase of iodide uptake in the cells 
provides evidence for the functional activity of transcription factors and NIS. The cellular response of Bortezomib-treated cells included 
a G2/M phase arrest associated with a 11fold (SW1736) and 5.5fold (C643) higher p21CIP1/WAF1 expression. Moreover, as expected 
from the up-regulation of apoptosis-related genes apoptosis was induced in both cell lines. The apoptotic cell fraction increased in 
SW1736 cells up to 27fold after 24h and in C643 cells up to 15fold after 48h when exposed to 1µM Bortezomib. Conclusions: Based on 
the induction of apoptosis, cell cycle arrest and re-differentiation Bortezomib provides a strong antiproliferative effect on the anaplastic 
thyroid carcinoma cell lines SW1736 and C643. Therefore, proteasome inhibition might represent a promising therapeutic approach for 
the treatment of anaplastic thyroid carcinoma. 
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Gemcitabine is a nucleoside analog clinically approved for treating breast, lung, ovarian, and pancreatic cancers. Gemcitabine can only 
efficiently cross cell membranes through specialized membrane proteins called nucleoside transporters. Two different families of human 
nucleoside transporters exist: human equilibrative nucleoside transporters (hENTs) permitting bi-directional transport, and human 
concentrative nucleoside transporters (hCNTs) which actively pumps gemcitabine inside cells. Clinical trials have determined that 
pancreatic cancer patients receiving gemcitabine have significantly reduced survival when tumor levels of hENT1 are low or 
undetectable, suggesting that the absence of nucleoside transporters in cancer cells prevents uptake of gemcitabine, diminishing 
gemcitabine's anti-cancer effect. Unfortunately, nothing currently can be done to remedy this form of gemcitabine resistance. In an 
attempt to increase gemcitabine uptake, we have developed a method for transfecting cancer cells with DNA encoding hCNT3 using 
lipid-stabilized microbubbles (LSM) and ultrasound which has previously been shown effective for transfecting cancer cells in vivo. 
HEK-293 cells in 12-well plates were incubated with 400 µL OptiMEM containing pIRES2-EGFP-hCNT3 DNA (12 µg/mL) and custom-
LSM (50,000,000/mL). Cells in 12-well plates were exposed to various ultrasound settings from the bottom of the plates using a SP100 
sonoporator (Sonidel Ltd). Cells in wells were analyzed for green fluorescent protein (GFP) expression and 3H-gemcitabine uptake. 
Ultrasound at 1 MHz, 0.9 W/cm2, 10% duty cycle, and 60 seconds exposure provided the highest transfection efficiency at 
approximately 2.3%. Using these ultrasound parameters, cells were sonicated with or without pIRES2-EGFP-hCNT3 DNA and were 
used for 3H-gemcitabine transport assays the following day. Washed cells were incubated for 1 hour with 50 nM 3H-gemcitabine with or 
without 100 µM dilazep (which is an inhibitor of hENT nucleoside transporters). 3H-Gemcitabine uptake in untransfected nucleoside 
transport competent (- dilazep) cells was 4.2 ± 0.3 pmol/mg protein/hour. Addition of dilazep to untransfected cells (to create nucleoside 
transport deficient cells) decreased 3H-gemcitabine uptake by 97%. Cells in wells that were incubated with dilazep but which were 
transfected with pIRES2-EGFP-hCNT3 displayed a 119-fold increase in gemcitabine uptake compared to non-transfected nucleoside 
transport deficient cells. Considering only 2.3% of cells in the wells were transfected, hCNT3 transfected cells incubated with dilazep 
are estimated to have >5000-fold increase in 3H-gemcitaine uptake compared to untransfected nucleoside transport deficient cells. Our 
results suggest that transfection of hCNT3 in nucleoside transport deficient cells is an effective method of increasing gemcitabine 
uptake which may help circumvent gemcitabine resistance due to reduced drug uptake. 
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According to current statistics, more people die of lung cancer (LC) than of colon, breast, and prostate cancers combined. The typical 
survival for patients with advanced stage LC is 6 months for untreated patients and only a mere 3 months more for patients treated with 
chemotherapy. The reported 5-year survival rate of patients with advanced LC is less than 10%. These statistics indicate a need to 
break through the ceiling of low clinical efficacy in LC chemotherapeutics and help increase the quality of life for people suffering from 
LC. Therapeutic efficacy of ‘free’ drugs is often hindered by non-specific toxicity arising from the cytotoxic effects of the drug(s) on 
healthy cells. In efforts to improve therapeutic efficacy of cancer therapies formulation methods of drug encapsulation or complexation 
with liposomes, polymers, or proteins have been employed. While treatments using such strategies are clinically available they rely on 
passive target principles (drug permeability and retention effect). Currently few clinically-approved treatments that selectively target 
diseased cells via specific biomolecular interactions are available. We propose targeted drug delivery to cancer cells via engineered 
mesoporous nanoparticle-supported lipid bilayers (protocells), a new class of targeted nanocarriers. Protocells hold significant promise 
for improving the efficacy of cancer treatments by their combination of specificity, stability, and enhanced cargo capacity, allowing for 
the capability of delivering a high concentration of the drug directly to the human cancer cell with minimal systemic toxicity. Initial in vitro 
experiments have demonstrated SP94 conjugated protocells are able to specifically target and kill human liver cancer cells with orders 
of magnitude greater efficiency than ‘free’ or liposomal encapsulated drug, even in multiple drug resistant variants. We believe 
extending this research to in vitro LC models will lead to significant increases in the efficacy of current LC chemotherapeutics by 
reducing the growth of human LC cells, including multiple drug resistant variants, greater than the corresponding ‘free’ or liposomal-
delivered drug by harnessing the combined power of the protocell targeted drug delivery system and localized direct delivery of the 
chemotherapeutics via the inhalation route to the lungs. Initial studies, confocal fluorescence microscopy experiments were performed 
with the LC positive control, A549 cell line, and the healthy lung negative control, BEAS-2B cell line to establish that the LC cell line will 
be able to have preferential delivery of the protocell based on the use of a targeting peptide. The EGF peptide, with sequence 
YHWYGYTPQNVI, was chosen as a targeting peptide as it binds to the over expressed EGFR receptor in LC cell lines. Results of initial 
binding studies show LC cells can be selectively targeted using protocells modified with EGF peptide. Virtually no non-specific targeting 
to healthy cells is observed. 
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HDACs are novel targets for cancer therapy due to their ability to alter gene expression. Inhibition of HDAC disrupts of Hsp90/p23 
interactions. To generate novel HDAC inhibitors, we capped a library of cinnamic hydroxamates with aldehydes to explore the effect of 
cap space on HDAC inhibition. In vitro assays were performed using purified proteins to confirm their activities and selectivity. The top 
384 compounds were evaluated for their ability to inhibit HDACs in intact cells using the split Renilla Luciferase (RL) assay for indirect 
monitoring of Hsp90/p23 interactions. 293T cells stably expressing Hsp90α/p23 or Hsp90β/p23 sensors were treated with each 
compound at 4.5 μM or carrier control for 24 hours prior to RL imaging and normalization of cell number by Alamar Blue assay. 2C2, 
2H9 and 1A12 led to the highest levels of inhibition of Hsp90(α/β)/p23 interactions (> 42%). 1A12 was more effective than 2C2 and 2H9 
in inhibition of Hsp90(α/β)/p23 interactions in intact cells in dose response experiments. In agreement with the RL imaging results, 1A12 
was the most potent compound that led to dose-dependent upregulation of p21waf1 and actylated-H3, and inhibition of UKE-1 
myeloproliferative neoplasm cells proliferation. To non-invasively monitor the efficacy of 1A12 in living mice, we introduced a second 
reporter (eGFP-FL) into the 293T cell stably expressing Hsp90(α/β)/p23 sensors as a measure of cell viability. The efficacies of 1A12 in 
disruption of Hsp90(α/β)/p23 interactions and cellular proliferation in tumor xenografts were monitored by RL and FL imaging, 
respectively. Baseline signals were determined by bioluminescence imaging prior to treatment with 80 mg/kg of 1A12 (N =8) or equal 
volume of carrier control (N = 10) via i.p. injections on Day 0. Mice were re-imaged for RL and FL signals on Day 1, followed by two 
doses of drug treatment and re-imaging on Day 2. To account for the cell number on efficacy of 1A12 on Hsp90(α/β)/p23 interactions, 
we normalized the RL signals to that of FL signals for each time point for each mouse (Figure 1). Relative to time 0 hr, RL/FL ratios for 
Hsp90c/p23 and Hsp90β/p23 interactions were 78 ± 20% and 53±20%, compared to that of 289±88% and 88±30% in carrier control 
treated mice. At 40 hours, RL/FL ratios for Hsp90α/p23 and Hsp90β/p23 interactions were 50±15% and 47±16% in 1A12 treated mice, 
compared to that of 194 ± 50% and 139 ± 55% in carrier control treated mice (p < 0.02 vs. 1A12 treated mice for Hsp90α/p23 
interactions at 15 and 40 hours). Small animal PET/CT imaging (Suppl. Figure) shows that 1A12 reduced 18F-FDG uptake in tumors 
relative to carrier control treated mice (64% vs. 180% increase vs. Day 0, p=0.01). Ex-vivo analyses of tumor lysates showed that 1A12 
led to upregulation of act-H3 by about 3-fold (p< 0.03 vs. carrier control). Our results confirm the efficacy of 1A12 as a novel HDAC 
inhibitor, both in cell culture and in living mice. Conclusion: We have discovered and validated the mechanism of a novel class of HDAC 
inhibitors by coupling chemical syntheses with non-invasive molecular imaging of Hsp90/p23 interactions in living mice. 

 

1A12 disrupts Hsp90(α/β)/p23 interactions in 293T tumor xenografts in mice. (Top) Baseline RL and FL signals in 293T xenografts expressing 
Hsp90α/p23 (left) and Hsp90β/p23 sensors (right) were determined by optical bioluminescence imaging prior to treatment with 80 mg/kg of 1A12 (N =8) 

or carrier control (N = 10) on Day 1. Mice were re-imaged at 15 hours prior to two doses of drug treatment and re-imaging at 40 hours. (Bottom) RL 
signals were normalized to that of FL signals at each time point for each site in the mouse to account for the change in cell number. *, p <0.05 vs. carrier 

control treated mice. 
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Development of oligopeptide carriers for systemic siRNA delivery 
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Biology, School of Medicine, Kyungpook National Univ, Daegu, Republic of Korea; 2Ecological Environmnet Conservation, Kyungpook 
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The siRNA has been expected to apply for several diseases such as cancer since siRNA specifically silences the disease-associated 
genes. However, effective gene carriers should be developed to overcome the low siRNA stability in vivo, form stable complexes and 
facilitate intracellular uptake of siRNA. Here, we have investigated tumor targetable oligopeptide carrier including tumor-homing 
peptide, AP-1, and rich positive peptide, nine arginines, for systemic siRNA delivery. Phage display technique is a promising tool for 
selecting peptides or proteins with specific binding properties from a lot of variants. AP-1 peptide can bind with interleukin-4 receptor 
which expressed on surface of several human cancer cells like MDA-MB231. Arginine rich peptides have been widely used for forming 
complex with DNA, which promote efficient transfection in various mammalian cells. Oligopeptides formed ionic complex with siRNA at 
150 nm size and these peptide/siRNA complexes were transfected in MDA-MB231. Under in vitro silencing experiments, peptide/siRNA 
complexes did silencing of Dronpa gene as similar to lipofectamine/siRNA complexes, which were observed by fluorescent microscope, 
flow cytometry, and western blotting analysis. For in vivo experiments, we prepared tumor-bearing mice by inoculation of Dronpa-MDA-
MB231 cells (Dronpa-stable cells). Tumor targetable oligopeptide/siRNA complexes were administrated through tale vein when tumor 
volume reached at 50 mm3 - we observed fluorescent signals of Dronpa in tumor. In tumor targetable oligopeptide/siRNA-treated mice, 
weak signals of Dronpa were observed compared with free siRNA-treated mice. These results revealed the promising potential of our 
oligopeptide carrier as a stable and effective siRNA delivery system for cancer treatment. 

 

 
Dronpa signal in tumor of oligopeptide/siRNA-treated mice 
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Imaging and biodistribution to evaluate a novel IgE therapy 
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Oncology, King’s College London, London, United Kingdom. Contact e-mail: alexander.koers@kcl.ac.uk 

Antibodies used for cancer treatment and immune therapy have, to date, been of the IgG class. Efficacy might be improved by using 
the IgE class of antibodies as these have higher affinity for their Fc-receptors. IgE has a greater tissue penetration and longer half life in 
tissue and IgE bound to IgE-receptor-expressing effector cells is thought to actively infiltrate tumours. We have developed IgE’s 
engineered against tumour antigens, including an IgE targeted to FRα, which is expressed on ovarian cancer cells, to model this 
hypothesis. We use imaging in this novel therapeutic approach to guide the development of a therapy from a preclinical stage onwards 
and to show the biodistribution and pharmacokinetics of IgE in vivo. Objectives: The aim was to radiolabel IgE and IgG, while 
maintaining the functionality of the antibodies, and to compare IgE with IgG in in vivo imaging and biodistribution studies in a disease 
model. Methods: IgE was conjugated to CHX-A”-DTPA and radiolabelled with 111In at room temperature. Functional assays using 
FACS were carried out to assure binding to the target and high- and low-affinity Fc-binding to monocytes. Tumour models were 
developed to assess targeting in vivo and imaging and biodistribution studies using radiolabelled IgE were carried out. Results: CHX-
A”-DTPA-IgE labelled with high efficiency (>98%). Binding of the conjugated antibody to the target antigen and primary monocytes was 
identical to that with native antibody. Imaging of IgE shows an altered biodistirbution compared with a typical IgG antibody as well as 
rapid blood clearance. Conclusion: A novel IgE antibody has been developed, conjugated with CHX-A”-DTPA and radiolabelled with 
111In while maintaining full functionality. In vivo imaging suggests an altered biodistribution of IgE compared with IgG antibody. Similar 
conjugation and radiolabelling of a surrogate rat IgE and in vivo assessment in the rat tumour model will allow evaluation of therapeutic 
efficacy compared with IgG. 
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Ultrasound mediated membrane permeability enhancement of C6 glioma cells: a preliminary 
viability study for evaluation of local drug delivery 
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Ultrasound (US) and microbubbles may affect the permeability of the cell membrane, leading to enhanced drug uptake and 
internalization of otherwise membrane-impermeable compounds. Recent work by Yudina et al. (1) showed that this membrane 
permeability enhancement lasts up to 8h after sonication (with residual permeability up to 24h). Although cells seemed to remain viable 
in Yudina’s study, a more complete evaluation of cell viability after US-permeabilization was necessary. Different assays were used to 
investigate the evolution of the cell viability in the range of the temporal window. The results showed no alteration of cell viability and a 
delayed increase in calcein and DIOC6 signal after US. Methods: C6-glioma cells were grown in US-compatible Opticell™ culture units. 
Before exposure of the cells, 3 x 107 SonoVue® microbubbles were added to the growth medium. The same US parameters as 
described in Yudina et al. (1) were used. 24h, 16h, 8h or 0h after sonication, the exposed zones were cut out of the OptiCell™ 
membrane. The cells were then stained with 10 nM calcein or 0.1µM DIOC6 and analyzed by flow cytometry. MTT staining was 
performed directly in the OptiCell™. The number of cells in the samples was determined by microscopy. The zones were then cut out of 
the OptiCell™ membrane, solubilized in DMSO and their optical density was determined at 570nm. The results, normalized for the 
number of cells, were compared to the results of the non-sonicated samples to determine the % of viable cells. Results and Discussion: 
In this study, a functional description of the status of C6 tumor cells after sonication was initiated. At 8h after sonication a pronounced 
increase in calcein signal of 23.9 ± 6.3% was observed (Figure 1a). A comparable signal augmentation was furthermore visible at 16h 
and 24h post-sonication (20.2 ± 12.3% and 19 ± 6.1% respectively). DIOC6 signal was increased directly after sonication (8.8 ± 3.3%) 
but the values seemed to return gradually to base level until 16h post-sonication. In a second time, at 24h after US, an important 
increase of 37 ± 11.3% was observed. These fluctuations may be caused by perturbation of the membranes leading to increased 
retention of the fluorescent probes in the cells or, more likely, by specific disturbance of the enzymatic activity of the cells. A decrease in 
fluorescence intensity, which would suggest a reduced viability, was not observed in our experiments. Furthermore, the MTT assay 
showed no major alteration of cell viability at the different time points (Figure 1b). It may thus be concluded that cell viability is not 
reduced after US exposure. US-mediated membrane permeabilization may therefore be considered as a safe method for both local 
drug and gene delivery. Additional studies have to be conducted to determine the exact mechanism of cell (membrane) perturbation 
after US. However, our results already suggest a delayed disturbance of calcein specific enzymatic activity and mitochondrial 
respiration. References: 1) Yudina et al., Mol Imaging Biol 2010 Acknowledgements: This work is supported by the EC-project FP7-
NMP-2008-1-213706 SonoDrugs and InNaBioSanté-project ULTRAFITT. 

 

Figure 1: Viability study of C6 glioma cells at different time points after US exposure. a) Increase in calcein and DiOC6(3) fluorescence signal intensity 
compared to non-sonicated samples. b) MTT assay: % viability at different time points after US exposure. The viability of the non-sonicated samples is 

considered as 100 %. 

Disclosure of author financial interest or relationships: 
L. Van Ruijssevelt, None; P. Smirnov, None; A. Yudina, None; V. Bouchaud, None; P. Voisin, None; C. Moonen, Philips 
Healthcare, Grant/research support .  

Proceedings of the 2011 World Molecular Imaging Congress S303



Presentation Number P324 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Porphysomes: Intrinsically Multifunctional Nanovesicles for Photothermal Therapy 
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Introduction: We recently discovered porphysomes as intrinsically multifunctional nanovesicles. A photosensitizer, pyropheophorbide α 
(pyro), was conjugated to phospholipid, and the conjugates self-assembled to liposome-like spherical vesicles. Because of the high 
density of porphyrin in the porphyrin-lipid bilayer, porphysomes generated large extinction coefficients, structure-dependent 
fluorescence self-quenching and unique photoacoustic and photothermal (PTT) properties. In our study, we investigated the 
photothermal therapy efficacy of porphysomes using a subcutaneous tumor model and an orthotopic prostate tumor model. Method: 
Porphysomes were IV injected, and PTT (670 nm, 1.4 W/cm2, 60 s) was performed transdermally 24 hours later. An infrared thermal 
camera was used to detect the local tumor temperature. The survival of mice in the treatment group and two control groups (mice 
treated with either porphysomes or laser alone) were monitored after the PTT. Results: Porphysomes preferentially accumulated in 
tumors due to the enhanced permeability and retention (EPR) effect. The local temperature of subcutaneous tumor increased from 30 
oC to 62 oC upon the laser irradiation. After the thermal ablation of the subcutaneous tumor, an eschar formed and healed within 2 
weeks. The survival of treatment group was 100% after 150 days post-treatment (Figure 1). The tumors continued to grow in the control 
groups and all reached the defined end point within 3 weeks. The preliminary data also showed the PTT-induced rapid temperature 
increase of the orthotopic prostate tumor. Conclusion: The intrinsically multifunctional porphysomes dissipated the absorbed energy as 
heat, and they were potent PTT agents for imaging-guided cancer therapy. Studies now are ongoing investigating the PTT efficacy of 
porphysomes using the orthotopic prostate tumor. 

 

 
Figure 1: The survival of mice in the treatment group and the control groups after photothermal therapy, using the subcutaneous tumor model. 
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Targeted Imaging and Therapy of Tumor Using IL-4 Receptor-Binding Peptide 
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Targeted imaging and therapy of tumor can enhance the efficiency of tumor detection and treatment. IL-4 receptor (IL-4R) has been 
shown to be abundantly present on various tumor cells, such as glioblastoma, lung, breast, and prostate tumor. We have previously 
identified the CRKRLDRNC peptide, named AP-1, which has homologous sequences with IL-4 and binds to IL-4R. In vitro binding 
assays showed that AP-1 preferentially bound to H226 human lung cancer cell line that highly express IL-4R, compared to H460 human 
lung cancer cell line that little express IL-4R. In order to selectively deliver nanoparticles to tumor through the IL-4R, we conjugated 
liposomes with AP-1 and Cy7.5 near-infrared fluorescence (NIRF) dye. When injected into the tail vein of nude mice bearing H226 
tumor xenografts, tumor homing of the IL-4R-targeted, Cy7.5-labeled liposomes was demonstrated by in vivo NIRF imaging. IL-4R-
targeted liposomes bound to and were internalized into H226 cells on culture at higher levels than untargeted liposomes. Moreover, 
when intravenously injected into mice bearing tumor, IL-4R-targeted liposomes containing doxorubicin inhibited the tumor growth and 
induced apoptosis of H226 tumor cells more significantly than untargeted liposomes and an equivalent dose of free doxorubicin. These 
results suggest that AP-1 could be a useful ligand for targeted imaging and therapy of tumor through the IL-4R. 
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Introduction: Significant efforts have focused on exploiting nanotechnology for unique solutions in clinical oncology. Here we present a 
radioluminescent nanophosphor (RLNP) intended to enhance the therapeutic effect of radiotherapy by augmenting the production of 
reactive oxygen species (ROS) with simultaneous photodynamic therapy (PDT). In this approach, RLNPs serve as a targeted carrier 
and activator of conjugated photosensitizers, such as protoporphyrin IX (PpIX). To impart molecular specificity, folic acid (FA) was 
chosen as a model targeting agent for the folate receptor (FR), which is overexpressed on many human cancer cells (e.g. ovarian, lung, 
breast, endometrial, renal, and colon). Materials & Methods: BaYF5 host nanocrystals were synthesized by the thermal decomposition 
method using lanthanide trifluoroacetates, barium acetylacetonate, oleic acid and 1-octadecene. In this system, optical emission can be 
tuned by selection of lanthanide dopants, such as Tb3+. To evaluate the radioluminescence of these nanophosphors a suspension of 
the particles was irradiated at 6 MV while an emission spectrum was obtained by a spectrograph coupled to an EM-CCD. In addition, 
poly(ethylene glycol) (PEG) was integrated in to this particle platform to improve in vivo biocompatibility and aid in internalization during 
receptor-mediated endocytosis. FA and PpIX were covalently linked via carboxyl groups to the RLNPs through a bifunctional DSPE-
PEG-NH2 linker. RLNP-PEG-PpIX/FA conjugates were characterized by transmission electron microscopy (TEM) and UV 
spectroscopy. Results: Uniform cubic (~14 nm) nanocrystals were obtained by this process and characterized by TEM. Surface 
functionalization of the RLNPs with PEG produced hydrophilic and colloidal aqueous suspensions of the nanophosphors. Upon 
irradiation with clinical strength x-rays, strong emission peaks were observed at 489, 545, 586 and 619 nm with the BaYF5:Tb3+ RLNP. 
Of particular interest, emission at 545 nm coincides well with the absorbance of PpIX to activate ROS generation. Conjugation of both 
FA and PpIX was performed by N-hydroxysuccinimide (NHS) activation and confirmed by UV spectroscopy. Conclusion: Using this 
novel treatment approach, we seek to employ the depth penetration of X-rays coupled with RLNP luminescence to enable radiotherapy 
enhanced by PDT. Here, we have demonstrated the synthesis, chemical conjugation and radioluminescence emission/photosensitizer 
absorbance necessary for ROS generation. The successful development of this technique would provide an innovative tool with a 
synergistic cytotoxic effect and potential to lower therapeutic radiation doses. Furthermore, the PEG-coated nanophosphor platform 
developed here may serve as a novel molecular imaging probe. RLNPs may enable multimodal x-ray/optical imaging, as well as a wide 
range of other applications in molecular imaging and nanomedicine. 
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Paclitaxel is a chemotherapeutic agent that has been used to treat a variety of cancers including metastatic breast cancer, non-small 
cell lung cancer, refractory ovarian cancer, and others. The approved clinical drug Taxol is formulated with a high percentage of 
additives because paclitaxel is highly hydrophobic and, hence, suffers from high incidences of adverse events including neurotoxicity, 
myelosuppression, and allergic reactions. Towards the goal of an enhanced safety profile and increased efficacy, paclitaxel 
encapsulated in amphiphilic, shell cross-linked, knedel polymer nanoparticles (PTX-SCKs) were constructed as a novel drug delivery 
system. Paclitaxel loaded nanoparticles were synthesized from an amphiphilic di-block copolymer, poly (acrylic acid)-b-polystyrene 
(PAA-b-PS). The degree of paclitaxel loading was varied from 5% to 20% of total polymer weight. A dual purpose small molecule 
served as the cross-linker and fluorescent tag. A series of differently-sized nanoparticles was prepared and their dimensions were 
measured by dynamic light scattering and transmission electron microscopy. Separation assays with high molecular weight filters show 
the paclitaxel is in the nanoparticle and not in the free solution. The in vitro cell viabilities of various sized PTX-SCKs, with comparison 
to free paclitaxel, were measured in KB cells employing the WST-1 assay. These cell viability results demonstrated that the IC50 of the 
PTX-SCK nanoparticles were equal to or better than free paclitaxel at the two incubation time points measured, 2 hours and 72 hours. 
Confocal microscopy with bright-field overlay clearly shows that the PTX-SCKs internalized in the KB cells. Some cells were in various 
stages of death, highly suggestive that the paclitaxel was released intracellularly. Thus, we have shown that the PTX-SCKs are 
internalized in tumor cells and result in cell killing, and that the measured IC50 values of the PTX-SCKs are equal or lower than free 
paclitaxel. These successful in vitro results allow us to proceed to in vivo experimentation to evaluate whether, indeed, there is an 
enhanced safety profile and increased efficacy with this nanoparticle construct over that of the current clinical paclitaxel drug. 

 

IC50 of two PTX-SCK formulations compared to free paclitaxel 
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Detailed studies were performed to probe the effects of the core and shell dimensions of amphiphilic, shell crosslinked, knedel-like 
polymer nanoparticles (SCKs) on the loading and release of doxorubicin (DOX), a widely-used chemotherapy agent, in aqueous buffer, 
as a function of the solution pH. Effects of the nanoparticle composition were held constant, by employing SCKs constructed from a 
single type of amphiphilic diblock copolymer, poly(acrylic acid)-b-polystyrene (PAA-b-PS). A series of four SCK nanoparticle samples, 
ranging in number-average hydrodynamic diameter from 14-30 nm, were prepared from four block copolymers having different relative 
block lengths and absolute degrees of polymerization. The ratios of acrylic acid to styrene block lengths ranged from 0.65 to 3.0, giving 
SCKs with ratios of shell to core volumes ranging from 0.44 to 2.1. Although the shell thicknesses were calculated to be similar, two of 
the SCK nanoparticles had relatively large core diameters (19 ± 2 and 20 ± 2 nm), while two had similar, smaller core diameters (11 ± 2 
and 13 ± 2 nm), as measured by transmission electron microscopy. The SCKs were capable of being loaded with 1500-9700 DOX 
molecules per each particle, with larger numbers of DOX molecules packaged within the larger core SCKs. Their shell-to-core volume 
ratio showed impact on the rates and extents of release of DOX, with the volume occupied by the poly(acrylic acid) shell, relative to the 
volume occupied by the polystyrene core correlating inversely with the diffusion-based release of DOX. Given that the same amount of 
polymer was used to construct each SCK sample, SCKs having smaller cores and higher acrylic acid vs. styrene ratios were present in 
the nanoparticle solution at higher concentrations than were the larger core SCKs, and gave lower final extents of release. Higher final 
extents of release were observed for all DOX-loaded particle samples at pH 5.0 vs. pH 7.4, respectively, ca. 60% vs. 40% at 60 h, 
suggesting promise for enhanced delivery within tumors and cells. By fitting the data to the Higuchi model, quantitative determination of 
the kinetics of release was made, giving rate constants ranging from 0.0431 to 0.136 h-½. In comparison, the non-crosslinked polymer 
micelle analogs exhibited rate constants for release of DOX of 0.245 to 0.278 h-½. These studies point to future directions to craft 
sophisticated devices for controlled drug release. In addition, the in vitro cell killing efficacy of DOX loaded nanoparticles with respect to 
free doxorubicin will be discussed. 

 

 
DOX release profiles of free DOX, micelles, and DOX-loaded SCKs at pH 7.4 and pH 5.0. 
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Introduction: Low-density lipoprotein (LDL) enables the transport of serum cholesterol; however, high LDL levels put patients at risk for 
arteriosclerosis. The PCSK9 protein is responsible for the destruction of internalized LDL receptors (LDLr) from cell surfaces. As an 
anti-arteriosclerosis therapy, we are developing a multifunctional nanoparticle (NP) system to image and deliver morpholino (MO) 
sequences with the aim to silence PCSK9 gene expression, thereby increasing LDL receptor levels and decreasing LDL levels. 
Methods & Results: Methods: NPs (A) were synthesized in a one-step process by mixing oleic acid coated iron oxide cores, amphiphilic 
polymer poly (Maleic Anhydride-Alt-1-Octadecene) substituted with 3-(Dimethylamino) propylamine, biocompatible polymer 
polyethylene glycol (PEG), carboxy PEG, and fluorophore-NIR-664-labelled lipid in chloroform:methanol mixture before dripping into 
boiling water. Because hepatocytes express asialoglycoprotein receptors that bind to galactose-terminated glycoproteins, we attached 
galactosamine in a NHS-EDC reaction to the nanoparticle with the aim of improving hepatocyte uptake. The NPs were characterized for 
core size and morphology via transmission electron microscopy (TEM), and size distribution via dynamic light scattering (DLS). In vitro 
HepG2 uptake of galactose-targeted NP (Gal-NP) and control NP (PEG-NP) was analyzed by fluorescence imaging. Six MO 
sequences were designed to block the pre mRNA splicing of human PCSK9 gene. These MOs were screened for their effect on LDLr in 
HepG2 cells via Western blotting techniques. In addition, to develop a high-throughput assay for NP-MO delivery efficacy, two MOs that 
target the luciferase gene in SC002 cells were designed and luciferase expression was assayed by luminescence studies. To enable 
MO incorporation into the NP, we synthesized 1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine (DMPE) liposomes whose amine 
groups have been modified to react with thiol-appended MO via dithiol linkage. The reaction was monitored by UV spectroscopy. 
Results: TEM showed that the iron cores were individually coated with the polymer-lipid mixture (B). DLS showed that NP’s effective 
diameter ranged from 28 to 38 nm. HepG2 cells uptake of Gal-NP was not greater than PEG-NP, which suggested that galactose 
attachment may not have occurred. Western blots showed LDLr upregulation (C) in MO-treated HepG2 cells. Also, MOs were 
demonstrated to silence luciferase genes with three days being the optimal incubation time (D). Amines on DMPE were successfully 
modified as seen by characteristic absorbance of reaction by-product at 343 nm (E.a). However, DMPE attachement to thiol-appended 
MO did not occur as seen by lack of absorbance at 260nm characteristic of MO (E.b). Conclusion: The NP coating process is effective 
in vitro. MOs silence genes in both HepG2 and SC002 cells. Galactose and MO attachment to the NPs needs to be optimized, before 
evaluation of in vitro gene knockdown. Clinical Relevance: With further development, this NP delivery platform could potentially be 
employed as an anti-arteriosclerosis therapy in patients. 
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AntagomiRs (Antisense-microRNAs) are a novel class of chemically modified stable oligonucleotides consisting of 20-24 bases, and it 
is used to block the functions of endogenous microRNAs which regulate different genes involved in major cellular processes such as 
cell proliferation, differentiation, and apoptosis. Importantly, oncogenesis has been reported due to the deregulated expression of 
microRNAs. Inhibition or restoration of endogenous miRs is an unique and effective technique to alter miRs functions which brings 
cellular homeostasis, and has been considered as a promising new generation of molecularly targeted anti-cancer therapies. A key 
challenge in achieving effective miRNA-based therapeutics is by developing efficient delivery system which can specifically deliver 
antisense oligonucleotides to target cells in living animals. The aim of the present work is to evaluate the therapeutic effect of a 
combination of antagomiRs (miR-21 and miR-10b)in reverting the tumor metastasis and invasiveness in triple negative breast cancer 
cells (e.g., SUM-159-FLUC) by non-invasive imaging in live animals. In this study, we have used FDA approved biodegradable 
copolymer poly-(lactic-co-glycolic acid) (PLGA) as a carrier for antagomiRs delivery. Chemically modified antagomiRs were co-
encapsulated in PLGA-PEG nanoparticles by using double emulsification (W/O/W) solvent evaporation method with the average size of 
150-200 nm (Figure A&B) . To monitor the delivered antagomiRs in cells (SUM-159) by direct visualization, Cy5-labeled antagomiR-21 
were used. The finding shown in Figure C suggests that large number of antagomiR encapsulated PLGA-PEG-naoparticles are 
internalized when exposed to the SUM-159 cells for 18 h. In-vitro release studies suggest that sustained release of antagomiRs (80%) 
over 45 h and rest of the 20% was released over a period of 120 h. We found intracellular encapsulated antagomiRs-PLGA 
nanoparticles even 128 h after initial delivery in cells, and tumor implants in living animals, as imaged by fluorescent microscopy and 
optical cooled charge coupled device (CCD) camera respectively. The functional imaging of SUM159-FLUC tumor implants in living 
animals for the presence of viable cells found a significant reduction in the FLUC signal from tumor implants of cells previously loaded 
with antagomiR encapsulated PLGA nanoparticles (Figure E-b) compare to corresponding control tumors (Figure E-a). The antagomiR 
mediated tumor regression in living animal was found to be more effective when we pre-treat the cells with combination of antagomiR-
21 with a phosphorthioate modified 10b-antagomiR (10b-PS) than antagomiR-21 with OMe-modified and 10b-antagomiR encapsulated 
nanoparticles (Figure F). The results of this study indicates that the use of PLGA for antagomiR delivery is not only efficient in crossing 
cell membrane, and it can also maintain the threshold of intracellular antagomiRs level by its inherent slow release profile and help for 
prolonged therapeutic effect. 

 

 

Disclosure of author financial interest or relationships: 
N. Sekar, None; T.V. Sekar, None; R. Paulmurugan, None. 

  

S310 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P331 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Enhanced targeting efficiency of bacteria-mediated cancer therapy using microbial surface 
engineering 
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We previously reported that certain strains of bacteria could target and proliferate in tumor. The bacteria have been applied for delivery 
of protein drugs tumor specifically. However, targeting efficiency showed variable depending on tumor types. Thus, it was necessary to 
enhance the bacterial targeting efficiency through bacterial surface engineering. In this study, we displayed specific peptide sequence 
in the external loop of outer membrane protein A (OmpA) of attenuated Salmonella typhimurium (SL∆ppGpp) to explore the changes of 
bacterial adhesion and targeting to tumor cells. We constructed expression vector encoding fusion protein with OmpA and specific or 
scrambled peptides (as a control) that are controlled by Lac promoter and arabinose inducible promoter (pBAD) to transform 
SL∆ppGpp (SL∆ppGpp-SP). The Western blot analysis showed successful expression of SP-ompA in SL∆ppGpp-SP. Under the 
microscopic analysis, SL∆ppGpp-SP showed stronger adhesion to U87MG cells overexpressing αvβ3 integrin than to MCF-7 cells 
(negative control) and also colocalized on the surface of U87MG cells. In order to monitor in vivo distribution of the bacteria, the 
bacteria strain was further transduced with bacterial luciferase (Lux) operon using p22 bacteriophage (SL∆ppGpp-SPlux). In vivo 
bioluminescence imaging showed strong targeting efficiency of SL∆ppGpp-SPlux in U87MG-bearing nude mice as compared to 
SL∆ppGpp-lux. We successfully engineered tumor-targeting bacterial strain that showed stronger targeting efficiency by using surface 
display of SP in OmpA. The engineered bacteria may have a potential to deliver higher amount of protein drug in tumor tissue. 
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Purpose: CpG oligonucleotide is an efficient immune modulator in mouse models of cancer. However, systemic injection of CpG causes 
activation of plasmacytoid dendritic cells (pDC) in major immune organs such as liver and spleen and exhausts the pool of these 
important antitumor cells outside the tumor. Recent study showed that intratumoral (i.t.) injection of CpG enhanced its antitumor effect 
(Lou et al., J Immunother. 2011; 34(3): 279-88). However, biodistribution and pharmacokinetics of CpG and their correlation with 
antitumor efficacy remain unclear. We recently developed a poly-L-glutamic acid CpG conjugate (PG-CpG) in which the polymer was 
shown selective localization in tumor associated macrophages (Melancon et al., Biomaterials. 2010; 31(25): 6567-73.) The purpose of 
this study was to investigate: 1) biodistribution and tumor retention of CpG and its poly-L-glutamic acid conjugate after intravenous (i.v.) 
and i.t. administrations; 2) tumor-specific immune responses and the antitumor activity of the polymer-CpG conjugate in melanoma B16 
model. Material and methods: CpG with terminal thiol group was conjugated to the carboxylate side chain of poly-L-glutamic acid 
through thiol - maleimide coupling. For distribution studies, dimethylenetriaminepentaacetic acid (DTPA) was attached to the side chain 
of PG-CpG or the terminal of CpG. The two derivatives were then labeled with 111In and injected to C57BL/6 mice bearing B16 
melanoma for in vivo evaluations. Results: After i.t. injection, PG-CpG showed similar antitumor activity as free CpG in delaying tumor 
growth as well as in activation of tumor-specific CD8 T-cell populations. Both CpG and PG-CpG activated NK cells from the tumors 
while free CpG also activated NK cells in the spleen, suggesting that PG-CpG retained its specificity to tumor without nonspecific 
activation of systemic immune effector NK cells. After i.v. injection of 111In-labeled CpG or PG-CpG into B16 tumor-bearing mice, 
significantly less PG-CpG was taken up by the liver and the spleen than CpG, while tumor uptake of PG-CpG was no less than CpG. 
After i.t. injection, 111In-PG-CpG showed significantly higher retention in the tumor and the draining lymph nodes than 111In-CpG for 
up to 48 hrs. Conclusion: These results indicated that PG-CpG retained the immunostimulatory potency and antitumor efficacy of CpG 
without causing systemic immune response. Conjugation of CpG to biocompatible poly-L-glutamic acid carrier increased the retention 
of CpG in the tumor sites and reduced its nonspecific uptakes in the liver and the spleen. Radiolabeled drugs can be potentially used 
for noninvasive assessment of whole body distribution and tumor retention of novel immunomodulators. 
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Hybrid gadolinium oxide nanoparticles as radiation sensitizers in photon irradiation 
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Radiotherapy remains a major modality of cancer therapy. Despite significant advances, radiotherapy may still fail to eradicate 
radioresistant tumors. High atomic number material may be used in combination with radiation to provide dose enhancement to the 
tumors. Owing to advances in nanotechnology, it is now possible to draw benefit from this high Z dose enhancement particularly 
through the accumulation of gadolinium nanoparticles (GBN) in tumors. These GBN interact with ionizing radiation, producing 
secondary electrons and ionization that amplify the effect of irradiation. In our study, we evaluated the radiobiological response for 
GBN. We quantified the increase of DNA damage, especially the enhancement of unrepaired radiation induced double-strand breaks 
(DSBs), leading to radiosensitization. The putative radiosensitizing effects of GBN combination with photon radiation have been 
analyzed on radioresistant HNSCC SQ20B cells established from a patient with recurrent squamous cell carcinoma of the larynx after 
radiation therapy. Treatment of cells with concentrations of 0.4 and 0.6mM GBN induced a significant increase of DSBs 30min after 
irradiation (2Gy), compared to untreated cells. GBN treatment had an effect of on the capacity to repair damage since 30% of residual 
DSBs persisted in cells treated with GBN and irradiated. These results were confirmed by the cell cycle study. In control cells, photon 
irradiation (10Gy) led to an accumulation of cells in the G2 / M phase (24h time point), which enables to undertake DNA repair 
processes. Combination of GBN and radiation resulted in a significant decrease in the number of cells in G2 / M phase, correlating with 
the increase of DSBs unrepaired. The number of unrepaired DSBs led to an increased clonogenic death. The cell survival fraction at 2 
Gy (SF2), index of radiosensitivity, decreased from 20 to 50%, respectively, after treatment with 0.4 and 0.6mM GBN. Our results 
showed that GBN alone were not toxic to cells since they did not affect cell proliferation Associated with photon radiation, they activated 
signalling pathways leading to cell death and so to a radiosensitizing effect. The significant increase, 72h after irradiation (10Gy), of the 
number of tetraploid cells suggested that irradiation after GBN treatment induced cell death through a process resulting from mitotic 
catastrophe. Early work in vivo showed a radiosensitizing effect on orthotopic gliosarcoma xenografts in rats after irradiation 
Synchrotron (ESRF). These studies, in vivo, have to be confirmed by photon irradiation on nude mice with SQ20B xenografts and intra 
tumoral injection of GBN to consider a possible clinical application. This work was performed under the project LANTHARAD (PDC019 
CLARA 2010) for the development of hybrid nanotarget sensitizers for the treatment of radio-resistant tumors. 
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Background : Macrophages are essential cellular components of the innate immune system and have been found to migrate into the 
tumors. In some cases, macrophage infiltration can comprise up to 50% of the tumor mass. Tumor-associated macrophages are 
derived from peripheral blood monocytes recruited into the tumor from the local circulation. These finding let us to propose that 
monocyte-derived macrophge might be used as drug delivery vehicle for anti-cancer therapy. Methods : For xenograft animal model, 
human lung cancer A549 cells (1x106 cells) were subcutaneously injected into right hind limb of 5 weeks-old Balb/c nude mice. For 
labeling of THP-1 cells, cells were treated with PMA (20 nM) for 18 hrs, and then incubated with imaging agents (Feridex for MRI 
imaging or Q-dot 800 for optical imaging) or therapeutic agent (liposome-Doxorubicin) for 16 hrs. Labeled cells were collected, washed, 
and intravenously injected into the mice (1x106 cells/mouse). After 24 hrs, ionizing radiation was locally delivered to tumor site at 2 or 
10 Gy using 6MV linear accelerator. Migration of the cells was confirmed by optical (IVIS spectrum) or MRI (4.7T animal MRI) imaging. 
To evaluate therapeutic effect, tumor volume was calculated according to the formula V = 1/2ab2, where a and b represent the length 
and the width of tumor, respectively. Results : Liposomal doxorubicin was developed and characterized in vitro. Liposomal doxorubicin 
didn’t affect the viability of monocytes. Targeting property of THP-1 cells toward tumor was monitored by fluorescent imaging and MRI 
imaging techniques ex vivo and in vivo. Accumulation of doxorubicin in tumor mass after systemic administration of liposomal 
doxorubicin-loaded THP-1 cells was observed in sectioned tissue. Tumor growth was attenuated by administration of liposomal 
doxorubicin-loaded THP-1 cells responding to the increasing number of cells injected. In vivo tumor targeting ability of THP-1 cells after 
irradiation was increased. Conclusion : Liposomal doxorubicin was successfully delivered to the xenograft tumor tissue by packaging 
into monocyte-derived macrophage, and increased after irradiation. These results provide the new proof-of-concept for therapeutic drug 
delivery using macrophage in animal model of human cancer. 
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Objectives: This study was purposed to evaluate the therapeutic efficacy, biodistribution, pharmacokinetics, micro-SPECT/CT image, 
and dosimetry of 188Re-labeled nanoliposomes (188Re-liposomes) in the C26 colonic peritoneal carcinomatosis mice model. Methods: 
Colon carcinoma peritoneal metastatic BALB/c mice were intravenously (i.v) administrated with 188Re-liposomes. For therapeutic 
efficacy, the survival, tumor and ascites inhibition of mice after treating with 188Re-liposomes and fluorouracil (5-FU) respectively were 
evaluated and compared. The biodistribution experiments and micro-SPECT/CT image were performed to determine the drug profile 
and targeting efficiency of 188Re-liposomes. Pharmacokinetics study was described by a noncompartmental model. The OLINDA/EXM 
computer program was used for the dosimetry evaluation. Results: Radiotherapeutics of 188Re-liposome attained better survival time 
(increased by 34.6%; P<0.05), tumor and ascites inhibition (decreased by 63.4% and 83.2% at 7 days after treatment; P<0.05) in mice 
than chemotherapeutics of 5-FU. In the bio-distribution study, the highest uptake of 188Re-liposomes was 7.91% ± 2.02% at 24h after 
i.v. administration and the high tumor/muscle ratio was observed. Micro-SPECT/CT image of 188Re-liposomes showed a high uptake 
and targeting in ascites, liver, spleen, feces, and tumor. The results were correlated with the images by autoradiography and bio-
distribution data. Pharmacokinetics of 188Re-liposomes was showed the properties of high circulation time and high bioavailability 
(MRT=19.22h, AUC=820.39 %ID /g*h). Dosimetry study revealed that the 188Re-liposomes did not cause high absorbed doses in 
normal tissue, but did in small tumor. Conclusion: These results demonstrated that the use of 188Re-liposomes for passively targeted 
tumor therapy exhibited greater therapeutic effects than the currently clinical applied chemotherapeutics drug 5-FU in colonic peritoneal 
carcinomatosis mice model. The ideal pharmacological properties of 188Re-liposomes were showed in this study suggested the 
potential benefit and safety in treating peritoneal carcinomatasis of colon cancer. 
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Introduction: Hepatocellular carcinoma (HCC) is the fifth most common cancer in the US. Due to the high number of patients with 
unresectable HCC (~85%), transarterial chemoembolism (TACE) has been used to enhance survival and for palliation. TACE typically 
uses embolic beads that are not directly visible by X-ray. Thus, radiopaque contrast agents are either mixed with the beads or injected 
after embolizing to determine the location and extent of embolization. Embolic beads containing contrast agents could enable the direct 
visualization of the embolic beads and prevent reflux or non-targeted embolization that inadvertently occurs in ~90% of the current 
cases. Methods: Using a microfluidic-based technique, we have developed a high-throughput, alginate-based embolic bead (EB) 
containing contrast agents and tested this EB for stability and demonstrated the utility in vivo. Unlike typical flow-based microfluidic 
chips, which manually synchronize alginate and cationic solutions for bead formation, our device employs a pressurized valve with a 
nozzle that acts as a check valve to squeeze alginate into the cationic-oil solution to create high throughput beads without channel 
clogging (Fig). EBs impregnated with barium sulfate (50 mg/mL BaSO4) only or BaSO4 combined with MR contrast agents were tested 
in vitro for stability, uniformity, and imaging visibility. Intra-arterial injection of EBs in swine kidneys were performed to test the feasibility 
on clinical X-ray angiographic systems (Axiom Artis dFA, Siemens) and were compared to conventional embolic microspheres (100-300 
µm Embospheres®). Results: Extremely small uniform EBs, i.e., 20-30 µm, could be produced at 1 kHz, unlike traditional alginate 
microbead methods that are highly polydispersed and produced at ~1Hz (Fig 1A). The coefficient of variation of our beads diameter 
was <10%. EBs remained stable for more than 1 month after production. Radiopacity was high with equivalent Hounsfield units to bone 
on c-arm computed tomography (Fig 1B/C). Transarterial delivery in pigs demonstrated imaging visibility using standard digital 
subtraction angiography of extremely small quantity of EBs lodging in kidney capillary beds (Fig 1D-F). Non-selective renal artery 
embolization using 0.3 mL EBs in one pig resulted in more distal embolization with EBs than conventional beads but inability to 
visualize individual EBs. Conventional embolic spheres were not visible on X-ray in all animals. Conclusions: The first X-ray visible, 
monodisperse embolic beads have been created using a high-throughput procedure that offers the ability to accurately track embolic 
therapies for the treatment of HCC and unresectable tumors using embolic therapy. 

 

Fig: (A) Digital photomicrograph of barium sulfate embolic beads demonstrates uniformity of bead diameter and distribution of radiopaque contrast agent 
within the beads. Bar is 100 µm. (B) Digital picture of barium sulfate emobolic beads. (C) Maximum project reconstruction of same microtube in (B) 

acquired with a clinical X-ray flat-panel angiographic system. (D-F) Three frames from a dynamic subtraction angiogram (DSA) during injection of 0.05 
mL barium sulfate mpregnated alginate embolic beads (~30 um diameter). The passage of the embolic beads can be tracked during X-ray fluoroscopy, 

which is highlighted in the yellow circle. 
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In vivo longitudinal 2-deoxy-2-[18F]fluoro-D-glucose (FDG)-PET study of the effects of the 
antibody drug conjugate MLN0264 in guanalyl cyclase C (GCC)-overexpressing s.c. xenografts 
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Introduction GCC is the intestinal receptor for the endogenous ligands guanylin and uraguanylin, and the heat-stable bacterial 
enterotoxin. During colorectal malignant development, the privileged anatomical localization of GCC is lost and it becomes a specific 
target for targeted therapeutics or diagnostics. MLN0264 is an antibody drug conjugate (ADC) that targets GCC and carries a 
monomethyl auristatin E cytotoxic payload. It has shown potent efficacy in in vivo s.c. xenografts derived from cell lines and primary 
human explants. In the current study, FDG-PET was used to non-invasively and acutely measure antitumor effects of MLN0264 in 
GCC-positive tumors. Materials and Methods 5x106 293GCC#2 cells (in 100% Matrigel) were injected s.c. into the right flanks of SCID 
mice (293GCC#2 cells are human embryonic kidney cells engineered to overexpress GCC). Tumors were grown to 200-300mm3, 
randomized, and selected for imaging. MLN0264 (10 mg/kg 1x/week IV) was administered after the baseline scan (day 0) and also on 
days 7 and 14. FDG-PET imaging was performed on days 0, 2, 7, and 14. Mice were fasted ~6 hrs prior to imaging and received 
~300μCi FDG via tail vein injection 1 hour prior to their respective imaging sessions. A 10 minute static image (followed by an 8 minute 
attenuation correction scan) was acquired using a Siemens microPET R4 (Siemens Medical, Knoxville, TN, USA). PET data was 
reconstructed using a 2D ordered-subset expectation maximization (OSEM) method, resulting in whole body images 128 x 128 x 63 
voxels, using MicroPET Manager (Siemens). VOIs were drawn manually and quantitated using ASIPro (Siemens). Results There was 
significant antitumor activity in the MLN0264 treated group vs. vehicle treatment; day 0 (364mm3) to day 14 (107mm3) showed a 
decrease of 70% for the treatment group vs. day 0 (268mm3) to day 14 (1552mm3) showed an increase of 478% for the vehicle group. 
FDG average standardized uptake values (SUVave) from the MLN0264 group decreased at day 7 relative to baseline (0.872 to 0.570, -
35%, p<0.05) vs. vehicle treatment (0.77 to 0.838, 8.5%, p>0.05). Conclusion In the current report, 1/ MLN0264 produced chronic 
antitumor activity as determined by both conventional caliper tumor volume measurements and PET image-derived volume 
measurements and 2/ the use of FDG-PET is supported as an early and non-invasive marker to measure antitumor activity during 
treatment with the GCC- targeted ADC MLN0264. 
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Imaging and Therapeutic Targeting of VEGF Receptors in Arthritic Vasculature 
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Progression of rheumatoid arthritis (RA) and, specifically, the growth of the bone-destroying pannus in RA joints depend on formation of 
new blood vessels, whose growth is mediated primarily by vascular endothelial growth factor (VEGF) and its cognate receptors 
(VEGFR). VEGFR are highly expressed in angiogenic vasculature in the RA joints and could be a target for diagnostic imaging and, 
potentially, therapy with molecular tracers and radiopharmaceuticals. To target VEGFR in RA vasculature, we used an engineered 
single chain (sc) form of VEGF expressed with cysteine-containing tag that was used either for direct site-specific radiolabeling with 
99Tc or conjugation of PEGylated chelator DOTA and subsequent radiolabeling with therapeutic radionuclide 177Lu. scVEGF-based 
tracers bind to and are internalized by VEGFRs leading to the selective accumulation of imaging and therapeutic radionuclides in RA 
vasculature. Collagen-induced arthritis (CIA) was established in DBA/1J 4-5 week mice that received 0.1 mL (intra-dermal injection) of 
Bovine Type II Collagen (2 mg/ml in 0.05 M Acetic Acid) in Complete Freund’s adjuvant (2 mg/mL) at the base of the tail. On day 25-28 
the collagen-inoculated mice were challenged with an i.p. injection of lipopolysaccharide (LPS, 50 μg/mouse) resulting in severe 
peripheral joint CIA within 1 to 5 days. SPECT imaging scVEGF/99mTc tracer, as well as biodistribution studies, indicate that enhanced 
VEGFR-mediated uptake of the tracer in CIA model of arthritis can be detected well before clinical manifestations of the disease, such 
as swollen paws. Immunohistochemical analysis of a pan-endothelial marker CD31, specific VEGF receptor VEGFR-2, and a 
macrophage F4/80 marker confirmed the development of angiogenic vasculature in the inflamed paws relative to control. Injection of 
scVEGF-PEG-DOTA/177Lu radiopharmaceutical at a safe dose of 0.5 mCi/mouse resulted in its accumulation in arthritic paws and in 
statistically significant ~two-fold decrease in hind foot pad thickness relative to control mice. These effects are similar to those induced 
in DBA/1J model by a “gold standard”, anti-αTNF treatment with etanercept. Immunohistochemical analysis indicates that scVEGF-
PEG-DOTA/177Lu treatment induces a significant destabilization of angiogenic blood vessels. Our data suggest that imaging and 
targeting VEGF receptors in RA may have significant applications in RA diagnosis, monitoring, and treatment. 
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Background: Stem cells have great potential due to their unique property to migrate to pathological lesions; therefore, stem cells can be 
used as a delivery vehicle for therapeutic genes to tumors, especially for glioma. Investigators have used neural and mesenchymal 
stem cells as vehicles for delivering cytotoxic or therapeutic genes. These cells were administered either locally or systemically. 
Endothelial progenitor cells (EPCs), a subpopulation of hematopoietic stem cells (HSC), showed active migration and incorporation into 
neovasculatures of glioma when administered locally or systemically. Based on EPCs’ characteristics, it is possible to use these cells 
as carriers or delivery vehicles for therapeutic genes to tumors or glioma, which can be administered either systemically or locally. The 
purpose of the study was to determine whether intravenously or locally administered genetically transformed and/or magnetically 
labeled cord blood derived EPCs can simultaneously play a role as a gene carrier system and as imaging probe. Materials and 
Methods: Human cord blood AC133+ EPC was collected under an approved IRB protocol. EPCs were transduced with Lentivirus or 
Adenovirus carrying hNIS gene. The hNIS gene expression in transduced cells was analyzed by Tc-99m assay. Athymic nude rats 6-8 
weeks of age were implanted with U251 cells. Transduced EPCs were also magnetically labeled using ferumoxides and protamine 
sulfate. Magnetically labeled or unlabeled control or transduced EPCs were administered systemically (IV) or locally in rats bearing 
human glioma. All animals underwent pre-injection MRI (on day 14 after implantation), post injection MRI and Tc-99m SPECT on days 
7 and 8 after EPCs administration, respectively. Results: The Tc-99m uptake was significantly higher when compared the non-
transgenic cells, which indicated functional expression of hNIS gene in EPC. Magnetically labeled transduced cells showed 20% drop in 
the Tc-99m uptake in in vitro studies. MRI images showed presence of magnetically labeled transgenic EPCs in and around tumors 
when injected IV. Tc-99m SPECT images showed increased activity of Tc-99m in tumors that received transgenic EPCs either by IV or 
local administration. Tc-99m uptake was also dependent on the number of EPC administered. More Tc-99 uptake was detected in 
tumors that received double doses of transduced EPCs. Direct inoculation of EPCs showed large area of low signal intensity areas at 
the site of injection of magnetically labeled EPCs. There was slight migration of low signal intensity observed after 7 days on MRI when 
magnetically labeled EPCs were injected into the tumors. Histochemical and immunoflorescence revealed migration of transgenic EPCs 
to the tumors and expression of hNIS in the migrated cells. Conclusion: Cord blood derived EPCs were able to carry and express hNIS 
in glioma when administered both, locally and intravenously. Magnetic labeling allowed detection of EPCs’ migration and accumulation 
in tumor by MRI. SPECT also detected migration of EPCs and expression of hNIS gene. EPCs can be used as imaging probes and 
gene carrier/delivery system for glioma. 
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Purpose: Over-expression of transcription factor nuclear factor-κB (NF-κB) is often observed at the later period of cancer radiotherapy, 
results in tumor radioresistance and poor treatment outcome. In this study, we combined sorafenib, a multikinase inhibitor, with ionizing 
radiation to evaluate the therapeutic effect, and to verify whether sorafenib is a radiosensitizer on a human colorectal carcinoma 
HT29/tk-luc tumor-bearing animal model. Experimental design: Clonogenic survival, cell cycle progression were used to evaluate the 
cytotoxicity of sorafenib. The combination effect and the role of NF-kB in therapeutic efficacy with aspects in apoptosis, tumor cell 
invasion were studied with HT29/tk-luc tumor-bearing animal model. The expression of NF-kB was assayed with electrophoretic 
mobility shift assay (EMSA) and Western blot. Results: Sorafenib combined with radiation showed synergistic cytotoxicity on HT29/tk-
luc cells and increased tumor cell apoptosis. Both EMSA and Western blot showed that radiation-induced NF-κB activity was 
significantly suppressed by sorafenib. Combination of sorafenib and radiation showed better tumor growth inhibition assayed by caliper 
measurement and bioluminescent imaging (BLI) as compared to that of sorafenib alone or radiation alone in vivo (p<0.001). 
Conclusion: The effect of sorafenib combined with radiation in the treatment of human colorectal carcinoma is synergistic possibly via 
the inhibition of radiation-induced NF-kB expression and its regulated gene products. 

 

The combination effect of sorafenib and radiation on HT29/tk-luc cells. 

 

The combination effect on HT29/tk-luc cells was assayed, and calculated according to the methods of Valeriote and Carpentier. The IC50 of sorafenib 
was 0.9. SFR = Surviving fraction of HT29/tk-luc cells treated with radiation alone. 

SFS = Surviving fraction of HT29/tk-luc cells treated with 10 microM sorafenib alone, i.e. 0.9. 
SFR+S = Surviving fraction of HT29/tk-luc cells treated with radiation plus sorafenib10 microM. 

The cytotoxic effects of radiation plus sorafenib were evaluated according to Valeriote et al. 
Synergism: SFR+S < SFR x SFS 
Additivity: SFR+S = SFR x SFS 

Sub-additivity: SFR+S > SFR × SFS, with SFR+S < SFR and SFR+S < SFS 
Antagonism: SFR+S > SFR and/or SFR+S > SFS 
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Intrabiliary Molecular MRI-Monitored Local Agent Delivery 
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Purpose: To develop a new interventional molecular imaging technique, “Intrabiliary magnetic resonance imaging (MRI)-monitored local 
agent delivery.” Materials and Methods: For in vitro confirmation, human cholangiocarcinoma cells were treated with various 
concentrations of motexafin gadolinium (MGd, a therapeutic/imaging agent), and then examined by confocal microscopy and MR T1 
weighted imaging (T1WI). For ex vivo protocol establishment, MGd and trypan-blue mixture was locally infused into six common bile 
duct (CBD) walls of cadaveric pigs by using a microporous balloon catheter, while saline was infused into additional six pig CBDs to 
serve as controls. Ex vivo T1WI of these CBDs was achieved with subsequent histologic correlation. For in vivo technical validation, via 
a transcholecytic access, the microporous balloon catheter was placed to locally deliver MGd/trypan-blue mixture into the CBD walls of 
six living pigs. T1WIs with both a surface coil and an intrabiliary MR imaging-guidewire (MRIG) were performed, and contrast-to-noise 
ratios (CNR) of CBD walls between pre- and post-intrabiliary MGd/trypan-blue infusion were compared (t-test) and correlated with 
subsequent histologic confirmation. Results: The in vitro experiments confirmed the ability of human cholangiocarcinoma cells to uptake 
MGd in a concentration-dependent fashion. The ex vivo experiments demonstrated that the MGd/blue-delivered CBD walls generated a 
higher average CNR compared to the saline-delivered CBD walls (144.5±17.3 vs 23±5.3, p<0.05). In the in vivo experiment, we 
achieved the success of using intrabiliary MRI to monitor the MGd distribution in CBD walls, demonstrating a higher average CNR for 
post-MGd/blue infusion compared to pre-MGd/blue infusion (11.6±4.2 vs 5.7±2.8, p<0.05), which was confirmed by histologic 
correlation. Conclusions: We report the development of a new interventional molecular imaging technique, intrabiliary MRI-monitored 
local agent delivery, which may open new avenues to manage obstructive pancreatobiliary malignancies using molecular MRI-
integrated interventional oncology. 
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Ltd, Budapest, Hungary; 2Nanobiotech&In vivo Imaging Centre, Semmelweis University, Budapest, Hungary; 3Radiopharmacy 
Laboratories Ltd., Budapest, Hungary; 4Dept. Information Bionics, Pázmány Péter Catholic University, Budapest, Hungary; 5Avidin 
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Aim. To detect the expression of somatostatin-2a receptors (sstr2a) in vivo on U87 human glioma cells using SPECT/CT and to 
establish a quantitative biomarker for glioma progression. Methods. The sstr2a mRNA expression of U87 human glioma cell line has 
been investigated and found to be positive in our model. Thus we intended to extend the line of investigation to in vivo studies. We also 
included an in-house developed automated shape recognition algorithm dedicated for brain SPECT/CT imaging. Nine (9) Nude rats 
were injected in the right brain hemisphere with 1 million U87 glioma cells after drilling a small skull bone hole. Sstr2a expression 
SPECT/CT imaging (NanoSPECT/CT, Mediso-Bioscan) using a new formulation of a 99mTc-labelled somatostatin analogue peptide 
(GJ30) was performed two weeks after inoculation. Detection of intra-cerebral radioactivity versus brain tumor radioactivity in VOIs was 
performed with a semi-automatic algorithm and with operator control in images 3 hours post injection. Injected activity was cca. 50 MBq 
per animal on cca. 4 µg of peptide. Radioactivity was determined quantitatively from SPECT images in body weight corrected SUV 
calculations for brain to wholebody and tumor to brain uptake proportions at 2 hours post intravenous injection. Results. In all 9 animal 
brains the glioma tumor was evidently discernable on the CT images as a small, often rim-like hyperdensity (see figure upper panel) 
and a doughnut-shaped and diffuse uptake in SPECT (see figure lower panel). Brain tumors growing outwards from the drill hole on 
scalp were also highly acccumulating the tracer in all animals. Brain tumor SUV compared to total brain SUV was 13.9%(12.0%) (mean 
and SD). Biological QC showed no evidence of thyroid uptake, whereas uptake in receptor-expressing organs as hyptohalamus, 
pancreas, stomach fundus wall, duodenum and spleen was evident in SPECT/CT of all rats. Conclusions. The formulation was easily 
and reliably labelled with pertechnetate. Receptor-rich organs did show tracer accumulation as did the U87 glioma cells in the whole 
inoculation canal. Both CT and SPECT was able to identify intratumoral differences in central and peripheral areas of tumors in each 
animal. 
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Molecular Imaging of Met Induced Cell motility and Metastasis 
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The met proto-oncogene product (Met) and its ligand, hepatocyte growth factor/scatter factor (HGF/SF), mediate cell motility and 
invasion in vitro and tumorigenicity, angiogenesis and metastases in vivo. Aberrant Met signaling has been widely implicated in most 
types of human cancers including breast cancer. Over expression of Met and HGF/SF is associated with poor prognosis. Several anti-
Met targeted therapies are in development, some have entered phase III clinical trials. In this work we aimed to understand the role of 
Met induced cell motility in metastasis. Numerous studies have demonstrated that Met induces “path generating” mesenchymal 
mechanism, characterized by elongated cell morphology and extra-cellular matrix degradation in vitro and in vivo. Here we demonstrate 
that Met activation leads to increased “path finding“ or blebbing/amoeboid cell motility in vitro. To study the role of Met induced path 
finding motility in metastasis in vivo we used Met dependent mouse mammary adenocarcinoma xenograft tumors model, tagged by 
mCherry (DA3-mCherry). Optical spectral imaging demonstrated that DA3-mCherry tumors invade the surrounding normal tissue and 
metastasize to distant organs. Macro and two photon optical imaging demonstrate metalloprotease activity at the tumor edge. Anti-Met 
therapy using small molecule inhibitor (PHA665752) reduced tumor angiogenesis and metalloprotease activity. 4D two-photon 
microscopy analysis of organ culture ex-vivo tumors demonstrate both blebbing and elongated cells indicating “path finding“ and “path 
generating” motility of the mammary tumor cells. We believe that this “path-finding” motility mechanism plays an important role in cell 
seeding and metastasis. This model may enable us to evaluate anti metastasis therapy by imaging treatment effect on cell motility. Met 
coordinates intricate cellular and molecular processes enabling tumor and metastasis growth and development. Understanding these 
pathways may facilitate development of novel molecular imaging modalities and anti-Met personalized targeted therapy. 
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Aim: [18F]FDG-PET (FDG), a marker of tumour metabolism, is increasingly used clinically as a measure of both early and long-term 
response to therapy. FDG uptake is understood to parallel a reduction in viability and an early FDG response corresponds to long term 
growth restriction. However, for each new therapeutic, it is important to a) prove the above hypothesis, and b) optimise the optimal 
timing of scanning. The PI3K oncogenic signalling pathway is targeted directly and indirectly by a multitude of therapeutics. Here, we 
use a 3D in vitro model to determine for novel PI3K inhibitors, if a) FDG-PET is suitable for monitoring response to therapy and b) when 
its usage is most appropriate. Methods: Multicellular Tumour Spheroids (MTS) were cultured using the liquid overlay method from two 
tumour cell lines, EMT6 (mouse, mammary) and FaDu (human, hypopharyngeal). MTS were treated for 24h, 48h or 24h with 24h 
recovery, with two inhibitors currently in preclinical trials, a single PI3K inhibitor (single) and a dual PI3K/mTOR inhibitor (dual). 
Thereafter, they were incubated with FDG for 50 minutes at 37°C prior to scintillation counting. In a separate experiment, MTS were 
treated for 24h or 24h with 96h recovery prior to FDG incubation to study long-term effects. MTS treated in parallel were monitored for 
proliferation by measuring MTS size. Results: Figure 1a showed that FDG uptake is restricted for both single and dual after 24h 
treatment, with reductions of 44%±4 and 50%±3 respectively in EMT6 MTS, and 52%±1 and 25%±19 respectively in FaDu MTS. At 48 
hours of treatment, EMT6 MTS showed a similar reduction in FDG avidity for both drugs (47%±6), whereas in FaDu MTS, the reduction 
was more prominent (59%±7 and 58%±7 for single and dual respectively). A 24h recovery period after 24h of treatment with both drugs 
failed to elicit a corresponding recovery in FDG uptake. Instead, uptake was lower compared to MTS treated for 24 hours without 
recovery, suggesting that the effect of the drugs continued even after withdrawal. Figure 1b showed values of [18F]FDG uptake and 
diameter of MTS after 24h of treatment with and without a 96h recovery period. In EMT6 MTS, 24h treatments without recovery lowered 
FDG to 65%±6 and 71%±1 respectively (single/dual). 96h after withdrawal, uptake was even lower with the single inhibitor (54%±7) but 
slightly higher with the dual (80%±12). In FaDu MTS, uptake dropped after 24h treatment to 69%±8 and 95%±7 (single/dual). 96h after 
withdrawal, uptake was lower still (63%±8 and 29%±3) indicating no long term recovery. In both figures, changes in FDG uptake closely 
mirrored changes seen in MTS sizes, indicating that former observations were caused by an anti-proliferative effect of the drugs. 
Discussion: We have shown here that FDG captures an early inhibitor-mediated reduction in overall tumour metabolism, and that this 
corresponds with a restriction in spheroid growth, indicating that changes in observed metabolism may be due to an anti-proliferative 
effect. Our MTS assay enables both a rapid assessment of the suitability of FDG on an inhibitor-by-inhibitor basis, and the optimisation 
of imaging schedules. 
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Non-melanoma skin cancer (NMSC) is the most common cancer in the US and is the fourth most costly treated cancer in the Medicare 
population. It is primarily treated through surgical excision when patients present clinically with a visible tumor mass, which often leads 
to significant scarring and possibility of recurrence. The ability to diagnose NMSC at an earlier stage allows for effective treatment while 
minimizing the risk and cost of surgical and therapeutic procedures. Cyclooxygenase-2 (COX-2) is found at high levels in inflammatory 
lesions and tumors, while mainly absent from normal cells. The importance of COX-2 in tumor progression has been documented in a 
number of cancers including colon cancer and basal cell carcinoma of the skin, where COX-2 is detected in the tumor and stroma, and 
COX-2 inhibitors have been shown to prevent tumors in clinical trials. The fluorocoxib probe targets COX-2 and has been shown to 
accumulate in inflamed and tumor tissue, and therefore has potential to be an effective molecular probe for early cancer detection. We 
investigate the capability of the fluorocoxib probe to detect early stage skin tumors that cannot be detected by visual inspection. We use 
a spontaneous mouse model of basal cell carcinoma (BCC) and squamous cell carcinoma (SCC), which are the two most common 
forms of NMSC. Fluorocoxib probe was delivered via retro-orbital injection, and the live mice were imaged 3 hours later with the 
MaestroTM fluorescence imaging system. A non-injected control mouse of the same strain was imaged to unmix the autofluorescence 
spectra through software post-processing. Then, a threshold is set for detection of macroscopic tumors and potential microscopic tumor 
sites from unmixed fluorescence images. After euthanasia, tissues from each site are excised and processed for histology. A 
representative dataset for imaging and histology is shown in Figure 1. Figure 1(a) is the in vivo whole-animal fluorescence image that 
has been unmixed and thresholded. Region 1 corresponds to the area where multiple macroscopic tumor masses are visible. When we 
perform histology on the other sites without any visible tumor mass, such as region 3, microscopic tumors can be identified around 100 
~150 μm in size. Figure 1(b) shows the histology slide (at 4x magnification) taken from region 3 of Figure 1(a). The microscopic BCC is 
identified with an arrow. This study demonstrates the potential for early detection of BCC and SCC by in vivo imaging of the fluorocoxib 
probe. 

 
Figure 1. (a) In vivo fluorescence imaging of the fluorocoxib probe (after spectral unmixing and thresholding). (b) Histology of region 3 from (a), showing 

a microscopic BCC (arrow). 
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Prunella Vulgaris does not show effect on CT tumorvolume or FLT uptake in human 
neuroendocrine xenograft tumors in mice 
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Background: Prunella Vulgaris is a herbal plant also known as self-heal because of its anti-inflammatory effects. Studies have shown 
that is has antiviral and anti-tumor potentials. We have previously presented positive results using 18F-FLT to monitor treatment 
respons in neuroendocrine tumor xenocrafts in nude mice both for the mTOR inhibitor Everolimus and for the Traditonel Chinese 
Medicine - Huachansu Zhusheye. Aim: To monitor the treatment respons in neuroendocrine tumors treated with Prunella Vulgaris with 
the proliferation-detecting tracer 3-deoxy-3-[18F]flourothymidine (18F-FLT) Methods: In vivo uptake of FLT in human neuroendocrine 
xenografts (H727) in mice were studied at baseline when the tumors were on average 87 mm3. The mice were randomized to either a 
group who received 0.25 ml of an extract of Prunella Vulgaris in ethanol once or twice daily p.o by gastric tube feeding or to the controle 
group given the same concentraion of ethanol in the same volume . The mice were all scanned before the treatment start and again at 
day 3, 7 and 10 with FLT-PET. Each PET scan was performed for 10 minutes 1 hour after i.v injection of the tracer and was 
immediately followed by a CT-scan for later image fusion. The tumors were defined on PET/CT images and tumor volume and standard 
uptake values (SUV) were calculated. Results: Prunella Vulgaris treated mice showed no significant difference in tumor volume 
compared to the vehicle group (day 10; 419 +/- 58 mm3 vs 353 +/- 55 mm3) The tumor uptake of FLT was measured in relative values 
to compensate for a difference in the groups at baseline. At day 7 and 10 there were no significant difference in relative SUV mean or 
max between the groups. At day 3 there was a small significant higher uptake of relative SUV mean and SUV max of the Prunella 
treated group. (p= 0.016; SUV mean 0.98 +/- 0.05 vs 1.20 +/- 0.07 and p= 0.019; SUVmax 1.00 +/- 0.05 vs 1.21 +/- 0.07) . Conclusion: 
Daily gastric tube feeding with Prunella Vulgaris did not show any effect on tumor volume as measured with CT or on uptake of FLT in 
neuroendocrine tumors in mice. We conclude that Prunella vulgaris does not have any effect on cell proliferation measured with 18F-
FLT in neuroendocrine tumor xenografts in mice. 
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Double labeling probe and molecular imaging for gastric cancer in mouse 
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Background: Gastric cancer is the second leading cause of cancer mortality. Early detection is needed for proper diagnosis of gastric 
cancer. Molecular imaging provides us with more opportunities to understand the process of cancer development. The aim of this study 
is to construct double labeled optical probe based on firefly luciferase (Fluc) and enhanced green fluorescent protein (eGFP) for gastric 
cancer cell line SGC7901 and to demonstrate its application for molecular imaging in mice with orthotopic gastric cancer treated with 
antitumor drugs. Methods: Gastric cancer cell line SGC7901 was sequentially transfected by firefly luciferase and eGFP contained 
lentivirus. Mice were orthotopically inoculated with 5×106 SGC7901-FLuc-eGFP into the sub-serosa layer of the stomach. Two weeks 
after tumor inoculation, 8mg/kg of docetaxel was injected intravenously every 4 days into the mice. Tumor growth and bioluminescent 
imaging was evaluated by a self-produced hybrid bioluminescence tomography (BLT) with micro-CT and commercialized IVIS kinetic 
imaging system (Caliper Life Sciences). Results: Tumor growth and bioluminescent signal was significantly inhibited in response to 
docetaxel treatment by showing in both BLT and IVIS system. With assistance by computed tomography (CT) and reconstruction 
algorithm, the BLT system could provide high-resolution and three-dimensional image to show the approximate location of the 
cancerous lesion, even with quantification of original light emission. Conclusion: Double labeled optical molecular imaging probe based 
on firefly luciferase (Fluc) and enhanced green fluorescent protein (eGFP) has enormous potential in preclinical oncological 
investigations of gastric cancer. Optical molecular, especially, hybrid BLT with micro-CT imaging method offers the advantages of cost-
effectiveness, excellent molecular specificity and sensitivity for noninvasive 3D imaging, and become an effective and accurate 
approach to assess the efficacy of new anti-cancer drugs, especially for tumors deep in location of the body. (All data showed in the 
supplemental data) 
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Evaluation of viral nanoparticle uptake in vimentin-expressing tumors using intravital imaging 
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The recent advent of nanotechnology in combination with the identification of tumor markers and their ligands has opened the door for 
the development of targeted imaging modalities for cancer detection and agents for treatment. Vimentin is a cytosolic intermediate 
filament that is upregulated during the epithelial-mesenchymal transition (EMT) and tumor progression. It was recently discovered that 
tumor cells express a surface form of vimentin, though its function is unknown. This surface pool of vimentin is an endogenous target of 
the plant Cowpea mosaic virus (CPMV), whose uptake correlates with the level of surface vimentin levels among cancer cell lines. 
Based on this, we hypothesized that viral nanoparticles (VNPs) based on CPMV would preferentially accumulate in tumors. To test this, 
we evaluated the tumor homing efficiency of VNPs labeled with near-infrared fluorescent dyes (Alexa Fluor 647) and polyethylene 
glycol (PEG) by intravital imaging in a xenograft chicken chorioallantoic membrane model of human colorectal cancer. Significant 
uptake of CPMV-A647 was observed in the tumor with a tumor-stroma ratio of 8.9. PEGylated CPMV-A647 (P2-A647) had a 
substantially longer circulation time CPMV-A647, and the tumor uptake of P2-A647 was significantly higher with a tumor-stroma ratio of 
26.5. We surmise that the increased targeting and retention of PEGylated CPMV-A647 in HT-29 tumors is dependent upon 
extravasation into the tumor via the EPR effect, and that this was driven by the increased plasma half-life of P2-A647. Further 
characterization of the CPMV-tumor interaction in vivo, as well as comparison to VNPs targeted to other tumor-specific markers is 
warranted and is likely to yield new insights into the development and treatment of solid tumors. 
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Positron emission tomography using 2-[fluorine-18]-fluoro-2-deoxy-D-glucose (FDG) integrated with computed tomography (FDG-
PET/CT), is highly sensitive and specific for metabolic imaging of many cancer deposits that show increased tracer uptake. The 
standardized uptake value (SUV) measurement for tracer avidity on PET/CT potentially contributes a semi-quantitative predictive or 
surrogate endpoint biomarker. Clinical FDG-PET/CT is now widely available, but the variance of avidity measurements in clinical 
practice is not well understood, even within a single institution. Understanding of measurement variance will be required to determine 
the value of PET as a quantitative biomarker for cancer response in individual patients, and for treatment trials. Under stringent 
conditions, the variance of standardized uptake value (SUV) in cancers identified on FDG-PET/CT is reported to be within 30%. The 
external validity of criteria derived from stringent trials depends on whether the techniques can be translated to routine clinical practice. 
In this study, we measure test-retest reproducibility of SUV measurements in routine clinical practice conditions. Baseline FDG-PET/CT 
examinations ordered in pre-therapy patients with known cancer were routinely performed then repeated one to seven days later. In all 
patients, imaging parameters were identical in each study. Scans were scheduled 90 minutes after injection of 12 mCi of tracer, using 
the same scanner for both examinations. Sixty two tumors in 21 patients were evaluated for standardized uptake value for maximum 
voxel (SUVmax) and for mean of active tumor voxels SUV (SUVmean). Three dimensional (3-D) SUV measurements used 42% 
SUVmax to define an active tumor volume using manufacturer-supplied software. SUVmax and SUVmean range for tumors was 1.07-
21.47 and 0.91-14.69, respectively. Intraclass correlation coefficients (ICC) between log of SUV values was 0.93 (95% CI: 0.88- 0.95) 
and 0.92 (95% CI: 0.87-0.95) for SUVmax for the two separate measurements. Analyses failed to show a predominant contributor to 
variance, including uptake time. The relative difference threshold for a significant difference from baseline for SUVmax and SUVmean 
of ≥49% or and ≥44% respectively was found highly likely to reflect a difference in FDG avidity (Figure 1). Variance of SUV for FDG-
PET/CT in current clinical practice in a single institution was greater than reported for examinations under stringent conditions. For 
external validity of test criteria derived under stringent conditions, improvements to reduce variance are needed before translation to 
clinical practice. Meanwhile, interpretation of SUV results in individual patients, and planning for clinical trials should consider the 
variance expected under the actual imaging conditions. 
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Objective: Animal imaging studies are limited by a variety of factors including low blood volume, the use anesthesia which may alter 
physiological parameters of interest, temperature variability, substrate environment, animal handling/stress, among others, all of which 
may affect the interpretation of image data and validation of novel radiopharmaceuticals. We describe an artificial tissue bioreactor 
which is integrated with the microPET Focus F220 that enables control, measurement, and manipulation of microenvironment 
conditions to facilitate validation of radiopharmaceuticals and characterization of imaging and therapeutic biomarkers in a tissue-specific 
manner. Methods: The bioreactor system is completely mobile, self-contained, and designed for integration with the microPET Focus 
F220 (Figure 1A). The cell chamber is placed within the field-of-view of the microPET Focus F220 and is in series with a gas exchanger 
and a vessel for degassing the system during filling. Dissolved oxygen (DO) probes and septa for injection/sampling are located at the 
inlet and outlet of the cell chamber. A pH probe and a resistance temperature detector (RTD) probe are located at the chamber outlet. 
Fresh media is pumped continuously into the bioreactor near the degas vessel outlet and is circulated through the system. Effluent is 
collected in the fraction collector as “mixed cup” samples that can be stored for later analyses. The bioreactor chamber is a custom 
blown, water-jacketed, glass vessel 67mm tall with 19 mm internal diameter enclosed in a circulating perfusion bath powered by a 
peristaltic pump (Figure 1A and B.). The vessel holds 12mL of borosilicate glass beads of 1.5 mm nominal diameter and 40% measured 
voidage. Bolus, step-pulse, and constant composition are possible injection modes. A bolus of radiopharmaceutical, drug, metabolic 
substrate, etc. is injected through the inline septum located at the cell chamber outlet. The effluent is collected continuously in the 
fraction collector, which sends a signal to the computer for time stamping with each tube change. Volume and timing of sampling is 
controlled by the computer. Analyses of effluent concentration curves can be used to measure consumption and production rates as 
well as to determine the amount of compound taken up by the cells and the holdup of the compound once inside the cell. Cell samples 
for western blots, microarray analyses, etc. are obtained through the septa on the side of the cell chamber using a syringe with needle. 
Results: Initial studies include imaging the bioreactor pre- and post- inoculation of HepG2 liver carcinoma cells to characterize glucose 
metabolism, oxygen consumption, and fatty acid metabolism among other measures. In addition, metabolite analysis is performed on 
the media. Various aspects of modeling tissue kinetics are characterized. Conclusions: The integrated artificial tissue bioreactor offers 
a platform to study and image biological mechanisms of health and disease under controlled environment, thus facilitating imaging 
research and discovery and validation of novel radiopharmaceuticals. 

 

Figure 1. (A) Schematic diagram of the artificial tissue bioreactor integrated with the Focus F220 scanner. (B) 3 dimensional drawing of the water-
jacketed cell chamber filled with glass beads. 
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PURPOSE- Angiosarcoma is a rare tumor with endothelial cell differentiation that may arise in any anatomic location. We identified the 
role of pretreatment 18F-FDG PET as a predictive and prognostic indicator in the treatment of angiosarcoma. MATERIALS AND 
METHODS- We retrospectively reviewed patients with confirmed angiosarcoma who underwent 18F-FDG PET scans before treatment. 
We measured the maximum standardized uptake value (SUVmax) of the primary tumor and then analyzed its statistical relationship 
with treatment response, overall and progression-free survivals (OS and PFS). Comparison between groups was performed using Chi-
square. Survival was determined by the Kaplan- Meier method. Statistical significance was evaluated by log-rank test for univariate 
analysis and Cox regression for multivariate analysis. RESULTS- 20 patients were identified; at the initial evaluation, this group 
included 18 with a primary tumor and two with metastatic disease. Tumor sites included 15 head and neck and skin of head, three 
thoracic, three trunk, and one viscera. Among them, six achieved complete remission, two achieved partial remission, and twelve 
showed progressive disease; disease control rate at 12 months was 50%. When the patients were divided into two groups: low 
SUVmax (n=10; <5.0) and high SUVmax (n=10; ≧5.0), the low SUVmax group showed significantly better treatment response (p 
<0.01), longer OS (p <0.01) and PFS (p <0.05). Notably four patients in high SUVmax group who revealed only local disease on initial 
study developed metastasis in less than half a year despite of local treatment. On multivariate analysis, SUVmax was an indenpendant 
prognostic factor for PFS while marginal result for OS. CONCLUSION- Our study showed that pretreatment SUVmax of angiosarcoma 
could be both predictive and prognostic indicator in patients with angiosarcoma. 
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Noninvasive in-vivo imaging of tumors at ‘micro-vascular level’ will provide important insight into growth, angiogenesis, necrosis and 
therapeutic response. The growth of solid tumors critically dependents on the process of angiogenesis in which growth factors secreted 
by tumor and stromal cells promote endothelial cell proliferation, migration, and maturation. This process generates a tumor-specific 
vascular supply and enables small or dormant tumors to grow rapidly with exponential increases in volume. In the present work an 
investigation of the micro vascular status and the pathophysiological changes that occur during angiogenesis in an orthotopic brain 
tumor model (Glioblastoma) in nude mice is presented. The methodology is based on the application of multispectral optoacoustic 
tomography (MSOT) technique for imaging tumor micro-vasculature at a high resolution (100-150 micron) and simultaneous 
quantification of natural chromophores like hemoglobin and oxygen saturation and correlating it with the micro-magnetic resonance 
Imaging (MRI) findings (resolution 100 micron) for the localization and visualization of disturbed vasculature, including small veins 
within tumor and for calculating the tumor volume during angiogenesis. In addition a standard histopathology procedure (H & E 
Staining) is used for determining the microvessel density (MVD) within tumor vasculature and assessment of tumor status for possible 
invasion, satellitosis, necrosis, hemorrhage, angiogenesis, and fibrosis. The complimentary information achieved by correlating the high 
resolution multispectral optoacoustic tomography (MSOT), micro- magnetic resonance imaging (MRI) and conventional histo-pathology 
(H& E Staining) will extend imaging into living biological specimens of dimensions never visualized in the past and is likely to enhance 
our understanding of tumor micro vasculature and the pathphysiological changes that occur within the tumor region. 
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Introduction: Hypoxia-inducible factor-1 (HIF-1) is a master transcriptional activator of various genes related to malignant phenotypes, 
and thus, the imaging of HIF-1-active tumors is important for targeting cancer therapy and predicting prognosis. We have developed a 
protein containing a protein transduction domain (PTD), an essential part of the oxygen-dependent degradation domain (ODD) of HIF-
1α, and a monomeric streptavidin (SAV) (PTD-ODD-SAV; POS), and succeeded in imaging HIF-1-active regions in tumors using 123I-
labeled POS (123I-IPOS) (Kudo T, et al., J Nucl Med 50: 942-9, 2009). However, no report has compared the intratumoral distribution 
between 123I-IPOS and other hypoxia imaging probes. The expression level of HIF-1α was reported to increase dramatically as the 
oxygen partial pressure decrease below 40 mmHg, while other hypoxia imaging probes can detect low oxygen pressures (less than 10 
mmHg). In the present study, we attempted to compare the intratumoral distribution of 125I-IPOS and 18F-fluoromisonidazole (18F-
FMISO) in identical tumors by using dual-radioisotope autoradiography. Methods: Tumor-bearing mice were prepared by 
subcutaneously implanting MDA-MB-231 human breast cancer cells in the right shoulder of SCID mice. Approximately 6 weeks after 
the implantation, 125I-IPOS (1.11 MBq) was intravenously injected into the tumor-bearing mice, and 22 h later, 18F-FMISO (6 MBq, 
intravenously) and pimonidazole (PIMO, 60 mg/kg, intraperitoneally), which is a hypoxic marker, were injected. The mice were 
euthanized 2 h after injection of 18F-FMISO and PIMO. Tumors were quickly removed, and 10-μm thick frozen sections were prepared. 
The sections were exposed to an imaging plate for 2 h to obtain autoradiograms for 18F-FMISO. After waiting for 2 days to allow 18F to 
decay, the same sections were exposed again to the imaging plate for 84 h to obtain autoradiograms for 125I-IPOS. Finally, the same 
sections were subjected to double-fluorescent immunostaining for PIMO and HIF-1. Results: Compared to 18F-FMISO, the tumor 
accumulation of 125I-IPOS was low (18F-FMISO: 1.7 %ID/g, 125I-IPOS: 0.6 %ID/g). However, the tumor-to-blood ratio (TB) and tumor-to-
muscle ratio (TM) of 125I-IPOS were higher than those of 18F-FMISO (18F-FMISO: TB = 1.4, TM = 1.3; 125I-IPOS: TB = 3.4, TM = 6.5). 
Typical autoradiograms are shown in Fig. 1 (A: 18F-FMISO, B: 125I-IPOS). There were 3 regions where both probes had accumulated 
(arrow), both probes had not accumulated (arrowhead), and either probe had accumulated (circle). The intratumoral distribution of 18F-
FMISO coincided with the PIMO-adducted area, and the distribution of 125I-IPOS coincided with the HIF-1-positive area. Conclusion: 
The 125I-IPOS-accumulated areas were not always identical to the 18F-FMISO-accumulated areas. Two different hypoxic regions could 
be distinguishable by the use of both probes. 

 
Fig. 1 Typical autoradiogram of 18F-FMISO (A) and 125I-IPOS (B). 
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Calcium phosphate mineralization of self-assembled nanotemplates can produce biocompatible, robust nanocarriers that can 
specifically release drugs in acidic cellular endo/lysosomes. In this study, we describe the potential of mineralized nanoparticles for 
photodynamic imaging and therapy of tumors, simultaneously. We developed calcium phosphate mineralized self-assembled polymer 
micelles loaded with Ce6 (Ce6-PM-CaP). In order to prepare mineralized polymer micelles nanotemplates, the self-assembling triblock 
copolymer of PEG-PAsp-PPhe was synthesized by the one-pot two-step polymerization of β-benzyl L-aspartate N-carboxy-anhydride 
(NCA) and L-phenylalanine NCA in the presence of a CH3O-PEG-NH2 macroinitiator and the subsequent deprotection process. 
Especially, PAsp middle shells with anionic carboxylate charges serve as a template for mineralization to deposit inorganic calcium 
phosphate, the nanophase calcium phosphate deposition was initiated by localization of Ca2+ ions around anionic Asp moieties, and the 
subsequent addition of PO4- ions induced the formation of double ionic layers on the surface on the PAsp middle shells, thereby 
triggering the growth of nanophase mineralization (Fig. 1). The mineral layer of Ce6-PM-CaP can protect efficiently the release of Ce6 
at extracelluar pH (pH 7.4) and can dissolve in endosomal pH (pH 5.0) to facilitate the intracellular release of Ce6 (Fig. 2). This novel 
hybrid photosensitizer-encapsulated nanocarrier may show the effective photodynamic imaging and therapeutic efficacy for various 
tumors. 
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Objective: RECIST 1.0 and its first formal revision 1.1 are widely employed for assessing treatment response in clinical trials. Major 
changes in RECIST 1.1 include target lymph node size threshold, the maximum number of target lesions, and the definition of disease 
progression (PD). The purpose of our study was to compare RECIST 1.0 and 1.1 criteria in assessing treatment response in men with 
metastatic prostate cancer. Methods: We compared responses of 53 patients with metastatic prostate cancer (38 Castrate-Resistant 
and 15 Castrate-Sensitive) who were part of 3 IRB approved prospective therapeutic trials and 1 clinical imaging trial. Consecutive CT 
scans were performed before and then at 3-6 months after the start of new therapy. Overall response for each patient was calculated 
(complete response (CR), partial response (PR), stable disease (SD), progressive disease (PD)) based on RECIST 1.0 and 1.1 criteria 
and then cross-tabulated. In this exercise, repeat scans for confirming CR or PR were not used. PSA response (PCWG2 guidelines) 
was further evaluated in discordant cases. Results: 24 soft tissue (non-LN) lesions were considered target by RECIST 1.0 and 18 by 
RECIST 1.1. 135 LNs were considered as target lesions using RECIST 1.0 while only 52 were considered target by RECIST 1.1. The 
two RECIST criteria were concordant for overall response assessment in 39 patients (73.6 %) and discordant in 12 patients (22.6%). In 
2 patients (3.8%), RECIST 1.1 could not be applied due to lack of any target/non-target lesions. Of the 12 discordant cases, 4 patients 
with PR by 1.0 were classified as 1 CR & 3 SD by 1.1 while PSA criteria categorized them as 1 CR, 2 PR & 1PD; 4 patients with SD by 
1.0 were classified as 2PR & 2 CR by 1.1 while PSA criteria categorized them as 1 PR & 3 SD; 4 patients with PD by 1.0 were 
classified as 1 CR & 3 SD by 1.1 while PSA criteria categorized them as 2 PR & 2 PD (Table 1). Conclusions: RECIST 1.0 and 1.1 
agree in about 75% of cases in the setting of treatment response assessment in men with metastatic prostate cancer. Among the 
discordant cases, RECIST 1.0 tended to be associated better with the PSA response criteria. Categorization of responder/non-
respondeer and/or progressor/non-progressor may also be affected significantly in few cases based on the response criteria employed. 
Supported by NIH/NCI R01-CA111613 (H. Jadvar) 
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Introduction Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of death by cancer in the United States (American 
Cancer Society, 2010). The survival rate is extremely low (3-5%), which is mainly related to a lack of early diagnostic biomarker and 
detection on a late tumor stage. The monoclonal antibody mRa-96 shows a specific binding to the PDAC related glycoprotein Ra-96. 
The purpose of our study was an optical imaging of PDAC by using a fluorescence labeled mRa-96 antibody. Material and Method 
Monoclonal antibody Ra96 (mAbRa96) was conjugated to AlexaFluor680 (AF680) and Cy5, respectively. The in-vitro binding affinity of 
mAbRa96-AF680 was evaluated on Capan-2, Panc-Tu-1 and ASPC-1 PDAC cells by using an in cell western assay and flow 
cytometry. In-vivo imaging of Capan-2 xenografted nude mice was performed after i.v injection mAbRa96-Cy5 (5nmol kg bw) at 30min, 
1h, 2h, 4h, 6h, 8h 24h, 48h and 72h by using fluorescent tomography (FMT). In subpopulation mAbR96 (250nmol) was injected 30min 
before mAbRa96-Cy5 was applied to perform blocking controls. For immunohistochemistry, explanted tumor sections of Capan-2, 
Panc-Tu-1 and ASPC-1 were stained with mAbRa96 and the binding percentage as binary area fraction was measured. Results In cell 
western analysis revealed high binding affinity of mAbRa96-AF680 on Capan-2 cells, intermediate binding Panc-Tu-1 and, low binding 
on ASPC-1. Flow cytometry corroborated these results. In-vivo imaging with Ra96-Cy5, Capan-2 demonstrated a high significant 
fluorescence increase at the FMT with a peak enhancement after 48h. Panc-Tu-1 showed an intermediate fluorescence signal (54%) 
after 48h compared to Capan-2. Blocking studies with unlabeled mAbRa96 revealed an inhibition of specific mAbRa96-Cy5 binding to 
Capan-2 cells. Immunohistochemistry supported the in-vivo optical imaging by demonstrating high binding of mAbRa96 on Capan-2, 
intermediate binding on Panc-Tu-1 and low binding on ASPC-1 explanted tumor section (34.37 % ± 2.74, 10.13 % ± 1.75 and 2.58 % ± 
0.4). Conclusion Our AlexaFluor680 labeled mRa-96 optical tracer showed a specific binding to the PDAC associated Ra-96 
glycoprotein allowing in-vivo optical imaging of PDAC xenografted mice by FMT. 
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Purpose. The purpose of this study is to develop a stabilized, targeted micelle system capable of delivering systemic diagnostics and 
therapy (i.e. “theragnostics”) specifically to the site of a tumor. MC1R has been extensively validated as a melanoma target by us and 
others, and Gd-texaphyrin (Gd-Tx) has been investigated as a radiation sensitizing agent. Background. There are an estimated 69,000 
new malignant melanoma cases diagnosed each year, with 9,000 of those eventually succumbing to the disease. The progression of 
melanoma has been associated with an altered expression of cell-surface proteins; over 80% of malignant melanomas are shown to 
express high levels of the melanocortin 1 receptor (MC1R), while MC1R expression in normal tissue is essentially null. Historically, 
micelle drug delivery systems have suffered from an inherent instability in-vivo, readily collapsing in the presence of lipids and proteins 
in the blood stream. Intezyne Technologies (Tampa, FL) has developed a crosslinked polymer micelle system, termed IVECTTM, which 
is biologically stable. The crosslinker is pH sensitive and can be tuned to disintegrate in the acidic tumor microenvironment. Materials & 
Methods. An alkyne functionalized MC1R ligand was conjugated to the terminal azide of a triblock polymer by copper-assisted click 
chemistry. Gd-Tx micelle formulation was carried out in DMSO at 5%, 0.5% and 0.05% Gd-Tx weight loading with a sheer mixer and 
microfluidizer. Following formation, micelles were stabilized with a pH-sensitive Fe(III) crosslinking (XL) reaction. Binding affinity was 
determined through time-resolved Eu-fluorescence competition assays. In vivo studies were preformed on female SCID/beige mice 
injected with MC1R-expressing cells on the right and left flanks. MC1R-targeted (MT)-XL micelles (0.5% Gd-Tx w/w) were injected via 
tail vein into mice when the tumors reached ca. 800 mm3. MT-uncrosslinked (UXL), as well as Untargeted micelles (XL and UXL) were 
injected as a control. Mice were imaged on a Varian 7T small animal imaging system using a SEM sequence (te=8.62ms, tr=180ms). 
Results. (1) A ligand with high specificity and selectivity for MC1R has been developed (0.17 nm Ki). This ligand retains a high affinity 
when conjugated to ~100nm XL triblock polymer micelles (2.87 nM Ki). (2) Optimal ligand loading was determined to be 5% through 
binding assays. (3) XL micelles bind to MC1R-expressing cells with a higher affinity (5x’s greater) than UXL micelles. Untargeted 
micelles do not bind to MC1R-expressing cells. (4) Positive enhancement throughout the tumor was observed in mice receiving the MT-
XL micelles only. Enhancement appeared at 12h and was still visible at 48h. Conclusion. The MT-XL micelles are successful at 
specifically delivering a theragnostic agent to the site of the tumor. Previous systems have fallen short of this goal in that they have 
encountered wide-spread toxicity, especially in the liver, kidneys and spleen. We have successfully demonstrated that MT-XL micelles: 
(1) are specific for their target; (2) are able to deeply permeate the tumor; (3) show a long tumor half-life, making them ideal for therapy. 

 

Figure 1: Coronal MR images through the center slide of flank tumors (red outlines) in SCID mice taken at pre (A), 12 hours (B) and 24 hours (C) post 
injection of Gd-Tx MC1R-targeted micelles (Gd-Tx = 0.5% w/w; 5% of polymers in micelle have targeting group attached). 
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Introduction: Metastases cause most cancer deaths and methods that allow identification of small metastatic lesions could yield more 
effective treatment and reduced mortality. Currently most probes visualize neoplasia and metastases by targeting the tumor-associated 
receptor over-expressed on the cancer cell membrane. However, the expression level of these receptors in vivo is hard to predict, and 
no specific gene mutation is common to all cancers, both of which limit their clinical translation. In contrast to receptors, characteristics 
of the tumor microenvironment - such as acidosis - are pervasive in almost all solid tumors and can be easily accessed. In this work, a 
novel biodegradable nanoprobe InNP1 developed in our laboratory that demonstrates pH-activated near-infrared (NIR) fluorescence 
was tested for its sensitivity to detect pulmonary micrometastases. Methods: MDA-MB-231 cancer cells were given by multiple tail vein 
injections to establish metastases in lungs. Side-by-side comparative experiments were performed with pH-activatable and control 
fluorophore-conjugates to confirm the specificity of InNP1. Both conjugates were given as a single i.v. injection with a dose of 0.2 
mg/mouse. The lungs were excised, and whole body NIR images were captured and quantified at 24 h post-injection. Lungs were 
removed following in vivo imaging, and immediately analyzed under the microscope for validation of the tumors identified by NIR 
fluorescent signals. Results: Whole body NIR images of mice with open chests distinguished between MDA-MB-231 micro-metastatic 
nodules and normal lung tissues; we observed less than 1.0-mm sized metastatic lung lesions which were marked by fluorescent InNP1 
with high accuracy. In contrast, the control agent produced fluorescence in neither micro-metastases, nor the surrounding lung tissues. 
Further analysis of the distribution of fluorescence was evaluated under fluorescence microscope at ×100 magnifications, clearly 
showing extracellular localization of the fluorescent probe. Conclusion: The fluorescent nanoprobe InNP1 has sufficient sensitivity to 
detect metastatic lesions of sub-millimeter sizes. This nanoprobe will be evaluated using various tumor models in mice with the ultimate 
goal to transfer it to clinics for an accurate and complete removal of all cancer cells during surgical or laparoscopic interventions. 
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A crucial step in tumor development is the formation of the vascular system (angiogenesis) for recruiting nutrients from the hosting 
tissue. To follow the full angiogenic pathway, a multimodality approach is needed. MRI provides information on morphology and 
physiology as vessel haemodynamic (TBV and TBF), vascular permeability and average vessel diameter (VSI), PET enables analysis 
of hypoxia and glucose metabolism. While these in vivo methods provide indirect readouts of vessel network at macroscopic resolution, 
ex-vivo technique such as Synchrotron Radiation-based microCT (SRμCT) is needed to visualize the capillary structure (5-10μm). As 
tumor tissue is highly heterogeneous comprising areas with different degree of vascularization, analysis procedure such as pattern 
analysis, which accounts for shape and texture of the structures, is promising. Shape analysis which is related to the geometry of the 
tumor, allows the extraction of shape descriptors as volume (V), surface area (S) and compactness. (C) Texture analysis is related to its 
contents by means of a set of estimators: fractal dimension (FD) and lacunarity (L). While FD allows the quantification of the vessel 
structure across the scales, L assesses the 3D size distribution of local structures. The goal of this work is to address some of the 
questions related to angiogenesis by means of a multimodality image approach and pattern analysis techniques to analyze the data. 
Three groups of total 22 balb/c nude mice were injected subcutaneously with 10^6 C51 cells (colon carcinoma). The experimental 
protocol for the first group (N=10) consisted of: MRI acquisition at day 6,8, and 10 after tumor inoculation to evaluate TBV, TBF, 
permeability, VSI during tumor growth. The last day tumors were explanted and five samples had been prepared for SRμCT, while the 
others for histological staining (Pimonidazole, Hoechst and CD31). FDG and FMISO PET studies had been performed on the second 
group (N=6) to evaluate glucose metabolism and hypoxia distribution at day 6 and 10 after tumor injection. Finally, the third group (N=6) 
was treated with dimethyloxalylglycine (DMOG), a compound that has been reported to stabilize the vessel network. MRI and PET 
experiments (same protocol of first and second group, respectively) had been performed at day 6 and 10. Data were analyzed with the 
standard method based on histogram analysis, and subsequently with pattern analysis technique (shape: V, S, C; texture: FD, L). 
Significant tissue heterogeneity in the growing tumor has been found either in MRI or PET readouts. Pattern analysis has quantified 
such differences with regard to morphological appearance, physiological behaviour. Images from SRμCT showed a chaotic structure of 
the vessel architecture in line with the in vivo findings at day 10. Fractal dimension and lacunarity analysis has showed a significant 
difference between DMOG treated and non-treated animals not detectable with standard analysis. By using complementary imaging 
modalities and pattern analysis is possible to non-invasively investigate various aspects of the vessel network formation in tumor tissue 
during its growth. 

 

First line: MRI TBV during tumor growth. Images show non-homogeneous distribution of TBV. Second line: situation at day 10: SRμCT shows a chaotic 
vessel network. Histological staining shows hypoxic region (Pimonidazole, green), endothelial cells (CD31, red) and perfused cells (Hoecst, blue). 

FMISO PET shows a non homogeneous distribution of hypoxic regions. 
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Multiple myeloma (MM) is characterized by excess abnormal plasma cells in the bone marrow, and myeloma bone disease 
characterized by osteolysis. Despite recent advances in novel drug candidates for treating myeloma, there is still a paucity of agents 
that prevent myeloma bone disease and improve the quality of life of patients. Drug discovery projects related to the treatment of MM 
should assess the effect of candidates on bone metabolism and the development or regression of osteolysis. One candidate class of 
molecules with potential effects on osteolysis are the CSF-1R receptor kinase inhibitors. The CSF-1R signalling axis is well known to be 
the critical component in bone homeostasis with ligand M-CSF (macrophage colony-stimulating factor), and its receptor CSF-1R, 
causing osteoclastogenesis and enhancement of osteoclastic activity, respectively. An imbalance in the expression of CSF-1R or M-
CSF in the stromal context of myeloma can, therefore, have a profound effect on bone homeostasis. Inhibitors of this pathway have the 
potential to block tumour-associated osteoclastogenesis and bone erosion in MM. To assess the effect of a CSF-1R receptor kinase 
inhibitor on tumour induced osteolysis in a preclinical murine model of MM, a proof-of-concept study was designed using a small 
molecule inhibitor, AZD7507. The aims of this study were to quantify bone parameters and assess osteolysis by micro-CT following 
treatment with either bortezomib (currently approved for the clinic management of MM);, AZD7507 or vehicle alone. High-resolution CT 
images (18μm) were acquired from thirty severe combined immunodeficiency mice leg samples; derived from mice implanted 
intravenously with MM.1S LUC cells and randomized for treatment with bortezomib (dose range of 0.1, 0.3 and 1 mpk, respectively), 
AZD7507 (100 mpk) or vehicle alone. Following reconstruction of CT datasets, image analysis and bone morphometry parameters were 
calculated (blinded to treatment allocations). Analysis of reconstructed CT images showed that osteolytic lesions induced in the MM 
model were present largely at the proximal tibial metaphysis. In comparison to vehicle, treatment with either bortezomib or AZD7507 in 
this model, bone parameters analysed in the metaphyseal region of the tibia were not found to be significantly different. However, 
comparison of the epiphyseal region within the tiba revealed a significant difference in trabecular bone parameters and trabecular 
microarchecture between the vehicle group and treatment with either bortezomib (1mpk) or AZD7507 (figure 1). These data provide 
supportive information for the therapeutic benefit of CSF-1R receptor kinase inhibitors within this model in terms of a reduction in 
tumour induced osteolysis and support the inclusion of analysis of osteolysis as a biomarker of efficacy within this class of compounds. 

 

 
Figure 1. Comparison of bone morphometry parameters between naïve untreated, vehicle, VELCADE (bortezomib), and AZD7507 

treated groups in the epiphyseal region of the tibia. BV=bone volume; TV=total volume; TbV=trabecular volume; Tb=trabecular; 
SA=Surface Area. 
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Introduction: Mutations in the isocitrate dehydrogenase (IDH) enzymes have recently been reported in over 70% of low grade gliomas 
and upgraded glioblastomas (GBM), and in 23% of acute myeloid leukemias. Wild type IDH catalyzes the oxidative decarboxylation of 
isocitrate to α-ketoglutarate (α-KG) whereas mutant forms of IDH catalyze the conversion of α-KG into 2-hydroxyglutarate (2-HG). This 
leads to highly elevated levels of 2-HG which has been proposed as an oncometabolite. Preventing 2-HG accumulation is therefore 
being investigated as a novel therapeutic approach. Importantly, the presence of mutant IDH in GBM is associated with a better 
prognosis and patients benefit from less aggressive therapy whereas in leukemia it is associated with poor prognosis and patients 
require more aggressive therapy. Monitoring IDH status and activity is therefore essential first for patient stratification and 
implementation of disease-appropriate therapies, and second for development and monitoring of new IDH-targeted therapies. To date, 
IDH mutations and 2-HG accumulation have been detected by invasive methods involving extraction and analysis of biopsy samples. 2-
HG is detectable by 1H magnetic resonance spectroscopy (MRS), but detection in vivo is challenging due to overlap with neighboring 
metabolites. The goal of this study was to evaluate 13C MRS of hyperpolarized α-KG and its metabolism into 2-HG as a novel method 
for determining IDH status. Methods: U87IDHR132H (U87mtIDH1) GBM cells expressing the IDH1 R132H mutant were generated by 
viral transduciton of the mutant gene into U87 cells. 1H MRS spectra of U87 and U87IDHR132H cell extracts were acquired at 600 MHz 
using a 90 degree flip angle and 2 sec relaxation delay, and metabolite concentrations were determined by correction for saturation and 
normalization to reference and to cell number or protein. [1-13C]-α-KG was polarized in a Hypersense polarizer by dissolution to 5.9M 
in a 3:1 mixture of water:glycerol with 17.3mM OX63 radical and 0.4mM Dotarem, and irradiation at a microwave frequency of 94.092 
GHz for 1 h. Polarized-α-KG was rapidly added to the extract of U87IDHR132H cells to a concentration of 4.3 mM and 13C spectra 
were acquired on a 500 MHz spectrometer using a 60 degree pulse at 15 sec intervals. Results and Discussion: 1H MRS confirmed a 
significant elevation in 2-HG in IDH mutant cells from 0.4±0.3 fmol/cell in U87 to 10±1fmol/cell in U87IDHR132H. Interestingly several 
other metabolic changes were also observed including an increase in glutamate, glutamine, glutathione, and phosphocholine. [1-13C]-
α-KG polarized to 8.1% and the T1 in solution at 500 MHz was 31.2s. As illustrated in the figure hyperpolarized [1-13C]-2-HG as well as 
hyperpolarized [1-13C]-glutamate were clearly detectable in mutant cells exposed to hyperpolarized α-KG. Further studies are needed 
to assess the value of this approach in vivo, but this initial study indicates that hyperpolarized [1-13C]-α-KG combined with 13C MRS 
could be used to monitor IDH status and ultimately provide an imaging method that could help both in drug development and in patient 
management. 

 
13C spectrum of U87IDH132 cell extract following addition of hyperpolarized α-KG (* contaminants in α-KG). The resonance of HP α-KG is highly visible 

at 172.6ppm (not shown). 
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Disulfide-Cross-linked Polymer Micelles as a Carrier of Docetaxel: Near-Infrared Imaging of 
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Polymer micelles assembled from amphiphilic diblock or triblock copolymers have been a research target of great significance for 
targeted intracellular drug delivery. However, when they are subjected to the severe condition of dilution in blood, they tend to 
dissociate. To date, cross-linking of micellar shells has been recognized as a powerful approach to stabilize micelles, because it can 
hold self-assembled nanostructures. However, within target cells, shell cross-links should be cleaved to release entrapped drugs, since 
the maintenance of cross-links can act as a barrier to drug release. We developed a novel shell cross-linked polymer micelle (SCM) 
that could preferentially release docetaxel (DTX) in response to intracellular glutathione (GSH). The middle PLys shell of poly(ethylene 
glycol)-b-poly(L-lysine)-b-poly(L-phenylalanine) (PEG113-b-PLys19-b-PPha24) copolymer micelles was cross-linked with a functional 
diamine cross-linker containing a GSH-cleavable disulfide bond. At an intracellular GSH level, DTX release was facilitated due to the 
efficient cleavage of disulfide cross-links. PEG113-b-PLys11-b-PPhe24 copolymer micelles were characterized by TEM and dynamic 
light scattering. The average sizes of non-cross-linked micelles (NCMs) and shell cross-linked micelles (SCMs) were around 55 nm. 
The DTX release was facilitated by increasing the GSH concentration. This indicates that the SCMs release DTX faster at an 
intracellular condition than at an extracellular condition. In vivo tissue distribution and tumor accumulation of SCMs labeled with a near-
infrared (NIR) fluorophore, Cy5.5, were monitored in MDA-MB231 tumor-bearing mice (Fig.1.). The SCMs were accumulated to tumor 
sites more effectively due to the prolonged stable circulation in blood, as compared with NCMs. DTX-loaded SCMs exhibited enhanced 
therapeutic efficacy in tumor-bearing mice, compared with free DTX and DTX-loaded NCMs. 
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Prostate specific promoters are frequently employed in gene-based vectors to image prostate cancer. However, in the case of 
castration resistant prostate cancer (CRPC) that emerges from hormone ablation therapy, the application of many such promoters is 
limited due to their reliance on a functional androgen-androgen receptor (AR) axis to drive gene expression and the fact that AR status 
varies tremendously in castrated subjects. We herein explore the utility of an androgen independent promoter, prostate specific 
enhancing sequence (PSES), in detecting CRPC and metastatic prostate cancer. The PSES is a fused enhancer derived from the 
regulatory region of the PSA and the prostate specific membrane antigen genes. We augmented the activity of PSES by the two-step 
transcriptional amplification (TSTA) system and constructed a series of PSES-TSTA Adenoviral (Ad) vectors harboring reporters for 
bioluminescent (Firefly luciferase (FL)) and positron emission tomography (PET) imaging (herpes simplex virus-thymidine kinase). Cell 
culture experiments demonstrated that the TSTA system amplified the transcriptional activity of PSES to more than 3 magnitudes. 
Moreover, Ad-PSES-TSTA-FL was active only in prostate cancer cell line among a panel of cancer cell lines, and the expression level 
was equally high in media supplemented or depleted with androgen. In animal experiments, we showed by optical imaging that 
following intra-prostatic injection, Ad-PSES-TSTA-FL illuminated only the prostate in SCID mice whereas the constitutive CMV promoter 
driven-vector also lit up the liver, implying the prostate specificity of PSES-TSTA. Optical imaging in two subcutaneous CRPC models 
verified the improved detective ability of Ad-PSES-TSTA-FL in hormone deficient conditions compared to androgen dependent vectors. 
Additionally, we proved the clinical applicability of PSES-TSTA by demonstrating its robust PET imaging capacity in a CRPC xenograft 
model. These data indicate that the engineered PSES-TSTA system exhibits greatly elevated transcriptional activity, androgen 
independency, and strong prostate specificity. These advantageous features of PSES-TSTA bestow superior gene expression 
capability for CRPC in comparison to the androgen dependent system in multiple translational models. Furthermore, in a castration-
resistant osseous metastatic model, we showed that systemically administrated PSES-TSTA vector can detect tibial bone marrow-
borne prostate cancer without generating liver signal (panel A). Markedly, IHC staining of the tibiae using a pan-cytokeratin antibody 
confirmed the accuracy of this imaging system. Conventional bony tumor imaging modalities such as 18F-FDG and 18F-fluoride PET, 
on the other hand, were not able to distinguish the presence or absence of tumor, indicating the high sensitivity and specificity of the 
PSES-TSTA vector (panel B). Taken together, this study demonstrated the promising utility of a potent, androgen independent and 
prostate cancer-specific expression system in directing gene-based molecular imaging in CRPC even in conjunction with androgen 
deprivation therapy. 

 

Systemic administration of PSES-TSTA-driven imaging vector can detect castration-resistant bony prostate cancer metastasis more sensitively and 
specifically than conventional imaging modalities. A. 4-5 wks old male SCID-Beige mice were castrated. 10^5 LAPC-4 tumor cells were injected into the 
right tibiae. 6 wks later, the animals received 10^9 PFU of Ad-CMV-GFP (to blunt Kupffer cells) and 4×10^9 PFU Ad-PSES-TSTA-FL through tail vein 

with a 4-hr interval in between. FL optical imaging was taken 4 days post viral injection. The 2 mice on the left were negative while the other 7 mice were 
positive for tumor. B. Immunohistochemistry staining of right tibiae using a pan-cytokeratin antibody confirmed the “diagnosis” in A. 18F-Fluoride and 

18F-FDG PET imaging did not capture any significant increase in tumor signal. The quantification represents % Injection Dose/g from left (control) and 
right (tumor injected) tibial region of interest. Two representative positive animals are shown. Bar, 0.5 mm. 
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The ability to image protease activities in patients would be ideal to predict patient prognosis and to design personalized protease-
based inhibitors and prodrugs for targeted therapy. To this aim, we developed an imaging strategy based on the hydrophilic-to-
hydrophobic conversion of a protease-substrate probe to allow in vivo detection of protease activity by micro-positron emission 
topography (micro-PET). Polyethylene glycol (PEG) was covalently attached to the N-terminus of a hydrophilic peptide substrate 
(GPLGV) for matrix metalloproteinase 2 (MMP2), linked to a hydrophobic tetramethylrhodamine (TMR) domain and labeled with 18F to 
form a PEG-peptide-18F-TMR probe. Specific cleavage of the probe by MMP2 was confirmed by matrix-assisted laser desorption 
ionization-time of flight mass spectrometry (MALDI-TOF MS), the hydrophobic TMR fragment (948 Da) was specifically produced by 
MMP2 enzymes and MMP2-positive HT1080 cells but not control MCF-7 cells. MMP2-positive HT1080 cells and tumors selectively 
accumulated the hydrolyzed, hydrophobic TMR fragment at sites of protease activity. Importantly, we found that 18F labeled probes 
(PEG-peptide-18F-TMR) preferentially localized in HT1080 tumors but not control MCF-7 tumors as demonstrated by micro-PET. 
Uptake of the probe in HT1080 tumors was 18.4±1.9 fold greater than in the MCF-7 tumors 30 minutes after injection. These results 
suggest that the hydrophilic-to-hydrophobic conversion of the PEG-peptide 18F-TMR probe displays high selectivity for imaging MMP2 
activity. This strategy may be extended to other proteases to predict patient prognosis and to design personalized, protease-based 
inhibitors and prodrugs targeted therapy. 
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Aim: Near infrared (NIR)-apoptosis imaging and uptake of 99mTc-HYNIC-Annexin V were investigated for assessing anti-angiogenic 
therapy effects. Tumor vascularization was analyzed additionally. Methods: AnnexinVivo 750 (apoptosis) and AngioSense 680 
(vascularization) concentrations were determined by Fluorescence Molecular Tomography (FMT2500) in subcutaneous (s.c.) 
epidermoid carcinoma xenografts (A431) after 4 days of anti-angiogenic treatment with SU11248 (control: n=7; therapy: n=6). Tumor 
localization was facilitated by morphological µCT-scans. 3D FMT data and corresponding 2D fluorescence intensities (FI) were 
acquired. Tumor vascularization was assessed by contrast-enhanced ultrasound (2D MIOT). In a subsequent study and applying 
similar treatment scheme and measuring timepoints, the amount of 99mTc-HYNIC-Annexin V was determined in s.c. A431 tumors by 
gamma-counting (control: n=5; therapy: n=6). Vascularization was again analyzed by ultrasound. All in vivo-data were validated by 
immunohistology (CD31-staining: vascularization; TUNEL-staining: apoptosis). A Student's t test was applied for statistics. Results: 
Strikingly lower AnnexinVivo concentrations were found in treated tumors (3D: control: 81.3 ± 73.7 pmol/cm^3, therapy: 27.5 ± 34.7 
pmol/cm^3; 2D: control: 13 ± 15 FI/cm^2; therapy: 11 ± 7 FI/cm^2). In contrast, immunohistology revealed a significantly increased 
apoptosis in the therapy group (TUNEL+ area: control: 0.011 ± 0.014 %, therapy: 0.461 ± 0.194 %; p<0.001). Lower AngioSense 
concentrations were detected in treated tumors (3D: control: 13.8 ± 26.2 pmol/cm^3, therapy: 6.3 ± 7.3 pmol/cm^3; 2D: control: 38 ± 37 
FI/cm^2, therapy: 15 ± 17 FI/cm^2). Contrast-enhanced ultrasound and immunohistology confirmed a significantly reduced 
vascularization after therapy (ultrasound: control: 285.3 ± 107.5 a.u./mm^2; therapy: 87.3 ± 23.9 a.u./mm^2; p<0.01; histology: CD31+ 
area: control: 4.8 ± 0.50 %, therapy: 1.7 ± 0.37 %; p<0.001). Repetition using 99mTc-HYNIC-Annexin V demonstrated almost similar 
tumor-to-muscle ratios in treated and control tumors (control: 5.66 ± 1.46, therapy: 6.09 ± 1.40). In contrast, immunohistology again 
revealed a highly significant increased apoptotic rate in tumors of the therapy group (TUNEL+ area fraction: control: 0.023 ± 0.015 %, 
therapy: 0.387 ± 0.105 %; p<0.001). A similar reduction in tumor vascularity was observed in the treated tumors. Conclusions: The 
failure of Annexin-based apoptosis assessment in vivo is obviously due to the significant breakdown of the vasculature after therapy, 
resulting in reduced probe/tracer delivery. This favours apoptosis imaging only in therapies that do not severely interfere with the 
vasculature. 
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Objectives: Somatostatin ligand analogues are commonly used for imaging of neuroendocrine tumors (NETs) overexpressing 
somatostatin receptor subtype 2 (SSTR2). In particular, 68Ga-DOTA-TOC is employed for the diagnosis of neuropancreatic NETs using 
positron emission tomography. The aim of this pilot, preclinical study was to investigate the feasibility of pheochromocytoma PET 
imaging by 68Ga-DOTA-TOC/PET. Methods: Nine male NUDE NU/NU mice were used in the study. Pheocromocytoma cells (PC12) 
and neuropancreatic cells (AR42J) were grown in Hanks F-12 culture medium supplemented with horse serum (15%), fetal calf serum 
(5%) and penicillin-streptomycin (1%). Cultures were maintained at 37 degree C and 5% CO2. Cell transplantation was performed 
subcutaneously in the right mouse flank with approximately 1.4x106 PC12 cells in 7 animals, and with AR42J cells in two animals. 
68Ga-DOTA-TOC production was implemented into a FASTLab automated platform, and comprised the elution from a 68Ge/68Ga 
generator, labeling synthesis, purification and formulation of the product. The radiochemical purity was determined by high performance 
liquid chromatography (HPLC). Imaging was performed on an Argus small-animal PET/CT scanner after the injection of 68Ga-DOTA-
TOC intravenously to mice bearing xenografts for 13, 30, 37 and 44 days. Images were reconstructed using a 2D-OSEM algorithm, and 
mean and maximum SUV (Standard Uptake Value) were measured in three regions of interest (ROIs) (tumor, muscle & background). 
After the animals were euthanized, the tumors were extracted, fixed in formalin solution 10% and stained with chromogranin A, enolase, 
hematoxiline-eosine and synaptophysin. Results: The SUVmean and SUVmax values were determined for PC12 at 30, 37 and 44 days, 
and at 13 and 44 days for the AR42J xenograft mice. SUVmean values for PC12 xenografts were 2.109±0.586, 1.326±0.172 and 
1.549±0.200 and their SUVmax value were 2.505±1.236, 1.694±0.285 and 1.797±0.377. SUVmean value for AR42J xenografts was 
16.55 and 2.46 at 13 and 44 days respectively; and their SUVmax value was 26.66 and 2.95 at the same days. Histological studies of 
the PC12 xenografts showed necrosis in all tumors and positive stained for chromogranin A and synaptophysin. Conclusions: Mean 
and maximum SUV values for PC12 xenografts were similar at 37 and 44 days, and also these values were similar to that obtained for 
AR42J xenografts at 44 days. It is possible that at earlier times, that were not studied in PC12 xenografts, we would obtain SUV values 
as high as with AR42J xenografts at 13 days. In conclusion, our pilot study in this relatively small animal cohort indicated feasibility of 
pheocromocytomas imaging using 68Ga-DOTA-TOC/PET. Acknowledgements: This study is funded by Ministerio de Sanidad y 
Consumo (FIS CP08/00017), CENIT-AMIT Ingenio 2010, Ministerio de Ciencia e Innovación, TEC2007-64731, TEC 2008-06715-C02-
1, ARTEMIS S2009/DPI-1802 program from Comunidad de Madrid, and Fundación de Investigación Médica Mutua Madrileña. 
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Phage display identifies protease dependent tumor targeting peptide 
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Molecular targeting of contrast and therapeutic agents to tumors is a central goal of cancer research and treatment. Activatable cell-
penetrating peptides (ACPPs) are an innovative strategy in which enzymatic amplification promotes accumulation of contrast agents to 
sites of proteolytic activity in vivo such as tumors. ACPPs are comprised of three domains: a polycationic cell-penetrating peptide, a 
cleavable linker, and a polyanionic inhibitory domain. When the peptide is intact, the polyanion pairs with the polycation and prevents 
cell adhesion and internalization. After proteolysis of the linker region, the polyanion dissociates, releasing the cell-penetrating peptide 
to adhere immediately to adjacent cells and subsequently be internalized. Previous work in our lab validated ACPPs with a substrate 
sequence for matrix metalloproteinases 2 and 9, enzymes that are known to be up regulated in cancer and are crucial for extracellular 
matrix degradation. In this report, parallel in vivo and in vitro selection with phage display is utilized to discover novel tumor-homing 
ACPPs with no bias for primary sequence or target protease. Phage displaying a library of ACPPs was either injected into tumor-
bearing mice followed by isolation of cleaved phage from dissected tumor, or isolated based on selective cleavage by extracts of tumor 
versus normal tissue. The screen resulted in twenty-one sequences, sixteen of which were synthesized as fluorescently labeled 
peptides. Tumor-specific cleavage was confirmed by digestion with tissue extracts and the most efficiently cleaved peptide contained 
the substrate sequence RLQLKL. When tested against a panel of purified enzymes, this peptide was not cleaved by most matrix 
metalloproteinases or various coagulation factors, but was efficiently digested by plasmin and multiple elastases, including neutrophil 
elastase and macrophage metalloelatase. When tested in vivo, this uniquely identified ACPP labeled tumors and metastases from 
several cancer models with up to five-fold contrast to surrounding tissues. To further optimize tumor specificity, the cleavage site lysine 
was modified by acetylation, increasing tumor uptake and allowing for easy conjugation to macromolecular carriers. In one of the 
pulmonary metastasis models tested, the RLQLK(Ac)L peptide labeled metastatic nodules as well as a distinct population of cells that 
was prevalent throughout the lung tissue. This cellular labeling had significant optical contrast, single cell resolution, occurred only in 
the lungs of mice with a substantial metastatic burden and is dependent on enzymatic cleavability. Immunohistochemistry using 
antibodies against CD68 identified these cells as macrophages. Current studies in our lab are aimed at discovering what occurs during 
metastatic progression to prompt these macrophages to secrete enzymes capable of cleaving the RLQLK(Ac)L ACPP. If this enzymatic 
secretion is involved in tumor progression, our probe has potential for both diagnostic and therapeutic applications. 

 

RLQLK(Ac)L ACPP labels macrophages in lungs harboring GFP expressing metastases. Green is GFP expressing tumor cells, red is RLQLK(Ac)L 
ACPP and blue is nuclei labeled with Hoechst. 
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Introduction Androgen deprivation (AD) is generally used as a palliative approach in advanced stages of prostate cancer (PCa). To 
acquire an accurate detection and a sensitive therapy response assessment of PCa recurrences during or following AD with positron 
emission tomography (PET), an androgen independent uptake of tracers would be advantageous. Currently metabolic PET tracers, and 
in particular 11C-choline, are elaborated for imaging recurrent PCa. To this end, we evaluated the effect of AD on the uptake of 18F-
FDG, 11C-choline and 11C-acetate in vivo using PCa xenograft models. Methods Androgen sensitive LAPC-4 (n=13) and independent 
22Rv1 (n=12) tumours were grown subcutaneously on both shoulders of male athymic nude mice. An 18F-FDG, 11C-choline and 11C-
acetate baseline µPET scan was performed on consecutive days. Next, mice remained untreated (control group) or were androgen 
deprived by surgical castration. Animals that were not castrated received a sham operation. 18F-FDG, 11C-choline and 11C-acetate 
µPET imaging was repeated five days after the start of treatment (follow-up). Before µPET imaging, animals were anesthetized with 1-
2% isoflurane and weighted. Tracer injection (8-11MBq) was done via a tail vein where after animals were placed in the prone position 
in the µPET scanner. Preceding 18F-FDG µPET imaging, animals were fasted for at least six hours and diuresis was induced before 
the scan to reduce reconstruction artefacts. A ten minute static µPET scan of 18F-FDG, 11C-choline and 11C-acetate was done 60, 5 
and 30 minutes post injection respectively. Directly after µPET imaging, animals were transferred into the µCT scanner. Reconstructed 
µPET and µCT datasets were realigned to facilitate µPET tumour delineation using anatomical µCT side information. The percentage of 
changed SUVmax and threshholded SUVmean (TH = % of SUVmax) (65% for 18F-FDG, 20% for 11C-choline and 11C-acetate) in the 
tumours was calculated and statistical analysis was performed using the Student’s t-test (significance level set at p<0.05). Results AD 
did not significantly decrease the uptake of 18F-FDG and 11C-choline in the androgen sensitive xenograft model LAPC-4. Though 
based on the SUVmeanTH, AD tended to decrease the uptake of 11C-choline. In androgen independent 22Rv1 tumours, AD 
significantly decreased SUVmax and SUVmeanTH of 18F-FDG and 11C-choline. The uptake of 11C-acetate remained unaffected by 
AD in both PCa models. Conclusion AD significantly diminished 18F-FDG and 11C-choline uptake in androgen independent 22Rv1 but 
not in androgen sensitive LAPC-4 tumours. Still AD tended to decrease 11C-choline uptake in hormone naïve LAPC-4 tumours. These 
results might indicate that 18F-FDG- and especially 11C-choline-PET which is currently used for the detection of recurrent PCa, could 
miss or underestimate the presence of recurrent PCa during or following AD. The uptake of 11C-acetate was not affected by AD in both 
PCa xenograft models. There for our findings suggest that 11C-acetate might be the favourable tracer for the detection of recurrent 
PCa under AD therapy. 
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Automated Delineation of Lung Tumors from CT Images: Method and Evaluation 
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“Radiomics” involves the high throughput extraction or quantitative imaging features with the intent of creating mineable data from 
radiological images. This classifies as Molecular Imaging because such features can be used to infer gen expression patterns1. A 
required capability for Radiomics is the ability to segment volumes of interest with high fidelity and in high-throughput. In the current 
work, an automated delineation of lung tumors from CT images is presented. Previous work has utilized a “Click & Grow” algorithm 
which is a seed-based segmentation of the lesions from the lung field. Specifically, the lesion within the segmented lung was identified 
and a seed point was placed in its interior - typically at the perceived center of the lesion. Starting from the seed point, the lesion object 
was segmented using region growing based on similar intensity and proximity to areas with low intensity. This process commonly had 
to be repeated multiple times and the segmented volumes merged manually. The current study was undertaken to minimize operator 
input and develop metrics with which to evaluate robustness of the segmentation. In this work, an improved segmentation algorithm is 
presented. The new algorithm utilizes a multi-seed point approach. The multi-seed point segmentation algorithm was designed to 
overcome the drawbacks of the original algorithm. It uses the region growing algorithm for an automatically chosen set of multiple seed 
points following the initial segmentation. Thus, an ensemble segmentation is obtained from the multiple regions that are grown. Stable, 
accurate and automatic lung tumor delineation can be achieved as a result of the ensemble segmentation. The new method has been 
evaluated on a set of lung tumor datasets from the Moffitt Cancer Center thoracic oncology database. The similarity index (SI) was 
calculated as the ratio of the union over the intersection across multiple segmentations from the same lesion. In this metric, a SI of 
100% reports identical results from every initial seed. For our data set, the average SI was above 93% in 129 patients with 20 different 
start seed points for each case. The results were also compared with 2 different readers’ and a related level set based automated 
algorithm. The agreements were 79.01%, 72.31% and 78.28% respectively. The agreement between two readers was 73.07%. These 
data show that the multi-seed point approach is more robust than manual or level set approaches. However, there remains concern that 
a number of patients’ lesions had poor SI values. Performing the segmentation 20 times per patient and calculating the SI, however, 
can identify those problem lesions on a per-patient basis. Until improvements are made, these can be excluded from further analyses. 
Furthermore the multi-seed point approach is advantageous in that it only required single operator inputs. 1 M. Diehn, C. Nardini, D. S. 
Wang et al., Proc Natl Acad Sci U S A 105 (13), 5213 (2008); E. Segal, C. B. Sirlin, C. Ooi et al., Nat Biotechnol 25 (6), 675 (2007). 

 

(1) Sample segmentation results (Case R0167, slice 79-85) (a) Multi-seed point method(b) Reader 1 (c) Level Set method. (2) Similarity Index of Multi-
seed point method with 20 different start seed point for 129 cases from the Moffitt Cancer Center. (3) Number of User Interactions Involved for Each 

Method (R1=reader1, R2=reader2, MSP=multi-seed point method, LS=level set method) 
Pixel by pixel segmentation comparison (R1=reader1, R2=reader2, MSP=multi-seed point algorithm, LS=level set). 
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Classifying lung tumors from CT-scan images based on 3D image features 
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CT-scans are an extensively used imaging technique, useful for tumor detection and for the diagnosis of lung cancer. The goal in 
developing a classifier is to provide a potentially non-invasive alternative to histopathological techniques, such as needle biopsy to 
identify tumor classes, by making use of the information in CT-scan images. This falls under the broader category of techniques termed 
“Radiomics”. “Radiomics” involves the high throughput extraction or quantitative imaging features with the intent of creating mineable 
data from radiological images. This classifies as Molecular Imaging because such features can be used to infer gene expression 
patterns [1]. A required capability for Radiomics is the ability to segment volumes of interest with high fidelity and in high-throughput. 
Image features extracted from 111 lung tumor objects of CT-scans were used in classifying tumor types. Classification was done into 
three major classes of non-small cell lung tumors, Adenocarcinoma, Squamous-cell Carcinoma and Bronchioalveolar Carcinoma 
(BAC). Bronchioalveolar Carcinoma (BAC) is a sub class of Adenocarcinoma, but it has been shown [2] that they differ significantly in 
terms of structure and malignancy compared to other Adenocarcinoma subtypes. Hence they can be considered a separate class for 
the sake of classification. Previous work on Adenocarcinoma and Squamous-cell Carcinoma yielded a classifier that could be improved 
for greater accuracy. Hence a 2 class problem was derived based on the previously stated information where an attempt was made to 
tell BAC apart from the other two classes. Thus, creating a two class problem. A large group of 3D image features which were 
hypothesized to be useful were evaluated for effectiveness in classifying the tumors. Classifiers including decision trees and support 
vector machines are used along with feature selection techniques (Wrappers and Relief-F) to build effective models for tumor 
classification. Results show that over the large feature space for 3D features it is possible to recognize tumor classes with over 76% 
accuracy, showing new features may be of help. Feature selection was attempted using the Concordance Correlation Coefficient 
(CCC). The CCC value for each pair of 3D features was measured. One can hypothesize that high CCC values indicate features that 
are highly correlated and hence one feature from each such group can be selected. Based on that feature selection approach, an 
accuracy of 76.58% was achieved. Also evaluated were the effects of using features which showed a high amount of Test Retest 
Reproducibility [3]. The results indicate that image features on their own can be used to identify tumor classes with relatively high 
accuracy. References 1. M Diehn,C Nardini,D S Wang et al., Proc Natl Acad Sci U S A 105 (13),5213 (2008);E Segal,C B Sirlin,C Ooi 
et al.,Nat Biotechnol 25 (6),675(2007). 2. D Patsios,H C Roberts,N S Paul et al., The British Journal of Radiology, 80 (2007), 1015-1023 
3. V Kumar,Y Gu, K Jongphil,D B Goldgof,L O Hall,L Schwartz,R A Gatenby,R J Gillies, “Test Retest reproducibility of image features 
extracted from CT images of lung tumors” 

PERFORMANCE OF CLASSIFIER MODELS, PERFORMING 10 FOLD CROSS VALIDATION (The highest accuracy for each classifier is in bold) 
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The metabolites, transporters and enzymes involved in the Kennedy pathway (such as organic cation transporter-1, choline high affinity 
transporter-1 and choline kinase α) are regarded as biomarkers for progression in a variety of cancers. Both MR Spectroscopy (MRS) 
and [11C]choline-PET allow a characterization of this pathway, but only little is know about their comparability. For the murine brain 
tumor models 5000 SMA560 (spontaneous murine astrocytoma) cells were intracranially injected in VM/Dk mice and grouped 
accordingly to the post-implantation days 5-18. At the beginning of each examination day, dynamic microPET imaging was performed 
using [11C]choline (n=4, injected dose=12.34+/-1.2 MBq, acquisition time=3600 sec, last 900 seconds summed frames for image 
analysis, center-FOV-resolution=1.4 mm). Subsequently, chemical shift imaging spectroscopy (3D CSI, PRESS, TR=1800 ms, TE=135 
ms, voxel size=1.3x1.3x1.3 mm3, metabolites=choline, NAA, lactate) was acquired for each animal using a 7T MRI scanner. In 
addition, T2-weighted and T1-weighted post-gadolinium sequences were recorded. Inveon research workplace was used for image 
fusion and data analysis. After normalization of the PET scans and image fusion, ROIs for brain tumor, normal brain, cerebellum and 
muscle were defined based on the post-contrast images. CSI analysis was performed using LCModel and jSIPRO. Mean brain tumor 
volumes (mm3) increased exponentially from d5=6.93 to d18=107.20. Tumor-to-brain-ratios for MRS choline ranged from d5=1.20 to 
d18=2.34, Tumor-to-brain-ratios for [11C]choline from d5=1.12 to d18=2.22. Both tumor-to-brain-ratios revealed a high correlation of 
r2=0.78. While tumor-to-cerebellum-ratios for CSI choline were not continously increasing, tumor-to-cerebellum-ratios for [11C]-choline 
PET rised from d5=0.89 to d18=1.65. The correlation of both tumor-to-cerebellum-ratios was low with r2=0.17. While a high correlation 
between tumor-to-brain-ratios for [11C]choline PET and CSI choline could be found, tumor-to-cerebellum-ratios reveal a mismatch. We 
believe that the selection of the reference metabolite (NAA, creatinine, lactate) and tissue (normal brain, cerebellum, muscle) is a 
critical step in data analysis. We will further verify our data with in vitro analysis such a PCR and histology. 
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Improved detection of colon lesions in mouse models using dual-contrast micro-CT 
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Colon lesions can be non-invasively identified in mouse models using micro-CT, which can be used to support pre-clinical studies of 
colon cancer progression and chemotherapies. Virtual colonoscopy with micro-CT is an outstanding method for identifying polyps that 
protrude into the interior of the colon, but often miss tumors on the exterior wall. Previous studies have shown that i.p. injection of a 
clinically approved CT contrast agent can improve detection of the exterior surface of the colon. Our objective is to combine these 
techniques in order to improve the sensitivity for detecting colon tumor lesions, to improve the detection of smaller lesions, and to 
improve the accuracy and speed of semi-automated image segmentation to identify colon lesions. During preliminary studies, mouse 
models subjected to "dual-contrast" in the colon interior and exterior by treating the mice with with 1.5 mL of Iopromide (Ultravist®, at a 
standard clinical dose of 370 mg I/mL) via i.p. injection. Immediately after administration of Iopromide to the i.p. cavity, 3 mL of air was 
administered intrarectally to inflate the colon. Imaging was performed with the Siemens Inveon microCT scanner at 80kV with 455 
microamps to yield approximately 105 micron resolution. The results showed improved identification of the colon wall relative to using 
no contrast enhancement, which accelerated image segmentation to visualize the colon wall. Alternatively, 3 mL of barium solution was 
administered intrarectally to test the advantages of positive contrast within the colon, and ongoing studies test the use of labeled chow 
to test positive contrast in fecal matter. A transgenic mouse model that is predisposed to spontaneously develop colon tumors is being 
used to test each dual-contrast method, and results are being validated with post-mortem gross pathology assessments. Together, 
these studies are designed to identify the best dual-contrast method for identifying colon tumors during pre-clinical studies. 
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CT images of tumors depict features that can be related to physiological processes. Such features are typically described and 
quantified subjectively (i.e. moderate necrosis, mildly irregular, highly spiculated). However, optimal imaging biomarkers must be 
objective and reproducibly quantifiable. Thus, there is a need to identify features from CT images that can be reliably extracted and 
converted into quantifiable, mineable data as potential prognostic, predictive or response biomarkers. “Radiomics” involves the high 
throughput extraction or quantitative imaging features with the intent of creating mineable data from radiological images. This classifies 
as Molecular Imaging because such features can be used to infer gene expression patterns (1,2). A required capability for Radiomics is 
the ability to segment volumes of interest with high fidelity and in high-throughput. An important step is to assess the test-retest 
reproducibility and biological ranges of these features. These analyses can identify the highly reproducible features, which are 
potentially the most informative. The most reproducible features are more likely to be able to identify subtle changes with time, 
pathophysiology or in response to therapy. Additionally, the reproducibility must be compared to the entire biological range available to 
that feature, yielding the dynamic range. It is expected that an individual feature will be more useful if it shows large biological range 
compared to its test-retest variability. In the present study, we analyzed the test-retest variability and biological ranges of a large set of 
quantitative image features. The CT lung cancer images used in the present study are publically available under reference imaging 
database to evaluate response project. The baseline and followup thoracic CT scans (slice thickness 1.25mm) were performed within 
same day on 32 patients with non-small cell lung cancer. All primary lung cancers were segmented by using a semi-automatic 3-D 
region growing segmentation algorithm. Following segmentation, 190 three-dimensional quantitative features were extracted and the 
reproducibility of these tumor features in the two scans performed on each patient was assessed by calculating the concordance 
correlation coefficient (CCC). In general, the intra-patient reproducibility of all features was high, 102/190 showed excellent 
reproducibility (CCC>0.75). Notably, the inter-patient biological ranges for individual features were highly variable. Additionally, a co-
variance matrix of features identified several redundancies in the feature set which could be combined into a single variable. Combining 
inter-scan variance, biological range and co-variance, we have reduced the total number of features from 190 to a set of 12 that may be 
the most informative. A Test-Retest and co-variance analysis identifies CT scan features with high intra-patient reproducibility and inter-
patient biological range that are prime candidates for optimal imaging biomarkers in NSCLC. 1. Diehn M, Nardini C, Wang DS et al, 
Proc Natl Acad Sci USA 105, 5213 2008 2. Segal E, Sirlin CB, Ooi C et al, Nat Biotechnol 2007;25:675 
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Anti-angiogenic therapies, such as VEGF blockade, are increasing in popularity for halting tumor growth. VEGF blockade can be 
accomplished using the humanized monoclonal anti-VEGF antibody Bevacizumab (BV), which binds and suppresses VEGF production. 
However, the efficacy of BV therapy varies wildly between different tumor types and individual patients. Furthermore, certain forms of 
cancer may become unresponsive to BV therapy during the course of treatment. Therefore, continual monitoring of BV efficacy is 
crucial towards providing an optimized treatment regime to cancer patients. Ultrasound is a cost-effective imaging modality that can be 
used to continually monitor vascular changes in vivo. For preclinical animal testing, high-frequency ultrasound is often used to achieve 
higher resolution images. High-frequency ultrasound alone is not sufficient for imaging small blood vessels and requires microbubble 
contrast agents (MCA’s) to monitor changes in the microvasculature. Microbubbles are gas-filled spheres that are typically 0.5 - 10 µm 
in size. Due to their compressible gas core, they are able to scatter ultrasound energy more effectively than surrounding blood and 
tissue, making them excellent vascular probes. We have previously developed a technique to rapidly and effectively isolate 
microbubbles at distinct size ranges. We have also demonstrated that larger microbubbles are more effective contrast agents, 
producing greater signal intensity and persisting longer in circulation. In this study, we utilize high-frequency ultrasound imaging with 
novel size-selected MCA’s (4-10 µm in diameter) to compare the response of two tumor types known to be responsive or un-responsive 
to BV therapy. Mice were implanted with SKNEP1 (BV responders) and NGP (BV Non-responders) human cancer lines. Contrast-
enhanced ultrasound was used to longitudinally study changes in vascular perfusion and molecular expression of αvβ3 (a molecular 
marker of angiogensis) in response to BV treatment over 5 days. The mean relative microbubble perfusion (rmp) in BV-treated SKNEP1 
animals was unchanged over 5 days. BV-treated NGP tumors and control groups, on the other hand, showed an increase in mean rmp 
at each day. The slopes of the linear regression between BV-treated and control SKNEP1 cohorts were statistically different (P=0.004), 
while no difference between the NGP treated and control group was observed (P=0.25). RGD peptide coated MCA’s were used 
quantify relative αvβ3 integrin expression by evaluating their relative targeted microbubble adhesion (rtma). BV-treated SKNEP mean 
rtma did not change significantly after 1 day, but it decreased 91±5% by day 3 and 99±5% by day 5. The mean rtma values decreased 
also for BV-treated NGP and control mice, but at slower rates. The difference in decay rates between BV-treated and control SKNEP1 
were statistically different (P=0.022), while no difference was observed between treated and control NGP (P=0.26). Overall, ultrasonic 
analysis of microbubble perfusion and molecular expression in tumors is a rapid and effective method of evaluating BV efficacy that 
could potentially have wide clinical impact. 

 
BV therapy applied after imaging on days 0 and 3. Control mice were given albumin as a Placebo. 
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Introduction Changes in Apparent Diffusion Coefficient (ADC) obtained from Diffusion Weighted Magnetic Resonance Imaging (DW-
MRI) show early changes induced by chemotherapy in an oncologic setting. This suggests a decreased tumor cellular density, 
collapsed cell membrane barriers, and increased mobility of water molecules, allowing for the differentiation of necrosis and edema 
from viable tissue. Concurrently, FDG is one of the most widely used PET tracers, and high uptake values are linked with hypoxic and 
proliferating cells, while low uptakes are correlated with necrosis and normoxic cells. With the increasing prevalence of combined 
PET/MR devices in Clinics around the world, the understanding of complementary information obtained from different biomarkers is 
important, and could lead to a clear delineation of the tumor micro-environment in vivo. Methods and Materials 8 week old NMRI Nu/Nu 
(n=8) mice were injected with 1.2 million NCI-H460 Tumor cells, and were allowed to grow until tumor volume was around 300 mm3. 
One baseline scan was made before initiation of treatment regiment of 2 mg/kg every three days with Cetuximab (Merck, Germany), an 
anti-EGFR monoclonal antibody (mAb). Up to three more FDG PET and ADC scans were made until tumors reached a critical size and 
had to be sacrificed. After the last MR imaging session a line parallel to the coronal plane was marked on the tumor in order to correlate 
histological slices (CD-31, Ki-67, and H&E) to in vivo MR and PET images. Results Significant linear correlations as determined by the 
Pearson’s correlation coefficient were determined from the average values in tumors for imaging data obtained from the control and 
treatment groups respectively: FDG (SUV) vs. ADC (control: P =0.001 r = 0.8; treatment: P=0.03 r =-0.64), tumor volume vs. ADC (P = 
0.0007 r = 0.834/ P= 0.03 r = 0.68), tumor volume vs. FDG (SUV) (P = 0.02 r = 0.62/ P= 0.001 r = 0.83), and tumor volume vs. the 
intratumoral pearson correlation of FDG and ADC voxels (P=0.008 r = -0.81/ P=0.03 r = -0.67). FDG and ADC voxel values showed a 
strong negative correlation in each tumor where treated tumors experienced the largest negative correlation coefficient. Histology 
revealed high ADC values for necrotic and edemic regions which negatively correlated to FDG values in those same regions. Histology 
is in good agreement with images. Conclusion We have shown that FDG and ADC values are highly, negatively correlated in 
xenografts tumors, and that this correlation changes significantly in response to treatment. Furthermore, complementary information 
obtained from the tumor microenvironment reveals distinct distributions in the scatter plots of ADC vs. FDG (SUV) that have the 
potential to be modeled in order to segment the tumor into distinct biologically relevant compartments. Ongoing experiments are being 
conducted in order to examine the relationship DWI and dynamic FDG and FLT PET hold inside the tumor micro-environment over the 
course of therapy. 
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Objectives: Histone deacetylase inhibitor (HDACI) has been widely used in treatment of hematologic malignancy and solid tumors. This 
study aimed to evaluate the HDAC expression and therapeutic response of hepatocellular carcinoma (HCC) to HDACI by [F-18]-6-
(fluoroacetamide)-1-hexanoicanilide (FAHA) PET. Methods: Huh 7 cells (human hepatoma cell line) were transfected with p21-3H+ptK-
Rluc. 5x106 cells mixed with 50uL serum free media and 50uL metrigel were inoculated subcutaneously on the left shoulder of 8-10 
week-old male BalbC/Nu mice. All animals received baseline [18F]FAHA PET imaging at 22 days after xenograft. To evaluate the 
immediate effect of HDACI, we performed [18F]FAHA PET imaging 60 min after intraperitoneal administration of SAHA (50 mg/kg). The 
HDACI treatment continued for 7 days and the end point was assessed by [18F]FAHA imaging and by measurement of the change of 
tumor size (Tumor size: length x width x height x 0.523 mm3). Dynamic PET imaging was performed for 20 min after i.v. administration 
of 18.5 MBq of [18F]FAHA. Tomographic images were reconstructed by OSEM+MAP and analyzed by ASIPro VM 6.3.3.0. SUVs of 
[18F]FAHA were measured from the ROIs in the tumor and the contralateral normal soft tissue. Tumor-to-muscle ratios (T/M) of SUVs 
obtained from the animals with or without SAHA treatment were compared. Results: SAHA revealed no significant effect to inhibit the 
tumor growth. All tumors demonstrated avid uptake of FAHA (SUV: 1.2±0.4). No obvious change of SUV was observed in mice without 
SAHA treatment and in mice with 7-day regimen of SAHA treatment. However, there was 33% to 60% decrease of FAHA uptake by the 
tumor at 60 min after SAHA treatment. Conclusions: [18F]FAHA PET imaging is useful for monitoring of HDAC activity during HDACI 
treatment of hepatoma. Hu7 hepatoma express HDAC activity, but no obvious therapeutic effect of HDACI (SAHA) alone was observed 
in this study. SAHA has transient effect on suppression of HDAC activity in hepatoma. 
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Optimizing pharmacokinetics and targeting properties of recombinant anti-Lewis Y antibody 
hu3S193 in A431 tumor-bearing mice 
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Aim: The humanized monoclonal antibody 3S193 (hu3S193) specifically binds the Lewis Y (Ley) antigen and has shown a long half-life 
in Phase I first-in-man trials. Previous results have shown that mutations in residues I253, H310 and H435 of the Fc region interfere 
with the neonatal receptor (FcRn) binding. We have generated a hu3S193 antibody with an alanine mutation in residue I253 (I253A) 
that shows a shorter half-life than parental hu3S193. The objective of this pilot study was to evaluate the radiolabeling properties of 
89Zr-labelled hu3S193_I253A compared to its parent hu3S193 and evaluate them as small-animal positron emission tomography 
(PET) imaging agents. Methods: Site-directed mutagenesis was performed using a QuickChange XL II site-directed mutagenesis kit 
(Stratagene) to generate the hu3S193_I253A. The LONZA Glutamine Synthetase expression system was used for eukaryotic 
expression of antibody heavy and kappa light chain vectors. Mutants were produced in transient (Freestyle 293, Invitrogen) cells and 
tested for Ley binding using ELISA, FACS and BIAcore analysis. Parental hu3S193 and hu3S193_I253A were radiolabelled with 89Zr 
after conjugation to deferroxamine-p-SCN (Df). The 89Zr-Df-labelled antibodies were evaluated in small-animal PET studies at 4, 24, 
48, and 72 hours post injection. At 72 hours after injection, animals were sacrificed. Blood samples were taken via cardiac puncture and 
organs were removed. Blood and organ samples were counted for radioactivity. Results: Analysis of hu3S193_I253A mutant by ELISA, 
BIAcore and FACS showed retention of Ley antigen binding ability. PET imaging demonstrated specific tumour uptake of both 89Zr-Df-
labeled parental and hu3S193_I253A at 24 hours post injection and this uptake was maintained for 6 days after injection. Lesions as 
small as 16 mm3 were clearly detected with both agents. Higher uptake in the liver was detected when using 89Zr-Df-labeled 
hu3S193_I253A. The 72 hour biodistribution data displayed a higher non-specific uptake in the liver with hu3S193_I253A versus 
parental (i.e. 15 %ID/g versus 6 %ID/g respectively). For comparison, using 111In-CHX-A”-hu3S193_I253A liver uptake was 7 +/- 0.3 
%ID/g. This observation indicates that improvement to the 89Zr-labelling chemistry could reduce the liver uptake of faster clearing 
hu3S193 constructs. Conclusion: The pilot study of 89Zr-labelled hu3S193 and hu3S193_I253A demonstrated excellent tumor uptake 
of both agents, with high-contrast images generated of lesions as small as 16mm3. Improvements in 89Zr radiolabelling chemistry may 
be required to optimize imaging of fast clearing recombinant antibodies. 
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Objectives: Iodine-123 MIBG whole body scintigraphy is now considered a first line method for the staging and follow-up of 
neuroblastoma (NB). Currently, ACR practice guidelines recommend that the I-123 MIBG scintigraphy be performed at 18 to 24 hours 
after tracer administration. As imaging is time consuming and frequently requires anesthesia in young children, it is important to 
determine if 2 days of imaging is necessary. The goal of this study is to determine the benefit, if any, of 24-hour delayed imaging in 
children with neuroblastoma. Methods: We compared the lesion detectability in 86 Iodine-123 MIBG studies of 49 consecutive patients 
with neuroblastoma from our database. A whole-body scan was performed 4 hours and 24 hours after injection of the tracer (0.14 mCi 
/kg). Two radiologists visually compared the tumor detectability on 4 and 24-hour delayed planar images for bony and soft tissue 
lesions, as well as the detectability of soft tissue tumor on. 4 and 24 hour delayed SPECT images. Results: For bone lesions on the 
planar images, observer 1 detected NB tumors in 31 of 85 studies. Observer 2 detected NB tumors in 34 of the 85 studies. For soft 
tissue lesions on planar images, observer 1 detected NB tumors in 41 of 83 studies. Observer 2 detected NB tumors in 40 of the 83 
studies. For soft tissue tumor on SPECT images, observer 1 detected NB tumors in 42 of 63 studies. Observer 2 detected NB tumors in 
44 of the 63 studies. The agreement between the two readers was moderate for the detection of bony (kappa = 0.49) and soft tissue 
tumors (kappa = 0.50) on planar images as well as detection of soft tissue tumor with SPECT (kappa = 0.49 . Bone metastases were 
better detected on 4-hour planar images in 48% and 41% of the studies by readers 1 and 2, respectively. For the remainder of the 
studies, bone metastases were either equally detectable on 4 and 24-hour delayed images (35% and 24%) or better detected on 24-
hour delayed images (16% and 29%). Soft tissue tumors were better detected on 24-hour planar images (83% and 75 % of the studies 
by readers 1 and 2, respectively) than on the 4-hour images (0% and 5%, respectively). The detectability of soft tissue tumors in the 
remaining studies was similar between the 4-hour and 24-hour planar images. Conclusions: Planar imaging at both 4 and 24-hours is 
necessary for the optimal detection of neuroblastoma bone and soft tissue tumors. 4-hour planar imaging provides added detectability 
for bone tumors, while 24-hour planar images provide superior soft tissue tumor detectability. Only 24-hour SPECT is needed for soft 
tissue tumor detection. 

 

13 year old female with a history of stage IV neuroblastoma, status post resection, chemotherapy, radiation therapy, and stem cell transplant. The 4-hour 
imaging is better for bone lesions in spine (long arrow) and 24-hour imaging is better for soft tissue lesion (short arrow). 

SPECT and Planar Imaging for Soft Tissue Tumor and Bone Tumors at 4 Vs. 24 hours: Results of Observer Ranking Studies 
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targeting agents 

Kelly Orcutt1, Jacob Hesterman1, Ozlem N. Subakan2, Donna Cvet2, Robbie Robertson2, Daniel P. Bradley2, Eli White1, Mary 
Germino1, William Cupelo1, Jong Seo Yoon1, Mary Rusckowski3, Christian Lackas1, Jack Hoppin1, 1inviCRO, Boston, MA, USA; 
2Millennium Pharmaceuticals, Inc., Cambridge, MA, USA; 3University of Massachusetts Medical School, Worcester, MA, USA. Contact 
e-mail: orcutt@invicro.com 

Background: Molecular imaging is used to assess both the in vivo biodistribution of radiolabeled tumor therapeutic candidates and the 
ability of imaging biomarkers to noninvasively estimate antigen expression levels in tumors. Many parameters affect drug 
pharmacokinetics within the tumor, e.g., affinity, immunoreactivity, molecular weight, blood clearance, antigen expression, cellular 
internalization, tumor vascularity, cellular processing of radiolabel, specific activity, and dose. We present a distributed model based on 
the Krogh cylinder and the aforementioned parameters to simulate the in vivo tumor uptake of radiolabeled agents. In this model, all 
parameters have physiological meaning and can be estimated by in vitro/ex vivo assays. Methods: This distributed model is based on 
the published Krogh cylinder model with a set of differential equations describing free, bound, and internalized ligand in the tumor as a 
function of time. The sum of these fractions along with the fraction in the blood pool estimates the total concentration of ligand in the 
tumor region of interest over time. Model simulations were performed for 68Ga- and 99mTc-labeled HER2-targeted proteins (of varying 
affinities, molecular weights, and blood clearance rates) in tumor-bearing mice using parameters estimated from published literature. 
Simulation results were compared to published experimental data. Model simulations were also performed for integrin-binding 18F-
galacto RGD in humans using ligand parameters obtained from the literature and varying tumor vascularity and integrin density over 
physiological ranges as these parameters vary tumor to tumor. Simulations were compared to published clinical PET imaging data and 
ex vivo immunohistochemistry data. Results: The model accurately predicted tumor uptake (%ID/g) over time for all HER2-binding 
agents in preclinical models with the standard deviation error bars from the experimental data overlapping the model simulations for > 
75% of the data points. The model also accurately predicted the mean SUV (~0.4) at ~90 min post-injection for human tumors with no 
integrin expression (as determined by immunohistochemistry) and the trend in increasing mean SUV for increasing integrin expression 
(Figure 1). All SUV data falls within the expected range of results from model simulations. The clinical PET data shows an increase in 
the variability of mean SUV with increasing integrin levels. The model captures this increase in variability as tumor vascularity is varied 
over typical values for human tumors. Conclusions: We present here a mechanistic model of tumor targeting and demonstrate its value 
as a tool in guiding preclinical development and translation of tumor targeting therapeutics and imaging biomarkers. The model can be 
used to guide the selection of radiolabel, dose, specific activity, and imaging acquisition time in preclinical and clinical imaging studies. 
The model also has the potential to be used in the estimation of tumor parameters (e.g. vascularity, concentration of drug binding sites) 
from clinical molecular imaging data ultimately leading to improved characterization of tumor biology in vivo. 
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Tumor hypoxia has been identified to be a major contributor to therapeutic failure (both chemo- and radio-therapy) in brain tumors, 
particularly the highly aggressive glioblastoma multiforme (GBM). Non-invasive imaging of brain tumor hypoxia could provide crucial 
information for tumor diagnosis and prognosis. While [18]F-fluoromisonidazole ([18]FMISO) has shown promising usage for imaging 
brain tumor hypoxia, its slow blood clearance requires at least 2 hours of imaging time to show lesion contrast. We proposed that Cu-64 
labeled diacetyl-bis(N4-methylthiosemicarbazone ([64]Cu-ATSM) can be used as an efficient fast hypoxia PET imaging agent for brain 
tumors. In this study, we evaluated hypoxia PET imaging with [64]Cu-ATSM in two different brain tumors, including U87 human glioma 
and a mouse glioblastoma multiforme derived from genetically engineered mouse model with RB, PTEN, and KRAS inactivated, so 
called TRP-/- GBM model. Compared to U87 glioma, the TRP-/- GBM is much more morphologically similar to their human 
counterparts. In vitro studies with hypoxia chamber under various oxygen potentials showed that both tumor cells exhibit significantly 
higher uptake of [64]Cu-ATSM at hypoxic condition with doubled uptake at PO2 of 1.0 mmHg compared to that at normoxic condition 
(159 mmHg), suggesting hypoxia-dependent uptake of [64]Cu-ATSM in these two tumor lines. The cells were injected into mouse brain 
using stereotaxic frame, and dynamic PET imaging with [64]Cu-ATSM were performed 3 weeks after tumor inoculation. MRI scans, 
including anatomical T1-, T2-weighted imaging and perfusion imaging were also acquired on the same mice before PET imaging. After 
MRI/PET registration, MRI images were used to locate tumor and guide the drawing of region of interest (ROI) on PET images. 
Cerebral blood flow (CBF) map was also created from perfusion MR imaging to provide blood flow information. Results from PET 
imaging demonstrated a significantly higher uptake of [64]Cu-ATSM in brain tumor tissue compared to its normal brain tissue. The 
tumor/normal-brain ratio was 1.96+/-0.37 for U87MG glioma, and 1.52+/-0.07 for TRP-/- GBM. The uptake in tumor tissue differentiated 
from the normal brain tissue quickly at 20 min after tracer injection in all tumor mice. CBF showed low perfusion in higher [64]Cu-ATSM 
uptake tumor regions on TRP-/- GBM model (Figure 1 in supplemental data), indicating uptake of [64]Cu-ATSM was independent of 
perfusion. However, in U87 glioma, tumor tissue with higher [64]Cu-ATSM uptake showed similar or even slightly higher CBF value 
compared to surrounding brain tissue. Cu-64 autoradiography images of tumor sections were then compared to their EF5 hypoxia 
immunostaining. Results showed a good correlation between [64]Cu-ATSM uptake and EF5 staining in TRP-/- GBM, but not in U87 
glioma (Figure 2 in supplemental data). In conclusion, [64]Cu-ATSM has shown a promising usage as a hypoxia marker for TRP-/- 
glioblastoma, although it may not be a hypoxia marker for all brain tumors. Combining anatomical and perfusion MRI in hypoxia PET 
imaging provides more accurate and complete information in delineating tumor hypoxia. 
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One of the most aggressive and deadly cancers is glioblastoma multiforme (GBM). GBMs are highly migratory and dispersive in the 
intracranial space. In humans, these cells tend to migrate and disperse on blood vessels and white matter tracts. In this work, we 
employ cryo-imaging to evaluate the dispersal of green fluorescent protein (GFP)-expressing glioma cell lines, LN-229, U-87 MG, 
Gli36∆5 and CNS-1, following orthotropic injection into the brains of 12 mice. We used the Case cryo-imaging system to provide 
microscopic resolution, color brightfield anatomy, and molecular fluorescence images of the entire mouse brain to characterize tumor 
growth and dispersal characteristics. The cryo-imaging system is a fully automated system for repeated physical sectioning and tiled 
microscope imaging of a tissue block face over volumes as large as a whole mouse or organ. We developed specialized algorithms to 
process brightfield and fluorescence images in 2D and 3D. To identify blood vessels, we used the natural color contrast of blood in the 
brightfield images. We used a set of oriented kernels to enhance blood vessels for 3D visualization. The white matter tract was clearly 
seen in bright field images and segmented manually. Fluorescence images were processed to detect GFP-labeled cell clusters. The 
main tumor mass was segmented using a 3D region growth algorithm depending on image brightness and edge strength. We 
measured cell dispersal distance using a 3D morphological distance algorithm based on successive 3D dilation of segmented tumor 
mass. Interactive 3D visualizations with labeled main tumor mass, dispersing cells, blood vessels, and white matter tracts were made. 
Results show that CNS-1, LN-229 and U-87 MG are dispersive cell lines with varying degrees of cell dispersal while Gli36∆5 is non-
dispersive. 3D analysis shows that dispersal tends to occur along blood vessels and/or white matter tracts. We found the CNS-1 cell 
line to be most dispersive followed by LN-229. With CNS-1, cell clusters migrated up to 2 mm after only seven days post implantation. 
LN-229 showed moderate dispersal, with clusters reaching ~500 µm after 38 days post implantation. The U-87 MG cell line showed 
very low dispersal of ~65 µm on average away from the main tumor mass after 14 days post implantation. Also, number of cells in 
dispersed clusters and the number of clusters increased over time, with CNS-1 exhibiting the largest dispersed clusters. Finally, the 
normalized volume of dispersed clusters with respect to the main tumor mass was ~10 % for CNS-1, ~1.2% for LN-229 and ~0.15% for 
U-87 MG. The power of this system is that it allows single cell resolution of migrating dispersing tumor cells in complex organs. Such 
characterizations will be important for understanding the biology and therapeutic efficacy for a variety of different tumors. Furthermore, 
the accuracy of novel molecular imaging agents could be tested by co-registering GFP-tumor cell location with the labeling of an 
imaging probe. This system will allow preclinical testing of novel molecular imaging agents to determine their clinical utility in visualizing 
tumor cell dispersal, invasion and metastasis. 

 

Glioblastoma cell dispersal. Examples of cell dispersal from a CNS-1 tumor 7 days post-implantation. In (a), cells disperse along blood vessels for long 
distances. Blood vessels, dispersed cells and the main tumor mass are shown in red, yellow and green respectively. In (b) the same tumor is rotated to 

show tumor cells migrating along the white matter tract (magenta). 
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Human colorectal cancer is one of the most common fatal malignancies. The purpose of this study is to characterize and image the 
expression of matrix metalloproteinases (MMPs) with a near-infrared fluorescent (NIRF) cyclic His-Try-Gly-Phe peptide in a mouse 
model of inflammation-induced colon cancer. c(KAHWGFTLD)NH2 (C6) peptide to target MMPs was prepared from standard Fmoc 
peptide synthesis. Cy5.5 was conjugated to C6 peptide for NIRF imaging and Cy5.5-C6 was purified by preparative RP-HPLC. Cy5.5 
and C6-conjugated SPIONs were prepared. To develop a mouse model for inflammation-related colon cancer, mice (female, 6 week-
old) were given a single intraperitoneal administration (10 mg/kg body weight) of azoxymethane (AOM) and a 1-week oral exposure to 
2% dextran sodium sulfate (DSS). In vivo MMP-targeted imaging of Cy5.5-C6 and the Cy5.5-C6-conjugated SPIONs were accessed 
using an IVIS optical imaging system in a colon cancer model. MMP expression and beta-catenin activation in the colon cancer were 
characterized by immunohistochemical staining. Molecular weight of Cy5.5-C6 determined by maldi-tof-ms analysis was 1954.78 
(calculated MW = 1955.23). In the inflammation-induced colon cancer model, histological examination of the colon cancer tissues 
appeared high MMP expression. MMP expression profiles exhibited clearly the correlation to beta-catenin activation in the colon 
lesions. The in vitro characterization of Cy5.5-C6 and Cy5.5-C6-conjugated SPIONs showed MMP binding specificity in a cell 
experiment. In vivo NIRF imaging showed high tumor accumulation of Cy5.5-C6 with the correlation to the MMP expression in the colon 
lesions after intravenous injection. The MMP specificity of Cy5.5-C6 and Cy5.5-C6-conjugated SPIONs was confirmed by successful 
inhibition of tumor uptake in the existence of excess C6 peptide. The accumulation of Cy5.5-C6-conjugated SPIONs was confirmed 
using Prussian blue staining. Increases of MMP expression and activation of beta-catenin showed highly the correlation in the 
inflammation-induced colon cancer. Cy5.5-C6 and Cy5.5-C6-conjugated SPIONs to target MMPs have the potential to be developed 
into an effective molecular imaging agent to monitor a colon cancer. 
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Molecular Magnetic Resonance Imaging of U87 mice brain tumor angiogenesis using targeted 
LipoCEST contrast agent and histological validation 

Julien Flament1, Françoise Geffroy1, Boucif Djemaï1, Christelle Medina2, Caroline Robic2, Sébastien Mériaux1, Marc Port2, Gilles 
Bloch1, Denis Le Bihan1, Franck Lethimonnier1, Fawzi Boumezbeur1, 1NeuroSpin, I2BM, CEA, Gif-sur-Yvette, France; 2Research 
Division, Guerbet, Roissy-Charles de Gaulle, France. Contact e-mail: sebastien.meriaux@cea.fr 

Introduction Recently, Guerbet (WO 2006/032705) and Aime S. et al. have introduced LipoCEST, a promising contrast agent (CA) for 
MR-monitored drug delivery and MR-based molecular imaging which allows achieving sub-nanomolar sensitivity in vitro. They can be 
functionalized by grafting peptide on membrane in order to target specific biomarker such as the integrin ανβ3 expressed in 
angiogenesis. We propose to demonstrate that LipoCEST can be detected in vivo after i.v injection using CEST-MRI and tumor region 
can be specifically highlighted using a RGD-functionalized LipoCEST. Our results were confirmed using LipoCEST incorporating 
rhodamine, fluorescence microscopy and immuno-histology. Material and Methods Animal model. The study was performed on 16 
immuno-depressed "nude" mice (Janvier, France) with a brain tumor induced by i.c. injection of 1.2x105 glioma U87 human cells. 
Experiments were performed 15 days after tumor induction (tumor size ~ 2-4mm). Contrast Agent. Two groups of pegylated Tm(III)-
LipoCEST were used (dH~170 nm, Cnanoparticles=48nM, C(internal Tm(III) complexes)=250mM, Guerbet, France): RGD-functionalized LipoCEST 
(affinity of RGD peptide in the nanomolar range) and bare LipoCEST both with fluorescent rhodamine (0.2% mole per 50mM membrane 
phospholipids). CEST MRI. CEST images were acquired at 7 T (Bruker, Germany) using a MSME sequence (TE/TR=54/5000ms, 
R=150x150x660µm3, Tacq=14min) preceded by a CW saturation pulse (Tsat=400ms, B1sat=7µT, δsat=±8ppm) before (t=0’) and after i.v 
injection (t=18’/30’/42’/60’/72’/84’/96’/108’) in the caudal vein of 200µL of RGD or control-LipoCEST. Image analysis. %CEST images 
were expressed as 100*(ImageON-ImageOFF)/ImageRef. %CEST contrast was analyzed in 2 different ROI: the "tumor" and the 
"controlateral" region. Histology. After intracardiac puncture, the brain was extracted and immersed 24h in PFA then in sucrose 
solution for tissues fixation. Fluorescence microscopy and immuno-histology were performed on a slice corresponding to the tumor 
region. Results As illustrated by Fig.1.A and Fig.1.B, both functionalized and bare LipoCEST CA were detected following i.v injection. 
Interestingly, CEST contrast was not significantly higher in tumor region compared to a controlateral region for the bare LipoCEST 
(p>0.39, Fig.1.D), whereas a significant and a priori specific enhancement of the tumor region was observed following the injection of 
RGD-functionalized LipoCEST (p<0.002, Fig.1.C and Fig.1.E). This contrast leaned to increase as time went (Fig.1.A) leading us to 
think of a likely accumulation of the RGD-functionalized LipoCEST CA inside the tumor. This hypothesis seems to be confirmed by our 
observations using fluorescence microscopy and immuno-histology (Fig.1.F,G and H). Discussion and Conclusion This study 
demonstrates for the first time a specific visualization of ανβ3 receptor using RGD-functionalized LipoCEST CA in a U87 mice brain 
tumor model and constitutes a promising step toward imaging of angiogenesis. With the objective of quantification, further in vivo 
investigations should be made to evaluate the stability of this signal over a longer period of acquisition. 
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Endocytosis of PEGylated agents enhances cancer imaging and anti-cancer efficacy 

I-shiuan Chiang, Kuo-Hsiang Chuang, Tian-Lu Cheng, Department of Biomedical Science and Environmental Biology, Kaohsiung 
Medical University, Kaohsiung, Taiwan. Contact e-mail: dinner.shiuan@gmail.com 

PEGylated nanoparticles and macromolecules are increasingly used in cancer imaging and anti-cancer treatment. The role of receptor-
mediated endocytosis in the efficacy of these agents, however, has not been clearly defined. Here, we developed a matched pair of 
endocytic and non-endocytic receptors to directly and unambiguously assess this issue. The ligand-binding domains of the low density 
lipoprotein receptor (LDLR) or a truncated LDLR lacking the NPXY endocytosis motif (∆LDLR) were replaced with an anti-polyethylene 
glycol antibody (αPEG) to form endocytic αPEG-LDLR and non-endocytic αPEG-∆LDLR receptors. The receptors were stably 
expressed at similar levels on the surface of HCC36 cells. HCC36/αPEG-LDLR cells but not HCC36/αPEG-∆LDLR cells rapidly 
endocytosed PEG-quantum dots (PEG-QDs) and PEG-liposomal doxorubicin (Lipo-Dox) in vitro and in vivo. Lipo-Dox was significantly 
more cytotoxic to HCC36/αPEG-LDLR cells than to HCC36/αPEG-∆LDLR cells. HCC36/αPEG-LDLR tumors also accumulated 
significantly more PEGylated near-infrared probes (PEG-NIR797) and PEG-Liposomal-111In (Lipo-111In) than HCC36/αPEG-∆LDLR 
tumors in vivo. Furthermore, Lipo-Dox more significantly suppressed the growth of established HCC36/αPEG-LDLR tumors as 
compared with HCC36/αPEG-∆LDLR tumors. Our data demonstrate that endocytosis of PEGylated probes and drugs enhances both 
cancer imaging and anti-cancer efficacy, indicating that endocytic receptors are superior targets for the design of cancer imaging 
probes and immunoliposomal drugs. 

 
Targeting endocytic receptors enhances cancer imaging and anti-cancer efficacy 
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Development of PET imaging agents targeting the intracellular Met receptor tyrosine kinase 
(MetRTK) in human gastric carcinoma (MKN-45) and glioblastoma (U87-MG) cells and MKN-45 

xenografts 
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Fabiola Cecchi3, Xiaoyuan (Shawn) Chen2, Donald Bottaro3, Peter Choyke1, Elaine Jagoda1, 1Molecular Imaging Program, NCI, 
Bethesda, MD, USA; 2Laboratory of Molecular Imaging and Nanomedicine, NIBIB, NIH, Bethesda, MD, USA; 3Urologic Oncology 
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Objectives: The overexpression of hepatocyte growth factor receptor protein (Met) in a variety of cancers has been linked to increased 
proliferation, progression to metastatic disease, drug resistance, and poor prognosis. Potent and Met selective triazolopyridazines 
tyrosine kinase inhibitors (TKIs) have been identified which exhibit therapeutic potential by binding to the intracellular tyrosine kinase 
domain thereby preventing Met pathway activation. Developing [18F]-labeled analogues based on these small molecule TKIs for PET 
imaging would not only aid in determining the Met status of cancerous lesions but identify those patients that may benefit from Met-
targeted therapies. In these studies the imaging potential of 2-chloro-N-2-[18F]fluoroethyl-4-[3-(((7-methoxyquinolin-4-yl)oxy)methyl)-
[1,2,4]triazolo[4,3-b-]pyridazin-6-yl]-benzamide (FEA) was evaluated in vitro and in vivo in MKN-45(MKN) and U87 MG (U87) cells and 
MKN xenografts. Methods: FEA was prepared by coupling [18F]fluoroethyl amine with the triazolopyridazine benzoic acid precursor. 
FEA was evaluated using in vitro cell binding studies with MKN and U87 cells which exhibit high and low levels of Met, respectively; 
non-specific binding was determined using 10-5M unlabeled FEA. Biodistribution studies and microPET imaging studies were done at 5, 
15, 30, and 60 min after FEA injections i.v. and following treatment with Met TKI, PHA-665752, in MKN-45 xenograft mice. Acetonitrile 
extracted plasma samples from the in vivo studies were analyzed by TLC for the %FEA unmetabolized. Results: FEA exhibited high 
specific binding (> 85%) with a binding affinity of ~ 500 nM with MKN cells in vitro while with the U87 cells specific binding was 
negligible indicating that the U87 cells have much lower densities of MetRTK. Uptake and clearance of FEA in the MKN xenografts was 
rapid with decreases > 70% occurring from 5 min to 1 hr in blood, heart, lungs, liver, spleen, kidneys, and muscle while femur, 
gastrointestinal, and tumor uptakes increased 10%, 130% and 1%, respectively. The increases in femur uptake indicate metabolism of 
FEA by defluorination. Plasma radioactivity in blood was 90% unmetabolized FEA at 5 min and decreased to < 40% unmetabolized 
FEA at 60 min. Tumor to muscle ratios (T:M) were 0.67, 1.49, 2.26, and 2.76 at 5, 15, 30 and 60 min, respectively, reflecting an 
increase in clearance from muscle tissue rather than increases in tumor uptakes. In MKN xenografts treated with PHA-665752 (daily for 
3 weeks) T:M were decreased by 44% (P = 0.02) compared to controls. Although T:M of 2 to 3 were determined, tumors could not be 
visualized with microPET imaging due to low uptakes in the tumors. Conclusions: FEA was able to target Met in vitro and in vivo in a 
treatment model using a Met targeted therapeutic. Although the in vivo tumor uptakes were low, significant decreases were observed in 
the treated xenografts indicating a decrease in MetRTK. These results indicate that development of other analogues with increased 
binding affinities and increased metabolic stability are required to boost in vivo uptake and allow for PET imaging of Met. 
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THE ROLE OF FDG PET/CT IN BUCCAL CARCINOMA 

Jyotsna Rao, Kavitha Nallapareddy, Alka A. Chengapa, Amol P. Sathe, Apollo Gleneagles PET CT Ctr, Hyderabad, India. Contact e-
mail: jyotsnael@gmail.com 

The incidence of buccal carcinoma is only 5-10% in North America but is the most common cancer of the oral cavity in Southeast Asia. 
Surgery is the treatment of choice. Recurrence rates are high and most occur within about 18 months. Imaging, anatomic and/or 
functional, is used for pre-operative planning and follow-up. We wish to present our experience in using FDG PET/CT in the 
management of buccal carcinoma. Aim: To evaluate the role of FDG PET/CT in the management of buccal carcinoma. Material and 
methods: A retrospective analysis of reports of 25 patients with buccal carcinoma scanned from August 2008 to December 2010 was 
performed. All patients were scanned per standard whole body protocol after intravenous injection of F18 FDG after 4-6 hours of 
fasting. Oral and intravenous contrast was given in all patients. Scans were reported by a radiologist and PET physician and follow-up 
obtained where possible. Results: Only 1/25(4%) patient was referred for staging, the rest -24/25(96%) referred for restaging following 
surgery and radiation/chemotherapy. The patient referred for staging showed the primary tumor and ipsilateral neck nodal metastases 
on PET/CT. 11/24 (42%) of the restaged patients were negative on PET/CT. 3/24(13%) showed only local recurrence at the primary 
site. 3/24(13%) patients showed recurrence at the primary site and metastasis to nodes, lungs and soft tissue. 2/24(8%) showed only 
neck nodal metastases. 5/24(24%) showed costochondritis, lung consolidation and post surgical inflammation at the primary site. There 
was no discordance in PET and CT findings in any of the patients. Conclusion: Although our study was small, it showed that FDG 
PET/CT may prove useful in the management of patients with buccal carcinoma, particularly for restaging patients. 
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Targeted-split Enzyme Nanomolecule Complexes for Molecular Imaging of the Coordinated 
Expression of Cell Surface Receptors in Glioblastomas 

Ann-Marie Broome1,2, Gopalakrishnan Ramamurthy2, Kari I. Lavik1, Anjali Verma1, James Basilion1,2, 1Biomedical Engineering, Case 
Western Reserve University, Cleveland, OH, USA; 2Radiology, Case Western Reserve University, Cleveland, OH, USA. Contact e-mail: 
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Non-invasive diagnosis of any disease is a crucial step in the prevention, treatment and reduction of the mortality rate. Further, tailoring 
clinical diagnostics and therapeutics to specific forms of cancer and even to the precise aberrant biological events underlying cancer 
development in a particular patient has focused significant research on molecular signatures. For instance, cell surface receptors 
important in tumorigenesis are expressed at different levels during the multi-stage process and are routinely used to guide treatment 
regimes. Moreover, mutational events that drive a normal cell to become a cancer cell require the coordinated overexpression of not 
just one receptor at a time, but rather multiple biomarkers. Many cancers, including glioblastomas, are characterized by an abnormal 
increase in the activity of epidermal growth factor receptors (EGFR) and transferrin receptors (TfR). Our data of representative human 
cancer cell lines demonstrate unique, observable expression patterns for the two receptors. Current diagnostic techniques such as 
medical imaging, tissue biopsy, and bio-analytical assay of body fluids are relatively insensitive and lack the specificity to detect these 
physiologic changes simultaneously. To develop imaging tools that take advantage of the molecular signature, new technologies must 
employ a contrast agent or signal-amplifying material conjugated to a targeting agent. By linking a reporter enzyme, such as beta-gal, to 
a targeting moiety, either ligand or a short peptide, signal-amplification at the molecular level is achieved. We divided beta-gal into 
unique, independent polypeptides that reassemble and complement enzymatic activity in bacteria and in mammalian cells. We created 
two sets of complementing pairs that individually have no enzymatic activity. However, when brought into close proximity, 
complementing pairs associate, resulting in detectable enzymatic activity. We then constructed a targeting complex composed of 
reporter fragment, linker, and targeting moiety. Our studies demonstrate a time course- and dose-dependent uptake in vitro. Further, we 
were able to simultaneously visualize the two cell surface receptors implicated in gliomas, EGFR and TfR, using complementing pairs 
of the targeted-reporter fragment complex. In addition, we were able to image orthotopic brain tumor accumulation and localization of 
the targeted-complexes when a fluorescence reporter was added to the complex, as well as immunohistochemical staining of the beta-
gal reporter complex ex vivo. After fluorescence imaging localized the beta-gal complexes to the brain tumor, we topically applied a 
bioluminescent beta-gal substrate to serial sections of the brain to evaluate the delivery and integrity of enzyme. Robust 
bioluminescence was captured within the tumor after 3 min, indicating that beta-gal maintained its activity. Current experiments are 
underway to image the enzyme complementation non-invasively in vivo. 
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HGF/SF-Induced Ca+2 Intake to Breast Tumor Cells - a Manganese Enhanced MRI (MEMRI) 
Study 
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There is an increased need for evaluation of patient response to personalized therapy. Here we report a novel functional molecular 
imaging modality for monitoring response to anti Met tyrosine kinase targeted therapy. Aberrant signaling through Met-tyrosine-kinase- 
receptor and its ligand hepatocyte-growth-factor/scatter factor (HGF/SF) has been described in a variety of cancers. HGF/SF-induced 
Met-activation leads to diverse metabolic alteration in the tumor. Manganese, a paramagnetic contrast-agent, enters the cells through 
calcium channels. MEMRI enables monitoring cellular calcium intake via in-vivo mapping of Mn+2 ions. Calcium intake to the cells plays 
an important role in HGF/SF induced cell migration in vitro. MEMRI was used here to investigate the alteration of calcium intake upon 
activation of HGF/SF Met signaling in mammary tumors. MEMRI measurements were performed using a 3T-MRI, before and after i.v. 
injection of HGF/SF or saline. HGF/SF treatment induced 3% MEMRI enhancement, i.e., increased Mn+2 fluxes, while in the saline-
injected-mice no enhancment was observed. HGF/SF induces enhanced intake of Mn+2 to mammary tumor cells is inhibited by the Met 
inhibitor PHA665752 (p=0.0001) and by the Ca+2 blocker Verapamil (p<0.0001). Our hypothesis is that HGF/SF activates Met, 
resulting in enhanced Mn+2 intake into the cells through Ca+2 chanells, which is blocked by verapamil and Met inhibition. These results 
further demonstrate the dramatic physiological alteration in the tumor upon activation of HGF/SF. Moreover, our findings establish 
HGF/SF MEMRI as a method that may serve as a Met functional molecular imaging modality for assessing the efficacy of personalized 
anti Met treatment. 
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Molecular Imaging of P53's Key Role on Regulating Cancer Stem Cells Induced by Cisplatin 
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INTRODICTION: Lung cancer stem cells are believed to originate from a small pool of putative CD133+ cancer stem cells. It was 
reported that CD133+ subpopulation can be enriched from lung cancer cells by cisplatin treatment. However, the role of p53 in CD133+ 
enrichment subpopulation is still unclear. The present study was to investigate p53's role on cancer stem cells' growth and metastasis 
via molecular imaging using p53-RE-Fluc/A549, a human lung carcinoma cell line with p53 response element promoter driving firefly 
luciferase reporter gene. METHODS: P53-RE-Fluc/A549 cells were treated with cisplatin and the percent of cancer stem cells were 
identified by flow cytometry and tumorsphere. 5×103, 5×104,and 5×105 cells were injected into the nude mice subcutaneously and 
1×106 cells were injected into the nude mice subcutaneously or systematically. In the 1×106 cells group, animals were injected 
peritoneally with 10mmol/Kg cisplatin twice a week and monitored by IVIS for firefly luciferase bioluminensence imaging for 3 weeks. 
Western blot assay was applied to detect the expression of P53 and mRNA sequencing was used to detect the expression level of 
proteins involved in p53 pathway. RESULTS: CD133+ cancer stem cells can be enriched by cisplatin, which also exhibited significant 
tumorsphere capacity. P53 was upregulated by treatment of cisplatin observed by bioluminencence imaging both in vivo and in vitro. 
However, in vivo tumor formation and metastasis ability were attenuated in cisplatin pretreatment group compared with nontreated 
group. Flow cytometry and western blot assay further revealed that the cell cycle was inhibited and blocked at S and M phases with 
increasing expression of P53 and mRNA sequencing showed downregulated expression level of CCNE2, CDK1, CCNB2 and CCNB1. 
CONCLUSION: CD133+ cancer stem cells in p53-RE-Fluc/A549 can be enriched by cisplatin pretreatment, however the ability of 
tumorigenesis and metastasis were regulated by the p53 pathway. 

 

Fig. Cancer stem cells were enriched by cisplatin treatment, but its tumorigenesis ability was attenuated which was regulated by p53 pathway. a, 2% 
CD133+ subpopulation in p53-RE-Fluc/A549 cells were enriched by cisplatin treatment. b, cisplatin can upregulate the response element of p53 and 

then induced the firefly luciferase report. c, 5×105 p53-RE-Fluc/A549 cells with cisplatin pretreatment or not were subcutaneously injected into the nude 
mice, no or smaller tumor was formed in cisplatin pretreated group on the 28th day. d, cell cycle was inhibited and blocked at S and M phases by 

cisplatin treatment. 
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Multimodal Optical/µCT Imaging of Tumor Metastases and Concomitant Inflammatory 
Response 

Ed Lim, Jeffrey A. Meganck, Sunetra Ray, Daniel Ansaldi, Ali R. Akin, Victor Ninov, Jay Whalen, Kshitij Modi, Kevin P. Francis, Brad 
Rice, Raj Singh, Ning Zhang, Caliper Life Sciences, Alameda, CA, USA. Contact e-mail: ed.lim@caliperls.com 

Combinatory MicroCT and optical imaging offers better delineation of molecular events in an anatomical setting. While µCT can readily 
highlight the skeletal structures with remarkable contrast, it has been challenging to differentiate soft tissues and blood vessels due to 
similar tissue density. Clinically, various CT contrast agents have been developed for transiently visualizing tissues with differential 
uptake properties. In oncology, detection of metastases represents a common challenge. Liver is often the preferred site of metastases 
of gastrointestinal carcinoma, with approximately 70% of patients diagnosed with hepatic malignancies during their life span. Early 
detection of tumor metastases is critical for treatment. In this study, we established a liver metastasis mouse model using the HCT116-
luc2 colorectal tumor cell line. Development of tumor metastases can be readily detected with bioluminescence imaging. To provide 
clinical relevance, we applied a 2-deoxyglucose-750 probe to the mice and showed that hepatic metastases can be detected through 
fluorescence imaging. In addition, co-administration of ExiTron™ nano 12000 to the mouse provided a sufficient contrast of the liver 
tumor from healthy hepatic tissue. Sequential optical/µCT imaging demonstrated that the optical signals were precisely reconstructed to 
the µCT defined tumor mass. Recently, we reported that a multivalent 2-DG-750 probe can be used for in vivo tumor targeting. In this 
study, we applied this probe to targeting of tumor metastases from intracardially injected MDA-MB-231-luc tumor cells. Longitudinal BLI 
imaging showed progression of lesions at multiple sites, including the knee joints. Following injection, the 2-DG-750 showed sensitive 
tumor targeting of lesions of various depths. Due to higher metabolic activity, tumor mass was labeled preferentially by the probe with a 
signal to background ratio above 3. With multimodality optical/µCT imaging, we demonstrated that tumor metastases in close proximity 
to the bone caused the development of osteolytic lesions. We were able to co-register the bioluminescent tumor signal and the 
fluorescent 2-DG750 probe to the lesion sites with the newly developed LivingImage4.2 software. In conclusion, we have shown that 
optical and µCT multimodality imaging provides simultaneous assessment of molecular events in a precise anatomic setting. 
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Dipyridamole amplifies the sensitivity of 3’-deoxy-3’-18F-fluorothymidine PET in mice 
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We describe a pharmacological approach that expands the utility of 3’-deoxy-3’-18F-fluorothymidine (18F-FLT) PET in mice by increasing 
the sensitivity of this tracer for imaging thymidine kinase 1 (TK1) activity in murine models of cancer. Methods: Immunocompetent 
(C57/BL6) mice were treated with various doses of the nucleoside inhibitior dipyridamole (DPA) and imaged by PET with 18F-FLT at 
different time points. The specificity of the DPA 18F-FLT assay to image TK1 activity by PET was assessed in TK1 wild type, 
heterozygous and knockout mice (TK1+/+, TK1+/- and TK1-/-, respectively). The sensitivity of DPA 18F-FLT PET assay was investigated in 
several murine models of cancer. Results: C57/BL6 mice treated with DPA 10 minutes prior to 18F-FLT PET exhibited significantly 
increased percent injected dose per gram (%ID/g) in target tissues. Optimal signal to background was obtained with 3 hours 18F-FLT 
uptake time. TK1-deficient mice did not accumulate 18F-FLT in proliferative tissues regardless of DPA. Various highly proliferative 
murine tumors, otherwise undetectable by 18F-FLT alone, were clearly visible when animals were treated first with DPA. Conclusion: 
Treatment with DPA prior to 18F-FLT imaging amplifies the sensitivity of 18F-FLT in a TK1-dependent manner. This approach improves 
the utility of 18F-FLT for imaging proliferation and for treatment monitoring in murine models of cancer. 
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Improved assessments of tumor angiogenesis using two 19F MRI contrast agents and a 
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Biochemistry and Arizona Cancer Center, University of Arizona, Tucson, AZ, USA; 2Arizona Research Labs, University of Arizona, 
Tucson, AZ, USA; 3Department of Biomedical Engineering,, University of Arizona, Tucson, AZ, USA; 4Department of Radiology, 
University of Arizona, Tucson, AZ, USA; 5Arizona Cancer Center, University of Arizona, Tucson, AZ, USA. Contact e-mail: 
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Angiogenesis is critical for the sustained growth and metastasis of solid tumors. Anti-angiogenic therapies do not consistently decrease 
tumor volume, thus evaluations of vascular permeability and fractional blood volume are required to assess early therapeutic 
responses. Dynamic Contrast Enhanced MRI (DCE-MRI) has been used to detect changes in vascular permeability, typically 
represented by the transfer constant Ktrans or the rate constant Kep, but the high variability in the measurements of such parameters 
leads to assessments of tumor angiogenesis iná the clinic that are only qualitative and cannot be used to assess therapeutic efficacy in 
individual patients. In particular, variability in blood flow and/or hematocrit within the tumor vasculature adds to the variability of these 
measurements. We propose a new model for DCE-MRI that makes it possible to calculate the relative Ktrans of two agents and their 
Kep for the same tissue knowing only their uptake curves as a function of time (Ct curves). Our model is a variation of the DCE-MRI 
Reference Region (RR) model (Yankeelov et al.) that measures the uptake of a single contrast agent into tissues, although our variation 
requires the simultaneous detection of two contrast agents within the same tissue of interest. We expect that such relative 
measurements of pharmacokinetic constants will remove the effect of variations in hematocrit and blood flow on the DCE-MRI analysis 
because both agents will experience the same tissue microenvironment. The operational equation for 19F-DCE-MRI analysis was 
derived, and its sensitivity to noise and temporal resolution was tested via simulations of the blood and tissue curve of both agents (Fig. 
1A). The fitting of our new RR model reproduces theoretical Ct curves with an error < .5%, tolerates SNR as low as 10 (15% error), and 
temporal resolution as low as 4 mint (10% error). To test this model, we have developed new 19F-based MRI contrast agents that can 
be selectively detected. Two sets of PEGylated 40% v/v emulsions of perfluorinated liquids with different 19F MR frequencies were 
prepared: 1) perfluoro-15-crown-5-ether (CE), singlet at 0 ppm. 2) perfluorooctane (OC), triplet at 8 ppm and mutiplets at - 34 ppm. 
Both CE and OC were selectively detected in an in vitro mixture using standard Spin-Echo MRI (Fig. 1C). A preliminary study was 
conducted to demonstrate in vivo detection of a 19F emulsion. 150 μL of emulsion 1 (3.6 mmoles of CE) were injected i.v. into a mouse 
model of mammary carcinoma, and 19F MR images were acquired every 4 minutes. CE was detected in the tumor rim of the murine 
model with outstanding SNR (Fig. 1B). Additional studies are ongoing to selectively detect both emulsions during a single DCE-MRI 
study. 
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Molecular imaging of a Lu-177 labeled BB2r targeting therapeutic peptide: Lu-177 RM2 
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BACKGROUND: Human prostate cancer has been shown to widely express the bombesin receptor (BB2r). Lutetium-177 (177 Lu) 
radiolabeled BB2r agonist analogs are being investigated by our group and others preclinically and clinically for their utility as BB2r 
targeted radiation therapy agents. (Maddalena, J Nucl Med, 50:2017, 2009 and Johnson, Can Biother & Radiopharm, 21(2):155, 2006) 
Recently, Maecke and co-workers identified a high affinity BB2r antagonist that when radiolabeled with Ga-68 and In-111-RM2 showed 
great potential for use as a PET/SPECT diagnostic imaging agent. (Mansi, Clin Can Res, 15(16):5240, 2009 and Mansi, Eur J Nucl 
Med Mol Imaging, May 2010) The purpose of this work was to evaluate the RM2 peptide construct as a radiotherapeutic agent when 
complexed with Lu-177 in a PC-3 xenografted SCID mouse model using longitudinal Micro-SPECT/CT compared to in vivo 
pharmacokinetics. METHODS: RM2 (DOTA-ACP-dPhe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH2) was synthesized and characterized 
using solid phase peptide synthesis. The DOTA conjugated RM2 peptide was radiolabeled with Lu-177 and purified by RP-HPLC. Male 
SCID mice were inoculated subcutaneously with 5 million PC-3 cells/site in 100uL. At 4 weeks post-inoculation, pharmacokinetic 
studies of 177Lu-RM2 were conducted at 0.25, 0.5, 1, 2, 4, 24, 48, 72, 96, 168, and 336 hours post-injection. Concurrent molecular 
imaging studies were performed using a Siemens Inveon SPECT/CT at 24, 48, 72, and 96 hrs post-injection to confirm tumor 
localization and retention. Helical SPECT acquisition was performed using 0.5mm multi-pinhole collimators with a 20% energy window 
of the 208 KeV Lu-177 photopeak. RESULTS: The tumor retention at 1, 4, 24, 48, and 96 hours post injection was 7.93, 7.25, 4.68, 
4.09, and 2.72 %ID/g, respectively. The pancreas retention at 1, 4, 24, 48, and 96 hours post injection was 17.45, 1.51, 0.27, 0.15, and 
0.04 %ID/g, respectively. The %ID/g in blood at 1, 4, 24, 48, and 96 hours post injection was 0.34, 0.02, 0.00, 0.00, and 0.00 
respectively. Lu-177-RM2 SPECT/CT images correlated directly with pharmacokinetic data at all time points and demonstrated 
excellent tumor visualization and long term localization of Lu-177 at the tumor site. CONCLUSIONS: Lu-177-RM2 demonstrated high 
affinity and long term association with BB2r expressing tumor tissue with rapid clearance from normal pancreatic tissue resulting in 
excellent tumor to blood and tumor to organ ratios. The PC-3 tumor uptake of Lu-177-RM2 is equal or greater than any previously 
identified Lu-177 labeled BB2r targeting radiotherapeutic agent. Molecular imaging using SPECT/CT provides an accurate means to 
assess initial and prolonged tumor retention of Lu-177-RM2. These studies suggest that Lu-177-RM2 or other suitable Lu-177 BB2r 
antagonists make ideal candidates for tumor targeted therapy research. 
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Evaluating BOLD and TOLD contrast MRI in tumors 
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INTRODUCTION Hypoxia is increasingly regarded as an important factor and potential prognostic biomarker for tumor progression, 
malignancy, and response to therapy. Various imaging technologies are being developed to assess tumor hypoxia, but many are 
invasive, inconvenient, or impractical in the clinical setting. Oxygen sensitive MRI appears to be a particularly attractive option. BOLD 
(Blood Oxygen Level Dependant) contrast MRI is sensitive to endogenous paramagnetic deoxyhemoglobin. BOLD provides an 
indication of tumor blood oxygenation, but is also sensitive to local hematocrit, blood volume, flow, and vessel density. However, TOLD 
(Tissue Oxygen Level Dependant) MRI is based on T1-weighted contrast, which is sensitive tumor tissue oxygenation (pO2). We seek 
to evaluate the efficacy of BOLD/TOLD MRI in assessing tumor oxygenation, by comparison with quantitative oximetry, specifically, 
FREDOM (Fluorocarbon Relaxometry using EPI for Dynamic Oxygen Mapping), a 19F MRI method providing quantitative maps of 
oxygen dynamics. We have further compared oxygen (O2) and carbogen (CB; 95% O2 plus 5% CO2) breathing challenges. 
METHODS Dunning Prostate R3327-AT1 tumors were implanted in the right thighs of six Copenhagen rats and MRI was performed at 
4.7 T. Shimming and pulse calibration were performed on the tissue water proton signal and T2-weighted anatomical 1H images were 
acquired. T2*W images for two adjacent slices and a T1W image (TOLD) for one slice were acquired in an automated interleaved 
fashion, while breathing air (5 min) followed by oxygen (30 min), then air (15 min) and finally carbogen for (30 min) at 2 dm3/min. 
Twenty-four hours later hexafluorobenzene (HFB, 50 µl) was injected directly into the tumors and pO2 measurements were obtained 
using the same hyperoxic gas breathing challenge. RESULTS AND DISCUSSION Regions of interest (ROIs) were placed on the whole 
tumor and muscle (reference tissue) based on the high resolution T2Wimage. Changes in BOLD and TOLD signal intensity (SI) were 
calculated for each ROI together with R2*. SI in tumors responded rapidly and significantly to hyperoxic gas challenge. BOLD and 
TOLD response generally reached a plateau within 1 minute with little subsequent change. For O2 (mean %∆SIBOLD =7.2% ± 6.5%, 
%∆SITOLD = 5.5% ± 4.7% p values=0.02 and 0.17, respectively) and CB (%∆SIBOLD = 6.1% ± 6.3%, %∆SITOLD =4.6% ± 4.5%, p 
values= 0.01 and 0.05, respectively), see figure. Baseline R2* ranged from 13 to 53 s-1 and pO2 ranged from 0 to 90 torr. A strong 
correlation between %∆SIBOLD and %∆SITOLD was seen irrespective of which hyperoxic gas was used (R2 > 0.77). Change in pO2 
was also correlated closely with BOLD response - both ∆SI and ∆R2* (R2 >0.75 for each gas). No significant differences were seen 
between response to O2 and CB. CONCLUSION The correlations between BOLD, TOLD and pO2 measurements provide further 
impetus for the use of non-invasive proton MRI with respect to a hyperoxic gas challenge as surrogate biomarkers for tumor 
oxygenation emphasizing potential value for clinical applications. Investigations supported in part by NCI R01 CA139043; U24 
CA126608; P41 RR02584 and P30 CA142543. 

 

Figure 1 Changes in the BOLD and TOLD response to the oxygen challenge, in addition to the pO2 changes represented by different axis. Arrows 
indicates the transition of each gas 
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A multi-modality imaging approach to assessing vascular disruption 
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Ralph.Mason@UTSouthwestern.edu 

Introduction: Arsenic trioxide (ATO, TRISENOX®, As2O3) is approved for treatment of Acute Promyelocytic Leukemia (APL) and some 
studies suggest efficacy against solid tumors. This prompted us to explore the mode of action and here we focus on vascular disrupting 
properties using the newly available modalities of small animal optical imaging and high resolution ultrasound. Aims and Methods: We 
examined three different tumor cell lines (U87-Luc-mCherry, MCF7-Luc-mCherry, and PC3-Luc) growing in nude mice. The tumor size 
was assessed using calipers and total photon flux produced by BLI (bioluminescent imaging), FLI (fluorescent imaging) and ultrasound 
imaging (US B-mode and power Doppler (PD)). Once tumors reached about 8±2 mm diameter, mice were assigned to two groups; 
control or arsenic treatment. Doses in the range 5 to 10 mg/kg were administered and BLI, FLI, and PD images acquired before, and 2 
hrs up to 24 hrs after drug administration. Results and Discussion: During initial tumor growth, strong correlations were found between 
manual caliper measured tumor volume, FLI intensity and BLI intensity. Within 2 hrs of administering ATO (8 or 10 mg/kg) both BLI and 
PD US showed >85% reduction in tumor vascular perfusion, which remained depressed after 6 hours, but showed some recovery 24 
hrs later. The MCF7 tumors showed some resistance to ATO. Histology based on Hoechst 33342 perfusion confirmed the BLI and PD 
results. These results provide further evidence for ATO as a therapeutic for solid tumors and the imaging provided facile assays of the 
drug efficacy. In future, we propose to explore further therapeutic aspects including reported inhibition of mitochondrial activity and 
interaction with estrogen receptors. Since ATO is already in clinical use, the potential application to solid tumors is particularly 
attractive. Conclusions FLI and BLI are particularly effective at detecting small tumor masses (e.g., sub palpable), but do require cell 
transfection. Dynamic BLI and PD US each effectively revealed vascular disruption in response to ATO. 
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Development of small Crosslinked Polydiacetylene Micelles (~10nm) for drug delivery and in 
vivo imaging of tumors 

Nicolas Mackiewicz1,2, Edmond Gravel3, Anikitos Garofalakis1,2, Julien Ogier3, Jubi John3, Daniel M. Dupont1,2, Karine Gombert1,2, 
Bertrand Tavitian1,2, Eric Doris3, Frederic Duconge1,2, 1DSV/I2BM/SHFJ/LIME, CEA, Orsay, France; 2INSERM U1023, Universite Paris 
Sud XI, Orsay, France; 3CEA, iBiTecS, Service de Chimie Bioorganique et de Marquage,, , Gif-sur-Yvette, France. Contact e-mail: 
frederic.duconge@cea.fr 

In vivo tumor targeting and drug delivery properties of small polymerized polydiacetylene (PDA)-micelles (size ~ 10 nm) has been 
investigated in nude mice bearing tumor xenografts from MDA-MB-231 cell line. These micelles are composed of diacetylenic (PDA) 
amphiphiles that can be crosslinked through UV irradiation at 254 nm. Three micelles with different surface coatings consisting of either 
nitrilotriacetic acids (NTA) or poly(ethylene glycol) (PEG) chains of variable length (PEG350 and PEG2000) have been tested for their 
ability to passively target tumor through the enhanced permeability and retention (EPR) effect. Micelles with a 2 kDa PEG-coating 
(PDA-PEG2000) were identified as the most promising candidates. These particles showed longer blood residence time, higher tumor 
uptake and better imaging contrast than their PEG350- and NTA-coated counterparts. 24 h after injection, fluorescence diffuse optical 
tomographic (fDOT) imaging indicates a tumor uptake of nearly 3% of the injected dose for these micelles. Uptake of PDA micelles in 
tumors was confirmed by co-localization with [18F]-fluorodeoxyglucose (FDG) positron emission tomography (PET) using PET/fDOT 
multimodal imaging. Although FDG has a higher diffusion rate in tumors, 40±19% of the retained micelles was co-registered with the 
tumor volume visualized by FDG. Additionally, fDOT imaging alone was performed over several days and confirmed retention of the 
micelles in tumors. Following these results, drug delivery application was also assessed using PEG2000-PDA micelles loaded with the 
hydrophobic anticancer drug paclitaxel and showed good in vitro cytotoxicity and in vivo tumor growth inhibition similar to Taxol® the 
FDA appoved formulation of paclitaxel. Taken together, these results show that our PDA-micelles are promising systems for theranostic 
applications. (Figure) Comparison of the signal of PDA-PEG2000-FP730 and PDA-NTA-FP730 inside tumor over time. a shows 
tomographic maps of fluorescent signal in the zone of the tumor over a period of 6 days following the injection of PDA-PEG2000-
FP730. b shows the results at the same time points after the injection of PDA-NTA-FP730 on the same tumor model. This work was 
supported by grants from the “Agence Nationale pour la Recherche” (projects ANR-PNANO Nanorings Imaging and ANR-RNTS 
TomoFluo3D), the FMT-XCT European program (Grant agreement no. 201792), the Eurotalent program, and the European Molecular 
Imaging Laboratory (EMIL) network (EU contract LSH-2004-503569). D. M. D. acknowledges financial support from the Danish Cancer 
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Molecular imaging of breast tumors with DWI: is a differentiation of invasive and non-invasive 
tumors and tumor grades possible? 

Hubert Bickel, Katja Pinker, Wolfgang Bogner, Stephan Gruber, Thomas H. Helbich, Dpt. of Radiology, Medical University of Vienna, 
Vienna, Austria. Contact e-mail: hubert.bickel@meduniwien.ac.at 

PURPOSE To evaluate if molecular imaging of breast tumors with diffusion-weighted imaging (DWI) can differentiate between of benign 
and malignant invasive and non-invasive breast tumor-types and tumor grades. METHODS AND MATERIALS 176 breast tumors 
detected with ultrasound, mammography and/or contrast-enhanced MRI were examined with DWI at 3T using a dedicated breast coil 
for data acquisition. A diffusion-weighted sequence with b-values of 50 and 850 sec/mm2 was performed and ADC-maps were 
calculated. ADC-values were measured in the tumors by two experienced breast radiologists in consensus. The threshold for 
malignancy was set at 1.25x10-3mm2/sec. All tumors were histopathologically verified and graded using the TNM-system. 
Histopathology revealed 44 benign lesions, including 21 fibroadenomas, as well as 132 malignant lesions, including 100 invasive ductal 
(IDC), 12 invasive lobular (ILC) carcinomas, 7 non-invasive carcinomas (DCIS) and 12 other types of malignant tumors. Sensitivity, 
specificity, diagnostic accuracy and NPV/PPV were calculated. Welch's t-test and Games Howell post hoc test were performed to 
calculate and correlate the mean ADC values of malignant and benign tumors, as well as of the different tumor types and grades. 
RESULTS DWI reached a sensitivity of 91% (PPV 0.94, CI 0.89-0.97), a specificity of 84% (NPV 0.75, CI 0.62-0.85) and a diagnostic 
accuracy of 89% for benign-malignant-discrimination. The mean ADC-values were 1.57x10-3mm2/sec±0.40 for benign and 0.97x10-

3mm2/sec±0.24 for malignant tumors. Sensitivity was 98% for IDC and 92% for ILC, but only 57% for non-invasive tumors. Specificity 
was 85% for fibroadenomas and 83% for other benign tumors. Mean ADC-values for the malignant tumor types were 0.93x10-

3mm2/sec±0.18 for IDC, 0.91x10-3mm2/sec±0.27 for ILC and 1.2x10-3mm2/sec±0.26 for non-invasive tumors. Mean ADC values for the 
benign lesions were 1.52x10-3mm2/sec±0.3 for fibroadenomas and 1.61x10-3mm2/sec±0.48 for the other benign tumors. ADC-values 
were significantly lower in IDC and ILC than in benign tumors (p<0.001), while no significant difference between benign and non-
invasive tumors could be found (p=0.061). Fibroadenomas' ADC-values did not significantly differ from those of the other benign lesions 
(p=0.49) and they were also significantly higher (p<0.001) than those of malignant tumors. ADC-values did not correlate with grading. 
CONCLUSION Molecular imaging with DWI is highly accurate in the differentiation between invasive carcinomas and benign tumors, 
however is less sensitive in non-invasive carcinomas. 
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Postmortem 3D Image Comparison of Wild Type and p53 Knockout Medaka by MR Microscope 
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Medicine, Kyoto University, Kyoto, Japan; 2Department of Preventive Medicine and Public Health, School of Medicine, Keio University, 
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Medaka, small egg-laying freshwater fish, is an excellent cost-effective vertebrate model for developmental biology and genetics. 
Mutant medaka (KO), which lacks tumor suppressor gene p53, have been generated by target-selected mutagenesis [1]. We three 
dimensionally visualized KO and wild type medaka (WT) at the (20 μm)3 voxel by our specially designed MR Microscope [2]. In those 
images, we could not exclude autolysis effects due to the long imaging time (22 h). Therefore, we applied chemical fixation to medaka. 
In this study, we analyzed 3D images of the fixed and unfixed medaka. As for KO, p53Y186X/Y186X homozygous medaka (Y186X) and 
p53E241X/E241X homozygous medaka (E241X) were used. The chemical fixation was done by using Davidson’s fluid. After 1 day fixation 
at 4 °C, the fixative was replaced with phosphate-buffered saline (PBS) at 4 °C. 3D MR image data were obtained by using 
conventional spin echo sequence (TE: 1 msec, TR: 1.2 msec, FOV: 6 mm×4.2 mm×4.2 mm) [2]. As for the fixed medaka, longer TE (4 
msec) was also employed in order to observe T2 effects. Due to the limited FOV, we visualized the head and the abdomen parts 
separately. In order to increase the image quality of the unfixed medaka, we merged the two parts into a 3D whole body image after 
compensating the inhomogeneous sensitivity of the receiver coil. Total of 8 medaka were visualized using these systems - 1 WT, 1 
Y186X and 1 E241X with fixation, 1 WT, 2 Y186X and 2 E241X without fixation. The liver, intestine, spleen and genital organ were 
readily recognized in WT with or without fixation. Most of the space in the abdominal cavity was filled with these organs. In contrast, the 
abdominal cavity of both fixed and unfixed KO fish showed rather homogeneous signals with the shorter TE. In the longer TE image, 
however, the liver, intestine, spleen and genital organ were recognized by virtue of longer T2 contrast. Interestingly, these organs 
looked smaller in KO than in WT fish. The significant reduction in the liver size was observed in KO. The intestine looked straight and 
shorter, and the luminal space was diminished in KO, while in WT fish, the intestine was convoluted and showed multiple luminal 
space. As a result, there was more space in the abdominal cavity in KO fish, which was filled with the signal of unknown origin, possibly 
infiltrated PBS. In the longer TE image of the fixed E241X and Y186X, higher signal intensity structure appeared in the inside of the 
liver, while in the images of the fixed WT the inside of the liver remained homogeneous. It would suggest that tumor had developed in 
the liver of the fixed KO fish. In the 4 visualized unfixed KO fish, however, only one E241X showed the sign of the similar tumor-like 
structure in the liver. In conclusion, combining with the chemical fixation, we found that there had been the atrophy of the digestive 
system in KO and that tumor-like structure had developed in the liver of KO fish. [1] Y. Taniguchi, et al., Genome Biology, vol.7, no.12, 
R116, 2006. [2] T. Ueno, et al., the 3rd Biomedical Engineering international conference proceedings, 2010. 
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SUVmax values in FDG-PET/CT scans of patients with HCC could become a new prognostic 
factor 
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Background: HCC is the most frequent liver cancer. Hepatitis B and C are risk factors. Alpha-fetoprotein (AFT) is used as a tumor 
marker. Prognosis is very poor, and mainly based on: tumor size and TNM staging. Management is controversial. Different 
management-trees and treatment options based on prognostic factors exist. Aggressive surgery or liver transplant in early disease 
confined to the liver is probably the only cure. Metastasis is considered bad prognoses and tends to be managed with just supportive 
care. It has been postulated that additional prognostic factors could improve the management of these patients. Aim: The goal of this 
study was to assess if SUVmax values in FDG-PET/CT scans performed in patients with HCC at diagnoses could be used as a new 
prognostic factor. Methods: 18 patients (18♂), age 65±9 yo, with hepatitis B and/or C, elevated AFP (range 12,061-2.5) and newly 
diagnosed HCC were imaged with contrast-enhanced CT and FDG-PET/CT. SUVmax of the primary tumors was calculated in all 
cases. SUVmax values were correlated to bad prognoses based on incidence of metastatic disease. Results: SUVmax levels ranged 
from 3.7-39.9 (mean 8.97±8.67). All patients with SUVmax>6 showed metastases (7/18) at the time of diagnoses, with exception of one 
patient. Using a cutoff value of SUVmax=6, 87.5% of patients with SUVmax>6 showed metastases and 90.9% of patients without 
metastases had SUVmax<6. A Spearman Rank Correlation between metastases and SUVmax values showed a rho=0.58 and a 
significant two-sided p-value < 0.04. AFP and tumor size were not significant. Conclusion: SUVmax levels in FDG-PET/CT scans 
performed in patients with HCC tumors at time of diagnoses could become a new prognostic factor, since in our group of patients 
higher SUVmax levels seem to significantly correlate with higher incidence of metastatic disease at the time of diagnoses. SUVmax as 
a new prognostic factor could eventually improve the management of these patients in the near future. 
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Prognostic Value of Baseline Whole-Body Metabolic Tumor Burden on PET/CT in Non-surgical 
Patients with Stage IV Non-small Cell Lung Cancer 
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PURPOSE Stage IV non-small cell lung cancer (NSCLC) is consistent of a heterogeneous group of patients with different prognosis. 
Patients with distant metastasis have worse prognosis. Patients with tumor nodules on both sides of the chest have worse prognosis 
than those with ipsilateral separate tumor nodules in different lobes. Nodal status is a strong determinant of survival. In an effort to find 
additional diagnostic measures in the same stage of the patients with stage IV NSCLC, we assessed the prognostic value of baseline 
whole body tumor burden as measured by metabolic tumor volume (MTV), total lesion glycolysis (TLG) and standardized uptake value 
(SUVmax and SUVmean) of all tumors in non-surgical patients with stage IV NSCLC. METHOD AND MATERIALS 94 consecutive 
patients (38 males and 56 females, median age of 65 years) with newly diagnosed stage IV NSCLC who had a FDG PET/CT scan 
before the chemoradiation were retrospectively reviewed. The FDG PET/CT scans were performed in accordance with National Cancer 
Institute guidelines. The MTV, TLG as well as the SUVmean and SUVmax of whole-body tumors were measured with the PETedge tool 
on a MIMvista workstation with manual adjustment. Statistical methods included log-rank tests and Cox regression. RESULTS Mean ± 
SD levels at baseline for MTV, TLG, SUVmean, and SUVmax were: 249.61 ± 251.34, 969.38 ± 1023365, 3.77 ± 1.46, and 10.95 ± 5.97, 
respectively. There was a statistically significant association between overall survival (OS) and ln(MTV) [(Hazard Ratio [HR] for 1 unit 
increase =1.49, 95% CI (1.21, 1.84, p<0.001)], and ln(TLG) (HR for 1 unit increase =1.38, 95% CI (1.14, 1.66, p = 0.001)) but not 
ln(SUVmax) and ln(SUVmean) (p =0.287 and 0.735, respectively). The HR for ln(MTV) was 2.53 with 95% CI (1.60, 4.00) and p < 
0.001 with subjects with ln(MTV) ≤ median of 5.03 as a reference group. The HR for ln(TLG) was 2.24 with 95% CI (1.42, 3.54) and p= 
0.001 with subjects with ln(TLG) ≤ 6.35 as a reference (figure 1). There was no statistically significant survival difference in the groups 
of the patients with ln(SUVmax) and ln(SUVmean) below and above the median of the measurements (p = 0.429 and 0.806, 
respectively). There was a statistically significant association between OS and the volume of primary tumor, nodal metastasis and total 
number of tumors (p= 0.002, 0.002, <0.001, respectively), but not with volume of metastasis (p=0.058). There was a statistically 
significant association between progression-free survival (PFS) and ln(MTV) [(HR for 1 unit increase=1.39, 95% CI (1.14, 1.68, p = 
0.001)] and ln(TLG) [(HR for 1 unit increase=1.30, 95% CI (1.10, 1.54, p = 0.002)] but not ln(SUVmax) and ln(SUVmean) (p =0.301 and 
0.626 respectively). There was a statistically significant association between PFS and the volume of primary tumor, volume of nodal 
metastasis and total number of tumors (p = 0.009, <0.009, <0.001 respectively), but not with volume of metastasis (p =0.154). 
CONCLUSION Baseline whole-body metabolic tumor burden, as measured with MTV, TLG and total number of tumors in PET/CT 
scans, is a prognostic measurement in patients with stage IV NSCLC. 

 

 
Kaplan-Meier curves of overall survival after baseline PET/CT according to PET/CT measurements in 94 patients with stage IV non-small cell lung 

cancer. Blue lines indicate group with values less than the median and the green line is the group with values greater than or equal to the median of the 
PET/CT measurements. (A) whole-body metabolic tumor volume with natural logarthim transformation [ln (MTV)], (B) Whole-body total lesion glycolysis 

with natural logarthim transformation [ln (TLG)], (C) Whole-body maximum standardized uptake value with natural logarthim transformation [ln 
(SUVmax)], and (D) Whole-body mean standardized uptake value with natural logarthim transformation [ln (SUVmean)]. The median values of ln (MTV), 

ln (TLG), ln (SUVmax) and ln (SUVmean) were 5.03, 6.35, 2.23, and 1.23, respectively. 
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Ultrasound Molecular Imaging for Diagnosis and Evaluation of Solid Cancers 
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Introduction Contrast enhanced ultrasound (CEU) is an emerging technique for imaging tumor progression, both in a research and 
clinical setting. The advent of microbubble ultrasound contrast agents has expanded the use of ultrasound into molecular and functional 
imaging. In particular, targeted microbubbles are now being utilized as molecular contrast agents for molecular imaging of angiogenesis 
in basic science and the drug discovery industry. Methods We present a novel microbubble-based ultrasound contrast agent that can 
be used for quantitative ultrasound imaging of tumor vascular function and molecular imaging. We have developed a method of 
coupling ligands, specific for molecular markers of angiogenesis, to the surface of the microbubble agent using biocompatible 
conjugation chemistries. We have validated species-independent ligands specific for VEGFR-2 and alpha-v beta-3 integrin that can be 
translated to human use. Targeted microbubble adhesion to recombinant VEGFR-2 or alpha-v beta-3 integrin, or stimulated endothelial 
cells, was first assessed in vitro using a flow chamber assay. Both agents were subsequently assessed, using CEU, in mouse models 
of colon, bladder, prostate, and breast cancer. Finally, the VEGFR-2 targeted agent was used in canines to assess the feasibility of 
guided prostate biopsy. Results We found that microbubbles incorporating a 28 kDa ligand based on human VEGF showed extremely 
high specificity for VEGFR-2 both in vitro and in vivo. Likewise, a pentameric RGD-containing peptide was able to mediate microbubble 
adhesion to alpha-v beta-3 integrin, but only when conjugated in high copy number to the microbubble surface. Out of eight companion 
canines enrolled in the study with suspected prostate disease, two were diagnosed with prostatic adenocarcinoma by biopsy. In both 
animals, cancer was confirmed in biopsy samples taken from regions of contrast agent uptake, with no verified cancer in non-enhancing 
regions. No contrast agent uptake was observed in animals with benign disease. Conclusions We have engineered two ultrasound 
molecular imaging agents targeted to markers of angiogenesis. Both are species-independent, thus suitable for use in multiple research 
species, and translatable to clinical use. We validated uptake of both agents in various mouse models of subcutaneous and orthotopic 
cancers, and demonstrated specificity for the intended molecular targets. We are in the process of evaluating the VEGFR-2 agent for 
use in targeted prostate biopsy in a large animal model, and preliminary results are encouraging. Ultrasound molecular imaging agents 
may have numerous applications in both pre-clinical research and clinical medicine, and the development of translatable agents 
represents a key milestone to enabling routine use of this promising technology. 
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A bioluminescent-based biosensor for imaging and real-time monitoring of tumor 
microenvironment 
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MA, USA; 2Neurosurgery, Leiden University, Leiden, Netherlands. Contact e-mail: hannahdegeling@gmail.com 

Matrix metalloproteinases such as MMP14 plays a major role in tumor invasion and metastasis due to its pericellular proteolytic 
capacities. We have designed a molecular biosensor for monitoring the activity of MMPs in the extracellular tumor microenvironment. A 
MMP14 substrate sequence was cloned between the carboxy terminus of the naturally secreted Gaussia luciferase (Gluc) and a 
transmembrane domain of PDGFR (TM), resulting in a membrane-bound biosensor. Upon secretion of adequate levels of MMP14 by 
the tumor cells and tumor associated microglia, the MMP14 sequence is cleaved, releasing Gluc which can then be detected in the 
conditioned medium of cultured cells or in the blood of animals ex vivo. Moreover, the decrease in Gluc activity on tumor cells due to 
MMP14 activity can also be imaged using bioluminescence imaging. Lentivirus vector was used to deliver this reporter to U87 human 
glioma cells, known to express high levels of MMP14, which showed increased release of Gluc in conditioned medium as compared to 
MMP14-sparse 293 cells. Overexpression of MMP14 in 293 cells yieled significant increase in Gluc activity in the conditioned medium. 
Similarly, inhibition of MMP14 in U87 cells showed a decrease in Gluc release to the conditioned medium. This reporter provides a 
useful platform for monitoring of MMPs activity which is compatible for high-throughput screening and can be extended to track any 
protease activity in the extracellular microenvironment. 
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Evaluation of the CEA-specific M5A-antibody as a PET-tracer for detection of liver metastasis 
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Imaging of liver metastasis is still challenging and small metastases are often overlooked. Therefore there is a great need for new tools 
to detect micrometastasis in the liver. Carcinoembryonic antigen (CEA) is a GPI-anchored protein, usually only expressed during fetal 
development and in the colon. Additionally it is highly upregulated in a range of different carcinoma, e.g. colorectal, gastric, pancreatic, 
lung and breast carcinomas. About 95% of metastasis of CEA-positive primary colon tumours show stable CEA expression. Hence, 
CEA is an attractive target for new PET-tracers. The M5A-antibody is a fully humanised CEA-specific antibody, with the so far highest 
published specificity for CEA. Despite the fact that liver imaging with 64Cu-DOTA-labelled antibodies is challenging, due to a generally 
high unspecific background of 64Cu-DOTA-labelled antibodies in healthy liver tissue, we have tested the M5A-antibody in a syngenic 
orthotopic tumor model for detection of liver metastasis. C57BL/6 Han TgN (CEAgen) HvdP-mice, stably expressing hCEA under the 
control of the hCEA-promotor, and therefore tolerant for hCEA, were intra lineally injected with metastasizing MC38 or C15A3 tumour 
cells (MC38 cells, stably transfected with hCEA). After development of liver metastasis, mice were injected with 64Cu-DOTA-labelled 
M5A-antibody and analysed with PET and MR 3 h, 24 h and 48 h post injection. Livers were dissected and HE staining, 
immunohistochemistry staining with M5A-antibody and autoradiography were performed. After 24 h of tracer uptake, %ID/cc in CEA 
expressing C15A3 tumours was highest (16.5% ± 6.3%) and significantly increased compared to healthy liver tissue in the same 
animals (8.6% ± 0.9%), as well as to CEA-negative MC38 tumours in control animals (6.0% ± 0.8%). The ratio of the %ID/cc between 
C15A3 tumours and healthy liver tissue was determined as 1.9 ± 0.7, while the ratio of MC38 tumours and healthy liver was significantly 
lower (0.9 ± 0.2).We were able to clearly distinguish between healthy liver tissue and metastasis and could identify metastases within 
the liver in PET images. Inhomogeneous CEA-expression in larger C15A3 liver metastasis was observed in PET. Similar patterns of 
CEA-expression could be observed in immunohistochemistry and autoradiography. In future experiments we are planning to perform ex 
vivo MR- and PET-scans and to prepare slices for autoradiography and immunohistochemistry for co-registration of all four modalities. 
For the first time we are able to detect liver metastasis with a 64Cu-DOTA-labelled antibody in PET, despite the expected high 
background in liver tissue. These results show the high specificity of the M5A-antibody in a tumour model, far beyond classical 
subcutaneous tumour models and set new standards for tracer evaluation in preclinical testing. 
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SPECT imaging of heparin-binding epidermal growth factor on tumor cells using technetium-
99m labeled non-toxic diphtheria toxin CRM197 
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Introduction: A fundamental problem in the treatment of various tumors is the lacking ability for efficient and specific delivery of anti-
tumorgenic compounds to tumor cells. For therapeutics that display undesirable side effects in off-target tissues this is of crucial 
importance. Therefore, efficient and specific delivery to tumor cells holds great promise for the development of new anti-tumorgenic 
agents. Heparin-binding epidermal growth factor (HB-EGF) is expressed on a wide range of tumors and may function as a target for 
specific drug delivery. Cross reacting material 197 (CRM197) is a non-toxic analogue of diphtheria toxin and is a known exogenous 
substrate for HB-EGF. CRM197 has already been used successfully in clinical trials as an antagonist for HB-EGF, thereby attenuating 
epidermal growth factor receptor (EGFR) signaling and inhibiting tumor growth. Methods: In this study we used technetium-99m labeled 
CRM197 (99mTc-CRM197) to study its capability in targeting tumor cells in vitro and in hamsters. Also, fluorescent labeled CRM197 is 
evaluated in vitro for its dynamics in tumor cell uptake. Results: We show that 99mTc-CRM197 is efficiently and specifically taken up by 
hamster leiomyosarcoma cells in vitro and also by subcutaneous leiomyosarcoma based tumors in hamsters using multi-slice SPECT 
imaging techniques. Importantly, where 99mTc-CRM197 reached tumors very efficiently, fluorescently labeled CRM197 was also found 
to be specifically taken up by tumor cells, while a labeled control tracer was not. These results show that CRM197 has great potential 
as a carrier for drug delivery to tumors in vivo. Conclusion: We propose to use CRM197 not only as an inhibitor of HB-EGF and EGFR 
signaling, but also as a tracer for tumor imaging and as a potential novel drug targeting agent in the treatment of cancer. 

 

Multi-slice SPECT-CT imaging in a hamster bearing a subcutaneous DDT1-MF2 mammary tumor in the nuchal region. At 4 hrs after intraperitoneally 
injected 99mTc-labelled CRM197 (0.1 ml, 10-20 MBq) the hamster was anaesthetized and was mounted and immobilized on the modified head-

supporting device connected to the patient table of a Siemens SYMBIA-T6 SPECT-CT imaging system. The system geometry is calibrated in-place from 
point source data with the camera head at 9.4 mm from the centre and is then used during image reconstruction. Multi-slice SPECT imaging was 

performed (360°,6°/step, 80sec./frame) with a 3.0 zoom. 45 Images were collected in a 128x128 matrix (140 keV, window 20%). Next, CT co-registration 
scanning was performed. The total scan time was 70 sec with a rotation time of 1.5s resulting in 34 full rotations per scan. The reconstructed slices were 

analyzed according to the in-house developed analysis tools. 
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Metabolic Signatures of the Cachectic Phenotype 
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Cachexia, characterized by progressive weight loss, depletion of lipid stores, and severe loss of skeletal muscle protein, exists in 
approximately 50% of cancer patients and accounts for at least 20% of deaths from cancer. The complexities of cancer dictate the 
necessity of studying this disease in the context of its microenvironment as well as in the context of interactions between the tumor and 
the body, i.e., the ‘macroenvironment’. In the present study, we are applying molecular and functional imaging to understand cancer 
cachexia and develop clinically translatable indices for early detection of this condition. To characterize glucose metabolism in 
cachexia, [18F]fluorodeoxyglucose (FDG) positron emission tomography (PET) studies were performed. To detect the early onset of 
cachexia-inducing signals, we have created a cell-based optical biosensor using genetically engineered myoblasts. Glucocorticoids 
induce the expression of a muscle specific ubiquitin ligase (MuRF1), involved in the catabolism of muscle proteins during cachexia. The 
up-regulation of MuRF1 occurs by the activation of the glucocorticoid receptor (GR) upon hormone binding. Activated GR translocates 
to the nucleus and directly binds to its response element (GRE) within the MuRF1 promoter. Increased expression of MuRF1 is an early 
event in cachexia processes. We have constructed a fluorescent protein reporter gene linked to a portion of the MuRF1 promoter 
containing the GRE, to report on the initial stages of the induction of cachexia. This reporter system was tested and optimized in mouse 
C2C12 myoblast cells. In our studies, we used cachectic (MAC16) and non-cachectic (MAC13) murine colon adenocarcinoma cells. 
MAC16 tumors induce extensive weight loss in tumor-bearing animals, whereas MAC13 tumors do not. 18FDG PET imaging revealed a 
significant increase in glucose uptake in the cachectic tumors compared to the non-cachectic ones. 18FDG uptake in the brain and 
lung, but not in the muscle, was higher in the cachectic mice. Cachexia affects glucose uptake not only in the tumor, but also in normal 
tissue. Although high 18FDG uptake is usually associated with increased glycolytic activity, we did not observe a significant difference 
in lactate levels between MAC13 and MAC16 tumors. Interestingly we did detect a higher level of succinate in the cachectic tumors. 
Since succinate is produced in the tricarboxylic acid cycle (TCA) cycle, increased flux through the TCA cycle may explain the higher 
uptake of glucose observed with 18FDG PET without an increase of lactate. C2C12 myoblast cells were transfected to constitutively 
express green fluorescent protein (GFP) and MURF1-promoter-driven red fluorescent protein (RFP). RFP expression was induced by 
dexamethasone treatment through MURF1 promoter transactivation by GR. Stably transfected C2C12 myoblasts will be used as cell-
based optical biosensors. These studies are part of our ongoing work to obtain a comprehensive characterization of the ‘cachectic 
phenotype’ using noninvasive multimodality imaging that will allow us to detect cancer-induced cachexia and identify new targets to 
prevent or reverse this condition. 

 

Figure 1: 18FDG PET images of MAC13 and MAC16 tumor bearing mice. Mean standard uptake values (SUV) are represented (n=8 and n=5 
respectively), P < 0.005. Images were scaled at the same maximum values. Tumors are marked by arrows. 
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Brain tumors can be imaged by 19F MRI: high sensitivity detection of PFOB emulsions in U87 
human glioblastoma mouse model 
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INTRODUCTION Due to the lack of background signal, the linear relationship between signal and concentration of contrast agent, and 
the high sensitivity of the 19F nucleus, 19F MRI may emerge as a substitute to PET imaging. A promising application would be the 
detection and characterization of brain tumors. Thanks to their high payload in 19F nuclei and their biocompatibility, 
perfluorooctylbromide (PFOB) emulsions are of particular interest. In the present work 19F MRI was performed after injection of PFOB 
nanoparticles (PFOB NP) targeting ανβ3 integrins, involved in the process of tumor angiogenesis, in a U87 glioblastoma mouse model. 
METHODS Experiments were carried out on nude mice with brain tumor induced by intra-cerebral injection of U87 cells. A 7T Bruker 
rodent scanner was used with a 2.6-cm linear birdcage coil. Mice were anesthetized and anatomical 1H images were acquired. Ten 
mice (tumor size 3.9 ± 1.3 mm) were infused with 200 μL PFOB emulsion grafted with RGD peptides, containing PEG for stealth and 
rhodamine for fluorescence. Three mice (tumor size 4 ± 1.5 mm) were infused with the control emulsion without RGD. Immediately after 
injection, 19F images were acquired with our PFOB-dedicated multi spin echo (MSE) sequence yielding an excellent sensitivity [1] for 
120 min. Then mice were sacrificed and brains were removed, frozen and sectioned for fluorescence microscopy. RESULTS AND 
DISCUSSION Signal was found in the tumor’s region in six of the ten mice infused with the RGD emulsion and one of the three mice 
infused with the control emulsion. Concentrations in PFOB NP were respectively 79 ± 13 pM and 63 pM. All the tumors showing signal 
are bigger than 4 mm (Fig. A). This can be ascribed to the rich and tortuous vasculature of such big tumors [2]. This feature leads to 
very slow blood flows [3] yielding high signal while in the normal brain, signal from the moving blood is spoiled during the long echo 
train of our MSE sequence. Our images show the inhomogeneous signal pattern of tumor vasculature and are corroborated by 
fluorescence microscopy (Fig. B). PFOB NP could be detected in one scan (TA = 4 min 30) and signal evolution in tumors could be 
dynamically measured (Fig. C). We plan to refine our methodology, either by modeling the dynamics of signal evolution in tumors or by 
performing diffusion-weighting to remove signal of flowing NP [4], in order to quantify bound ανβ3-targeted NP only. CONCLUSION 
Using a PFOB-optimized high sensitivity MSE sequence, we were able to detect picomolar concentrations of PFOB emulsions in vivo in 
a U87 mouse model. This preliminary result is very promising, although we cannot yet unambiguously distinguish between mice infused 
with the RGD and the control emulsion due to the presence of vascular signal in both cases. Using advanced acquisition or modeling 
strategies, we hope to specifically quantify signal coming from bound ανβ3-targeted NP and demonstrate that 19F MRI may be an 
alternative to existing techniques to reveal brain tumor angiogenesis. REFERENCES [1]Giraudeau et al. MRM 2010 [2]Hsu et al. Mol 
Imaging Biol 2006 [3]Baish et al. Cancer Res 2000 [4]Waters et al. MRM 2008 
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Cell surface proteomics identifies prion protein as a candidate biomarker for colorectal 
adenoma-to-carcinoma progression 
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Background: Early diagnosis of colorectal cancer (CRC) is a realistic approach to reduce its high mortality rates. Currently available 
methods for early detection of CRC do not distinguish the 5% of adenomas expected to progress into CRC (high-risk adenomas) from 
adenomas with low risk of progression. We aimed to identify cell surface protein biomarkers that can be targeted for molecular imaging 
and discriminate low-risk adenomas from high-risk adenomas and CRC. Methods: Genome-wide mRNA profiling revealed genes with 
increased expression in CRCs compared to adenomas (Carvalho et al., 2009). To identify the subset of genes encoding plasma 
membrane-bound proteins, extracellular domains of cell surface proteins of five CRC cell lines were biotinylated, isolated, and analyzed 
by in-depth proteomics using gel electrophoresis and nanoliquid-chromatography coupled to tandem mass spectrometry. Cell surface 
expression was confirmed by FACS analysis and immunohistochemistry. Results: In total 2609 proteins were identified in the cell 
surface fractions. Of these, 31 candidate biomarkers were selected based on protein identification in at least four cell lines, a predicted 
(trans)membrane location, and increased mRNA expression in CRC compared to adenomas(p<0.05). For one candidate, the cellular 
prion protein PrPc, increased expression in a series of CRCs compared to adenomas was verified by immunohistochemical evaluation. 
Conclusions: Our strategy successfully yielded cell surface candidate biomarkers for molecular imaging of adenoma-to-carcinoma 
progression, exemplified by identification of PrPc. Moreover, this study illustrates that panels of biomarkers will be required to cover 
detection of the full spectrum of the molecularly heterogeneous group of high-risk adenomas and CRCs. Acknowledgment: This 
research was supported by the Center for Translational Molecular Medicine (DeCoDe). 
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Specific chemotaxis of magnetically labeled mesenchymal stem cells towards glioma 
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Currently, glioblastoma multiforme (GBM) is visualized using T1 or T2 weighted MRI, which detect leaky vasculature with gadolinium 
chelates or edematous tissue, respectively. Both methods cannot provide early cancer detection, nor can they identify infiltrating glioma 
cells, which cause recurrence. The biggest drawback is that they indirectly delineate GBM, which confounds treatment evaluation. We 
propose a method to directly identify GBM by combining the cancer tropism of mesenchymal stem cells (MSCs) with robust T2* MRI 
cell tracking agents, superparamagnetic micron-sized iron oxide particles (MPIOs). Here, we show that MPIOs do not affect basic 
processes of MSCs in vitro. MPIOs contain an iron oxide core, surrounded by a fluorophore-doped polymeric coating. Bone marrow 
derived rat MSCs were labeled overnight with 0, 5, 10, 20, or 40 1.63 μm beads/cell. Labeled and unlabeled cells were subjected to 
microscopy, flow cytometry, and inductively coupled plasma-optical emission spectroscopy. MSCs with and without internalized MPIOs 
were differentiated for 3 wks in adipogenic or osteogenic medium, and stained with Oil Red O or Alizarin Red, respectively. 
Chemotactic migration of green fluorescent unlabeled and MPIO labeled MSCs was evaluated using FluoroBlok transwell plates. 
10,000 MSCs were added to top wells, while serum free medium, 10% serum containing medium, or tumor conditioned medium 
collected 24 and 48 h after incubation with rat 9L and RG2 glioma cell lines, were added to bottom wells. Migration proceeded for 17 h. 
Plates were imaged and the chemotactic index (CI) calculated. The Radius migration assay tested chemokinetic (non-directional) 
migration of green fluorescent unlabeled and MPIO labeled MSCs in the same mediums tested for chemotaxis 40 beads added/cell 
resulted in the highest percentage of labeled MSCs (~76%), the greatest average number of endocytosed beads (~13) per labeled cell 
(Fig 1A), and high viability (>96%), and was used in subsequent experiments. Robust Oil Red O and Alizarin Red staining for both 
unlabeled and MPIO labeled MSCs (Fig 1B,C) was obtained, demonstrating MPIOs do not affect fat and bone differentiation. 
Microscopy confirmed MPIOs inside migrated MSCs (Fig 1D). As shown in Fig 1E, migration towards the positive control (10% serum), 
9L 24 hr, 9L 48 hr, and RG2 24 hr tumor conditioned medium was highly significant (**p<0.01) compared to negative control (serum 
free). In addition, CI for unlabeled and MPIO labeled MSCs was not significantly different in any case, indicating that MPIOs did not 
impact MSC chemotaxis. Only 10% serum induced a chemokinetic response; a lack of MSC random migration in tumor conditioned 
medium confirmed that cell migration in the transwell assay was indeed directional and specific MPIOs did not affect MSC viability, 
differentiation or migration. MPIO labeled MSC migration towards glioma conditioned medium in vitro is specific, guided by chemotaxis 
not chemokinesis. The tumor tropism of MSCs in combination with MPIOs for MRI cell tracking warrants further study in vivo, and can 
be integrated with a therapeutic approach using genetically engineered MSCs. 

 

Figure 1, A) Bright field microscopy of MSCs labeled with 40 beads added/cell (MPIOs in black). B) Adipogenic and C) osteogenic differentiation of 
MSCs labeled with green MPIOs. D) Migrated green MSCs labeled with red MPIOs towards RG2 24 hour tumor conditioned medium. The inset is a 

magnified image of a small group of migrated cells containing internalized MPIOs. E) CI of unlabeled (black bars) and MPIO labeled (gray bars) MSCs in 
the transwell chemotaxis assay. Mediums tested from left to right are: serum free medium, 10% serum containing medium, 9L 24 hr, 9L 48 hr, RG2 24 
hr, and RG2 48 hr tumor conditioned medium. **p<0.01 is highly significant compared to serum free medium. N.S. indicates not significant. Scale bars 

are 100μm. 
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THE ROLE OF F18 FLUORIDE BONE SCANS IN METASTATIC SURVEY 
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India. Contact e-mail: jyotsnael@gmail.com 

The role of metastatic survey for bone metastases is crucial in managing cancer patients. With the advent of PET/CT, fluoride has seen 
a reemergence of its role. We present our experience of metastatic skeletal survey of cancer patients. Aim: To assess the role of F18 
fluoride bone scan in metastatic survey of cancer patients. Material and methods: A retrospective data analysis of reports of 1195 
patients scanned with F18 fluoride for metastatic survey from September 2008 to December 2010 was done. Low dose CT performed 
for attenuation correction was used to correlate equivocal PET findings and anatomic localization of lesions. Scans had been reviewed 
by nuclear medicine physicians and clinical follow up obtained where possible. Results: 1195 patients were scanned. Of them, 153 
patients had follow up scans for restaging for progression/to assess response to therapy.1075 (81%) patients were scanned for staging 
of which 548(60%) showed no metastases, 181 (17%) patients had 5 lesions or fewer,146 (14%) patients had extensive metastases 
involving the axial and appendicular skeleton and 43(9%) patients had solitary lesions labeled as suspicious or suggestive of 
metastasis. 24/1192 (6%) patients had incidental findings such as fractures, severe degenerative joint disease, Paget’s disease, uptake 
only in known primary bone tumors alone and suspected flare phenomenon. Of the 153(13%) patients who had follow up scans, 
18(11%) remained negative, 35(28%) had progression of bone lesions, 68 (45%) showed no change in number of lesions and 32(16%) 
had a combination of resolution/persistence of old lesions and new lesions. Conclusion: F18 fluoride proved useful in skeletal survey for 
metastases and follow up and should be considered part of cancer work up. 
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Evaluation of Cardiac Perfusion and Cardiac Metabolism in Animals with Hypertensive Related 
Pathophysiology Using microPET/CT Imaging 

Andrew Hernandez1, Youngho Seo2, James P. O'Neil3, Mustafa Janabi3, Kathleen M. Brennan3, Henry F. VanBrocklin2,3, Grant T. 
Gullberg3,2, 1Nuclear Engineering, University of California Berkeley, Berkeley, CA, USA; 2Radiology and Biomedical Imaging, University 
of California San Francisco, San Francisco, CA, USA; 3Radiotracer Development & Imaging Technology, Lawrence Berkeley Natl Lab, 
Berkeley, CA, USA. Contact e-mail: berealpka@gmail.com 

Our previous study followed changes in perfusion and glucose and fatty acid metabolism as a function of hypertrophy and age in 
separate rats. The goal of this project was to evaluate the same changes in one animal over a two year period using all three isotopes 
with the eventual goal of studying changes of these physiological processes as a function of hypertrophy and age. The work involves 
molecular imaging of the spontaneous hypertensive rat (SHR) as a model of hypertensive related pathophysiology utilizing a 
microPET/CT scanner to quantify perfusion and metabolism. Methods: Eight normotensive Wistar Kyoto rats (WKY) and 8 SHRs were 
imaged at 7.5 months of age using the microPET/CT Inveon scanner (Siemens). Dynamic gated list mode data of approximately 2-2.5 
million counts were acquired over 60 mins immediately after injecting 1-1.5 mCi of F-18-fluorodihydrorotenol ([18]FDHROL), F-18-
fluorodeoxyglucose ([18]FDG), or F-18-fluoro-6-thia-heptadecanoic acid ([18]FTHA). The three radiopharmaceuticals were injected in 
the same rat on three consecutive days giving a series of studies showing the utilization of [18]FDHROL, [18]FDG, and [18]FTHA. The 
data were reconstructed as a dynamic sequence of 3D images. Time activity curves for the left ventricle and for the blood sampled from 
the left ventricular blood pool were fit to a one-compartment perfusion model to obtain estimates of the flow extraction product and 
distribution volume of [18]FDHROL and to a two-compartment metabolic reversible model to obtain estimates of the metabolic rates for 
[18]FDG and [18]FTHA to evaluate glucose and fatty acid metabolism, respectively. Results: Compared to the WKY model, at 7.5 
months the SHR model showed a higher flow extraction product for [18]FDHROL, a higher metabolic rate of [18]FDG, and a lower 
metabolic rate of [18]FTHA . From our previous studies where we followed only one of these tracers in separate studies over time in 
these animal models, we expect that the metabolic rates of glucose and fatty acid will decrease in time with each animal model but the 
glucose metabolic rate will be higher for the SHR and the metabolic rate of fatty acid will be higher for the WKY. Conclusion: Even with 
this observed higher flow extraction product for perfusion in the SHR model, our previous studies indicate a decrease in flow extraction 
product and an increase in distribution volume with the increase in cardiac hypertrophy at the onset of heart failure. This decrease is 
indicative of decreased function of myocytes and overall reduced homeostasis of body systems. An increase in the volume of 
distribution may be due to increase in collagen content and a potential decrease in capillary density in the hypertrophied heart. At an 
early age we also observed a higher metabolic rate of glucose and a lower metabolic rate of fatty acid in the SHR model and we 
observed the reverse to be true in the WKY model. Our new series of studies provides a means of comparing glucose and fatty acid 
metabolism in the study of metabolic dysfunction in the progression of heart failure and the ability to correlate these changes with 
changes in perfusion. 
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High Temporal Resolution Cine MRI for Early Detection of Left Ventricular Diastolic 
Dysfunction of the Diabetic Heart 

Ming Yang1,4, Vincent G. DeMarco3,4, James R. Sowers3,4, Lixin Ma2,4, 1Nuclear science and engineering institute, University of 
Missouri, Columbia, MO, USA; 2Department of Radiology, University of Missouri, Columbia, MO, USA; 3Department of Internal 
Medicine, University of Missouri, Columbia, MO, USA; 4R&D department, Harry S. Truman Memorial Veteran’s Hospital, Columbia, MO, 
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Introduction Clinical and experimental studies have demonstrated diastolic dysfunction is an early manifestaion of hypertensive heart 
disease caused by diabetes. Cardiac MRI is one of the widely-used noninvasive imaging modality in the field of cardiac diastolic 
function research. It can give superior precise volume estimation of left ventricle and provide diastolic volume function over time. In 
addition, the high temporal resolution cardiac MRI can identify peak filling rate(PFR) and late peak filling rate(PFRA) of rat’s LV filling, 
which cannot be acquired by conventional Cardiac MRI due to rat’s high heart rate. Material and method The experimental subjects 
were composed of female transgenic Ren2 rats (N=7), a hypertensive rodent model of tissue rennin-angiotensin system activation and 
female Sprague-Dawley littermate rats (N=7) as a control group. The animals were with an average age of 10±0.6 weeks and scanned 
with a 7-Tesla Varian MR system. An ECG triggered Fast Low Angle Shot sequence were applied to acquire both transversal and 
middle axial slices. 40 and 16 image frames per cardiac cycle was acquired for HTR MRI and cine-MRI, respectively. The volumes of all 
phases were calculated with a widely-used bi-plane model using both the areas of transversal and mid-axial plane contoured by a semi-
automatic software Segment™. Results Representative volume-time and first derivative curves from HTR MR images and conventional 
cine MR images were shown in Fig.1. The left ventricular filling during diastole was recognized as two phases, shortly after end of 
systole phase, PFR occurs, which indicates the major relaxation of left ventricle, followed by a brief lag phase, then PFRA occurs, 
which is caused by atrial contraction. In SD animals, the peak of filling rate is much stronger than late peak of filling rate, giving a 
PFR/PFRA ratio 1.43±0.09. The isovolumic relaxation time (ISVT) lasted 28.79±0.97 ms. In R2 animals, the peak of filling rate is 
0.76±0.17, 26% lower than in SD animals and the peak of late filling rate is 0.92±0.22, 22% higher than in SD animals. As a result, 
PFR/PFRA ratio of R2 animals is 43% lower compared to SD animals. In addition, the ejection fraction (EF) of R2 animal is lower than 
SD animal and R2 animal has a significantly prolonged isovolumic relaxation time. Besides, both of the anterior septum wall thickness 
(ASW) and the posterior wall thickness (PLW) of R2 animals are thicker compared to SD animals. The conventional cine MR gives only 
one peak of filling rate. The R2 animals have lower peak of filling rate than SD animals. The EF given by 16-frames cine MR is lower 
and no difference found between two groups of animals, which is caused by the smaller end of systolic volume given by HTR MR. 
Discussion 1) The R2 animals, which have a prolonged ISVT and lower PFR/PFRA, may have an impaired relaxation. 2) The PFR and 
PFRA acquired from HTR MRI is associated to E and A of mitral Doppler velocity. 3) The smaller ESV given by HTR MRI is caused by 
the more accurate estimation of bottom part of the LV volume curve. Conclusion HTR MRI can be a useful tool of detecting early 
diastolic dysfunction caused by diabetes. 
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In vivo detection of coagulation enzymes using protease targeted fluorescent peptides 
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Otolaryngology - Head and Neck Surgery, UCSD School of Medicine, La Jolla, CA, USA; 4Howard Hughes Medical Institute, UCSD 
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Extracellular enzymatic activities play a crucial role in the progression of many diseases, yet the timing and localization of these 
activities are controversial since it is difficult to directly measure enzymatic activity in vivo. Activatable cell penetrating peptides (ACPPs) 
can provide fluorescence and magnetic resonance images of the activity of extracellular enzymes in intact animals. The present report 
describes ACPPs based on a thrombin substrate modeled after the PAR1 receptor exosite: this provides new tools for in vivo 
monitoring of extracellular enzymes involved in coagulation pathways. One novel ACPP utilizes the peptide sequence DPRSFL, from 
the PAR1 receptor, as the enzyme substrate sequence. DPRSFL-ACPP detects thrombin concentrations as low as 2.5 nM, based on 
gel cleavage assays, and the cleavage is rapid (kcat/Km = 3.6 x 105 M-1s-1). Spatial localization of enzymatic cleavage in vivo is 
achieved by concomitant enzymatic release of a polycationic, highly membrane adherent polyarginine sequence that can be tagged 
with a fluorescent cargo. Serum or whole blood clots cleave DPRSFL-ACPP in vitro, and thrombin inhibitors reduce this cleavage. The 
selectivity of DPRSFL-ACPP for thrombin was evaluated by testing for cleavage activity using a panel of enzymes that are active in the 
clotting cascade. In addition to being efficiently cleaved by thrombin, DPRSFL-ACPP was cleaved by plasmin, Factor Xa, trypsin and 
chymotrypsin. However, Factor VIIa, Factor XIa, Factor XIIa, cathepsin G, neutrophil elastase and activated protein C do not have 
significant cleavage activity on DPRSFL-ACPP. Of the greatest biological concern is cleavage by plasmin, as this enzyme is a key anti-
coagulant protease that opposes thrombin activity in vivo. A second ACPP is a close analog and utilizes the enzyme substrate 
sequence PPRSFL; the PPRSFL-ACPP shows improved selectivity for thrombin over plasmin and Factor Xa. In vivo study of murine 
atherosclerosis shows that DPRSFL-ACPP cleavage marks atherosclerotic plaques, although unexpectedly it does not always co-
localize with ACPPs targeting matrix metalloproteinases-2 and -9. The DPRSFL-ACPP signal is greatly decreased by coadministration 
of thrombin-specific inhibitors, arguing that labeling primarily reflects thrombin activity. The intensity of DPRSFL-ACPP labeling 
increases with gross plaque load suggesting that ACPPs could eventually help distinguish vulnerable from stable plaques. 
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Immunofluorescence Imaging of Angiotensin II Subtype 1 Receptor, Renin Receptor, and 
NGAL in Renal Ischemia 

Ali Gholamrezanezhad, Jinsong Xia, Majid Chalian, Kelvin Hong, Zsolt Szabo, Nuclear Medicine, Johns Hopkins Medical Institutions, 
Baltimore, MD, USA. Contact e-mail: agholam1@jhmi.edu 

Introduction: Activation of the intrarenal renin-angiotensin system (RAS) plays an important role in the pathogenesis of hypertension 
and renal disorders, however, its correlation with renal injury is not established. Our aim was to compare expression of angiotensin II 
subtype 1 receptor (AT1R) and renin receptor with Neutrophil Gelatinase-Associated Lipocalin (NGAL), as the established marker of 
renal injury in experimental models of pig renal ischemia. Methods: Four animal models were developed: 1) acute ischemia by 
temporarily occluding renal artery for 60 minutes; 2) chronic stenosis induced by intravascular tissue-irritating copper coils placed in 
renal artery; 3) renal artery reperfusion-revascularization by stent treatment of chronic stenosis, and 4) control. Animals were 
euthanized and kidneys were quickly removed. The tissues were frozen, and cut at 10-µm thickness. Renin receptor, AT1R and NGAL 
were imaged by indirect immunofluorescent staining and laser scanning confocal microscopy in identical tissue sections using mouse 
anti-AT1R, mouse anti-renin receptor and rabbit anti-NGAL antibodies. Immunofluorescence was detected with goat secondary 
antibodies. Cell nuclei were counterstained with 4-6 diamidino-2-phenylindole dihydrochloride (DAPI). Results: The 
immunofluorescence images showed comparable distribution of AT1R and NGAL with protein expression on tubular, glomerular, and 
vascular cells. No such correlation was observed between the regional expression of AT1R and the renin receptor. Conclusion: The 
found correlation between the distribution of NGAL and AT1R at tissue level supports the notion that AT1R is a potential imaging 
biomarker of ischemic renal injury. The renin receptor does not appear to correlate with the distribution of AT1R. Development of a 
quantification technique will help investigate whether a correlation exists not only between the relative distributions, but also between 
the absolute expression levels of NGAL and AT1R. Understanding the relationships between NGAL on one hand and components of 
the RAS on the other is important since recent positron emission tomography (PET) imaging studies of the AT1R demonstrated 
increased radioligand binding in renal ischemia. Acknowledgment: Supported by the National Institute of Diabetes and Digestive and 
Kidney Diseases (Grant Number R01 DK50183). 
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Targeted in vivo imaging of myocardial damage using small peptide probe ApoPep-1 
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Heon Lee1, 1Department of Biochemistry and Cell Biology, Kyungpook National Univ, Daegu, Republic of Korea; 2Department of 
Cardiology, Gil hospital of Gacheon Medical School, In-Cheon, Democratic People's Republic of Korea. Contact e-mail: 
bodhach@gmail.com 

Myocardial apoptosis and necrosis play an important role in the myocardial pathogenesis. Its identification and localization may help in 
the diagnosis and prognosis of AMI. Using phage display technology, we previously identified a 6-mer apoptosis-targeting peptide-1 
(ApoPep-1) ligand which binds to Histone H1. In this study, we evaluated the effect of Apopep-1 in ischemia reperfusion (I/R) rats. I/R 
was achieved by ligating the left coronary artery (30 min) and reperfusion (2 h). For imaging apoptosis, Flamma-774 labeled ApoPep-1 
was injected and optical imaging was taken. In contrast to sham and control groups, Flamma-ApoPep-1 group showed significant 
signals from I/R heart. An ex vivo imaging using TTC staining showed the peptide targeting area was co-localized with damaged area. 
Further, the peptide was able to detect the myocardial damage as early as 30 min after injection and peaked at 2 hours. H&E and 
TUNEL staining revealed that the fluorescein-conjugated ApoPep-1 selectively targeted apoptotic and necrotic cells. The signal from 
the ex vivo image colocalized with the apototic area at 2 hours. Further we found that the 2 hour flamma labelled ApoPep-1 signal 
corresponds to the 4 wks ejection fraction (r2=0.779) in echocardiography. Therefore the peptide predict the long term prognosis of the 
injured myocardium.. These results suggest that ApoPep-1 could be useful tool for the apoptosis-targeting ligand-based diagnosis, 
prognosis and assessment of treatment response in AMI. 
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The effects of testosterone on myocardial [18F]FDG uptake in mice 
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Introduction: Cardiovascular diseases are well known as the leading cause of death in developed countries. Under physiological or 
fasting condition, fatty acid is the main substrate of cardiac energy production. When the heart undergoes damage or failure, metabolic 
changes of increased glucose utilization could take place. In previous tracer studies of hormone-dependent prostate cancer xenograft 
tumor models (PAC120 and CWR22), a significant increase on cardiac [18F]FDG uptake was observed after simulating an androgen 
deprivation therapy (ADT) by surgical castration. Aim of the present study was to clarify the cause of the altered cardiac metabolism by 
performing ADT on healthy, non-tumor-bearing mice. Methods: 90-min dynamic PET acquisitions were performed on BALB/c-nude 
male mice (6-8 weeks old) with i.v. injection of [18F]FDG (non-fasting and overnight fasting) and [18F]FTHA (overnight fasting). These 
mice were separated into ADT and control groups following the baseline PET imaging. ADT was performed trough surgical castration, 
control group was sham operated. The mice were imaged again 4 weeks post castration (p.c.). The dynamic data were sorted into 21 
frames and reconstructed by OSEM 2D algorithm. Regions of interest were placed across 3 consecutive center planes of short axial left 
ventricle (LV), and the counts of LV cavity were subtracted. The cardiac tracer uptake in standard uptake value (SUV) was analyzed 
from the final frame (15 min) for evaluation. The images were analyzed using the software PMOD. Results: Under non-fasting 
condition in the [18F]FDG study, no [18F]FDG-SUV difference was found between ADT group (baseline: 6.26±2.71, n=5; 4 weeks p.c.: 
5.28±2.80, n=3) and control group (baseline: 6.92±1.28, n=5; 4 weeks p.c.: 5.30±2.70, n=4). However, under fasting condition, the ADT 
group (baseline: 0.98±0.47, n=6; 4 weeks p.c.: 4.46±2.63, n=3) showed increased [18F]FDG-SUV by 4-fold 4 weeks p.c., compared to 
control group (baseline: 0.73±0.30, n=6; 4 weeks p.c.: 1.23±0.69, n=4) (Fig.1). Interestingly, the fasting [18F]FDG-SUV of ADT group 
was found being 5-fold lower than the non-fasting [18F]FDG-SUV at baseline, but increased to the similar level 4 weeks p.c.. Using the 
same animals we performed [18F]FTHA PET scans and functional MRI (ejection fraction, wall thickness). Similar PET results were 
collected in rats. Conclusion: The results revealed that ADT treatment on healthy mice could induce higher basal cardiac [18F]FDG 
uptake under fasting condition. The abnormal high basal [18F]FDG uptake may show the role of hypotestosteronaemia on 
cardiovascular risk. In view of the results of ADT, as a common treatment for hormone-dependent prostate cancer, the long-term side 
effects of such a therapy should be carefully considered. Current studies focus on in vitro molecular analysis (insulin, testosterone, 
GLUT1, GLUT4) and kinetic modeling of the dynamic PET measurements. The effects on cardiac functions associated with 
testosterone deficiency are also currently investigated by MRI. 

 

Figure 1. Fasting [18F]FDG-PET study of control mouse (upper row) and ADT mouse (lower row) at baseline (left column) and 4 weeks p.c. (right 
column). The red arrows indicate the hearts. 
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Ultrasound Measurement of Carotid Intima-Media Thickness (CIMT) Using Automated Edge 
Detection Algorithm 
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AIM To evaluate the applicability of an automated edge detection algorithm measurement of CIMT as a marker of atherosclerosis. 
METHODS CIMT is measured on the basis of a longitudinal vessel segment. It is measured approximately 10 mm under the carotid 
bulb where the walls of the arteries are parallel. When the CIMT appears clearly, a movie with the duration of 4-5 heartbeats is 
recorded. The recording is transferred to a image analysis program (MIA, Vascular Research Tools 5). According to standard 
procedure, the calculations are done only from the posterior artery wall. The calculations are done by selecting a 10 mm long region of 
interest (ROI) equaling 160 pixels. The program uses the ROI to make an automatic measurement for each pixel in length and on every 
image in the recording. One recording contains approx 100 images, which calculated will give 16,000 measurements of CIMT. This 
leads to a very high accuracy and resolution On two meetings held for general practitioners, we placed two ultrasound devices and 
offered the participants to have their CIMT measured. All recordings were done with the participant sitting down and were done of a. 
carotis communis dxt.. All together there were performed recordings on 391 participants in the age of 24-73 years (average: 49) of 
which 188 (48%) were women. It was possible to analyze and calculate all the recordings even though one of the recordings only 
contained a few usable segments. RESULTS Only a few participants (1 woman and 9 men) had a CIMT above the existing 
internationally accepted limit of 0.9 mm. Both genders had an average CIMT of 0.47 mm at about the age of 30. CIMT for men 
increased with 0.073 mm/10 year (r2=0.23; p<0.001) and for women the increase was 0.052 mm/10 years (r2=0.28; p<0.001). 
CONCLUSION Measurement of CIMT is an easy applicable procedure. From the literature, it is known that the method has a 
substantial prognostic value as a supplement to other forms of risk assessments. On this basis, it is expected that the method in the 
future will be an important tool in the screening of patients with risk of atherosclerosis. 
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Micro-CT Imaging and Three Dimensional Volumetric Analysis of Bleomycin Induced 
Pulmonary Fibrosis in Preclinical Mouse Specimens 
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Bleomycin induction of pulmonary fibrosis has been shown to be a consistently reproducible disease in mouse models. Previously, 
analysis and scoring techniques were confined to the traditional observation of 2-Dimensional histological slices. The present study 
introduces a novel method to construct volumetric renderings of whole mouse lung tissues. In order to derive whole-mount 3-
Dimensional data,, mouse models of bleomycin-induced lung fibrosis were evaluated using micro-CT in comparison to traditional 
histology to detect and confirm the presence of pulmonary fibrosis. The micro-CT volumetric data sets visualize hyperattenuating 
fibrotic tissues in expected regions of mouse lungs and quantification of these tissues show a substantial increase in the ratio of fibrotic 
tissue to non-fibrotic tissue. In comparison between normal and fibrotic lung tissues, it was found that the diseased models displayed 
hyperattentuating regions in areas confirmed to be fibrotic from traditional histology. Advanced software capabilities allowed for 
quantification of these regions. The diseased models exhibited a higher ratio of hyperattenuating fibrotic tissue when compared to ratios 
in normal adult male lungs,. These findings suggest that micro-CT is an effective tool to detect and quantify fibrotic tissue in bleomycin 
induced mouse models of pulmonary fibrosis. 
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Magnetic resonance imaging of iron oxide nanoparticles detects autoimmune myocarditis 
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Cardiac biopsy is currently the only method to firmly diagnose myocarditis, an inflammation of the heart muscle and a major cause of 
sudden death in young adults. While this invasive procedure bears the risk of complications and has a large sampling error, efficient 
tools to serially and non-invasively assess cellular infiltration in myocarditis are lacking. We tested if monocyte/macrophage-targeted 
iron-oxide nanoparticles can be used to image cardiac inflammation in mice with autoimmune myocarditis. Methods and Results: 
Myocarditis was induced by immunization with a Troponin I peptide. On the expected peak of inflammation (day 21), mice were injected 
with 30mg/kg of the magnetofluorescent nanoparticle CLIO-VT680. Mice were imaged 24 hours later in a 7 Tesla magnet. Using T2* 
weighted FLASH with an echo time of 5 ms, a diffuse hypodense signal was registered in the myocardium of mice with myocarditis 
(arrows in figure). The contrast-to-noise ratio was decreased from 14±4 in control mice to 0.1±2 in mice with myocarditis (p<0.05). Ex 
vivo fluorescence imaging confirmed strong uptake of the monocyte/macrophage-targeted nanoparticle CLIO-VT680 into the 
myocardium (figure). Microscopic fluorescence signal colocalized with immunoreactive staining for CD11b-positive cells (figure). 
Conclusion: MR imaging of iron-oxide nanoparticle uptake detects monocyte/macrophage accumulation in a mouse model of 
autoimmune myocarditis. 
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Occlusive coronary atherosclerosis and spontaneous myocardial infarction in mice 
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Muenster, Münster, Germany. Contact e-mail: kuhlmam@uni-muenster.de 

Myocardial infarctions (MI) and stroke result from plaque rupture and thrombus formation in atherosclerosis and are the most common 
cause of death. Therefore, new molecular imaging approaches enabling to characterize the course of this disease are highly desirable. 
Research in that direction requires suitable animal models. Current mouse models of atherosclerosis, however, are limited: although 
plaque formation occurs in the aorta and its main branches, occlusive coronary atherosclerosis is typically not observed. Recently, a 
new double transgenic mouse lacking the Scavenger Receptor class B type 1 (SR-B1) and expressing low levels of a mutant 
apolipoprotein E isoform (ApoE-R61hypo) has been described which develops coronary plaques and subsequently MI when fed a high-
fat/cholesterol diet (HFC). The aim of the present study was to visualize the spontaneous course of MI events using F-18-FDG-PET in 
correlation to (immune)histology of coronary arteries and the myocardium and blood analysis. SR-B1-/-/ApoE-R61hypo mice were set 
either permanently on HFC, which caused a 5-fold rise in plasma cholesterol (HFC/show diet: 1300/278 mg/dL), or for only 14 or 7 
days. Mice fed continuously HFC (n=45) all died within 38 days, whereas 80% and 11% of mice receiving HFC for 14 (n=9) and 7 days 
(n=5), respectively, survived the 60-days observation period. Histological analysis of hearts from continuously HFC-fed mice revealed 
extensive plaques in coronary arteries, areas of cell death and fibrotic remodeling in the myocardium, possibly as a consequence of MI. 
Besides, a massive accumulation of foam cell like macrophages was observed in atherosclerotic lesions as well as in myocardial tissue. 
Hearts of normal chow fed control mice (n=12) exhibited none of these characteristics. Serial F-18-FDG-PET was performed to assess 
changes in the viability of the myocardium over time. Each mouse was measured 3 times/week from the start of HFC-diet until death. 
PET data was analyzed for global heart uptake of FDG and fraction of myocardial scar. Regions prone to ischemic events could be 
clearly identified by performing segmental analysis of the left ventricle. Serial measurements also revealed that the ischemic damage in 
HFC fed mice is not developing slowly over time but indicates a more acute event. In summary, coronary plaque formation in the SR-B1 
K.O./ApoE-R61hypo mouse is associated with subsequent MI. If the observed excessive macrophage invasion in the myocardium is 
solely a result of myocardial tissue demise or the cause of myocardial tissue damage has to be further investigated. The sudden 
appearance of regional myocardial lesions revealed by serial F-18-FDG-PET, however, speaks more for acute MI events. In any case, 
the SR-B1 K.O./ApoE-R61hypo might be a valuable animal model for the development of new sophisticated molecular probes for all 
steps in the course of atherosclerosis, including coronary occlusion and MI. An important advantage of the model is the ability to alter 
the progression of atherosclerosis by modifying the diet, thus allowing to adopt the model to the experimental needs. 
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Small animal F-18-FDG PET/CT for imaging of shear-stress-induced atherosclerosis in the 
carotid artery 
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Schäfers1, 1European Institute for Molecular Imaging -EIMI-, Westfälische Wilhelms-Universität Münster, Münster, Germany; 
2Department of Nuclear Medicine, University Hospital Münster, Münster, Germany. Contact e-mail: schafmi@uni-muenster.de 

Introduction: Detection of inflamed, potentially rupture-prone atherosclerotic plaques is of crucial importance. In rabbit models and also 
in humans F-18-FDG (F-18-fluorodeoxyglucose) uptake in atherosclerotic vessel lesions correlated with the presence of macrophages / 
macrophage density. A surgical intervention (placement of a predefined cuff around the left common carotid artery) in ApoE-/- mice 
under a cholesterol-rich diet leads to accelerated shear-stress-induced atherosclerosis [1]. Here we study the inflammatory status of 
cuff-induced carotid artery plaques by serial F-18-FDG PET/CT. Methods: 15 ApoE-/- mice were fed with a cholesterol-rich diet. After 4 
weeks a cuff was placed around the left common carotid artery, which leads to a defined vessel stenosis and a modulation of 
endothelial shear stress [1]. 4, 6 and 8 weeks after surgery F-18-FDG PET/CT (quadHIDAC-PET, Oxford Positron Systems Ltd, UK, 
fused with Inveon-CT, Siemens Medical Solutions, USA) was performed. Local F-18-FDG uptake was quantified by volumes of interest 
(VOIs) which were defined on the CT onto the cuff region as well as on the contralateral carotid artery. F-18-FDG uptake was 
expressed as mean %ID/ml. 8 weeks after surgery left carotid arteries were explanted and worked up histologically (HE and Mac-3 
staining). 5 mice died spontaneously during the follow-up period. Results: Total F-18-FDG uptake in the cuff area increased from 3.45 ± 
0.72 mean %ID/ml at 4 weeks post implantation over 3.79 ± 1.06 mean %ID/ml at 6 weeks to 3.95 ± 1.58 mean %ID/ml at 8 weeks, 
while FDG uptake in the contralateral carotid artery was significantly lower at all time points (4 weeks: 2.47 ± 0.32 mean %ID/ml, 6 
weeks: 2.74 ± 0.79 mean %ID/ml, 8 weeks: 2.82 ± 0.63 mean %ID/ml; P < 0.001, P < 0.05). F-18-FDG uptake in the cuff area was 
correlated with the presence of macrophages. Conclusion: The results show the potential of F-18-FDG PET/CT imaging for non-
invasive characterisation of shear-stress-induced carotid artery plaques in an ApoE-/- mouse model. Despite a great degree of 
standardisation of the model, there is a high variability of F-18-FDG uptake, possibly reflecting a different extent of inflammatory activity 
resulting from the cuff implantation. References: 1. Cheng et al. Atherosclerotic lesion size and vulnerability are determined by patterns 
of fluid shear stress. Circulation. 2006;113:2744-2753. 
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Myocardial T2* is increased by transient oxygen challenge and reflects oxygen extraction via 
hemoglobin saturation at the capillary level 
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Introduction: Non-invasive assessment of O2metabolism has been mostly limited to the use of complex and expensive techniques such 
as 15O-PET or 17O-MRI. The use of proton MRI has also been reported (1) and we have shown that can be used to image 
myocardium oxygenation (2). We speculated that the MRI signal change reflected binding of free plasmatic O2 to deoxyhemoglobin at 
the capillary level and thus provided an index of tissue O2 extraction. Here, we combine MRI with invasive blood sampling to test our 
hypothesis. Methods: All animal studies were approved by the UK Home Office. MRI: Six male Wistar rats (8 weeks) were anesthetized 
with ~1.5% isoflurane, monitoring for HR, respiration, body temperature and arterial O2saturation. MRI was done using a 4.7T 
DirectDrive Varian system with 40 G/cm gradients and a 72mm volume (quadrature) RF coil. Data acquisition was performed with 
cardiac and respiration gating under steady state conditions with 4 averages, 1mm slice thickness, FOV=56mm x 56mm and 256 x 256 
voxel matrix. T2* maps were calculated from a series of eight 2D gradient echo (FLASH) acquisitions recorded at end diastole with 
echo times from 1 to 20 ms. T1 was measured using a Look-Locker sequence with adiabatic inversion pulse and 18 inversion times (TE 
= 1.24 ms, TR = 3.2ms). Imaging was done under breathing air, 30% O2 or 100% O2. To assess signal change reproducibility, T2* 
weighted FLASH acquisitions were done with interleaved episodes of air, 30% O2 or 100% O2. Images were reconstructed and 
processed using in-house software written in MATLAB to produce T2* maps. Invasive blood sampling: In a separate group of rats (n = 
4) the femoral vein and artery were catheterized to allow systemic evaluation of O2 saturation, plasmatic O2 and CO2 levels under 
anesthesia in air, 30% O2 and 100% O2. Results: Inhalation of 100% O2 induced a large increase in T2* (+ 14%) in the myocardium 
but only a small change in T1 (-2%). The time course showed the reproducibility of the increase of MRI signal in metabolically active 
tissues (heart, spinal cord, skeletal muscle) during the period of 100% O2 inhalation. This T2* mediated signal increase correlated with 
an increased arterial pO2 (111.9±9.8 at 30% O2 to 380.2±28.7 mmHg at 100% O2; P=0.004), increased venous O2 saturation 
(61.1±3.2 at 30% O2 to 79.1±2.2 mmHg at 100% O2; P=0.0004) and increased venous pCO2 (56.1±8.1 at 30% O2 to 66.1±6.4mmHg 
at 100% O2; P=0.2). Conclusions: This study shows that tissue oxygenation can be evaluated with T2* weighted MRI using an O2 
challenge. The MRI signal changes observed under inhalation of 100% O2 correlated with increased venous O2 saturation of 
hemoglobin, displacing CO2 produced by metabolic tissue. We conclude that the T2* changes observed reflect the amount of 
deoxyhemoglobin in the venous compartment and thus provide a direct read-out of oxidative metabolism. This study confirms the 
feasibility of using T2* mapping to image O2metabolism and represents a good alternative for clinical assessment of aerobic 
metabolism. References: 1. Vohringer et al., J. Cardiovasc. Magn. R. 2010, 12-20; 2. Wylezinska et al., Proc. 19th Annual Meeting 
ISMRM, 2011 

 
Figure showing an anatomical reference T2* weighted image (A) and the changes in T2* maps across the same imaging plane acquired under air and 

100%O2 (B). T2* signal increase correlates with an increase in arterial PO2 under 100% O2 (C). 
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Combined Bioluminescent Raw Cell Imaging and Near-infrared fluorescent MMP Imaging 
Visualized Anti-inflammatory Effects of Lithium Chloride on Carotid Atheromata of ApoE 

Knock-out Mice 

Ik Jae Shin1, Jin-Young Park1, Jeong-Yeon Kim1, Ji Hye Sung1, Su-kyoung Lee1, Soo-Min Shon1, Dong Kun Lee1, Byeong-Cheol Ahn2, 
Kwangmeyung Kim3, Ick Chan Kwon3, Dong-Eog Kim1, 1Department of Neurology, Dongguk University, Ilsan Hospital, Goyang, 
Republic of Korea; 2Department of Nuclear Medicine, School of Medicine, Kyungpook National University, Daegu, Republic of Korea; 
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ikjaeshin@gmail.com 

Background: Matrix metalloproteinases (MMPs) secreted by macrophages could render atherosclerotic plaques prone to rupture and 
thereby cause sudden thromboembolic occlusion. Lithium chloride (LiCl), an inhibitor of glycogen synthase kinase-3β, was recently 
reported to reduce histological macrophage infiltration and atherosclerotic lesion size in ApoE knock-out mice fed on a western diet. 
Objective: To investigate if LiCl could reduce in vivo macrophage recruitment to carotid atheromata and MMP-2/9 activity within the 
atheromata. Methods and Results: Thirty 9-week-old ApoE k/o mice that had undergone partial carotid ligation were randomly divided 
into five groups: (a) western diet (PW, n = 6), (b) western diet with 1.25mM LiCl (L1.25PW, n = 6), (c) western diet with 5mM LiCl 
(L5PW, n = 6), (d) western diet with 0.01% wt/wt atorvastatin (PWA, n = 6), (e) western diet with 0.01% wt/wt atorvastatin and 1.25mM 
LiCl (L1.25PWA, n = 6). Two weeks later, carotid or aortic plaque size did not appear to be different between the groups. However, 
near-infrared fluorescent imaging using an activatable MMP probe showed that the L5PW and PWA groups had significantly lower 
MMP-2/9 activities (6.8x107 ± 1.8x107 and 6.4x107 ± 1.4x107 arbitrary-unit, respectively) in the aorta and carotid artery than the PW 
group had (10.0x107 ± 2.6x107 arbitrary-unit, p < 0.05). There was no significant difference between the PW group and the L1.25PW 
(8.4x107 ± 2.7x107 arbitrary-unit, p = 0.39) or L1.25PWA (7.3x107 ± 2.0x107 arbitrary-unit, p = 0.08) group. In the second set of 
experiments, we studied 18 mice (n = 6 for each PW, L5PW, and PWA group) under the same protocol. Additionally, 1x107 Raw cells 
with a firefly-luciferase reporter gene (Raw-luc) were injected intravenously at 1 week after the carotid ligation. Combined luciferase and 
MMP imaging showed that LiCl treatment or atorvastatin treatment seemed to reduce Raw-luc cell clustering and MMP-2/9 activity in 
the carotid atheromata. Conclusion: We suggest that LiCl may reduce plaque vulnerability by decreasing macrophage infiltration and 
consequently proteolytic enzyme activity in the atheromata. 
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Evaluation of a Miniature Swine Model of Myocardial Infarction: Measurement of Myocardial 
Blood Flow and Sympathetic Nerve Function by PET 
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of Investigative Radiology, Natl. Cerebral & Cardiovascular Ctr. Research Inst., Osaka, Japan; 2Department of Regenerative Medicine 
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OBJECTIVES: Swine are noted as animal model of various cardiac diseases because of the similarity of coronary territories and 
ischemic tolerance with human. We have previously established the method to produce domestic swine model of myocardial infarction 
with high survival rate. In this study, the technique was applied to miniature swine and then the cardiac pathology was evaluated by 
PET. METHODS: NIBS miniature swine was selected as a model animal. An ameroid constrictor was placed at the base of left anterior 
descending coronary artery (LAD) following the peripheral ligation, which resulted in the generation of a model of myocardial infarction 
by chronic ischemia. Five months after the strictureplasty, myocardial blood flow (MBF) and perfusable tissue index (PIT) were 
measured by [15O]H2O-PET at rest and during adenosine infusion. In addition, the cardiac sympathetic nerve activity was estimated by 
[11C]m-hydroxyephedrine ([11C]mHED) which is uptaken to the terminal via norepinephrine transporter (NET). After the PET study, the 
heart was removed and the histopathological findings were examined. RESULTS: In model group, defects were observed in [15O]H2O-
PET image of anterior wall. MBF of this area did not increase by adenosine treatment, indicating the state of ischemic myocardium. PTI 
of the same area was decreased compared with that of normal group. Moreover, the accumulation of [11C]mHED radioactivity was also 
decreased in the [15O]H2O deficient area, suggesting that the terminal of sympathetic nerve projecting to the anterior wall was lesioned. 
Histopathological analyses revealed the presence of cardiac fibrosis and the decrease of NET expression in the area corresponding to 
PET study. CONCLUSION: We applied a new strictureplasty to miniature swine and showed the evidence of myocardial infarction 
based on chronic ischemia by using PET. 
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Singular Spectrum-based Targeted Molecular (SiSTM) Imaging: A New Technique for Real-
time Ultrasound-based Molecular Imaging in Large Arteries 
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e-mail: fwm5f@virginia.edu 

Stroke is a leading cause of death in the developed world with an economic impact estimated at approximately $68.9B/yr in the US 
alone. Carotid atherosclerotic plaques account for approximately 15% of this total. Ultrasound-based targeted molecular imaging is an 
emerging technology offering the potential for early detection of atherosclerosis and prevention of stroke. However, a number of 
inherent challenges associated with large vessel geometries have precluded demonstration of this technology in arteries with 
dimensions similar to the human carotid. These challenges include higher flow rates, pulsatile flow, and lower microbubble-vessel wall 
contact. In addition, real-time imaging is generally unavailable using current techniques due to poor image specificity of adherent 
microbubble signal versus free flowing microbubbles. In this paper, we demonstrate a new ultrasound-based targeted molecular 
imaging approach for real-time imaging in large vessels. The technique, termed Singular Spectrum-based Targeted Molecular (SiSTM) 
imaging, overcomes challenges associated with large arteries by 1) introducing acoustic radiation force pulses to counteract high flow 
rates and pulsatile flow in order to improve microbubble adhesion efficiency and 2) leveraging a statistical signal processing technique 
called the singular value filter to isolate adherent microbubble signal from free microbubbles. The latter step enables imaging in real-
time without the need for multi-pulse sequences (e.g. pulse inversion), which suffer from tissue motion, and without destruction of 
microbubbles. SiSTM imaging was experimentally compared to a similar state of the art contrast enhanced imaging technique 
developed in our lab called resonance stimulation and pulse inversion-based (RS-PI) targeted molecular imaging. Receiver operating 
characteristic (ROC) analysis was performed and image contrast quantified in a wall-less gelatin flow phantom along with excised 
porcine arteries possessing vessel diameters of approximately 4 mm. Both imaging sequences were implemented using custom 
imaging sequences programmed on an Ultrasonix RP scanner. In flow phantom experiments, the SiSTM imaging technique 
demonstrated gains > 13 dB in average (n=4) image contrast over RS-PI (see figure for example images). In excised porcine artery 
experiments, SiSTM demonstrated more substantial area under the ROC curve (AUC) and image contrast gains versus RS-PI due to 
the presence of a vessel wall signal with AUC of 0.991 versus 0.923 and 0.954 versus 0.641 for both artery data sets. The image 
contrast gains from these experiments showed at least a 20 dB improvement with SiSTM for adherent microbubble versus vessel wall 
signal. Results in this paper demonstrate two highly sensitive and specific ultrasound-based targeted molecular imaging strategies for 
real-time imaging in large arteries. However, SiSTM imaging, which leverages a signal processing signal separation strategy, does not 
require pulse inversion and exhibited significant gains in terms of sensitivity, specificity, and image contrast over RS-PI. 

 

Example wall-less flow phantom images for experiments when the phantom is (a) absent of microbubbles (control) and (b) with microbubbles. Images 
are shown for (top) RS-PI and (bottom) SiSTM imaging. Adherent microbubbles accumulated on the bottom of the flow phantom in (b) due to application 
of acoustic radiation force pulses. The gray scale background in both images corresponds to a standard diagnostic B-mode image while overlaying ‘hot’ 
color map indicates detection of adherent microbubbles from either RS-PI or SiSTM imaging. SiSTM images exhibited greater sensitivity, specificity, and 

image contrast over RS-PI. 
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Background: Rupture of unstable atherosclerotic plaques in the coronary arteries results in luminal thrombosis and myocardial 
infarction. Neovascularization and intraplaque hemorrhage from immature neovessels is believed to be critical in causing plaque 
rupture. Identification of plaques with extensive neovascularization may therefore allow us to distinguish between stable and unstable 
plaques. Since integrin alpha v beta3 is expressed in plaque neovessels, using an integrin ligand as a diagnostic tool may prove to be 
useful for plaque detection. We developed 18F-RGD-K5, a PET imaging agent based on the RGD tripeptide, and tested this PET tracer 
for detection of plaque neovascularization in an ApoE double knockout mouse model (ApoEKO) of atherosclerosis. Methods: Using 
click chemistry, we prepared the 18F-RGD-K5 tracer within 90 minutes. ApoEKO (n=8) were fed a high fat western diet for 30 weeks at 
the end of which 250 µCi of 18F-RGD-K5 was injected intravenously. Mice were sacrificed 60 min post-injection and the aortas were 
excised. An ex-vivo autoradiogram was performed with whole aortas and 10 µm-thick transverse sections of the aorta mounted on 
glass slides. Representative sections from similar locations in the aorta were stained with CD31 for endothelial cell staining and with 
integrin β3 subunit. Aortic plaques were visualized by oil red O staining with an H&E counterstain. Results: In the ApoEKO fed a high fat 
diet, atherosclerotic plaques visualized by Oil Red O staining were present in the aortic root and aortic arch. A qualitative analysis of ex-
vivo autoradiography of the aortas showed preferential uptake of 18F-RGD-K5 by aortic plaque at these same locations. CD31 and 
integrin β3 subunit expression co-localized with plaques that exhibited increased 18F-RGD-K5 uptake. In contrast, in ApoE mice fed a 
regular diet and in wild-type mice fed the high-fat diet, there were no detectable plaques in the aorta, negligible tracer uptake and low 
levels of CD31 and integrin β3 subunit expression. Conclusion: We were able to label an RGD peptide with 18F by click chemistry. Our 
preliminary studies demonstrate that uptake of this tracer in aortic plaque strongly coincides with high levels of CD31 and integrin β3 
expression. As a result of these findings in rodents, additional studies to assess the potential use of this 18F-labeled tracer for the 
detection of plaque neovascularization in clinical subjects with atherosclerosis may be warranted. 
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Test-retest reproducibility for [18F]FTHA PET imaging of fatty-acid metabolism in rats 
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Background: Fatty acids and glucose are the dominant metabolic substrates used by the heart. [18F]fluorothia-6-heptadecanoic acid 
([18F]FTHA) is a PET tracer whose uptake rate is proportional to the rate of myocardial free-fatty-acid utilization (MFAU). The purpose 
of this study was to implement a reliable analysis method for determining the uptake rate of [18F]FTHA and to assess the test-retest 
reproducibility in healthy rats using micro-PET imaging. Methods: Six normal Sprague Dawley rats were IV-injected with 50-80 MBq of 
[18F]FTHA and imaged at rest on a small animal PET system for 60 min. The same animals were then scanned 1 week later using the 
same protocol. Dynamic images (12x10 sec, 3x60 sec and 11x300 sec frames) were reconstructed using OSEM3D/MAP (β=1; scatter 
and attenuation corrections included). FlowQuant© automated analysis software was used to create polar maps of the left ventricle 
myocardium tracer uptake rate, Ki=K/RC (mL/min/g). Linearized graphical analysis was used with 10-40 minutes of data to estimate the 
Patlak slope (K). RC is a recovery coefficient (0.6) accounting for partial-volume effects. To obtain accurate estimates, a blood 
metabolite correction of the form Cb’(t) = 1-e(-(a+b*t)/t)*Cp(t) where Cb’ is the unmetabolized concentration of tracer in the blood and Cp is 
the total tracer concentration in the plasma, was implemented by curve fitting to FTHA rat data acquired by a previous group [1]. Test-
retest reproducibility of the [18F]FTHA uptake rate was assessed using standard Bland-Altman analysis. Results: The metabolite 
correction was determined to be Cb’(t) = 1-e(-(4.3+.084*t)/t)*Cp(t), where Cp(t) = Cb(t)/(1-HCT); HCT is the hematocrit level, which was found 
to be 0.43 based on human and small animal published values. With these corrections included in Patlak analysis, the [18F]FTHA 
mean uptake rate across the population of rats was (0.18 ± 0.04) mL/min/g at baseline. Comparison with the 1-week data resulted in a 
mean test-retest difference of (0.023 ± 0.045) mL/min/g, p = NS, and a coefficient of repeatability (CR = 1.96 SD) of 0.09 mL/min/g 
(Figure 1). With a coefficient of variation of 25%, small sample sizes of N=10 subjects are sufficient to detect serial changes in MFAU ≥ 
25%. Conclusions: These results suggest that the Patlak analysis method implemented with the appropriate blood metabolite 
correction is reproducible for the assessment [18F]FTHA uptake rate in rats. These methods may also be translated to transgenic mice 
for investigation of metabolic disorders of the myocardium. References [1] Menard, S.L., Croteau, E., Sarrhini, O., et al. Abnormal in 
vivo myocardial energy substrate uptake in diet-induced type 2 diabetic cardiomyopathy in rats. AJP - Endocrinology and Metabolism 
298:E1049-E1057, 2010. 

 
Figure 1. Bland-Altman plot of [18F]FTHA test-retest uptake rates in rats (N=6) showing good repeatability with a CR of 0.09. Note that two of the data 

points overlap at (0.13,0.05), hence the appearance of only 5 points though there are in fact 6. 
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SPECT/CTA fusion imaging for functional and clinical benefits outcomes evaluation of 
percutaneous coronary intervention in patients with chronic total occlusion lesion 
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China; 2Radiology, Stanford University School of Medicine, Stanford, CA, USA; 3Department of Nulclear medicine, Xijing Hospital, Xi 
an, China; 4Institute of Automation, ChineseAcademy of Sciences, Beijing, China. Contact e-mail: wind8828@gmail.com 

Aims: To determine the effects of percutaneous coronary intervention (PCI) on cardiac perfusion, cardiac function and quality of life in 
patients with chronic total occlusion (CTO) lesion in left anterior descending (LAD) coronary artery. Methods: Ninety-eight consecutive 
patients with CTO lesion in the LAD coronary artery underwent PCI as well as SPECT/CTA fusion imaging. They were divided into the 
following three groups based on the myocardial perfusion index before PCI: (a) no severe cardiac perfusion defects (n=9); (b) reversible 
cardiac perfusion defects (n=40); (c) fixed cardiac perfusion defects (n=50). Results: Overall successful rate of recanalization for CTO 
was 71.2% (99/139). No statistical difference of perfusion abnormality was observed 6 mo and 1yr after PCI in group a. In group b, 
SPECT/CTA fusion imaging demonstrated that cardiac perfusion abnormality was significantly decreased 6 mo (21.4±4.8 % vs 
28.6±5.1 %, P<0.05) and 1 yr (22.7±5.6 % vs 28.6±5.1 %, P<0.05) after PCI compared with baseline. Left ventricular ejection fraction 
(LVEF) significantly enhanced as evaluated by echocardiography at 6 month (0.529±0.071 % vs 0.477±0.084 %, P=0.004) and 1 year 
(0.537±0.086 vs 0.477±0.084, P=0.002) follow up. Quality of life improved as evidenced by 6-min walk distance (6MWD) 6 month 
(426.4±33.8 m vs 347.3±24.6 m, P<0.05) and 1 year (426.4±33.8 m vs 347.3±24.6 m, P<0.05) after PCI procedure. Angina pectoris 
analysis indicated an improvement in quality of life 6 mo and 1 yr after PCI procedure. Moreover, patients in group c also benefits from 
PCI therapy: a decrease in cardiac perfusion abnormality, an increase in LVEF and an improvement in quality of life. Conclusion: PCI 
exerts long-term functional and clinical benefits in patients with CTO lesion in LAD coronary artery, particularly in patients with 
reversible cardiac perfusion defects. SPECT/CTA fusion imaging may serve as a gatekeeper to evaluate the outcomes of patients with 
CTO lesion in LAD coronary artery. 

 

Fig:SPECT/CTCA fusion imaging and changement of LVEF evaluated by echocardiography SPECT/CTCA fusion image were indicated in a 
representative patient in group b from baseline to 1 year after PCI. CTCA imaging confirmed LAD lesion (A, B, yellow arrow). SPECT/CT fusion image 
showed myocardial perfusion defects (C, D, E). Three-dimensional SPECT/CT fusion images revealed severe anterior wall perfusion defects (F, red 

arrow). Myocardial perfusion SPECT after pharmacological stress and at rest showed a reversible anterior perfusion defect. Cardiac perfusion 
abnormality was significantly improved at 1 yr follow up after PCI in group b (G, H, I, J). Three-dimensional SPECT/CT fusion images visualize improved 

cardiac perfusion at 1 yr follow up after PCI in group b (K, L, red arrow). LVEF measured at 6 months, 1 year follow up was increased significantly in 
group b and group c compared to their baseline respectively(M, N) 
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Molecular MR Imaging of Atherosclerotic Plaques by a Vascular Cell Adhesion Protein-1 
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Biomedical Chemistry, Université de Mons, Mons, Belgium; 3Radiology, Leiden University Medical Center, Leiden, Netherlands. 
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Introduction: Several MRI studies have shown atherosclerosis can be detected in vivo. Non-targeted contrast agents (CA) are able to 
generate good plaque enhancement yet without discrimination of the different plaque components. Inflammation drives atherosclerotic 
plaque instability and acute thromboembolic events. Vascular Cell Adhesion Molecule-1 (VCAM-1), a protein that mediates both rolling-
type adhesion and firm adhesion, is weakly expressed under baseline conditions but is rapidly induced in activated vascular 
endothelium. There is currently no clinical imaging technique available to assess the degree of inflammation associated with plaques. 
This study aims at visualising and characterising atherosclerosis using VCAM-1 targeted USPIOs as an MRI probe for detecting 
inflamed atherosclerotic lesions. Methods: A binding peptide for VCAM-1 was identified by phage displayed peptide library screening. 
Our synthetic peptide or a scrambled variant were covalently conjugated to the carboxyl groups exposed by the bisphosphonate coating 
of USPIO through their amino-terminal groups. The in vivo imaging potential of VCAM-1 targeted USPIOs was investigated both in 
aged ApoE-/- mice and young ApoE-/- mice exposed to a Western diet. In the latter mice atherosclerosis was induced in a timed 
manner by placement of a constrictive collar around the left carotid artery. MRI of the aortic arch was performed on a 9.4 T vertical 
Bruker system, a 24 hours kinetics being obtained after intravenous injection of USPIO using a cine MRI FLASH sequence. Results: 
We successfully identified a highly specific peptide with nanomolar affinity for human VCAM-1. High resolution MRI performed 1.5 
hours after i.v. injection of VCAM-1 targeted USPIOs in aged ApoE-/- mice with advanced plaques showed enhanced uptake of the 
contrast agent compared to the passive uptake of the scrambled variant (figure 1). 24 Hours after injection, passive uptake was 
comparable in both groups. In mice with a collar around the carotid artery, uptake of VCAM-1 targeted USPIOs corrected over the 
plaque area was significantly increased in mice 3 weeks post collar placement. Histology revealed colocalisation of VCAM-1 positive 
endothelial cells and iron deposits in the vessel wall. Conclusions: Our data indicate that VCAM-1 targeted USPIO holds great promise 
for diagnosis and staging of inflammatory plaques in atherosclerosis. Acknowledgement: Fons Lefeber and Kees Erkelens are gratefully 
acknowledged for technical support. References: Burtea C et al. J. Med. Chem. 2009, 52, 4725-4742. 
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Molecular MR Imaging of Atherosclerotic Plaques by a Scavenger Receptor A1 Targeted 
Contrast Agent 

Filip M. Segers2, Brigit denAdel1, Ilze Bot2, Linda M. van der Graaf1, Walter Gonzalez3, Isabelle Raynal3, Menno de Winther2, Robert 
E. Poelmann1, Erik A. Biessen4, Louise van der Weerd1,5, Theo van Berkel2, 1Anatomy and Embryology, Leiden Universitary Medical 
Centre, Leiden, Netherlands; 2Division of Biopharmaceutics, LACDR, Leiden University, Leiden, Netherlands; 3Recherche Biologique, 
Guerbet, Aulnay-sous-Bois, Netherlands; 4Department of Molecular Genetics, CARIM, Maastricht University, Maastricht, Netherlands; 
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Introduction: Several MRI studies have shown atherosclerosis can be detected both in humans and animal models. Uptake of non-
targeted contrast agents (CA) in the leaky endothelium of atherosclerotic plaque gives good plaque enhancement yet without 
discrimination of the different plaque components. In search of targeted molecular imaging modalities for discriminative detection of 
inflammatory high risk plaques, we investigated the imaging potential of scavenger receptor-AI (SR-AI) which is highly expressed by 
lesional macrophages and linked to plaque vulnerability. Methods: A 15-mer binding peptide for SR-A1 was identified by pComb3 
phage displayed peptide library screening. USPIO coated with dextran and conjugated with our synthetic peptide or a scrambled variant 
were produced. The in vivo imaging potential of SR-A1 targeted USPIOs was investigated both in aged ApoE-/- mice and LDLr-/- bone 
marrow chimeras with leukocyte SR-AI deficiency or expression of human SR-AI. MRI of the aortic arch was performed on a 9.4 T 
vertical Bruker system, 24 hours after intravenous injection of USPIO using a cine MRI FLASH sequence. Results: We successfully 
identified a highly specific peptide with nanomolar affinity for human. SR-AI. High resolution MRI performed 24 hours after i.v. injection 
of USPIO in ApoE-/- mice with advanced plaques showed enhanced uptake of the P03 SR-A1 USPIO compared to the passive uptake 
of the scrambled variant (figure 1). LDLr-/- mice were transplanted either with SR-AI deficient bone marrow or bone marrow with 
expression of human SR-AI in lysM1 macrophages. These latter mice showed a significant improvement in contrast-to-noise ratio for 
the plaque in aortic arches whereas the chimeras transplanted with SR-A1 deficient bone marrow only showed only moderate uptake, 
comparable to passive uptake of the scrambled USPIO in ApoE-/- mice (figure 2). Conclusions: Our data indicate that SR-AI targeted 
molecular imaging based on phage display derived binding peptides holds great promise for diagnosis of inflammatory plaques in 
manifest atherosclerosis. Acknowledgement: Fons Lefeber and Kees Erkelens are gratefully acknowledged for technical support. 
References: van Berkel TJ et al. Ann N Y Acad Sci. 2000 May;902:113-26. 

 

Disclosure of author financial interest or relationships: 
F.M. Segers, None; B. denAdel, None; I. Bot, None; L.M. van der Graaf, None; W. Gonzalez, None; I. Raynal, None; M. de Winther, 
None; R.E. Poelmann, None; E.A. Biessen, None; L. van der Weerd, Philips, Grant/research support; BAC BV, Grant/research 
support; Cyclotron BV, Grant/research support; Virtual Proteins BV, Grant/research support; T. van Berkel, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S409



Presentation Number P442 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Simple assessment of cerebral hemodynamics using MR angiography in patients with steno-
occlusive disease of cervical internal carotid artery 
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Chonnam National University Hospital, Gwangju, Republic of Korea. Contact e-mail: ckhchoikang@hanmail.net 

Background: The presence of collateral middle cerebral artery (MCA) flow via the primary collateral pathway is thought to protect 
against the progression of cerebral ischemia. The velocity in the MCA may correlate with cerebrovascular reactivity (CVR). The goal of 
this study was to compare the usefulness of MCA signal intensity on MR angiography (MRA) versus CVR to acetazolamide measured 
by quantitative perfusion single-photon emission CT (SPECT) for the detection of cerebral hemodynamic impairment in patients with 
cervical internal carotid artery (ICA) steno-occlusive diseases. Methods: The signal intensity of the MCA on single-slab 3D time-of-flight 
(TOF) MRA was graded according to the ability to visualize the MCA in 42 patients with unilateral cervical ICA steno-occlusive 
diseases. SPECT-CVR was also calculated by measuring cerebral blood flow before and after acetazolamide challenge. Ten healthy 
subjects were studied to obtain control SPECT-CVR values. Results: CVR was significantly lower in cerebral hemispheres with reduced 
MCA signal intensity than in those with normal intensity (P <0.01). When the reduced signal intensity of the MCA on MRA was defined 
as abnormal, and when a CVR less than the mean 2 SD of healthy subjects was defined as reduced, MRA grading resulted in a 83.2% 
sensitivity and 77.8% specificity, with 81.0% positive predictive and 91.7% negative-predictive values to detect reduced CVR. 
Conclusions: This simple MRA method can assess hemodynamic impairment. Therefore, the results of this study suggest that the 
patients of ICA steno-occlusive disease with the reduced signal intensity of the MCA should be carefully managed because their 
conditions may deteriorate. 
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Objective: Our objective was to evaluate the association of vascular F-18 FDG uptake in arteries and veins as detected by F-18 
Fluorodeoxyglucose (FDG) Positron emission tomography/computed tomography (PET/CT) with the subsequent occurrence of 
ischemic stroke in cancer patients. Materials and Methods: Patients referred to FDG PET/CT for conventional oncologic indications 
were retrospectively included and compared between: (i) 27 case-patients with subsequent ischemic stroke and (ii) 81 event-free 
control-patients, matched to the case-patients according to age, gender, cancer location and staging. The maximal standardized uptake 
value (SUV) was divided by the blood-pool SUV, yielding a target-to-background ratio (TBR) for each vascular segment. The mean 
TBR was calculated in the vessels: carotid artery, ascending, arch, descending thoracic and abdominal segments of the aorta, internal 
jugular vein, superior and inferior vena cava. Results: The maxSUVs of common carotid artery, abdominal aorta, internal jugular vein 
and inferior vena cava and the TBRs of common carotid artery, descending thoracic and abdominal aorta, internal jugular vein and 
inferior vena cava were significantly higher in case-patients than in control-patients. The TBR of common carotid artery of all arterial 
parameters and that of inferior vena cava of all venous parameters were the best for discriminating case-patients from control-patients 
(independent t test, p<0.001) and for predicting subsequent ischemic stroke (logistic regression analysis). In the ROC curve analysis, 
the optimal cut-off value of the TBRs of each artery and vein for predicting subsequent ischemic stroke was 1.08 for common carotid 
artery and 1.04 for inferior vena cava. Based on this cut-off point, diagnostic accuracy was best in the group of artery alone, but the 
group of either artery or vein showed higher sensitivity than the group of artery alone. Conclusion: This study shows that arterial and 
venous F-18 FDG uptake is associated with the risk of subsequent ischemic stroke in cancer patients. 
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Current and future trends of Imaging in Multiple Sclerosis (MS) 

Uday Bhaskar Krishnamurthy1, Jyotsna Rao2, 1Dept. of Biomedical Engineering, Osmania University, Hyderabad, India; 2Apollo 
Gleneagles PET/CT Centre, Apollo Hospitals, Hyderabad, India. Contact e-mail: udayanbhaskar@gmail.com 

Aim: To evaluate the importance and role of molecular imaging in MS, particularly with the advent of PET-MR into clinical practice. 
Material and methods: A literature search with emphasis on the existing diagnostic imaging facilities for MS and extrapolation 
considering the incorporation of PET-MR scanners into the standard diagnosis protocol. Results: Multiple sclerosis (MS) is an 
inflammatory demyelination condition of the CNS and is one of the most prevalent diseases of the CNS. The etiology of MS is still 
subject to debate and research. As on today there is no gold standard for the diagnosis for MS, hence the diagnosis is largely 
dependent on combination of the subject’s symptoms and ruling out other possibilities. Plaques have been positively correlated with 
MS. MRI has been the most preferred imaging modality to detect plaques or scarring in MS. With the advancements in MR (sequences) 
and development of fluid suppression sequences identification of MS plaques/lesions has been made easy. Studies over the past few 
years also indicate that the plaques are often associated with high iron build up which are clearly visualized in SWI Imaging. High 
resolution 3D volumetric based atrophy studies helps in understanding the prognosis, Magnetization Transfer Imaging to quantitative 
analyze the myelination, DTI based techniques provide quantitative information on the tissue integrity. MRS acts as a tool to study 
extent of neuronal damage, currently research is directed on 13C hyperpolarised MRS to provide information some other metabolites 
relevant to MS. Molecular Imaging (PET, SPECT) has found little application in MS. It holds a definite promise considering the fact that 
there has been multiple clinical/ research studies. The dynamics of MS Imaging could change once the genesis or molecular 
neuropathology of MS is established. Current applications are limited to MS lesion detection (non-specific tracers), Neuro-inflammatory 
specific markers (anti-E-selectin antibodies), to study the integrity of Blood brain barrier (BBB), to study the neuronal activity. 
Conclusion: Integration of imaging modalities with improved image processing algorithms is bound to provide valuable information. 
Advancements in radio chemistry/ tracer technology with the use of inexpensive radio generators might open up new techniques/ 
protocols/ approaches to understand multiple sclerosis. 
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A 45 day regimen of caprylidene (Axona®) increases regional cerebral blood flow responses 
in the forebrain of subjects with mild-to-moderate Alzheimer’s disease 

Michelle L. Dilley1, Kelsey Mason1, Daniel H. Silverman1, Jeffrey L. Cummings3,4, Joshua D. Grill2, 1Department of Molecular and 
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Background: Caprylidene is a medical food that increases the concentration of ketone bodies in the blood and brain and represents 
the most recent addition to FDA-regulated treatments for Alzheimer's disease (AD). In the AD brain, impaired glucose utilization occurs 
in various cortical regions and it is hypothesized that ketone bodies may provide an alternate source of metabolic fuel. Clinical trials 
support that caprylidene increases ketone levels and improves cognitive function in AD, but the specific neurobiological basis of the 
effect remains to be established. Methods: A prospective, randomized controlled pilot study was designed to examine the biological 
effects of caprylidene in 22 subjects. Here, we analyzed 12 PET scans, acquired from the first 3 subjects to complete the protocol. 
Eligible subjects are 50-90 years, MMSE range 14-28, and a diagnosis of probable AD (NINDS-ADRDA criteria). Brain PET scans with 
[O-15]water assess regional cerebral blood flow (rCBF) prior to and 45 days after initiating daily caprylidene (40g packet once daily with 
breakfast). Two scans are obtained on each test day - one before and one 90 minutes after ingestion of caprylidene. Regional cerebral 
activity is being examined by quantifying 47 standardized volumes of interest (sVOI) and through statistical parametric mapping 
methods of analyses. Results: Comparing rCBF before and after caprylidene on the first day of ingestion, no brain regions 
demonstrated a significant (p<0.05) increase in rCBF. After 45 days of daily caprylidene, however, several forebrain regions 
demonstrated increased rCBF, including the right lentiform nucleus of the basal ganglia (p=0.04) and the left temporal (p=0.05) and 
right frontal (p=0.08) cortices. For all subjects, post-treatment rCBF in the right lentiform nucleus on Day 45 was approximately 3% 
higher than both rCBF before ingestion on the same day, as well as rCBF after caprylidene ingestion on Day 1. Direct statistical 
comparisons of the magnitudes of the acute changes following caprylidene ingestion observed on Day 45 versus those on Day 1 further 
corroborated that rCBF response of the right basal ganglia to caprylidene ingestion was specifically enhanced by the long-term use of 
the regimen, for both the caudate (p=0.01) and lentiform (p=0.04) nuclei. Conclusions: A 45-day regimen of caprylidene was 
associated with an acute increased rCBF response in forebrain regions of a small set of patients with AD. These changes may underlie 
previously reported cognitive benefits of caprylidene. 
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Predictive value of FDG-PET scans for conversion from mild cognitive impairment to dementia 
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Objectives: The Alzheimer’s Disease Neuroimaging Initiative (ADNI) is a large multicenter study that included approximately 200 
subjects with mild cognitive impairment (MCI) from over 50 facilities who underwent brain FDG-PET scans; it provides a rich database 
documenting the neuropsychologic and cerebrometabolic longitudinal trajectories of clinically well-characterized subjects. We aimed to 
assess the predictive value of brain FDG PET scans for imminent risk of conversion from MCI to dementia, using a simple quantitative 
index of regional hypometabolism, generated automatically with clinically routine software. Methods: A total of 109 subjects (mean age 
76±6, range 55-88) whose data were acquired from the ADNI database by January 2011, and who had a clinical dementia rating (CDR) 
of 0.5 at the time of recruitment, as well as completed a minimum of 3 years longitudinal follow-up, were analyzed by statistical 
parametric mapping (SPM) and standardized volumes of interest (sVOI) methods. Activities in 240 standardized regions were 
automatically quantified and normalized to whole brain activity in each scan using clinically routine software, and six dementia-specific 
posterior cortical regions previously established to decline significantly in neurodegenerative dementias were linearly combined to form 
a dementia prognosis (DP) index. These regions included right and left right posterior cingulate cortex, right and left medial temporal 
regions, and right and left lateral temporal cortical regions. Results: At the conclusion of 3 yrs of longitudinal follow-up, 32% of subjects 
(n=35) converted to dementia (CDR≥ 1), and 68% (n=74) did not, of which 12% returned to normal cognition (CDR =0), while 56% 
(CDR = 0.5) remained stable. The DP index was a highly significant predictor in distinguishing between those subjects who 
subsequently progressed to dementia from those demonstrating no progression both over a period of 1 year (p =.0000008) and a 
period of 3 yrs (also p=.0000008) after the time of the PET scan. An average value of posterior cortical regions of at least 3.3% above 
whole brain activity provided a greater than 93% probability of remaining cognitively stable for at least 3 years and a 100% probability of 
remaining cognitively stable in the 1st year after the FDG-PET scan was obtained. Conclusions: An index of posterior cortical 
hypometabolism, derivable automatically from routine regional analysis of brain PET scans, may provide substantial additive value 
above the initial clinical evaluation for accurately predicting which MCI individuals are at imminent risk of developing dementia, versus 
who will remain stable (or improve) during the first several years after the PET scan is acquired. 
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Aim: Patients with chronic hemodynamic cerebral ischemia are characterized by a >80% of normal baseline perfusion and loss of 
cerebrovascular reserve capacity (CVRC) resulting in highly increased risk of stroke. Only little is known about the functional status of 
chronically ischemic brain tissue. Resting motor threshold (RMT) measured by navigated transcranial magnetic stimulation (nTMS) is a 
marker for cortical excitability. RMT is the minimum intensity at a cortical ‘hot spot’ necessary to elicit a motor evoked potential (MEP). It 
reflects excitability of central core neurons that arises from the excitability of individual neurons and their local density. Aim of the 
present study was to test for potential relationship between RMT and CVRC in chronically ischemic brain tissue. Methods: CVRC and 
RMT were determined during presurgical evaluation for EC-IC bypass surgery in 22 patients (9 Moyamoya disease, 11 ICAO, 2 CCAO) 
aged 22-72 years (49±15). None of the patients had antiepileptic medication or territorial MCA infarction. The RMT ‘hot-spot’ was 
defined over both hemispheres for MEPs of the first dorsal interosseus muscle. Brain perfusion SPECTs for measurement of CVRC 
were acquired using a 2-day protocol and a triple-head camera (MultiSPECT 3, Siemens). Baseline and DIAMOX scan were 
coregistered and then stereotactically normalized to the SPM perfusion template. The (relative) CVRC was computed voxel-by-voxel 
according to the formula: CVRC (%) = 100*(scale*DIAMOX-BASELINE)/BASELINE. The scale factor was determined individually for 
each patient such that the global CVRC (average CVRC in a predefined grey matter mask) was 50%. CVRC in the MCA territory in 
each hemisphere was obtained by region of interest (ROI) analysis of the CVRC-map. ROIs predefined in the VOItool SPM utility were 
used for this purpose. Left-right difference of MCA CVRC (LRDCVRC) was computed as LRDCVRC = (MCA CVRC Left - MCA CVRC 
Right). A relationship between LRDCVRC and left-right difference of RMT, i.e. LRDRMT = (RMT Left - RMT Right), was tested by 
Pearson`s correlation analysis. Results: There was a statistically significant negative correlation between LRDRMT and LRDCVRC 
(correlation coefficient = -0.446, p = 0.038) (suppl. figure). The correlation between LRDRMT and left-right asymmetry of tracer uptake 
in the MCA territory at baseline did not reach the level of statistical significance. Conclusion: The present findings provide evidence for 
an association of neuron excitability as characterized by RMT with locoregional CVRC in chronically ischemic, viable brain tissue. 
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Germany, University of Tbingen, Tübingen, Germany; 2Department of Medical Genetics, Institute of Human Genetics, Eberhard Karls 
University, Tübingen, Germany; 3Department of Biochemistry, Adolf Butenandt Institute, Ludwig-Maximilians-Universität, München, 
Germany; 4Hautklinik-Tübingen, Eberhard Karls University, Tübingen, Germany. Contact e-mail: Salvador.castaneda@med.uni-
tuebingen.de 

Background: Early onset torsion dystonia (DYT1 Dystonia) is a childhood hyperkinetic movement disorder characterized by repetitive or 
maintained muscle contractions. The mutation of dyt1 consists of a GAG deletion on the TorsinA protein. TorsinA is a protein involved 
in mechanisms for stress, neuron outgrowth, synaptic activity and dopaminergic transmission. These characteristics led us to generate 
a transgenic animal for dyt1 dystonia, composed of the full length human dyt1 finally leading to a rat model showing a nearly similar 
dystonic phenotype as seen in the human mutant carriers. Overexpressing human wild type TorsinA (WTtorsinA) has also been found 
to cause phenotypic abnormalities. Methodology: A complex phenotyping approach was made using behavioural and physiological 
performance, in vivo Magnetic resonance imaging (MRI) using Diffusion Tensor Imaging (DTI) techniques and neuropathology. Two 
lines of transgenic rats were generated using a plasmid comprising the full ∆GAGdyt1 gene and the WTtorsinA. Transgenic as well as 
WT littermates (n=5 per group) were measured with various MR sequences. For DTI three age points were measured, 4, 8 and 10 
months. The images were produced using an echo planar sequence with 256 directions (b=1000s/mm2, 54x21 mm FOV, 128x52 
matrix, twenty-six 1mm slices). For anatomical coregistration a T2 weighted image sequence was used. Fractional anisotropy (FA), 
mean diffusivity, diffusion weighted images and radial diffusivity were calculated using DTI-studio software. Maps were stacked and 
imported into Pmod software for ROI based analysis of the striatum (STR) and motor cortex (MC). Results: FA comparisons of the STR 
of WTtorsinA and the ∆GAGdyt1 groups showed a clear tendency for lower FA values on the ∆GAGdyt1 group at 4 months, reaching 
statistical significance (p=0,012) at 8 months and an even higher one at 10 months (p=0,0045). The MC also presented a tendency and 
a statistical significance at 10 months (p=0,0068). The WTtorsinA showed higher FA values throughout the study. Both WTtorsinA and 
the ∆GAGdyt1 showed no statistical significances in comparison to the WT littermates. Discussion: The significant values obtained at 
the MC and the STR at 10 months correlate with the appearance of the neurological phenotype observed in our parallel behavioural 
studies. FA values may indicate the degree at which the order and organization of fibers and neuronal connectivity, degradation of 
microtubules and loss of axonal structure, takes place. FA tendency on the ∆GAGdyt1 may reflect a loss of microstructure that has also 
been studied and found significant in the cerebellothalamocortical (CTC) tract of transgenic mice and humans, with ∆GAGdyt1. 
Conclusion: This study presents the first transgenic rat model for DYT1 dystonia. The multimodal analyses made over one year enabled 
us to detect phenotypic abnormalities and microstructural changes similar to that previously seen in mouse and human. Further 
research on this rat model must be made focusing on the CTC, to additionally evaluate the complex neuronal connections affecting 
these brain regions. 
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Quantification of MDMA induced changes of DA neurotransmission in an animal model of L-
DOPA induced dyskinesias using small animal PET imaging and behavioural analysis 

Kristina Fischer1, Nadine Y. Lettfuss2, Vesna Sossi3, Anke Stahlschmidt1, Bernd J. Pichler1, Andreas von Ameln-Mayerhofer2, 
1Department of Preclinical Imaging and Radiopharmacy, Eberhard Karls University Tuebingen, Laboratory for Preclinical Imaging and 
Imaging Technology of the Werner Siemens-Foundation, Tuebingen, Germany; 2Department of Zoology; Eberhard Karls University 
Tuebingen, Neuropharmacology, Tuebingen, Germany; 3Physics and Astronomy, University of British Columbia, Vancouver, BC, 
Canada. Contact e-mail: kristina.fischer@med.uni-tuebingen.de 

In Parkinsons disease (PD) motor symptoms result from a degeneration of nigrostriatal neurons. Dopamine (DA) replacement using L-
3,4-dihydroxyphenylalanine (L-Dopa) has been the treatment of choice in the early stages of disease. However, with disease 
progression patients suffer from motor complications which have been suggested to arise from DA released from serotonergic (5-HT) 
terminals as a false neurotransmitter. The synthetic amphetamine derivate 3,4-methylendioxymethamphetamine (MDMA, “ecstasy”) 
has been shown to inhibit dyskinesia occurrence in humans and animal models of PD. It has been suggested that the antidyskinetic 
effect of MDMA is in part mediated by 5-HT1A receptor stimulation and may regulate 5-HT neuron release of L-dopa derived DA. In 
order to examine the effect of MDMA on L-Dopa derived DA release, [11C]raclopride PET was used to assess alterations in DA 
neurotransmission in a rat model of L-Dopa induced dyskinesias (LIDs). 25 unilaterally 6-hydroxydopamine (6-OHDA) lesioned rats 
were used. 20 rats with most pronounced lesions, based on performance during stepping tests and [11C]methylphenidate PET scans, 
were included in the study. Rats were randomly subdivided into two groups (n=10) and underwent four [11C]raclopride (RAC) PET 
scans: two before L-Dopa priming (PET I) and two after L-Dopa priming (PET II). To measure L-Dopa derived DA release, we used a 
double-bolus scan protocol: a first baseline RAC PET scan (rac0) was performed before and the second scan (rac1) one hour after i.p. 
injection of L-Dopa (50mg/kg) plus benserazide (15mg/kg). After this, rats received 2 weeks of daily treatment with L-Dopa (10mg/kg) 
plus benserazide (7.5mg/kg) and abnormal involuntary movements (AIMs) were scored at day 1,7 and 14. After the chronic L-Dopa 
treatment (priming) the RAC PET study was repeated with the following challenges: control group (L-Dopa (50mg/kg)+benserazide 
(15mg/kg)), test group (L-Dopa (50mg/kg)+benserazide (15mg/kg)+MDMA (10mg/kg)). Changes in synaptic DA levels were calculated 
by comparing binding potentials (BPND) from first and second RAC scan. Four weeks after the second PET scanning session the same 
challenges were repeated and behavioural analysis was performed. We observed a significant reduction in L-Dopa induced DA release 
(∆BPND change from 34% to 21%) after L-Dopa priming in the lesioned striatum of the control group (p=0.01), with no difference on the 
healthy side (p=0.4). In contrast, L-Dopa plus MDMA challenge resulted in higher DA levels as measured with PET in the lesioned 
striatum (∆BPND change of 32%) compared to the control group (p=0.02) and a high increase of L-dopa derived synaptic DA levels on 
the healthy side (p=0.0001). Both groups showed significantly increasing AIMs over the priming period and the challenge with L-Dopa + 
MDMA revealed significantly reduced limb (p=0.0155) and oro-lingual AIMs (p=0.0057) compared to the test group. Our data show that 
chronic L-Dopa priming leads to a decrease of L-Dopa derived DA release in the parkinsonian striatum and that the antidyskinetic effect 
of MDMA might not arise from reduced synaptic DA levels but possibly from longer lasting DA release. 
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An in vivo diffusion kurtosis imaging (DKI) study reveals regional kurtosis decreases in brains 
of APPPS1 mice in an early stage of the amyloid pathology 

Greetje Vanhoutte1, Chengyuan Peng1, Sandra Pereson3, Bob Asselbergh3, Jelle Veraart2, Jan Sijbers2, Marleen Verhoye1, Christine 
Van Broeckhoven3, Annemie van der Linden1, 1Biomedical Sciences, Bio-Imaging Lab, University Antwerp, Antwerp, Belgium; 2Physics, 
Vision Lab, University Antwerp, Antwerp, Belgium; 3Molecular Genetics, VIB and Institute Born-Bunge, University Antwerp, Antwerp, 
Belgium. Contact e-mail: greetje.vanhoutte@ua.ac.be 

Introduction: DKI has been proposed to probe non-Gaussian diffusion in brain tissue and probes better the restricted diffusion in 
biological tissues (1,2,3) . Although in theory DKI is robust, the sensitivity of this approach for tissue characterization has not yet been 
evaluated. Based on a previous ex vivo study (4) showing different patterns for mean kurtosis in an AD mouse model, we hypothesize 
that changes in the brain due to amyloid deposits can be measured with DKI in vivo. Therefore we investigated the regional and age 
related changes in DKI of a group APPPS1 mice developing amyloid burden in the brain as compared to controls. We chose to use 
APPPS1 mice because of their effective brain amyloidosis without the occurrence of neurodegeneration, tau-pathology or behavioural 
changes. In vivo detection of the amyloid deposits in the brain would be beneficial in terms of AD diagnosis and therapy follow-up. 
Method: DKI was conducted on a 9,4T MR Biospec (Bruker,Germany) on a APP(swe)-PS1(L166p) and a control WT mice: 2m 
(n=12/12) and repeated at 4m (n=10/11), 6m (n=6/6) and 8m (n=6/6). DKI scans include 7 b0-values, 30 gradient directions, 7 b-values. 
DK-tensor and diffusion tensor derived parametric maps (mean kurtosis (MK), radial kurtosis (RK), axial kurtosis (AK)) were computed 
covering the whole brain (Matlab). Regional differences were computed by multivariate ANOVA (Bonferroni Post-Hoc test) test in SPSS 
16.0 (SPSS Inc. Chicago, USA). Result and discussion: Focussing on regions of which the amyloid pathology is known (6) we present 
here results in hippocampus, cortex and thalamus. In the hippocampus, amyloid deposition occurs later than the cortex and starts in the 
dentate gyrus at 2-3 months of age and in CA1 at 4-5 months of age. Amyloidosis in the thalamus appeared between 3 and 5 months of 
age. At 8 months of age, virtually the entire forebrain was covered. At 2m, MK, RK and AK were decreased for the 3 regions in APPPS1 
mice, and fort he thalamus, this continued also at 4m. Along with ageing, the difference between APPPS1 and WT turned over into 
increased kurtosis values at 6m for the hippocampus and 8m for cortex and thalamus. For the WT, kurtosis parameters decrease along 
age whereas for the APPPS1 mice, an opposite change is detected for both the thalamus and the cortex, but not for the hippocampus. 
Previous ex vivo DKI scans of the same APPPS1 mouse model solely reported similar MK changes (4). Here we show that the 
application of DKI in vivo drives the observations towards a better characterization of brain tissue pathology. Our results reinforce the 
hypothesis that DKI is a more sensitive technique than its predecessor DTI (6). Increased kurtosis values in APPPS1 mice occur in 
regions with amyloid. These results are as expected whereas the observation of early decreases in kurtosis is an issue to be unravelled 
and may have potential as an early amyloid pathology indicator. 1. Song Neurobiol Dis 2004 2. Sun Exp Neurol 2005 3. Jensen MRM 
2005 4. Falangola Proc ISMRM 2007 5. Radde EMBO Rep. 2006 6. Hui NeuroImage, 2008 
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3D quantitative analysis for 99mTc-TRODAT-1 brain SPECT in patients with Parkinson’s 
Disease 

Chin-Ho Tsao1,2, Wen-Wen Cheng1, Yan-Tzu Lian1, Ming Che Wu1, Bing-Fu Shih1, Ren-Shyan Liu2,3, 1Dept. of Nuclear Medicine, 
Mackay Memorial Hospital, Taipei, Taiwan; 2MAGIC/NRPGM, National Yang-Ming University Medical School, Taipei, Taiwan; 3NPCC, 
Taipei Veterans General Hospital, Taipei, Taiwan. Contact e-mail: tsao.souzay@msa.hinet.net 

Objectives: 99mTc-TRODAT-1 brain SPECT imaging is a valuable and feasible method to assess the integrity of dopamine neuron. 
Pervious 2D fractional quantitative analysis is somewhat limited but useful for the clinical application. This study aimed to assess the 
use of 3D quantitative method to evaluate the patients with Parkinson’s Disease. Materials and Methods: Forty two pts with Parkinson’s 
Disease, age ranged from 40 to 89 years (males: 15; females: 26) were enrolled in this study. 99mTc-TRODAT-1 SPECT imaging were 
performed for all pts. For comparison, we use traditional 2D analyzing method ((ROI counts - occipital cortex counts)/occipital cortex 
counts; s/o) and 3D Neurogam (software of GE Millennium VG) for quantitation of tracer uptake. For 3D quantitative analysis, the value 
of max (the maximum voxel or vertex value in the ROI, expressed as a percentage of the normalization value of entire brain or 
ipsilateral occipital lobe) and mean (the ROI mean voxel or vertex value in the ROI) were calculated. The statistical analysis was 
performed with ANCOVA. Results: The data of 2D fractional quantitative analysis correlate with 3D data whenever using max or mean 
value. The correlation coefficients are 0.59 (L-max, L-s/o), 0.58 (R-max, R-s/o), 0.6 (L-mean, L-s/o), 0.52 (R-mean, R-s/o). The 
differences between right and left striatum with two processing methods are more dominant in age 40s and 50s pts. The max and mean 
value initially increased correlatively but the max values were reaching the plateau when mean values are around 1.5 especially in pts 
older than 60-year. Conclusions: 3D quantitative analysis of 99mTc-TRODAT-1 brain SPECT is a useful tool to evaluate patients with 
Parkinson’s Disease. The relationship between the max and mean values indicates that the dopamine neuron deficits of Parkinson’s 
disease start regionally and then extend to the whole striatum. 
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[18F]FTC-146: a novel sigma-1 receptor (S1R) radioligand for imaging pain with PET-MRI 

Bin Shen1, Deepak Behera1, Michelle L. James1, Rhona A. Berganos1, Christopher R. McCurdy2, Sanjiv S. Gambhir1, Sandip Biswal1, 
Frederick T. Chin1, 1Radiology, Stanford University, Stanford, CA, USA; 2Medicinal Chemistry & Pharmaceutics, The University of 
Mississippi, University, MS, USA. Contact e-mail: binshen@stanford.edu 

Objective: Increased S1R expression in the peripheral and central nervous system has been found to be associated with chronic pain 
conditions. We present the novel use of [18F]FTC-146 to detect the increased expression of S1Rs in the injured sciatic nerve of an 
animal model of neuropathic pain using PET-MRI. The results pave way for detection and evaluation of pain generators in the 
peripheral tissues as well as developing image-guided therapies that target these pro-nociceptive tissues or nerves as opposed to 
systemic therapy. Methods:[18F]FTC-146 was synthesized via aliphatic nucleophilic fluorination. Adult Sprague-Dawley male rats were 
divided into 3 groups (n=3-5). The Spared Nerve Injury (SNI) group underwent a left sciatic SNI procedure, which creates a well-
characterized neuropathic pain model [1]. The sham SNI group were subjected to a similar surgery but without nerve injury, whereas no 
surgery was performed on the control group. Imaging was conducted 4 weeks after surgery to allow SNI animals to develop pain and to 
minimize effects of inflammation due to surgery. Pain behavior (e.g., allodynia) was confirmed in the left hindlimbs of SNI group by 
performing Von-Frey filament tests [2]. These animals were imaged sequentially with microMRI (7T) and microPET. For the PET scans, 
[18F]FTC-146 (9.25-37MBq) was injected via tail vein and a static scan (10 min) of the thighs was obtained 15 min post-injection. 
Haloperidol (1.6 mg/kg) was given 30 min prior to tracer administration for the blocking studies. Using MRI, T1 weighted Fast Spin Echo 
images were obtained of the thighs. Regions of interest (ROIs) were placed on MR images and signal intensity values were obtained 
from the co-registered PET images. Maximum signal in nerve ROIs were normalized to average signal in adjacent muscle ROIs. 
Results: [18F]FTC-146 was obtained with RCY of 5±2 % at EOB (n=27), specific radioactivity of 247±141GBq/μmol at EOB (n=27) and 
both radiochemical and chemical purities were >99%. Behavioral tests showed allodynia in the left hindlimb of SNI rats (p≤0.03), but not 
in the right hindlimb. Higher normalized signal intensity is seen in the left sciatic nerve compared to the right sciatic nerve in the SNI 
group (4.38±0.9 vs 1.66±0.1; p≤0.05) but not in Sham (2.02±0.3 vs 1.72±0.3) or control groups (1.98±0.4 vs 1.85±0.5) (Figure). Further, 
the difference in the left sciatic nerve in SNI animals appears to decrease significantly in the blocking studies relative to unblocked 
baseline, demonstrating that the increased uptake in the sciatic nerve is likely due to specific binding to S1R. Conclusions: This pilot 
study shows that [18F]FTC-146 can be utilized with PET-MRI to visualize increased expression of S1R in the peripheral nerves of 
neuropathic models and is thus a promising tool for evaluating peripheral nerve pathologies. Additional studies are underway to explore 
this tracer for eventual translation for clinical applications. Research Support: Supported in part by the NCI ICMIC P50 CA114747. 
References [1] Decosterd et al, (2000) Pain, 87, 149-58, [2] Chaplan et al, (1994), J. Neurosci. Methods, 53, 55-63. 
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Developing a methodological pipeline for automated image acquisition of a 3D mouse brain 
atlas of connectivity 

Brent D. Winslow, Amy Bernard, Christopher Lau, Lydia Ng, Seung W. Oh, Allan Jones, Hongkui Zeng, Allen Institute for Brain 
Science, Seattle, WA, USA. Contact e-mail: brentw@alleninstitute.org 

The mammalian nervous system is comprised of a network of many excitable cells with extensive and specific connections and 
interconnections which largely remain unknown at a cellular level. Many pathologic states and diseases are believed to arise from 
underlying alterations in neuronal connectivity. Utilizing transgenic mouse technology and viral tracing methods, the Allen Institute for 
Brain Science has undertaken a project to systematically generate a comprehensive database of axonal projections from the adult and 
developing mouse central nervous system. In order to accomplish this, a new high-throughput pipeline has been established for 
automated fluorescent imaging of neural projections in the mouse brain. Specifically, serial fluorescent image series at high 
magnification are being resolved, covering over 300 different anatomical regions of adult and developing mouse brains using multiple 
imaging modalities. These modalities will allow brain-wide and cellular level resolution, and include full slide wide field fluorescence 
microscopy (Olympus VS110), confocal microscopy (Olympus FV-1000), and block-face 2-photon imaging coupled with automated 
serial sectioning (TissueVision TissueCyte 1000). The imaging pipeline is integrated into a central Laboratory Information Management 
System (LIMS). Images will be registered and reassembled in 3D to create a connectivity map in a common 3D coordinate system. This 
information will then be made available freely to the public via the Allen Institute website, with a searchable 2D and 3D interactive 
database of connectivity 
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PET evaluation of fluorinated reboxetine analog as norepinephrine transporter probe in the 
stomach 

C.Allen Chang1, Ren-Shyan Liu2,3, Chi-Wei Chang3, Chuan-Lin Chen1, Kuan-Hung Lin2, Chieh-Ling Kao2, Jung-Wen Kuo2, Tung-Ping 
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Ming University Medical School, Taipei, Taiwan; 3NPCC, Taipei Veterans General Hospital, Taipei, Taiwan. Contact e-mail: 
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Objectives: The norepinephrine transporters (NET) regulate adrenergic neurotransmission in the brain as well as in the peripheral 
organs. Alterations of NET may affect the motility, contractility tone and secretion of gastrointestinal tract. This study aimed to evaluate 
the fluorinated reboxetine analog, (S,S)-[18F]FMeNER-D2 (FMeNER) as a probe for assessment of adrenergic neuronal function of the 
stomach. Methods: FMeNER was prepared using the method as described in the literature (Synapse 2004;53:57-67). The 
radiochemical purity is > 99%. MicroPET imaging was performed in 8-week-old SD rats. 18.5 MBq of FMeNER was i.v. injected into the 
rat anesthesized with isoflurane and dynamic imaging was done for 180 min. Data obtained from 120-180 min were summed and 
reconstructed. ROI was selected on the stomach for calculation of standard uptake value (SUV) of radiotracer uptake. The animals 
received baseline PET scan and repeated scan in the alternative day at 6 hr after oral administration of norepinephrine reuptake (NER) 
inhibitor, Duloxetine (30 mg/kg). The changes of FMeNER uptake in stomach were analyzed qualitatively and semiquantitatively. 
Results: There is remarkable uptake of FMeNER in the stomach on the baseline PET images. Being challenged by Duloxetine, the 
stomach uptake was dramatically reduced. The SUV (mean) was decreased from 20.71 of baseline FMeNER uptake to 4.32 after the 
use of NER inhibitor. Accumulation of radiotracer was also noted in bone due to defluorination of FMeNER. Conclusion: FMeNER is a 
potential NET imaging probe for assessment of adrenergic neuronal function in the stomach, and may be useful in evaluation of motility 
dysfunction of stomach and of the effect of NER inhibitors. 
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Pathogens in chronic brain infections and amyloid deposits as potential targets for 
antimicrobial peptides in detecting events in Alzheimer’s disease 

Mick Welling, Rob JA Nabuurs, Louise van der Weerd, Molecular Imaging Laboratories Leiden, Department of Radiology, Leiden 
University Medical Center, Leiden, Netherlands. Contact e-mail: m.m.welling@lumc.nl 

Amyloid formation and deposition in the brain is widely accepted as the onset of the pathogenic cascade that leads to Alzheimer’s 
disease (AD) i.e. neuronal degeneration and dementia. Despite the ongoing research to the initiation of amyloid deposition and other 
mechanisms involved in this process, still there is no effective diagnosis and cure for AD. For this reason, there is a need for the 
development of alternative tracers that can target the early stage in the development of AD and which are capable to monitor the effect 
of anti-amyloid therapy. It is proposed that chronic (low grade) infections of the brain may play a role in the onset of amyloid deposition 
and initiating AD. Colonization of the CNS may occur to a leaky blood-brain barrier (BBB) as a result of chronic inflammation and an 
ineffective immune system, which is of high incidence in the elderly population. Amyloid formation in deposits may be triggered after 
infiltration of pathogens but the lack of clearance of these plaques, due to a dysfunctional immune system, become toxic to host cells 
causing neuronal degeneration. Antimicrobial peptides (AMPs) are the first line of host defense in most organisms and are effective in 
penetrating infected tissues and cells. Here we propose a role for AMPs as a diagnostic tool to be used as a tracer to target pathogens 
and accumulate at amyloid depositions in the brain. Furthermore, the potential role for AMPs as a carrier for anti-amyloid drugs or as a 
therapeutic (antimicrobial) drug in various settings is evaluated. 
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I-123-Epidepride Neuroimaging of Dopamine D2D3 Receptor in MK-801-Induced Rat 
Schizophrenia Model 

Yuan-Ruei Huang, Chieh Huang, Jun-ming Shih, Yu-Lung Wu, Chia-Chieh Chen, Institute of Nuclear Energy Research, Longtan 
Township, Taiwan. Contact e-mail: yuanruei@iner.gov.tw 

Epidepride is a compound derived from benzamide with high affinity for dopamine D2/D3 receptor. The affinity of Iodine-123 form of 
epidepride is in picomolar range that makes it useful for microSPECT imaging of the D2/D3 receptors in brain, including the low density 
extrastriatal receptors. Our aim of the study was to examine I-123-epidepride neuroimaging of striatal and extrastriatal D2/D3 receptors 
in rat schizophrenia model induced by MK-801 chronic administration. We established a rat schizophrenia model by MK-801 chronic 
administration for 1 month. Tyrosine hydroxylase is the rate-limiting enzyme for dopamine synthesis. The Immunohistochemistry data 
showed TH expression increased in striatum and midbrain which might lead to synthesize a higher amount of dopamine. In I-123 
epidepride ex vivo autoradiography, competition between I-123-epidepride and higher amount of dopamine released from MK-801-
induced hyperactivated dopaminergic neurons might be one possibility for the lower specific binding ratio in striatum (13.8%) and 
extrastriatal region, midbrain (20.3%). Overall, the results showed I-123-epidepride from our procedure was available for tracing the 
dopamine D2/D3 receptors, which could also be applied to the evaluation of MK-801-induced pathophysiology change in the future 

 

The specific binding ratio of striatum and midbrain decreased in MK-801 group 
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Changes in Clinical Management and Diagnosis Following DaTscan SPECT Imaging in 
Patients with Clinically Uncertain Parkinsonian Syndromes: A 12-week Follow Up Study 
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Health, Roseville, CA, USA; 5Dep. Neurology, S. Andrea Hospital and Ass. Sistema Nervoso, La Spezia, Italy; 6Dept. Nuclear Medicine, 
University Hospital Hamburg-Eppendorf, Hamburg, Germany; 7i3 Statprobe, Ann Arbor, MI, USA. Contact e-mail: 
Andreas.Kupsch@charite.de 

Objective: To assess changes in clinical management, diagnosis and safety at 4 and 12 weeks following DaTscan imaging in patients 
with clinically uncertain Parkinsonian Syndromes (CUPS). Design: Randomized, open-label, single-dose, multi-center comparative 
clinical trial in patients with CUPS randomized to DaTscan imaging or a no-imaging control group. Setting: A total of 19 University 
Hospital Clinical Centers in Europe and the USA. Patients: There were 267 patients with CUPS enrolled and randomized (131 
DaTscan, 136 control). Main Outcome Measures: Proportion of subjects with changes in clinical management and diagnosis from 
baseline through 12 weeks post-DaTscan imaging. Results: Significantly more DaTscan imaging patients had changes in clinical 
management after 12 weeks (p = 0.004) compared to the control group, and significantly more DaTscan patients had changes in 
diagnosis at 4 weeks (p < 0.001) and at 12 weeks (p < 0.001) compared to control patients. DaTscan was safe and well-tolerated. No 
deaths, SAEs, or withdrawals due to AEs occurred during the study. Only 1 patient had a headache post-treatment with suspected 
relationship to DaTscan. Conclusions: The results from this trial show that DaTscan SPECT imaging significantly affected clinical 
management and diagnosis of patients with CUPS. DaTscan is safe and well tolerated, and is a useful adjunct to differentiating 
diagnosis of CUPS. ClinicalTrials.gov Identifier: NCT00382967 ACKNOWLEDGEMENTS: This study was sponsored by GE Healthcare, 
Princeton, NJ, USA. GE Healthcare, Princeton, NJ, USA contracted with i3 Statprobe for data management, statistical programming 
and analysis, and medical writing support. The following clinical investigators participated in the trial: Andreas Kupsch, Berlin, Germany; 
Carsten Buhman, Hamburg, Germany; Helen Roberts, Vanessa Pressly, Southampton, UK; Nin Bajaj, Vamsi Gontu, Derby, UK; Urs 
Pato, Bern, Switzerland; Tove Hauge, Molde, Norway; Pierre Charpentier, Bachir Makki, Behtune, France; Antonio Tartaglione, Elena 
Carabelli, Lucia Baruzzo, Frederica Vivarelli, La Spezia, Italy; Juan Carlos Martinez Castrillo, Maria Eugenia Rioja, Jaime Masjuan, 
Madrid, Spain; Jose Balseiro Gomez, Madrid, Spain; Maria Dolores Escriche Jaime, Andreas Serena Puig, Vigo, Spain; Jan Aasly, 
Harald Johnsen, Trondheim, Norway; Jesper Clausen, Glostrup, Denmark; Donald Grosset, Katherine Grosset, Glasgow, UK; Robert 
Hauser, Deborah Burke, Theresa McClain, Tampa, Fl, USA; Mark Stacy, Burton Scott, Ralph Coleman, Julia Johnson, Durham, NC, 
USA; Danna Jennings, Kenneth Marek, David Russell, New Haven , CT, USA; and Frederick Weiland, Nadine Yassa, Penny Vande 
Streek, Nicklesh. Thakur, CA, USA. 
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Polymeric micelle MRI contrast agent detects hemorrhage risk of t-PA leakage in acute 
ischemic stroke 
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University School of Medicine, Tokyo, Japan; 2Molecular Imaging Center, National Institute of Radiological Sciences, Chiba, Japan. 
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Thrombolysis with tissue-type plasminogen activator (tPA) is the method that has been approved by FDA for the treatment of patients 
with acute ischemic stroke. However, evidence to date indicates that tPA increases risk of cerebral hemorrhage other than 
thromobolysis. tPA acts as thrombolytic enzyme in intravascular space, however, it acts as a deleterious agent in extravascular space 
after its extravasation into brain tissues. tPA induces degradation of extracellular matrix that leads to hemorrhage and also acts as 
neurotoxic agent. The inhibition of tPA leakage into brain tissues is the key to prevent hemorrhage and protect central nervous system 
for acute ischemic stroke. Furthermore, it is known that reperfusion after intraluminal middle cerebral artery occlusion rat increases 
permeability of blood brain barrier (BBB) without tPA treatment. This reperfusion-induced disruption of BBB enhances tPA permeability 
into brain tissues. We present visualization of tPA leakage that can be led to hemorrhage into brain tissues by means of MRI. It is 
known that tPA is a natural macromolecule of 70kD of molecular weight. We used a macromolecular MRI contrast agent, a polymeric 
micelle MRI contrast agent, that has succeeded in tumor imaging by targeting mechanism of the EPR effect. Three male Wister Rats 
were used for intraluminal middle cerebral artery occlusion (MCAO) model. Monofilament (2-0) suture was inserted through the 
proximal of external carotid artery (ECA) into the internal carotid artery (ICA). We confirmed the successful occlusion by means of MRI 
angiography and diffusion weighted image (Bruker BioSpec 94/20 USR, Bruker BioSpin MRI GmbH, Germany). We took out of the 
suture at three hours after the occlusion as a MCAO reperfusion model. The polymeric micelle MRI contrast agent was intravenously 
injected at a dose of 0.033mmol Gd/kg after the reperfusion. T1-weighted images (multi slice gradient echo, TR/TE=4.3/160, 
matrix=256x256, flip angle = 80°, FOV=3,2x3.2) were used to assess a high contrast area where the polymeric micelle MRI contrast 
agent leak out from the blood vessels (BBB). As well as T1-weighted image, we took T2-weighted image and T2* image for detection of 
infarction region and hemorrhage, respectively. Extravasation of the polymeric micelle MRI contrast agent was found in a part of the 
occluded hemisphere at 3h after the injection as shown in Figure. This high contrast area was found in a part of a high contrast area of 
T2-weighted image that indicated edema after the occlusion. We also observed intracerebral hemorrhage in T2* image. The distribution 
of the MRI contrast agent did not match the hemorrhage area. This distribution may indicate an area of tPA leakage that causes 
hemorrhage after thrombolysis. We present effects of time course of the contrast agent’s distribution. 
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Serotonergic System Evaluation in Migraine Patients using [18F]FP-CIT PET/CT 
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University, Seoul, Republic of Korea; 3English Language, Interpretation, and Translation, Dongguk University, Seoul, Republic of Korea. 
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Recent studies have proposed an integral role of serotonergic system in the pathophysiology of migraine. We investigated if serotonin 
transporter (SERT) availability measured by F-18-N-(3-fluoropropyl)-2β-carbomethoxy-3β-(4-iodophenyl) nortropane ([18F]FP-CIT) and 
positron emission tomorgraphy (PET) were altered in patients with migraine. Eight female patients with migraine and 12 age-matched 
healthy female adults were studied with brain [18F]FP-CIT PET/CT. Migraine patients consisted of 6 migraine without aura (MO) and 2 
migraine with aura (MA). [18F]FP-CIT PET/CT images were obtained 120 minutes after the injection of 185 MBq [18F]FP-CIT. [18F]FP-
CIT binding at the midbrain level, which represents SERT availability, was calculated as (midbrain ROI-cerebellar ROI mean 
radioactivity)/cerebellar ROI mean radioactivity on spatially normalized PET images. Clinical parameters including age of onset, 
duration of illness, frequency and severity of migraine attacks were obtained and compared with [18F]FP-CIT binding. Significant 
differences were considered if p value was less than 0.05. Normal controls indicated trends for a negative correlation between [18F]FP-
CIT binding and age (R2=0.413, p=0.024), however, this age-related decline pattern was not found in migraine patients. SERT 
availability was not significantly reduced in migraine patients compared with that in normal controls (1.09±0.18 and 0.95±0.14, 
respectively, p=0.115). MO and MA showed no significant difference in SERT availability (1.07±0.18 vs. 1.17±0.25, p=0.643). SERT 
availability in migraine patients demonstrated no significantly correlation with clinical parameters such as age of onset, duration of 
illness, frequency of migraine attacks, and pain severity. The loss of age-related decline pattern of midbrain SERT availability in 
migraine patients may suggests an impairment of the serotonergic system in migraine. 

 

Disclosure of author financial interest or relationships: 
E. Park, None; Y. Hwang, None; K. Jung, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S427



Presentation Number P460 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Neuron Radiopharmaceuticals Application in Small Animal Imaging Techniques during Drug 
developments 

Chang Kang-Wei, Shih-Ying Lee, Wuu-Jyh Lin, Chia-Chieh Chen, Lie-Hang Shen, Division of Isotope Applicatio, Institute of Nuclear 
Energy Research Atomic Energy Council, Taipei, Taiwan. Contact e-mail: kwchang@iner.gov.tw 

Background: At Institute of Nuclear Energy Research (INER), we develops radiopharmaceiuticals and establish animal imaging 
technology platform (high resolution microPET/SPECT/CT) for new drug development associate with CNS disorder (include Alzheimer's 
disease, Parkinson disease, depression, schizophrenia and drug abuse). The technology will to work in pre-clinical evaluation 
therapeutic in brain neurologic disease. Method(s) In-house-labeling of these radiotracers such as in Alzheimer’s disease system (ex. I-
123 IMPY, I-123-IBOX and F-18-FDDNP (for beta-amyloid plaques)); in serotonin system (ex. I-123-ADAM (for serotonin transporter) 
and Tc-99m-DWAY (for serotonin receptor)); in dopamine system (ex. Tc-99m-TRODAT-1 (for dopamine transporter and I-123-IBZM 
and I-123-Epidepride (for dopamine D2 receptor)); GABA system (F-18-FMZ (for GABA receptor)) will complete and applying with the 
core techniques to acquit the data bank of imaging analysis. Result(s) Our technique had serviced many researchers for evaluate 
therapeutic drugs for brain neurologic disease effect in animal brain function by nuclear medicine image. And, based on the goals of 
improving healthcare using nuclear medicine, INER plans to perform registration trials and commercialization of I-123-IBZM, I-123-
ADAM, I-123-IMPY, I-123-Epidepride and F-18-FDDNP in the future. Conclusion By integrating domestic resources and collaboration 
with domestic researchers and physicians in neurological, psychiatric and nuclear medicine areas, INER continuously develops projects 
for exploring the mechanisms of Parkinson's disease, Alzheimer's disease, depression, ADHD and drug abuse...etc. 
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CURRENT AND FUTURE TRENDS IN NON ONCOLOGICAL CLINICAL FUNCTIONAL IMAGING 
OF THE BRAIN 

Jyotsna Rao1, Uday Bhaskar Krishnamurthy2, 1Apollo Gleneagles PET CT Ctr, Hyderabad, India; 2Department of Biomedical 
Engineering, Osmania University, Hyderabad, India. Contact e-mail: jyotsnael@gmail.com 

Functional imaging forms an important part of evaluation and management of non oncological brain disease. With the emergence of 
both new tracers and multimodality hardware, it is important to study the current and emerging trends in functional brain imaging. Aim: 
To evaluate the current and future trends in functional brain imaging in non oncological brain disease. Material and methods: A 
literature search of current imaging protocols and tracers with emphasis on new CNS tracers and emergence of PET/MRI was 
performed. Results: PET neurology imaging formed about 10-15% of referrals with FDG still the being most common tracer used. Its 
role is established and accepted in dementias and presurgical evaluation of temporal lobe epilepsy. Its role in psychiatry is being 
studied but is not used very commonly in clinical practice yet. Literature in entities such as Down’s syndrome and autism is less 
compared to other diseases.F18 DOPA, 015 water and the new C11 PIB for beta amyloid plaques were the tracers currently used. PET 
imaging has become widely used that SPECT. PET/CT has also been used to study normal brain function. PET/CT cameras usage is 
almost universal however, the emergence of PET/MRI promises new applications. With the development and clinical acceptance of 
new analytical techniques like fMRI, DTI, MRV, MRS, MRV, 3D-MR, MRM, MRE and MRI is now regarded as a functional imaging tool 
and has gained acceptance even in psychiatry and cognitive studies. There have been advancements from the current temporal 
resolution of a few milliseconds to microseconds. Initial clinical trials are starting in PET/MR. Work is also being done in developing a 
single tracer for both PET and MRI. Conclusion: There is a large body of work that has been done in non oncological functional brain 
imaging so far but there will be more including new applications with the emergence of more tracers and PET/MRI. 
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Voxel-wise analysis of FDG and 11C-methionine PET for assessing tumor infiltration into the 
normal brain tissue in glioma patients 

Manabu Kinoshita1, Tetsu Goto1, Hideyuki Arita1, Naoki Kagawa1, Yasunori Fujimoto1, Jun Hatazawa2, Naoya Hashimoto1, Toshiki 
Yoshimine1, 1Neurosurgery, Osaka University Graduate School of Medicine, Suita, Japan; 2Nuclear Medicine and Tracer Kinetics, 
Osaka University Graduate School of Medicine, Suita, Japan. Contact e-mail: eclips@me.com 

Precise imaging of glioma cell invasion into the white matter has been challenging. Exact identification of the areas with tumor cell 
invasion is necessary for achieving maximum tumor resection and radiation therapy planning. In order to meet these demands, use of 
diffusion tensor imaging (DTI) in magnetic resonance imaging (MRI) has been proposed for the detection of tumor cell invasion, 
although its reliability remains questionable. In this report, we have been able to segment the possible area with and without tumor cell 
invasion in the T2-WI high intensity area (brain tumor related brain edema region) in malignant glioma patients using a voxel-wise 
analysis of both 11C-methionine and FDG positron emission tomography (PET) using an in-house made software written in Matlab. As 
in Figure, we clearly showed that 11C-methionine and FDG uptake couples in normal brain tissues, whereas they decouple in T2-WI 
high intensity areas of malignant gliomas. When the same analysis was performed in T2-WI high intensity areas of meningiomas, in 
which tumor cell infiltration is not suspected, 11C-methionine and FDG uptake coupled as in normal brain tissue. These results suggest 
that both 11C-methionine and FDG uptake decreases in vasogenic edemas, while in tumor infiltrative edema, 11C-methionine uptake is 
much higher than predicted by FDG uptake, possibly because tumor cells have higher 11C-methionine uptake capability by amino acid 
transporter overexpression on their cell membranes. We also defined the decoupling magnitude using z-score from the predicted 11C-
methionine and FDG uptake correlation equation. This score named as the “decoupling score” is considered to reflect the magnitude of 
tumor cell invasion into the white matter. As a matter of fact the average decoupling score within the T2-WI high intensity areas in 
gliomas was significantly higher than that in meningiomas (3.0 vs 0.8, p=0.0008). Reconstruction of the decoupling score into three-
dimensional images was also possible, making visual inspection possible. As a summary, we clearly showed that decoupling versus 
coupling of 11C-methionine and FDG uptake can clearly discriminate between tumor cell infiltration and vasogenic edema in malignant 
gliomas. Our results suggest the possibility of using voxel-wise analysis of 11C-methionine and FDG PET for tumor cell invasion in the 
T2-WI high intensity area in glioma patients. 
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CT and fluorescence-enhanced optical tomography, a hybrid imaging system for small 
animals 
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Nuclear imaging is the “gold standard” for both clinical and preclinical molecular imaging. However, the short half-lives and limited 
supply of radionuclides bring challenges for radiochemistry, and lack of temporal resolution restricts dynamic imaging. Near-infrared 
(NIR) fluorescence imaging is an alternative option for molecular imaging that has recently been demonstrated in humans. 
Fluorescence dyes have the capability for resulting high photon count rate because, unlike radionuclides, they can be repeatedly and 
safely activated within tissues. With its high signal to noise ratio, fluorescence-enhanced optical tomography (FEOT) using continuous 
wave (CW) and frequency domain photon migration (FDPM) techniques could be used to monitor the molecular process in vivo if they 
could be validated against nuclear techniques using a dual labeled imaging agent approach. Unfortunately, developed FEOT systems 
focus upon bench top devices and require a large footprint. Therefore they are not suitable for incorporation with CT/PET/SPECT 
scanners. In this work, we developed a miniaturized FEOT CW/FDPM imaging system that could be incorporated in the gantry of the 
Siemens Inveon PET/CT scanner for small animal tomography. Optical components were installed on the CT gantry to enable NIR 
transillumination measurementsacross a number of projections. A single board compact controller was used to power the laser diode of 
the excitation light source (wavelength 785 nm) and RF circuit modules of small footprint were used to create the RF signal for 
modulating the light source and the NIR sensitive intensifier on a CCD camera for homodyne detection of phase, amplitude, and 
average intensity. Control and feedback of the components of the FEOT system were handled by a computer which was connected 
with Inveon system to enable integration of CT and PET imaging into FEOT for boundary surface representation and validation of dual 
labeled imaging agents. The FEOT system was tested and characterized on a laboratory bench prior to being installed in the CT gantry. 
A mouse-shaped solid phantom of uniform optical properties and a fluorescent inclusion was scanned using CT, and NIR fluorescence 
images (at wavelength 830 nm) at several projections were collected. The method of high-order approximation to the radiative transfer 
equation was then used to reconstruct the optical images. The figure shows a result of the dual modality tomography. It shows the 
image of the middle section of the mouse-shaped phantom with a point source of 0.29 pmol indocyanine green as fluorophore. The 
frame with red wire indicates the location of the fluorophore from the CT scan, and the blue frame shows the results of the FEOT. The 
location of the fluorophore from the FEOT matches the location from the CT image. Dual labeled agents were also used to validate the 
results of the FEOT. In conclusion, miniaturized FEOT system was built and integrated into Inveon CT scanner for small animal. The 
performance of this hybrid system was demonstrated using a mouse-shaped phantom. This work is supported by R01-CA135673. 
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Construction and Test Results of a Unique Sequential PET/MRI System, Mediso nanoScan 
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We intended to integrate a magnetic resonance and a positron emission tomography imaging system thereby creating a simple, highly 
functional PET/MRI imaging system with excellent PET specifications. The effects of integration are shown in this presentation. We 
present some test measurements of the system integration where PET and MR are working in a distance less than 10 cm sequentially. 
We are presenting some specification measurement results for a new, compact, sequential PET/MR system for rodents. The PET/MR 
system was constructed on the basis of existing Mediso crystal-based PET detector technology and a special, permanent magnet 1 T 
MR subsystem (Aspect) minimizing external magnetic field. The Mediso nanoScan® PET/MR imaging system has 12 PET detector 
modules of 81x39 LYSO crystals (1.12x1.12x13mm), tightly packed (pitch 1.17mm, PF 92%) coupled to two 256-channel PS-PMT’s. To 
avoid inhomogeneities in the centre of the FOV, modular PET detector ring design was favored. PET is aligned axially in front of the MR 
component that has 1 Tesla field strength with 90 mm diameter and 60 mm high barrel FOV, specified with 100 micron areal pixel 
resolution. Animal is moved from the PET ring bore to the MR subsystem bore with a common animal bed (as in PET/CT devices). The 
center of the PET FOV is close to the MR magnet bore opening (distance: 6.425 cm). We have measured the PET ring performance 
with the working MR system using a 22Na point source and a 0.8-1.5 mm rods Micro-Derenzo phantom filled with 18F-FDG. We also 
present signal/noise ratio (S/N) of the MR subsystem before and after integration using a 35 mm diameter mouse coil. PET resolution in 
center FOV (2D-OSEM reconstruction) ranged from 0.97 to 1.34mm, sensitivity in the center was 7.40%. Using the proprietary 3D 
reconstruction algorithm of the system, resolution in the center FOV proved to be below 0.9mm. The MR subsystem S/N ratio was 
714/mm3 before the integration. With working PET electronics and PET detector within the combined system MR S/N ratio was 
664/mm3. Original MR subsystem specification is >500/mm3. The nanoScan® imaging system fulfils the original PET and MR 
specifications. Cross-talk effects are not affecting imaging efficiency. The sequential Mediso PET/MR system presented here is a 
prompt, viable stand-alone solution providing high PET resolution and effective, flexible MR imaging in the same animal and imaging 
session with affordable throughput (total imaging times for a mouse typically around 40 min). The nanoScan ® system is a remarkable 
advance in several areas of imaging where soft tissue contrast and imaging functional tissue properties with Gd-chelates are optimally 
combined with highly sensitive, sub-millimeter resolution quantitation provided by the PET component. Research support: Mediso Ltd. 
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An easy way of combining high spatial resolution micro-CT with fluorescence lifetime for in 
vivo small animal molecular imaging 
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In vivo fluorescence lifetime imaging and tomography is pursuing a goal for providing an ideal tool that could accurately identify and 
quantify the biomarkers for allowing the translational process to complete its cycle from “bench-to-bedside”. In fulfilling this goal, optical 
imaging in small animals needs not only to successfully manage specific challenges related to the biomarkers to be visualized and 
quantified (abundance, volume distribution and specificity) but also to overcome its main limitation: a lower spatial resolution due to the 
strong diffusion of the photons. While each imaging modality provides specific information, their complementary and the fact that some 
are better positioned, being already as standards in clinical imaging, multi-modality imaging and cross-correlation of their results for 
increasing the sensitivity and accuracy came as a natural solution for increasing the power of the diagnostic process. Being 
demonstrated as having the highest sensitivity and the highest functional content the optical imaging is very often used in combination 
with other modalities for different purposes: increase its spatial resolution and contrast or for a more complex and accurate validation. 
The success of this process is strongly dependent on the spatial accuracy of the fusion of the images obtained from optical and its 
complementary modality. The challenges related with the design and development of systems that could perform simultaneously the 
acquisition of Optical-CT, Optical-MRI, etc. are so significant that most of the time the sequential scans using each of the two systems 
is still the most viable choice. The present study focuses on providing the optimum solution for the fusion of the images of the most 
popular brands of micro-CT and a small animal optical imaging system (Optix MX3), able to generate fluorescence tomographic views. 
For maximizing the quality of the fusion we propose a specimen carrier with a design that allows a highly repeatable and reproducible 
installation and image the same specimen in both systems. For optical-CT fusion the carrier design was optimized for having a 
maximum radiologic transparency and homogeneity for allowing the micro-CT to reveal the smallest contrast possible using the 
minimum dose. Fiducials, with the size correlated with the spatial resolution of the CT and the contrast optimized for maintain its 
maximum dynamic range, are used as supplementary reference for easy spatial correlation using specific software as AMIRA. Study 
cases are presented were the fusion of the CT image with the 3D distribution of some non-specific fluorescent probes for validation of 
the 3D optical image spatial accuracy. The hepatic or vascular CT contrast is increased by injecting Fenestra®, a specially designed CT 
contrast agent for small animals. Study workflows using this carrier are easy to implement and perform on a daily basis. 
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A High-Resolution SPECT System for SPECT-MR Imaging of Small Animals 
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The goal was to develop a high-resolution SPECT system that can be operated as a stand-alone system or as an insert into an MRI 
system with a minimum 20 cm bore for simultaneous SPECT-MR imaging of small animals (SA). The SPECT system comprises five 
15.4 cm ID seamless cylindrical rings, each with 19 CZT detectors (2.54cm x 2.54cm, 16x16 pixels). Ferromagnetic materials were 
avoided in selecting components of the CZT detector module. Cylindrical multipinhole (MPH) collimator sleeves (CSs), made with 
tungsten powder and solid tungsten pinhole apertures, were developed for mouse and rat imaging to provide the highest possible 
geometric efficiency for a given spatial resolution and consistent with system design constraints. Also, considerations were given to 
designs for static high-resolution or dynamic imaging without CS rotation. A sparse-view reconstruction method that incorporates the 
spatially variant pinhole response functions of the MPH collimator was developed for reduced CS rotation. An interior image 
reconstruction method has been developed to allow imaging of a small region-of-interest (ROI) inside the animal with ultra high-
resolution and accurate quantitation. A shielded birdcage quadrature transmit/receive RF coil designed for mouse or rat imaging fits 
inside the corresponding mouse or rat CS to minimize interaction between SPECT and MRI systems and the animal is placed inside the 
RF coil to optimize MRI SNR. Monte Carlo simulations confirm the SPECT imaging characteristics of two MPH CSs for mouse imaging 
with 18 and 36 pinholes having 1 mm and 1.5 mm system resolution, respectively. Sparse-view 3D MPH image reconstruction with 
system response modeling indicates that 36 pinholes are sufficient to provide artifact-free images, without CS rotation. Artifact-free and 
quantitatively accurate reconstructed images of a small interior ROI were demonstrated by the interior image reconstruction method 
using simulated truncated pinhole projection data of a digital phantom. The SPECT system with the 2 MPH CSs, RF coil and all 
mechanical and electronics components have been constructed and initial evaluation has begun for stand-alone SPECT and SPECT-
MR imaging in a 3T clinical MRI. Initial tests show excellent SPECT uniformity and energy resolution. No significant adverse 
interactions between the SPECT and MRI systems have been observed. A high-resolution SA SPECT system has been designed for 
stand-alone or simultaneous SA SPECT-MR imaging. Its performance characteristics have been characterized by simulations. Sparse-
view and interior image reconstruction methods have been developed to achieve 1) dynamic SPECT data acquisition without system 
rotation, and 2) quantitative small interior ROI imaging. The SPECT-MRI system has been successfully constructed and initial testing 
has demonstrated excellent SPECT and MRI imaging that matches design predictions. The system is currently being evaluated in detail 
with experimental phantoms and SA imaging studies. 
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MRI and PET compatible bed for direct co-registration in small animal 
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Background and aims In vivo neuroimaging in small animal models can provide important insights into the development and 
progression of diseases. However, due to the small animal size and the poor spatial resolution, the quantification of brain function with 
PET imaging technique is limited even if it has a strong sensitivity and specificity. To overcome this limit, PET has to be associated to 
another imaging technique to obtain an anatomical image. Thus the combination of PET with MRI is fundamental for the quantification 
of radiolabeled tracers within specific brain structures [Jupp B. and O’Brien J. O., Epilesia 2007; 48 (Suppl. 4): 82-89]. To facilitate the 
co-registration, we developed a compatible bed to perform both PET and MRI acquisitions without animal repositioning. Materials and 
Methods The bed support of a 7T scanner (Pharmascan, Bruker) was adapted to the YAP-(S)PET scanner, and three capillaries (1 mm 
in diameter) filled with 18F-FDG solution (27 kBq) were fixed on the support and used as visible markers for both MRI and PET. 
Imaging acquisitions were performed in healthy mice (n=5, 6-8 weeks old C57BL6) that were fasted for 12-14 hours prior to imaging. 
For radiotracer administration, a catheter filled with saline solution was placed into the tail vein of the animal. For imaging, animals were 
anesthetized with isofluorane gas mixed with oxygen and placed within the support. The anaesthesia level was controlled monitoring 
the animal breathing. To explore the entire head of the mouse with MRI, a 3D RARE spin-echo sequence was used with the following 
parameters: TR/TE=1700/30ms, rare factor=8, matrix=256×128×64, FOV=4×4×4cm. The FOV size was chosen equal to the YAP-
(S)PET scanner field of view. At the end of MRI scan, 18F-FDG tracer (about 15 MBq) was administrated i.v. and the animal support 
was moved and fixed to the PET scanner. PET static scan was performed at 45 minutes from tracer injection and 40 Mevents were 
acquired. PET images were reconstructed with EM algorithm with 30 iterations. With the PMOD software, MRI and PET images were 
combined by centering signal from capillaries from both imaging modalities. Once aligned, different areas of the brain were selected on 
MR images in order to quantify 18F-FDG uptake. Results Against the low resolved PET images, the co-registered PET/MRI images 
allowed to distinguish the different brain structures and to obtain a more accurate quantification. This is essential in particular for 
regions with a size of about 2 × FWHM of the PET image spatial resolution. Conclusions PET and MRI acquisitions were performed in 
mice without repositioning the animals between both scanners. This approach can be translated into any imaging scanners. For 
neurological studies on small animal models, this MRI/PET co-registration approach will allow to better define specific disease features. 

 
Left: PET and MRI section of a healthy mouse brain. Right: co-registered image. 
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Breast Imaging Using X-ray Stimulated Fluorescence 
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Purpose: To develop a novel X-ray stimulated fluorescence (XSF) system for molecular imaging of breast cancer. This new paradigm, 
used in conjunction with bioconjugated gold nanoparticle (AuNP) imaging agents targeted to breast cancer, will enable molecular 
imaging with X-ray selective excitation. These targeted AuNP can emit XSF (a.k.a characteristic X-ray) photons when excited with a 
sheet-beam X-ray, thereby producing a molecular imaging contrast and providing improved lesion conspicuity. Methods: The novel 
imaging mechanism used in XSF system consists in selectively irradiating a single slice through the breast using a sheet-collimated X-
ray beam, while an ultrahigh resolution dual-headed pixilated photon counting detector measures the XSF coming out of the selected 
slice. The breast can be positioned directly on the dual-headed planes, and, consequentially, spatial resolution is improved with less 
distance between breast lesions and the detectors. The transmission X-ray photons (anatomical image) will be also collected 
simultaneously with another X-ray photon detector in this imaging geometry. Simulations of an XSF system were performed using a 
Monte Carlo simulation software GEANT4 (CERN). A preliminary experiment with physical phantoms was also conducted using a 
superficial treatment beam and a photon counting detector. Results: With this design, 1-D slice spatial information can be obtained via 
selective excitation with a sheet X-ray beam (a mechanism similar to the slice selection in MRI). Meanwhile, the dual-headed pixilated 
detector localizes the origin of each detected XSF photon to a distinct voxel in the breast, thus providing complementary 2-D 
information. As such, this imaging geometry provides 3-D mapping of the precise location of lesions without the need for rotating the 
gantry during the acquisition procedure or tomographic reconstruction. Conclusions: The proposed molecular imaging approach 
represents a paradigm shift in X-ray breast imaging, which may enable breast cancer detection at the cellular and molecular level. 
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Preclinical PET/CT system for Pulmonary Imaging of Larger Research Animals 
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We describe the application of a multimodal PET/CT system setup designed to accommodate the needs of larger animal research 
studies, which is based on a dedicated PET system geared towards imaging non-human primates (the microPET P4 - or the Focus 
220) combined with a unique clinical neuro CT scanner (the CereTom) which, crucially, does not require its own integrated bed 
assembly. A major technical and engineering issue in the development of clinical PET/CT scanners was the integration of the bed 
assemblies, as each scanner had its own distinctive patient handling system. Here CT data is obtained by the CereTom CT gantry 
moving on its own using a centipede belt drive with the subject bed in a fixed position. Thus, no integration of the CT system with the 
bed controller is necessary. The bed itself is a custom engineered slide bed that allows the pallet to be manually pushed forward to 
permit CT scanning without disturbing subject positioning, which maintaining the full functionality of the microPET positioning system. A 
separate veterinary bed is used for neuro and extremity studies in the case of animals that will not pass through the microPET bore. 
Attenuation correction of PET data is performed using the transformed CT data. This technology, or the subsequent development of 
more integrated PET/CT devices combining preclinical PET resolution with conventional CT technology, will particularly benefit 
preclinical pulmonary imaging applications that utilize larger animal models (due to their similar respiratory architecture), such as 
studies of, e.g., mTb, COPD/emphysema, acute lung injury, and novel influenzas. 
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Improved characterization of tumours by integration of fDOT to PET/CT imaging 
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In preclinical cancer imaging, Positron Emission Tomography (PET) is a very sensitive molecular imaging technique to measure the 
biodistribution of radiotracers for monitoring physiological pathways and/or the efficiency of therapeutic agents. For instance, the [18F]- 
Fluoro-Deoxy-Glucose([18F]-FDG) is extensively used in oncology to monitor the glucose metabolism that is higher in several tumors 
compared to most normal organs or tissues. Recently, new types of apparatus have been developed to combine PET with other 
imaging techniques such single photon emission computed tomography (SPECT), Magnetic Resonance Imaging (MRI) and X-ray 
computed tomography (CT). The goal is to obtain a better characterization of tumors imaging different molecular processes over 
anatomical images. Recently, fluorescent diffuse optical tomographic (fDOT) systems have been developed to reconstruct and quantify 
fluorescence signal in three dimensions in small animal, mostly in mice. Fusion of PET imaging with this new promising technique has 
been explored only recently. Our group developed a simple method to perform multimodal PET/CT/fDOT imaging using a mouse 
supporting system that can be adapted to each imaging modality. Hence, we demonstrated a strong linear correlation (R2 ~ 0,95) 
between a new, free-space fDOT system and PET for probe concentrations ranging from 3 nM to 1 μM. In the present work we explore 
the potential of this fDOT to complement the PET-FDG imaging, thus allowing an improved characterization of a tumour in vivo. PET-
FDG imaging of mice bearing tumor xenografts from the human breast cancer cell line MDA-MB 231 was fused with fDOT imaging 
obtained with optical tracers that target different tumour-related processes like cathepsin activity and integrin localization (using 
Prosense680® and Angiostamp® respectively). We also compare the localization of FDG with a small polymerized polydiacetylene 
(PDA)-micelles (size ~ 10 nm) that target tumor passively by the enhanced permeability and retention (EPR) effect. The distribution of 
each optical probe can be delineated with respect to the [18F]-FDG signal. From the measurements we have reported that each optical 
probe has a distinct zone of activity with respect to the tumour volume. In the case of the Nano-micelles it was found to overlap partially 
with the tumour volume (Figure) with the bigger part of the signal lying underneath. To validate the in-vivo optical results the mice were 
sacrificed immediately after in-vivo acquisitions and the tumours have been removed and then sectioned. They have been imaged with 
planar fluorescence and the distribution of their signal was compared with the corresponding in-vivo reconstructed slices. We conclude 
that optical tomography can be advantageously integrated to PET/CT modalities to provide a more holistic picture of tumour and 
tumour-related processes for instance complementary to the standard images of [18F]-FDG. Grants FMT-XCT European program 
(agreement no.201792) the EMIL network (contract LSH-2004-503569), ANR-RNTS:TomoFluo3D. (Figure) fDOT/PET imaging of [18F]-
FDG and nano-micelles distribution in tumors. Rainbow LUT: fDOT; Temperature LUT: FDG. 
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Improved 3D bioluminescence and fluorescence reconstruction with hybrid CT and optical 
system 
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Unlike many other 3D imaging modalities where data are often collected from multiple 360° views, optical tomography is often tailored 
to limited angles for throughput concerns but still found to be effective due to the diffuse nature of tissue. A typical optical tomography 
analysis requires measuring the emitted light from the subject surface and then solving an inverse problem of light propagation for 
interior source locations. The diffusion equation is commonly used to model the light propagation in tissue for its simplicity and efficacy. 
In this work, we will present several improvements to our 3D optical reconstruction methods offered by a hybrid x-ray CT and optical 
system whereby the surface topography is derived using CT data, and mirrors are utilized to increase the viewing angles for a 
stationary optical camera. Stabilization and acceleration of the reconstruction algorithm will also be discussed. While structured light 
methods can accurately reconstruct the top surface of a nude mouse, this method cannot always provide robust results for dark or 
furred animals and therefore these animals were not candidates for 3D optical imaging. A cone beam x-ray CT module is added to an 
existing optical imaging system so that the CT volumetric data can be obtained in addition to the optical images without moving the 
animal. Animal skin surface is extracted from the CT volume, allowing for use of dark-skinned animals and shaved animals with 
extraneous tufts of fur for 3D optical imaging. The transformation matrix between optical axis and CT axis is calibrated using a phantom 
and allows the optical measurement to be mapped to the co-registered CT surface with lens distortion and magnification corrections. 
Two tilted mirrors are added to both sides of the animal so that one image can capture 3 views from the animal. With measurement 
obtained from a larger part of the surface, the ability to resolve and quantify deeper targets is improved. Regularization is often used to 
manage ill-posedness, which is intrinsic to the problem of optical tomography. However, the degree of regularization is an a priori 
imposition yet can be optimally determined by time-consuming empirical methods. The widely used L-curve method introduced by P.C. 
Hansen analytically determines a favorable regularization factor, and we show that it is a good means of choosing the regularization 
parameter in our applications . To improve the reconstruction speed and fully utilize the computation power of currently available CPUs, 
parallel computing is implemented in both the forward calculation and the inverse solver. Together with other optimizations the total 
reconstruction time is reduced by several fold. Experiments are performed on both mouse-shaped tissue phantoms and in-vivo studies 
to examine the efficacy of the new methods. 
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Combined MRI-PET pharmacokinetic modeling using Gd-DTPA and 18F-FDG 
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Introduction: MRI-PET bimodal imaging is now a reality and has the potential to provide more quantitative data than separate 
modalities alone. New methodologies whereby the advantages of one modality can compensate for the limitations of the other are likely 
to increase the usefulness of these devices. The arterial input function (AIF) is commonly used for several types of MRI and PET 
pharmacokinetic analyses, but measurement of the AIF remains a challenge for both modalities. The most commonly used contrast 
agent, Gd-DTPA, and radiotracer, 18F-FDG, respectively in MRI and PET, are both subjected to extravasation and excretion. We 
previously showed that it was possible to convert the Gd-DTPA AIF obtained by manual blood sampling into an 18F-FDG AIF, and vice 
versa [Poulin et al, WMIC 2010]. The aim of this study was to perform a combined MRI-PET experiment, using a F98 glioblastoma rat 
model, to confirm that the conversion method can produce an accurate AIF for pharmacokinetic modeling in both modalities. Methods: 
Fisher rats (n = 6) were inoculated in the right hemisphere of the brain with F98 glioblastoma tumor cells and images were acquired 14 
days after implantation. First, dynamic multi-slice images of the brain were acquired with a 7T small animal scanner for 50 min. Gd-
DTPA was administered during acquisition of T1-weighted gradient echo images with a new keyhole method (4 s resolution). Second, 
the animals were dynamically scanned in a LabPET4 scanner for 50 min, during and after an intravenous co-injection of 18F-FDG and 
Gd-DTPA to obtain both MRI and PET AIF with manual blood sampling from the caudal artery. Blood and plasma concentrations of 18F-
FDG and Gd-DTPA from manual sampling were respectively determined with a gamma counter and by ICP-MS. We report Ktrans, νe, νp 
and the tumor metabolic rate of glucose (TMRGlc) using both experimental and converted AIF. Results: The new keyhole method 
reduces the acquisition time by a factor of 3.2 without significant loss in spatial resolution or signal to noise ratio. The TMRGlc values 
calculated with the 18F-FDG AIF and the 18F-FDG AIF converted from the Gd-DTPA AIF were similar within experimental uncertainties 
(p>0.05). MRI pharmacokinetic parameters from the experimental Gd-DTPA AIF were compared with those obtained with the Gd-DTPA 
AIF converted from the 18F-FDG AIF or derived from the reference region (RR) methodology [Yankeelov et al, MRI, 23:519-529,2005]. 
When comparing with the experimental Gd-DTPA AIF results, Ktrans increased by 2% while νe and νp decreased by 11% and 5%, 
respectively, for the AIF converted from PET. Conversely, Ktrans increased by 30%, while νe and νp decreased by 12% and 25% in the 
tumor region for the reference region method. No statistical difference was found for Ktrans, νe, νp between the 3 methods. Conclusion: 
Overall, our results suggest that a Gd-DTPA AIF determined either by manual sampling or by a reference region method can either 
substitute or be substituted by a converted 18F-FDG AIF. In our animal model, these results imply that the measurement of only one AIF 
would be sufficient for the combined pharmacokinetic modeling for Gd-DTPA and 18F-FDG. 
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Many tumor types metastasize to bone and cause osteolytic lesions. Longitudinal in vivo studies are commonly designed to detect the 
onset of metastases and monitor tumor burden over time. Bioluminescence imaging has been extensively used in these studies to 
monitor cellular activity and metastasis location due to the high sensitivity and simplicity of these imaging methods. However, 
bioluminescence cannot provide information about the underlying anatomical changes that occur as the tumor burden increases. As a 
result, for osteolytic bone lesions which have a high inherent contrast in X-ray images, MicroCT imaging has been used to separately 
quantify changes in bone volume. Because these two modalities give very different information, but need to be interpreted together, this 
study presents an integrated instrument to perform these multimodality studies. Furthermore, this study explores the validation of these 
images and their application for monitor metastatic bone tumors with the MDA-MB231-luc2 cell line. To validate the results of this new 
imaging instrument, beads were initially implanted in a homogenous tissue phantom to ensure that the diffuse optical reconstructions 
resulted in accurate spatial positioning. The reconstruction algorithm implements a homogeneous approximation of tissue optical 
properties. In order to validate the algorithm performance in vivo where tissue properties are heterogeneous, beads were then 
implanted at two different locations into mice. In both cases, spatial position of the diffuse optical tomography reconstructions was 
compared to the position in the MicroCT image. After these validation studies were performed, MDA-MB231-luc2 cells were cultured 
and delivered to mice via intracardiac injections. The injections were confirmed at Day 0 via bioluminescence imaging. Bioluminescence 
and MicroCT images were sequentially acquired at 1week intervals throughout the lifespan of the animal. For all bioluminescence 
images, acquisition occurred approximately 10 minutes post intraperitoneal injection of luciferin. The animal surface segmented from 
the CT is used to determine the boundary between tissue and air, and mapping of optical data to animal surface for the 3D optical 
tomography algorithm. Preliminary data indicate that the 3D bioluminescence signal can be accurately overlaid with the MicroCT image. 
In addition, quantification of the 2D bioluminescence increases in a way that is consistent with exponential cell growth. Quantifying bone 
volume in the distal femur of the MicroCT image indicates a decrease in bone volume that happens simultaneously with this increased 
cellular growth. 
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Therapeutic ultrasound (US) has many applications, ranging from tumor ablation, activation of cancer-fighting drugs via mild 
hyperthermia, and delivery of particles beyond the blood brain barrier. However, the therapeutic US beam must be spatially guided to 
the region of interest and temperature feedback is necessary for hyperthermia applications. While researchers have successfully used 
Magnetic Resonance Imaging (MRI) for guidance and temperature feedback, real-time fusion of US with computed tomography (CT) 
remains widespread. We hypothesize that real-time fused CT/US can aide in guiding US therapy and also enhance US-based 
thermometry since CT Hounsfiend units can identify tissues in the acoustic beam. Here, we develop and validate a fusion between CT 
and US that is capable of characterizing bone and fat in real-time. We first characterize registration error and then utilize the CT/US 
system to identify fatty tissue surrounding tumors in a mouse Met-1 breast cancer model. An electromagnetic (EM) positioning system 
(NDI, Aurora, Ontario, Canada) was used to localize the ultrasound plane within a CT volume. Briefly, a 6-degree of freedom sensor 
was attached to an US transducer on a commercial scanner (Siemens Sequoia, Issaquah, WA) and calibrated using a single-point 
calibration method. The EM-tracked space was registered with the CT space using fiducial registration, while 3D Slicer visualized the 
real-time fused data. System performance was measured by quantifying calibration error, fiducial registration error, and target 
registration error. Met-1 tumors in the fat pads of 10 female FVB mice provided a model for tumor growth within fatty tissue. Mice were 
imaged with CT, and the tumors underwent H&E-stained histology to identify tumor and surrounding fatty tissue. The percentage of fat 
in the tumor region was quantified by segmenting the images according to Hounsfield units (fatty: -300 to 0 HU, protein-rich: 1 to 300 
HU, and bone: HU>300). CT measurements were compared with histology using a signed rank test, and the relationship between fat 
content and tumor size was examined with linear regression. Our CT/US fusion system can differentiate soft tissue, bone and fat with a 
spatial accuracy of ~1 mm. Fiducial registration error between the CT image space and tracked space was 1.02±0.2mm, with a mean 
target registration error of 1.0±0.3 mm on CT and US in fused 2D images. Tumor area measured by CT and histology were correlated 
(r2=0.92), and the percentage of fat estimated by CT and histology was similar (p > 0.15, signed rank test, Figure 1a). Additionally, CT 
mapped fat and soft tissue interfaces near the acoustic beam during real-time imaging of Met-1 tumors (Figure 1b-e). We conclude that 
combined CT/US is a feasible method for guiding interventions by tracking the acoustic focus within a pre-acquired CT volume and 
characterizing tissues proximal to and surrounding the acoustic focus. 

 

Figure 1. Real-time fused CT/US with EM tracking. (a) The percentage of fat detected by CT and histology decreases with increasing tumor size. An 
ultrasound image of a Met-1 tumor (b) can be overlaid on a segmented CT image (c) (yellow->fat, pink->soft tissue) to form a combined image (d) with 

registration error on the order of ~1mm (indicated by dashed line). (e) 3D isosurface of mouse with a red circle around the tumor region and white box to 
indicate the ultrasound slice. 
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Taking fluorescence tomography to its limits: towards whole-body 3D imaging in rats 
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Continuous improvements in fluorescence molecular tomography (FMT) instrumentation are pushing the limits of fluorescence 
sensitivity and subject size that can be imaged. While the majority of FMT systems to date have employed charge-coupled device 
(CCD) cameras for photon detection, owing to the large number of optical projections they provide at a high frame rate, the recent 
employment of single-photon counting technologies with ultralow noise characteristics is pushing the limits of FMT system sensitivity. In 
this study, the ultimate sensitivity of a state-of-the-art FMT system1 is investigated with the goal of being able to image sub-nanomolar 
concentrations of fluorescence in rats. Some advantages of the system include: a non-contact detection geometry housed in a 
rotational gantry that provides flexibility to the number of data projections that can be collected; concurrent excitation pulse monitoring 
that offers an online means of correcting data for fluctuations in laser intensity and drift; an imaging bed designed to fit into both the 
FMT system and a small animal computed tomography scanner (microCT, GE healthcare, Milwaukee, WI) to provide anatomical priors 
that can be used to constrain image reconstructions; an automatic exposure control in the form of an adjustable laser attenuator that is 
designed to provide the maximum attainable fluence of light for each source position without saturating the detectors; and simultaneous 
collection of both transmission and fluorescence data, facilitating motion-insensitive approaches to nullify model-data mismatch errors 
in reconstruction techniques. The feasibility of using the FMT system to image in rats was first investigated in a tissue-mimicking 
phantom experiment. A 6 mm cylindrical inclusion going the length of a 5 cm diameter cylindrical phantom (rat-sized) was filled 
sequentially with different concentrations (0.7, 7, 70 &700 nM) of Alexa Fluor 647 (Invitrogen, Carlsbad, CA) and transmitted 
fluorescence and excitation light were collected at 160 source-detector projections about the phantom to reconstruct images at each 
concentration. In a final experiment a 5 mm-diameter tube filled with a 10 nM solution of IRdye 800 (LICOR Biosciences, Lincoln, NE) 
was inserted through a cadaverous rat, and the rat was imaged at 160 source-detector projections around the circumference of the 
head. Images were created with NIRFAST (http://www.dartmouth.edu/~nir/nirfast/), where the necessary finite-element mesh was 
created based on the boundaries of the imaging subject using a co-registered CT image (otherwise no other anatomical priors were 
used). The attached figure presents the results of all experimental studies. A strong linear relationship was observed between the 
concentrations of Alexa Fluor 647 in the phantom inclusion and the reconstructed fluorescence in the known location of the inclusion 
and a reasonable fluorescence image could be reconstructed down to a subnanomolar concentration (0.7 nM). Furthermore, the first 
ever reconstruction of a fluorescence inclusion in a rat is presented. 1Kepshire et al. Rev Sci Instru 2009 

 
Figure - A) Reconstruction of 70 nanomolar Alexa Fluor 647 inclusion in a 5 cm diameter cylindrical phantom; B) Reconstruction of 0.7 nanomolar Alexa 

Fluor 647 inclusion in a 5 cm diameter cylindrical phantom. C) First fluorescence tomography image of a rat. 
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X-ray Luminescence Optical Tomography for Small Animal Imaging 
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We are studying a recently proposed1 hybrid imaging modality, X-ray luminescence optical tomography (XLOT), in which X-ray 
excitable particles emit optical photons when excited with collimated X-rays. XLOT combines the high sensitivity of optical imaging and 
the high spatial resolution of X-ray imaging. A prototype XLOT imaging system was built using an electron-multiplying (EM) CCD 
camera. An X-ray detector was used for phantom position calibration and performing simultaneous computed tomography (CT) and 
XLOT imaging. Two reconstruction algorithms were studied, filtered backprojection (FBP) and X-ray luminescence optical tomography 
with excitation priors (XLOT-EP) in which the photon propagation was modeled with the diffusion equation and X-ray beam location was 
used as a reconstruction prior. Numerical simulations and phantom experiments were performed to validate the XLOT imaging system 
and the reconstruction algorithms. We also studied the x-ray dose distribution for different particle concentrations. Fig. 1a shows the 
experimental system. An X-ray tube generates X-rays with energy up to 80 kVp and a maximum tube current of 0.25 mA. The X-ray 
detector has an area of 49.2 mm by 49.2 mm consisting of a 1024 by 1024 pixel photodiode array sensor with 48 µm pixel spacing. The 
X-ray detector is 300 mm away from the X-ray tube. The X-ray beam is collimated (1 mm) and scans the object in “step and rotate” 
mode, similar to first generation CT scanners. The emitted optical photons for each X-ray excitation position are collected from the top 
surface of the object via a mirror and detected by an EMCCD camera. For phantom experiments, a cylindrical phantom (50 mm long, 
32 mm diameter), composed of 1% intralipid and 2% agar was made with one offset cylindrical target (4.8 mm diameter, 50 mm long). 
The target was composed of 1% intralipid, 2% agar and Gd2O2S:Eu (GOS) particles at concentrations of 1.0 mg/mL or 0.22 mg/mL. 
Each scan consisted of 36 projection angles in 5° steps. At each angle, 32 linear positions were acquired spaced by 1 mm. The X-ray 
tube current was 0.2 mA at 70 kVp. The X-ray detector exposure time was fixed as 450 ms. The EMCCD exposure time was 5 secs for 
the 1.0 mg/mL concentration and 60 secs for the 0.22 mg/mL concentration. In both cases, the target is not detectable in the CT image 
due to the low target to background contrast (Fig. 1b). With FBP reconstruction method, XLOT detected the 1.0 mg/mL target 
successfully (Fig. 1c) but failed to detect 0.22 mg/mL target. With the XLOT-EP reconstruction method, XLOT could detect both target 
concentrations (Fig. 1d for 1.0 mg/mL case). The relative position errors as determined by a profile drawn across the target in the 
transverse reconstructed image were 2.3% for 1 mg/mL case and 3.2 for 0.22 mg/mL case. 1. G. Pratx et. al., Optics Letters 35: 3345-
48, 2010. 

 

Figure 1 (a) Schematic of the prototype XLOT imaging system. Reconstructed CT image (b), XLOT images with FBP (c) and XLOT-EP (d) for 1.0 mg/mL 
target. 
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Assessment of Perfusion and Viability in the Rat Myocardial Infarct Model Using PET/SPECT 
and MRI Image 
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Cardiac disease research relies increasingly on small animal models and non-invasive imaging methods such as functional and 
anatomical. Nuclear medicine image is the most reliable non-invasive tool for the identification of myocardial viability and myocardial 
perfusion. MRI and CT provide high resolution anatomical images that allow accurate evaluation of ventricular structure. However, a 
direct comparison among multimodal image for characterization of perfusion, viability, and infarct size is lacking. The aim of this study 
was to develop the analysis method for evaluation of myocardial function and infarct size with multimodal cardiac image. Rat 
myocardial infarction model was induced by ligation of the left circumflex artery. The PET/SPECT images obtained with a small animal 
PET/SPECT scanner (InveonTM, Siemens). Gating was realized with the help of an external trigger device (BioVET). PET imaging was 
started 60 min after the administration of 30 MBq of 18F-FDG via tail vein injection. SPECT images were acquired at 60 min post 
injection of 110 MBq of Tc99m-MIBI and Tl-201/0.1 mL via tail vein with 126-154 (Tc), 63-77 (Tl) energy window and 1.0 mm pinhole 
collimator. To automatically make the myocardial contour and generate polar map, we used Cedars-Sinai method. Contrast enhanced 
FLASH sequence MRI image was acquired with a 3-T clinical MRI scanner (MAGNETOM Tim Trio) using ECG triggering. Delay 
enhancement images were obtained 10 min after injection of Omniscan 0.5 mol / kg. The pixel size of PET/CT and MRI image was 
being converted to automated myocardial wall detection by the QGS software used to process the gated image series. 
Triphenyltetrazolium chloride (TTC) staining measures tissue viability used to evaluate real infarct size. The reference infarct size was 
defined by infarction area percentage of the total left myocardium. Infarct sizes were defined by defects area percentage of the mid 
portion area in polar map. To calculate infarct size, we used multi Gaussian mixture model (MGMM) threshold methods. MGMM 
method estimated the distribution of image intensity for adaptive threshold calculation. Myocardial infarct region of TTC and delay 
enhancement MRI image were 15.28% and 13.13%, respectively. FDG PET, Tc99m-MIBI and Tl-201 with MRI image infarct region 
were 7.7%, 15.42% and 13.46%, respectively. Hybrid Tc99m-MIBI and contrast enhancement MRI image was easily showed 
myocardial viability and infarct size of myocardial infarction region. High spatial resolution polar map of MRI image will be an attractive 
method for infarct size estimation. Integrated myocardial analysis technology of high sensitive PET and high resolution MRI images 
may potentially facilitate the improvement of viability and infarct size in cardiology. The hybrid PET/SPECT/MRI images for detecting 
molecular targets may extent the application of these modalities to the characterization of atherosclerotic plaques and to the evaluation 
of angiogenesis or stem cell therapies. 
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Radiative transfer-based frequency-domain fluorescence-enhanced optical tomography for 
hybrid imaging in the Inveon Scanner 
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Multi-modality imaging is limited by the lack of integration of different modalities within the same platform which enables effective and 
accurate co-registration. In our work, we have adapted a miniaturized system providing both continuous wave (CW) and frequency 
domain photon migration (FDPM) fluorescence measurements within the microCT gantry of the microPET/CT Siemens Inveon system 
for in vivo imaging dual-labeled imaging agents developed in our group (Sampathm et al., Transl. Oncol. (3)307-317, 2010; Hall, et al., 
Prostate, In press, 2011). Since near-infrared (NIR) and PET imaging have comparable sensitivity (Houston, et al., J. Biomed. Opt. 
10(5) 054010, 2005; Sampath, et al., J. Nucl. Med. (48)1501-1510, 2007), our work is directed to validate CW and FDPM tomography 
and reconstruction algorithms. A mathematical model describing photon propagation in small tissues is essential for both CW and 
FDPM image reconstruction. The diffusion approximation (DA) to the radiative transfer equation (RTE) becomes increasingly inaccurate 
for complex small animal geometries and small volume geometries. However, the complexity and severe computation burden to obtain 
the RTE solution limit its application in small animal optical tomography. In this work, we use high-order approximations correcting the 
inaccuracy of DA (Lu, et al., Phys. Med. Biol. (55)4625-4645, 2010). Our forward simulation results show that the simplified spherical 
harmonics approximation (SPN) can effectively correct the inaccuracies of DA. We use a linear reconstruction algorithm with the SP3 
approximation to recover images of fluorescent dye absorption cross section using the CW and FDPM measurements. Using the finite 
element methods, a linear relationship between the surface measured emission photon distribution and the unknown fluorescent 
domain is first established and then transformed into a least squares problem. The optimization method is used to minimize the problem 
to realize the image reconstruction. A mouse-shaped solid phantom provides “ground truth” to test our reconstruction method. Surface 
boundaries were first obtained using microCT and then used to generate the tetrahedron-based volumetric mesh. A point of incident 
modulated laser light was used to illuminate the surface of the phantom. IRDye800 CW was selected as fluorescent target due to its 
high quantum efficiency and stability. In order to map the emission photon distribution from the CCD camera onto the mesh surface of 
the phantom and accurately locate the excitation source on the phantom surface, a calibration method was performed to obtain the 
transform matrix. Upon rotating the gantry, the emission photon distribution was detected from different angles when the excitation 
source transilluminated the phantom at different positions. Experimental data collected was Fourier transformed to obtain the amplitude 
and phase information of the emission photon distribution. The measured information was input into the reconstruction algorithm to 
obtain the fluorescence tomography. This project is supported by NIH R01 CA135673. 
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Molecular Imaging of the Prostate for Improved Diagnosis using Multiparametric Functional 
[11C]-Acetate PET/MRI: Proof of Concept 
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Background: There is an estimated lifetime incidence for prostate cancer of one in eight men worldwide. A deeper understanding of the 
molecular basis of prostate cancer could allow a non-invasive characterization of benign and malignant lesions, with relevant 
implications on clinical practice. The potentials of a multiparametric functional PET/MRI are not yet explored in detail. It can be 
assumed that by assessment of multiple pathophysiologic processes an improved diagnosis will be enabled with PET/MRI. Objective: 
To demonstrate the feasibility of combined 3T multiparametric functional MRI and [11C]-Acetate PET/CT for molecular imaging of the 
prostate and to assess possible increase in diagnostic accuracy. Material and Methods: Nine men (mean age of 63±8.1 yrs; mean PSA 
level: 9.6±5 ng/ml) were examined. The median biopsy Gleason score was 6. [11C]-Acetate PET/CT as well as T2-weighted, dynamic 
contrast-enhanced and diffusion-weighted MR imaging were performed followed by the coregistration and fusion of imaging data. 
PET/MRI was assessed for lesion morphology, acetate-avidity and nodal status. Lesions within the prostate gland were classified as 
positive when [11C]-Acetate uptake was greater than blood-pool activity. All lesions were classified according to a 5-point scoring scale 
for probability of cancer and histopathologically verified. Results: 11 lesions were detected by MRI and 12 by PET/MRI. MRI classified 3 
lesions as definite benign, 2 as probably benign, 3 as intermediate, 3 as probably malignant and none as definite malignant. PET/MRI 
upgraded 2 lesions to definite malignant, which were all histopathologically verified as malignant. One lesion was down-graded by 
PET/MRI to definite benign and one to probably benign, which proved to be normal prostate gland tissue and chronic prostatitis, 
respectively. Sensitivity and specificity of PET-MRI was 100% and 100%, respectively. In one patient PET/MRI revealed a lymphnode 
metastasis, which was missed by MRI alone. PET/MRI identified one additional, intermediate lesion, in a patient with fibroglandular 
hypertrophy with chronic inflammation and atypical cells. Conclusion: Molecular imaging using multiparametric functional PET/MRI of 
the prostate is feasible and seems to improve diagnostic confidence in the diagnosis of prostate cancer and enables accurate 
assessment of nodal status. 
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Bimodal Xray/NIR-fluorescence tomograph within a cylindrical geometry for pre-clinical 
studies: evaluation on mice bearing real tumors 
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A bi-modal system combining X-Ray CT and fluorescence diffuse optical tomography on the same gantry has been built up [1]. The 
advantage of such a bi-modal system is to provide simultaneously accurate morphological (X-Ray CT) and functional information 
(fDOT). An effective coupling between both modalities is achieved by using the real animal external shape provided by X-ray modality, 
for diffuse optical reconstruction. According to our fluorescence tomographic reconstruction approach based on at first reconstructing 
optical heterogeneities in the observed animal [2], actual object boundaries got from X-rays are exploited to reconstruct precisely the 
heterogeneities map from the excitation signal and then the fluorescence distribution from the emission signal. Experiments on test 
phantoms have assessed our bi-modal instrument performances in terms of repeatability (less than 1% of variation), linearity (for 
quantity of Alexa 750 from 1 pmol to 30 pmol) and resolution in X/Y and Z plane (better than 2mm). We pursued this characterization in 
vivo with “capillary mice” - i. e. capillaries filled with a solution of fluorophores (Alexa 750) inserted either in the lungs via the trachea 
and the bronchi or in the abdomen of sacrificed healthy nude mice. We obtained accurate localization of the fluorophore in the 
morphology of the animal with a tolerance of 1mm whatever the region of interest. This confirmed the robustness of the method 
regarding the underlying heterogeneities of real biological tissues. Moreover, we defined a minimal fluorophore quantity required to get 
out of the non specific fluorescence for each region of interest - lung region (5 pmol) or abdomen region (10 pmol). In this presentation, 
we complete the characterization of our instrument and its associated reconstruction approach by evaluation on actual tumoral mice. 
The mice have been injected intravenously with 10 nmol of Angiolone (Fluoptics) marked with AlexaFluor 700 (Invitrogen), 4h before 
imaging. Acquisition protocol has been refined (i) to cope precisely with the mouse support geometry within the acquisition system, (ii) 
to define regularly spaced sources all around the external animal surface, (iii) to optimize the integration time for each projection 
(diffusion and excitation) to increase the SNR. These improvements have led to optimized results on these real lung tumours bearing 
mice. They were sacrificed just before the acquisition process and the reconstructed fluorophore spatial distributions have been 
confirmed by autopsy. The comparison of fluorescence levels with the one obtained on healthy mice has shown significant signal 
associated to the presence of tumors. Moreover, after dissection, the level of fluorescence observed on the lung by FRI has been 
shown in concordance with the reconstruction results. We presently work on improving fluorophores quantification accuracy in vivo by 
using anatomical information provided by X-ray CT as a priori for a better modeling of the direct fDOT problem. [1] Planat-Chrétien A. et 
all, WMIC 2010. [2] Koenig A. et all, JBO 2008. 
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Imaging in Conjunction with CT and Planar X-ray 
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Recent advances in imaging have yielded several choices for pre-clinical researchers to perform non-invasive in vivo imaging. Positron 
emission tomography (PET), single-photon emission computed tomography (SPECT), and optical imaging are all widely utilized in 
molecular imaging for a variety of applications. Here we used each of these imaging modalities, in conjunction with a respective probe 
for bone remodeling, to compare the similarities and benefits of each modality for bone imaging. Three different molecular imaging 
reagents were used in order to analyze bone formation and remodeling on individual, 10-week old male SKH-1 hairless mice. Tc99m-
MDP was used for SPECT (Figure 1: Left panel), Na 18F for PET (Figure 1 Center Panel) and Osteosense 750 was used for optical 
imaging (Figure 1, Right panel). PET, SPECT, and CT images were acquired on a commercial, trimodal nuclear image station. Optical 
fluorescence and planar X-ray images were acquired at 36 craniocaudal rotation angles using a commercial image station equipped 
with an animal rotation device. The combined use of animal rotation with tomographic nuclear reconstructions permitted the 
synchronization of imaging angles between all modalities, thus facilitating a comparison of S/N values. In summary, we describe the 
methods and technical aspects of performing tri-modal molecular bone imaging on individual mice, and provide data for a basic 
comparison of each. 

 

Disclosure of author financial interest or relationships: 
S. Chapman, None; S.P. Orton, Carestream Health, Employment; W. McLaughlin, Carestream Molecular Imaging, 
Employment; W.M. Leevy, Carestream Health Molecular Imaging, Consultant . 

  

Proceedings of the 2011 World Molecular Imaging Congress S449



Presentation Number P484 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Imaging of Radioluminescent Nanophosphors via Improved X-ray Luminescence Computed 
Tomography 
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Objective: Radioluminescent nanophosphors (RLNPs) show great promise for imaging biological processes in vivo under X-ray 
guidance, and for enhancing the efficacy and specificity of cytotoxic therapy during radiation therapy. As progress is made towards 
these goals, there is a need for an imaging modality that can quantitatively measure the distribution of RLNPs in small animals, with 
high sensitivity and high spatial resolution. X-ray luminescence computed tomography (XLCT) is best placed to meet all these 
requirements. In this scheme, collimated beams of X-ray radiation selectively excite RLNPs, producing near-infrared (NIR) light within a 
narrowly-defined volume. Optical measurement of the photons diffusing out of the subject can be interpreted as projective data and 
reconstructed into tomographic images. Methods: We have built a prototype XLCT system based on a first-generation CT geometry. 
The system is composed of a high-power KV X-ray source, a narrow tungsten collimator, a sensitive EM-CCD camera, and a computer-
controlled motion stage. We have also synthesized NIR-emitting Eu3+-doped and green-emitting Tb3+-doped RLNPs, which were 
embedded in various phantoms and imaged with XLCT. A novel reconstruction scheme that includes a model of light propagation in 
biological tissue was developed and evaluated on XLCT scans with sparse angular sampling. Last, multiplexed imaging of RLNPs 
doped with different elements was demonstrated by resolving two different types of RLNP probes in a planar multispectral imaging set-
up. Results: Imaging in an optically-diffusive medium shows that imaging performance is not affected by optical scatter; furthermore, the 
linear response of the reconstructed images suggests that XLCT is capable of quantitative imaging. Reconstruction combining models 
of light and X-ray propagation in tissue was found more accurate for sparse angular sampling. NIR- and green-emitting RLNPs were 
accurately resolved using two different imaging wavelengths. The RLNP distribution was estimated with as few as two projection 
angles. Conclusion: Based on phantom experiments, we found XLCT to be a feasible approach for imaging RLNPs tomographically. As 
we advance towards our goal of imaging RLNPs in live animals, we are designing and building a new imaging set-up with improved X-
ray collimation and light collection efficiency, with simultaneous X-ray CT acquisition capabilities. 
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Hybrid preclinical MR/SPECT imaging with the OPTImouse™ 1.5 preclinical MR system 
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INTRODUCTION: The combination of different preclinical imaging techniques (hybrid imaging) increases dramatically their individual 
diagnostic power adding for instance morphology to molecular information in one exam (1). Among all available preclinical imaging 
techniques, the combination of SPECT (alternatively PET) and MRI in a dual modality system, which includes the very high sensitivities 
of SPECT (or PET) and the high resolution of MRI, has the greatest potential. A simultaneously SPECT (or PET)-MRI strategy has 
been demonstrated by placing the scintillator detectors inside a high field MR scanner using CZT for SPECT (2) and LSO for PET (3). 
Optical fibers were used to drive the light to the PMT(s) (3) or recently avalanche diodes (APDs) or SiPMs (4, 5) offering interesting 
technological alternatives but at very high cost and skill. A simple strategy is a side by side hybrid system with a unique small animal 
imaging cell, keeping the mouse heated and anesthetized, and that is translated from one system to the other for future image fusion. 
To that purpose we used for MR/SPECT dual modality imaging a new preclinical compact MR imaging system designed for 
multimodality imaging (OPTImouse™ 1.5, RS2D, Bischwiller, France). MATERIAL AND METHODS: The magnet (1.5T) is a cryo-
cooled cryogen-free superconducting one (no quench) taking up a floor area of 1.20m x 2m while the 5G line is at 35cm around the 
magnet. RF coils (RapidBiomedical, Würzburg, Germany) of 40mm and 72mm in diameters, are available for whole body imaging of 
respectively mouse and rat. All necessary electronics take place under the magnet and the spectrometer is driven by a friendly software 
developed in Java, via an ethernet connection. Mice or rats are kept anesthetized and warmed in imaging cells including landmarks 
(Minerve, Esternay, France) which fit also in the microSPECT-CT (eXplore speCZT 120 Vision, GE, Waukesha, USA) installed 2m 
away from the magnet, fig1a. Multimodality imaging is achieved by moving the cell from one system to the other. RESULTS: Lung, 
renal and heart SPECT studies in mice with reconstructed isotropic voxels of 330x330x330µm3 were performed and co-registered on 
3D high resolution T1 whole body images (isotropic voxels of 312x312x312µm3) acquired sequentially. Total acquisition time for both 
modalities was 1 hour. Images fusion was obtained using Amide software, fig1b. CONCLUSION: We demonstrated that a small 1.5T 
MRI could be placed in the vicinity of other small animal imaging systems without impairment in their normal operation. The use of the 
same support for the animal allows for easiest multimodality imaging with post-acquisition registration. The low price and requirements 
(in comparison with usual preclinical MRI systems) is favorable with its location at already existing preclinical multimodality platforms 
without large architectural changes. REFERENCES: 1 Kagadis G et al. Med Phys 2010;37:6421-6442 2 Hamamura M et al. Phys Med 
Biol 2010;55:1563-1575 3 Wehrl H et al. Eur J Nucl Med Mol Imaging 2009;36 S1:55-68 4 Pichler B et al. J Nucl Med 2006;47:639-647 
5 Schaart D et al. Phys Med Biol 2009;54:3501-3512 

 

Fig.1: (a) Optimouse 1.5 on the left 2m apart from the eXplore speCZT Vision 120; (b) Selected fused sagittal slices, T1 weighted MRI in grey and 
99mTc-MIBI SPECT in color. 

Disclosure of author financial interest or relationships: 
P. Choquet, None; C. Goetz, None; J. Muller, RS2D, Employment; J. Bedet, RS2D, Employment; B. Guillaud, None; J. Dillenseger, 
None; R. Schimpf, None; A. Constantinesco, RS2D, Consultant .  

Proceedings of the 2011 World Molecular Imaging Congress S451



Presentation Number P486 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

An Automatic Method for Co-registration of Small Animal Optical Tomographic Imaging with 
Other Imaging Modalities 
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The exploitation of the Fluorescence Diffuse Optical Tomography (fDOT) capacity for translation to clinical imaging modalities requests 
co-registration of 3D molecular fluorescence images with the images from other modalities. Thanks to the surface reconstruction 
technique that implemented into optical imaging system, we proposed an automatic co-registration method for fDOT with other 
modalities, based on automatic identification of the coordinates of the fiducial markers (FM). A white light image and an optical surface 
image acquired by laser pattern that covering both the subject and the FM are used for FM's coordinate detection. Regions of Detection 
(ROD) are assigned onto predetermined positions around the FMs in the planar white light image. We apply successively a median 
filter, a threshold and a Gaussian filter to minimize the noise and center the gradient intensity change of the FM. The coordinates of the 
local maximum intensity (MI) in each ROD are attributed as the (x, y) of the FM. Since the two images are concatenated in the same 
orientation and the same pixel size, the coordinates of these two images are exactly related. The intensity value in (x, y) in the optical 
surface image gives the z value of the FM. We obtain the coordinates (x, y, z) of the FM for optical image. Then, a rigid transformation 
is applied to co-register the coordinates of the FM in optical images and in a second modality such as PET. Our method was applied to 
a fDOT-PET co-registration of mice bearing tumor xenografts of MEN2A cancer cells injected with probes tagged with the [18F]FDG 
and the near-IR fluorescent dye Sentidye (Fluoptics, France). Each mouse underwent a 20-minute fDOT acquisition followed by a 30-
minute PET acquisition. The position of the fDOT image on the mouse photograph is known a priori, it is enough for fDOT-PET co-
registration to co-register the mouse photograph with the PET image. From the co-registered images, the signals of the FM from the 
PET images overlap perfectly with those from the mouse photograph. To evaluate quantitatively the accuracy of our co-registration 
method, we calculated the Fiducial Registration Error (FRE) and compare the average FRE of our MI based method with the results of 
the manual co-registration (MC). The FRE value for our method is 0.26mm (std=0.06mm) in optical images and 0.25 mm (std=0.12mm) 
in PET image, which is in the same range of the manual registration: 0.28mm (std=0.05mm) in optical images and 0.22 mm 
(std=0.09mm) in PET image. Student t-test shows no statistically significant differences between MI and MC (p=0.51 and p=0.55 for 
optical and PET images respectively). It means that our automatic co-registration method is as accurate as an experienced human 
observer. Results allow concluding that the Sentidye vascular probe is present both in the tumor and the surrounding vessels. After only 
one initialization of the ROD for the given mouse holder, our method detects automatically the full 3D coordinates the FM and co-
registered the fDOT image with other modalities. Our method can be generalized to the co-registration of any optical imaging system 
equipped with a surface reconstruction technique. 

 

 
Figure: Co-registration of fDOT and micro-PET in a mouse bearing a MEN2A tumor xenograft. (a) fDOT volume image co-registered to the photographic 
image; (b) Photographic image co-registered to the micro-PET image ; the FM are visualized after local enhancement of the contrast in the micro-PET 

image. (c-e) Fusion fDOT/PET image in the axial (c), sagittal (d) and coronal (e) planes. The white dotted rectangles point at the reconstruction mesh of 
the fDOT while the white arrows indicate the position of the tumor. 
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Introduction: Recent work indicates that improvements in quantification of diffuse fluorescence imaging require incorporating structural 
information, such as magnetic resonance imaging (MRI) and X-ray computed tomography (CT), into model-based reconstructions. A 
few studies showcased the feasibility of using ultrasound (US) as a complement to fluorescence imaging. However, to our knowledge, 
no other study has achieved 3D tomography in these modalities at the same time. As a complementary imaging modality, ultrasound 
has an obvious advantage over MRI and X-ray CT with respect to cost and simplicity while keeping close to comparable performance at 
guiding fluorescence reconstructions. In this work, we designed a low-cost raster-scanned system combining both fluorescence and 
ultrasound imaging to explore the benefits to 3D tomography of combining both imaging modalities. Method: As shown in Fig.1 (A), we 
used transmission configuration to detect spatially distributed fluorescent emission. Structural priors from ultrasound imaging performed 
in the same scan were then applied to both create realistic geometrical meshes as well as constrain the reconstruction by 
regularization. Before each imaging session, we recorded the regions of interest (ROI) to define the scanning zone for the phantoms 
using a camera. Photon propagation was simulated to generate a forward model and the fluorescence field (ημaf) was reconstructed 
with the software package NIRFAST. Two silicon phantoms were employed, each having different geometries and optical properties in 
order to validate the system. Phantom-1 had a rectangular parallelepiped shape and dimensions of 100 mm×30 mm×20 mm. Phantom-
2 had a semi-cylindrical geometry of 19 mm radius and 105 mm length. Transparent tubes containing 1000nM Cy5.5 were inserted into 
the two phantoms at different spatial locations. As shown in Fig.1 (B)-(C), the Born-normalized ratios are overlaid on their respective 
pictures. Results: Representative reconstructed images for both US and fluorescence are presented. As shown in Fig.1 (D)-(F): the 
boundary and the inclusion locations in Phantom-1 were recovered by ultrasonic scanning. The fluorescent field was then reconstructed 
with the ultrasound structural priors showing clear improvement in localization accuracy over non-prior based reconstructions. As 
shown in Fig.1 (G)-(I), these benefits remained significant in the presence of a curved surface phantom (Phantom-2). Conclusion: 
Although ultrasound imaging provide limited structural information compared to MRI or X-ray CT, the improvements obtained using this 
technique for fluorescence reconstructions are significant. We expect that this low-cost multimodal imaging system will provide a more 
quantitative alternative to explore anatomical and functional information for in vivo fluorescence imaging studies. 
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We developed a new flexible optical fiber based ultra high resolution PET/MRI system named iPET/MRI II. The new flexible optical fiber 
bundle employed 0.5mm diameter double clad fibers which have 24mm x 24mm rectangular output and dual 12mm x 24mm 
rectangular inputs. In the input surface, LGSO scintillator of 0.025 mol% (decay time:~31ns: 0.9mm x 1.3mm x 5mm) and 0.75 mol% 
(decay time:~46ns: 0.9mm x 1.3mm x 6mm) were optically coupled in depth-of-interaction (DOI) direction, arranged in 11 x 13 matrix 
and optically coupled to the fiber bundle. The two inputs of the bundle are bent for 90 degrees, bound to one, and is optically coupled to 
a Hamamatsu 1-inch square position sensitive photomultiplier tube (R8900-100-C12). In the position histogram, most of the LGSO 
crystals in the two block detectors are separated. Energy spectra had two peaks due to the different light collection in DOI layers. Pulse 
shape spectra had two peaks which correspond to two types of LGSOs with the peak to valley ratio was 1.4. The light loss due to the 
optical fiber bundle was ~75%. Eight optical fiber based block detectors (16 LGSO blocks) were arranged in a 56mm diameter ring to 
form a PET system. Spatial resolution and sensitivity were 1.2mmFWHM and 1.2% at the central field-of-view (FOV), respectively. 
Sensitivity change was less than 1% for 2 degree temperature changes. There was no interference between PET and MRI. 
Simultaneous imaging of PET and MRI was successfully performed. We confirmed that the developed ultra high resolution PET/MRI 
system is promising for molecular imaging researches. 

 
Simultaniously measured mouse heart using developed PET/MRI system: MRI ( FLASH ), PET ( F-18-FDG) 
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We have developed experimental methods, imaging technologies, and image registration algorithms that enable one to image a mouse 
across all spatial scales from whole animal in vivo to organs to tissue to cells and finally to molecules. Key is the cryo-imaging 
technology which serially sections and images the block face of a frozen specimen as large as a whole mouse. With tiled acquisitions, 
the system produces microscopic resolution, color brightfield and fluorescence volumes. By registering both in vivo images (e.g., MRI) 
and histology images to the cryo-image volume, we can bridge all three modalities and provide voxel to molecule validations with 
heretofore unavailable spatial fidelity. Here we focus on registering histology to cryo-images. We used a tape transfer system 
(CryoJane®) to obtain intact histology sections. The frozen section was captured on a cold tape and transferred to an adhesive-coated 
slide. Following an UV exposure, the adhesive was polymerized and the tape was peeled off leaving the frozen section on the slide. 
With this method, we could capture a whole mouse coronal section with excellent fidelity. Slides are digitized either on a microscope 
system equipped with a XY stage or NanoZoomer®. To register histology images and cryo-images, we used the following algorithm. 
We converted color images to gray and used gray-scale normalized cross correlation on edge images as a similarity measure. To 
reduce small edge features in the histology images, we performed iterative open/close morphological gray scale filtering. Following this 
step, edge strength images from histology looked very similar to those from cryo-images, and normalized cross correlation was 
appropriate. We first performed global registration with an affine transformation without shearing to transform the histology image to the 
reference cryo-image. A B-spline based, free form, multi-resolution algorithm was used to correct remaining local distortion. Edge-
based registration is computationally more efficient than mutual information, and, in our hands, it is much more robust. We have now 
acquired over 50 histology sections using the tape transfer technique with at least an 80% and 70% success rate for organ and whole 
mouse sections, respectively. Using feature rich image data, we can easily estimate registration error between unambiguous feature 
points. Global registration is actually quite good with accuracy of 48±35 μm over a poorly registered region from a whole mouse section. 
Accuracy was improved after non-rigid registration as determined by improved matching of edges in the checkerboard figure below. 
Accuracy in the test region was improved to 27±15μm, a value which compares favorably to the pixel size of 11 μm. We are applying 
histological correlations in a variety of biotechnology experiments. Just some examples which will be presented are: MR imaging of 
fibrotic liver disease, characterization of glioma tumor in mice, determination of imaging agent co-localization to tumor, and visible 
theranostics. We conclude that adding histology and accurate registration to cryo-imaging can be an important enabling tool for a 
variety of biotechnology applications. 

 

Figure. Checkerboard overlay of histology and bright field liver images after affine (left) and non-rigid (right) registration. Arrows identify regions with 
improved registration. 
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Introduction: There is significant interest in obtaining functional PET images co-registered to anatomical MR images. A variety of 
approaches are being developed for combining PET and MRI into one workflow. Sequential arrangements place two separate systems 
either in the same room or in different rooms. Placing both systems in the same room and using a common bed offers compelling 
benefits over using scanners in separate rooms: the animal is never disconnected from monitoring and life support devices between 
scans, less total lab space is required and all animal handling equipment and radioactivity remains confined to one room. With a precise 
bed positioning method, registration errors can be eliminated provided the animal remains immobilized between scans. Design 
considerations include a precise and reproducible way to co-register PET and MRI image space, a method for transporting the animal 
between systems, floor space requirements and the separation between the two systems. In this abstract, two approaches for the 
implementation of a sequential PET-MRI imaging facility based on a Siemens Inveon PET system and an unshielded Magnex 2.0T MRI 
system are described which address these concerns. This facility is being set up in a research hospital for small animal imaging. 
Technical Challenge: Photomultiplier tubes, which make up the detectors in the PET system, cease to operate in the presence of 
magnetic fields. It was necessary to determine the maximum field the PET system can tolerate. Static magnetic field exposure tests on 
the PET system indicated that calibration corrections to normalization are 1% when exposed to axial fields of 0.3 mT. Both methods 
investigated were designed to limit the static field at the PET detectors to 0.3 mT. To eliminate possible RF interference from the PET 
system, an RF bottle would be used in the magnet bore. Method 1: A collinear PET-MRI geometry was investigated with a 
computational model. In this approach, the PET and MRI systems are placed end-to-end in close proximity (like PET-CT). An active 
electromagnetic shield coil was designed to null the magnetic field at the PET detector ring. One candidate coil has diameter 1.5 m, 
dissipates 7 kW and brings the maximum field down to 0.08 mT in the PET detectors when energized in simulations. A common bed 
track would connect PET and MR imaging regions, separated by 1.75 m. Method 2: The feasibility of arranging the systems on opposite 
sides of the room and using a detachable bed was investigated. To achieve the lowest field at a given separation, the PET system 
would be placed off-axis beside the MRI system. The dimensions of the room limit the feasible physical separation to 4.9 m, where the 
fringe field is 0.2 mT. A shared animal bed used for both modalities would include a circulating water channel for animal heating and a 
nose cone for anesthetic delivery throughout both scanning procedures. Precise bed positioning methods would ensure accurate co-
registration of PET and MR images by an a priori rigid body transformation. Conclusion: Due to its engineering simplicity and its 
expected effectiveness, the authors have decided to implement the second method. 
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Unlike traditional imaging techniques such as autoradiography, magnetic resonance imaging or positron emission tomography, mass 
spectrometry imaging (MSI) permits the label-free study of several compounds of interest simultaneously on the same tissue section. 
However, the difficulty of obtaining an absolute quantification of experimental data remains one of MSI’s major disadvantages. Several 
methods are described in literature in order to address this issue, but none have universal applications. This quantitative MSI feasibility 
study investigates robustness and reproducibility in whole-body imaging while taking pharmacokinetic problems into account. Using the 
example of a propranolol distribution study on whole-body, we report below the methodology intended to respond to the main obstacles 
in quantification through MALDI imaging. These difficulties are as follows: first, the high dependence of the detected signal on the 
matrix deposition/properties and its extraction capacity; secondly, the MALDI ionization yield of specific target molecules; and lastly, the 
ion suppression effect on tissue. We first compare different matrix deposition to evaluate the homogeneity and reproducibility taking into 
account the measure variability of different drugs. We minimize these variations using various approaches such as automated matrix 
deposition and different sample preparation. Thereafter, the optimization phase includes the study of a tissue model such as the liver 
and whole body. In this case, we consider not only an isolated point in the image, but a set of points. We determine a minimum surface 
on the MS image corresponding to a number of positions/given spectra in order to obtain error percentages below 15% on the target 
drug’s intensity measurement. We then reveal the advantages of different MALDI imaging modes (SRM, MRM, MS2) for drug detection, 
and their capacity to obtain linear intensity measurements depending on concentration. Furthermore, a calibration curve is constructed 
according to the previously optimized parameters while taking into account the effect on tissue. In order to validate our approach, we 
apply these parameters to the propranolol distribution study at several times post injection of the mouse whole body (negative control, 
20 and 60 min). The molecule’s localization in different organs is discussed along with its quantification per surface unit. In order to 
confirm our preliminary quantification results, the data are ultimately compared with others techniques studies of the same tissue 
sections. 
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MR contrast agent would facilitate visualization and quantitative evaluation of micro vascular structure by tracking the pharmacokinetics 
of the contrast agents. We can find specific information about tumors and normal tissue by determining the hemodynamic parameters 
which are obtained from T1 and T2 weighted images Quantification of flow is obtained in first pass bolus injection of contrast agent Gd-
DTPA is a common contrast agent which is used in MRI. MRI is one of the modalities for evaluating tumors. In T1-weighted DCE-MRI, 
an intravenous bolus of gadolinium contrast agent enters tumor arterioles, passes through capillary beds and then drains via tumor 
veins. The degree of signal enhancement is dependent on physiological and physical factors, including tissue perfusion, arterial input 
function (AIF) (AIF: the concentration-time course of contrast agent in the artery supplying the vascular bed) , Ktrans , K ep , 
Permeability of vessels , Ve , EES. By analyzing Wash in & Wash out curves , We can find so many details for about the tissue of ROI. 
The vessels of tumors are more permeable so they have such a faster wash in and wash out. We differ malignant tissue from benign in 
its time response to uptake or decay certain molecules (CAs). We use this process with USPIO too and the results was so fantastic and 
inverse results. We test the USPIO & GD in testis of mice. 

 
Hemodynamic parameters for tumor and normal tissues 
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Purpose: Manganese enhanced MRI (MEMRI) has been increasingly used for various studies on brain anatomy and function in mice 
and rats following several administration routes of MnCl2. However, there was no report yet on dynamic behavior of MRI T1 relaxation 
times in brain regions following MnCl2 administration by pulmonary infusion. The aim of this study was to measure the time series T1 
relaxation times and regional changes of T1’s after intravenous (IV) or pulmonary infusion (PI) of MnCl2 in rat brain at 9.4 T animal MRI 
scanner. Materials and Methods: MR imaging was conducted in 7-week old male Sprague-Dawley rats with 200-250 g (n = 3 for each 
PI and IV). After baseline T1 and T2 measurements on a 9.4 T MR scanner (Varian, Palo Alto, CA, USA) with anesthetized rats, MnCl2 
was administered at doses of 15 and 500 mg/kg body weight with IV and PI methods, respectively, then dynamic MR images were 
obtained up to 2 weeks. T1 measurements were performed using spin echo multiple TR saturation recovery method (TE = 10.7 ms; TR 
= 400, 800, 1200, 1600, 2000, and 3000 s). T1 and T2 values of white matter, gray matter, and several brain regions were obtained. 
Results: The mean T1 relaxation times for different anatomical regions of the rat brain are shown. By using the PI method, T1 
shortening and increased signal intensity (SI) in the brain regions such as cerebellum (cb), hippocampus (hi), olfactory bulb (ob), 
pituitary gland (pg), and thalamus (th) were observed during relatively long time, compared to IV method. Significant differences in the 
changes of T1 relaxation times and SIs were observed between PI and IV routes. Conclusion: Systemic administration of MnCl2 by PI 
and IV routes induced different time-course T1 changes in several regions of the rat brain. The PI method could be an administration 
tool for long term brain stimulation study. 
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I. Purpose & Importance Glioblastoma Multiforme (GBM) is the most common and aggressive malignant brain tumor in humans. It has 
the worst prognosis of any central nervous system malignancy (median survival time 14 months). It is very difficult to treat: GBM cells 
are very resistant to therapies, brain is susceptible to damage and has a very limited capacity to repair itself, many drugs cannot cross 
the blood-brain barrier. Consequently, the hope mainly lies in its early detection at stages 1 or 2. Here we demonstrated a new 
approach for early GBM detection through sensitively imaging magnetic nanoparticles by our recently developed active-feedback MR 
[1]. II. Theory & Method 1) Detection: This new detection method is detailed in “Supplemental Data”. In essence, it is based on 
“selective self-excitation” and “fixed-point dynamics” generated by the bulk water 1H under active feedback fields. It has two major 
advantages: (i) enhanced imaging sensitivity with positive contrast due to effective selective self-excitation by the bulk water 1H 
feedback fields, (ii) experimental robustness due to fixed-point dynamics. These two features provide superior sensitivity/contrast in 
imaging magnetic nanoparticles. 2) Targeting: The cyclic arginine-glycine-aspartic (RGD) peptide selectively targets the αVβ3-integrin 
on the U87 GBM cells. The cyclic-RGD was conjugated with 30-nm superparamagnetic iron-oxide (SPIO) containing carboxylic acid 
active groups by EDC/NHS chemistry. III. Result & Discussion 1) Active-feedback device: To implement this approach, an active-
feedback electronic device was home-built to generate feedback fields from the magnetization (Fig. 1A). The device is to filter, phase 
adjust, and amplify the signal from the receiver coils and then retransmit the modified signal into the RF transmission coil, with 
adjustable and programmable feedback phases and gains. The MR console computer can execute the pulse sequences including 
active feedback fields and the active feedback device can automatically control the trigger signal, feedback phase/gain, and the 
duration of the feedback RF fields, allowing us to utilize the active feedback RF fields in novel ways. 2) in vivo mouse GBM images: 
Stage-2 GBM mouse models infected with human U87 cell line were imaged (Fig. 1B). While the T2 parameter images (Fig. 1C), T2-
weighted images by spin echo (Fig. 1D), and T2*-weighted images by gradient echo (Fig. 1E) all successfully locate the GBM tumor, 
our active-feedback images (Fig. 1F) provide positive contrast with enhanced contrast-to-noise (CNR) ratio. IV. Conclusion & Outlook 
Computer simulations, phantom images (Supplemental Data) and in vivo GBM mouse models validated the superior performance and 
in vivo applicability of the proposed active-feedback MR molecular imaging for early GBM detection. This new approach offers 
significantly improved experimental robustness and imaging sensitivity (with positive contrast) to SPIO. Statistical studies (N>5) and 
improved active-feedback pulse sequences with even superior performance for early GBM detection will also be presented. Reference 
[1] Y.-Y. Lin et al, Science 290, 118 (2000) 

 

Fig. 1. (A) To implement active-feedback MR, an active feedback electronic device was home-built to filter, phase adjust, and amplify the signal from the 
receiver coils and then retransmit the modified signal into the RF transmission coil, with adjustable and programmable feedback phases and gains. (B) 

Stage-2 GBM mouse models infected with human U87 cell line were imaged. While the (C) T2 parameter images, (D) T2-weighted images by spin echo, 
and (E) T2*-weighted images by gradient echo all successfully locate the GBM tumor, our (F) active-feedback images provide positive contrast with 

enhanced contrast-to-noise (CNR) ratio. 
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Magnetic particle imaging (MPI) is an emerging medical imaging modality capable of high-sensitivity images with unprecedented 
contrast [1]. MPI directly detects the spatial location of ultra-small superparamagnetic iron oxide nanoparticles (USPIOs), which are 
currently approved as a contrast agent for MRI. A strong gradient (6 T/m) creates a field free point (FFP), and a time-varying 
homogeneous field moves the FFP across a region. The motion of the FFP “flips” the USPIO moments and induces a signal in the 
receive coil. MPI receives no signal from the background tissue, providing for extraordinary contrast of the tracer. Other advantages of 
MPI compared to existing technologies are the high sensitivity of USPIO detection and the safety benefit of using no radiation. Our 
laboratory developed the x-space theory for MPI, which describes MPI as a scanning process in the x-domain [2] and is similar to the k-
space analysis commonly used in MRI. The x-space theory was derived assuming adiabatic and instantaneous alignment of USPIOs 
with the applied magnetic field. However, in reality the magnetization lags the applied field due to relaxation. Our preliminary results 
show that the dominant source of relaxation in MPI is due to viscous resistance against the magnetic torque, which we term magneto-
viscous relaxation. This is in contrast to Brownian and Neel relaxation, which are thermal processes. The magneto-viscous time 
constant is a function of USPIO, environmental, and magnetic field parameters. Previous studies have demonstrated that USPIOs can 
be used as biosensors by measuring relaxation times [3,4]. By measuring the time constant in an imaging format, we can create a new 
in vivo molecular tool. Here, we update the x-space theory of MPI to include relaxation effects and demonstrate that relaxation is 
essential for agreement with experimental MPI data. To validate our theoretical predictions, we built an x-space MPI relaxometer, which 
measures the USPIO diameter, relaxation time constant, and point spread function without an imaging gradient. Our theory and 
experiments indicate that relaxation degrades image resolution and accuracy. We have also shown that minimizing relaxation effects 
will improve MPI image resolution. This will also allow selection of appropriate MPI system conditions to improve image quality and to 
aid us in developing relaxation contrast imaging for in vivo molecular imaging. 1. Gleich B, Weizenecker J (2005) Nature 435:1214-7. 2. 
Goodwill P, Conolly S (2010) IEEE Trans Med Imag 29:1851-9 3. Kotitz R, et al. (1999) J Magn Magn Mater 194:62-68 4. Rossi L, et al. 
(2004) Anal Bioanal Biochem 380:606-13 

 
Figure 1: a) Schematic and b) photo of Berkeley x-space relaxometer. An excitation magnet generates an oscillating magnetic field up to 160 mT peak-
to-peak at 4.487 kHz. The signal received from the gradiometric receive coil is digitized at 10 MSPS without filtering. c) Experimentally measured point 

spread function of USPIOs acquired in the relaxometer contrasted to x-space theoretical predictions with and without relaxation effects. Relaxation 
effects are essential for the x-space theory to accurately predict the MPI data. 
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Time-resolved molecular imaging techniques that utilize injected tracers, such as dynamic contrast enhanced (DCE) MRI, require 
knowledge of the arterial (or vascular) input function (AIF or VIF) to derive quantitative perfusion parameters. When the AIF is poorly 
characterized, large systematic errors can result in the estimated compartmental model parameters. Various approaches have been 
suggested for determining/deriving the AIF, including: (i) assuming a global AIF, (ii) measuring a global AIF from a large artery or vein, 
(iii) deriving a global AIF from a reference tissue, or (iv) deriving a semi-local “blind” AIF from a region of interest (i.e., fitting the AIF and 
the model parameters iteratively by assuming the AIF to be fixed over the region of interest). Accurate AIF measurements in rodents 
are particularly challenging due to partial-volume effects, inflow artifacts, and motion. Recently, Lee, et al. modeled the AIF in dynamic 
susceptibility contrast (DSC) data as a localized gamma-variate function, allowing each voxel in the image to have a unique AIF. Here, 
we investigate the use of a similar localized arterial input function (LAIF) method for the analysis of DCE-MRI data. A three-parameter, 
gamma-variate function, consisting of two shaping parameters, α and β, and a scaling factor Q, was used to model the AIF for 
simulated DCE-MRI data. The modeling of the input function and the kinetic parameters were not carried out by an iterative “fitting” 
process, but rather, Bayesian methods were used to simultaneously estimate DCE and AIF parameters (1). Importantly, this analysis 
did not involve a numerical deconvolution of residue and input functions, but rather, the direct modeling of the deconvolution integral 
(2). As a product of the Bayesian analysis, posterior probability distributions, from which average values and standard deviations can be 
computed, were generated for each estimated parameter. This process was carried out at varying noise levels to determine the 
robustness of the technique and the dependence of the accuracy and precision of the estimated parameters on the signal-to-noise ratio 
of the data. The LAIF DCE method was shown to characterize well simulated data generated using both the standard (Ktrans, kep, and 
ve) and modified (Ktrans, kep, ve , and vp) Tofts compartmental models (3,4). All parameters derived from the LAIF DCE signal model 
were accurate; estimations of kep were more precise than those of Ktrans and vp. A recognized limitation of the current LAIF DCE signal 
model is that it assumes that the AIF is well described by a gamma-variate function. Future simulations and experimental studies will 
critically test this assumption and, if necessary, other functional forms for the AIF will be examined. The general LAIF approach can be 
applied to other molecular imaging techniques (e.g., monitoring of in vivo kinetics with hyperpolarized 13C MRI), where knowledge of the 
input function is unknown or difficult to measure. (1) Lee et al. MRM 2010;63:1305-1314; (2) Bretthorst GL, et al. Concepts Magn 
Reson 2005;27A:55-63; (3) Tofts et al. JMRI 1997;7:91-101; (4) Tofts et al. JMRI 1999;10:223-232. 

 

Figure 1. Simulated data and modeled results with the LAIF DCE method, corresponding to the values found in Table 1, for the standard and modified 
Tofts models. 

 
Table1. Parameter values estimated with the LAIF DCE method (visualized in Figure 1). *Assumed value 

Disclosure of author financial interest or relationships: 
J.R. Anderson, None; J.J. Ackerman, None; J.R. Garbow, None.  

Proceedings of the 2011 World Molecular Imaging CongressS462



Presentation Number P499 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

Assessment of lung parenchyma and metastasis tumor using ultra-short echo-time (UTE) MRI 
with contrast agents 

Daisuke Kokuryo, Ichio Aoki, Tsuneo Saga, Diagnostic Imaging Program, Molecular Imaging Center, National Instituite of Radiological 
Sciences, Chiba, Japan. Contact e-mail: kokuryo@nirs.go.jp 

Introduction: We have developed multi-functional liposomal nanoprobes containing a MR contrast agent, a fluorescence dye and an 
anticancer drug. In a previous study, subcutaneous and deep-seated tumor could be detected and visualized with the nanoprobes 
(Kokuryo D, et al: Proc. ISMRM 2010; etc). As the next step, we wish to apply the nanoprobes to lung tumors and other pulmonary 
disease. However, it is difficult to detect signal in the lung using conventional MR imaging techniques because of low proton density, 
short T2

*, strong susceptibility effects and respiratory motion. Recently, ultra-short echo-time (UTE) imaging has been developed 
(Gewalt SL, et al: Magn Reson Med., 1993; etc) and utilized to evaluate the signal changes in lung parenchyma for various animal 
models (Takahashi M: J Magn Reson Imaging, 2010; etc). As a preliminary step toward theragnostics using nanoprobe-based contrast 
agents such as Gd-DTPA/DACHPt-loaded micelles (Kaida S: Cancer Res., 2010), in this study Gd-chelate contrast agents were 
evaluated for MRI of lung parenchyma and metastatic tumor. Methods: Female Balb/c nude mice were used for in vivo MR imaging 
experiments (N=10). B16-F10 melanoma cancer cells (2.5 × 105 cells/100 ml) were administered via the tail vein to make metastasis 
models in the lung, liver and skin. All MR image acquisitions were performed on a 7.0 Tesla animal MRI (Magnet: Kobelco and 
JASTEC, Japan, Console: Bruker-Biospin, Germany) with a 35 mm inner-diameter transmit/receive volume coil (Rapid Biomedical, 
Germany). Three-dimensional UTE imaging at flip angles (FAs) of 5°, 10°, 15° and 20° were acquired before and after administration of 
0.50 mmol/kg Gd-DTPA (Magnevist, Bayer HealthCare Germany) via the tail vein. Imaging parameters were as follows: TR/TE = 8/0.02 
ms; FOV = 38.4 mm × 38.4 mm × 44.8 mm; Matrix = 128 × 128 × 128, and Projection number = 51360. Results & Discussion: After the 
MRI experiments, regions-of-interest that avoided blood-rich areas were selected to assess signal intensity changes in the lung, liver 
and metastatic liver tumor. The signal intensity of UTE images in lung parenchyma and liver after Gd-DTPA administration was greater 
than that before. Also, the signal intensity in the liver tumor after the Gd-DTPA administration was higher than that before. These results 
indicate that when using UTE imaging the signal intensity at lung parenchyma and liver tumor can be enhanced with MR contrast 
agents. The signal ratio between before and after the Gd-DTPA administration was maximized at FA = 10°. In future work, signal 
enhancement of early-stage parenchymal pulmonary diseases will be detected using contrast-enhanced UTE MR imaging with tumor-
targeting nanoprobes. 
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Affordable Hyperpolarization by Parahydrogen Induced Polarization 

Shawn Wagner, Jose Agraz, Debiao Li, Biomedical Sciences, Cedars-Sinai Medical Center, Los Angeles, CA, USA. Contact e-mail: 
wagners@cshs.org 

Hyperpolarization is emerging as a technology for probing metabolic processes in vivo. In the field of parahydrogen induced polarization 
(PHIP), equipment is only available through construction by individual researchers. We have improved on the published design (1,2) 
and have updated the operational software to improve reliability and assist in the functional operation. For this technology to be 
accepted for in vivo human studies, issues of uniformly controlled sample heating and sterility needed to be addressed. The new design 
improvements incorporate a controlled sample heating block and a sealed sample preparation system that can be easily removed for 
sterilization.<pre></pre>PHIP requires an r.f. transfer pulse sequence with excitation at two bandwidths corresponding to the hydrogen 
nuclei and hyperpolarizable nuclei (X nuclei). We have developed software that generates the required transfer pulse sequence based 
on the three required scalar coupling constants J1H-2H, J1H-X and J2H-X. The design maintains the original 1.8mT static magnetic field 
allowing for use of commercially available low cost amplifiers. The parts cost for building the the polarizer is under 10K dollar with 
minimal operating costs making PHIP almost two orders of magnitude cheaper than competing commercial dynamic nuclear 
polarization (DNP) equipment requiring continual helium replacement.<pre></pre>One of the major design difficulties with PHIP at low 
field is determining the static magnet field, B0, and calibrating the pulses. Typically the r.f. pulses are calibrated by equilibrating a 
sample in a spectrometer, quickly transferring the sample to the polarizer and delivering an r.f. pulse. The sample is then returned to 
the spectrometer and a read pulse is used to determine the Z magnetization. When the system is closed and heated the resistance in 
the copper coil increases. Maintaining the static magnetic field requires a greater voltage potential to drive the same current. We have 
implemented a circuit which controls the current at 0.800 +/- .002 A. Extra end ring loops have been added to the solenoid magnetic 
field coil to increase the center field homogeneity which minimizes signal loss due to unrecoverable spin-spin dephasing. We have 
taken great care to reduce dephasing errors to increase the maximum polarization potential.<pre></pre>The fast sample preparation 
time , <2 minutes, can accelerate large group size studies and allow multiple dose experiments. PHIP has the potential to fill a niche of 
metabolic hyperpolarized 13C and 15N imaging. PHIP while limited to a subset of molecules which have precursors with carbon double 
or triple bonds has both research and clinical potential to prepare biomarkers rapidly on site without ionizing radiation. Further designs 
will focus on magnetically shielding the internal components to allow for next to the magnetic scanner preparation removing 
hyperpolarization losses due to sample transport through low magnetic fields.<pre></pre>References: 1. Hovener JB, et. al.et. al.  
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Ex Vivo Investigation of Chronic Ethanol Consumption-induced Metabolic Changes in the Rat 
Brain Using 1H High Resolution Magic Angle Spinning Nuclear Magnetic Resonance 

Spectroscopy 

Do-Wan Lee1, Sang-Young Kim1, Taehyeong Lee2, Anes Ju3, Dong-Cheol Woo4, Se-Jong You2, Sung-Ho Lee2, Chi-Bong Choi5, Sang-
Soo Kim6, Hwi-Yool Kim2, Dai-Jin Kim3,7, Hyang-Shuk Rhim6, Bo-Young Choe1, 1Department of Biomedical Engineering, Research 
Institute of Biomedical Engineering, The Catholic University of Korea, College of Medicine, Seoul, Republic of Korea; 2Department of 
Veterinary Surgery, Konkuk University of Korea, Seoul, Republic of Korea; 3Department of Biomedical Science, The Catholic University 
of Korea, College of Medicine, Seoul, Republic of Korea; 4Department of Radiology, Beth Israel Deaconess Medical Center, Harvard 
Medical School, Boston, MA, USA; 5Department of Veterinary Diagnostic Radiology, Dr. PET Animal Medical Center, Seoul, Republic 
of Korea; 6Department of Molecular Biology, The Catholic University of Korea, College of Medicine, Seoul, Republic of Korea; 
7Department of Psychiatry, Seoul St. Mary’s Hospital, The Catholic University of Korea, College of Medicine, Seoul, Republic of Korea. 
Contact e-mail: leedw@catholic.ac.kr 

To date, numerous studies have investigated the brain metabolic alterations in human chronic alcohol dependent patients using in vivo 
proton magnetic resonance spectroscopy. However, chronic alcoholism in the human condition is affected by the period of dependence, 
the pattern of drinking, types of alcohol, and frequency of withdrawals Thus, the aim of this study was to quantitatively investigate the 
chronic ethanol consumption-induced cerebral metabolic changes in various regions of the rat brain using the ex vivo proton high 
resolution magic angle spinning (1H HR-MAS) spectroscopy technique. Male, six weeks-old Sprague-Dawley rats (N = 22) were used in 
this experiment. All rats were divided into two groups (control group: N = 11, ethanol-treated group: N = 11) and fed with the Lieber-
DeCarli ethanol and control liquid diets for 10 weeks. In each week, the mean food uptake volumes and total intake of pure ethanol 
were measured. The brain tissues including cerebellum (Cere), frontal cortex (FC), hippocampus (Hip), occipital cortex (OC) and 
thalamus (Thal) were extracted immediately after the end of ethanol treatment. The ex vivo proton spectra for the five brain regions 
were acquired with CPMG pulse sequence at Agilent 500 MHz NMR spectrometer. All of the spectra were processed using LCModel 
software with simulated basis set and the metabolite levels were referenced to total creatine. Figure shows the representative fitted 
spectra from the cerebellum of an ethanol treated-group and a control group. In ethanol liquid diet group, there were significantly 
increases in metabolites levels as compared to control (Cere: Alanine, glutathione, N-acetlyaspartate; FC: Phosphocholine, taurine; 
Hip: Alanine, glutamine, N-acetylaspartate; OC: Glutamine; Thal: Alanine, γ-aminobutyric acid, glutamate, glycerophosphocholine, 
phosphocholine, taurine, free choline). However, the myo-inositol levels of the occipital cortex in ethanol liquid diet group were 
significantly lower as compared to control. In addition, significant correlations were found between the altered metabolites ratios and the 
total intake of pure ethanol (Hip: Alanine, glutamate; OC: γ-aminobutyric acid, myo-inositol; Thal: Glutamine, free choline). The present 
study reveals significant alterations of the various metabolic ratios in five regions of the chronic ethanol-treated rat brain and 
demonstrates how chronic ethanol consumption affects cerebral metabolites in the chronic ethanol-treated rat model. Therefore, this 
result could be useful to pursue clinical applications for quantitative diagnosis in human alcoholism. 

 

Figure. Representative ex vivo 500 MHz 1H HR-MAS NMR spectra (total TR / TE = 5500 / 2 ms, CPMG) of the ethanol treated-group and the control 
group in the region of the cerebellum. (Red-line: fitted LC Model spectra, under the red-line: residual spectra; chemical shift range: 0.20 to 3.85 p.p.m.). 
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Projection Magnetic Particle Imaging for Improved Speed 

Justin J. Konkle, Patrick Goodwill, Steven Conolly, Bioengineering, University of California - Berkeley, Berkeley, CA, USA. Contact e-
mail: jkonkle@berkeley.edu 

Magnetic Particle Imaging (MPI) is a new imaging modality with the potential to revolutionize molecular, cellular, and vascular imaging 
[3]. MPI applications could include stem cell tracking in vivo, biosensors based on the detection of biomolecules in suspension and 
labeled biological substances, and magnetic targeting for drug and gene delivery [1,5,7]. MPI detects magnetic nanoparticles with 
hardware that is completely distinct from MRI, CT, and other conventional modalities. These magnetic nanoparticles, called Ultrasmall 
Superparamagnetic Iron Oxide (USPIO) particles, could be used to label cells to monitor biological processes. A projection format could 
increase the acquisition speed of MPI by two orders of magnitude, which can be traded for sensitivity via averaging. Recent simulations 
have shown that replacing the standard Field Free Point (FFP) with a Field Free Line (FFL) may improve sensitivity in Magnetic Particle 
Imaging (MPI) by an order of magnitude [8]. With other improvements to particles, we estimate a detection limit of USPIO tracer at 1.1 
nMFe/L which is four orders of magnitude less than current clinical limits (10 to 60 μMFe/L) [2,6]. In this work, we have built the first FFL 
MPI scanner shown in Figure 1(a). The standard magnetic field used in MPI is the Field Free Point, a single point in space with zero 
magnetic field. The FFP is scanned over the subject, and the particles located at the FFP induce a signal in the receive coil. Only 
locations with USPIO particles induce a detectable signal; tissue has no signal. In contrast to an FFP, a Field Free Line contains an 
entire line in space with zero magnetic field as opposed to a single point as shown in Figure 1(c). Particles along the line induce a 
signal when the FFL is rapidly scanned across the field of view. Simple rastering of the FFL over the subject produces a projection 
image, similar to x-ray. The FFL could be rotated to produce multiple projections, and projection reconstruction techniques can be used 
to produce a 3D image. In our FFL magnet design, we removed two sections of a Halbach quadrupole to produce a magnet with an 
accessible bore. The quadrupole permanent magnet produces a 2250 mT/m gradient. The black lines in Figure 1(c) outline the 
permanent magnet sections and the field magnitude is plotted within. The experimentally measured magnetic fields produced by the 
magnet match simulation within 5%. To demonstrate the capability of the imaging system of our FFL MPI scanner, we have producing 
an image of a point source shown in Figure 1(b). In future work, we plan to produce x-space MPI images of mice using the FFL magnet 
[4]. We will also make comparisons of sensitivity between the FFL and FFP scanner. [1] Connolly et al. JMMM, 225(1-2):156-160, 2001. 
[2] Ferguson et al. JMMM, 321(10):1548-1551, 2009. [3] Gleich et al. Nature, 435(7046):1214-7, 2005. [4] Goodwill et al. IEEE T Med 
Imaging, 29(11):1851-9, 2010. [5] Kötitz et al. JMMM, 194:62-68, 1999. [6] Lawaczeck et al. Appl Organomet Chem, 18(10):506-513, 
2004. [7] Pankhurst et al. J Phys D Appl Phys, 42(22):224001, 2009. [8] Weizenecker et al. J Phys D Appl Phys, 41(10):105009, 2008. 

 
Figure 1: a) First Field Free Line Magnetic Particle Imaging scanner will be used to improve imaging speed. b) Point Spread Function demonstrates the 

capability of the imaging system. c) FFL magnetic field simulation. The measured magnetic field matches to within 1.6mT (5%) of the design field. 
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Introduction - Ischemic stroke is a leading cause of mortality and disability in adults worldwide. Both human and experimental studies 
indicate that ischemic stroke triggers an inflammatory response that significantly contributes to the neurologic outcome [1]. Magnetic 
Resonance Imaging (MRI) coupled with the intravenous injection of ultrasmall superparamagnetic particles of iron oxides (USPIOs) is a 
promising tool for the study of cerebral inflammation following stroke [4]. Minocycline, an antibiotic with antiinflamatory effects aside 
from its antimicrobial action, has been reported to inhibit microglia/macrophage activation (i.e. part of the inflammatory response) after 
global and transient focal cerebral ischemia [2, 3]. The aim of this study was to explore the feasibility of using P904 USPIO (from 
Guerbet Laboratory) as an in vivo biomarker of post-stroke neuroinflammation. Methods - Focal cerebral ischemia was induced in 
Swiss mice by permanent middle cerebral artery occlusion (pMCAO). A three-dose minocycline or its vehicle was administered 
intraperitoneally once every 3 hours for 6 hours starting 5 minutes after pMCAO induction. P904 was administered 5 hours after 
pMCAO. Infarct sizes and signal loss volumes were assessed in vivo through serial MRI acquisitions (T2 map) before and after P904 
administration. T1 relaxometric iron dosage and histochemical analysis were performed on brain tissue. Results - pMCAO resulted in a 
reproducible focal lesion in the cortex and the dorsal part of the striatum. Minocycline significantly decreased lesion volumes. Areas of 
signal loss were detected in the border zone, in the striatum and along the corpus callous at 24h as well as 48h. This signal drop out 
volume tended to be smaller in the minocycline group than in the vehicle group. Relaxometric iron dosage showed that the amount of 
iron found in the minocycline group was two times smaller than in the placebo group. An excellent match between MR USPIO-related 
hyposignals and macrophage staining was noted. A co-localized microglia/macrophage activation and Prussian Bleu staining was 
observed. Conclusions - The present study confirms the neuroprotective effect of minocycline in a pMCAO mouse model. A good 
correlation between imaging data, T1 relaxometric iron dosage and histochemical analysis was obtained showing the inflammation and 
its tendency to decrease in the treated group. Acknowledgement - The authors thank Sebastien Ballet from Guerbet for providing the 
USPIO and for fruitful discussions. We thank Anne Dencausse of Guerbet for the iron dosage analysis. References [1] Danton GH, and 
Dietrich WD. J Neuropathol Exp Neurol. 2003;62(2):127-36. [2] Yrjanheikki J, et al. PNAS. 1999;96(23):13496-500. [3] Xu L, et al. BMC 
Neurol. 2004;4:7. [4] Wiart M, et al. Stroke. 2007;38:131-137 
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Although many imaging modalities exist for noninvasive molecular imaging, like optical imaging, MRI, micro-SPECT, and micro-PET, 
each has weaknesses with respect to sensitivity, penetration depth, resolution and ionizing radiation. Magnetic Particle Imaging (MPI) 
[1] is a new molecular imaging modality that uses completely different hardware from existing modalities and can combine high 
sensitivity, high contrast with high resolution while avoiding tissue penetration depth and ionizing radiation. MPI uses magnetic fields in 
kHz range and thus has no radiation while biological tissue is totally transparent to the MPI imager. Additionally, MPI utilizes the strong 
magnetic response of the super-paramagnetic iron oxide nanoparticles (SPIO) and is sensitive enough to achieve sub-micromolar 
detection of SPIOs. With the appropriate choice of nanoparticles, MPI promises a resolution of 250 microns and can revolutionize 
molecular, cellular and vascular imaging. Linearity and shift invariance (LSI) are critical characteristics for quantitative imaging. The MPI 
x-space theory [2] shows that MPI can be modeled as an LSI system assuming negligible contamination of the received SPIO signal 
from the excitation signal. This allows us to analyze MPI’s resolution, bandwidth, SNR, SAR, and magneto-stimulation using standard 
linear systems techniques. Moreover, modeling MPI as a LSI system also allows a much faster and well-conditioned reconstruction 
method than pre-existing harmonic domain methods [3]. However, unlike MRI, where the received signal and excitation are temporally 
separated, MPI drives the excitation coil and detects the particle signal simultaneously. Thus the excitation field will undesirably “feed 
through” to the receiver coil and corrupt the particle signal. This contamination from the excitation signal is unfortunately ten million 
times stronger, thus significant electronic filtering is needed to suppress the feedthrough contamination. However, the filtering operation 
inevitably also removes particle signal at the fundamental drive frequency. The loss in signal at fundamental frequency due to filtering 
compromises the LSI properties of the MPI system. In order to use MPI as a quantitative imaging technique, it is important to recover its 
LSI property by recovering the lost signal. Here, we show that filtering out the fundamental frequency signal only leads to a DC offset 
loss in x-space and is recoverable with robust image processing methods. The lost DC offset within each partial field of view scan can 
be estimated from adjacent scans; hence a smooth and continuous image can be reconstructed through stitching overlapped partial 
field view scans together after compensating for the lost DC offset. The recovered image shows a good match to the theoretical 
simulation using LSI x-space theory. In conclusion, we can restore LSI properties to the MPI system. [1] B. Gleich and J. Weizenecker. 
Nature, 435:1214-17, 2005. [2] P. Goodwill and S. Conolly. IEEE Trans Med Imaging, 2010. [3] J. Rahmer, J. Weizenecker, B. Gleich, 
and J. Borgert, BMC Med. Imaging, vol. 9, no. 1, p. 4, 2009. 
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Magnetic Particle Imaging (MPI) is a new molecular, cellular, and vascular imaging modality that directly detects superparamagnetic 
iron nanoparticles (SPIOs) deep in tissue [1]. MPI exploits the nonlinearity of SPIO magnetization, which saturates at high magnetic 
fields. Because the magnetic reporter signal is not attenuated by tissue depth, MPI has applications for in vivo tracking of stem cells, 
cancer cells, and migratory cells as well as potential in vivo imaging of gene expression [2]. Recent work has shown the genetic basis 
for cellular SPIO production and mammalian expression of SPIOs as an MRI or MPI reporter [2-3]. However, significant improvements 
in sensitivity and scanning speed are needed for MPI to become a more viable molecular imaging modality. Theoretically, the detection 
limit of MPI is around 0.5 ng of iron [4], but existing MPI scanners detect around 5000 ng of iron. The low sensitivity in existing MPI 
scanners is mostly due to interfering signals from the MPI scanner. Unlike in MRI, where the excitation and receive RF signals are 
temporally decoupled, in MPI the particle signal is detected concurrently with the applied excitation signal. We can separate these two 
signals in the temporal frequency domain; however, we must also suppress high-frequency interference in the excitation signal to 
prevent feedthrough contamination in the received signal spectrum [1, 4-6]. In a typical MPI scanner, this interference needs to be 
suppressed by more than five orders of magnitude. Additionally, the scanning speed of the MPI scanner is highly dependent on how the 
field of view (FOV) is shifted in relation to the scanned object. Current scanners mechanically shift the scanned object inside the 
scanner with a fixed FOV using motorized stages [4]. This mechanical process is time-consuming because of slow motor speed and 
because noise from the stage motors prevent simultaneous stage movement and MPI scanning. Therefore, shifting the FOV with 
electromagnets while fixing the scanned object could enable significantly faster image acquisition. Here we describe the filtering 
electronics and field-shifting electromagnets for a field-free line magnetic particle imager. We show how filtering can suppress over six 
orders of magnitude of interference at an interfering frequency. Additionally, we show that the addition of field-shifting electromagnets 
can generate a 110 mT offset field for up to 10 frames per second of image acquisition. These methods enable us to theoretically 
improve two orders of magnitude improvement in molecular sensitivity. [1] Gleich, B; Weizenecker, J.; Nature 435:1214-1217, Jun. 
2005 [2] Budde, M.D.; Frank, J.A.; J. Nuclear medicine, 50(2):171-174, Jan. 2009 [3] Komeili A.; Annu Rev Biochem., 76:351-66, 2007 
[4] Goodwill, P.W.; Conolly, S.M.; IEEE Transactions on Medical Imaging, 29(11):1851-1859, Nov. 2010 [5] Gleich, B; Weizenecker, J; 
Borgert, J.; Physics in medicine and biology, 53(6):N81-4, Mar. 2008 [6] Zheng, B.; Goodwill, P.W.; Conolly, S.M.; Proc. SPIE 7965, 
79652H, Feb. 2011 

 
a) Field-free line magnetic particle imager system. The transmit coil, receive coil, and field-shifting magnets can be seen on left. Filters can be seen on 
right. b) Seventh-order lowpass Butterworth topology used for the field-free line imager with tapped capacitor resonators for impedance matching. c) 

Simulated (white) and measured (red) frequency response for the filter assembly. 
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Background & Aims Leptomeningeal carcinomatosis (LC) is one of common complication of malignancy that occurs in 3-5% of patients 
with cancer1-3. The median survival is 4-6weeks without treatment, 3-6months with treatment.1,3 However, it is difficult to be 
diagnosed because it doesn’t have any reliable diagnostic tools. Thus, we tested a new metabolomic approach to develop an effective 
diagnostic tool. In this work, we designed a LC model using rats with glioma and applied Nuclear magnetic resonance spectra (NMR) 
spectroscopy to diagnosis of LC by characterizing cerebrospinal fluid (CSF) metabolites. Methods F-98 cells were prepared in 50 µL 
serum free DMEM, and then the cell were intraduraly transplanted at the parietal area of 6-week old Fisher 344 rats (1x106 cells / rat) 
to make LC model. CSF was collected prospectively from LC rats (n=20; 3days (n = 10) and 7days (n = 10) after cell implantation) or 
normal rats (n=10). We performed MR imaging, and then NMR spectroscopy of the CSF was obtained. The data of NMR spectroscopy 
were analyzed using orthogonal partial least square discriminant analysis (OPLS-DA). Results We established a LC model of rat with 
glioma and evaluated by 3T MRI (Fig.1). In NMR experiments, the metabolomic 2-D score plot showed good separation between LC 
and norma groups (Fig.2). The contributing NMR signals were analyzed using a statistical TOCSY approach. There was no 
differentiation between normal and CSF obtained at 3 days after cell implantation. However CSF obtained at 7days were highly found in 
lactate, creatine, and acetate as key peaks (Fig.3). Conclusions The NMR-based metabolomics approach provides good performance 
in discriminating LC and normal groups. The excellent predictability of the method suggests that it can, at least, augment the currently 
available diagnostic approaches. References 1 Gleissner B, Chamberlain MC. Neoplastic meningitis. Lancet Neurol. 2006 
May;5(5):443-52. 2 Kwock L, Smith JK, Castillo M, et al. Clinical role of proton magnetic resonance spectroscopy in oncology: brain, 
breast, and prostate cancer. Lancet Oncol. 2006 Oct;7(10):859-68. 3 Grossman SA, Krabak MJ. Leptomeningeal carcinomatosis. 
Cancer Treat Rev. 1999 Apr;25(2):103-19. 
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Translation to Human-Size Magnetic Particle Imaging Systems: Magnetostimulation Limits 

Emine U. Saritas, Patrick Goodwill, George Zhang, Steven Conolly, Department of Bioengineering, University of California, Berkeley, 
Berkeley, CA, USA. Contact e-mail: saritas@berkeley.edu 

Magnetic particle imaging (MPI) is a new and powerful imaging modality with high contrast, high resolution and high sensitivity in 
detecting the spatial distribution of super-paramagnetic iron oxide (SPIO) particles at concentration levels as low as nano-mol/L [1]. The 
excitation field in MPI is a sinusoidal magnetic field in the VLF range (i.e., below 30 kHz), for which the safety limits remain relatively 
under-investigated. A thorough evaluation of potential hazards of the excitation field is of vital importance for the translation of this 
promising imaging modality to human subjects for applications such as in vivo stem cell tracking. Current small-animal-sized MPI 
scanners operate at 1-25 kHz frequency range with 0.1-20 mT peak amplitude, neither of which is optimized. The safety limits will 
determine the optimum excitation field, and thereby the optimum imaging/hardware parameters in MPI, such as the scanning speed, 
field-of-view (FOV) and signal-to-noise ratio (SNR) [2]. Furthermore, as opposed to magnetic resonance imaging (MRI) that also utilizes 
magnetic fields, MPI does not require the whole body to be exposed to the magnetic field. Therefore, a body-part-specific determination 
of the safety limits, which has not been investigated in MRI literature, can greatly improve the performance of MPI scans. Methods: 
This study was approved by the Committee for Protection of Human Subjects at University of California, Berkeley. We have built a 
solenoidal resonant coil (Fig. 1a) to test the magnetostimulation (i.e., peripheral nerve stimulation) thresholds in the human arm from 1-
25 kHz. For the preliminary results presented here, a total of 11 subjects were recruited (8 males and 3 females), and the 
magnetostimulation thresholds were tested at 5 different frequencies. The static gradient field of the MPI scanner was not implemented, 
as static magnetic fields do not induce stimulation or heating [3]. Although the magnetic stimulation threshold has not been tested in the 
entire VLF range before, the MRI safety literature [4-6] can be utilized to predict the behavior of the threshold as a function of excitation 
frequency. Accordingly, the results of the experiment were fitted to a hyperbolic threshold vs. frequency curve as shown in Fig. 1b 
(peak-to-peak B-field values plotted). Conclusion: We have successfully implemented the first safety limit experiment for MPI. The 
results of this preliminary experiment closely match the theoretically calculated threshold vs. frequency curve. We aim to more 
accurately determine the safety limits by recruiting more subjects and testing the threshold at a wider range of frequencies, and as a 
function of the body part size. References: 1. Gleich et al., Nature 7046:1214-7, 2005. 2. Goodwill et al., IEEE TMI 29:1851-9, 2010. 3. 
Schenck, JMRI 12:2-19, 2000. 4. Reilly, Med Biol Eng Comput, 27:101-10, 1989. 5. Schaefer et al., JMRI 12:20-9, 2000. 6. Zhang et 
al., MRM 50:50-8, 2003. 

 
Figure 1. (a) The solenoidal resonant coil that we have built to test the magnetostimulation (i.e., peripheral nerve stimulation) thresholds in the human 
arm from 1-25 kHz. (b) The results of the human subject experiments showing the threshold magnetic field amplitude (peak-to-peak) as a function of 

frequency, along with the fitted hyperbolic threshold curve (green). 
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ADC values and Glutamate/Creatine ratios in the brain in normally developing children and in 
children with seizure disorders: DWI and 1H in-vivo MRS study 

Zinayida Rozhkova, Radiology, Medical Clinic "BORIS", Kiev, Ukraine. Contact e-mail: invivo@ukr.net 

Introduction:We study microstructure, and metabolic alteration of the developing brain tissue following epileptic seizures. Materials and 
Methods:48 children are examined using 1.5T Signa EXCITE HD (GE). All subjects are divided into two groups. The 1st group (NG) 
consists of 10 healthy children (1mo-16y). The 2nd group (PG) includes 38 developmentally delayed children with seizure disorders 
(2we-16y). The subjects of both groups are divided into 5 age groups :<1mo, 1mo-1y, 1y-3y, 3y-8y, and >8y. The average ADC values 
are calculated in the gray matter (GM), and in the white matter (WM). 2DCSI 1H spectra are recorded with TR/TE=1500/144ms. 
Results:The mean values of ADC in WM in the NG decreased from 1.88*10-3mm2/s in the age <1mo to 1.07*10-3mm2/s in the age 1y. 
In the NG during first year ADC are higher in WM 1.14*10-3mm2/s than in GM 1.02*10-3mm2/s. At the birth ADC in internal capsule 
and in posterior limb of the internal capsule differentiate from ADC in other regions of WM: 1.30*10-3mm2/s, and even lower 1.09*10-
3mm2/s. In neonates of the NG the highest ADC are observed in the cortex and in the head of caudate nucleus 1.34*10-3 mm2/s. In 
the NG in children older 3y in subcortical WM the mean ADC are 0.75*10-3 mm2/s, as in normal adult brain. In the PG in the epileptic 
focus ADC decrease during the first 1-3h after the onset of seizures and after 24-48h normalized or even increase. In 1H MRS of the 
human brain the signals 2.1-2.5ppm are Glu, Gln, and GABA. Glu may be elevated in conditions of active tissue damage, such as 
hypoxia-ischemia. In each voxel of the spectral matrix we introduce two indicators: the metabolite content AM as the peak area and the 
metabolite concentration CM as the ratio of the peak area to the sum of all the peak areas S (NAA, Cr, Cho, Ins, and Glu): CM=AM/S. 
We analyzed the temporal alterations of the mean Glu content during neurodevelopment in the NG, and in the PG (Fig.1). In WM, and 
GM in the NG in the age 1-3mo the Glu content increase rapidly, reach maximum in 6mo, and thereafter decreased moderately to adult 
level for the age 1y. In PG the Glu content is higher than in NG, and in both regions (WM, GM) of the brain no plateau is observed. In 
WM in the NG in the age 1-3mo the Glu/Cr increase rapidly from (0.23+-0.02), reach maximum in 6mo (0.34+-0.02), and thereafter 
decreased to adults level (0.30+-0.02) in the age 1y. In GM in the NG for the age 1-3mo the Glu/Cr (0.28+-0.02) increase rapidly before 
(0.36+-0.03), as in adults. These data have served as a basis for identification of epileleptic foci with MRS. In all subjects of the PG the 
mean values of Glu concentration and Glu/Cr ratios are higher than in NG. (Fig.1). In the neonates of the PG in WM the mean values of 
Glu/Cr = (0.35+-0.03), and in GM Glu/Cr = (0.48+-0.03). In the PG in children older then 3y the mean Glu/Cr = (0.40+-0.03), and 
(0.53+-0.03) in WM and GM. In the spectra of subjects of the PG, in the epileptic focus amplitude of Glu signal increase during the first 
1-3h after the onset of seizures and after 24-48h decrease to normal values. Conclusion:Our results give us a new insight in the 
neurochemistry of the developing brain. 

 
Fig.1 Dependences of mean concentrations values <C> of Glu in various regions of the brain of the normal developing children, and children with 

seizure disorders as a function of the age t (years): in WM in the NG (red), in GM in the NG (blue), and in WM, and GM in children of the PG (green). 

Disclosure of author financial interest or relationships: 
Z. Rozhkova, None. 

  

Proceedings of the 2011 World Molecular Imaging CongressS472



Presentation Number P509 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

Diffusion Tensor Imaging and MR-Tractography for characteristic of microstructural integrity 
of white matter in patients with Parkinson’s disease (PD) 

Zinayida Rozhkova1, Irina Karaban'2, Nikolas Karaban'2, 1Radiology, Medical Clinic "BORIS", Kiev, Ukraine; 2Extrapyramidal 
Disorders, Institute of Gerontology of the Academy of Medical Sciences of Ukraine, Kiev, Ukraine. Contact e-mail: invivo@ukr.net 

Introduction:We study relation between white matter (WM) integrity, macrostructural changes, such as atrophy of WM, microstructural 
abnormalities in WM, and cognition dysfunction in patients with PD using MR-Tractography method of visualizing a 3D structure of 
cerebral white matter fiber tracts based on DTI data. Materials and Methods: Two groups of patients are studied by high resolution 
anatomical MRI, and DTI methods with 1.5T SIGNA EXCITE (GE). DTI experiments were performed using a DWI-EPI pulse sequence 
with following parameters: TR/TE=10000/98 ms, ∆/δ=31/25 ms, b=1000s/mm2, 25 diffusion gradient directions). 48 slices with 
thickness of 3 mm and no interslice gap were acquired covering the whole brain with FoV=25 mm2, matrix=128x128. The 1st group 
includes 14 nondemented patients with PD (PDG). The 2nd group (PDCG) includes 15 patients with PD and cognitive dysfunction. 
Brain tissue was segmented automatically using the k-nearest neighbor classifier. The Fractional Anisotropy (FA) values and mean 
apparent diffusivity coefficients (ADC) were measured in cortical WM and in subcortical structures that involved in cognitive dysfunction 
process. We combined tractography algorithms and visualization methods to trace the pixilated principal direction of a diffusion tensor 
originating from regions of interest (ROI) with high fractional anisotropy. Consequently, white matter fiber bundles from the nucleus 
caudate to frontal cortex via the thalamus were visualized. Results: We assessed the association of DTI parameters with cognition 
using linear regression, adjusting for relevant confounders and additionally for volumes of normal appearing WM and WM with 
appearances of atrophy. From analysis of DTI data for two groups of patients there was a significant reduction of the average FA values 
in temporal WM (PDG vs PDCG, 392.4+-70.3 vs 520.5+-64.7) and in parietal WM (268.3+-30.3 vs 360.1+-31.2). Results of stepwise 
regression analysis showed the FA values in temporal and parietal WM were associated the scores of short-term memory and 
orientation (Table 1). The higher ADC values and lower FA values in WM in subjects of PDG, and PDCG are related to worse 
performance on tasks assessing memory, executive function, information processing speed, global cognition and motor speed (Table 
1). An example of 3D-reconstruction of the fiber tract in non-demented patient with PD on the Fig.1 is represented. Conclusions: White 
matter integrity in temporal and parietal WM is compromised in nondemented patients with PD and in patient with PD and cognitive 
dysfunction. The microstructural alterations in temporal and parietal WM may account for the more pronounced impairment of short-
term memory observed in patient with PD and cognitive dysfunction relative to nondemented patients with PD. The feasibility of fiber 
tractography in patients with PD with DTI may add a new dimension in detection and characterization of WM injuries of patients with 
cognitive dysfunction. 

 

Fig. 1. 3D reconstruction of fiber tract in SN in non-demented patient with PD (m, 70 y., disease duration 8 y). 
FA, and ADC values for non-demented patients with PD and patients with PD and neuropsychological deficite in various regions of the brain 
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A novel system for in vivo fluorescence lifetime imaging of small animal using 
supercontinuum wavelength-tunable picosecond laser 

Niculae Mincu, François Marcil, Lyndon Thornhill, Sam Varvaris, Adam Roy, François Fortin, Marilyse Piché, Guobin Ma, ART 
Advanced Research Technologies, Inc., Montreal, QC, Canada. Contact e-mail: gma@art.ca 

Translational medicine paradigm changed the way and the means for pursuing the dream of personalized therapeutics. Optical 
molecular imaging is best positioned for bridging the whole development path, from “bench-to-bedside”. Molecular imaging using 
fluorescence lifetime has the potential to provide the most adequate tools and assay for managing the huge diversity of biomarkers that 
require identification, classification and a thorough validation of their sensitivity and specificity. The compelling advantages of 
fluorescence imaging as the most versatile tool for biological imaging, recently acknowledged by the Nobel Prize awarded for the 
fluorescent proteins, have driven the development of new fluorescent labels towards that level of flexibility able to exploit this huge 
diversity of biomarkers. This created the context for an “explosive” development of fluorescent probes: fluorescent proteins, dyes or 
nanoparticles, with absorption-emission properties covering the whole visible and near-infrared spectrum, are now intensively used for 
revealing biological processes at the cellular and sub-cellular level. Those developments promoted the fluorescence imaging as the 
primary research tool for a wide span of applications, from cancer research to drug design and development. While it is overwhelmingly 
used for in vitro assay the transfer towards in vivo whole body visualization did not follow the same pace, and the pre-clinical in vivo 
validation is perceived as the main bottleneck. Responding to those requirements we propose a new instrument for pre-clinical studies: 
it combines the sensitivity of time correlated single photon detection with the extended spectral coverage of a pulsed supercontinuum 
laser in a sensitive and flexible time-domain platform for in vivo molecular imaging in small animals. The system, configured in reflection 
geometry, performs a 3D raster scanning with an adjustable spatial resolution during imaging. Using time-domain measurements and 
reflection geometry the system could provide not only fluorescence lifetime images but also depth profiling and 3D volumetric 
evaluations for the whole spectral range from 450nm to 850nm, overcoming the limitations of the transmission configuration that could 
be used for 3D volumetric quantification only in the so called “spectral window of the tissue” (650nm-1000nm), where the scattering and 
absorption are low enough for allowing the excitation-detection. The expanded spectral coverage, including 500nm-600nm 
corresponding to the new generation of brighter fluorescent proteins, where the picosecond pulsed lasers were scarce until the 
supercontinuum laser become available, makes this instrument the perfect tool for transferring the high throughput screening results 
obtained using fluorescence microscopy in vitro to in vivo validation in the whole Vis-NIR spectrum. System specific performances as 
the large dynamic range, ability to monitor micro-environmental changes through fluorescence lifetime change monitoring and the 
multiplexing power using both spectral and lifetime decoupling of the fluorophores, are demonstrated using specific case studies. 

Disclosure of author financial interest or relationships: 
N. Mincu, ART Advanced Research Technologies, Employment; F. Marcil, ART Advanced Research Technologies In, Employment; L. 
Thornhill, ART Advanced Research Technologies Inc’, Employment; S. Varvaris, ART Advanced Research Technologies Inc., 
Employment; A. Roy, ART Advanced Research Technologies Inc., Employment; F. Fortin, None; M. Piché, ART Advanced Research 
Technologies Inc., Employment; G. Ma, ART Advanced Research Technologies, Inc, Employment . 

  

Proceedings of the 2011 World Molecular Imaging CongressS474



Presentation Number P513 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

Microscanning Optoacoustics Beyond The Ultrasound Diffraction Limit 

Miguel Ángel Araque Caballero, Amir Rosenthal, Daniel Razansky, Vasilis Ntziachristos, Institute for Biological and Medical Imaging, 
Helmholtz Zentrum München, Neuherberg, Germany. Contact e-mail: miguel.araque@helmholtz-muenchen.de 

Optoacoustic imaging is a novel and powerful technique for molecular and biological investigation, enabling the multi-scale visualization 
of living tissue with high specificity, optical contrast and ultrasound resolution. To achieve this, nanosecond-long laser pulses are 
absorbed by the tissue under study, which in turn generates ultrasound waves due to thermoelastic expansion. Through the use of 
multispectral techniques and extrinsic contrast agents, physiological processes, drug delivery and disease development can be 
visualized. The ultrasound sensors can be arranged in a number of different geometries, which give rise to distinct imaging modalities. 
The measurement of the optoacoustic field from a set of positions that (fully or partially) enclose the subject is best suited for the whole-
body, tomographic imaging of small animals. Scanning a high-frequency (20 to 50 MHz) focused ultrasound probe in a planar grid of 
measurement points, on the other hand, enables the visualization of mesoscopic and microscopic structures, like lymph nodes and 
blood vessels down to the capillary scale. In the microscanning-related modalities, the resolution along the scan direction is given by 
the geometrical characteristics of the ultrasound transducer and the optoacoustic frequency of interest, degrading rapidly away from the 
focal point of the transducer. Sum-and-delay techniques can be applied to correct for this loss of resolution and signal-to-noise ratio 
(SNR), expanding the depth-of-field and the achievable imaging depth. However, these procedures do not improve the resolution in the 
lateral direction beyond that at the focal point. This is only attainable either using a transducer with a shorter focal distance, which can 
be unpractical in terms of light coupling and setup arrangement, or detecting higher optoacoustic frequencies, which limits the 
penetration depth due to stronger ultrasound absorption in the tissue. In our work, we present a new image reconstruction technique 
that can overcome the diffraction-limited ultrasound resolution of optoacoustic microscanning. The method is based on an optoacoustic 
generation and propagation model that also includes the spatiotemporal response of the transducer of interest. The model describes 
the ultrasound signal measurements at the sensor positions as a linear combination of elementary optoacoustic sources within the 
imaging region of interest (ROI). The influence of the sensor spatial and temporal responses on the elementary signals is included in 
the model through the use of temporal convolution. The resulting set of equations is inverted by numerical means to yield an image of 
the distribution of the absorbers within the ROI. We compare the performance of our technique with delay-and-sum approaches and 
show that the lateral resolution attainable at and away from the focus is beyond the native resolution of the sensor, which is ultimately 
limited by the diffraction of ultrasound. We assess this improvement through the use of numerical phantoms and the experimental 
measurement and reconstruction of point-like absorbers. 

 

The figure shows the amplitude of the optoacoustic signal at the focal distance before (blue) and after (red) image reconstruction for different positions of 
a subresolution (100 micron) isotropically illuminated spherical source. The measurement was taken with an spherically focused transducer (F/D = 2, 10 

MHz center frequency, 70% bandwidth), and the signals are filtered from 50 kHz to 30 MHz. The FWHM of the blue curve represents the lateral 
resolution set by the diffraction limit, which cannot be improved by delay-and-sum methods like the Virtual Detector Synthetic Aperture Focusing 

Technique (VD-SAFT). The FWHM of the red curve implies a twofold improvement on the resolution of the system through the numerical inversion of a 
linear propagation and detection model. 
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Bayesian Bioluminescence Tomography of Prostate Tumor Volume 

Alexander D. Klose1, Bradley J. Beattie2, Vladimir Ponomarev2, 1Radiology, Columbia University, New York, NY, USA; 2Memorial 
Sloan Kettering Cancer Center, New York, NY, USA. Contact e-mail: ak2083@columbia.edu 

Hormone-refractory tumors are the most deadly form of prostate cancer and the design of effective therapies is very essential for 
increasing patient survival. Therefore, the development of novel non-invasive imaging technologies would provide a means for 
assessing immediate responses to prostate cancer therapy in pre-clinical studies. Until now, small animal models of prostate cancer 
need to be sacrificed at the endpoint of therapy in order to determine tumor mass and volume for therapy evaluation. The tumor volume 
at all intermediate time points during therapy can currently not be determined in vivo. Therefore, we have developed a Bayesian 
statistical method for image reconstruction of the spatial distribution of a bioluminescence reporter system in a small animal. It provides 
detailed information about the three-dimensional (3D) tumor volume at all intermediate time points during tumor growth. Our Bayesian 
method consists of three essential parts: (1) a well-defined posterior probability density function (PDF) composed of a likelihood and a 
prior PDF, (2) a light propagation model based on the simplified spherical harmonics (SPN) equations for determining the likelihood, 
and (3) a multi-membered evolution strategy (ES) with self-adaptation for sampling the posterior PDF. The Bayesian statistical method 
makes the assumption that the unknown bioluminescence source distribution, θ, is itself random and can be described by an entropic 
prior PDF p(θ), which is known before data collection. The entropic prior function p(θ) is combined with the likelihood function p(Y|θ) to 
form a joint PDF p(θ)p(Y|θ). Conditioning the joint PDF on the measured data Y yields the posterior PDF p(θ|Y) in form of Bayes' 
theorem. The entropic prior included selects a few solutions from all possible solutions given by the likelihood. Subsequently, an 
estimate of the unknown source distribution is computed by stochastically sampling the posterior PDF with an ES. Only the maximum a 
posteriori (MAP) estimate of the source distribution is considered as a solution of the image reconstruction problem. The choice of a 
proper prior PDF, that reflects the physics of bioluminescence sources, is important and has an impact on the outcome of the image 
reconstruction process. The SPN model is a major part of the Bayesian statistical method, because it can be applied beyond the 
diffusion limit for light propagation in strongly absorbing tissue at wavelengths smaller than 640 nm. Hence, it will improve the image 
reconstructions. We have performed small animal studies with surgically implanted bioluminescent PC3 cells and imaged the animals 
with an IVIS 200 system (Caliper Sciences) at multiple wavelengths between 580 nm and 660 nm. The light intensity images became 
input to our Bayesian reconstruction method and we calculated the location and volume of the PC3 tumors. The image reconstructions 
were co-registered to X-ray CT and magnetic resonance (MR) images. This work was supported in part by grants 1R21EB011772-01A1 
from the National Institute of Biomedical Imaging And Bioengineering (NIBIB) and UL1RR024156 from the National Center For 
Research Resources (NCRR). 
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High resolution imaging of molecular probes in living mice by means of multispectral 
optoacoustic tomography (MSOT) 
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imaging, Technical University of Munich and Helmholtz Center Munich, Neuherberg, Germany; 2Department of Chemistry & 
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The ability to detect molecular probes in deep tissue based on optical signatures has been limited by tissue scattering, which reduces 
the spatial resolution and complicates quantification. To address this challenge multispectral optoacoustic tomography (MSOT) has 
been invented, a hybrid technology which capitalizes on the optoacoustic effect to combine rich optical contrast with the high spatial 
resolution of ultrasound. Using multiwavelength illumination multispectral optoacoustic tomography can visualize molecular probes 
based on their distinct optical absorption spectra through several millimeters to centimeters of tissue. Herein we report on detecting 
molecular probes in living mice by multispectral means utilizing a whole-body multi-spectral optoacoustic tomography (MSOT) system. 
Specifically, we will visualize the probe bio-distribution in live tumour allograft models using a synthetic near infrared Zinc(II)-
Dipocoylmine probe and compare to other whole-body optical imaging methods. MSOT attains significantly better spatial resolution 
while delivering cross-sectional scans of both animal morphology and molecular function in real time. 

 
Imaging the biodistribution of a synthetic near infrared Zinc(II)-Dipocoylmine probe in a 4T1 tumour-bearing mice. (a) shows superposition of a single-

wavelength (anatomical) optoacoustic image (in gray scale) and the unmixed component corresponding to the molecular probe. (b) Colour photograph of 
cryoslices through the tumor. (c) Epi-fluorescence images of the slice. 
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Doppler Ultrasound Imaging 
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The rate of oxygen consumption (MRO2) is an important indicator of tissue metabolic activity. The ability to accurately image MRO2 
non-invasively will impact research and clinical practice relating to cancer, diabetes and many other diseases. For a single vessel 
model, the MRO2 can be estimated in terms of the mean flow velocity, vessel cross-sectional area, total concentration of hemoglobin 
(CHB), and the difference between the oxygen saturation (sO2) of blood flowing into and out of the tissue region. In this work, we 
propose photoacoustic and ultrasound methods for non-invasive estimation of MRO2. An imaging system for combined photoacoustic 
and high-frequency ultrasound microscopy is presented. This system uses a swept-scan 25MHz ultrasound transducer with confocal 
dark-field laser illumination optics. A pulse-sequencer enables ultrasonic and laser pulses to be interlaced so that photoacoustic and 
Doppler ultrasound images are co-registered. Since the mean flow velocity can be measured by color Doppler ultrasound, the vessel 
cross-sectional area can be measured by Doppler ultrasound or structural photoacoustic imaging, and multi-wavelength photoacoustic 
methods can be used to estimate sO2 and CHB, all of the parameters necessary for MRO2 estimation can be provided by our system. 
Phantom experiments have been completed to show the feasibility of MRO2 estimation. Flow phantoms with different flow speeds and 
mock-sO2 levels have been imaged and quantified to study the inaccuracies and uncertainties of our measurements. In vivo imaging 
has been performed on a human finger to provide co-registered photoacoustic and Doppler ultrasound images superimposed on B-
mode ultrasound images with structural context. As shown in Fig.1 (1), color Doppler image can visualize the cross-sectional area of 
the blood vessel (with ~1mm diameter) at the depth >1mm, and provide the blood flow velocity and direction information. Fig.1 (2) 
shows that photoacoustic image can detect the top surface of the blood vessel, thus multi-wavelength photoacoustic imaging can be 
used to estimate sO2. Work in progress includes photoacoustic sO2 estimation in vivo, and MRO2 estimation using all the parameters 
provided by our system. 
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Numerical optoacoustic reconstruction based on time-domain solutions of the optoacoustic 
wave equation 
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xl.deanben@helmholtz-muenchen.de 

Optoacoustic tomography is a non-invasive medical imaging technique with important advantages derived from the synergetic 
combination of optics and ultrasound into a single modality, in a way that it is possible to image biological tissues with high optical 
contrast and high ultrasonic resolution for depths in the order of several millimetres to centimetres. Several algorithms have been 
reported to perform the optoacoustic reconstruction. Among them, back-projection algorithms are commonly employed due to their 
simplicity and ease of implementation, as closed-form back-projection inversion analytical expressions exist for several geometries. 
However, the reconstructed images obtained with these algorithms present quantification inaccuracies that make them inappropriate to 
functional or molecular imaging applications. A different approach to perform the optoacoustic reconstruction consists in the 
minimization of the error between the measured acoustic signals and the theoretical ones predicted by an optoacoustic model. In such 
model-based schemes, a convenient model must be selected taking into account the trade-off between model accuracy and 
computational time. In this work, we present two model-based acoustic inversion algorithms based on the Poisson’s solution of the 
optoacoustic wave equation. In the first model, we make a discretization of the Poisson’s solution itself, which establishes the time 
profile of the pressure as a function of the optical absorption distribution. In the second model, the Poisson’s solution is integrated 
before being discretized. In both cases, the optoacoustic reconstruction is performed by minimizing the least-squares difference 
between the theoretical and experimental signals by means of the LSQR algorithm. The performance of both methods is compared 
experimentally for tomographic reconstructions of tissue-mimicking phantoms and ex-vivo mice. 
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Due to its fast development and ease of breeding, zebrafish is an excellent model organism for studies in developmental biology, tumor 
angiogenesis and drug screening for specific human diseases. However, limited penetration of the current optical microscopy 
techniques hinders long term studies of those biological models. Other currently available noninvasive imaging modalities for adult fish 
imaging are ultrasound microscopy and magnetic resonance microscopy. But the ultrasonic impedance mismatch between soft tissues 
in zebrafish is very low resulting in low undetectable contrast, making it difficult to interpret the obtained results. Magnetic resonance 
microscopy on the other hand is very expensive and costly to maintain. We present herein an alternative imaging tool, optoacoustic 
imaging, for noninvasive imaging of adult zebrafish. It is, to the authors’ knowledge, the first time whole-body optoacoustic imaging has 
been performed on adult zebrafish. Our experimental setup in this study is similar to what has been previously published in [1]. 2D 
optoacoustic images were obtained at a wavelength of 587 nm. For optoacoustic image reconstruction, we applied a statistical inverse 
approach [2] in order to reduce artifacts due to acoustic mismatches. We recorded a stack of 68 slices starting at the eyes level and 
scanning posterior with a step size of 150 µm. The obtained morphological images were subsequently verified using histological 
sections (thickness 10 µm) of an adult zebrafish stained with hematoxylin and eosin (see figure). Comparison of the different sections 
showed good agreement between optoacoustic and histological slices. We have previously demonstrated that, using multispectral 
optoacoustic tomography (MSOT) approaches, the method is also capable of visualizing fluorescent proteins within adult zebrafish [3], 
thus, it offers the opportunity to whole-body visualization of both labeled and unlabeled structures, attaining both high resolution and 
contrast. References 1. R. Ma, A. Taruttis, V. Ntziachristos, and D. Razansky, "Multispectral optoacoustic tomography (MSOT) scanner 
for whole-body small animal imaging," Optics Express 17, 21414-21426 (2009). 2. X. L. Dean-Ben, R. Ma, D. Razansky, and V. 
Ntziachristos, "Statistical Approach for Optoacoustic Image Reconstruction in the Presence of Strong Acoustic Heterogeneities," Ieee 
Transactions on Medical Imaging 30, 401-408 (2011). 3. D. Razansky, M. Distel, C. Vinegoni, R. Ma, N. Perrimon, R. W. Koster, and V. 
Ntziachristos, "Multispectral opto-acoustic tomography of deep-seated fluorescent proteins in vivo," Nature Photonics 3, 412-417 
(2009). 

 
Figure: Selected planes of high resolution optoacoustic imaging of an adult female zebrafish with corresponding paraffin sections of an adult female 

zebrafish (a,c,e,g) optoacoustic images. (b,d,f,h) corresponding paraffin sections stained with hematoxylin and eosin. Abbreviations: brain (b), eye (e), 
optic tectum (ot), gill filaments (gf), sternohyoid (st), vertebrae (v), myotome (m), swim bladder (sb), kidney (k), intestinal bulb (ib), posterior intestine (pi), 

mid intestine (mi), pectoral fin (p), pelvic fin (pf), ovaries (o). 
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As the research in the field of optical molecular imaging advances, the platform MOSE (Molecular Optical Simulation Environment), 
which was previously developed for light propagation simulation in heterogeneous medium and free-space, is updated to meet more 
requirements in the research of light propagation. The latest developments of MOSE and its main functions are both introduced to help 
the user better understand the role of MOSE in the study of light propagation. The functions contained in the previous versions of 
MOSE focus only on the forward problem of light propagation. In the latest version of MOSE, two features are added to help the user 
conduct the inverse study of light propagation. One is that the tetrahedral mesh is supported. As a commonly utilized method in the 
inverse study of light propagation, finite element method (FEM) needs to divide the problem domain (heterogeneous medium) into finite 
element meshes. For most cases, the tetrahedral structure is the best choice. In the new MOSE, the simulation of light propagation in 
the heterogeneous medium constructed by tetrahedral meshes is supported. The other one is that the energy mapping is supported. 
The flat-panel detector, such as CCD camera, has been commonly used to obtain the intensity distribution on the medium surface in 
the experiments of optical imaging. The new MOSE supports mapping the 2D detection results from multiple angles to the 3D surface 
of the medium, which facilitates the inverse study of light propagation. The features supported in the latest version of MOSE include: 
a)Support three kinds of forward simulations in optical imaging: diffuse optical tomography, fluorescence molecular tomography, and 
bioluminescence tomography b)Support simulation of light propagation in complicated heterogeneous medium constructed by triangular 
mesh or tetrahedral mesh based on Monte Carlo method c)Support three kinds of modes: continuous wave, time domain, and 
frequency domain d)Support simulation of light propagation in free-space and detected by the flat-panel detector e)Support energy 
mapping from 2D detecting panel to 3D surface of the medium f)Support multithreading technique using OpenMP g)Support both 
Windows and Linux systems In general, with our continuous effort, we hope MOSE will be a convenient and flexible tool for researchers 
in the field of optical imaging, especially in the forward and inverse problems of light propagation. 
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Reconstruction for fluorescence molecular tomography with a hybrid regularization technique 
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As a promising technique for in vivo small animal imaging, fluorescence molecular tomography has become a hotspot for biomedical 
applications in recent years. Because only the photons on animal surface are detectable, reconstruction of FMT is an ill-posed problem. 
Usually, regularization techniques are utilized to reduce the ill-posedness of the problem. Considering the fact that the region of the 
fluorescent probe distribution is often small compared with the entire animal body, l1-norm based sparse regularization has been 
applied to constraint the problem. However, with the reduction of the potential source region due to utilization of adaptive strategy in 
finite element method (FEM), the fluorescent probe distribution no longer satisfies the source sparsity so that the sparse regularization 
is not suitable for the reconstruction problem. In this work, a hybrid regularization method which combines sparse and Landweber 
iterative regularization techniques is applied to hp-FEM based FMT reconstruction. In the first coarse mesh level, due to the sparsity of 
the fluorescent probe distribution with respect to the whole reconstruction domain, l1 regularization method is used to constraint the 
initial reconstruction of the fluorescent probe distribution in the whole animal body. In the subsequent refined mesh levels, according to 
the initial reconstructed results, we specify the potential image region related to the nodes with high reconstructed density and auto-
adapted refine the mesh. Because the fluorescent probe distribution is not sparse compared with the potential source region, 
Landweber iterative regularization method is employed to obtain more accurate reconstruction results. To validate the performance of 
the proposed algorithm in localization and quantification, a simulation based on a heterogeneous mouse torso phantom was conducted. 
In the simulation, the fluorescent yield of the fluorescent target was set to be 0.05. The excitation point sources are modeled as 
isotropic point sources located one mean free path of photon transport beneath the surface in z=2mm plane. The results reveal that the 
proposed hybrid regularization technique based reconstruction algorithm is more feasible and accurate than the method only utilize l1 
regularization technique, as shown in Fig. 1. 

 

Figure 1. (a) 3D view of heterogeneous mouse torso phantom. The black dots in (b) represent the excitation point source locations. For each excitation 
location, fluorescence light is detected from the opposite cylindrical side with 120o field of view. (c) and (d) are the results at z=2mm plane using only the 

sparse regularization method and the proposed method. The red circle indicates the real fluorescent target. 
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Extended-Finite Element Method for the solution of diffusion equation 
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Optical imaging has attracted more attention in the area of whole body molecular imaging, and diffusion equation (DE) is broadly 
adopted to depict the photon propagation in the heterogeneous tissue. To obtain the numerical solution of DE, the heterogeneous 
tissue is often discretized into tetrahedron elements called mesh for finite element (FE) calculation. However, Mesh generation is still a 
time consuming task especially for the tissues with complex internal structure. To handle the problem, the extend-finite element method 
(XFEM) is proposed to obtain the numerical solution of DE in this work. The XFEM exploits the partition of unity property of finite 
elements which allows local enrichment functions to be easily incorporated into a finite element approximation. A standard 
approximation is thus ‘enriched’ in a region (usually cut by the internal tissue boundary) of interest by the local functions in conjunction 
with additional degrees of freedom. Using the enriched functions and nodes to constitute the shape function of FEM, the internal 
boundary can be depicted by the shape function instead of the mesh boundary definition, thus the finite element calculation can be 
carried out for the heterogeneous domain based on a mesh which is employed to discrete a homogeneous domain. The proposed 
method not only makes the generation of the mesh easier, but also improves the precision of finite element approximation. Simulations 
with a numerical heterogeneous mouse were carried out to verify the proposed algorithm. The results of the proposed method were 
compared with that of the MC method to demonstrate the advantage over the traditional FEM. 

 

Figure 1. Sketch map of the XFEM in two dimensions: (a), Two tissues in two dimensions; (b), Finite element mesh for two tissues of FEM; (c), The local 
region(red) which using enrichment functions and nodes of XFEM 
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The development of an accurate and efficient photon transport model is one of the key issues of optical imaging. The simplified 
spherical harmonics (SPn) is a popularly used photon transport model in recently years. SPn can overcome the shortages of the 
diffusion equation in the cases of high absorption and short source-detector distance, and keep a lower computation cost respective to 
the other high order approximations of radiative transfer equation (RTE). However, SPn can’t accurately describe the photon progress 
in low-scattering tissues and non-scattering regions which exist in organism. The discrete ordinates method (Sn) can predict the photon 
transport with satisfied accuracy in all cases. The disadvantage of Sn is its high computation cost. In this work, a hybrid model which is 
coupled by Sn and SPn was proposed. The photon propagation in low-scattering tissues and non-scattering regions is predicted,by Sn, 
and the SPn was employed to describe the photon transport in the rest of the tissues. The two models were coupled through their 
boundary conditions. An iterative strategy was employed to avoid the construction of the system matrix for whole area to reduce the 
memory consuming. The streamline diffusion modification was employed in the solution of Sn to ease the ray-effect. Moreover, a GPU 
parallel strategy is used to reduce the time consuming of the Sn. Numerical simulation results show that our method is feasible to obtain 
the results as accurate as that of the Sn with reduced time cost. 
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Cerenkov luminescence imaging (CLI) is a novel optical molecular imaging modality, which can monitor in vivo physiological behavior of 
the radiopharmaceuticals in living mice using high-sensitivity charge coupled device (CCD) camera. Furthermore, this technology may 
have great potential in diagnostic and radiotherapeutic applications in future. Research on the penetration depth limits of CLI provides 
crucial proofs for preclinical application of the inspiring technique and promotes the implementation of the important imaging in clinical 
practice for tumour diagnosis and radiotherapeutic treatment. In present study, we performed experiments to investigate the 
relationship between the penetration depth of Cerenkov luminescence generation from electron-emitting radiotracer Na131I and the 
activity of the Na131I using tissue-simulating phantom. The glass vessels filled with Na131I of various activities were placed in a 
different depth location of the phantom and then Cerenkov luminescence signals were acquired through the CLI prototype system 
developed by our laboratory. Experimental data show that the penetration depth of Cerenkov photons is increasing with ascending 
activity of Na131I. Finally, the correlation between the mean minimum activity and the penetration depth can be achieved as 
exponentially relationship (R2=0.99), and CLI can provide a penetration depth up to about ten millimeters. Overall, CLI imaging 
technology showed the capability to image radiotracer of various depths and activities with the advantages of low-cost and high-
sensitivity. Therefore, CLI technology has enormous potential for both in preclinical studies and clinic applications. 

 
Figure 1. (a) Photographs of the tissue-simulating cubic phantoms. (b) Schematic diagram of the tissue-simulating cubic phantoms. (c) Correlation 

analysis between the depth of Na131I radioactive source and the mean minimum activity that can be acquired by the CLI prototype system. 
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Superior tumor-targeting ability of glycol chitosan nanoparticle in various tumor models 

JinHee Na1,2, Heebeom Koo1, Sangmin Lee1,2, Jae Hyung Park2, In-Chan Youn1, Kuiwon Choi1, Ick Chan Kwon1, Seo Young Jeong2, 
Kwangmeyung Kim1, 1Center for Theragnosis, Korea Institute of Science and Technology(KIST), Seoul, Republic of Korea; 
2Department of Life and Nanopharmaceutical Science, Kyung Hee University, Seoul, Republic of Korea. Contact e-mail: 
mongtoto@hanmail.net 

We have shown that glycol chitosan nanoparticle (CNP) has superior tumor-targeting ability in various tumor models, and this ability 
was originated from key factors such as in vitro/in vivo stability, deformability, and rapid uptake into target tumor cells. The real-time 
monitoring of CNPs in tumor vasculature showed that their tumor-targeting ability was based on long circulation and penetration 
through fenestrate angiogenic vessels in tumor tissue. Through their application to advanced in vivo tumor models, their superior tumor 
targeting ability and in vivo mechanism were precisely examined with optical imaging techniques. These results demonstrated that 
CNPs have great potential in tumor imaging or drug delivery, and further researches with this nanoparticle are on-going for clinical 
application. 
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Small animal imaging with impulse based near-field thermoacoustic tomography 
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Thermoacoustic tomography (TAT) is a non-invasive imaging technique that combines high resolution from ultrasound imaging with 
high intrinsic contrast derived from microwave imaging. However, established thermoacoustic tomography systems so far relied on 
pulse modulated carrier-frequency amplification with pulse durations of 500ns, mitigating demands for high spatial resolution to obtain 
better signal to noise ratio. Recently, a novel approach towards thermoacoustic tomography was presented, using ultrahigh energy 
electromagnetic impulses in the order of hundreds of mJoule combined with short impulse durations of ~20 ns. The so called near-field 
radiofrequency thermoacoustic (NRT) tomography ensures high spatial resolution without loosing signal to noise ratio since energy 
coupling of biological tissue in the near-field of radiofrequency or microwave sources is significantly high. In addition, our novel impulse 
based imaging system combines economical technology, simplicity and compactness when compared to thermoacoustic tomography 
and it can be conveniently scaled to small animal and human imaging. In this work we present and experimentally validate high 
resolution images of highly dissipative media along with ex-vivo whole body images of mice. Tomographic images attained from copper 
wires with a characteristic diameter of ~100 µm show spatial resolution of 150 µm, being mainly determined by the detection bandwidth 
of our transducers. Furthermore, images from mice scanned at the pelvic region reveal clear anatomical details like the hindlimb or the 
urinary bladder along with a copper wire which was subcutaneously inserted for control. NRT is a promising high resolution imaging 
modality that goes beyond the limits of conventional TAT, making thermoacoustics applicable for small animal tomography. Additionally, 
NRT has versatile potential in clinical applications since radiowaves have high penetration depth in biological tissue. 

 

Figure 1. NRT image study of an ex-vivo mouse. (a) Reconstructed cross-sectional mouse image with subcutaneously inserted copper wire (diameter 
~230 µm); (b) Corresponding histological slice at approximately the same height; (c) NRT image of the mouse at the same level without foreign body 

insertion. 
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Optical molecular imaging has become a dominant modality for in vivo preclinical applications. The photon intensity from 
bioluminescent or fluorescent probes in small animals is readily imaged by several commercial instruments. For fluorescent probes 
there is the additional opportunity to measure their fluorescence lifetime to provide further probe information. Beyond the fluorescence 
lifetime discrimination of fluorescent probes from each other or tissue autofluorescence, we have been developing the idea of smart 
fluorescence lifetime probes which change their fluorescence lifetime in response to specific stimuli. Recently, Dr. Tsien’s lab 
developed such a probe which changes its fluorescence lifetime following linker cleavage by matrix metalloproteinases (MMPs) over-
expressed in cancerous tumors. The uncleaved probe employs Forster Resonance Energy Transfer (FRET) from a donor fluorophore 
to an acceptor which intentionally only partially quenches the donor fluorescence intensity and lifetime. Upon probe cleavage by MMPs 
the donor and acceptor separate unquenching the donor fluorescence intensity and lifetime. For example, employing a Cy5-Cy7 FRET 
pair the probe’s fluorescence lifetime increased from ~0.7 ns to ~1.7 ns upon MMP-cleavage. The cleaved probe exposes a 
polycationic cell penetrating peptide to facilitate tumor uptake and retention. Previous smart fluorescent probes were ideally fully 
quenched (non-fluorescent) until cleaved and detected solely with fluorescence intensity, albeit with the potential risk of false negatives 
if the probe did not reach a positive biological target. Furthermore, quantifying the probe cleavage in vivo with fluorescence intensity is 
challenging since the measurement is confounded by tissue attenuation and probe concentration which are typically unknown. 
Moreover, if the probe is not fully quenched in the uncleaved state then discrimination from the cleaved state with intensity becomes 
ambiguous. By contrast, in vivo fluorescence lifetime imaging of a partially-quenched probe enables continuous monitoring of the probe 
where the average probe state, ranging from fully uncleaved to fully cleaved, can be determined from the probe’s fluorescence lifetime 
which, importantly, is negligibly affected by tissue attenuation and probe concentration. Here we will present the methodology of in vivo 
fluorescence lifetime imaging of smart fluorescence lifetime probes and preliminary in vivo results with this FRET-based MMP-cleavable 
probe in a mouse tumor model. A time domain fluorescence preclinical imager (eXplore Optix™) was used to acquire a time series of in 
vivo fluorescence intensity and lifetime images of HT-1080 tumor-bearing mice which were tail-vein injected with the probe. 
Fluorescence intensity images showed probe in the tumor where fluorescence lifetime images showed increasing fluorescence lifetime 
confirming probe cleavage by MMPs. Control mice with MMP expression genetically reduced and mice injected with a control probe 
containing a non-MMP specific linker showed minimal probe cleavage in the tumor. The authors gratefully acknowledge funding from 
ICMIC NCI-P50-CA128346 and DoD grant W81XWH-09-1-0699. 
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Colorectal cancer is a major cause of cancer death. A significant unmet clinical need exists in the area of screening for earlier and more 
accurate diagnosis and treatment. GE has in development a fluorescent molecular optical imaging contrast agent (given intravenously) 
for use during colonoscopy. The agent consists of a peptide with high affinity to a cell surface receptor (tyrosine kinase receptor), and a 
flurophore with similar properties to Cy5. There is some evidence that this receptor is upregulated in the early stages of colorectal 
cancer. However, the validity of the receptor as a biomarker for early stage disease needs to be confirmed at early stages of clinical 
trials by assessment of the correlation of imaging data with tissue analysis (expression of the receptor and pathology). A clinical 
colonoscope system capable of imaging the agent by producing an additional image of fluorescence from the contrast agent is not 
currently available. Due to the need for imaging data as early as possible to help validate the target, a prototype imaging system was 
designed and built for clinical imaging of the agent. This paper details the design and performance of this imaging system, including 
validation in large animal imaging studies. The system is currently being used in a phase I clinical trial. The system is built around a 
standard fibre colonoscope (Pentax). A modified imaging head consisting of a colour camera for white light imaging and an EMCCD for 
the fluorescence channel is attached to the eyepiece. The system provides the usual white light video images, with the addition of a 
second video image of the fluorescence produced by the contrast agent. Both video images are produced simultaneously at a nominal 
8 frames a second and all raw imaging data is streamed to hard disk. Illumination consists of white light that is depleted in the 
wavelength region of the fluorophore (620nm plus). This is augmented with laser light at 635nm wavelength for excitation of the 
contrast agent. Due to the targeting nature of the agent, only low nanomolar concentrations of the agent in tissue are available for 
imaging. Thus the system is optimised for fluorescence sensitivity and this parameter is critical to system performance. From pre-
clinical imaging studies the acceptance criteria is to produce fluorescence images with a signal to noise ratio of greater than 10:1 when 
imaging a 200 micro litre volume of 2% intralipid solution with 1 nano molar contrast agent, with this target placed 2.5 cm from the 
endoscope tip. The system is characterised in terms of illumination dosimetry; sensitivity of the fluorescence channel; fluorescence 
image quality parameters; ergonomics; photobleaching of the agent, and validation by imaging the contrast agent in a large animal pig 
model. The system passed all acceptance criteria and is capable of producing good quality fluorescence images at low nano molar 
concentrations of the contrast agent in tissue. 

Disclosure of author financial interest or relationships: 
A.J. Healey, GE Healthcare, Employment; G. Torheim, GE Healthcare, Employment; R. Bendiksen, GE Healthcare, Employment; S. 
Yazdanfar, General Electric, Employment . 

  

Proceedings of the 2011 World Molecular Imaging Congress S489



Presentation Number P530 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

MICROSCOPIC WHOLE BODY AUTOFLUORESCENCE IN MICE USING CRYO-IMAGING 
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Previously, we reported that color bright-field cryo-image volumes can be used to identify microscopic anatomical features not seen 
with in vivo whole mouse imaging and typically only seen in histology (Anat. Rec. Vol.292:3:342-351). Here, we acquired both color and 
autofluorescence contrasts at heretofore unavailable, high resolution (10μm pixels) and report our ability to delineate additional 
anatomical features. In addition, measurements help determine limits on detection of specific fluorescence in cryo-imaging experiments 
with fluorescently labeled tumor and stem cells, developmental cell lineages, imaging agents, visible theranostics, etc. Four adult mice 
(C57BL/6) were cryo-imaged using CryoViz™ (BioInVision, Inc.). In cryo-imaging, frozen tissue samples are serially sectioned, and tiled 
microscopic images (1.05-17.5μm pixel size) are acquired from the sample block-face. CryoViz™ consists of a whole-mouse-sized 
cryo-microtome, microscope, robotic positioner, proprietary control software, image visualization and analysis software. Animals were 
euthanized and snap-frozen without fixation to avoid fixative-induced fluorescence. Typically, we took ≈550 sections and 26,000+ 
individual images giving volumes >150GB. We compiled autofluorescence across various organs and tissues (455nm-560nm 
excitation, 510nm-750nm emission range). For 3D visualizations, we segmented organs semi-automatically using both bright-field and 
fluorescence data. We created 3D reconstructions showing whole body distribution of autofluorescence (Fig 1A), and high-resolution 
views of fluorescence in specific organs (Fig 1, B-E). Stomach and GI tract appear yellow (red arrow, Fig 1A) due to fluorescence in 
green and red channels. Midbrain has significantly higher fluorescence than rest of the brain (Fig 1B). 3D reconstruction of the knee 
joint shows femur, tibia, and fibula (Fig 1E) with the collagen protein matrix exhibiting green fluorescence and marrow red fluorescence. 
Normalized to brain tissue, autofluorescence is weaker in organs such as kidneys (24%-49%), and lungs (20%-31%). Liver 
autofluorescence (≈90%) is mostly in red channel. The autofluorescence images of kidney (Fig 1C, yellow arrows) delineate tissues 
better than corresponding bright-field images. In kidney, the renal cortex exhibits green autofluorescence while the renal pelvis has very 
little fluorescence in both channels. The trachea, the bronchi and the bronchioles in lung exhibit autofluorescence mostly in green (Fig 
1D). Using both autofluorescence and color images, one can identify many anatomical features not seen with in vivo imaging, enabling 
anatomical phenotyping and anatomical sources of specific fluorescence (e.g., imaging agents). For example, we see mucosal 
epithelial layer (≈60μm) in colon, thoracic duct, aortal wall (90-150μm), seminiferous tubules, vas deferens, epididymis, etc. in 
fluorescence images. Although nearly omnipresent, autofluorescence signals are below specific fluorescence levels found in a variety 
of exciting cryo-imaging applications. Also imaging schemes utilizing multiple excitation/emission wavelengths and image processing 
can further reduce its effects. 

 

Fig 1. 3D reconstruction of autofluorescence in whole mouse (A). Major sources of autofluorescence are the stomach and GI tract, gall bladder, parts of 
the brain, the bone, and the skin. Visualization of selected organs is shown as brain (B), kidney (C), lungs (D) and knee (E). 
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Endoscopic imaging is the standard of care and has been instrumental in decreasing the incidence of gastrointestinal cancers as an 
early detection procedure and screening method. However, with traditional white-light endoscopic tools, physicians still cannot 
efficiently and accurately distinguish between dysplastic (precancerous) and hyperplastic (benign) lesions without biopsy and 
subsequent histopathology. The real-time white-light images only provide structural details with little physiological—and no molecular—
information. We have developed a Raman-endoscopic probe with a 5-mm outer diameter as an in-vivo molecular imaging tool. This 
probe has been designed to be inserted into a conventional endoscope and has the potential to detect and quantify the presence of a 
multiplexed panel of tumor-targeting surface-enhanced-Raman-scattering (SERS) nanoparticles. Unmixing 10 variations of SERS 
nanoparticles that are colocalized has been demonstrated. One of the key features of our Raman probe is that it has been designed for 
efficient use over a wide range of working distances from 1 to 15 mm. This is necessary to compensate for imperfect centering of the 
probe during endoscopy, as well as variable working distances due to the inconsistent surface features of human tissue. Preliminary 
bench-top experiments have shown the ability to detect 450-fM concentrations of SERS nanoparticles on a quartz slide with an 
integration time of 1 s and a working distance of approximately 5 mm. These tests utilized 15 mW of laser radiation and a 1-mm spot 
size. With SERS nanoparticle concentrations of ~0.9 nM, a depth of penetration of 4 mm was also achieved. ANSI regulations will allow 
us to increase the laser illumination power to about 42 mW with an integration time of 300 ms. This approach would enable 
endoscopists to use molecular markers to distinguish between normal and cancerous tissues and to identify the otherwise hard-to-
detect flat lesions that are easily missed during conventional white-light endoscopy. 

 

 
Figure Legend: (a) Illustration of the bench-top Raman instrumentation setup; (b) The Raman imaging device is deployed through the working channel of 

an conventional endoscope; (c) Unmixing of 4, 6, 8, and 10 varieties of SERS particles that are colocalized, which demonstrates multiplexing 
capabilities. 
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The advantage of fluorescence molecular tomographic imaging (FMT) for the noninvasive detection and quantification of fluorescent 
agents in mice has been well established in several disease areas. Rat FMT imaging, however, has not been as well established, 
despite the historic importance of rat models for research and the inability to perform some rat models in mice. To date, fluorescence 
measurements in rats have relied on semi-quantitative or qualitative instruments, so we developed a rat imaging cassette designed to 
lightly restrain each animal between two glass plates for laser transillumination and fluorescence acquisition. Positioning this imaging 
cassette within the FMT imaging system allows tomographic imaging of multiple regions of the rat anatomy to capture fluorescence 
throughout the entire body of the animal in three dimensions. To assess the capabilities of our rat-adapted FMT imaging system, we 
imaged inflammation in a rat model of rheumatoid arthritis (RA). RA is a chronic inflammatory joint disease associated with the 
presence of activated synovial fibroblasts and macrophages. This type of joint inflammation can be established in Sprague Dawley rats 
by local paw injection of Complete Freunds adjuvant (CFA). Inflammation can be monitored by detection of upregulated cathepsin and 
matrix metalloprotease activity. Imaging agents for these proteases have been used to noninvasively discriminate between effective 
and ineffective therapies in mouse RA (Peterson J. et al, Arthritis Res Ther, 2010). Here we describe using MMPSense750 and 
CatB750FAST to detect inflammation in rat RA using the newly designed rat FMT module for quantitative tomographic imaging of rat 
lower extremities. MMPSense750 and CatB750FAST were administered by tail-vein injection 24 hours before imaging. The rats were 
imaged and the paw thickness was measured 3, 7, 10, 13, and 17 days after CFA injection. We were able to monitor and quantify 
inflammation in the CFA injected paws (right paws) and in the secondary paws (left paws) without observing physical signs of 
inflammation, such as redness and swelling in the secondary paw (see figure). MMPSense750 and CatB750FAST fluorescence 
quantification and paw thickness measurement showed a similar trend throughout the course of the study. However, fluorescence 
started to increase as early as 10 days after CFA injection, three days before the paw swelling was observed on day 13. Both 
MMPSense750 and CatB750FAST showed signal in the secondary paw on day 17, suggesting a mild and late-onset disease in 
contralateral paws. We have demonstrated that the rat FMT can provide quantitative information on inflammatory joint disease 
development in the rat RA model. With the proper biomarkers, RA associated inflammation can be monitored and detected in the early 
stages of the disease. 

 
Representative FMT images of CFA-injected paw (right) and secondary paw (left) 17 days after CFA injection. 
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Fluorescence in the near-infrared (NIR) spectral region is suitable for biological research, especially for in vivo imaging, due to its 
reduced background and high penetration capability compared to visible fluorescence. In this study, we created a reporter system that 
combines the SNAP-tag technology with NIR fluorescent dyes for cell and animal imaging studies. The SNAP-tag is a 20-kDa protein 
derived from the human DNA repair protein O6-alkylguanine-DNA-alkyltransferase (AGT). It reacts with fluorescent dye-conjugated 
benzylguanine (BG) substrate, leading to covalent labeling of the fluorescent dye to the SNAP-tag®. This property makes the SNAP-tag 
a valuable tool for fluorescence imaging. We created HEK293, MDA-MB-231, SK-OV-3 and SK-BR-3 cells stably expressing SNAP-
ADRB2 fusion protein. The ADRB2 potion of the protein directs the localization of the protein to the cell membrane. A NIR fluorescent 
substrate BG-800, a conjugate between BG and IRDye® 800CW, was used in this study. The expression of SNAP-ADRB2 was 
confirmed by the reaction between BG-800 substrate and the cell lysate. Microscopic examination confirmed that SNAP-ADRB2 was 
localized on the cell membrane. The signal intensity of the stable cells after reaction with the substrate BG-800 was dependent on the 
BG-800 concentration. A “proof of principle” in vivo imaging study showed that BG-800 could be used to visualize xenograph tumors 
established with SNAP-ADRB2 overexpressing SK-OV-3 cells. However, the background signal was relatively high in the skin that may 
be a reflection of non-specific accumulation of BG-800. One possible solution for this problem is to develop a quenched substrate that 
only fluoresces after reaction with the SNAP-tag. 
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Introduction Intravital microscopy (IVM) can provide important molecular and structural detail of the arterial wall in health and disease, 
but is resolution limited due to pulsatile arterial wall motion. The objective of this study was to implement and develop a retrospective, 
electrocardiogram (ECG) gating-based strategy to reduce cardiac cycle dependent motion and improve IVM of the arterial wall. This 
motion correction strategy was applied to investigate collagen in murine carotid arteries in vivo, using second harmonic generation 
(SHG) IVM. Motion corrected SHG images of collagen wall thickness were compared to ungated images across various heart rates and 
frame averages, and assessed using full width half maximum (FWHM) analyses with a reference gold standard of ex vivo SHG 
microscopy images. Methods Mice (C57Bl/6 male,12-14wk,n=5) were anesthetized and the right carotid artery was exposed and 
suffused with PBS. Subcutaneous electrodes (number) allowed continuous recording of the mouse ECG throughout the imaging 
session. SHG images were collected (550μm x 550μm) at 30 frames/s on a custom-built multichannel microscope. Image capture and 
recording-start signals were concurrently recorded during imaging acquisition. Analog signals were recorded at a sampling rate of 
100kHz. Systematic analyses identified that the gating during the murine ECG T wave provided the highest resolution images, 
Approximately 1 frame was collected per cardiac cycle. Images of 3,10,15 and 30 frame averages(f) were used for gated and ungated 
analyses. Collagen was visualized using SHG IVM using a pulsed Ti:Sapphire laser(ex:880;em:440) Intravenously injected FITC-
dextran(MW 2000kDa) provided an angiogram to identify the carotid artery. Gating of the imaging data set was compiled manually 
using the ADC software. Axial cryosections of the carotid confirmed the ex vivo carotid SHG collagen thickness. All image processing 
and analysis was performed using ImageJ. Statistical significance was established as ANOVA P values<0.05. Results In vivo 
retrospective ECG gating yielded images with a mean collagen wall thickness of 14.1±3.6μm. This was not significantly different than ex 
vivo SHG measured collagen wall thickness (15.6±6.0μm,p>0.05), thus verifying the accuracy of the retrospective gating protocol. All 
ungated images showed significant differences in the measured collagen wall thickness compared to gated images (p<0.05). These 
errors in collagen wall thickness obtained from ungated IVM images ranged from 1.4 to 6.5 fold depending on the number of frame 
averages and/or the heart rate analyzed. SNR measurements of gated and ungated images showed ungated images needed >200f 
(6.7s) to reach the SNR of a 30f gated image, which in turn needed 8-24s (240-720 frames) of image acquisition time, depending on the 
heart rate. Conclusions Retrospective ECG gating enhances IVM of pulsatile tissues, as demonstrated by improved in vivo 
quantification of carotid arterial wall collagen in living mice. This strategy can be readily extended to multiplexed SHG and fluorescence 
IVM approaches, and is a general solution for IVM of tissues that suffer from cardiac dependent motion. 
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In this contribution we will present studies related to the methodology of clinical brain perfusion assessment based on tracking of a 
bolus of an optical contrast agent - indocyanine green (ICG). The methodology developed in last decade makes use of measurement of 
diffuse reflectance changes on the surface of the head during inflow of the dye and allows for estimation of cerebral blood flow. This 
method is based on the injection of a dye with relatively low toxicity which may potentially lead to development of minimally-invasive 
clinical tool for brain perfusion assessment. The technique is based on assumption that the medium interrogated by photons between 
source optode and detection spot is optically homogenous and that the changes of ICG in the brain can be assessed by estimation of 
changes in optical signal attenuation measured at multiple wavelengths. Recently it was reported that different optical techniques can 
be applied in order to provide depth-resolved information from the signal measured during injection of ICG. It was shown that the time-
resolved optical method allows for depth discrimination and separation of information originating from the brain. This technique allows 
potentially to avoid influence of oxygenation and perfusion changes in extracerebral tissue on the signals measured. It was reported 
that the fluorescence light excited in the dye can be measured noninvasively on the surface of the head. The time-resolved multi-
wavelength detection technique may allow for evaluation of the distributions of times of arrival of fluorescence photons at different 
emission wavelengths and such technique may lead to improved discrimination of the signals originating from the brain. Furthermore 
we used broad-band white light source for ICG bolus tracking showing that the fluorescence signals may influence the time-resolved 
data collected at longer wavelengths. These methodological advances will be discussed in view of the clinical usefulness of the optical 
contrast agent bolus-tracking technique in assessment of brain perfusion in adult humans. Results of in-vivo pilot studies carried out in 
patients with brain perfusion insufficiencies will be presented We will also show results of time-resolved monitoring of ICG bolus 
passage in patients in which brain death resulting from cerebral blood flow cessation was observed. Influence of extracerebral tissue 
contamination on the signals measured were investigated in series of experiments carried out in patients with partly removed skull. 
Physical phantom experiments and preliminary in-vivo measurements in patients show that the fluorescence signals can be used to 
show brain perfusion insufficiencies and they reveal less pronounced sensitivity to artifacts observed during in-vivo studies than the 
diffuse reflectance. However, the anatomy of the extracerebral tissue layer (thickness of skin and skull, spatial distributions of vessels) 
may influence the data acquired during injection of the dye. Thus, we conclude that technique is promising, but the methodology of 
tissue perfusion assessment with the use optical contrast agent bolus-tracking needs further studies. 
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Purpose Fluorescence Diffuse Optical Tomography (FDOT) of the breast is a promising, emerging clinical imaging modality. FDOT has 
several advantages over other contrast enhancement methods in optical imaging, such as a very low concentration required for 
detection, low autofluorescence levels, small agent size and the possibility to correct for differences in absorption. To estimate Limits of 
Detection (LOD) of a clinical FDOT breast imaging system (Philips, The Netherlands), small phantom shapes filled with the clinical 
grade available near-infrared organic fluorophore IRDye800CW (Licor, Lincoln, NE) were scanned in various situations. Material and 
Methods Hollow polyoxymethylene phantom shapes (0.9 cm3 and 2.1 cm3), suspended in fluid matching the optical properties of 
average breast tissue, were filled with IRDye800CW to assess relative (1-120:0, 1-6:1) and absolute (2, 5, 10, 20) phantom to 
background nanomolar concentration differences. The phantoms were positioned in the center or near the edge of a medium sized cup 
shaped measurement chamber(± 500 cm3) with 507 optical fibers mounted in the surface. The phantoms were illuminated sequentially 
by half of the fibers, while the other half were used to collect the fluorescense signal. Three dimensional images were obtained for each 
phantom using a continuous wave solid state laser with an excitation wavelength of 730 nm, light was filtered above 750 nm. The 
measurements were performed twice at different days. Average signal intensities were determined on the reconstructed images for a 
volume of interest that matched the size and location of the phantoms. Regression lines were fitted trough the obtained data points. The 
formula LOD=(sB/β)*kn, (sB: standard deviation of measurements of blanks; β: coefficient of regression line; kn: coverage factor (3.13 for 
duplicate measurements and five measurements of blanks (to reach a type-1 error of 1%))[1] was used to estimate the LOD for the 
different situations. Correlation coefficients (R2) and between-day reproducibility (intraclass correlation coefficients) were calculated for 
signal intensities and IRDye800CW concentration ranges. Results The Limits of Detection ranged from 0.13 nM (95%-CI 0.08-0.37 nM) 
to 2.31 nM (95%-CI 1.36-6.65 nM) for the different situations. The fluorescent signal intensities were very well linearly correlated with 
concentration differences (R2: 0.95-1.00). Between-day reproducibility was excellent (intraclass correlation coefficients: 0.93-0.99). 
Differences in slopes of the regression lines were found for the 2.1 cm3 and 0.9 cm3 phantoms and for the two locations. However, this 
did not have a major influence on the LOD for these situations. Conclusion Limits of Detection of the Fluorescence Diffuse Optical 
Tomography system for IRDye800CW are in the low-nanomolar range for relevant situations. Upcoming clinical studies with this system 
and this fluorophore are feasible. Acknowledgment This research was supported by the Center for Translational Molecular Medicine 
(MAMMOTH). References [1]Huber W, Basic calculations about the limit of detection and its optimal determination, Accred Qual Assur 
(2003)8:213-217 

 

A) Absolute concentration differences compared to phantom intensity differences (background concentration: 10 nM) at the center and edge position in 
the measurement cup (R2 0.97-0.98). B) Estimation of Limit of Detection using the obtained regression lines. C) Example image for the medium sized 

scanning cup (background concentration: 10 nM). Top row: edge position; Bottom row: center position. 
Results for a medium sized (± 500 cm3) breast scanning cup. 

 

*One-way random effects model where day effects are random, single measures. 
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Here we present a new type of small animal optical imaging system that we term FLuorescence Emission Computed Tomography 
(FLECT). FLECT is a 360° “True Tomography” system that images the 3D concentration of fluorophores, such as fluorescent probes, 
in-vivo, in small animals. FLECT exhibits a system geometry that is analogous to other computed tomography systems such as X-ray 
CT and uses a rotating gantry with a hollow bore imaging chamber through which an animal bed is translated. FLECT uses lasers to 
illuminate the subject and excite fluorophores deep in tissue while a 48-channel circular collimated detector array surrounds the animal 
and simultaneously measures the emission light from multiple points. Non-destructive readout and digitally filtered over-sampling 
enable low-noise and high dynamic range detection. The 360° rotation of the gantry and a linearly translated animal bed allow for lasers 
to discretely illuminate points over the entire surface of the animal, while the circular detector array allows for light to be detected from 
points within the entire body of the animal. An emission filter array for each detector and a laser-diode array allow for multispectral 
image acquisition with up to 16 filter bands and 12 laser wavelengths. Two line scanning CCD cameras provide 3D laser scanning of 
the 3D surface geometry of the animal. Fluorescence tomography reconstruction software uses a model of light propagation based on 
an approximation to the equation of radiative transport, the 3D surface geometry, and the detector data to reconstruct 3D images of 
fluorescence distribution in-vivo. Initial testing demonstrated the ability for deep-tissue imaging by accurately imaging both single and 
multiple inclusions of 100 nM AlexaFluor 750 in tissue simulating phantoms of > 20 mm diameter. We will further present the details of 
system architecture, system operation and additional imaging results. 

 
Reconstructed slices through a 24 mm diamter tissue simulating phantom with absorption coefficient μa = .1/cm, and reduced scattering coefficient 
μs'=15/cm with one 2 mm diameter inclusion of 100 nM AlexaFLuor 750 (left) and two 2 mm diameter inclusions of 100 nM AlexaFluor 750 (right) 
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Purpose: The objective is to develop a methodology to concurrently measure tumor hemodynamics and biomarkers of metastasis using 
3D Photoacoustic Computed Tomography. Introduction: Distant metastatic failure in cancer patients is the leading cause of cancer 
death and poor overall survival. Understanding the critical components and processes contributing to metastasis, such as hypoxia, 
inflammation, and interactions with the tumor microenvironment, can provide new insights into therapeutic methods and drug 
development. Hypoxia is an established prognostic factor of treatment failure and poor overall survival which is correlated to increased 
distant metastasis in patients with breast carcinomas. However, the mechanisms linking hypoxia to metastasis are not fully understood. 
This initial work focuses on developing an imaging platform that can noninvasively measure local tumor hemodynamics over time, 
identify regions of acute and chronic hypoxia, and correlate these regions to cell surface markers of cancer invasiveness and 
metastasis. To this end, a 3-D photoacoustic computed tomographic platform has been developed to monitor the patho-physiological 
etiology leading to hypoxia: hemoglobin status (SaO2, CtHb) as determined from the near infrared (NIR) spectroscopic images, and 
vascular physiology (perfusion, fractional plasma volume, permeability) as calculated from the dynamic contrast-enhanced PCT images 
of an injectable dye. Current work in testing a high affinity ligand of ανβ3 integrin (RGD-dimer) will provide a measure of invasiveness 
and metastasis. Material and Methods: Three mice subcutaneously injected with MDA-MB-231 breast cancer cells (highly metastatic) 
are allowed to form tumors 8-10mm in size. Each mouse is first scanned at 13 wavelengths ranging from 690-930nm, then repeatedly 
scanned prior to, during, and after an intravenous injection (0.5mL/min) of indocynanine green (0.2mL of 0.27mM ICG). For the latter 
protocol, images were acquired every 12 seconds for up to 4 min and every 15 min for up to 30 min post-injection. To obtain oxygen 
saturation and relative hemoglobin parametric maps, a non-linear least squares fitting algorithm was used to fit the NIR PCT data to 
optical absorption spectra of oxy- and deoxy-hemoglobin. Dynamic contrast-enhanced curves were fit to compartmental models to 
obtain maps of tumor perfusion and fractional plasma volume. Results: Parametric maps of SaO2 and CtHb, and perfusion and fp 
reveal a heterogeneous distribution of SaO2 levels but to lesser degree the hemoglobin concentration, which is consistent with acute 
hypoxia. Perfusion and fractional plasma distributions display similar patterns, while variations in ICG uptake indicate regions of 
hyperpermeability. Inter-tumor variations show a difference in contrast delay time images, suggestive of tortuosity. Conclusions: The 
combination of photoacoustic CT spectroscopy and DCE-PCT physiological imaging provides a unique ability to monitor tumor hypoxia 
due to aberrant tumor hemodynamics, and its relationship to acute and chronic hypoxia. Correlating these measurements to ανβ3 is our 
next step. 
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This paper reports the development of dual-band spectroscopic Fourier domain optical coherence tomography (FD-OCT) for potential 
molecular imaging applications. Our targeting probe is AF750-Bombesin that has an absorption band around 740 nm. The FD-OCT 
system uses two superluminescent diodes with central wavelengths of 750 nm and 840 nm, and bandwidths of 19 nm and 47 nm, 
respectively. The light from two sources is combined by using a dichronic mirror. A high speed line-scan charge-coupled device (CCD) 
(scan rate of 56,000 Hz) acquires interferograms from both wavelengths simultaneously, so that images from different wavelengths are 
overlapped. While the image contrast of 840 nm wavelength is only due to the scattering, the image contrast of 750 nm wavelength 
reflects both the scattering and absorption inside the targeted tissue. Using a developed image algorithm differentiation between 
scattering and absorption is possible; therefore the targeting processes inside the tissue can be imaged. In FD-OCT, the highest image 
contrast is around the zero-cross between the signal and reference. However, the mirror image due to the complex interference causes 
the confusion in image interpretation, prevents the full scale imaging, and limits the penetration depth. In this work, an off-axis 
alignment is used in the signal beam to create a phase modulation as a function of time in the mirror scanning. The mirror images 
resulted from the complex interference can be removed using a filter in the time domain. The resolution of the FD-OCT system is 30 
microns (lateral) and 20 microns (depth) that are limited by the signal beam size (lateral) and the bandwidths of superluminescent 
diodes (depth), respectively. The image frame consists of 800 pixels (lateral) and 1024 pixels (depth). The imaging speed is in the 
range of 2-10 Hz of the frame rate depending on the pixel number and the exposure time of the CCD.. The spectroscopic imaging data 
are reconstructed with a LabVIEW program and displayed in Hue/Saturation/Value (HSV) color. Using this FD-OCT system, we studied 
tumors excised from human prostate cancer PC-3 mouse model. Briefly, human prostate PC-3 cancer cells were implanted in severely 
compromised immunodeficient (SCID) mice on the bilateral flanks. The tumors were grown to several millimeters, were then harvested 
and preserved in 4% formaldehyde solution. The tumors were transferred to optical cells for spectroscopic imaging. The spectroscopic 
images were displayed as color maps of wavelengths indicating different optical properties of the tumor tissues. In order to correlate the 
findings from the optical spectroscopic imaging, magnetic resonance imaging (MRI) of the tumors were performed using a small animal 
7T MRI. The results revealed that the spectroscopic images showed the detailed internal structures in the tumors, probably due to the 
apoptotic and necrotic processes during the development of the tumors. A further study of fluorescent imaging probes bound on tumors 
will be performed to validate molecular imaging application of the developed FD-OCT technique. 

 

Spectroscopic SD-OCT image of PC-3 tumor from SCID mouse. Red: 840 nm. Blue: 750 nm. The bar size is 1 mm. 
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In past decade, small animal imaging techniques based on photonic have been considerably improved using fluorescence Diffuse 
Optical Tomography that allows now reconstructing and quantifying fluorescence signal in three dimensions inside small animal. This 
technology is increasingly used and stimulates the development of fluorescent probes to monitor in vivo several physiological 
processes such as specific protease activity or the expression of biomarkers. However, although this technology can now detect 
fluorescence in the nanomolar range, it has still a low (a few mm) spatial resolution. To complement such imaging we used here a new 
fiber-based confocal microscope (Cellvizio®) that can monitor simultaneously two fluorescent signals by endoscopy. To validate this 
system, we used a fluorescent RGD-based probe (Angiostamp®) that binds the alphaVbeta3 integrin. This protein is known to be 
overexpressed at the surface of some cancer cells and at the surface of endothelial cells during angiogenesis. Using fDOT imaging, we 
observed that Angiostamp® targets a MDA-MB-231 tumor xenograft in vivo. Using the endoscopic system, we demonstrated that we 
can simultaneously observe blood vessels using FITC-dextran and the Angiostamp®. Few minutes after injection, we observed a fast 
elimination of Angiostamp® from blood and a growing accumulation close to tumor blood vessels. In contrast, no Angiostamp® was 
localised close to blood vessels of healthy tissue such as muscle, spleen, liver or kidney. Hence, the new Cellvizio® allows us to 
confirm that the macroscopic image obtain by fDOT corresponds to tumor angiogenesis imaging. In conclusion, the simultaneous 
monitoring of two fluorescent signals by endomicroscopy can be useful to validate fluorescent probes used for macroscopic imaging 
and it opens a new avenue to monitor in vivo molecular events at a microscopic scale. (Figure) Macroscopic to microscopic monitoring 
of Angiostamp® in tumor subcutaneous xenograft. Left, macroscopic imaging of Angiostamp® in tumor using fDOT/CT. Right, 
microscopic imaging of Angiostamp® (red) close to tumor blood vessels (green) using a new fiber-based confocal microscope 
(Cellvizio®) that can monitor simultaneously two fluorescent signals by endoscopy. 
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Optoacoustic tomography (OAT), also termed photoacoustic tomography, is a fast evolving non-invasive imaging method for high 
resolution mapping of optical absorption in tissues. The imaging is performed by illuminating the object or region of interest with a short 
high-power laser pulses, thus creating an instantaneous temperature elevation and thermal expansion within it. The resulting ultrasonic 
broadband waves (typically in the 1-100 MHz range) have a magnitude that is proportional to the local light fluence, optical absorption 
coefficient and thermoelastic properties of the object. By combining optical contrast with ultrasonic diffraction-limited resolution 
optoacoustics holds a great promise for future biomedical applications. It has been already proven capable of high-resolution 
visualization of vascular anatomy, tumor angiogenesis, as well as functional imaging of blood oxygenation in living tissues of small 
animals and humans. Various contrast media approaches have been also developed for enhancement of detection sensitivity and 
specificity of the method, including dyes, light-absorbing nano-particles, and chromogenic substrates. More recently, by applying 
illumination at several optical wavelengths, multispectral optoacoustic tomography (MSOT) was able to resolve distribution of 
fluorescent molecular agents and fluorescent proteins with both high sensitivity and spatial resolution in optically opaque organisms and 
tissues. One of the difficulties involved in optoacoustic imaging is the effect of light attenuation, which creates a bias towards superficial 
targets. In MSOT, this bias hinders the accurate quantification of the molecular agents in tissue thicker than a few millimeters. The 
common approach for treating this problem has been using numerical models to simulate light propagation in the tissue. However, 
since the light propagation depends on the absorption and scattering coefficients, which are not known a priori, the modeling is difficult 
and therefore involve numerical optimization, which is sensitive to experimental errors in the optoacoustic data. We demonstrate a new 
ratiometric method to compensate for the effect of light attenuation when resolving molecular agents using MSOT and interpolated-
matrix-model inversion (IMMI). The method is based on taking the difference between two optoacoustic images obtained at different 
optical wavelengths within the absorption spectrum of the probe, and normalizing the difference by one of the optoacoustic images. 
Although normalization methods have been previously suggested, they were based on normalizing by a postulated fluence function 
obtained through optimization procedure. That method suffered from high sensitivity to modeling and experimental errors, which limited 
its use in real-world scenarios. The advantage of the demonstrated is that it is based on direct operations on the optoacoustic images 
that do not involve numerical simulations of light propagation. We show the performance of the suggested method in numerical 
simulations, phantom experiments and ex vivo experiments. 
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Much attention has been focused on the development of optical imaging technique because of its high sensitivity that can be used for 
performing molecular imaging. Over the years, our laboratory has developed near-infrared (NIR) fluorescence optical imaging technique 
that uses exogenous contrast agents to improve detection sensitivity. We have successfully demonstrated that our modality can 
perform planar imaging using continuous-wave (CW) measurements. However, loss of target information associated with CW imaging 
due to significant photon scattering at larger depths degrades the image quality. It is therefore necessary to perform optical tomography 
using time-dependent measurements to better reconstruct the target. Although time-domain approaches provide rich target information, 
the complicated instrumentation, reduced SNR, and increased acquisition time limit use in the clinical environment. We have therefore 
developed homodyne frequency-domain photon migration (FDPM), a technique that combines the signal amplitude and the associated 
phase information to accurately localize deep fluorescent target positions. The homodyne FDPM system makes use of a 100MHz 
radiofrequency source to simultaneously modulate the source and detector. The detector comprised of a gain-modulated Gen III image 
intensifier coupled to the CCD camera. A phase-shifter was used to additionally vary the phase on the detector over a 0°-360° cycle 
with respect to the source. Upon arranging the phase-sensitive steady state images obtained at each phase delay, a sine wave is 
generated for each pixel. Data contains excitation and fluorescent amplitude and phase information from the tissue and is extracted 
through Fourier transform. To benchmark the FDPM system performance, precision measurements were performed in the absence of 
the fluorophore over a homogenously illuminated area. We optimized the number of phase delays, CCD exposure time and binning 
factor, and data averaging so that the total data acquisition time was just above four minutes. We experimentally determined that the 
system errors can be reduced by increasing the phase delays and improving the system SNR using elevated excitation counts. The 
amplitude and phase errors were minimized to ±0.8% and ±0.5°, respectively. Using a phantom mouse, mimicking the optical properties 
of the tissue, laden with 50µM IRdye800CW fluorophore target with a cross-section of <5mm2. A dataset consisting of five projection 
angles was used for reconstruction. Fluorescence-enhanced optical tomography was performed using the diffusion equation. 
Specifically, with the finite element methods, a linear relationship between the boundary measured emission photon distribution and 
unknown fluorescence variable was established and was then transformed into a least-squares minimization problem. The limited 
memory variable metric-bound constrained quasi-Newton optimization method (BLMVM) was used to solve the least squares problem 
to realize the reconstruction. Initial tomographic reconstruction on the mouse phantom using recently developed FDPM system show 
encouraging results with precise target localization and in clinically relevant duration. 

 

Frequency-domain based tomographic reconstruction of 50µM IRDye800CW using five projections. Inset shows the phantom mouse used for the study 
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Reduction of acoustic scattering artefacts in optoacoustic back-projection and model-based 
tomographic reconstructions 
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Optoacoustic tomography is a non-invasive medical imaging technique with important advantages derived from the synergetic 
combination of optics and ultrasound into a single modality, in a way that it is possible to image biological tissues with high optical 
contrast and high ultrasonic resolution for depths in the order of several millimetres to centimetres. The image reconstruction in 
optoacoustic tomography consists in the calculation of the optical absorbed energy from the pressure measured at different positions 
around the imaged object. For this, several algorithms have been reported in which a simple model corresponding to a uniform speed of 
sound is commonly assumed. For such model, the ultrasonic waves propagate directly from the excitation point until the transducer 
position without undergoing any distortion event, such as reflection or scattering. Such phenomena take place however in biological 
tissues and become significant at the interface of different tissues with strong acoustic mismatch. A procedure to minimize these 
artefacts consists of weighting the contribution of the signals with the probability that they are not distorted with reflected or scattered 
waves. Thereby, the reconstruction is made preferably with the ”parts” of the signals than more likely correspond to direct wave 
propagation from the excitation point. This statistical approach can be applied to different optoacoustic reconstruction algorithms, such 
as back-projection and model-based schemes. In this work, we present a comparison of the performance of the statistical weighting 
procedure for back-projection and model-based optoacoustic reconstruction. Specifically, we test both methods experimentally with 
tissue-mimicking agar phantoms as well as with an ex-vivo acoustically heterogeneous adult Zebrafish. This performance is directly 
related to in vivo small animal imaging applications involving imaging in the presence of bones, lungs, and other highly mismatched 
organs. 
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checkpoint protein Rad9 using Dronpa bimolecular fluorescence system 
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A new method to visualize protein interaction in living cell, bimolecular fluorescence system (BiFC), is based on the color formation from 
interaction of two fragments fluorescence proteins associated with protein that expected to interact. We developed BiFC using Dronpa, 
a new fluorescent protein with photoswitcable activity and used it to observe the interaction between hRad9 and hMYH. The interaction 
between hRad9 and hMYH was observed from co-immunoprecipitation, fluorescence energy transfer (FRET) and GST-pull down 
assay. Moreover, WB analysis of subcelullar fractionation samples indicated that interaction of hMYH and hRad9 mostly observed in 
nucleus and was increased after UV treatment. To develop Dronpa-BiFC system, we split Dronpa at residue Glu164 [Dronpa N-
terminal: DN (Met1-Glu164), Dronpa C-terminal: DC (Gly165-Lys224)], and we also generated gene fragments corresponding to coding 
region of hMYH-full, hMYH-deletion mutant (N, C or NC), and hRad9 by PCR. DN or DC fragments of Dronpa were fused to hRad9 or 
hMYH-full or deletion mutants. To enhance Dronpa complementation, we introduced flexible linker between fused proteins 
[(GGGGS)×2]. Complemented Dronpa-BiFC was observed in cell co-transfected with Dronpa-hMYH full or Dronpa-hMYH deletion C 
and Dronpa-hRad9, but not in other transfected cell. Thus, our Dronpa BiFC system successfully confirms the interaction between 
hRad9 and hMYH, and also showed that N terminal fragment of hMYH is important in mediating the interaction. Furthermore, this 
Dronpa-BiFC system can be used to visualize protein interaction in living cell and its photoswitching activity provide another advantage 
to monitoring protein-protein interaction. 
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A new near-infrared fluorescence imaging diagnosis and treatment system for humans 
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Fluorescence molecular imaging has received lots of attention for its application in drug development, in vivo cancer detection using 
small animals. In recent years, this technique has been increasingly used for humans in the field of disease diagnosis, tumor early 
detection, intra-operative navigation, and so on. In this paper, we will introduce a new near-infrared fluorescence imaging diagnosis and 
treatment system for humans, which is exploited by our research group. The Indocyanine Green is utilized as a tracer, which is 
currently the only fluorescent dye approved by the U.S. FDA for human use. Dozens of 785nm LEDs are assembled together as the 
excitation light source. This system employs uniform illumination correction method to get the fluorescent source distribution that 
represents a more real case. Besides, a new method based on multiple spectral information and cluster analysis is adopted to eliminate 
the autofluorescence interference from biological tissues. This system can be extensively used for clinical purpose, for example, 
lymphedema diagnosis, liver cancer detection, sentinel lymph node location, the burn level test, etc. 

 
Appearance of the near-infrared fluorescence imaging diagnosis and treatment system 
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The newly developed dual-modality tomography system offers both bioluminescence tomography and micro computed tomography for 
molecular imaging research. This technology has been applied to solve an inverse problem, reconstructing the entire source distribution 
inside the target tissue with the limited flux density on its boundary. In order to enhance the efficiency and robustness of the 
reconstruction, an iterative shrinkage approach is proposed in this paper. By detecting the outgoing photon density via a cooled, 
sensitive charge-coupled device in bioluminescence tomography, this dual-modality tomography will fuse the optical information with 
the anatomical data acquired by micro computed tomography. After modeling the light propagation in the target tissue by diffusion 
equation, we utilize the iterative shrinkage method to convert the complex process of optimizing multi-dimension function into efficient 
parallel one-dimension optimizations for each variable. Mouse experiment was performed with the help of the dual-modality 
tomography, and the reconstruction results show that the proposed method is proven to be robust to the different regulation 
parameters, lp norms (1≤p≤2), as well as the initial source distributions. Moreover, the high-speed reconstruction implies this iterative 
shrinkage based tomography is feasible for the practical applications of the whole-body physiological processes studies, even if the 
system hardware is of low performance or the experimental environment is not that good. 
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imaging 
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As a promising molecular imaging modality, bioluminescence imaging (BLI) has attracted more and more attention in recent years 
because of its ability of noninvasive studying physiological and pathological activities at molecular and cellular levels. With significant 
advantages in specificity, sensitivity, no ionizing radiation and cost-effectiveness, BLI has achieved intensive applications in studying 
gene expression, visualizing disease progression, tracking cell activities, evaluating drug delivery and development, and monitoring 
neural activities. Particularly, its inverse problem called bioluminescence tomography (BLT) has become a valuable tool for the 
biomedical imaging field. Because BLT resolves depth and quantification information of the internal bioluminescent probes, it harnesses 
the true potential of the optical imaging. However, the traditional BLT (tBLT) adopts measurement from external detectors around the 
imaging animal. It is well acknowledged that light surfers severe attenuation at large depths so that the imaging accuracy and resolution 
of tBLT are inadequate for deep probes, which is one of major reasons for optical imaging hindered from clinical applications. In this 
contribution, we present a novel branch for optical imaging, termed the endoscopic bioluminescence tomography (eBLT) which resolves 
a new solution to deep bioluminescent probe imaging. Furthermore, an endoscopic algorithm for eBLT is developed, in which 
measurement is obtained using a virtual endoscopic detector inside a cavity tissue. In the algorithm, biological tissues are divided into 
two categories, source tissues that contain light probes and cavity tissue that contains a virtual endoscopic detector. To characterize 
light transport in these two kinds of tissues, a hybrid light transport model that couples simplified spherical harmonics approximation to 
the radiative transfer equation and radiosity theory. Using the finite element method, the hybrid light transport model is converted into a 
linear equation which links the internal bioluminescent probe and the measurement at the virtual endoscopic detector. To improve the 
ill-posedeness of the problem, we convert it into an optimization problem using an l1 norm based sparse regularization method. Lastly, 
a primal-dual interior-point method is utilized to solve the optimization problem for the position and flux distribution of the bioluminescent 
probes. This endoscopic algorithm for BLT has been implemented with MATLAB language and preliminarily demonstrated using 
simulations. Some interesting results have also been obtained and shown that the algorithm achieved encouraging results for deep 
probes in terms of both localization and quantification compared with traditional bioluminescence tomography. 
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Bioluminescence Tomography with Weighted Sparsity Regularization 
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University, Shenyang, China. Contact e-mail: tian@ieee.org 

Bioluminescence imaging (BLI) is an important optical molecular imaging modality, which can be used to monitor physiological and 
pathological activities at the molecular level. Bioluminescence tomography (BLT) does not require external source for excitation and the 
inherent background noise is quite low, so it is widely studied for live small animal imaging. The generic BLT problem is ill posed, and it 
is sensitive to noise and bears multiple solutions. Tikhonov regularization is often used to alleviate the ill-posed nature of this problem. 
The existing reconstruction methods based on the L2-norm make the problem became simple and can be solved efficiently by standard 
minimization algorithms. However, the solution is often over-smoothed with reduced intensities, and the localized features are lost 
during the reconstruction process. In this study, the sparsity of the source is considered as a priori information, and we used weighted 
sparsity regularization scheme that replaces the L2-norm penalty term by weighted sparsity regularization penalty term in Tikhonov 
regularization. By dynamically updating the weight matrix, L0-norm regularization can be approximated which can promote the sparsity 
of the solution. This method can efficiently enhance the sparsity of the source. The fast and stable source reconstruction can be 
obtained, even without a priori information of the permissible source region and multispectral measurements. Numerical experiments on 
a mouse atlas validate the effectiveness of the method. 

 

Reconstruction model in a double source case. (a) The torso of the mouse atlas model consisted of muscle (white), bone (green), heart (red), lungs 
(yellow), liver (blue) and spleen(brown). (b) Two spherical sources are placed in the lung, and their reconstructions are presented in the form of slice 

images in plane. The small circles in the slice images denote the real positions of the fluorescent sources. (c) and (d) Two views of the reconstruction, 
which are presented in the form of isosurfaces for 40% of the maximum value. 

Disclosure of author financial interest or relationships: 
W. Guo, None; K. Jia, None; J. Tian, None; D. Han, None; X. Yang, None; C. Qin, None; J. Feng, None; K. Liu, None; X. Ma, 
None; X. Liu, None.  

S508 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P551 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Simulation of Limited-viewing Photoacoustic Imaging with Noises 
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In the past decade or so, Photoacoustic imaging (PAI), a novel, hybrid, noninvasive imaging modality, has emerged as a promising 
imaging technique for biomedical applications. However the existing algorithms used for reconstruction require a great number of 
measurements. Besides, it is almost impossible to cover the entire surface of tissue. This will restrict it in the medical application.. In 
addition, photoacoustic signals detected by transducers are often polluted by noises. To resolve such limiting factors, the data can be 
acquired from limited view angles. A study using two-dimensional simulations was performed to assess the feasibility of using a single 
detector for PAI. In our simulation four circular absorbers are reconstructed, the diameters of absorbers are 20, 6, 4, and 2 mm, 
respectively. The absorption coefficients of absorbers are 1, 1, 0.4 and 0.7, and the absorption coefficient of background is zero. The 
Simultaneous Algebraic Reconstruction Technique (SART) is applied to obtain the projection data, and the Filtered Backprojection 
(FBP) algorithm is used to gain the correct image of difference between the original image projection and the reconstructed image 
projection. A single element transducer is used to obtain photoacoustic signals from 100 total detection positions that are evenly 
distributed in a 90 graduated circular arc, and the diamond of scan circle is 50mm (See Fig.1 (a)). Under the common assumption, a 
zero-mean Gaussian noise with variance 1e-5 is added to the projection signals. Sampling frequency of photoacoustic data is 20 MHz, 
and we assume the photoacoustic waves to be in a frequency range below 10 MHz. Fig1. (b) display the reconstructed EM absorption 
distribution by FBP algorithm. It can be seen clearly that this image is fuzzy and have artifacts. Fig.1 (c) show the reconstructed 
photoacoustic imaging after 10 iterations by SART. Compared with Fig.1 (b), this picture is clearer, smoother and has fewer artifacts. 
The simulation demonstrated that SART works much better than traditional FBP algorithm for limited view data with noise, and it can 
improve the resolution and contrast of reconstruction image. 

 

 
Fig.1 (a) initial photoacoustic image (b) photoacoustic image reconstructed by FBP (c) photoacoustic image reconstructed by SART 
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Recent Cerenkov luminescence tomography (CLT) encounters difficulties to reconstruct a sparse and multi-peak distribution of medical 
isotopes in the whole body. The focus is on validity and applicability of inverse algorithms in a high dimensional and large scale data set 
and fast reconstruction. L1/2 regularization theory provides a subtle paradigm for sparsity problems. We investigate the utilization of an 
iterative half thresholding algorithm in ill-posed CLT problem with numerical simulation and physical experiments, based on SP3 forward 
model. A phantom was designed to simulate the abdomen with muscle, heart, lungs, and bone of small animals (Fig. 1).The phantom is 
a cylinder (diameter, 30 mm; height, 30 mm), containing two cylinder holes (diameter, 2 mm; height, 3 mm). The left hole was filled with 
a solution containing a total of 2.2 MBq 18F-FDG, and the right hole is with injection of 1.6 MBq 18F-FDG (Fig. 1 B). Figure 1 C shows 
the Cerenkov luminescence images by use of our optical imaging system. Exiting current on the mesh with 4399 nodes, 44774 
triangles, and 21598 tetrahedrons was used for CLT reconstruction. Optical parameters of the phantom were measured by the TCSPC 
system. Figure 1 F shows three slices from reconstructed results using the proposed algorithm. The minimum distances between the 
reconstruction center and the cylinder source were less than 0.3 mm for two radioactive sources. The elapsed time for whole-body 
reconstruction was 0.7 s, which was faster than the method with elastic-net regularization via coordinate descent. Experimental results 
illustrate that the proposed technique provides an inverse reconstruction method for ill-posed nuclear medicine imaging. 

 
Physical experiments for CLT reconstruction. A and B are the schematic of materials and the internal structure (green muscle, blue heart, yellow lungs, 

blank bone, and red cylinder hole); C is the Cerenkov luminescence image with the maximum light intensity value of 185 for all pixels, except for outliers; 
D shows the measured energy density distribution on the surface of the finite element mesh, of which the peak value is 21.1 nW●mm-2; E displays the 

location of three slices (Z=19.5 mm; Z=18.5 mm; Z=17.5 mm) in the phantom; F are slices of CLT imaging with L1/2 regulation; G are slices of CLT using 
elastic-net penalty. A millimeter (mm) is a unit of length in B, D, E, F, and G. 
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Introduction: This paper describes a fluorescence diffuse optical tomography (FDOT) system which determines 3-D internal fluorophore 
distribution from twenty-five surface fluorescence images obtained by Clairvivo OPT (Shimadzu) that provides simultaneous five-
directional observation varying five excitation angles. This system is characterized by the High-speed measurement and reconstructed 
calculation within 5 minutes against whole animals. Thus it realizes a more practical FDOT system comparing the conventional ones. 
FDOT system: The tomographic images are reconstructed by solving an inverse problem of the photon diffusion equation using the 
finite element method (FEM). The boundary conditions are given by measured surface fluorescence intensities at small animals whose 
3D surfaces are determined by the other instruments. According to the singular value analysis of the system matrices, the number of 
“twenty-five” images is a proper compromise between the robustness and the system cost. Phantom Experiments and Result: To 
validate the method, we have made experiments using a mouse-shaped phantom. The phantom was made of Polydimethylsiloxane, 
whose optical absorbing and scattering properties were adjusted, by adding kaolin and pigments, so as to give similar values as those 
of the biological media at 800nm. A short tube including ICG with a diameter of 1.5 mm was embedded in the phantom in several 
different positions. Using the 25 surface fluorescence images for the phantom, the tomographic images were reconstructed. X-ray CT 
images of the phantom were taken at the same time. By referring to X-ray CT images, the location of the ICG distribution calculated by 
FDOT was examined. We also have made experiments using a mouse by injecting the NIR fluorescence imaging agents. 
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Quick and accurate imaging of functional processes is essential in the prevention, diagnosis, retardation of disease progression, and 
monitoring of adaptive treatments to various pathologies. Oncology currently uses various imaging modalities. Optical imaging is one 
modality that has been used extensively to study tumor microenvironments including vascular hemodynamics and permeability as well 
as molecular detection of specific cell receptors. Photoacoustic imaging is another modality that is growing rapidly as it has recently 
demonstrated the ability to image vascular hemodynamics and track various optically absorbing contrast agents, including spectrally 
tunable nanoparticles. As a hybrid modality between optical and ultrasonic imaging, photoacoustic imaging can image biological tissue 
with optical contrast having ultrasound resolution several centimeters beyond the contact surface. Furthermore, traditional pulse echo 
imaging uses similar hardware to image structures and provide anatomical references. The combination of these three modalities are 
complimentary and can be used to cross-validate one another for specific measurements. We have developed a modular platform that 
is capable of performing optical microscopy, photoacoustic, and pulse echo imaging simultaneously. The system combines a 
commercial grade camera with a clinical ultrasound probe (L10-5 and L14-5sp, Zonare Medical Systems) and pulsed laser illumination 
(5 ns, 20 Hz) to enable simultaneous multimodality tracking of contrast agents. Photoacoustic imaging and illumination of the target is 
performed with a novel photoacoustic enabling device that allows controlled direct illumination of the tissue in reflection mode using a 
clinical linear array probe. The experimental setup is compatible with a mouse dorsal skin fold window chamber for in vivo imaging. 
Initial results demonstrated the ability to track a bolus injection of indocyanine green, using 780 nm light, through a 3 mm diameter tube, 
and validate the flow rate of 9 ml/min using fluorescence and photoacoustic methods. This confirmed the real time imaging capability of 
the system to image at 10 Hz. In another experiment, a 3D image of Alexa Fluor 647 in an intertwined tube suspended within a ~1 cm 
thick Intralipid (1%) and Agarose™ gel was acquired using pulse echo ultrasound and photoacoustic imaging while fluorescent imaging 
collected a 2D plane over time. The results demonstrate the capability of imaging the spatial distribution of a contrast agent in a thick 
volume of acoustic scatters using a visible wavelength (650 nm). The 4D (space + time) multimodality imaging system we developed to 
track the spatial and temporal distribution of contrast agents can be used to investigate the effects of new drugs and therapeutic 
methods on the tumor microenvironment. 
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In vivo fluorescence imaging has become a dominant preclinical molecular imaging modality. Several commercial instruments can 
readily provide in vivo fluorescence intensity images of fluorescent probes in small animals. However, tissue autofluorescence 
continues to be a nemesis which can confound interpretation of fluorescence intensity images. Recently, spectral-unmixing methods 
have been applied to correct for tissue autofluorescence. Here, we propose an alternative late time-gating method to avoid tissue 
autofluorescence when imaging a long-lifetime fluorescent probe. In addition to tissue autofluorescence there is inevitably some 
leakage of the excitation light through the emission filter. As such, an intensity image contains fluorescence from the fluorescent probe, 
tissue autofluorescence, and excitation light leakage. To provide the desired image of just the fluorescent probe requires discrimination 
of these intensity sources with further information. One approach is to measure intensity as a function of emission wavelength, i.e. 
fluorescence spectroscopy, as different fluorophores have different emission spectra which can be discriminated from each other and 
the excitation light source. Since these spectra overlap, the measured mixed spectral signal must be decomposed into the fluorescent 
probe contribution with spectral-unmixing methods. An alternative method is to measure the intensity decay as a function of time 
(nanosecond timescale) following an excitation light pulse as different fluorophores have different fluorescence lifetimes which can be 
discriminated from each other and the excitation light pulse. Here, the measured decay curve must be decomposed into the fluorescent 
probe contribution with lifetime-unmixing methods. Recently, Dr. Sailor’s lab developed a silicon nanoparticle which was found to have 
a very long fluorescence lifetime (microsecond timescale). At late time-gates, e.g. 20 nanoseconds after the excitation pulse, only the 
fluorescence intensity from the nanoparticle persists where the excitation pulse and tissue autofluorescence have decayed to negligible 
levels. As such, the desired image of just the fluorescent nanoparticle can be directly generated from the late time-gated data. This 
simple and straightforward approach avoids any unmixing methods since there is no temporal overlap. Here we will present the 
approach with preliminary in vivo results using the silicon nanoparticle. A time domain fluorescence preclinical imager (eXplore Optix™) 
was used to acquire in vivo data from mice injected with the silicon nanoparticle. Standard fluorescence intensity images are compared 
with late time-gated images where the latter only shows the silicon nanoparticle and the former shows additional confounding signal. 
This approach has potential for clinical translation since silicon nanoparticles are non-toxic. The authors gratefully acknowledge funding 
from the NIH (ICMIC NCI-P50-CA128346 & R01 CA124427-01) and NSF (DMR-0806859). 
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Green fluorescent protein (GFP) has been widely used to assess gene expression, protein-protein interactions, and to distinguish 
certain types cells compared to non-labeled cells. While GFP signal detection in cultured cells by fluorescence microscopy is relatively 
straightforward, this can be quite challenging in tissue samples due to high degree of autofluorescence. This often impedes 
unambiguous identification of targeted molecules of interest. As a result, indirect immunohistochemistry with fluorophore conjugated 
secondary antibodies is often employed to confirm the GFP expressing cells in tissues. This can often require additional time-
consuming optimization steps. Here, we describe a more rapid and direct method for the detection of GFP signals in mouse tumor 
mass. This approach is based on multi-spectral unmixing technology. GFP-labeled mouse mammary 4T1 tumor cells were implanted 
subcutaneously into the flank regions of nu/nu mice. Non-labeled 4T1 parental cells were also implanted as negative controls. On day 5 
post-implantation, whole animal fluorescent images were taken with a cooled CCD camera indicating the presence of GFP tumors 
located at implantation sites. Tumor masses with adjacent skin were dissected and subjected to ex vivo imaging to verify the presence 
of GFP signals in the 4T1-GFP tumors. Mounted slide sections were prepared with 7 micron thick slices of tissue. For direct 
assessments, tissue sections were de-paraffinized, rehydrated, and then immediately cover-slip mounted with medium containing DAPI 
with no further treatment. Multi-spectral fluorescent images were taken with a CCD camera equipped with liquid crystal tunable filters. 
After the images were acquired, the GFP and DAPI signals were unmixed. Our results demonstrated that 4T1-GFP tumor cells were 
readily identifiable in the tissue sections. To confirm the GFP signals from the spectral unmixing, fresh tissue sections were 
immunostained using a GFP primary antibody followed by a Cy3-conjugated secondary antibody. Multi-spectral unmixing was applied 
to signals from three fluorophores (GFP, Cy3, DAPI). The Cy3 signals by immunohistochemistry co-localized with GFP signals. 
Histological pentachrome staining also confirmed the presence of fibroblast-like tumor cells in the tissue sections. In addition, it was 
found that multi-spectral unmixing efficiently separated even weak fluorescent signals from tissue autofluorescence. Using this 
technology, experimental time can be reduced from 2 days to less than 30 minutes for direct GFP detection in paraffin embedded tissue 
sections with great sensitivity. Combining this with in vivo imaging, our results can be useful and readily applied to identification of 
biomarkers in both human and animal tumor samples. 
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Multi-spectral optoacoustic tomography (MSOT) is a fast emerging imaging method capable of resolving chromophoric agents with 
molecular specificity through several millimeters to centimeters of tissue. MSOT allows detection of absorption signatures by spectral 
decomposition, i.e. in the absence of reference measurements. Correspondingly it has been shown that detection of fluorescent 
proteins, dyes or accumulating nano-particles is possible over extended periods of time or when reference measurements are not 
available. Nevertheless, the main difficulty arising from volumetric optoacoustic imaging is the long acquisition times associated with 
recording signals from multiple spatial projections. For that reason, the majority of current optoacoustic systems considered for small 
animal imaging utilize scanning arrangements that are typically inappropriate for real-time whole body imaging. Here we have 
developed a new concept for whole-body small animal MSOT imaging, which optimizes light energy delivery using cylindrical ring 
illumination, allowing for an optimal concentration of light energy around the mouse body. Correspondingly, a highly-sensitive concave 
ultrasound detector array is used to effectively collect opto-acoustic responses from the illuminated area and deliver cross-sectional 
optoacoustic images at video rate (10 frames per second). To enable the detection of multiple biomarker spectra, the method further 
uses multiple-wavelength illumination and quantitative image reconstruction methods for accurate assessment of the bio-distribution of 
the targets of interest in vivo. The system design (Fig. 1a) incorporates an acoustically and optically matched membrane, which allows 
placement of small animal in the center of the imaging system while prohibiting direct contact of tissue with the surrounding matching 
medium (typically water), utilized for optimally coupling acoustic response from tissue to the detector. Fig. 1b shows a 3D stack of 
representative cross-sectional optoacsoutic reconstructions obtained in vivo from an adult nude mice imaged at 750nm. The 
reconstructions were done with the Interpolated-matrix-model inversion (IMMI) method on a 200x200 grid with a pixelsize of 140µm. 
Figs. 1c-f further demonstrate in vivo visualization of probe injection using multiwavelength measurements. In this case, 40 nmoles of 
ICG have been systemically injected 2 minutes prior to the MSOT imaging session while multiwavelength illumination was done at 5 
wavelengths (730nm 770nm, 810nm, 850nm, 890nm). In conclusion, it can be foresee that the new ability to track longitudinal 
dynamics with high resolution and in real-time will open a venue for a handful of new molecular imaging applications in cancer, 
cardivascular and neuroimaging research, early diagnostics, drug development and therapeutic efficacy monitoring studies. 

 

(a) Real-time MSOT imaging system design; (b) 3D stack of representative cross-sectional optoacsoutic reconstructions obtained in vivo from an adult 
nude mice imaged at 750nm; (c) A single wavelength (810nm) optoacoustic image of lower abdomen is shown before intravenous injection of 40 nmoles 
of ICG, while (d) shows the same region 2 minutes after the injection. Spectrally unmixed ICG signal (in color) superimposed onto a single wavelength 

image are shown 2 minutes (e) and 4 minutes (f) after the injection. 
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Introduction Disease detection and the overall study of therapeutic strategies are closely related with sensing and quantifying 
anatomical, physiological and molecular tissue biomarkers. Multi-Spectral Optoacoustic Tomography (MSOT) is a powerful novel 
imaging modality that decomposes the spectral responses of tissue chromophores in vivo, with high resolution and at depths of several 
millimeters to centimeters. It can therefore offer the separation of absorbers of interest, due to intrinsic tissue molecules or extrinsically 
administered photo-absorbing agents and nanoparticles. Of particular focus in this study was to examine the separation and 
quantification of oxygenated and deoxygenated hemoglobin from background absorption and study the relative contributions of the two 
hemoglobin forms vs. other tissue molecules in vivo and post mortem as it associates with various pathologies, including malignant 
tumors. In order to monitor potential drug delivery into cancer xenographs we further observed the distribution and kinetics of gold 
nanorods inside malignant tumors. We show MSOT as an accurate tool in separating the contributions of hemoglobin and nanoparticles 
over background tissue absorption and assessing disease states. Methods 4T1 mouse mammary tumor cells (~106) were implanted by 
subcutaneous injection at the back of mice (CD-1® Nude, Charles River Laboratories, Germany). For in vivo imaging mice were kept 
under 1.5% isofluran-anesthesia. In the tumor growth study images were acquired 5, 8, 10, 12, 14 and 16 days after implantation. Gold 
nanorods (Nanopartz, USA) were injected intravenously and images were acquired before, during and 30 min, 6, 24, 48 hours after 
injection at multiple wavelengths: 700, 730, 760, 780, 800, 860, 900 nm using a whole mouse-body MSOT system. Multi-spectral 
decomposition techniques were applied to separate spectra representative of the hemoglobin and gold nanorods vs. other absorption 
contributions. Results By means of spectral unmixing it was possible to determine the distribution of oxygenated and deoxygenated 
hemoglobin in various mouse tissues in vivo: heart, liver, major blood vessels and correlate the hemoglobin (oxy- and deoxy-) 
quantification with post mortem states of tissues (S1). Longitudinal studies of cancer xenographs further reveal the oxygenation 
heterogeneity from the periphery vs. the center of the growing tumor (S2) and the presence of leaky vasculature through the 
accumulation of gold nanorods inside the tumor (S3). Conclusions We show the superior performance of MSOT over other optical/opto-
acoustic methods, in particular as to its ability to visualize with high resolution spectral signatures of multiple molecules through entire 
animals in vivo. We find that MSOT provides a unique possibility to detect hemodynamic related biomarkers indicative of disease inside 
the tissue and to monitor potential pharmacokinetics as well as drug delivery with high accuracy. These findings can also help 
understand the evaluate treatment regimes. 
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Background: Fluorescent probes and electron paramagnetic resonance (EPR) are the most used techniques for free radical detection. 
However, the obvious limitations of fluorescent probes include narrow specificity for certain free radicals, strong background generated 
from the probes, autofluorescence of the subjects and excitation leakage, while the major disadvantages of EPR include its low 
sensitivity and low operating temperature. We believe that direct imaging of free radicals would be beneficial for overcoming these 
limitations. In this study we report on imaging free radicals utilizing their innate luminescence using commercially available optical 
imaging systems. Methods/principal finding: We generated free radicals of [NOx] and [HO] by reacting hydrogen peroxide with sodium 
nitroprusside and FeCl2 respectively. The spectra and images of [NOx] and [HO] species generated in PBS buffer solutions were 
recorded. For in vivo studies mouse skin was irradiated using UV lamp (365nm, 6w) for 3min. Images of free radicals generated by UV 
irradiation were recorded by whole-body in vivo optical imaging system. The signals from all post-UV time points (0 min, 2 min, 4 min, 6 
min, 10 min, 20 min, 30 min, and 60 min) were significantly higher than that of control mice (p <0.001 for all the post-UV time points). 
The highest signal in UV group was 3-fold higher than that in the control group. The calculated half time of the luminescence signal was 
about 2.7 min (Fig.1). Conclusion/significance: Our studies demonstrated the feasibility of optical imaging of free radicals in vitro and in 
vivo using their innate luminescence. We believe that the reported method could be useful for better understanding of the role of free 
radicals in biological systems, and a valuable tool for screening scavengers for free radicals. 
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Both bioluminescence imaging (BLI) and fluorescence imaging (FLI) are widely used for non-invasive detection of tumor progression in 
small animals. BLI is appealing for in vivo whole body imaging because of its exceptional sensitivity and almost negligible 
bioluminescent background. Only FLI, in the form of optical image-guided surgery, is applicable clinically. For this purpose, most often 
near-infrared fluorescence (NIRF) imaging is preferred because of its deep photon penetration accompanied by minimal tissue 
autofluorescence. Yet, the usefulness, in terms of sensitivity and selectivity, of various NIRF probes to detect tumor progression in 
animal models and in clinical situations remains to be assessed. To address this issue, we examined the ability of four commercially 
available NIRF probes to detect tumors and their metastases in a mouse 4T1-luc2 breast cancer model. We also evaluated the relation 
between the obtained FLI and BLI signals. The examined tumor-specific probes were either activatable by matrix metalloproteinases, 
cathepsins (MMPSense680™, ProSense680™, PerkinElmer Inc.), or targeted to glucose transporter, the epidermal growth factor 
receptor (800CW 2-DG™, 800CW EGF™, LI-COR Inc.). In vitro, methods included cell-based fluorescent assays by Odyssey (LI-COR 
Inc.), and the visualization of probe uptake by confocal microscopy. In vivo, 20.000 4T1-luc2 cells were implanted into the upper 
mammary fat pad of nude mice. After time-dependent(Day4,7,11,14,18) whole body BLI (IVIS-100™,Caliper Inc.) and FLI (Maestro™, 
Caliper Inc.) measurements, thoracic cavities of mice bearing tumors were surgically opened and reimaged to reveal metastases of 
surrounding tissues. Tissues with positive signals were collected for histochemical analysis. In vitro, we showed that all four probes 
were either strongly activated by 4T1-luc2 cells, or bound with high affinity to the cells. In vivo, we showed that at Day4, there were 
already detectable tumor signals in intact mice, both by BLI and FLI. At Day18, clear lung metastases could be detected by BLI and FLI 
after surgically opening up the mice. Furthermore, strong correlations between the measured BLI and FLI signals were found for each 
of the four probes: Prosense680 (r=0.7228, p<0.01), 800CW 2-DG (r=0.7041, p<0.01), MMPSense680 (r=0.9184, p<0.0001) and 
800CW EGF (r=0.8752, p<0.0001). In addition, tumor progression and metastases were confirmed histologically. In conclusion, we 
showed strong specificity of the four NIRF probes towards 4T1-luc2 breast cancer cells in vitro. These probes could also quantitatively 
detect 4T1-luc2 tumor progression in vivo. Using BLI as an internal control, we showed that tumors and their metastases can be 
detected by FLI with high precision, which is of great importance for the application with clinical purposes. Acknowledgement: This 
study is supported by the Dutch CTMM Project MUSIS. 

 

Time-dependent in vivo whole body BLI (A-C) and FLI measurements showed the distributions of two NIRF probes: Both MMPSense680 (E-G) and 
800CW EGF (I-K) aggregated and highlighted the 4T1-luc2 breast tumor region. The re-imaging of the isolated lung tissue, both by BLI (D) and FLI (H 

and L), indicated possible metastases approaching the border of the lobe. 
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Near infrared spectroscopy in combination with intravenous injection of the dye revealing high absorption in near-infrared spectral 
region can be utilized for assessment of brain perfusion. As a fluorescent dye the indocyanine green (ICG) is applied, which is widely 
used in biomedical fields due to its low toxicity and high absorption in a wavelength range of 600 to 900 nm. In particular, it is used as a 
contrast agent in blood flow and blood volume studies of the human brain. Kinetics of the inflow and washout of the dye may be 
potentially used for the estimation of the brain tissue perfusion. Fluorescence of the exogenous dye circulating inside the cortex of the 
brain can be in-vivo excited and detected non-invasively at the surface of the human adult head using multichannel time-resolved 
fluorescence spectroscopy. The multi-wavelength detection may allow for signal decomposition leading to evaluation of extra- and 
intracerebral components of the measured signals because at longer emission wavelengths probability of reabsorption of the 
fluorescence light by the dye itself is reduced. Time-resolved measurements of fluorescence were carried on the phantom with dynamic 
inflow of ICG. The constructed liquid phantom with tubes located at different depths was used to simulate inflow and washout of the dye 
selectively in deeper and superficial layers of the medium. These measurements allowed for proper evaluation and interpretation of 
data collected in-vivo in adult humans. In the separate measurements the length of the tube was changed in order to mimic different 
delays between the boli appearing in the deeper and superficial tubes of the model. The ICG bolus was monitored with a multichannel 
time-resolved optical instrument allowing for acquisition of distributions of times of arrival of fluorescence photons at 16 emission 
wavelengths. For the collected fluorescence spectra of ICG, the analysis of the distribution of times of arrivals of photons was carried 
out. We have observed large changes in relative number of detected photons and in mean time of arrival of fluorescence photons. The 
increase in the fluorescence mean time of flight was observed for the inflow of dye to the tube located deeply and decrease for inflow to 
the superficial tube. This effect was depended on the detection wavelength. The inflow into both superficially and deeper located parts 
of the tube can be observed in the signals representing number of fluorescence photons. For longer wavelengths this increase is of 
higher amplitude because of the strong reabsorption effect observed at shorter wavelengths. The constructed phantom allows to study 
influence of concentration of the dye in the tube and the surrounding medium as well as temporal relation between appearance of the 
boli in deeper and superficial tube. Obtained results of phantom experiments were used in optimization of the time-resolved 
multichannel spectral system for monitoring of fluorescence and were compared with in-vivo data obtained during intravenous injection 
of ICG. 
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Optoacoustic imaging is a non-invasive hybrid imaging method for high-resolution mapping of optical absorption in tissues. One of the 
major considerations in the design of optoacoustic setups is achieving the highest signal-to-noise ratio (SNR) possible. This is often 
accomplished by maximizing the size of the acoustic detectors. In the case of flat detectors, the finite-detector size may lead to a 
distorted sensitivity field, loss of reconstruction resolution, and image artifacts. The reason for reduced image quality is that inversion 
algorithms are based on the assumption of isotropic sensitivity, which losses its accuracy in finite-size detectors. Specifically, flat 
detectors exhibit a higher bandwidth and sensitivity for targets that are positioned in front of them than for offset targets. In addition, the 
finite size of the detector leads to variations in the delay of the optoacoustic signal as compared to a point detector. These effects 
cannot be readily corrected for when using closed-form reconstruction formulae such as those used in back-projection algorithms [1]. In 
this work we developed a new method for eliminating the image blur caused by flat acoustic detectors in 2D optoacoustic tomography. 
The method is based on an analytical solution for the spatially-dependent impulse response of a flat detector and our recently 
developed interpolated model matrix inversion (IMMI) algorithm [2]. The spatially dependent impulse response of the detector is 
integrated into IMMI using temporal convolution, and can thus be taken into account in the inversion. We demonstrate our method on 
experimental data for a point optoacoustic source and a cylindrically focused transducer. The source was created by a plane selective 
illumination of a black hair embedded in agar. The transducer had a diameter of 1.3 cm, and was equivalent to a 1.3-long line detector 
in the plane of interest. Figures 1 shows the obtained using (a) the back-projection algorithm, and (b) IMMI with a flat-transducer model. 
All reconstructions were obtained using 120 projections. The results show a significant enhancement in image resolution in the latter 
case. Our results open new possibilities for designing optoacoustic imaging systems. Namely, large-area detectors may be used 
without limiting the resolution of the system. In the case of noisy data, resolution enhancement may come at the cost of increased noise 
levels, reducing the increased-signal benefit of large-area transducers. Using our model, the optimal detector size at a given 
reconstruction resolution may be found. [1] Xu M. and Wang L. V., Phys. Rev. E 71(1), 016706 (2005). [2] Rosenthal A., Razansky D., 
and Ntziachristos V., IEEE Trans. Med. Imaging, 29, 1275 - 1285 (2010). 

 
Experimental reconstruction of on optoacoustic point source created by a plane selective illumination of a black hair embedded in agar and measured 

using a 1.3-cm diameter cylindrically focused transducer. The reconstructions were obtained using (a) the back-projection algorithm, and (b) IMMI with a 
flat-transducer model. 
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Improving the stability of the partial saturation approach for a range of experimental 
conditions 
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Nuclear Science and Technology Organisation (ANSTO), Kirrawee, NSW, Australia; 2Brain and Mind Research Institute, Sydney 
University, Sydney, NSW, Australia; 3Laboratory for Preclinical Imaging and Imaging Technology of the Werner Siemens Foundation, 
University of Tuebingen, Tuebingen, Germany; 4Physics and Astronomy, University of British Columbia, Vancouver, BC, Canada. 
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The partial saturation approach (PSA) has been proposed to assess Bmax and Kd in a single experiment. The paper by Fischer et al 
explored the approach over a range of receptor occupancy levels. This led us to investigate ways of optimising the stability of the 
method. The PSA relies on properties that are related to several assumptions, such as the dynamic equilibrium and the approximation 
of the free fraction by the cerebellum. Therefore we set out to understand the constraints and range for which the parameter estimates 
remain stable and accurate. Aim: To develop a data driven strategy that defines the range where the parameters can be accurately 
identified and thus generalise the method for use with [11C]raclopride in the rodent. Method: We investigated the time window within a 
PSA experiment where the dynamic equilibrium assumption is met. A range of receptor occupancy levels were explored using 
simulated data and the resultant method was applied to observed data. 1. A series of partial saturation experiments were simulated with 
receptor occupancies from tracer dose - 90% using a compartmental model, and binding parameters from the Mauger et al paper 2. 
The general equilibrium equation: B/F = (Bmax-B)/KdVr - dB/dT * (1/koff*F) includes a residual term which is an indicator of the dynamic 
equilibrium state. For the dynamic equilibrium assumption to be met the residual term needs to be small. 3. The profile of the residual 
term for each simulation was used to choose the best time window for each receptor occupancy and driven by the residual profile being 
small 4. The above method was then applied to the observed mouse PSA experiment data from Fischer et al: 15 partial saturation 
experiments, using the bolus injection approach with the PSA an injected mass of 4.5µg giving the equivalent of 30% (n=7) and 60% 
(n=8) receptor occupancy ●Bmax and Kd were estimated using the equilibrium relation for o A time window for each experiment driven 
by constraining the residual term o Static time window of 10 - 50 mins for comparison Further, we will investigate other constraints on 
the strategy which will be presented along with the current work: ● Investigating the best time window with varying levels of noise added 
to the simulated data ● Validation of the assumption that using the cerebellum to estimate the free fraction<pResults: Simulated data: 
See Figure 1: Residual profile for each receptor occupancy level. The residual term varies over the time period as well as through the 
range of receptor occupancies Observed data: Bmax and Kd for a static time window of 10-50 minute window ● 60% receptor occupancy: 
19.17±4.85 & 12.33±7; 30% receptor occupancy: 25.9±10.3 & 19.4±12.4 Bmax and Kd for a time window based on constraining the 
residual term. Shows much more stable parameter estimates: ● 60% receptor occupancy: 16.45±2.2 and 7±1; 30% receptor occupancy 
was: 16.1±2.2 and 7.65±1.9 Discussion: The strategy presented for accurately identifying parameters by constraining the time window 
based on the residual profile looks promising for use within rodents. 
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Validation of Half-time myocardial perfusion imaging SPECT in pediatric patients: Comparison 
with conventional full time acquisition method 

Sunhee Kim, Diagnostic Radiology, Nuclear Medicine, Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, PA, USA. Contact e-mail: 
INDIANA111111@YAHOO.COM 

Background Long image acquisition is challenging which can lead to significant motion artifact and decreases image quality directly 
impacting clinical patient management especially in pediatric patients. The new reconstruction algorithm, Evolution for Cardiac Software 
package (GE Healthcare) allows reduction of image acquisition time by up to 40-50% compared with conventional image acquisition. 
Although the previous study of adult patients showed that this new half time algorithm provided concordant diagnosis with that made by 
conventional imaging, there is no data provided for pediatric patients. The goal of this study is to validate half time image acquisition 
technique (HT) by comparing with conventional full time image acquisition method (FT). Methods Total of 34 myocardial perfusion 
images (mean age 16, M:F=27:7) with exercise stress test acquired by both FT and HT were retrospectively reviewed. Concordance 
rate of final interpretation of FT and HT were evaluated and several other parameters were compared between FT and HT including 
number of segments of ischemia, artefact and scarring, summed stress score (SSS), summed rest score (SRS), summed difference 
score (SDS), end-diastolic volume (EDV), end-systolic volume (ESV), left ventricular ejection fraction (LVEVF) and transient ischemic 
dilation (TID). Results FT and HT were concordant in 94 % (32/34) of studies. The number of segments with ischemia, scarring and 
artifact were 4,3 and 25, respectively in FT and 1, 3 and 20 in HT. The SSS, SRS SDS, and TID for FT is2, 2, 2.4 and 0,83, respectively 
and 3, 4, -0.5 and 1.1 for HT (P>0.05). The EDV, ESV and LVEF for FT is 84.7, 35.3 and 61.5%, respectively and 80, 32 and 64% for 
HT (P<0.05). Except for EDV, ESV and LVEF, the difference of the rest of parameters are not statistically significant. Conclusion The 
overall interpretation using HT technique is concordant with that from FT in 94% of the cases, although HT has slightly higher EDV, 
ESV and LVEF values. Therefore further clinical application of this new technique could be considered in pediatric population. 
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Ultra-fast total-body mouse imaging with U-SPECT-II 

Pieter Vaissier, Frederik J. Beekman, RRR/RDM, TU Delft, Delft, Netherlands. Contact e-mail: f.j.beekman@tudelft.nl 

Preclinical SPECT systems with focusing pinhole geometries and stationary detectors can achieve excellent resolution-sensitivity trade-
offs. In principle, focusing multi-pinhole SPECT (FMP-SPECT) is very well suited to perform fast dynamic studies due to its high 
sensitivity and stationary set-up. However, the requirement to achieve excellent resolution-sensitivity trade-offs sets limits on the focus 
size. Scans of volumes larger than the focus, such as total-body scans, can be obtained by stepping the animal through the focus area. 
Since the animal weight is low (e.g. compared to heavy detectors that need to be moved in other SPECT systems), steps can be made 
very quickly and with very high accuracy. However, current acquisition protocols use a very large number of focus positions to ensure 
proper sampling. For fast dynamic studies, the use of these protocols results in relatively large overhead times due to repositioning of 
the animal. Here, we investigate, by scan simulations of U-SPECT-II (MILabs, The Netherlands), a novel spiral focus trajectory to 
strongly reduce the number of focus positions without introducing sampling artifacts. We found that the number of bed positions could 
be reduced from approximately 150 to 28 without introducing visible artifacts, improper background activity or noise amplification if a 
spiral focus trajectory is used. In contrast, a scan performed with a planar focus trajectory with an equally low number of focus positions 
showed strong sampling artifacts in the reconstructed images. In the near future we plan to validate the feasibility of such spiral 
acquisition sequences for sub-half-minute total-body mouse scanning by in-vivo mouse scans. 
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A promising new PET block detector design for clinical PET/CT based on large-area tiling of 
silicon photomultiplier arrays 

Sahinaz Safari Sanjani1,2, Farhad Taghibakhsh2, Craig S. Levin2, 1Electrical Engineering, Stanford University, Stanford, CA, USA; 
2Radiology, Stanford University, Stanford, Lao People's Democratic Republic. Contact e-mail: sahinaz@stanford.edu 

This report focuses on energy and uniformity performance characterization of a novel Silicon Photomultiplier based (SiPM-based) 
detector module for use in PET systems. This block consists of a 3x3 mosaic of 4x4 pixel SiPM arrays (144 total pixels). Digital outputs 
representing energy and timing come out of each block. The digital outputs are then further processed in an external coincidence logic 
board. The coincidence board is capable of supporting up to 16 individual detector blocks and connects to the host computer via a high 
speed USB connection. A diagram of various components of the system is shown in Fig. 1. This technology is fully solid state, 4-way 
scalable and is used for fast scintillation detection applications. Employing SiPM technology, these detectors run on low power and low 
voltages. These detectors are built flexible enough to make them suitable for applications other than PET, such as Gamma Cameras 
and SPECT. The detector readout and data acquisition are integrated within each detector block. The arrays in each detector are 
connected together using a scrambled crosswire readout technique. In this report, we analyzed 2 detector modules coupled to LYSO 
crystal arrays. We used 4 by 4 arrays of 3.1 mm by 3.1 mm by 20 mm LYSO elements (with specular reflectors on five sides) coupled 
one-to-one to the 4x4 SiPM array pixels. The source was positioned 4cm away from the block for all flood irradiation measurements. 
The data were acquired and saved using the data acquisition software. A global energy spectrum for each detector module was 
generated by adjusting individual energy spectra of all SiPMs to have the same mean value of their photopeak pulse height. The global 
energy resolution of detector 1 was calculated to be 19.0% FWHM (with a range of 15.6% to 34.8% and a standard deviation of 2.5%) 
at 511 keV. Detector 2 achieved a global energy resolution of 18.1% FWHM at 511 keV; (with a range from 18.6% to 43.9% and a 
standard deviation of 5.0%). We calculated the detector gain uniformity maps based on the mean value of the Gaussian curve fitted to 
photopeaks of each pixel. For detector 1, photopeaks varied from 177.8 to 355.4 ADC number with a mean value of 265.4 ADC number 
and a standard deviation of 25.7 (σ/µ = 9.7%). For Detector 2 the range was from 103.6 to 413.3 ADC number with a mean value of 
320.1 ADC number and a standard deviation of 77.5 (σ/µ = 24.2%). The flood images for both detectors were constructed based on the 
number of counts within ~ 1σ (one Standard Deviation) of the mean value of the photopeaks in each pixel. Detector 1 has a range of 
5503 to 7948 counts with a mean value of 6546 counts and a standard deviation of 510.2 (σ/µ = 7.8%). The range of Detector 2 is 
evaluated to be 4696 to 9874 counts with a mean value of 6258 counts and a standard deviation of 1015.6 (σ/µ = 16.2%). The 
modularity of these detector blocks, the digitized output signal, the adequate energy resolution and the pixel count uniformity make 
them suitable for nuclear medical imaging applications especially PET. 

 

The Summary of the Experimentation Results 

 
This table includes a summary of the experimentation results as mentioned in this report. The uniformity values are all based on Standard Deviation as a 

percentage of the mean value. 
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High-throughput Multiple Mice Imaging on MicroPET and MicroPET-CT Scanners: Evaluation 
on Image Quantitation Effect 

Frezghi Habte1,3, Gang Ren1,3, Timothy Doyle2,3, Zhen Cheng1,3, Sanjiv S. Gambhir1,3, David Paik1,3, 1Radiology, Stanford University, 
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Small animal microPET imaging is becoming an increasingly more important modality within the Stanford preclinical research 
community, being utilized in development of novel imaging agents, drug treatments and animal disease models. This increased 
demand on limited instrumentation availability has lead most users to adopt the use of a three or four mouse “hotel” to simultaneously 
image multiple anesthetized animals. This has significantly reduced the time required on the scanner, while also allowing experiments 
to be designed with statistically significant larger cohort numbers of animals, as well as decreasing the data processing time, storage 
requirements and post-acquisition analysis required. The impact of scanning multiple animals in the same scanner field of view has not 
been addressed, and this study sort to access the quantitative impact of scanning four animals, relative to single animals on either a 
multi-modality MicroPET-CT scanner (which utilizes CT-based attenuation correction to the PET reconstruction) or a dedicated 
MicroPET scanner, in which MicroCT scans, if performed, are on a different instrument and used simply for anatomical reference. Mice 
were injected with a Cu64-labeled radiotracer (with a relatively long half-life to minimize decay variance between imaging studies), and 
then sequentially scanned either in a 4-mouse holder or singly on both MicroPET-CT and MicroPET scanners. For validation purposes, 
we also scanned cylindrical phantoms using both single and multiple animal techniques. A semi-automatic threshold-based Region of 
Interest (ROI) tool was used to minimize operator variability during image analysis. Ex vivo bio-distribution studies were performed on 
all animals as a “gold-standard” to compare with imaging quantitation. Our results indicate that this is no statistically significant 
difference in the quantification of radionuclide uptake in selected major organs between conventional single mouse scans and multi-
animal scans in our mouse “hotel” on either the MicroPET or MicroPET-CT scanners. We obtained less than 7% relative error 
difference with respect to %ID/gram between the multi-mouse and single mouse scans, and a 4% relative error difference with the 
cylinder phantom studies. Our results confirmed that there is little statistically significant difference in uptake quantification of small 
animal PET images when scanning either single or multiple animals, and that use of the mouse “hotel” is a valid aid to increasing 
instrument throughput on small animal scanners. Routine use of the 3 and 4 animal holders has allowed a significant increase in the 
number of animal studies that has been performed at the Stanford Small Animal Imaging Facility, as well as permitting improved 
utilization of radiotracers, which are often the most expensive and time-consuming reagents to prepare. This will be especially valuable 
for studies involving short half-life radionuclide probes such as C11 (20 minutes) and N15 (10 minutes) when single animal scanning 
may result is unacceptable probe decay between specimens. 

 
Left, Four mice in a "hote" ready to be scanned on MicroPET or MicroPET-CT scanner, Right, Fused 3D PET and CT images acquired using Inveon 

MicroPET-CT scanner 
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Assessing the accuracy and precision of radioactivity concentration estimation with dose 
calibrator, gamma counter and microSPECT across 24 half-lives of 99mTc 

Dustin Kentala1, Kelly Pickel1, Mark Lane1, Jacob Hesterman2, Kelly Orcutt2, Jack Hoppin2, 1Molecular Imaging, MPI Research, 
Mattawan, MI, USA; 2Imaging Services, inviCRO, Boston, MA, USA. Contact e-mail: dustin.kentala@mpiresearch.com 

Introduction: Radioactivity concentration in tissue has traditionally been estimated ex vivo via dose calibrator or gamma counter. Recent 
advances in small-animal SPECT instrumentation have enabled the quantitative assessment of the in vivo distribution of radiolabeled 
compounds over time in the same animal. The purpose of this study was to evaluate the accuracy and precision of these three 
techniques over a wide dynamic range of radioactivity concentrations. Method: Three identical phantoms designed to simulate a 
localized region of uptake in a mouse were filled with ~4500 uCi of Tc99m. Phantom activity was measured in a dose calibrator 
(AtomLab 100 Plus, Biodex) once every other half life (12 hours) over the course of twenty-four half-lives (144 hours, ~0.3nCi at final 
measurement). Following dose calibrator measurement, a series of four 5-minute SPECT scans was acquired for each phantom once 
every 12 hours (every other half life) on a commercial microSPECT scanner (NanoSPECT/CT, Bioscan, Inc.). Following SPECT 
acquisition, phantom activity was measured in a gamma counter (1470 Wizard, Wallac). Results: Theoretical and estimated 
radioactivity values for one of the phantoms are plotted against half-life in Figure 1. The dose calibrator reading at the 8-half-life time 
point (indicated on the plot by a *) was chosen as the reference point for theoretical, microSPECT, and gamma counter calibration. 
Dose calibrator and gamma counter readings for which measurements failed or returned non-positive values are indicated by solid 
lines. All three instruments demonstrated some range of log-linear estimates of radioactivity. In a range from ~4-4500uCi, average 
percent error from theoretical values in the microSPECT and dose calibrator estimates were 2.1% and 1.2%, respectively. At ~1uCi (the 
next sample point), these numbers increased to 16.4% and 7.0% respectively. In a range from ~18-18000nCi, average percent error 
from theoretical values in the gamma counter estimates was 4.5%. At ~4nCi (the next sample point), this number increased to 17.8%. 
Conclusions: Three commonly used devices may be used in some combination to accurately estimate radioactivity values in a range 
from several nCi to several mCi, spanning seven orders of magnitude. The microSPECT and dose calibrator exhibited similar 
performance at the task of radioactivity estimation given this activity geometry and acquisition conditions. Because there is a range 
(ones-to-tens of uCi) over which all three devices exhibit similar performance, it may be possible to calibrate the three devices to one 
another, using the device (either dose calibrator or gamma counter) for which there is the most confidence at that radioactivity level. 
Further experimentation is required to evaluate the influence of spatial activity distribution and isotope dependence on such a 
calibration. 

 

Theoretical and estimated radioactivity values of a common 99mTc source plotted against half-life. Activity levels outside the dynamic range of 
instruments, i.e. returning error messages, are indicated as not applicable (N/A). 
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Quantification of a gold nanoparticle contrast agent using dual-energy computed tomography 
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Introduction: Dual-energy (DE) imaging provides the ability for material discrimination by decomposing images into basis-set 
constituents and can thus be used for material characterization and quantification. The method exploits the differences in energy 
dependence of the attenuation of the various materials present within the body by imaging using two distinct energy windows. In this 
study, we have explored the feasibility of using DE computed tomography (CT) to distinguish and quantify the concentration of a gold 
(Au) nanoparticle (NP) imaging agent with phantoms. Methods: Imaging was performed on a Scanco Medical vivaCT 40 micro-CT 
system at two beam energies - 45 and 70 kVp. The dual-energy decomposition technique introduced by Kelcz et al. was used to 
estimate the concentration of gold at each pixel location using a linear combination of the low- and high-energy images. The material 
coefficients needed for this decomposition were determined empirically using gold standard solutions (0.25 to 50 mg Au/mL) that were 
formulated from chloroauric acid. The accuracy of the decomposition technique was then determined using chloroauric acid and gold 
nanoparticles with test phantoms. These phantoms consisted of a 15 mL centrifuge tube that contained a solidified mixture of 4% 
gelatin in water. A micropipette tip was then inserted in the gelatin and filled with a known concentration of chloroauric acid The AuNP 
were synthesized using the Turkevich method and surface-modified using a heterobifunctional polyethylene glycol chain (SH-PEG-
CH3). Results: A linear relationship was observed between the linear attenuation coefficient (LAC) CT signal (normalized against that of 
water) and gold content of the standard solutions. The slope of this linear fit (45 kVp - 65.854, 70 kVp - 29.77) was used as the gold-
specific M coefficient in the Kelcz equations. The background M coefficients were calculated by selecting a region of interest within the 
gelatin portion of the test phantom and calculating the normalized LAC of the background. The two concentrations of chloroauric acid 
within the test phantoms were determined to be 1.9 ± 0.7 and 11.2 ± 1.2 mg Au/mL, where the actual concentrations of gold were 2.3 
and 11.1 mg Au/mL. DE-decomposition of the test phantoms with solutions of stabilized AuNP yielded concentrations of 18.9 ± 1.17 
and 5.5 ± 1.19 mg Au/mL. The concentrations of the nanoparticles was approximated from UV/Vis spectrometry beforehand to be 17.9 
and 5.9 mg Au/mL respectively. Figure 1 shows a summary of the results for the different concentrations of gold in the test phantom. 
Conclusion: The DE decomposition technique developed on solutions of gold salt was able to accurately estimate the concentration of 
gold nanoparticles within test phantoms. The implementation of such a system with an in vivo or cell culture model would allow for the 
non-destructive and non-invasive determination of the concentration of gold at different locations in the model system. 

 

Figure 1. Gold concentration maps from dual-energy CT decompositions of test phantoms. 
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Introduction: The aim of this study was to build a PET block detector based on a novel custom-made G-APD strip array with a high 
multiplexing factor and depth of interaction (DOI) information encoding. With DOI the scintillation crystals can be elongated which 
results in higher sensitivity in gamma detection and improvement in the spatial resolution. Common detectors with a high multiplexing 
factor are based on the principle of light sharing and are encoded with Anger logic and have no information about the gamma 
interaction, which decreases the spatial resolution in the off center field of fiew. The approach described here is based on detectors with 
cross-strip encoding reducing the readout channels typified by light-sharing detectors, but is coupled like a normal one-to-one readout 
configuration providing DOI information. Methods: The strip arrays have been evaluated in terms of their performance characteristic. 
Two G-APD strip arrays are coupled perpendicular on each crystal face and covering a 12x12 LSO crystal block having a inter crystal 
size of 1.5 mmx1.5 mm x 20 mm. Each strip array provides either the x or the y coordinate of the crystal block. In the first evaluation 
just 4x4 LSO crystals of the entire block has been readout. The crystal identification, energy spectra and the block statistics were 
calculated either only with the x and y information or alternatively, the crystals were identified by x and y strips but the energy and block 
statistics were calculated using the entire signal of both arrays including information of inter crystal scattered events. Data were 
compared between both approaches. Results: The G-APD strip showed an operation voltage of 74.5 V ± 1 V. The dark current at the 
operation voltage was 11.4 µA with a dark count rate of 4.9 MHz. The quenching resistors of one individual cell (21000 cells per strip) 
were measured to be 5.4 M Ohm. The energy resolution with only the x & y information was 23.8% ± 1.8% compared to 21.5% ± 2.4% 
when including signals from neighbor strips. The DOI information was given from 10% to 90% of the crystal length with a resolution of 
2.4 mm. The count statistics of a block shows, if using also the scattered events, that maximum counts of the photo-peak improves with 
an average factor of 2.54. Conclusion: The measurements show that the cross strip approach with small crystals and direct coupling 
could be used in future PET detectors. Thus, we built successfully a detector on a x-y strip readout, a completely new approach yielding 
low cost, high sensitivity and high spatial resolution PET detectors. 
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Polar-map quantification of small animal PET images 
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Region of interest (ROI) analysis is the norm in modeling myocardial tracer kinetics in small animal PET imaging. However, this method 
is limited in that only a small, defined section of the tissue is considered. The goal then was to develop a polar mapping analysis 
platform that facilitates modeling of the entire myocardium to assess spatial differences in kinetic parameters. Methods: For a given 
dynamic small animal PET image, the myocardium was divided into three sections, basal, mid, and apical, with basal and mid sections 
each containing six (anterior, anteroseptal, inferoseptal, inferior, inferolateral, anterolateral) and the apical section containing four 
(anterior, septal, inferior, lateral) subsections based on the American Heart Association Standardized Myocardial Segmentation and 
Nomenclature report. PET images were resliced to a common template on the transaxial, coronal, and sagittal views. In addition, the 
user determined the division into the basal, mid, and apical regions, as well as myocardial subsections based on various landmarks. 
The kinetics in each subsection was modeled based on the blood input function and tissue activity in a subsection for a given 
compartmental model. A two-dimensional polar map was then produced for each fitted parameter, displaying the spatial differences 
between regions. In addition, spatial statistics were performed and visualized on a regional basis for parameter estimates. For this 
study, spatial differences in myocardial blood flow (MBF) were assessed between diabetic Goto-Kakizaki (GK) rats and healthy Wistar 
control rats. To that end, one minute of [11C]Acetate kinetics was optimized using a one-compartment model and converted to MBF 
based on previous reports. Mean, standard deviation, and statistical polar maps were produced. A P<0.05 was considered significant. 
Results: Control animals showed relatively uniform MBF in all regions (Figure S1, supplemental data). GK rats showed great spatial 
heterogeneity in MBF with high MBF in the mid and apical regions, but reduced MBF in the basal region (Figure S2). There were 
significant differences in MBF in the basal region distal from the liver between GK and control rats as seen in the statistical polar map 
(Figure S3). Conclusions: We have developed a platform to visualize spatial differences in myocardial parameter estimates in small 
animal imaging. We observed spatial differences in MBF between diabetic GK and healthy control rats in the basal region of the 
myocardium, but not in the mid or apical regions. 

Disclosure of author financial interest or relationships: 
S.T. Nemanich, None; Y. Su, None; K.I. Shoghi, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S529



Presentation Number P573 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

A Simple Method for Non-invasive Heart Input in FDG μPET Studies 

Guoming Xiong, Paul Cumming, Andrei Todica, Peter Bartenstein, Guido Boening, Dept. of Nuclear Medicine, Ludwig-Maximilians 
University of Munich, Munich, Germany. Contact e-mail: Guoming.Xiong@med.uni-muenchen.de 

Introduction: Absolute quantitation of the cerebral metabolic rate for glucose (CMRglc) can be obtained in positron emission 
tomography (PET) studies when serial measurements of the arterial input are available. In practice, arterial catheterization is not always 
suitable for μPET studies of rodents, especially in the context of studies of longitudinal design. Consequently there has been 
considerable interest in defining an image-derived input function (IDIF) by placing a volume of interest (VOI) within the left ventricle (LV) 
of the heart. However, the trapping of FDG-derived signal in the myocardium can be considerable in the course of a 45 minutes 
emission recording, leading to progressive contamination of the IDIF from spill-in. Methods: In the present study, we introduce a novel, 
minimally invasive method for correcting the IDIF without scaling to a late blood sample. The method was evaluated with 18F-FDG 
(43±8 MBq) μPET scans (Siemens Inveon DPET) of 8 rats (Sprague-Dawley, 256±24 g) over 45 minutes, in which a series of 11 
arterial blood samples from the femoral artery were drawn during the course of the emission recording. We first fitted a bi-exponential 
function to the serial measurements of the IDIF from a 2 mm spherical VOI placed in the left ventricle, and then used a one-
compartment irreversible binding model to describe the accumulation in myocardium. Then we estimated the magnitude of myocardial 
spill-in reaching the left ventricle VOI assuming a Gaussian point-spread function, and corrected the measured IDIF for this estimated 
spill-in. Finally, we calculated parametric maps of CMRglc in individual rats (N=8) using the input obtained by serial blood sampling 
(gold standard), the uncorrected IDIF, an the IDIF with correction for spill-in. Results: There was a very high correlation between 
individual estimates of CMRglc in hippocampus, as obtained by the three methods. Correction of the IDIF globally increased CMRglc by 
8%, due to the reduced magnitude of the input function. Conclusion: We can dispense with arterial sampling and scaling to a single 
blood measurement, and still obtain accurate parametric maps of CMRglc using an IDIF from the left ventricle of the heart. 

 

Mean images (N=8) of CMRglc based on input functions from arterial blood samples (top), IDIF (middle) and IDIF with spill-in correction (bottom). 
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Jung-Wen Kuo1, Kuan-Hao Su2, Chun-Yi Wu1, Ren-Shyan Liu1,3, 1MAGIC/NRPGM, National Yang-Ming University Medical School, 
Taipei, Taiwan; 2Dept. of psychiatry, Taipei Veterans General Hospital, Taipei, Taiwan; 3NPCC, Taipei Veterans General Hospital, 
Taipei, Taiwan. Contact e-mail: g880k13@ym.edu.tw 

Objectives: 18F-6-(fluoroacetamide)-1-hexanoicanilide (18F-FAHA) is a radiotracer of histone deacetylase (HDAC), and is catalyzed to 
18F-FAC trapped in cells by HDAC. In the periphery, 18F -FAHA is rapidly metabolized, and the metabolite would complicate the 18F-
FAHA kinetic model due to the 18F-FAC redistribution in brain. In our previous study, a simplified-three-compartment model (Fig 1a) was 
proposed to alternatively assess the HDAC activity. To verify the accuracy of the simplification, a simulation study is usually performed. 
In general, a fixed input function is used to generate output functions by varying the rate constants in the model. However, the input 
function would be altered when varying the rate constants in the realistic case. That is, the input function of the simplified model should 
also be changed for representing the realistic system. Therefore, we propose a novel method to simulate both input and output 
functions using peripheral-tissue-compartment model (PTCM) (Fig 1b) to validate the simplified method. Methods: A glioma-bearing rat 
18F-FAHA study was performed to obtain a set of rate constants using five-compartment model (5CM) (Fig 1c). For the altering input 
function in the simplified model, two further peripheral compartments were included in the system to form the seven-compartment 
PTCM. The input and output functions were generated simultaneously by given an impulse function in the PTCM system. For 
comparison with the 5CM and the PTCM, area under curve difference (AUCD) and normalized root mean square error (NRMSE) 
between the creating curves and the rat data were calculated to evaluate the accuracy of the systems. Furthermore, the k23 of the 
simplified model was estimated by varying k3 of the both systems to observe the relation between the simplification and the full model. 
Results: The AUCD (%) of the output function was -0.16 % in the 5CM and shifted to -0.29 % in the PTCM; the NRMSE of the output 
function was 0.06 and reduced to 9.40×10-3 in the PTCM. For PTCM, the AUCD and NRMSE of the input function were further 
calculated and were equal to -3.84 % and 0.61, respectively. In addition, the model output rose at the initial stage more rapidly in the 
5CM than in the PTCM due to the fixed characteristic of the C5. Therefore, the fixed input function would cause k23 saturation and even 
decreased the k23 in simplification when the k3 in the full model was getting larger. In contrast, the two peripheral compartments of the 
PTCM could result in flexible inputs in response to the k3 change. Conclusions: The seven-compartment PTCM could precisely respond 
the system and be applied to monitor the 18F-FAHA response when varying model rate constants. Consequently, to use the PTCM 
could improve the accuracy of the simplified 18F-FAHA kinetic model. 
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A simple method to determine 511 keV photon interaction depth in individual scintillation 
crystals for high resolution PET 

Farhad Taghibakhsh, Craig S. Levin, Radiology, Stanford, Stanford, CA, USA. Contact e-mail: farhadt@stanford.edu 

We investigated the performance of novel high resolution PET detectors in which 511 keV photon depth of interaction (DOI) within a 
scintillation crystal element is extracted from photon yield obtained by reading the scintillation light from one end of the crystal element. 
DOI information is needed for high resolution PET applications such as organ specific or small animal imaging. Our goal is to develop a 
less complex, cost-effective DOI detector technology. In the design under study, one end of the of individual crystal elements has a light 
absorbing coating to provide effective modulation of scintillation photon light yield based on DOI measured at the other end of crystals. 
In this method, the signal pulse height provides DOI information, and the energy is calculated from pulse height spectrum corrected 
based on calibration data. We experimented with a 4x4 array of 1mm x 1mm x 20mm LYSO crystal elements separated by 70 micron 
reflectors on four sides coupled to a position sensitive solid state photomultiplier (PS-SSPM). We observed that DOI resolution varies 
linearly from ~ 4.0 mm to ~ 8.0 mm (FWHM) as the DOI moves from the photon entrance end of the crystal element (the top) to the 
photodetector end (the bottom). The local energy resolution varied from ~14.6% (bottom) to 16.4% (middle) and 20.8% (top). A global 
energy resolution of 16.2 % FWHM was obtained by correcting the pulse height spectrum using calibration data. Coincidence time 
resolution was ~8 ns FHWM with a variation of ~2 ns across the 20 mm length. We also performed simulations of a PET system 
comprising 304 of these 1mm x 1mm x 20mm LYSO DOI detectors arranged in a 100 mm diameter detector ring. We compared 
reconstructed images with and without DOI information based on the proposed single-ended light readout method. Results indicate the 
proposed DOI detector improved spatial resolution so that in contrast to Non-DOI detectors, the single-ended readout DOI detector 
successfully resolved 20 μCi hot spheres of 2 mm diameter 4 mm apart placed at 30 mm off the center of FOV in transverse direction. 
Compared to Non-DOI and 2-lyare DOI detectors, the proposed DOI detector achieved 110%, and 31%, better contrast resolution, 
respectively. The single-ended readout DOI detector based on pulse height modulation is compatible with the standard PET detector 
configuration with the photodetectors on only one end of the crystal array, and provides a cost effective DOI solution for high resolution 
PET applications. 

 
The concept of single-ended readout DOI detector. The light absorbing coating modulated pulse height based on photon depth of interaction (DOI). DOI 
is extracted from pulse height, and energy is extracted from DOI & calibration data. (Bottom left) A 4x4 array of 1x1x20 mm3 LYSO crystals coupled to a 

position sensitive solid-state photomultiplier used for experiments. (Right) Simulated image reconstruction based on measured performance of single-
ended readout DOI detectors indicated improved image resolution. 
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Objective: The presence of very high accumulation of activity in bladder during data acquisition can hamper the imaging of the tracer 
bio-distribution and accumulation in areas of interest in small animal PET imaging. Often in small animals, rapid accumulation in the 
bladder is seen. The very high activity in the bladder creates a very large source of signal, often far greater than that of the organ of 
interest. This issue is a challenge for the MAP reconstruction method and others reconstruction algorithms that fails to successfully 
reconstruct the projections containing a very high source of signals from bladder. As a result the reconstruction algorithms fail to format 
the final image or produce streaks near the bladder. To minimize the image deteriorating effect of bladder accumulation on animal 
imaging, we developed a software model that processes the sinograms by suppressing the very high signals from bladder, leaving the 
signals from the organs of interest unaffected. Materials and Methods: 20 NMRi nude mice with tumors were used in this study. Each 
mouse was injected with 5 Mbq 18F-annexin V and PET-scanned for 10 minutes. The acquired list mode data were 3D histogrammed 
for reconstruction using the MAP reconstruction and FBP algorithms. A software model written in IDL was developed to correct the 
substantial artifacts in the reconstructed images due to bladder accumulation. The Software model preprocessed 3D histogrammed 
data (sinograms) before the reconstruction process. The software model searches for the pixels with local maximum in each sinogram 
and suppresses the pixels in the bladder region with signals higher than a defined value. The software model operates only in the 
bladder region leaving the other organs unaffected. The Preprocessed sinograms were then successfully reconstructed using the MAP 
reconstruction algorithm. Results: Without our software model, the MAP reconstruction algorithm failed to form the activity concentration 
in the mice. Due to high accumulation of activity in the bladder, the final PET images were hampered using the MAP reconstruction. 
FBP reconstruction algorithm could nevertheless form the activity concentration with streaks artifacts near the bladder. Processing of 
the preprocessed sinograms, using our software suppressed the very high signals only in the bladder. The MAP reconstruction 
algorithm could then successfully reconstruct images of the activity concentration in the organs of interest. 
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Introduction: The Genisys is a pre-clinical PET imaging system which suffers from poor spatial resolution in the sagittal and transaxial 
planes due to limited angular sampling. This prevents reliable delineation and quantification of structures in close proximity. In this work, 
the use of factor analysis on the dynamically reconstructed images is proposed in order to produce separate factor images. The 
performance of the factor analysis method is evaluated within two separate studies. Method: The first study employed a dual-isotope 
experiment. Two vials of different radiotracers were simultaneously scanned on the Genisys and statically reconstructed. This image 
was further processed to produce a set of dynamic images. Statistical noise from each tracer was minimized by the use of a computed 
exponential decay. The resulting data set was virtually free of statistical noise, and contained only two primary sources of activity. 
Factor analysis was then applied to this data in order to generate separate factor images, each of which contained signal from only one 
isotope. A second study employed the use of a mouse model. An 18F-FDG scan using a mouse bearing a murine melanoma tumor 
was performed on the Genisys. The scan was dynamically reconstructed using frame lengths suitable for time-activity sampling. Factor 
analysis was then applied to this dynamic set. A set of two factor images, and a third residual image, was produced in order to visually 
separate the tumor from other structures. Results: Factor analysis proved to be very suitable for the dual-isotope scan. In fact, nearly 
100% of the variance within the data set was explained with two factors. Further investigation reveals that the method is prone to 
degradation under noisy conditions. Factor analysis applied to the mouse study proved to separate certain structures. Due to the 
dynamic properties of some tumors, however, it may not be possible to produce a separate factor image for the tumor itself. 
Conclusion: Factor analysis appears to be a promising method for mitigating the poor resolution of the Genisys. However, further 
analysis is needed to identify, and quantify, the conditions under which it is most appropriate. 

 
Coronal views of factor images produced from factor analysis of dynamic tumor-bearing mouse image. Vascular component (left), tissue component 

(middle), and residual (right). The arrow indicates the location of tumor. 
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Introduction PETbox4 is a bench-top PET system designed for integrated biological and anatomical preclinical imaging of mouse 
models. To bestow anatomical imaging ability to PETbox4, a mouse atlas registration system (MARS) based on an X-ray projection and 
an optical photo of each subject is integrated into the system for registration of a predetermined mouse atlas to the PET images. 
System Design PETBox4 is composed of four detector panels arranged in a box-like geometry. Each panel is comprised of a 24×50 
array with 1.825×1.825×7mm BGO crystals, coupled to two Hamamatsu H8500 PMTs via a glass light guide. The reconstructed field of 
view (FOV) is 45×45×94mm. The signals from the four panels are connected to a 16-channel digitizer board, with on-board crystal and 
energy discrimination. The list mode files are then streamed to a PC for ML-EM reconstruction based on a parameterized system model 
of detector responses. The MARS, located in front of the PETbox4 gantry, is composed of a top-view x-ray projector and a side-view 
optical camera. A miniature x-ray tube is placed 238mm above the FOV center, and the x-ray detector (98×96 mm) is placed 45mm 
under the FOV center. The optical camera with a 5mm focal length lens is placed 185mm laterally towards the right-side of the FOV 
center and the mouse. A short duration X-ray projection (40kVp, 100μA) and a snap-shot of optical silhouette are taken for each 
subject, followed by a 2D/3D registration of a digital mouse atlas to these acquired images, obtaining a 3D estimation of the subject 
anatomy. System Performance and Experimental Results For PETbox4, system sensitivity and image spatial resolution were measured 
with a 20ns timing window and a 150-650keV energy window. By placing a drop of 18F in the FOV center, the peak absolute system 
sensitivity was measured to be 14%. The image spatial resolution was measured with a 28.3μCi 22Na point source (0.3mm nominal 
size) placed in the FOV center. Following the NEMA NU4 standards, the reconstructed image spatial resolution was measured for 
different radial and axial positions in the FOV and ranged from 1.4 to 1.93mm with an average of 1.46mm. Atlas registration accuracy of 
the MARS was evaluated with two mouse subjects. The subjects were injected with CT contrast agent and were imaged with both 
MARS and a commercial micro-CT under a constant posture. The CT images were manually segmented as a gold standard and were 
mapped to the MARS FOV. Dice coefficients for the major organs were computed by comparing the registered atlas with the gold 
standard (Table 1). For combined PETbox4/MARS imaging, mice were injected with four different tracers and imaged at 1 hour post 
injection. The mice were anesthetized inside an imaging chamber and placed in the MARS FOV for the anatomical acquisition, followed 
by the PETbox4 acquisition. The registered atlas and the reconstructed PETbox4 images were fused together and are shown in figure 
1. Conclusion Through the integrated PETbox4/MARS system, combined molecular/anatomical imaging of mice is realized with high 
sensitivity, high spatial resolution and co-registered anatomical reference. 

 

Figure 1. Fused volume rendering of the PETbox4 images (red) and the co-registered mouse atlases (gray). (a). 10 minute acquisition with a subject 
containing 4.6 µCi 18F labeled gene expression probe at scan start time. (b) 30 minute scan, with a subject containing 42.4 µCi FDG at scan start time. 
(c) 15 minute scan, with a subject containing 11.6 µCi 64Cu labeled antibody fragments at scan start time. (d) 20 minute scan, with a subject containing 

34.1 µCi NaF at scan start time. 
Table 1. Atlas Registration Accuracy for Major Organs 

 

Accuracy is measured by the Dice coefficient: Dice=2|A*S|/(|A|+|S|),(Dice∈[0,1]), where A and S are organ regions of the registered atlas and the gold 
standard, respectively; |●| denotes the number of voxels. 
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The non-invasive assessment of regional bone metabolism using 18F-fluoride positron emission tomography (18F-PET) can aid in 
understanding the pathophysiology of metabolic bone diseases such as osteoporosis. The aim of this study was to evaluate the 
relationship between five different quantification methods against the three compartment four parameter model (Ki-4k), used as the gold 
standard, for the measurement of regional bone turnover (Ki, representing the net plasma clearance to bone mineral) using 18F-PET at 
the hip and lumbar spine. Methods: Twelve healthy postmenopausal women aged 52-71 years, with no history of metabolic bone 
disease (except untreated osteoporosis in the spine) or on current treatments affecting skeletal metabolism, were recruited. Each 
subject had 60 min dynamic 18F-PET scans at the lumbar spine and hip on two separate occasions with injected activities of 90 MBq 
and 180 MBq respectively. Arterial input functions were obtained from images of the aorta in the same datasets in order to determine Ki 
values at both the sites using a Ki-4k, three compartment three parameter model (Ki-3k), Patlak analysis (Ki-Pat), spectral analysis (Ki-
Spec), deconvolution analysis (Ki-Decon) and SUV. The significance of the Spearman rank correlation test are expressed as p-values 
as * for p<0.05, ** for p<0.005 and *** for p<0.0005. Results: For Ki at the hip, the correlation between Ki-4k with Ki-Spec, Ki-Pat, SUV, 
Ki-Decon and Ki-3k were 0.90***, 0.89***, 0.76**, 0.39 and 0.39 respectively (Table 1). For Ki at the lumbar spine, the correlation 
between Ki-4k with Ki-Spec, Ki-Pat, SUV, Ki-Decon, Ki-3k were 0.97***, 0.83**, 0.8**, 0.77**, 0.34 respectively (Table 1). The low 
correlation between Ki-4k analysis and Ki-Decon at the hip was due to one outlier Ki value obtained using Ki-Decon. Conclusion: The 
correlations between methods at the hip and lumbar spine were assessed separately because it has previously been shown that SUV 
does not correlate with Ki-4k estimates in the regions with low metabolic activity, and therefore, a different correlation can be expected 
between different methods at different skeletal sites. We conclude that model independent methods for deriving Ki, including Ki-Spec 
and Ki-Decon, highly correlate with the Ki-4k model estimates and are simpler to compute. The SUV correlated just as well with Ki-4k 
estimates as the other parameter. However, it is not yet clear if the SUV is an indicator of bone turnover since no studies have been 
performed directly comparing SUV with gold standard bone histomorphometric data. 

 

 
TABLE 1: Spearman rank correlation between different quantification methods at the hip and lumbar spine with significance value shown as *p<0.05; 

**p<0.005; ***p<0.0005. 
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Introduction: The most widespread used algorithms to reconstruct micro-CT data are based on filtered backprojection (FBP). These 
algorithms are relatively fast and work well on high quality data, but cannot easily handle data with missing projections or considerable 
amounts of noise. In this work, we compare FBP of high-resolution micro-CT data to iterative reconstruction with and without total 
variation regularization using phantom experiments. Methods: A dedicated micro-CT performance phantom was developed. The 
phantom contains three sections: a blank, a contrast, and a wire section. The blank section is an acrylic cylinder measuring 30mm in 
diameter and 40mm in length. The contrast section has the same dimensions as the blank section but contains 5 different material 
inserts (6mm diameter) to cover a broad range of electron densities and which can easily be interchanged. The wire section contains 
two 100µm tungsten wires placed in air cavities perpendicular to each other. Wires can be easily changed to cope with different 
resolution requirements. The three sections were acquired on a SkyScan 1178 scanner into a 512x640 matrix with a 166µm pixel size. 
Exposure time was set to 200ms. Two scans were acquired for each section: a complete data set containing 666 projections, and a 
reduced data set containing 166 projections over 360 degrees. The six acquired data sets were reconstructed using FBP with different 
cut-off frequencies ranging from 0.10 to 1.00, using a Simultaneous Algebraic Reconstruction Technique (SART) using 1 up to 10 
iterations, and using SART with total variation regularization (TV-RSART), also using 1 up to 10 iterations. Using A Medical Image Data 
Analysis Tool (AMIDE), contrast-to-noise ratios (CNR) were measured using the contrast and blank sections, and the full-width half-
maximum (FWHM) was estimated using the wire section. Results: Compared to FBP, better FWHM could be obtained with TV-RSART 
at the equivalent CNR when using the complete data set. Using TV-RSART a FWHM of 504±47µm was estimated at a CNR of 6.2. 
Using SART the same FWHM (504±49µm) could be obtained at a CNR of 3.8. At a CNR of 6.2, a significantly larger FWHM of 
575±34µm was measured when FBP was applied. The CNR (averaged over all cut-off frequencies) decreased significantly from 
6.1±0.7 to 4.1±1.1 when a reduced data set was reconstructed with FBP, while the FWHM did not change significantly and averaged 
657±218µm. Using SART, the CNR (averaged over all iterations) increased significantly from 2.8±0.5 to 3.6±0.5 when a reduced data 
set was reconstructed. However, the FWHM also increased significant from 492±1µm to 700±5µm when reconstructing the reduced 
data set. Although, using TV-RSART the CNR (6.1±1.3) did not change significantly when reconstructing the reduced data set, the 
spatial resolution increased significant from 511±18µm, using the complete data set, to 664±28µm when reconstructing the reduced 
data set. Conclusion: Compared to FBP, better FWHM can be obtained at equivalent CNR with TV-RSTART. Using a reduced data 
set TV-RSART could maintain the same CNR, however, at the expense of the spatial resolution. 
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We present development of an ultra-high (<1 mm^3) resolution small animal positron emission tomography (PET) system with an 
adjustable field of view (FOV) of up to 8×8×4 cm^3. The system employs photon detectors comprising 4×4×0.5 cm^3 monolithic 
cadmium zinc telluride (CZT) crystals metallized with a novel cross-strip electrode pattern to enable 3-D position sensitive capability. 
Ionization charge created in the CZT volume from a 511 keV photon interaction and collected on the electrodes enables event 
positioning. The electrode design provides voxels size of 1×5×1 mm^3 and facilitates 3-D positioning of individual photon interactions, 
enabling new features such as uniform spatial resolution throughout the FOV. The ‘edge-on’ arrangement of CZT crystals shown in Fig. 
1 (a) enables >99% inter-crystal packing fraction, and >86% intrinsic detection efficiency for single 511 keV photons (>73% for 
coincident pairs). CZT is especially suited for (sub-)millimeter-resolution PET applications as the intrinsic spatial resolution is defined by 
the electrode pattern, and not limited by the ability to fabricate and handle arrays of miniscule crystal elements as for high-resolution 
scintillation detectors. The CZT electrode design comprises metallized gold anode strips of 100 μm width and 1 mm pitch on one 4×4 
cm^2 crystal face, interspersed with steering electrode strips that serve to enhance anode charge collection. Orthogonally oriented gold 
cathode strips of 4.95 mm width and 5 mm pitch are metallized on the opposite 4×4 cm^2 crystal face. A series of experiments were 
conducted to both characterize and optimize the detector in terms of its photon sensitivity, and spatial, energy and coincidence time 
resolutions. Experimental results confirm an x-y (see Fig. 1 (b) axes) resolution of 1 mm×5 mm as set by the electrode pitch, and a 
FWHM z resolution of 0.44±0.07 mm, obtained by taking the ratio of cathode to anode pulse heights. FWHM energy resolution was 
observed to vary with photon interaction z position, with a mean value of 3.06±0.39% at 511 keV (vs. ~15% typical for PET scintillation 
detectors). This excellent energy resolution enables effective scatter rejection as well as estimation of photon incident angle using the 
physics of Compton scatter. The FWHM coincidence time resolution based on cathode pulses ranges from ~34 ns near the cathode 
plane to ~83 ns near the anode plane. Time resolution and photon sensitivity both improved with larger cathode width (5 mm was 
selected). Experiments suggest wider steering electrodes (e.g. 400 μm) achieve higher energy resolution for events that share charge 
between anodes, and a steering bias of -100 V relative to the anodes for promoting complete anode charge collection. The front-end 
data acquisition readout is based on an application specific integrated circuit, coupled to CZT crystals via flexible circuits. CZT crystals 
and front-end circuit boards are organized into dual-detector modules to facilitate modularity in construction and maintenance. The dual 
modules are arranged in a 4×3 stack of modules to form a detector panel, and four such panels combine to enclose the full adjustable 
FOV of the PET system. 

 

Fig. 1. The figure shows (a) the small animal PET system’s overall configuration, (b) the CZT detector anode side, and (c) the cathode side. 
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Response Monitoring in Orthotopic Glioblastoma Multiforme (GBM) 

John L. Chunta, David Lee, Sean S. Park, John Torma, George D. Wilson, Alvaro Martinez, Brian Marples, Radiation Oncololgy, 
William Beaumont Hospital, Royal Oak, MI, USA. Contact e-mail: John.Chunta@beaumont.edu 

PURPOSE / OBJECTIVE: GBMs are aggressive brain tumors that are resistant to conventional chemoradiation therapy. To improve 
tumor volume delineation, treatment planning, and monitoring novel treatment response, we assessed an orthotopic model of GBM and 
optimized microPET/CT imaging and reconstruction parameters. MATERIALS / METHODS: Orthotopic U87-MG GBM xenografts were 
established intracranially in female nu/nu mice (n=22). Animals were randomized into 3 treatment groups on day 7-10 post-
implantation; 1) control 2) RT [2Gy x 7 days] or 3) pulsed RT [PDRT, 10 pulses of 0.2 Gy x 7 days]. Weekly PET imaging (~22.9MBq 
18F-FDG) was used to evaluate metabolic treatment response while volumetric response was obtained with contrast-enhanced 
(Omnipaque 350) microCT (50kVp/800uA or 80kVp/250uA) using a GE FLEX TriumphTM combined PET-SPECT-CT system. Raw 
microCT data were analyzed with varying reconstruction parameters and algorithms (E.g. down-sampling, beam hardening corrections, 
etc.) and the resulting images were qualitatively analyzed for the existence and intensity of artifacts and for ease of tumor volume 
delineation. Experiments were conducted with IACUC approval. RESULTS: Optimal tumor margin contrast enhancement was evident 
using high voltage-low relative current CT acquisition parameters (80kVp/250uA). This reduced radiation exposure almost 10-fold to 
~45cGy. Down-sampling raw data across detector pixels increased image quality, whereas beam hardening corrections and streak 
artifact-reducing algorithms decreased image quality. Tumor volume sensitivity using 100μm pixels was 2-3mm3 with the high voltage-
low current acquisition as compared to 5-15mm3 with the low voltage-high current acquisition, depending on tumor location with respect 
to artifacts. Control mice reached neurologic sacrifice criteria (SFC) by day 17, while RT treated mice reached SFC by day 35. In 
contrast, mice treated with PDRT reached SFC by day 37. Since PET activity in the brain is diffuse as compared to contrast-enhanced 
CT, metabolic changes could reliably be monitored by applying the contoured CT volume to PET. Using this method, there was an 
increase in the SUVMAX until day 10 post-implant for control animals and day 14 for treated animals, after which time the SUVMAX 
decreased with each weekly PET/CT. CONCLUSION: We have assessed an in vivo murine orthotopic GBM model with the ability to 
reliably evaluate volumetric and metabolic treatment response via microPET/CT imaging, as compared to traditional MRI imaging. 
Down-sampling high voltage-low current microCT data, with a reduction in reconstructed image pixel sizes, produced the highest quality 
images, yielding more accurate tumor volume delineation than low voltage-high current imaging, while limiting radiation exposure and 
streak artifacts. Moreover, by applying the CT tumor volume to PET data for analysis, the innate contouring limitations of neuroimaging 
with 18F-FDG was overcome. This type of imaging could be further applied with evolving technologies that permit proper radiation 
treatment planning using a collimated beam for small animal work, which can be accurately and reproducibly applied. 
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Impact of reconstruction algorithm and physical corrections on small animal PET 
quantification 

Magdy M. Khalil, Willy Gsell, Biological Imaging Centre, MRC-CSC, Imperial College London, Faculty of Medicine, Hammermsith 
Campus, London, United Kingdom. Contact e-mail: magdy.khalil@imperial.ac.uk 

Image quality and quantitative accuracy in PET imaging are degraded by photon attenuation, scattered radiation, limited spatial 
resolution and reconstruction algorithm. The aim of this work was to compare between filtered backprojecion (FBP) and iterative 
reconstruction (maximum a posteriori, MAP) in different conditions of attenuation and scattering medium. Methods. A homogenous 
water phantom and three different configurations of NEMA image quality phantom were employed using a small animal PET scanner 
(Inveon, Siemens Medical Solutions). The three configurations were NEMA phantom in air, inside the animal bed, and surrounded by 
three homogenous water phantoms. NEMA phantom was filled with 5.5 MBq of 18F. A 20 min PET/CT scan was performed for all 
phantoms. List mode data were sorted into 3D sinograms and reconstructed (128 x128 matrix and zoom 1) using 2D FBP (0.5 Nyquist 
frequency) after Fourier rebinning and OSEM3D/MAP (2 iterations OSEM3D and 18 iterations using MAP) at β=0.01, 0.1, 0.5, and 1.5. 
Figures of merit applied were percentage error of tracer estimate, recovery coefficient (RC), percentage standard deviation, spillover 
ratio and image noise. Results. Attenuation correction was found to impact significantly on the quantitative characteristics of the FBP 
reconstructed PET images such that an underestimation of 24.81% and 37.8±3.8% were found in the homogenous water phantom and 
the three NEMA phantoms respectively. Application of attenuation correction alleviated these underestimations to 0.02% and 6.0±0.8% 
respectively. For the NEMA phantoms, MAP revealed the best results at β=1.5. RCs were superior with iterative reconstruction 
especially at β=0.01 and 0.1 when compared to FBP. At rod size of 5 mm, a β value of 0.1 provided a very high PET signal recovery 
with an average of 1.01±0.01 across the three NEMA phantoms. In FBP, the RC was 0.90±0.02 for data corrected and 0.60±0.03 for 
data not corrected for attenuation and scatter. Spillover ratio indicated some variations between FBP and MAP in air and water 
compartments, which might be attributed to the performance of the scatter correction. Noise measurements were superior with MAP 
reconstruction especially at high β values but this occurs with edge artifacts and slight distortion of some geometric structures. 
Conclusion: Attenuation correction is important in small animal PET and allows for reliable tracer estimate. Spatial resolution can be 
improved by MAP technique and low β values provide high resolution capabilities but high values improve noise levels. However, MAP 
reconstruction should be used with optimal selection of the β given an estimation and detection task. Long reconstruction times are also 
a disadvantage of the algorithm. Performance of the scatter correction needs to be improved especially in large objects or simultaneous 
scanning of multiple animals. 
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2D and 3D Diagnostic contrast microCT imaging in pregnant mouse females 
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pradipchaudhari@hotmail.com 

The advancement in noninvasive imaging modalities provides better understanding of anatomy and pathophysiology of the diseases in 
animal disease models. The high resolution microcomputed tomography (microCT) imaging is becoming available and common for 
studying structural abnormalities of laboratory animals. Preclinical non-invasive imaging modalities such as microCT and micromagnetic 
resonance imaging (MRI) are the advanced research tools for longitudinalanatomical imaging for small animals. The use of contrast 
agent enhances the image visualization pattern with greater accuracy. The present study describes a report of microCT imaging 
performed in pregnant mouse females.The scans were performed to explore the possibility to generate the 2D and 3D image data for 
the purpose of new model development to study the newer contrast agents. The swiss mouse were placed dorsoventralyon a 
heatingbed while imaging. General anesthesia was induced with 4% Forane@ (Isoflurane) inhalation anesthesia and later maintained 
with 2% throughout the imaging procedure. Images were acquired on FlexTriumph GE Trimodality scanner using Triumph XO software 
version4.1.1.0 (Gamma Medica-Ideas). The X-ray voltage was set at 75 kVp with anode current 145 A. The scan was completed over 
360 of rotationwith 256 projections and 1.3x magnification. Scans were performed using a Modified Feld Camp filtered back projection 
algorithms from COBRA Exxim. The whole body images were acquired with a field of view set at 110 mm, with reconstructed voxel size 
170 m (matrix size 512 x 512 x 512). The total scan time was four minutes. The reconstructedimage data were visualized and analyzed 
in VIVID@ (Volumetric Image Visualization, Identification and Display) software based on AMIRA version 4.1 platform(Visage Imaging, 
San Diego, CA). This scanner offered an excellent spatial resolution and allowed dynamic acquisition while contrast is being 
administered. The dynamic 2D image data greatly enhanced the understanding of the kinetics of the contrast agents under 
developmental phase. The combination of 2D and 3D image data is found to be very useful in analyzing and comparing the newer 
contrast agents. Keywords: in vivo imaging, microCT, 3D imaging, 2D dynamic imaging 
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Baseline dependent cut-offs in FDG-PET 

Thomas Bengtsson1, Alex deCrespigny1, Rodney Hicks2, Sandra Sanabria1, 1Biostatistics, Genentech, South San Francsico, CA, 
USA; 2Research Division, Peter MacCallum Cancer Centre, Melbourne, VIC, Australia. Contact e-mail: thomasgb@gene.com 

The use of FDG-PET to assess therapy induced changes in tumor metabolism typically involves measuring changes in mean lesion 
SUVmax between baseline and on-treatment time points. Usually, a fixed cut-off (e.g. 25%) is used to define a significant %-change 
from baseline in FDG uptake. We have developed an approach to calculate more ‘rational’ and accurate patient-specific cut-off values 
for significant changes which takes into account the statistical nature of the noise as well as some bias effects in serial FDG-PET 
scans. Baseline and follow-up scans of FDG-PET are used to characterize naturally occurring changes in SUVmax from an effective 
test-retest PET study of 50 advanced stage cancer patients with multiple solid malignancies. The results indicate that changes in 
SUVmax between scans follow an approximately zero-mean Gaussian distribution with constant variance across levels of the baseline 
measurements. Because of constant variance, the coefficient of variation is a decreasing function of the magnitude of SUVmax. Thus, 
for therapy monitoring of relative changes in glucose metabolism, the distributional results suggest baseline dependent cut-off values to 
determine a statistically significant change in SUVmax. For lower baseline values, these cut-off values are notably asymmetric with 
relatively large changes (e.g. >50%) required to determine significance. Consequently, lesions with low baseline measurements have 
low statistical power A simulation based tool is developed which, on a per patient basis, takes as input the baseline lesion SUVmax 
measurements, the variance of the changes, and the desired Type I error rate, and outputs lesion- and patient based cut-off values. 
Bias corrections in the cut-off values are also included to account for effects such as variations in tracer uptake time 
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Clinical value of an automatic injector for epilepsy ictal brain SPECT 

Sunhee Kim1, Deborah Holder1, James M. Mountz2, 1Diagnositc Radiology, Neurology, Children’s Hospital of Pittsburgh of UPMC, 
Pittsburgh, PA, USA; 2Diagnostic Radiology, UPMC, Pittsburg, PA, USA. Contact e-mail: INDIANA111111@YAHOO.COM 

Objectives : The most challenging technical problem in ictal brain SPECT for localization of an epileptogenic focus is obtaining a timely 
injection of radiopharmaceutical. In our institution, an automatic injector (MEDRAD Inc, Pittsburgh, PA) has been utilized in the epilepsy 
unit in conjunction with 24 hour video and EEG monitoring. The goal of this study is to quantify the improved success rate of true ictal 
SPECT scans by use of the automatic injector (AI). Methods : A total of 74 patients and 90 Tc-99m ECD ictal brain SPECT studies 
were retrospectively analyzed blindly. A total of 29 studies were performed after the introduction of the AI from 2009-2011 (group A). 
Group B were comprised of 61 studies performed from 2004-2009 before introduction of the AI. The injection time after the onset of 
seizure, number of true ictal studies, ratio of time delay between the seizure onset and injection time/total duration of seizure (IT/L), 
number of the subsequent repeated ictal scan due to late injection and quality of scan for localization of seizure focus were compared 
between groups after standardization of the total duration of seizure, injected dose, and image acquisition parameters between two 
groups. True ictal study is defined as [(injection time (sec)+15)-total length of seizure ≤0] and 15 seconds is the average time of tracer 
delivery from the injection site to the brain based on our time activity curve. The quality of scan is graded based on the presence and 
intensity of localizing focus as follows (0: no localizing focus, 1: localizing focus with mild intensity ( greater than adjacent gray matter 
but less than intensity of subcortical structures), 2: localizing focus with moderate intensity (similar to intensity of subcortical structures) 
and 3: localizing focus with significant intensity exceeding the intensity of subcortical structures) Results : Group A has average 
injection time of 10.6 seconds (range of 2-22 sec) and group B had 19 seconds with range of 2-49 sec). In group A, the total number of 
true ictal scan is 21/29 (72%) with 1/29 (3.4%) repeated studies and group B has 37/61 (61%) true ictal scans with 15/61 (25%) repeat 
studies. The (IT/L) ratio is 0.2 in group A and 0.4 in group B. The 15 studies from group B spent average 2.3 days of extra 
hospitalization due to repeat study and one repeated study from group A spent one more day of extra hospitalization. The overall 
quality is 1.6 in group A and 1.2 in group B. Conclusions : The AI combined with 24 hour video and EEG monitoring improves overall 
quality of ictal SPECT scans by decreasing injection time, number of repeated study, and number of days of hospitalization. 
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In vivo sub-millimeter pinhole imaging of PET and SPECT tracers 

Marlies C. Goorden1, Frans van der Have1,2, Rob Kreuger1, Ruud M. Ramakers1,2, Frederik J. Beekman1,2, 1Radiation, Detection and 
Medical Imaging, Delft University of Technology, Delft, Netherlands; 2Molecular Imaging Laboratories, Utrecht, Netherlands. Contact e-
mail: f.j.beekman@tudelft.nl 

A new option for imaging PET tracers was developed for the U-SPECT-II/CT system (MILabs, The Netherlands): simultaneous imaging 
of positron emitter and single photon emitter distributions is facilitated by a novel collimator that was optimized for high energy gamma 
photons by the use of clustered multi-pinholes (CMP). Narrow opening angles of each pinhole within a cluster strongly reduce 
resolution loss due to edge penetration of 511 keV annihilation photons. The CMP collimator was placed in the triangular stationary 
detector set-up of the U-SPECT-II system. Images were obtained using pixel-based ordered subset reconstruction that uses an 
accurate system matrix to correct for blurring due to limited system resolution and positron range. The image resolution was determined 
with a Jaszczak hot capillary resolution phantom. For F-18 and Tc-99m the smallest rods that could be resolved in the reconstructed 
images have a diameter of 0.8 mm and 0.5 mm respectively when these isotopes were acquired simultaneously. Unique capabilities of 
the system are further illustrated by acquiring gated simultaneous SPECT cardiac perfusion and PET cardiac FDG scans, simultaneous 
SPECT-PET bone scans and a quadruple isotope image of a combination of SPECT and PET tracers. We find that resolution of 
focussed clustered pinhole PET is very competitive with coincidence PET while 0.5 mm resolution of SPECT isotopes like Tc-99m and 
I-123 can be obtained simultaneously with PET imaging. Additional capabilities of the CMP collimator include <0.6 mm resolution 
imaging of high-energy single-photon emitters such as I-131. We conclude that CMP PET is a cost-effective alternative to separate 
traditional PET and SPECT devices with several additional and unique advantages over co-incidence PET. 
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liyang@ucdavis.edu 

High-throughput in vivo screening (HTS) is becoming an essential tool for rapidly identifying promising new molecular imaging agents. 
This has been achieved by imaging a large number of candidates produced as libraries using combinatorial chemistry and 
bacteriophage display techniques. Performing in vivo HTS at the early phase of new imaging agent development can provide crucial 
information for identifying promising, as well as unsuccessful, imaging agents, saving both time and cost of developing new imaging 
agents. In a previous HTS study (Gagnon et al. PNAS 2009), 43 candidate peptides were radiolabeled with [18F]fluorobenzoic acid 
(FBA). Each peptide was simultaneously injected into 2 mice and scanned using a microPET Focus scanner. Each PET scan was 
acquired for 15 minutes. The results showed that in vivo HTS can identify promising imaging agents that would otherwise be overlooked 
by in vitro analysis alone. We therefore aim to improve the throughput of the process to allow rapid screening of even larger number of 
agents and also with more animals per compound to increase statistical power. One way to increase the imaging throughput is 
shortening the duration of each PET scan. Here we investigate whether we can reduce the scan duration from 15 minutes to 5 minutes. 
We took the 15-minute sinogram data acquired in the previous study and generated a set of new sinograms that mimic 5-minute scans 
by passing each event in the original sinograms through a binomial selection process with a success rate of 1/3. Assuming the original 
sinograms contain independent Poisson random variables, the resulting sinograms still follow an independent Poisson distribution. We 
then reconstructed the simulated 5-minute data sets and calculate the peptide selectivity, defined as ratio of the maximum standard 
uptake value (SUV) in positive over the maximum SUV in negative tumors as described in the original paper. We performed two tests to 
evaluate the quality of 5-minute data. The first was a binary detection test, in which an agent is determined to be promising if its 
selectivity exceeds a preselected threshold. We varied the threshold from 1.4 to 1.6. At each threshold level, we used the result from 
the 15-minute data as the ground truth and computed the fraction of promising agents correctly identified by the 5-minute data 
(sensitivity) and the fraction of the unpromising agents correctly identified by the 5-minute data (specificity). The resulting sensitivity and 
specificity were 0.83 +/- 0.17 and 0.98 +/- 0.03, respectively. The second test was a Friedman’s test to determine whether the 5-minute 
data significantly increase the variability of the measured selectivity of each peptide. The variability was computed as the difference 
between the two measurements obtained from the two mice injected with the same peptide. By ranking the variability from the 15 
minute data and that from the 5-minute data, Friedman’s test showed no significant difference in the variability. These results show that 
a 5-minute PET scan can be a viable solution to improve the throughput of in vivo screening of molecular agents using PET. 
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Correct calculation of the lumped constant 

Michael Sørensen1,2, Ole L. Munk1, Susanne Keiding1,2, 1PET Centre, Aarhus University Hospital, Aarhus, Denmark; 2Department of 
Medicine V, Aarhus University Hospital, Aarhus, Denmark. Contact e-mail: michael@pet.auh.dk 

Objectives: The lumped constant (LC) is a correction factor used to convert the measured metabolic rate of a PET tracer (e.g. 
galactose tracer 2-[18F]fluoro-2-deoxy-D-galactose, FDGal) to that of the substrate of interest, the tracee (galactose). LC is a result of 
the tracer and tracee having different affinities for blood-to-cell transport and for intracellular enzymes responsible for metabolism and is 
often calculated from the extraction fractions of tracer (E*) and tracee (E) as E*/E. We demonstrate how this unphysiological 
compartmental approach may introduce errors in the estimate of LC due to ignorance of substrate concentration gradients along 
perfused capillaries. Based on a model of in vivo elimination kinetics in the intact liver we derive LC=ln(1-E*)/ln(1-E). Methods: Our 
model was validated by re-analysis of experimental data from a dynamic FDGal PET study of hepatic galactose metabolism in pigs and 
included studies with and without simultaneous iv infusions of galactose (Sørensen et al. Am J Physiol 2008). Values of E*/E and ln(1-
E*)/ln(1-E) were calculated for each pig. Results are presented as mean±SEM. Results: For the PET experiments without galactose 
infusion (first-order removal kinetics, n=4), E*/E was 0.44 ± 0.01 and ln(1-E*)/ln(1-E) was 0.14 ± 0.02 (P<0.01). For the experiments 
with galactose infusion (near-saturated removal kinetics, n=4) E*/E was 0.15 ± 0.03 and ln(1-E*)/ln(1-E) was 0.14 ± 0.03 (P>0.3). Using 
LC=0.44 resulted in wrong estimates of Vmax of hepatic galactose elimination compared to independent values in the intact pig liver 
(Keiding et al. Scand J Clin Lab Invest 1982). At near-saturated kinetics E*/E approximated ln(1-E*)/ln(1-E) and Vmax was estimated 
correctly from FDGal PET data using both estimates. Conclusions: Physiological effects of blood flow and metabolism can easily be 
accounted for in the in vivo calculation of the LC of a tracer by using LC=ln(1-E*)/ln(1-E) instead of E*/E. Only at near-saturated 
conditions is the substrate concentration gradient negligible. 
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application for craniofacial phenotyping 
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Nuclear Medicine, Hôpitaux Universitaires de Strasbourg, Strasbourg, France; 2INSERM UMR 977, Faculty of Dentistry, University of 
Strasbourg, Strasbourg, France. Contact e-mail: pchoquet@unistra.fr 

INTRODUCTION: Morphological studies are classically qualitative, based on description of anatomical differences. Interest for 
quantitative analysis leads to the development of landmarks based approachs which require the unbiased recognition of these singular 
points both in model and control individuals. However, only a limited number of points are used, reducing the accuracy of the form 
description. 2D Elliptical Fourier analysis (EFA) applied on outlines is a way to quantify differences in organs form. We present here an 
example of EFA on µCT images of mouse heads to characterize mandibular dysmorphoses in Tabbys’mice, an animal model of the X-
linked hypohidrotic ectodermal dysplasia (XLHED) (1). MATERIALS AND METHODS: 74 adults specimens, 15 hemizygous males 
(EdaTa/Y), 24 heterozygous females (EdaTa/+), and 35 control WT mice (19 males, 16 females) were used. Ex vivo imaging of full 
heads was performed using a micro-CT (eXplore CT 120, GE Healthcare, Waukesha, USA). After reconstruction, left hemimandibles 
were segmented manually by using region and volume of interest functions (MicroView®, GE Healthcare, Waukesha, USA). 2D 
mandibular outlines were extracted from lateral views of a 3D isosurface rendering of each mandible (Visilog 5.4®, Noesis, Gif sur 
Yvette, France). The curve contained a series of 512 points expressed by their 2D Cartesian coordinates. Elliptical Fourier analysis was 
used to describe the mandibular outline based on an already published method (2). The degree of distinction among mouse strains was 
assessed using a discriminant analysis (Statistica 7.1 software package, Statsoft Inc., Tulsa, USA), which was performed on the first 10 
harmonics. RESULTS: Significant distances separate the EdaTa/Y specimens from the other groups of mice. An example of differences 
in shape, between a hemizygous male and a WT, after Fourier analysis and reconstruction based on the 1st ten harmonics is shown in 
Fig1. CONCLUSION: 2D EFA enables the characterization of the shape as a whole, unlike other morphometric approaches based on 
anatomical landmarks and their associated measurements. 2D EFA is especially pertinent for planar objects. Micro-CT imaging is 
useful for studies involving mineralized tissues but as long as organs of interest can be segmented, results from other imaging 
modalities could also benefit from this technique. We demonstrate that 2D EFA is a very sensible approach for comparison between 
different phenotypes based on shape’s quantification and adequate statistical analysis. REFERENCES: 1. Clauss, F., Maniere, M. C., 
Obry, F., Waltmann, E., Hadj-Rabia, S., Bodemer, C., Alembik, Y., Lesot, H., and Schmittbuhl, M. (2008) J. Dent. Res. 87, 1089-1099. 
2. Schmittbuhl, M., Allenbach, B., Le Minor, J. M., and Schaaf, A. (2003). Math. Geol. 35, 853-872. 

 
Fig.1: Example of a lateral mandibular outline reconstruction in a hemizygous EdaTa/Y (A) and wild-type (B) mice using the 10 first Fourier harmonics 
(Area normalized). These reconstructions illustrate the narrower neck of the condyle (star), and a more rostro-caudal development(line arrows) of the 

mandible in the hemizygous Tabby specimen. 
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Multi-Isotope Positron Emission Tomography 
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and Electrical Engineering, Stanford University, Satnford, CA, USA; 3Radiology, Stanford University, Satnford, CA, USA; 4Stanford 
Molecular Imaging Scholar, Stanford University, Satnford, CA, USA. Contact e-mail: eric.gonzalez@stanford.edu 

Multi-isotope PET (MIP) can distinguish the biodistributions of two (or more) simultaneously injected PET tracers, where one tracer has 
an isotope that is a pure positron emitter that generates two-photon coincidences, and the other emits a positron and a gamma ray in 
cascade yielding a triple coincidence. Before this technique was discovered, it was thought that PET was unable to multiplex multiple 
isotopes, unlike SPECT. This novel technique might provide the ability to use PET to assay two related biological processes 
simultaneously. However triple coincidence detection suffers from very low sensitivity. This work presents a method to significantly 
enhance the sensitivity of triple coincidences for multi-isotope PET by adding an extra detector dedicated for the detection of the third 
prompt gamma in coincidence with the annihilation photons. We performed Monte Carlo simulations with Zr-89 and F-18 isotopes, and 
measurements with Na-22 and Ge-68. F-18 and Ge-68 are pure positron emitters; on the other hand, in addition to emitting positrons, 
Zr-89 and Na-22 emit 909 keV and 1275 keV prompt gamma rays respectively. For the simulations, a phantom was acquired in a 
simulated Siemens microPET R4 system with 8 cm diameter, 5 cm thick detector of BGO placed at one end of the system to increase 
detection efficiency of the third gamma ray. The simulations indicate a 3-fold increase in sensitivity with the extra detector added. For 
the experiments, we arranged two LYSO crystals coupled to Hamamatsu MMPC silicon photomultipliers (SiPM)s for the detection of 
511 keV photons in coincidences and one large 8cm diameter, 2cm thick detector of LYSO coupled to a PMT dedicated for the 
detection of the 1275 keV gamma ray. To verify that we were detecting true triple coincident emitters, we compared the measured ratio 
of the triple-coincidence counts divided by the double-coincidence detection counts of our experimental setup to a simple intrinsic and 
geometrical efficiency calculation. The measured ratio was 0.037±0.003, which compares well with the analytically calculated ratio of 
0.042. Furthermore, the 511 keV scintillation detectors were mounted on a linear stage that translated the detectors while acquiring 
double and triple coincidences counts simultaneously to generate one-dimensional profiles of the Na-22 and Ge-68 point sources. The 
triple-coincidence allows the distinction of Na-22 point source profile from the standard 511 keV double-coincidence profile of the Ge 68 
source. In summary, this work presents the first feasible experimental measurement of simultaneously imaging of two distinct PET 
tracers. This technology can be adapted to small animal imaging and clinical scanners to allow the simultanesou visualization and 
quanitification of two or more PET probes. 
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Evaluate Patient Dose from I-123 MIBG 

Jianqiao Luo, Radiology, Virginia Commonwealth University Medical Center, Richmond, VA, USA. Contact e-mail: jluo@vcu.edu 

Purpose: To evaluate radiation absorbed dose to patients who were injected with I-123 MIBG for gamma camera imaging. Methods: 
Twenty patients were administrated AdreView Iobenguane I-123 (GE HealthCare), 370 MBq each, through intravenous injection. 
Thyroid blockade (Potassium Iodide Oral Solution) was given to each patient at least one hour prior to the IV injection of the AdreView 
Iobenguane I-123. Whole body planar scintigraphy imaging was performed 24 hours following administration of the 
radiopharmaceutical. Dual head gamma cameras were used to obtain anterior and posterior scans simultaneously. Region of interest 
(RoI) was defined manually for thyroid and for whole body as well. Geometric mean of the RoI counts from anterior and posterior views 
was used to calculate absorbed dose. Calibration factor was obtained using total body counts and injected activity. This was done in 
two ways: using each patient or average of twenty patients. Using the averaged total body counts to generate a single calibration factor 
would reduce statistical uncertainty. Internal dosimetry software (Olinda/EXM 1.1) was also used to compare the doses. Numbers of 
disintegrations per unit activity (hr) entered to the Olinda was 17.6 hours based on 25% thyroid uptake. Results: Average effective dose 
over twenty patients was 68.5 mrem for whole body and 2.2 mrem for thyroid with the single calibration factor. If individual calibration 
factors were used, the average effective dose was 72 mrem for whole body and 2.4 for thyroid. The Olinda dosimetry program yielded 
an effective dose 48 mrem. Conclusions: Gamma camera imaging of I-123 MIBG provided a method for internal dosimetry estimate. 
Accuracy of the dose calculation depends on quantification of the images and calibration factor. 
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Introduction Innovations to lower man hours and increase efficiency are continuously developing. Scanning multiple animals in a single 
acquisition workflows is becoming more popular in the field of preclinical imaging. Our research in dual animal imaging is validated has 
been comparison to single animal imaging. Our goal is to use cost efficient methods to monitor the pharmacokinetics of the test material 
over time. With our current operating model, researchers are billed based on hours of use of out PET/CT scanner. Innovations in study 
design to lower overall cost to the primary investigators is a driving force for our implementation of dual animal imaging. Using a dual 
animal chamber we are able to simultaneously dose two animals and collect data. In many cases one animal will be a control or wild 
type while the other will be our test model. Our research will show that imaging two animals simultaneously allows for a quicker 
workflow while not compromising our data resulting in an increase in our study design efficiency. Methods Using a novel dual animal 
imaging chamber we are able to image two animals at the same time resulting in less man hours needed to conduct a study. To 
validate our results two different acquisition parameters were taken into account. Acquisitions doubling the number of counts as well as 
acquisitions based on scan duration were performed and assessed in comparison to the scan time used for imaging one animal. The 
percent of histogrammed coincidence detection during PET acquisitions were compared between single and dual animal imaging. 
Tissue distribution was done to correlate PET findings and validate in vivo data collection in some studies. Results Validation of data 
collection on one animal vs dual animal imaging via tissue distribution analysis in a gamma counter show that accurate data in PET can 
be collected in a wide range of study designs including various time points and tracers. Holding acquisition time consistent, the a 
amount of unhistogrammed prompts detected by the scanner and removed by histogramming stayed consistent between both single 
and dual animal imaging (I-124 - 12%, C-11 - < 1.5%, Cu-64 - < 1.5%, F-18 - < 2%). Resulting tissue distribution studies revealed 
consistency in %ID/g with both in vivo PET measurements and traditional gamma counter measurements. Image quality in CT 
maintained constant when comparing dual animal imaging to single animals imaging. Conclusion Dual animal PET data collected 
utilizing our novel dual animal chamber and a wide variety of study designs have resulted in lowering the man power hours as well as 
hours of usage on the scanners resulting in money saving opportunities for primary investigators. It is important to note that imaging 
multiple animals simultaneously results in possible loss of spatial resolution as the source of positron emission is moved farther from 
the isocenter. However with our objectives to increase throughput for screening animals in tracer development we have found that our 
technique is highly efficient, cost saving and accurate in monitoring radiotracer distribution in an animal. 
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Histological validation of ultra-high resolution focusing pinhole SPECT for imaging the 
intratumoral distribution of a human antibody in a mouse tumor model 
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der Have4,5, Guus A. van Dongen3, Wim Bleeker2, Max A. Viergever1, Frederik J. Beekman4,5, 1Image Sciences Institute, UMC Utrecht, 
Utrecht, Netherlands; 2Genmab B.V., Utrecht, Netherlands; 3Nuclear Medicine & PET Research, VU University Medical Center, 
Amsterdam, Netherlands; 4Section of Radiation Detection and Medical Imaging, Applied Sciences, Delft University of Technology, Delft, 
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Introduction Tumor penetration of anti-cancer antibodies is an important determinant in preclinical cancer therapy research. However, 
the in vivo visualization of the intratumoral distribution of these constructs in mouse cancer models is very demanding due the small 
size of the tumors. In this study a sub-half-mm resolution SPECT system with XYZ focusing capability, the U-SPECT-II, was used to 
explore the intratumoral distribution of an antibody directed towards Epidermal Growth Factor Receptor (EGFR), a key receptor in 
tumorigenesis. Methods Human monoclonal EGFR-targeting antibodies were radiolabeled with In-111 and injected into a mouse 
xenograft model expressing high EGFR levels. Total-body and focused tumor SPECT images were acquired directly after and 48 hours 
after injection. Tumors were snap-frozen after the last SPECT experiment, cryosectioned and stained for EGFR expression using 
immunohistochemistry. The stained histological slices were stacked and registered in 3D to the SPECT image. Results Global SPECT 
imaging showed that at 10 minutes after injection, activity was predominantly present in the blood and the heart. At 48h activity was 
mainly located in the tumor with some residual traces in heart and kidneys. High resolution SPECT imaging at 48h showed that the In-
111-labeled EGFR-targeting antibody was taken up heterogeneously in the tumor with much less activity in central portions. 
Immunohistochemistry showed that the SPECT distribution was morphologically very similar to the EGFR distribution and confirmed 
that regions showing little SPECT activity were necrotic or exhibited lower EGFR expression. Conclusions This study clearly showed 
that focused pinhole SPECT generates images with sufficiently high resolution to visualize the heterogeneous distribution of antibodies 
in sub-compartments of small tumors in mice. This provides researchers with a powerful new tool to further optimize anti-cancer 
medication. 

 

In-111 SPECT image of mouse xenograft co-registered to 3D stack of EGFR-stained IHC sections 
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Evaluation of different partial volume correction methods for 18F and 11C in small animal PET 
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Austria; 2Department of Clinical Pharmacology, Medical University Vienna, Vienna, Austria; 3Center of Medical Physics and Biomedical 
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This study evaluated the partial volume effect (PVE), which affects quantitative accuracy in PET resulting in an underestimation of 
activity with decreasing volumes of interest. We used hot spheres in a warm background, as this model simulates a biological image 
environment more closely, than using hot spheres in a cold background. The aim of this study was to investigate whether PV correction 
of appropriate structures is feasible in a preclinical setting. A NEMA micro-hollow sphere phantom with 4 spheres (7.81, 6.17, 5.02, 3.90 
mm diameter) was filled with 18F- (total activity in FOV = 56.33±31.54 MBq) or 11C-solution (total activity in FOV = 44.21±17.65 MBq). 
Sphere-to-background activity concentration ratios (sph/bg ratio) of 20:1, 10:1, 5:1 and 2:1 were investigated. PET measurements were 
performed with two different acquisition settings (250-750 keV and 350-750 keV energy window) on a small animal scanner. Images 
were reconstructed using FBP and OSEM-MAP with attenuation correction. Four methods for PVC were evaluated: (a) the recovery 
coefficient (RC) method described by Srinivas et.al.(1), (b) the RC method described by Phelps et.al.(2), (c) the automatic PVC 
implemented in PMOD3.2 and (d) the masked based method described by Hoetjes et.al.(3). Uncorrected vs. true activities were lower 
for 18F by a factor of 1.46±0.33, 1.59±0.36, 1.69±0.40, 2.17±0.60, and for 11C by a factor of 1.62±0.28, 1.82±0.33, 1.95±0.35, 2.50±0.61 
for the 7.81, 6.17, 5.02, 3.90 mm spheres, respectively. Estimated mean RCs for all ratios and settings were 0.61±0.18, 0.54±0.17, 
0.48±0.19, 0.31±0.20 for 18F and 0.50±0.14, 0.41±0.14, 0.36±0.15, 0.23±0.14 for 11C. At best, only 80% (RC=0.8) of the full mean 
activity was recovered, (18F, 7.81 mm sphere, sph/bg ratio of 20:1, 250-750 keV, OSEM-MAP). PV corrected activities of all methods 
were compared with true activities and between each other. Interestingly, the simplest method for PVE correction (Phelps et.al.(2)) 
yielded the best agreement for 20:1 and 10:1 sph/bg ratios for both nuclides. For lower concentration ratios (5:1 and 2:1) the automatic 
PVC implemented in PMOD worked best. Only one sph/bg ratio (5:1, 18F) could not be corrected with any PVC method. Inaccurate RCs 
(<0) were found for the 2:1 ratios in the smallest sphere for both nuclides using FBP. This study was able to show the importance and 
impact of PVC when performing quantitative measurements in small structures. 1. S. M. Srinivas et al., Ann Nucl Med 23, 341 (Jun, 
2009). 2. M. E. Phelps, PET: Molecular Imaging and Its Biological Applications. M. E. Phelps, Ed., (Springer, Berlin, ed. 1st ed. 
Softcover of orig. ed. 2004, 2004). 3. N. J. Hoetjes et al., Eur J Nucl Med Mol Imaging 37, 1679 (Aug, 2010). 
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Automated Quality Control of [18F]FDG on the Biomarker Generator 
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Introduction: In general, [18F]FDG quality assurance methods require the reporting of at least 11 different elements in the monograph 
published by the U.S. Pharmacopeia (USP). These quality tests may require the maintenance and use of as many as three different 
pieces of laboratory analytical equipment: Gas chromatograph, HPLC, and radio TLC. Together, this equipment adds cost of building a 
lab, let alone the maintenance and calibration requirements. Herein, we present an automated quality control method based upon a 
single HPLC system which samples 200 μL radiopharmaceutical product directly from the final product vial and reports the product pH, 
radiochemical identity, radiochemical purity, kryptofix, FDG, acetonitrile, and ethanol concentrations. Experimental: Traditional quality 
control equipment were validated and used for comparison purposes. In addition the Kryptofix Color-Spot test was used as a pass fail 
comparison against our method. The Biomarker Generator Quality Control Module (QCM) consists of a standard Knauer HPLC core 
including an inline degasser, Smartline Pump 100, and RI 2300 & UV 2500 Detectors, a 6-port 250 μL syringe pump, an auto-injector 
with a 20 μL injection loop. The system employs a 105-S1 (CRA) radiometric detector and a 50 μL solid state pH probe. The HPLC 
column was a Phenomenex Rezex RHM, 4.7 x 250mm and was maintained at 80oC in a Thermasphere TS-130 oven. HPLC grade 
water (Fisher) was used as the mobile phase at 0.40 mL/min. [18F]FDG was prepared using the ABT Molecular Imaging Biomarker 
Generator or purchased from PETNET (Knoxville). [18F]Fluoride was produced via the 18O (p,n) 18F nuclear reaction with 250 μL 98% 
enriched water in a stainless steel target. Reference standards and spike samples were purchased from ABX. The hardware is 
controlled by a National Instruments DAQ using LabView® software. Data obtained from the analysis is bundled with the dose record. 
The kryptofix-potassium complex provides a UV absorption was acquired at 210 nm. Radiochemical purity was measured by 
comparison of the pre-injection bolus peak to the post-column [18F]FDG peak with the retention time of 120±5 seconds. Results and 
Discussion: The separation by HPLC provides the following identification of compounds by retention time in seconds: Kryptofix-
potassium 3±1, FDG 42±1, ethanol 53±1, acetonitrile 63±1. The standard pH for a manufactured dose of [18F]FDG was 6.2±0.2. 
Measurements of kryptofix-potassium complex from [18F]FDG production runs were 22±6 μg/mL. Acetonitrile in the final product vial 
was determined to be 74±60 ppm. This method has been validated in our labs. Coupled with some operator input and other automated 
processes. Conclusion: We have shown the Quality Control Module (QCM) reduces the need for radioTLC and GC equipment as all 
species in the mixture. The automated sampling minimizes the risk of operator exposure and provides the quality measurements within 
15 minutes post production. All chemical and radiochemical impurities are shown on the same chromatogram, thus allowing the 
operator and pharmacist a quick analysis. 

Disclosure of author financial interest or relationships: 
A. McFarland, ABT Molecular Imaging, Inc., Employment; A. Anzellotti, None; D. Ferguson, None; M. Kiselev, None; A.M. Giamis, 
None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S553



Presentation Number P598 
Poster Session 2 

September 8, 2011 / 15:15-16:45 / Room: Hall F 

Analysis of 4000 year old human bone using microCT scans: Analytic implications for forensic 
and archaeological sciences 
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Pediatric Hematology-Oncology, University of Texas Health Science Center San Antonio, San Antonio, TX, USA. Contact e-mail: 
prajapati@uthscsa.edu 

Aim: Microstructurally, bone loss occurs with increasing age in the trabeculae. Using radiography, other researchers have studied the 
applicability of using trabecular architecture as an indicator of age at death. However, primary and secondary groups of the trabeculae 
are impossible to distinguish using radiography and fine trabeculae that are resorbed first are not visually apparent radiographically until 
at least 30% of the bone has been lost. A unique collection of human skeletal remains (dating to 2200-2000 B.C.) was recovered from 
Tell Abraq, an archaeological site in United Arab Emirates. These remains were analyzed using Micro-CT scanning in order to obtain 
an accurate age of death and for understanding disease patterns for individuals buried in an undisturbed Bronze Age tomb. Methods: 
Due to the somewhat fragmentary nature of the collection and to deal with the loss of vital information, micro-CT scanning was applied 
to all available and intact proximal femora (n=70) to produce a three dimensional image of the microstructure of the trabecular 
architecture. The samples were scanned at 93 μm isometric resolution using an eXplore Locus RS Small Animal MicroCT Scanner (GE 
Healthcare, London, Ontario). The data was reconstructed with the manufacturer’s proprietary EVSBeamTM software. Image analysis 
was performed using visualization tool MicroView 2.1.2. Results: Micro-CT scans which produced far superior images (Fig. 1A, B) as 
compared to radiography allowed a better estimation of age at death. Using standard forensic sexing techniques, it was found that of 
the 70 adults buried in the tomb, 60% were males, and 40% were females. The majority of the population fell under the 30-40 year 
(n=23) and 40-50 (n=21) year bracket. While most of the individuals were free of pathology, there were a few cases (approx. 8%) of 
osteoarthritis, osteopororsis and one case of extreme femoral head fracture - probably due to hip dislocation. Conclusion: To our 
knowledge, this is the first application of this technology to ancient human remains of this antiquity. The data provides a clear picture of 
life and death in a Bronze Age community and suggests by this newly established age profile, a healthy and robust population. These 
individuals, even in their old age, were relatively free from debilitating degenerative diseases so prevalent today. Skeletal remains of 
this antiquity are often fragmentary and difficult to analyze using traditional gross anatomical, histological or radiographic techniques. 
The digital 3D imaging has the potential to provide information currently not available using more traditional techniques involving 
histology or radiography. While this project focuses on the analysis of intact trabeculae patterns, assessment of chronological age and 
diseases, the research has the potential to be expanded to examine the underlying structures in identification of biomechanics, and for 
correlating diagnostic anatomical features of bone with the underlying microstructure. The application has significant implications for the 
field of forensic and archaeological sciences particularly in the areas of paleodemography and paleopathology. 

 

Figure-1 : Orthotopic microCT images of the proximal femurs of A) a young adult B) an old adult, showing differences in trabecular patterns and density. 
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Determining Optimial Gate Number of Lung and Liver Region in Rodent Using Internal Motion 
Data 
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The motion correction is necessary for improving quantitative estimation of tumor and preventing deterioration of image quality when 
obtain PET images. The purpose of this study was to assess internal motion for quantitative improvement of lung and liver region. 
Internal motion has been realized in lung and liver region of the rat by coated molecular sieve that were contained approximately 0.37 
MBq Cu-64. We coated molecular sieve with Pluronic F-127 hydrogel for keeping the activity in the body. All PET studies were 
performed with a dedicated small animal PET scanner (Inveon). PET images were acquired at 60 min post injection of FDG 37 MBq/0.2 
mL via tail vein in the rat. Respiratory gating was operated the external trigger device (BioVET) synchronized with the list mode 
acquisition. The trigger signals were simultaneously reflected motion of heart and breathing. The list mode data were converted to 
sinogram gated 2 ~ 16 bin. The PET data were reconstructed using OSEM 2D algorithm. In PET image analysis for determining optimal 
gate number, count and SNR (signal to noise ratio) were measured from ROI (region of interest) drawn in the target region and FWHM 
(full width half maximum) were measured from drawn line profile in each images using AMIDE. The count value, SNR, vertical FWHM, 
and horizontal FWHM of lung region when gated 7bin were 4.99, 3.94, 3.38 and 1.65, respectively. The estimated value like the 
preceding of lung region when gated 8bin were 5.59, 3.94, 3.16 and 1.59, respectively. In case of liver region, the count value, SNR, 
vertical FWHM and horizontal FWHM when gated 8bin were 4.50, 4.16, 3.22 and 2.72, respectively. The measured value as former 
assessment criteria of liver region when gated 9bin were 4.72, 4.31, 2.99 and 1.38, respectively. The evaluated count value and SNR of 
lung in 8bin were higher than 7bin with improved FWHM. Similarly, in case of liver region, the value of 9bin showed better count, SNR 
and FWHM than 8bin. The optimal gate number of lung and liver region in the rat were 8 and 9, respectively. The artificial tumor 
evaluation study using molecular sieve is a method to assess accurately internal organ motion in the rat. The gate number for motion 
correction should be set differently in accordance with the organ because motion level varies as each organ. This method will be a 
methodology of motion conjecture modeling without external monitoring device. 
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Microfluidic Chip to Concentrate PET Tracers after HPLC Purification for Preclinical Imaging 
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For preclinical imaging in mice, injection volume of the PET tracer must be <100-200 µL. However, most tracers require HPLC 
purification, which can result in very large volumes (>10 mL) of purified product. If starting activity or synthesis yield are not high, the 
collected product requires concentration before imaging, generally by rotary evaporation (rotovap). Commercially-available, remote-
controlled rotovaps are very bulky, occupying a large amount of the valuable real-estate inside a hot-cell. Recently, compact 
microfluidic approaches for rapid water evaporation have been reported [1-2]. These devices contain 3 layers: a top sample layer for 
the solution to be concentrated, a bottom layer for an air stream and a middle porous Teflon membrane (Fig.1b). Because of the small 
pore size and hydrophobic nature of the membrane, liquid water cannot penetrate but vapor can freely flow through. The solution is 
concentrated by modest heating of the sample to accelerate evaporation across the membrane, and applying a dry air stream in the 
other channel layer to carry vapor out of the chip. Based on this concept, we designed and built a microfluidic chip for PET tracer 
concentration (Fig. 1c). The top layer consists of a 2mm thick acrylic plate with a serpentine channel for the sample and the bottom 
layer comprises a 1cm thick aluminium plate with matching channel pattern for air flow. It has integrated heaters for temperature 
control. . A Teflon membrane (1µm pores) is placed between these layers and all layers are clamped with a thick acrylic plate 
(transparent for monitoring evaporation progress).To concentrate a sample (Fig. 1d), the reservoir is connected to the sample inlet and 
pressurized to push the sample into the chip and keep it filled during evaporation. Evaporation is continued to reach the desired volume 
and then the sample is flushed out of the chip. The dimensions of the proof-of-concept concentration chip are 130x130x37mm, 
corresponding to about 1% of the size occupied by a typical commercial rotovap, not including the vacuum pump. The chip could easily 
fit alongside the radiosynthesizer in any shielding environment. In a preliminary study of this concentration chip, the PET tracer 1-(2’-
deoxy-2’-[18F]fluoroarabinofuranosyl)cytosine ([18F]FAC) was synthesized and purified via HPLC (10 mM NH4H2PO4 in 1:99 
EtOH:H2O v/v). About ~380µCi was collected in ~9mL. The chip was pre-heated to 60C and the [18F]FAC sample was loaded by 
applying 2psig N2 gas. Evaporation was continued until the volume was reduced to ~80% of the channel volume (0.8 mL). The 
concentrated sample was flushed out of the chip and collected for QC testing, formulation, and injection. ~67% of the activity was 
recovered in this initial test, comparable to the 70-75% typically achieved in our conventional rotovap process. Future work will optimize 
membrane properties and geometry to accelerate the evaporation process (literature indicates 1 mL/min is possible) and to maximize 
product recovery by avoiding dead-volume in the channel design. 
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Polar Map based Factor Analysis correction for Liver Spillover in Cardiac PET Imaging 
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Objectives: Partial volume effects in PET introduce liver spillover to the myocardium, predominately along the inferior wall of the left 
ventricle, thus confounding quantification of myocardial kinetics. In this work, we develop and validate a polar map based factor 
analysis (PMFA) in order to correct for liver spillover. Methods: Four-factor PMFA was used to obtain a pure myocardial time-activity 
curve (TAC) from 17 standard polar regions of a dynamic cardiac PET study. Weighting factors based upon spatial overlap and frame 
duration were used to achieve a unique PMFA solution. A 4-dimensional digital phantom constructed with the Extended Cardiac Torso 
software package was used to validate the method. Four anatomical structures were simulated under respiratory and cardiac motion: 
right ventricular blood pool, left ventricular blood pool, myocardium, and liver. A dynamic PET study with 38 frames was created by 
pairing each simulated anatomic structure with a TAC. Image derived TACs for each blood pool were obtained from a human 11C-
Acetate cardiac PET study. The liver TAC was simulated with a three compartmental kinetic model. Myocardial TACs for each of the 17 
regions of the standard cardiac polar map were simulated with a two compartmental kinetic model. In order to simulate heterogeneous 
myocardium, kinetic parameters K1 and k2 of the myocardium were varied. Parameter K1 was increased along the short-axis from the 
base to the apex of the heart while parameter k2 was increased in along the vertical-long axis from the setpal to lateral wall. As a result, 
nine unique myocardial TAC were simulated and each myocardial curve, with the exception the most apical region, was applied to a 
region of the heart with and without partial volume effects from the liver. Poisson noise proportional to the photon counts was applied in 
the sinogram space followed by application of a Gaussian filter with FWHM of 5mm in the image space. TACs obtained with factor 
analysis and TACs obtained through the standard region of interest (ROI) method were fit to the two compartmental cardiac model and 
fitted parameters K1 and k2 were compared to their simulated values. In order to evaluate the effectiveness of PMFA under increased 
partial-volume effects, the intensity of the liver relative to the myocardium was scaled from 1:3 to 5:1. Sensitivity to noise was also 
assessed. In addition to the simulations, PMFA was applied to one human 11C-Acetate PET study. Results: In all polar regions in close 
proximity to the liver, percent error in K1 and k2 was less when PMFA was used to correct for liver spillover. The maximum level of 
percent error over all simulations and regions was 36.1% without correction for liver spillover and 5.9% following PMFA correction for 
liver spillover. With increased liver-to-myocardium ratio (and spillover) the bias in k2 estimates in regions near to the liver is increased 
without PMFA correction, while with PMFA correction bias in k2 is stably less than 5% at high levels of spillover (Figure 1). Conclusion: 
Polar map based factor analysis facilitates spatial quantification of myocardial kinetics by removing liver spillover. 
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Animal PET is a valuable tool to study pharmacokinetics. For compartmental modelling both the input function and time activity curves 
(TACs) are required. In practice, TACs are calculated from noisy images with time frame lengths down to a few seconds, and 
estimation of the metabolite corrected arterial input function also adds significant noise. On the contrary, it is common practice to 
estimate image quality parameters from high-statistics scans. The aim of this work is to evaluate whether improved image quality 
parameters, estimated following the NEMA NU4-2008 standard for different reconstructions, will pay off with respect to the accuracy of 
the determination of the distribution volume VT as parameter of interest for [18F]-CPFPX, a radioligand for imaging of brain adenosine 
A1 receptors [1]. Images were recorded using an Inveon PET scanner [2]. The image quality phantom was scanned and analyzed 
according to the NEMA standards. 5 male Sprague-Dawley rats of ~500g were anesthetized and [18F]-CPFPX was injected into the tail 
vein. The animals were scanned for 2 hours, and the data were splitted into time frames with a minimum duration of 10 sec. 
Transmission measurements were performed prior to the animal scan and after several half lives for the phantom so that in both cases 
cold transmissions were used. The phantom and one animal dataset were reconstructed with FORE+FBP, FORE+OSEM2D and 
OSEM3D with and without scatter correction. Four additional animal datasets were reconstructed with FORE+FBP and OSEM3D with 
scatter correction. From the image quality phantom values for the image uniformity, resolution recovery and spill-over ratio (SOR) for 
air- and water-filled inserts were extracted. Distribution volumes for 15 brain regions were determined in animal datasets using the 
Logan plot. In the image quality phantom data OSEM3D showed a lower %STD of ~3.2% compared to FBP (~6.5%) and OSEM2D 
(~7.8%). Non-scatter-corrected images underestimated the activity, presumably due to the different sizes of the quantification 
calibration phantom and the image quality phantom. Scatter-corrected OSEM3D overestimated the activity by 4-5%. Scatter correction 
reduced the SORs for FBP and OSEM2D. For OSEM3D, SORs were orders of magnitude lower than for the 2D methods. For the 
animal images, reconstruction with scatter correction yielded a higher average activity in the integrated images and a higher VT for FBP 
and OSEM2D, but not for OSEM3D. For animals, OSEM3D caused an increase in VT for the cerebellum and cortex of ~10% and for 
the cingulated cortex and thalamus of ~5%, whereas the VT of the midbrain was reduced by ~5% compared to FBP. Postmortem 
autoradiographic studies show a high binding of CPFPX in the cerebellum, cortex and thalamus and a low binding in the midbrain [2]. 
This points to improved image quality using OSEM3D, notwithstanding that the images may suffer from very low statistics in the short 
time frames, and the estimation of the parameter of interest is additionally hindered due to extensive blood analytic procedures. [1] 
Bauer, A., et al. J Nucl Med 44:1682-1689, 2003 [2] Bao, Q., et al. J Nucl Med 50:401-408, 2009 
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Silicon photomultiplier (Si-PM) is a promising photodetector for PET with its high gain, small size, and especially for use in magnetic 
resonance imaging (MRI) system because it is less sensitive to static magnetic field. However these properties are also promising for 
gamma camera system for single photon imaging. Using the Si-PM, it will be possible to develop a gamma camera system for small 
animals. For this purpose, we developed an ultra high resolution Si-PM-based compact gamma camera system. YSO scintillator was 
selected as scintillators because of the high light output and no natural radioactivity. Developed gamma camera consists of 0.6mm x 
0.6mm x 6mm YSO scitillators combined with 0.1mm thick reflector to form 17x17 matrix and optically coupled to a Si-PM array 
(Hamamatsu MPPC S11064-050P) with 2mm thick light guide. The YSO block size was 12mmx12mm. The YSO gamma camera was 
encased in a 5mm thick gamma shield, and parallel hole collimator was mounted in front of the gamma camera (0.5mm hole, 0.7mm 
separation, 5mm thick). The position histogram for Co-57 gamma photons (122keV) was almost resolved. The energy resolution was 
24% FWHM for Co-57 gamma photons (122keV). The spatial resolution at 1.5mm from the collimator surface was 1.25mm FWHM 
using a 1mm diameter Co-57 point source. Phantom and small animal images are successfully obtained using the gamma camera. We 
also tested the Si-PM-based gamma camera inside an MRI system. We conclude that Si-PM-based gamma camera is promising for 
molecular imaging researches. 

 

Si-PM based high resolution gamma camera 
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High-resolution small animal imaging with a clinical PET/CT 
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The high cost of equipping and maintaining a dedicated laboratory for small animal PET/CT has limited this valuable technology to 
highly funded research centers. In many other situations an acceptable alternative might be a clinical PET/CT since there is a large 
installed base of these scanners with underused capacity. However the spatial resolution and image quality of clinical PET/CT are of 
concern. Here we investigated new technologies to improve performance of clinical PET/CT for small animal research. State-of-the-art 
iterative reconstruction algorithms that include point spread function (PSF) modeling are available on clinical PET/CT workstations and 
offer the potential of higher spatial resolution. To further improve performance, we developed a novel Super-Resolution approach using 
a stepped PET acquisition and post-processing of images with iterative deconvolution. NEMA NU-4 phantom data and mouse FDG 
data were acquired with a clinical PET/CT, both as conventional static scans (with and without PSF modeling) and as stepped Super-
Resolution scans. As expected, the standard images reconstructed without PSF modeling showed poor spatial resolution. The 
corresponding images reconstructed with PSF modeling demonstrated enhanced resolution but also significant ringing artifacts (Gibbs’ 
overshoot) and image distortion that would cause significant errors if used for quantitative measurements. The image quality was 
dramatically improved using the Super-Resolution technique. The phantom and mouse Super-Resolution images exhibited spatial 
resolution below 3 mm without significant artifacts. The 2-mm rod of the NU-4 phantom was visible with high contrast, and the smallest 
1-mm rod was visible with low contrast. Recovery coefficients of the 5, 4, 3, 2, and 1-mm rods were 0.97, 0.90, 0.67, 0.39, and 0.10, 
respectively, and were competitive with published measurements from dedicated small animal PET in the literature. The mouse Super-
Resolution images showed good spatial resolution and contrast, and the major organs and anatomical structures were well delineated. 
Although not a perfect substitute for a state-of-the-art small animal PET/CT, a clinical PET/CT with Super-Resolution produces 
acceptable small animal image quality for many preclinical research studies. This method may be a viable alternative for many 
laboratories where dedicated small animal PET/CT is not available. 

 

Maximum intensity projections of FDG PET images of a 28-g mouse in the non-fasting and non-warmed state, acquired on a clinical PET/CT and 
reconstructed with standard iterative algorithm ("No PSF"), with point spread function modeling ("PSF"), and with stepped acquisition and deconvolution 

("Super-Res"). 
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Introduction:P-Glycoprotein (P-gp) is an efflux pump that has been hypothesised to play a key role in drug resistance and its function 
can be imaged in vivo using PET with the P-gp substrate (R)-[C-11]Verapamil (VPM). In mesial temporal lobe epilepsy (mTLE), the 
hippocampus is an important epileptogenic region, but this region cannot be quantitatively analyzed in VPM-PET images due to the 
spill-over of radioactivity from the adjacent choroid plexus (CP) (FigA). This work aimed to investigate whether quantification of 
hippocampus could be recovered by incorporating a spill-over (SO) fraction term for the CP in the kinetic model. Methods:Two healthy 
controls (HC), two drug-resistant (DR) and two drug-sensitive (DS) patients with mTLE underwent PET scanning on the HRRT for 
60min after injection of VPM. Each subject was scanned twice, either at baseline and after administration of the P-gp inhibitor tariquidar 
for HC and DR, or twice at baseline for DS. Arterial blood was sampled in order to generate two plasma input functions: 1) corrected for 
all metabolites (PP) and 2) corrected for polar metabolites (NPO). VPM-PET images were reconstructed using ordinary Poisson OSEM 
with resolution modelling with and corrected for head motion using frame-by-frame realignment. A brain atlas was used to define the 
regions of interest (ROI) except the CP which was manually delineated on post-contrast T1-weighted MR images. The time-activity 
curves (TAC) were fitted to a one- (2KBV) and two-tissue (4KBV) compartment models with the two input functions and the models and 
input functions were compared using the Akaike information criteria (AIC). The SO term was added to the model that provided the best 
fit to the whole brain (equation in FigB) and was implemented with the fitted CP TAC and a fixed blood volume (BV). The hippocampus, 
anterior temporal lobe and superior parietal gyrus were fitted using the model with SO correction to test the performance of the model. 
Results:For the whole brain, the 4KBV model provided better fits than the 2KBV model visually (FigB), but the AIC comparison revealed 
that this improvement was not statistically justified in all subjects. The AIC was lower using the NPO compared to PP input function in 
all subjects for both baseline and blocking conditions and hence the NPO input function was selected for further kinetic analysis, as 
proposed by (Lubberink, 2007). The CP TAC was best fitted by the 2KBV model, both visually and statistically, thus this fit was used for 
the SO correction. When fitting the hippocampus with SO correction, the SO fraction had large variations and was associated with large 
standard errors. This led to erroneous estimation of kinetic parameters for the hippocampus. Conclusion:The 2KBV model with a NPO 
input function was selected for kinetic analysis of VPM images from controls and epilepsy patients under baseline and blockade 
conditions. Adding a spill-over correction term into the model didn’t correct for partial volume effects because the kinetics of CP and 
hippocampus are too similar after 10min. The model will be improved by applying various constraints and limiting the fitting to the first 
10min. 

 
Figure 
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In neuroscience, well established techniques such as magnetic resonance imaging (MRI), functional MRI and positron-emission 
tomography (PET) suffer from technical limitations for the in vivo investigation of brain processes in rodents, such as low sensitivity and 
the need of animal restraining during image acquisition. To address the lack of adapted neuroimaging methods for awake and freely 
moving animals a miniature portable PET scanner directly held by the rat head has been developed recently allowing for some freedom 
of the rat movements when operated together with a mobility system. However, the remaining weight of such bulk apparatus may still 
impair the animal movements. In order to preserve the animal from any impediment to their motion activity during behavioral analysis, 
we propose a novel fully autonomous setup with a miniaturized beta+ radiosensitive microprobe implantable in rodent brain. The 
detector will permit high sensitivity local time activity measurements of radiotracers in a volume of a few mm^3 while drastically limiting 
stress induced in the animals during acquisition. The principal architecture of the measurement setup is based on two mechanically 
independent parts. The first part is the head socket (Figure 1: A), it carries a pixellated 1700 µm long Silicon needle with its sensitive 
part implanted into the brain by stereotaxic surgery and a specific ASIC for the parallel signal processing of each pixel. It is fixed on the 
skull and connected via a cable to the second part, a back-board (Figure 1: B) that can be worn by the animal. This part supports the 
components required to drive the ASIC, those used to deliver a radio-frequency telemetric signal to the acquisition board on a PC and 
the power supply. The assembly is sufficiently light and small to prevent any interference with the motions of the animal during the 
experiments. To design the sensor, Monte-Carlo simulations have been carried out, which showed that 200 µm thick high resistivity 
Silicon pixels with an area of 200 µm x 500 µm are optimized in terms of beta+ sensitivity versus relative transparency to the gamma 
background. Several probe geometries have been investigated with simulations using technology computer-assisted design (TCAD) to 
determine a specific pattern of guard rings enhancing the electronic stabilization of the sensor and ensuring the electrical isolation of 
the pixels. Finally, two designs with two and three guard rings (total probe width of 690 and 800 µm) were implemented and the 
prototypes have been proved to be stable and fully operational in probe station analysis. Despite its mechanical fragility, even the only 
690 µm wide, less invasive prototype showed sufficient stability for implantation in brain tissue. The physical characterization of both 
geometries was carried out with dedicated radioactive sources and ratio-tracer solutions. Their beta detection efficiency, their 
transparency to gamma rays as well as the influence of environmental parameters were determined and results compared to Monte-
Carlo simulations reproducing exact probe geometries and experimental setup. 

 

Figure 1: Test of the detector geometry and illustration of PIXSIC’s main components (A: head-socket, B backpack). 
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Introduction: A cataract is a clouding that develops in the lens of the eye, typically progressing slowly to cause vision loss. The human 
lens grows throughout life. Some drugs are known to induce cataract development via effects on growing lens fibres and it is 
hypothesized that such cataracts are more likely in rapid phases of lens growth. It is not known at what age the dog lens growth 
stabilizes -and this information would assist in the design and interpretation of dog studies. Ultrasound is a non-invasive way of 
examining structures and pathological events in the eye. Aim: The aim of this study was to conduct a longitudinal study assessing lens 
thickness changes in a small cohort of dogs using ultrasound scanning. Methods: Ultrasound scanning was performed in 6 female 
Beagle dogs. Imaging was performed at least monthly from 8 weeks until approximately 1 year and 3 months of age. All dogs were 
imaged by a veterinarian in B-mode and received no anaesthesia or sedation. All dogs tolerated the procedure well without adverse 
effects. At least five separate cine acquisitions were acquired for each eye with typically all 6 left eyes being completed before imaging 
the right. After each cine acquisition the probe was adjusted before acquiring the next. Following imaging all dogs were returned to their 
group housing. Image analysis was carried out using the Software Analysis package on the VEVO770 ultrasound scanner. The length, 
width and angle of each lens were measured. Data was analysed by calculating the mean thickness from the 3 measures best aligned 
to the lens axis. Data were exported into Microsoft Excel and graphs drawn using Graph Pad Prism v 4.03. Results: The anterior and 
posterior lens surfaces were visible in all dogs. The mean lens diameter ranged from 4.91mm ± 0.06 on the first imaging session at 8 
weeks of age to 6.37mm ± 0.03 on the final imaging session at 14.4 months of age. The most growth occurred when dogs were 
between 10 and 12 weeks old. From 9.8 months of age to the final time point, there was a statistically significant increase in thickness 
(p=0.03) and no significant increases were evident from (and including) 11.6 months of age onwards. Overall, there was no change 
over the last 4 time points (11.6 months of age onwards). On average, lens growth plateaued at some time between 9.8 and 11.6 
months of age (42 to 50 weeks old). No abnormal ophthalmologic observations were seen throughout the study. Conclusions: The 
diameter of the dog lens grew significantly until the dogs were between 9.8 and 11.6 months of age . An understanding of this dynamic 
time course of lens development will help the design and development and interpretation of future studies to avoid the development of 
medicines with caractogenic side-effects. 
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We have developed a new non-viral vector, based upon the piggyBac transposon system, that can efficiently integrate a transgenic 
payload into the chromosomes of transfected cells. As a consequence, a high proportion of transfected cells can be rendered stably 
transgenic and long-term transgene expression can be established and maintained in both those transfected cells and their 
descendants. Ultrasound mediated sonoporation has recently been shown to be an effective method for introducing transgenic DNA to 
somatic cells residing in a variety of organs in vivo. We have now extended the utility of this technique to novel applications in the skin 
by performing an intradermal injection of our non-viral vector DNA mixed with a piggyBac expression plasmid and microbubbles. Low 
frequency ultrasound is then administered over the site of injection to mediate sonoporation and achieve DNA delivery. We use a firefly 
luciferase expression cassette in our transposon vector to visualise DNA delivery and the maintenance of transgene expression in vivo. 
When our DNA mix is injected intradermally, with or without the piggyBac expression plasmid, luciferase expression is clearly visible by 
24 hours (using an IVIS200 imaging system, Caliper Lifesciences), peaking at 48 hours post-sonoporation of the skin. As the skin 
exhibits relatively high cell turnover, areas of skin sonoporated with DNA mixes that lack the piggyBac expression vector lose 
bioluminescence rapidly to near undetectable levels within a week. In comparison, skin sonoporated with DNA mixes that include the 
piggyBac expression plasmid exhibit stable levels of bioluminescence over the course of several months, implying that we have 
achieved the stable transfection of stem or stem-like populations of cells in the dermis of mice. We believe that in the future this 
approach should be useful for both modelling and imaging disease and gene therapy in the mouse, as well as being more broadly 
applicable for the stable introduction of DNA to somatic cells at different organ sites. 
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Solid tumors are characterized by an abnormal vasculature network as well as by elevated tumor interstitial fluid pressure (TIFP). High 
TIFP inhibits the assimilation of macromolecular therapeutics - like monoclonal antibodies (mAB) - in tumor tissue. Furthermore, 
elevated TIFP induces mechanical strain thus triggering cell proliferation in the periphery of solid tumors. Common solid epithelial 
tumors of A431 carcinoma cells exhibit a TIFP of about 10-15 mm Hg measured conventionally through wick-in-needle technique. A 
new scheme to determine topography and acoustic impedance in solid tumor is proposed through scanning acoustic microscopy 
(SAM). The change in amplitude and time of flight at 30 MHz acoustic signal is used to quantify the growth pattern and to calibrate 
elevation of TIFP. The wide variability of amplitude and frequency in topographic sections indicate discrete envelopes of individual 
tumors with localized TIFP. Changing vessel network structures of solid tumors under different treatment regimes or growth conditions - 
such as mAB or vascular endothelial growth factor (VEGF)-treated - in comparison can be displayed via three-dimensional 
reconstruction of two-dimensional images acquired via SAM. Further investigations in applying this non-invasive ultrasound method as 
a means of measuring TIFP in subcutaneous mice xenograft tumors in situ and imaging vessel structures could also enhance 
understanding of tumor microenvironment and vessel architecture in living tissue. 
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Objective: To establish negative predictive value (NPV) of diagnostic FDG PET/CT studies for pulmonary nodules without appreciable 
FDG activity on visual analysis in a community hospital, which may help formulating standardized PET reporting in future clinical 
services. Methods: From 2004 to 2008, sixty-three (63) consecutive FDG PET/CT studies for diagnostic evaluation of pulmonary 
nodules met selection criteria and were included for this retrospective chart and imaging review, which was approved by hospital HIC. 
All the PET/CT studies were originally reported as negative for FDG-avid malignancy due to the lack of appreciable FDG activity on 
visual analysis, and this has been reviewed and confimed by another board certified Nuclear Medicine physician. All the patients’ 
electronic files are reviewed with special reference to post-PET/CT biopsy results, and follow-up CT findings. True negative (TN) 
studies are established by either negative biopsy or at least 2-year stability of the nodules on follow-up CTs, while false negative (FN) 
studies mean the nodules were biopsy proven to be malignant lesions. NPV = TN/(TN+FN). Results: The patients are 27 males and 36 
females, with mean age of 65 (from 36 to 88-year old). All the nodules did not show appreciable FDG activity on visual analysis, and 
their maximal SUVs are in the range of 0.4 to 1.0 in retrospect. The sizes of the nodules range from 0.5 to 2.1 cm. Among the 63 
patients, 61 are found to have true negative studies. Only two patients had positive biopsies, one was consistent with bronchoalveolar 
carcinoma (BAC) of mucinous type, and another was due to a metastatic nodule of follicular thyroid cancer. Therefore, the calculated 
NPV in this patient population is 97%. The patient with BAC has a history of smoking and presented with cough and hemoptysis at that 
time, and subsequent CT finding of 1.0 cm non-calcified right lung nodule. The patient with metastatic thyroid cancer did not have a 
history of any prior malignancy, and presented with CT finding of multiple lung nodules. The dominant nodule was 1.7 cm with slight 
increased size over three years of CT follow-up. Conclusions: NPV of diagnostic PET/CT studies for lung nodules without appreciable 
FDG activity was found to be 97% in our patient population. Imaging follow-up is adequate for majority of the patients with non-FDG-
avid pulmonary nodules, and is a reasonable option for all the patients. Recommendation of further work-up such as biopsy should be 
reserved for a small percentage of patients with lung nodules of 1 cm or larger and with a high index of clinical suspicion for 
malignancy. 
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Introduction: Fatty acid synthase (FASN), the key enzyme responsible for the de novo fatty acid (FA) biosynthesis, is over-expressed in 
several cancers such as breast, prostate and lung. Pharmacological inhibition of FASN results in inhibition of tumor growth and several 
FASN inhibitors have been developed as chemotherapeutic agents. Orlistat is a novel and rather selective inhibitor of FASN in tumor 
cells. The present study is aimed to characterize the metabolic profiles of FASN inhibition by Orlistat in non small cell lung carcinoma 
(NSCLC) cells in vitro, by non invasive magnetic resonance spectroscopy (MRS) and PCR arrays. Extensive correlation analysis 
between MRS metabolites and gene-expression profiles of NSCLC cells treated with Orlistat has been performed to reveal the role of 
FASN in maintenance of tumor metabolism and energy homeostasis. Methods: Four human NSCLC cells, H441, H1975, H3255 and 
PC14 were treated for 24 hrs with 30μM of Orlistat; controls were treated with vehicle (DMSO). Culture medium contained either equal 
concentrations of unlabeled and 1-13C D-glucose and 64μM of 1,2-13C choline chloride or 2-13C acetate. Cells were extracted by dual 
phase method (water-soluble and lipid). 1H, 13C and 31P MRS were performed on a 600MHz NMR spectrometer. Metabolite levels 
were normalized to total cellular protein levels. Gene expression profiles of NSCLC cells treated with Orlistat were determined by 
custom made PCR arrays containing 168 genes involved in several metabolic pathways such as glycolysis, FA, ketone body and lipid 
metabolism. Correlation analysis was performed between changes in 54 metabolites determined by multinuclear MRS and fold-
regulation of 168 genes determined by PCR arrays. Unsupervised hierarchical cluster analysis was performed between the correlation 
coefficients. Results: The correlation coefficients of MRS metabolites and gene-expression values are presented as a heatmap. The 
unsupervised hierarchical cluster analysis identified several important clusters of metabolites and genes with significant correlation 
(p<0.05). MRS metabolites of de novo FA synthesis were inversely correlated with expression levels of genes involved in FA 
metabolism, ketone body metabolism, lipid metabolism and several regulatory genes such as PPARG and PRKAG3 (regulatory subunit 
of AMPK). A cluster of TCA cycle metabolites were directly correlated with expression levels of genes involved in glycolysis (PTPN1, 
HK2, FBP1 and PKM2) and inversely correlated with genes involved in FA and lipid metabolism. Conclusions: In NSCLC cell lines, 
inhibition of FASN by Orlistat and the consequent changes in MRS metabolic pool caused several adaptive changes in cellular 
biochemistry and results in either up- or down-regulation of a variety of genes involved in energy production and energetic homeostasis 
(ATP/AMP balance) of the cell. These observations go beyond the widely accepted concept that fatty acid synthesis is important for cell 
membrane biosynthesis, especially in glycolytically low or inactive tumor types. 

 
Figure 1. Metabolomic and genomic profiling of FASN inhibition in NSCLC cells. Several gene-metabollite clusters can be identified by the correlation 

heat map. 
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18FCholine is widely used for detection and therapy assessment of cancer, the latter for which kinetic modeling is an essential. 
Currently, invasive blood sampling is required to obtain an arterial input function, but small blood vessels and blood volume hamper 
ready implementation of the kinetic model for research purposes. For 18FDG these drawbacks were overcome by deriving an arterial 
input function in a non-invasive manner. Accordingly, we aimed at evaluating an alternative for arterial blood sampling, in view of 
obtaining an 18FCholine input function in a non-invasive way. Therefore, an image-derived input function (IDIF) and a model-corrected 
input function (MCIF) as described by Fang et al. (1) were evaluated and compared to the measured arterial input function. Three mice 
were anaesthetized with isoflurane (2%) and a catheter was inserted in a carotid artery to collect blood samples. Mice were injected 
with 18,5 MBq 18FCholine and a dynamic scan was started. After the 18FCholine scan, a bolus injection of 18,5 MBq 18FDG was 
administered and 20 min after injection, a static scan was recorded. After reconstruction, ROI's were drawn on the static 18FDG scan to 
delineate myocardium, left heart ventricle, brain and liver and copied onto the dynamic 18FCholine images to obtain Time Activity 
Curves (TAC) from the specified tissues. The obtained TAC and input functions were used to determine the 18FCholine influx constant 
(Ki) using kinetic modeling. IDIF (obtained by delineation of left heart ventricle) and MCIF (obtained by spill-over and partial volume 
correction of IDIF) were compared to the arterial input function by calculating AUC and AUC error. Additionally, the influence of IDIF 
and MCIF on the influx constant (Ki) was evaluated. Significant differences were evaluated by a t test. The blood counter data was 
corrected for time delay, decay and dispersion. All whole blood curves were converted to plasma curves and the fraction of parent 
compound in plasma was determined. MCIF's mean AUC (581156 ± 221848) approximated the measured input function (569761 ± 
50071) better than the IDIF (679286 ± 112927). The AUC error was 0,2% ± 31,8% for MCIF and 20,9% ± 30,1% for IDIF. When 
comparing the influence of MCIF and IDIF on Ki of the kinetic model, the error values for brain and liver were <5% when using a MCIF, 
while the error was >50% when using a IDIF. There was no significant difference between Ki calculated using MCIF or blood sampling 
for all three tissues. Due to 18FCholine uptake in the myocardium, an IDIF is not a useful alternative for arterial blood sampling. 
However, after additional correction for spill-over and partial volume effect in MCIF, the influx constants were not significantly different 
from arterial blood sampling. Therefore, it was concluded that an 18FDG injection after an 18FCholine scan is a feasible alternative for 
complicated arterial blood sampling, although future validation of the model is necessary by increasing the number of tests. (1) Fang et 
al., JNM (2008) Vol. 49 No. 4, 606-614. 
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Objectives: Tomoxetine is a selective norepinephrine reuptake inhibitor. It is used clinically for the treatment of attention deficit 
hyperactivity disorder (ADHD) with relatively benign side effects. We have previously reported the use of CL316, 243 (a selective β3-
adrenoceptor agonist) to increase brown adipose tissue (BAT) activity measurable using 18F-FDG PET. Here, we report on the FDG 
PET imaging results of tomoxetine effects on BAT. Methods: Male Sprague-Dawley rats were fasted for 24 hrs prior to 18F-FDG 
administration. On day 1, rats were administered iv 10.4±2.6 MBq 18F-FDG under 2% isoflurane anesthesia. The same rats were 
treated with tomoxetine 0.1 mg/kg iv (day 4) and 0.5 mg/kg iv (day 7), 30 mins before FDG administration. To evaluate whether 
enhanced 18F-FDG uptake in activated BAT could be reduced by pharmacologic interventions, propranolol (β3-adrenorecptor inhibitor) 
5mg/kg was given intraperitoneally in anesthetized rats, 30 minutes prior to tomoxetine administration. On each day, the rats were 
awake for 60 mins and subsequently anesthetized for upper-body Inveon MicroPET/CT. Rats were studied at room temperature. At the 
end of PET experiments the rats were sacrificed, BAT and white adipose tissue (WAT) were biopsied for counting, autoradiography and 
histologic evaluations. Results: Interscapular BAT (IBAT) and other areas of BAT were clearly visualized. Tomoxetine 0.1 mg/kg) 
increased the average 18F-FDG uptake of IBAT significantly by 15.3 times (365±170 vs. 23.9±8.7 kBq/cc) (Fig. 1). Extent of IBAT 18F-
FDG uptake at 0.1, and 0.5 mg/kg tomoxetine groups were similar. Propranolol reduced the average 18F-FDG uptake of IBAT 
significantly. Counting the radioactivity and autoradiography of IBAT and white adipose tissue (WAT) confirmed the data obtained by 
PET. Conclusion: Tomoxetine increases norepinephrine in BAT resulting in hypermetabolic effects measurebale by 18F-FDG uptake at 
ambient temperature in the rodent model. This is consistent with norepinephrine-β3-adrenorecptor mediated metabolic increase in BAT 
and provides a mechanism to enhance and study BAT activity. 

 

Disclosure of author financial interest or relationships: 
M. Mirbolooki, None; A.B. Sun, None; C. Constantinescu, None; A. Garcia, None; M. Pan, None; P.H. Wang, None; J. Mukherjee, 
None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S569



Presentation Number P616 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

Using [18F]FDG PET as a biomarker for gauging brown adipose tissue (BAT) metabolism in 
diabetes/obesity research 

Kyle Kuszpit1, Laigao Chen1, Aijun Zhu1, Gwen Currier1, Kenneth Zasadny1, Lucinda Thiede2, Barbara Bernardo2, Martin B. Brenner2, 
1BioImaging RCoE, Pfizer, Inc., Groton, CT, USA; 2CV MED RU, Pfizer, Inc., Groton, CT, USA. Contact e-mail: kyle.kuszpit@pfizer.com 

Once the subject of intense debate, it has only recently been concluded that adult humans have functional brown adipose tissue (BAT) 
(Seale P., M.A. Lazar 2009. Diabetes). It has been shown in rodents that metabolic activation of BAT can produce a 2-fold increase in 
energy expenditure, a 50-100-fold increase in insulin levels, a 40-50% reduction in food intake, and significantly accelerate the plasma 
clearance of triglycerides, suggesting BAT may represent a unique target for therapeutic intervention in human diabetes and obesity 
(Grujic C., V.S. Susulic, et al. 1997. J Biol Chem; Bartelt A., O.T. Bruns, et al. 2011. Nat Med). β3-adrenergic agonists are known to 
increase the metabolism of BAT (Baba S., M. Tatsumi, et al. 2007. J Nucl Med). FDG PET is a technique that can detect changes in 
tissue metabolic activity in terms of regional glucose uptake. In the current study, we investigated the ability of FDG PET to detect 
pharmacologically-induced changes in BAT metabolic activity using the potent β3-adrenergic agonist, CP-722221. All animal study 
procedures conducted were approved by an institutional review committee (IACUC). Sixteen male rats were segregated into 2 
treatment groups: (1) vehicle and (2) CP-722221 (10mg/kg po). FDG PET was performed using a Siemens Focus 220 microPET at 60 
mins post FDG injection (~47 MBq, iv). To minimize background BAT FDG uptake, animals were maintained at 29.5±2°C beginning at 
18 hours prior to scanning and up until time of scan. During scanning, body temperature was maintained using a heat lamp. After 
scanning was completed, animals were immediately sacrificed and BAT was dissected out and counted to determine the FDG uptake 
per gram of tissue using a Wallac Wizard 1470 gamma counter. Regions of interest (ROIs) were drawn around BAT images to 
determine mean and max FDG uptake. ROI-derived and tissue counting data were compared for correlation. FDG PET imaging 
showed significantly increased FDG uptake in the BAT of CP-722221 treated animals versus vehicle control animals. Tissue counting 
data for BAT was highly correlated with the imaging data (R2=0.981), and showed a just over 9-fold increase in BAT FDG uptake 
(p<0.05) in drug treated animals versus vehicle controls. These results demonstrate that FDG PET is capable of detecting a specific, 
drug-induced increase in the metabolism of BAT. Given the positive anti-diabetes and anti-obesity benefits associated with the 
metabolic activation of BAT, FDG PET could prove to be an invaluable tool in screening for and evaluating the efficacy of BAT-
activating compounds in the recently focused field of BAT research pertaining to human diabetes and obesity. 
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The Warburg effect is a common hallmark of cancer. Taking advantage of this property, 18F conjugated 2-deoxy-d-glucose (2-deoxy-2-
18F-fluorideoxyglucose, 18F-FDG), an analog of D-glucose with a positron-emitting 18F substitution of the 2-hydroxy group, has been 
widely used in the clinic for cancer diagnosis and to evaluate treatment efficacy. Substitution with a small halogen 18F does not 
significantly change the molecular weight (from 180.16 to 182.15), and does not affect the ability of 18F-FDG to interact with the 
glucose transporters (GLUT) or hexokinase. On the other hand, conjugation of near infrared (NIR) fluorophores to 2-DG significantly 
alters its molecular weight (MW ~600-700) raising concerns that staining with NIR-2-DG may be incongruent with the mechanisms 
responsible for uptake and retention of 18F-FDG. To determine if fluorescent imaging with NIR-2-DG can be used as a convenient 
alternative for 18F-FDG PET imaging, we directly compared tumor uptake of NIR fluorescent 2-DG conjugates and 18F-FDG in a 
preclinical model of gastrointestinal stromal tumor (GIST). GIST-T1/Luc+ xenograft tumors were established in NCr nude mice. Mice 
with tumors of similar volume (400 mm^3) were treated with nilotinib 50 mg/kg PO or vehicle control. Tumor burden was assessed 
using bioluminescence imaging (IVIS Spectrum, Caliper Life Sciences). Tumor 18F-FDG uptake was determined by PET/CT imaging 
(Siemens Inveon). Tumor uptake of two fluorescent 2-DG probes (Xenolight RediJect 2-DG 750, Caliper; IRDye 800CW 2-DG, LI-COR) 
was determined using the IVIS Spectrum. Short-term treatment of mice with 3 days of nilotinib resulted in a 75% reduction in viable 
tumor burden by bioluminescence imaging (p=0.03). We observed no significant change in tumor volumes (p=0.54). Consistent with the 
previously described metabolic effects of treatment with nilotinib, 18F-FDG uptake was reduced by 67% in nilotinib-treated tumors 
compared to controls (p<0.001). By contrast, uptake of both NIR conjugated 2-DG probes was identical in nilotinib compared to control 
tumors (p=0.9). To define the distribution of fluorescent 2-DG conjugates within tumors, we performed confocal microscopic imaging of 
tumor sections. The distribution of NIR-2-DG probes was predominantly in the extracellular space, and not within intact cells. These 
results demonstrate distinct differences between fluorescent and 18F-conjugated 2-DG for imaging tumors. Unlike 18F-FDG, which is 
retained within cells through active GLUT-mediated transport and hexokinase phosphoryation, fluorescent 2-DG probes appear to 
distribute in the extracellular space. The localization of NIR-2-DG probes to tumors may be due to the inherent leakiness of tumor 
vasculature. Although this property may allow NIR-2-DG probes to be used to localize tumors, they cannot be used as a surrogate 
biomarker of tumor metabolism. These studies establish that NIR-2-DG probes cannot substitute for 18F-FDG PET for metabolic 
imaging of tumors, and cannot be used as short-term response indicators for assessing the pharmacodynamic efficacy of drugs that 
modulate tumor metabolism. 
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Intravenous (i.v.) administration of hyperpolarised 13C pyruvate provides a means for quantifying pyruvate (PA)-lactate (LA) 
interconversion in living tissues via MRS/MRSI. This approach has potential for monitoring tumour cell viability and oxygenation 
following treatment. Mathematical models are required to extract kinetic parameters from the spectroscopy data. One or two-way 
exchange models utilising a hypothetical ‘boxcar’ function as the arterial input function (AIF) have been commonly used to estimate the 
kinetic parameters of PA-LA interconversion from the data. Here, we develop methods for obtaining the true AIF and determine the 
influence of the choice of AIF on estimates of the kinetic parameters associated with PA metabolism in tumours. Following i.v. injection 
of 13C-PA (using a custom MR compatible automated injector) into anaesthetised BDIX rats, with a sub-cutaneously implanted P22 
sarcoma, PA and LA signals were measured using a 13C surface coil and slice localization. The 13C time response curves for the carotid 
artery (AIFs; n=7) and tumour tissue (n=2) were measured. In separate experiments, 13C-PA was injected and the signal measured on-
line, in a 10 turn coiled femoral artery cannula with automated blood withdrawal. Since a significant LA, as well as PA signal was 
observed in the carotid slice, whereas only PA was observed in the arterial line (14 injections, n=5), this suggested that the LA signal in 
the carotid slice originated from the surrounding tissue and/or venous blood and that this method was not suitable for providing an AIF. 
To provide an online AIF the signal vs time curve in the arterial cannula was measured during PA injection and defined as the true* AIF. 
T1 for PA and LA in blood was measured in the arterial cannula following the injection of either 13C-PA or 13C-LA. Blood flow was halted 
and the decaying portion of the signal was fitted to obtain the T1 and the applied flip angle at that location. To determine whether PA-LA 
interconversion was a one- or two-way process, experiments (n=3) were performed where LA was injected and the signal measured at 
the tumour site. Only in 1 animal was a very weak PA signal observed, hence initially a one-way exchange model was used. The 
influence of AIF on the fitted rate constant of PA to LA conversion (kpl) values was determined for 3 different cases: 1- boxcar AIF; 2 - 
true* AIF, 3 - PA as an input for the LA (a precursor-product relationship). Taking tumour data for 1 rat following injection of PA, kpl was 
determined for the 3 different cases (Figure 1 and Table 1). Case 3 provides a robust measure of kpl, however this method is only 
applicable to the one-way exchange model, the appropriateness of which is being further investigated by co-injection of PA in the 
hyperpolarised LA experiment. The boxcar AIF provides a smaller error than the true* AIF due to more fitting parameters but the shape 
is not realistic. Use of an on-line true* AIF measurement and experimentally determined model parameters (T1 and flip angle) will 
enable a more complete analysis of the biochemistry of PA metabolism in tumours and its response to changes in oxygenation. 

 
Figure 1: Effect of varying the input function on fitted curves for PA and LA signals (arbitrary units, a.u.) in a single P22 rat sarcoma following i.v. 

administration of hyperpolarised PA. Data were fitted using a boxcar AIF (left), a true* AIF (middle) and PA signal as the input function (right). 
Table 1: Fitted kpl for various inputs 

 
*On-line AIF corrected for T1 and withdrawal rate 
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Tyrosinase, which is the rate-limiting enzyme in humans for melanin production, has previously been demonstrated as a reporter gene 
for magnetic resonance imaging (MRI). Melanin molecules have multiple negatively charged carboxyl groups that can bind 
paramagnetic heavy metal cations such as iron. Increased binding and retention of iron in cells producing melanin decreases T1 
relaxation times and provides contrast in MRI images. Several groups have demonstrated that tyrosinase can be used as a reporter 
gene in vitro but, to the best of our knowledge, we are the first to demonstrate tyrosinase as an in vivo reporter gene for MRI. We have 
constructed a breast cancer derived cell line that has inducible expression of tyrosinase using the Tet-On® system. MCF-7 Tet-On® 
cells (Clontech) were stably transfected with the pTRE-Tight-TYR plasmid encoding tyrosinase under the regulation of the doxycycline-
responsive pTight promoter. Individual cell clones were picked and cells capable of tyrosinase expression were called MCF-7+TYR. 
Tyrosinase transcription in these cells only occurs in the presence of doxycycline thus tyrosinase expression, which is normally 
somewhat toxic to cells, can remain off for culturing large amounts of cells and eventually turned on shortly before imaging. To verify 
that MCF-7+TYR cells provide enhanced contrast compared to untransfected MCF-7 Tet-On cells (which will be called MCF-7-TYR), 
both cell lines were cultured with growth medium containing 2.5 to 250 μM ferric citrate with or without 1 μg/mL doxycycline. After three 
days of growth, cells were washed, pelleted, and imaged with a 9.4 T small animal MRI system. At least 25 μM ferric citrate was 
necessary to significantly reduce T1 relaxation times for MCF-7+TYR cells incubated with doxycyline. MCF-7+TYR cells cultured with 
doxycycline and 250 μM ferric citrate demonstrated a 34-40% reduction in T1 relaxation times compared to the other cell groups. To 
replicate the in vitro results in animals, at least 300,000 MCF-7-TYR and MCF-7+TYR cells were resuspended in equal volumes growth 
medium and matrigel and injected subcutaneously in the back left and right flanks, respectively, of hairless SCID mice. After sufficient 
tumor growth, the drinking water was changed to 1 mg/mL doxycycline for 12 days. After doxycycline treatment, the MCF-7+TYR 
tumors turned noticeably dark brown. The drinking water was then changed to 0.5% (w/v) ferric citrate for 1 day followed by MR 
imaging. MCF-7+TYR tumors appeared distinct from MCF-7-TYR tumors in T1-weighted Gradient-Recalled Echo images using a 25 
degree flip angle. Both tumors were excised from the animal and imaged together to verify signal from the tumors. T1 relaxation times 
for the MCF-7+TYR tumors was 58% that of the MCF-7-TYR tumor (600 ± 138 msec and 1026 ± 57 msec, respectively), suggesting 
that tyrosinase can be used as an in vivo reporter gene with MR imaging. We are currently optimizing the animal drinking water regimen 
for optimum MRI contrast between tumors. 
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Objectives: microRNA are known as non-coding RNA molecules involved in translational repression. Recently, it is reported that neuron 
specific miR-124a overproduction facilitates neurite outgrowth in neuroprogenitor cells. In this study, we observed live cell fluorescence 
imaging using Tα1 promoter-driven RFP for promotion of neuronal differentiation by miR-124a transduction in neuroblastoma cell line. 
Methods: We maintained neuroblastoma F11 cell line and transduced synthetic miR-124a oligomer or miRNA mutant form. For live cell 
fluorescence imaging of neuronal differentiation, we transfected red fluorescence protein (RFP) reporter vector under the neuronal Tα1 
promoter. The RFP expressions in neuronal differentiated cells were observed in live cell imaging using confocal microscope 48 hr after 
microRNA transduction. Morphological features of neurite outgrowth were detected by immunofluorescence staining with neuronal 
markers antibodies. Results: The morphological change of F11 cell induced with miR-124a was detected 24 hr after miR-124a 
transduction, showing neurite outgrowth pattern. When F11 cells were co-transfected with Tα1-RFP vector and miR-124a, RFP 
fluorescence signals were significantly increased, compared with miRNA mutant group 48 hr after transduction. No any morphological 
changes were seen in mutant-treated cells. Neuronal specific marker, β3-tubulin, was detected in the cytoplasm area of miR-124a-
transduced cells. Conclusions: We examined increased optical reporter signals after activation of neuronal differentiation by miR-124a 
overproduction in neuronal progenitor cells. Our results demonstrate that miR-124a can be good activator for neuronal differentiation, 
and progression of neuronal differentiation can be easily monitored using neuron-specific promoter driven optical reporters. 
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Background/Rationale : The pathway of heat shock protein 70 (hsp70) plays a role in various age-related diseases, including but not 
limited to, Alzheimer’s Disease, metabolic diseases (e.g. diabetes), and cancer. It is therefore of great interest as a biomarker in drug 
discovery. HSP70 is responsible for chaperoning misfolded proteins and can be activated by stress, heat and other environmental 
factors. HSP90 is upstream in the molecular pathway and regulates HSP70 induction via Heat Shock Factor 1 (HSF-1). By inhibiting 
HSP90, either physiologically or pharmacologically one is able to activate HSF1 and therefore induce HSP70. In this study we 
evaluated whether hsp70 induction is age-dependent. Methods : A transgenic mouse line with a C57BL/6 background, was developed 
so as to constitutively express Hsp70-luciferase gene. Three sets of mice of varying ages were chosen for study, young (4-6 months), 
old (6-12 months), and oldest (12-24 months). Mice were handled for three days prior to imaging so as to reduce environmental 
stressors and on the day prior to imaging, the hair was removed at the target organs to allow for luciferase signal measurement. 
Baseline images were assessed for four days prior to start of treatment using a commercially available bioluminescence imaging 
system. On the study day, luciferase was pharmacologically induced and mice were then imaged 6 hours after treatment following an IP 
luciferin injection. The same was repeated on day 4. Bioluminescent signal intensities from the head, spinal cord, abdomen and leg 
muscle regions were normalized to baseline for each animal and compared amongst the different age groups after the two treatments. 
Tissue was harvested at the end of the study and HSP70 levels were confirmed by Western blot analysis. Conclusions : There was no 
significant difference in bioluminescent signal intensity of HSP70 induction in any of the regions of interest. These findings are of 
particular interest as this could suggest therapeutic implications for treatment of chronic age-related diseases. 
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Prostate Specific Membrane Antigen (PSMA) has been shown to be a more accurate indicator of prostate cancer aggressiveness than 
the widely accepted Prostate Specific Antigen (PSA). PSMA is expressed in 94.3% to 100% of primary and 57.7% - 100% of metastatic 
prostate carcinomas (Nonaka 2010). It is highly expressed on prostate cancer cells, approximately 100-fold higher than on normal 
prostate epithelium (Su 1995). The use of PSA screening for the disease is now controversial due to a significant number of false 
positives and false negatives. In addition, PSMA has been shown to be expressed strongly in prostate carcinomas with little or no PSA 
present (Chuang 2007). Importantly, PSMA has a carboxypeptidase activity, which we employed here to generate an optical agent 
capable of sensing PSMA activity. Herein, we employ the luciferin-luciferase system to report on PSMA activity via a modified luciferin 
probe, Activatable Luciferin (AL). In solution, AL shows no emission due to our modification, but the strong bioluminescence of luciferin 
is observed only after activation by the enzyme PSMA either in vitro or in vivo. This demonstrates the specificity and activatable nature 
of our probe and represents a significant improvement on previous PSMA sensing agents for in vivo imaging, which feature non-
activatable systems such as monoclonal antibodies or ‘always-on’ fluorescent or radiolabeled small molecules. In this study, we have 
successfully characterized the enzymatic activity of PSMA utilizing recombinant proteins, prostate cancer cells in vitro and in vivo 
imaging of subcutaneous prostate cancers in mice. Our assays further exhibited an excellent high signal to noise ratio with an 
approximate 50 fold signal-to-noise ratio in vitro and a 30 fold signal to noise ratio, in vivo. We additionally validated our results through 
the use of a PSMA specific inhibitor, which resulted in immediate loss of signal. We have furthermore tested the clinical translatability of 
this agent in testing patient urine samples and prostatic secretions. We have detected the presence and specific amounts of PSMA in 
both urine and prostatic secretions via quantitative Western and then confirmed the activity of the PSMA in these samples via AL 
activation. AL thus serves as a PSMA sensor, detecting the presence of PSMA via its enzymatic activity, which may lead to a fast and 
sensitive assay to detect and even characterize prostate cancer. 
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Medicine, Kyungpook National University,School of Medicine, Daegu, Republic of Korea. Contact e-mail: hye6887@nate.com 

Objective: This study was designed to determine the anti-proliferative effects of combination gene therapy using sodium iodide 
symporter (NIS)-based radioiodine and lentivirus-mediated short hairpin RNA (shRNA) against hexokinase II (HKII) on vascular smooth 
muscle cells (VSMCs). To ascertain the potential for in vivo application, bioluminescence was performed in mice transplanted with 
VSMCs expressing firefly luciferase (Fluc) gene. Methods: A7r5 rat VSMCs stably exressing NIS and Fluc (A7r5-NL) were established. 
Functional expression of NIS and Fluc genes was assessed in vitro by radioiodine uptake assay, luciferase assay, and confocal 
microscopy with corresponding antibodies. After exposure of lentivirus-HKII-shRNA to A7r5-NL, 18F-FDG uptake test and HK activity 
assay were performed. ffect of combination therapy of both 131I and lentivirus-HKII-shRNA was assessed using an in vitro clonogenic 
assay. In vivo bioluminescence and 99mTc pertechnetate nuclear imaging were undertaken to validate the functional expression of NIS 
and Fluc genes in vivo using a xenograft mouse model. Results: RT-PCR and immunofluorescent staining revealed expression of NIS 
and Fluc genes in A7r5-NL, but not in parent A7r5 cells. Radioiodide uptake and luciferase activity were significantly higher in A7r5-NL 
than parent cells (approximately 25- and 55-fold higher, respectively). Transfection of lentivirus-HKII-shRNA to A7r5-NL resulted in a 
significant decrease of mRNA expression of the HKII gene. 18F-FDG uptake and HK activity were also decreased in A7r5-NL cells 
compared to untreated or lentivirus-scramble-shRNA transfected A7r5-NL cells. The cell survival rate of A7r5-NL decreased to 53% or 
77% by a single therapy with 7.4MBq of 131I or lentivirus-HKII-shRNA, respectivelyand further decreased to 35.8% by combined 
therapy (p<0.05 compared to single therapy). Bioluminescence (with D-luciferin) and gamma camera (with 99mTc pertechnetate) 
imaging visualiazed optical and nuclear signals at the site of A7r5-NL inoculation in nude mice (Fig 1). Conclusion: The enhanced in 
vitro anti-proliferative effect of VSMCs was achieved by the combination therapy of NIS-based radioiodine and lentivirus-mediated HKII 
shRNA gene therapy. We also successfully demonstrated possiblity of optical and nuclear imaging for non invasive monitoring of 
smooth muscle cells in an in vivo animal model. 
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Hospital, Taipei, Taiwan; 2MAGIC/NRPGM, National Yang-Ming University Medical School, Taipei, Taiwan; 3NPCC, Taipei Veterans 
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Objectives: Nasopharyngeal carcinoma (NPC) is an Epstein-Barr virus (EBV) associated malignancy encoding a virus-induced protein 
with thymidine kinase (TK) activity. This study aimed to assess that treatment of EBV-associated NPC cell lines with histone 
deacetylase inhibitors (HDACI) led to induction of the EBV lytic gene expression, including expression of the EBV TK. Methods: The 
EBV+NPC cell line, NA, and the parental EBV−NPC cell line, TW01. To induce EBV lytic cycle, cells were treated with either trichostatin 
A (TSA), valproic acid (VPA) or suberoylanilide hydroxamic acid (SAHA) for passage 5 to15 and then incubated with [3H]FEAU. Cell 
uptake was expressed as the accumulation ratio cpm/mg of total proteins divided by the cpm/g (ml) of medium]. Cells (5x106) were 
resuspended in 100-μl Matrigel matrix and injected s.c. on the shoulder of nude mice. During the 15 recurrent cycles, the microPET 
imaging of [18F]FEAU were done when tumors reached a size of ~1 cm in diameter. Results: In vitro cellular studies revealed slightly 
uptake of [3H]FEAU in the EBV+NPC cell line treated with SAHA (1.05~1.12-fold) and VPA (1.02~1.16 -fold) at passage 5 to 15 
incubation. The uptake of [18F]FEAU in EBV+NPC tumor (NA) was weakly higher than that of EBV−NPC tumor (TW01) at 1 h p.i.. The 
tumor accumulation ratio slightly increased with SAHA and VPA treatment in EBV+NPC tumor. Conclusion: HDACI has the potential to 
activate viral lytic gene (EBV-TK) expression and weakly trigger the switch of EBV from latent to lytic cycle. Anti-viral drug combined 
with HDACI might provide a potential targeted therapeutic stragegy against EBV-associated NPC. 
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A continuing and severe limitation to the advancement of early type I diabetes diagnosis is the current inability to accurately quantify the 
number of insulin-producing cells, or beta cells, in vivo. The ability to detect a decrease in beta cell function via increases in blood 
glucose levels does not occur until after a significant loss of beta-cell mass; thus, the ability to detect beta-cell mass has great 
diagnostic potential in both the research and clinical settings for the monitoring of disease progression, response to therapy and islet 
transplantations. The absence of a biomarker that is highly sensitive, specific and suitable for in vivo imaging has been a major obstacle 
in developing beta-cell mass imaging tools. Currently, the best performing antibody is IC2, an IgM monoclonal antibody derived from a 
hybridoma of an autoimmune diabetic rat strain. This decavalent antibody has a molecular weight of ~900kD and a dissociation 
constant of ~20nM. It specifically binds to an unknown target on the cell surface of beta cells that contains a galactose-3-sulphate 
moiety. For in vivo imaging, IgM antibodies are unpractical due to their large size and long half-life, resulting in a reduced signal-to-
noise ratio. We have therefore cloned the cDNAs encoding the heavy and light chain variable regions (VH, VL) of the IC2 antibody and 
generated smaller antibody fragments (minibodies) to improve the clearance of unbound antibody. One bivalent minibody construct 
(“diabody”) fused the variable region genes to the gene for Gaussia luciferase, a secreted light-emitting enzyme, for detection of beta 
cells by bioluminescence imaging (BLI). We accomplished transient expression of this VH-VL-GLuc fusion protein in COS and 293FT 
cells using a secretory signal peptide with a synthetic tissue plasminogen activator peptide. Our preliminary data show that 
supernatants containing the VH-VL-GLuc fusion protein exhibit binding activity to a rat insulinoma cell line. Additionally, in vivo 
preliminary data demonstrate pancreatic-specific luciferase signal in live mice. Current experiments are aimed at consolidating these 
data by testing the binding of purified VH-VL-GLuc fusion protein to several beta cell lines. Additionally, we will expand upon in vivo 
imaging studies by aiming to detect endogenous beta cell mass during type I diabetes disease progression in streptozotocin-induced 
and NOD mouse models. Furthermore, we have proposed to improve on IC2 as an imaging agent by subjecting the variable regions 
(VH and VL) to mutational maturation and in vitro selection using bacteriophage and yeast display. The improved IC2 derivatives will 
then be optimized for in vivo imaging using both in vivo bioluminescence (BLI) and PET imaging. Our goal is to establish these 
derivatives as translatable reagents and then evaluate them in clinical trials for the purpose of staging diabetic disease and assessing 
therapeutic outcomes. 

 
(Left) Bioluminescence imaging of live mice intravenously injected with 100 micrograms of Ic2 diabody, equimolar Gaussia control and untreated. Mice 

were intravenously administered 20 micrograms of Coelenterazine 4 hours after Ic2 or control therapy and immediately imaged. (Right) The excised 
tissues from the mice described. Collected tissues were incubated with an additional 40 micrograms of Coelenterazine and immediately imaged. 
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Real time imaging of paxillin and cancer cell dynamics in vivo 
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Paxillin is involved in the assembly of focal adhesions. In this study, we describe real-time imaging of paxillin-GFP expression in breast 
cancer cells (MDA-MB-231) in vitro and in vivo. In vitro, round cancer cells had greater paxilin movement than stretched cancer cells as 
seen by fluorescence imaging. When paxillin-GFP breast cancer cell (1×106) were injected in the epigastric cranials vein, round cancer 
cells had GFP-expressing protrusions. Many paxillin-GFP-expressing breast cancer cells stretched. The cancer cells extravasated and 
subsequently grew around the outer surface of the blood vessel after one week. Migration of single cells in vivo was observed by 
fluorescence microscopy. Two weeks after cell injection, paxillin-GFP breast cancer cells migrated along the vessel wall. Most of 
paxillin-GFP cancer cells were stretched and were not mobile. With anti-VEGF treatment, paxillin was observed in round structures 
rather than stretched structures and paxillin movement within the cell were arrested. The results show that paxillin-GFP allows the 
imaging of the role of paxillin in vitro and in vivo. 
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University of Alberta, Edmonton, AB, Canada; 2Department of Oncology, University of Alberta, Edmonton, AB, Canada. Contact e-mail: 
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Reporter genes such as fluorescent proteins have been used to permit imaging of gene expression, providing new insights into 
biological processes in vivo. The ability to view gene expression deep in living animals is important in understanding both regular 
cellular operation, and disease pathways. While traditional microscopy works well for imaging cells in vitro or near the skin vivo, deeper 
penetrations are limited by the high optical scattering of tissues. Photoacoustic imaging is a technique that measures the ultrasound 
waves produced by optically absorbing materials. Using multiple wavelengths of light it is possible to determine the relative 
concentrations of different chromophores assuming the absorption spectra are known. Therefore, if a sequence can be constructed that 
will produce a pigment, it is possible to view gene expression in deep tissues. We have developed a line of MCF-7 cells that have been 
stably transfected with tyrosinase (Tyr) - a key enzyme in the production of melanin - controlled by an inducible promoter. In this case, 
we have used doxycycline (DOX) to activate Tyr (and hence melanin) production. DOX can be used as a drinking water additive and 
permits cells to grow unperturbed until gene expression activation is desired. As melanin is a very strong optical absorber, we have 
previously demonstrated high photoacoustic signal-levels from Tyr-transfected cells using a photoacoustic microscopy system with a 
25MHz single-element transducer and wavelengths of 576-700nm. However, this setup is not well-suited for deep tissue imaging, as it 
is limited in imaging depth by both optical penetration and frequency-dependent ultrasound attenuation. To achieve deeper imaging, 
longer wavelengths and lower frequency transducers may be used. We use a 5MHz center frequency L7-4 128-element array 
transducer connected to a Verasonics research ultrasound acquisition system to perform interleaved ultrasound and photoacoustic 
image capture. We demonstrate imaging of Tyr gene expression at wavelengths from 700 to 840nm. We first image different cell-lines 
in tubes suspended in water to evaluate the relative absorption of Tyr-expressing cells compared to blood. Signal levels relative to 
blood are quantified at these wavelengths. In water, results indicate that the Tyr-expressing cells will provide signal strength 
comparable to blood at levels as low as 300 cells/voxel. We next embedded cell-filled tubes in chicken tissue at a depth of 4cm. We 
demonstrate realtime (5fps) imaging of these deep-tissue melanin-producing cells with 32dB signal-to-noise ratio. We estimate that 
fewer than 1% of cells need be transfected within an imaging voxel to see photoacoustic-melanin signals above the tissue background. 
We injected SCID mice with +Tyr and -Tyr MCF-7 cells (~1 million cells per injection site). After tumors were >3mm in diameter, DOX 
was added to the drinking water. The +Tyr-tumor showed visible dark pigmentation, while the -Tyr tumor did not. We are working 
towards in-vivo imaging of these animal models. Our work shows that clinical-depth array-based photoacoustic imaging of gene 
expression with <0.5mm resolution is possible in realtime. 
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Purpose: Neurogenin1 (Ngn1) which is known as a basic helix loop helix neurogenic factor has been used as an activator of neuronal 
differentiation. The aim of this study is to develop the reporter-based monitoring system for neuronal differentiation induced by 
neurogenin1 (Ngn1) in neuroblastoma cell line, F11. Methods: NeuroD promoter-coupled luciferase reporter system (pNeuroD-luc) was 
used to confirm NeuroD activity with overproduction of Ngn1. Neuroblastoma cell line, F11 was maintained in general culture medium 
on gelatin coated dish. Firefly luciferase activity was acquired using luminometer for examining pNeuroD-luc reporter activity and 
normalized by BCA (bicinchoninic acid) assay. Results: Ngn1-induced neuronal differentiation for 2 days showed a morphological 
change such as neurite outgrowth. Immunofluorescence staining results exhibited that βIII-tubulin, NeuroD, neuronal marker expression 
was seen 3 days after treatment of Ngn1. And when Ngn1 and pNeuroD-luc genes were co-transfected into fibroblastic Hela cells to 
confirm whether NeuroD promoter is naturally influenced by overproduction of Ngn1, approximately 1.6 fold higher luciferase signal was 
found, compared to mock vector-transfected Hela cells. In contrast, we were able to observe that F11 cells, co-transfected with Ngn1 
and pNeuroD-luc genes, exhibited approximately 11 fold increased lucifease signal, compared to mock vector-transfected F11 cells. 
Conclusions: In this study, we examined optical reporter signals after activation of neuronal differentiation by functional effect of Ngn1 in 
F11 cells. Our reporter system could provide potential study to monitor the activation pattern of the neuronal differentiation by Ngn1. 

Disclosure of author financial interest or relationships: 
H. Oh, None; D. Hwang, None; H. Youn, None; D. Lee, None. 

  

S582 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P633 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 
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Luciferases are useful tools for studying different biological processes in cultured cells and in experimental animals. Frequently used 
luciferases are Firefly, Renilla and Gaussia luciferase (Gluc) with the latter having the advantage of giving higher luminescence output 
(>2000-fold) when expressed in mammalian cells. In addition, Gluc is secreted allowing kinetic analysis by assaying its activity in the 
conditioned medium at different time points from the same well, keeping the cells intact for validation analysis. Another characteristic of 
Gluc is its stable half-life of around 5 days making it a useful reporter for studying long-term processes. On the other hand, for real-time 
monitoring of transient processes such as cell viability, cell death, and transcription factor activation, a Gluc with a short half-life would 
be favorable. We have engineered an unstable Gluc variant (uGluc) by fusing a metalloproteinase (MMP) substrate sequence in the 
middle of the Gluc sequence between amino acids 109 and 110. MMPs are highly expressed on tumor cells and their microenvironment 
mediating pericellular proteolysis and therefore resulting in cleavage and inactivation of Gluc. Further, the uGluc appears to be 
vulnerable to different proteases in the conditioned media, as it also has a short half-life on cells reported to have low MMP levels. We 
found an average of 7-fold decrease in uGluc activity over 24 hrs (varying among different cell lines) with the wt Gluc showing stable 
activity. The uGluc showed to be an excellent reporter for monitoring cell viability in real-time both in response to apoptosis as well as 
caspase-independent cell death. uGluc activity in the conditioned medium correlated very well (r2=0.92) with established cell viability 
assays. Further, uGluc allowed monitoring of transient activation of transcription factors such as the nuclear factor kappa B in tumor 
cells. The uGluc provides a new platform for real-time monitoring of biological processes allowing kinetic analysis and is suited for high-
throughput functional screening. 
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magnetic resonance imaging (MRI) reporter, magA 
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Background. Exogenous iron oxide nanoparticles are routinely used to prelabel cells for many cellular imaging applications using MRI. 
These agents are unequally split between and degraded in proliferating cells thereby making their use impractical for long-term studies. 
To circumvent this issue, gene expression systems have been developed that couple protein expression with the accumulation of iron 
to create endogenous, sustainable contrast. In this study, a human metastatic breast cancer cell line, MDA-MB-231BR (231BR) was 
transfected with magA, a magnetotactic bacterial gene, with known involvement in iron transport, to create endogenous MR contrast. 
Methods. MagA-231BR cells were derived by transfecting parental 231BR cells with mammalian codon-optimized magA. MagA-231BR 
cells were incubated in vitro with or without 500 μM ferric nitrate (Fe(NO3)3) supplement for 4 days. Cells incubated for 24h with 50 
μg/mL iron oxide (Molday Ion, BioPAL) served as a positive control. For proof of principle, 105 fixed unlabeled, Fe(NO3)3-
supplemented or Molday-labeled magA-231BR cells were injected ex vivo into fixed mouse brains. MRI was performed on a clinical 3T 
scanner using custom-built high performance gradient insert coil. A balanced steady state free precession (bSSFP) imaging sequence 
was used with the following parameters: TR/TE=14/7ms; flip angle=35°; BW=±8kHz; resolution=100x100x200μm; 4 phase cycles; 
NEX=6; scantime=71min42s. Results and Discussion. The presence of Fe(NO3)3-supplemented magA-231BR cells induced a distinct 
region of signal void (A; arrowhead) in bSSFP brain images. A larger region of signal void was observed when Molday Ion-labeled cells 
were imaged (B; arrow) and reflected the greater cellular iron content in cells labeled with the exogenous contrast agent (see 
Supplement). An equal number of unsupplemented control cells (asterisks) did not produce any detectable signal loss. While the 
exogenous label shows a larger signal void, implying greater detectability, it must be noted that exogenous iron oxide labeling is known 
to dilute over time in proliferating cells, whereas endogenous gene reporters can enable long-term contrast persistence; this will be 
assessed in future work. Other future work will evaluate any conditional alterations in tumor cell line aggressiveness and ex vivo and in 
vivo limits of detection. To our knowledge this work marks the first use of the endogenous contrast reporter magA in a metastatic 
cancer cell line. Further development of this system will enable the long-term assessment of tumor metastasis, starting from the single 
cell level, in pre-clinical cancer models. 

 
Figure: MRI of magA-231BR cells injected into fixed mouse brain ex vivo. A: 500 μM ferric nitrate (arrowhead) and unsupplemented control cells 

(asterisk) magA-231BR cells. B: 50 μg/mL Molday Ion incubated (arrow) and unsupplemented control (asterisk) magA-231BR cells. 
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Visualization of functional nucleic acid delivery to mouse and human epidermis 
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The accessibility of skin makes it an ideal target organ for nucleic acid-based therapeutics; however, effective patient-friendly delivery 
remains a major obstacle impeding translation to the clinic. Limited delivery of nucleic acids to skin keratinocytes has been 
demonstrated using a variety of approaches, but efficient delivery has not been achieved due, in part, to the lack of well-characterized 
reagents, the absence of rapid non-invasive assays of delivery, and inadequate skin model systems. To address these issues, we 
utilized intravital fluorescence and bioluminescence imaging and a standard set of reporter plasmids to evaluate intradermal injection 
and two microneedle array delivery systems for the ability to transfect cells in mouse and human xenograft skin model systems. 
Quantitative bioluminescence imaging demonstrated that both microneedle array technologies were able to reproducibly deliver 
reporter plasmids to mouse footpad. Reporter gene expression could be detected in individual keratinocytes, in real-time, in both mouse 
skin (see Fig. 1) as well as human skin xenografts. These studies revealed that non-invasive intravital imaging can be used as a guide 
for developing gene delivery tools and establish a benchmark for comparative testing of nucleic acid skin delivery technologies. 

 
Figure 1. In vivo visualization of eGFP-positive keratinocytes in mouse footpad skin. 3D reconstructed image merging stacks of images acquired in 

reflectance (to allow identification of all skin cells and strata) and fluorescence (allows identification of individual keratinocytes [green] transfected with 
eGFP reporter) modes. The top layers of the skin including the stratum corneum layer were “peeled up” (through image post-processing) to allow 

visualization of the underlying fluorescent cells. Field of view is 750 x 750 µm. 
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In Vivo Imaging of Slowly Cycling Melanoma Cells with Iron Oxide Particles of Different Sizes 

Sergey Magnitsky1, Alexander Roesch2, Meenhard Herlyn2, Jerry D. Glickson1, 1Radiology, University of Pennsylvania,, Philadelphia, 
PA, USA; 2Wistar Institute, Philadelphia, PA, USA. Contact e-mail: magnitsk@mail.med.upenn.edu 

The low efficacy of existing methods of treatment of human cancers has been attributed to the existence of cancer stem cells. The 
cancer stem cell model hypothesized the existence of a small subpopulation of cells with the capacity to recapitulate a tumor after 
conventional treatment. Cells with these properties were identified in breast, colon, or brain tumors. The significance of label-retaining 
cells was recognized a long time ago. In our experiments, we are using the concept of label retention but are targeting cells with MRI 
reagent, iron oxide particles. Biological marker of slowly cycling cells (JARID1B) has been identified. Isolated JARID1B-positive cells 
give rise to progeny with highly proliferative capacity. Knocking down of JARID1B leads to an initial acceleration of tumor growth 
followed by exhaustion, which suggests that the JARID1B-positive subpopulation is essential for continuous tumor growth. The goal of 
this study was to identify the most appropriate iron-oxide particles for in vivo imaging of tumor initiation cells in vivo. We utilized an 
ability of slowly cycling cells to retain high concentration of contrast agent. After initial uptake of the contrast agent, cells with normal 
cycle dilute out iron due to division, which leads to essentially total disappearance of the label. Tumor initiating cells divide at a much 
slower rate than bulk melanoma cells. Undivided cells preserve a high concentration of iron oxide particles. Overnight incubation of 
melanoma cells with of iron oxide particles leads to ~100% of cells labeling. Iron labeled cells exhibit the same proliferation and 
tumorigenicity as unlabeled melanoma cells. Presence of iron-retaining subcell population was detected by flow cytometry. In order to 
define what iron oxide particles provide better contrast for in vivo MRI detection of slowly cycling cells, three separate batches of 
WM3734 melanoma cells were labeled with USPI, SPIO and MPIO. Comparison of in vivo and ex vivo MRI images of tumors with iron-
retaining cells indicated that MPIO particles produce excessively high contrast and it is difficult to estimate the fraction of slowly cycling 
cells in the tissue. Iron-retaining cells labeled with SPIO showed very distinct contrast. MRI detection of iron-retaining cells labeled with 
USPIO was more challenging but definitely possible. MR imaging detects not only iron retaining melanoma cells but also iron positive 
macrophages. The fraction of iron positive macrophages detected with USPIO labeled cells was lower than in SPIO or MPIO labeled 
tumors, which makes the use of USPIO particles more attractive. 
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Selective Bone-Marrow Targeting to Track the Recruitment of Endogenous Bone-Marrow 
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Baltimore, MD, USA. Contact e-mail: engen1@jhmi.edu 

Recently various bone-marrow (BM) derived cell types have been associated with cancer progression. Since BM derived cells are 
important components of the tumor microenvironment, developing MRI imaging probes capable of evaluating their recruitment to 
tumors would be useful as clinical prognostic markers and in evaluating therapeutic responses. While there are several strategies for 
magnetically labeling BM-derived cells in vitro prior to administration to the subject, for specific in vivo labeling of endogenous BM cells 
it would be necessary to develop MRI contrast agents capable of preferentially localizing in the bone-marrow while avoiding other 
organs of the mononuclear phagocytic system, such as the liver and spleen. To specifically target the BM, superparamagnetic iron 
oxide nanoparticles surface-modified with polyethylene glycol to avoid uptake by the liver, and possessing moieties to target the 
polyanionic scavenger receptors of bone-marrow macrophages were studied both in vitro and in vivo. These particles were studied in 
comparison to non-targeted polyethylene glycol surface-modified superparamagnetic iron oxide nanoparticles. The selectivity of these 
particles in vitro were evaluated in bone-marrow derived stromal cells obtained from nude mice. The optimum uptake of both particles 
was achieved by incubating the cells with 500 µg/mL of the respective nanoparticles for 48 h. However, selectivity by the targeted 
particles was achieved by either: incubating the cells with 500 µg/mL of the nanoparticles for 6 h, or incubating the cells with 125 µg/mL 
of the nanoparticles for 48 h. Under these conditions no selectivity was observed with the non-targeted particles. In vivo, the 
biodistribution of both particles were compared to evaluate their potential for selective bone-marrow targeting. Based on the MRI 
studies, both particles showed a difference in their biodistribution. A significant decrease in the T2* was observed in the bone-marrow of 
mice administered with the targeted particles after about 10 min. At 30 min post-contrast the T2* was further decreased and by 18 h 
post-contrast the bone-marrow seemed to be saturated with the targeted particles. This trend was different from that observed in mice 
administered with non-targeted particles, where no significant difference was observed in the T2* of bone-marrow cells up to an hour 
after administration of the particles. However a slight decrease in T2* was observed about 52 h post-contrast. In both cases however, 
there seemed to be some uptake by the liver. Thus, it would be important to adjust the administration dose to improve bone-marrow 
selectivity. Based on histology studies, the targeted particles seem to have been up-taken by specific cells in the bone-marrow 
presumably macrophages, whereas the non-targeted particles seemed to have been evenly distributed amongst the cells. Overall, 
these studies suggest that bone-marrow macrophages were effectively targeted. Ultimately these particles could be effective in 
monitoring the recruitment of bone-marrow derived macrophages and other progenitor cells, in cancer progression and in evaluating 
therapeutic responses. 
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Stem Cell Detection Using Magnetic Particle Imaging 

Patrick Goodwill1, Laura R. Croft1, Arbi Tamrazian1, Tandis Vazin2, David Schaffer2, Steven Conolly1, 1Bioengineering, University of 
California, Berkeley, San Francisco, CA, USA; 2Chemical Engineering, University of California, Berkeley, Berkeley, CA, USA. Contact 
e-mail: goodwill@berkeley.edu 

Introduction: Magnetic Particle Imaging (MPI) is a new imaging modality [1] that promises long-term detection and tracking of nano-
mol/L concentrations of super-paramagnetic iron oxide (SPIO) commonly used as MRI contrast agents. MPI can detect SPIOs attached 
to cells or injected into the blood stream without the depth limitations of optical imaging and without radiation. The MPI method directly 
detects the magnetization from an SPIO whose saturation magnetization approaches 0.6T, or million-fold stronger than the nuclear 
paramagnetism detected by MRI at 7 Tesla. The estimated 20nmol/L detection limit [1], corresponding to a 200x SNR boost over MRI 
at detecting SPIOs, still needs to be experimentally verified. Our recent work has demonstrated linear and shift invariant imaging using 
a small scale, tomographic MPI scanner [4]. The tomographic scanner is demonstrated to have a signal that is linear with concentration 
of iron. Here, we test of our systems to ensure that the MPI signal remains completely linear with the number of tagged cells deep 
within tissue. Methods: We built a magnetic nanoparticle relaxometer to test the linearity of the MPI principle for imaging stem cells. The 
system subjects a small sample to a time varying magnetic field up to 100 mTpeak-peak at 4.45 kHz. We labeled hESC stem cells with 
a commercially available iron oxide tracer [2]. We prepared 7 samples of exponentially decreasing quantities of labeled stem cells 
between 5000 and 1 million cells. We acquired an MPI signal and gridded the induced signal to the instantaneous magnetic field 
experienced by the nanoparticle [3] to obtain an estimate of the MPI point spread function. We repeated the experiments with the stem 
cells mixed with muscle tissue. Results: The system indicates that the MPI signal is purely linear with the number of stem cells. Our 
current system has a noise floor of less than 1000 stem cells, which we can improve with new electronics and receive coils. The point 
spread function also does not change as a function of the number of cells. The signal has no dependence on the presence of tissue. 
Conclusion: We successfully built a MPI system that directly detects the magnetization of iron oxide labeled hESCs with remarkable 
sensitivity and no depth limitations. We have also shown that the MPI signal is depth independent and linear with concentration, which 
are important to stem cell quantification. Significant gains in SNR and resolution are possible as we continue to develop pulse 
sequences, reduce vibration, improve electronics, and develop new hardware. We see great potential for MPI to directly detect SPIOs 
enabling rapid angiography, inflammation tracking and stem cell tracking. [1] Gleich et al, Nature, 2005. [2] Arbab et al, Blood, 2004. [3] 
Goodwill et al, IEEE TMI, 2010. [4] Goodwill et al, IEEE TMI, 2011. 

 
Fig 1: (a) One-million labeled hESCs mixed with tissue. (b) The MPI signal does not change in the presence of tissue. (c) Current detection threshold as 

a function of number of hESCs for prototype system. The MPI signal is linear with number of stem cells. 
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Adipose tissue-derived stem cells protects against stroke in rat 

Jichun Liao1, Bo Li2, Rui Xia1, Fabao Gao1, 1Department of Radiology,West China Hospital,Sichuan University, Chengdu, China; 
2Southwest Hospital, Third Military Medical University, Chongqing, China. Contact e-mail: ljchun2005@126.com 

Objective: To observe the effect of adipose tissue-derived stem cells(ADSCs) implanted into rats with cerebral infarction with 7.0T MR. 
Material and Methods: ADSCs were isolated from the inguinal fat pad of 2 weeks old SD rat, and incubated in DMEM/Fl2 with 15% 
FBS. When cells were passaged three times,SPIO were added to culture medium(7μg Fe/ml).Then, cells were incubated in the culture 
medium for 8 hours before collected. A permanent middle cerebral artery occlusion (MCAO) in rat was induced by intraluminal vascular 
occlusion with a microfilament. A total of 20 rat cerebralinfarction models were established, devided into two groups.SPIO labeled 
ADSCs(106 in 20ul)were intracerebrally transplanted into the rats' ischemic brains at 3 hours after MCAO and 20μl culture medium 
were implanted in the control group. Then,the rats’heads were imaged by 7.0T MR scanner at 3h and 1, 3, and 7 days after operation. 
Immediately after MR imaging, the animals were sacrificed and their brains were removed for Prussian blue staining, HE staining and 
immunohistochemical staining. Result: Prussian blue staining of ADSCs showed the labeling rate was ≥95%. Lesion size was assessed 
at 3h, and 1, 3, and 7 days using MR imaging. ADSCs treated group had reduced lesion volume, and increased nerve fibers on 
DTI(figH, red:L-R,green:P-A,blue:F-H) compared to the control group. The infarction area was more obvious on DWI than T2,and which 
can be observed 3 hours after MCAO(figB).The transplanted SPIO labeled ADSCs presented pronounced hypointense signal bands on 
T2WI gradually fading out over time(figC,E,G). Prussian blue staining of brain tissue showed the most blue dots were in the microglias, 
and few were in the Nestin-staining positive cells. Conclusion: ADSCs could be an important cell source of cell therapy for stroke. And 
MRI is the most promising technique for noninvasive diagnosing and monitoring stroke. 
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Use of piggybac transposon for the multimodality molecular imaging on murine breast cancer 
model and identify the population of cancer stem cell 

Shiau Yi Wang, Hsin-Ell Wang, Ren-Shyan Liu, Jeng-Jong Hwang, Yi-Jang Lee, Department of Biomedical Imaging and Radiological 
Sciences,, Taiwan,Taipei, Taiwan. Contact e-mail: g39820018@ymu.edu.tw 

Purpose: It has been a major concern to monitor the residual part of tumor in animal models. To track the cells in vivo non-invasively, 
we tend to use a non-viral multimodality molecular imaging, piggyBac, to highlight the evidence. In this experiment, we hypothesized 
the remained cells may locate aside mouse bone . Here, we demonstrated the using of piggybac to identify the remained tumor cell 
resident. Methods: PB2R-puro (mRFP,HSV1-tk) was transfected or co-transfected with Act-PBase (piggyBac transposase) to 4T1 mice 
breast cancer cells. Genome insertion by piggybac based recombinant DNA was confirmed by genomic DNA PCR or FISH. Reporter 
gene assay including RFP and HSV1tk luc2 was detected by fluorescence microscopy, western blot and 3H-FIAU cell uptake assay. 
Subsequently, 4T1 cells transfected with PB2R-puro alone or co-transfected with Act-PBase was sorted 2 days post-transfection. 1*106 
cells were subcutaneously seeded in Balb/c female mice. RFP and HSV1tk signal in 4T1 tumors were detected by IVIS50 system and 
MicroSPECT/CT(123I-FIAU), respectively. 4T1 tumor activity also imaged by (18F-FDG)MicroPET/CT. 4T1-PB tumor tansplanted 
mouse for 4 weeks were sacrificed and removed for frozen section. 4T1-PB slides were imaged for RFP signal confirmation. In addition, 
HSV1tk expression was analyzed over werstern blotting. Tumor necrotic region was defined by H&E staining. 4T1 growth 27 days 
tumor tissue were removed and isolated the remained cells RNA for qPCR quantify Oct4/Sox2 gene expression level. Results: 
Compared to single transfection of PB2R-puro or co-transfection of the recombinant constructs with Act-PBase exhibited sustained 
RFP and HSV1-tk reporter activity over 6 weeks. The similar results were visualized in 4T1 tumors with PB2R-puro and Act-PBase 
constructs transfected. We also identified that the residual cancer cells depicted some cancer stem cell properties from the cells 
isolated from implanted mice. Realtime PCR revealed the cluster of cells showed higher Oct4/Sox2 mRNA expression level than in vitro 
cultured cells. Conclusions: Our data suggest that the piggyBac transposon based vector is an ideal tool for non-viral gene delivery of 
reporter genes. Using the piggybac multimodality molecular imaging methods, can further identify the remained cell region. Surprisingly, 
isolated from the remained cell RNA has the highest Oct4/Sox2 gene expression level than in vitro cultured cell. The remained cells 
may contain cancer stem or initiating cells. 
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Does X-ray-visible alginate microencapsulation of hMSC alter the response to hypoxia? 

Tamader Y. AL-Rammah1,3, Yingli Fu1, Yi Xu2, Polina Sysa Shah2, Xin Guo2, Kathleen Gabrielson2, Dara Kraitchman1,2, 1Russell H. 
Morgan Department of Radiology and Radiological Sciences, Johns Hopkins University, Baltimore, MD, USA; 2Department of Molecular 
and Comparative Pathobiology, Johns Hopkins University, Baltimore, MD, USA; 3Department of Radiological Sciences, King Saud 
University, Riyadh, Saudi Arabia. Contact e-mail: talrammah@hotmail.com 

Background: Microencapsulation was developed to immunoprotect allogeneic cells for therapeutic delivery. We have recently shown 
the ability to impregnate microcapsules with contrast agents to enable cell tracking. While enhanced therapeutic efficacy for angiogenic 
therapy of microencapsulated human mesenchymal stem cells (hMSCs) may be due to improved cell survival, an alternative hypothesis 
may be due to altered cytokine release from hypoxic induction/ischemic preconditioning induced by increased diffusion lengths within 
the relatively large microcapsules, e.g., 300-400µm (Fig1) In our study, we sought to determine whether hypoxia during cell 
encapsulation may alter the cytokine release profile or result in ischemic preconditioning of encapsulated cells. Methods: Hypoxic (1% 
O2, 5% CO2 incubated for 48 h at 37°C) and non-hypoxic bone marrow-derived hMSCs (Lonza) were compared to hMSCs subjected to 
alginate microencapsulation. In addition, hypoxic and normoxic hMSCs were incubated in alginate for 1 hr with or without the addition of 
perfluoroctylbromide (PFOB,12% w/v), a known oxygen donor that also provides microcapsule radiopacity (Fig). After incubation, the 
hMSCs were washed and incubated for an additional 24 h. miRNA was collected after 24 h. qPCR was performed for two miR 
associated with hypoxia inducible factor 1α (HIF-1α) , i.e., miR-210 and miR-373 (Integrated DNA Technologies), in triplicate samples 
with a U6 loading control. Results: Hypoxic hMSCs showed a marked increase in miR-373 and miR-210 relative to non-hypoxic hMSCs, 
as expected. Encapsulated hMSCs viability was 80% after encapsulation in capsules 400 ± 20 µm . Alginate-encapsulated hMSCs 
showed no change in miR-373 relative to non-encapsulated normoxic hMSCs but a mild increase in miR-210 was observed. Incubation 
of hypoxic and normoxic hMSCs for 1 h in PFOB-alginate (PFOB+) or alginate only (PFOB-) showed a mild 4-14-fold increase in miR-
373 and miR210 relative to normoxic hMSCs not placed in alginate. However, miR-373 in these groups was reduced >1000-fold 
relative to non-encapsulated hypoxic cells. Surprisingly, the lowest increase in miR-373 and miR210 was observed in hypoxic hMSCs in 
PFOB+, suggesting the enhanced oxygenation in the presence of PFOB. Conclusions: Alginate microencapsulation under optimal 
conditions does not appear to elicit a hypoxic response. However, the long dwell times of hMSCs in alginate prior to encapsulation 
leads to a mild hypoxic response similar to ischemic preconditioning. For stem cell regenerative therapies where large number of 
microcapsules will be delivered to areas of reduced perfusion, mild hypoxia may be present that leads to the upregulation of miRNA 
associated with hypoxia inducible factor 1α (HIF-1α). Thus, microencapsulated hMSCs may have enhanced survival due to ischemic 
preconditioning and in turn release cytokines associated that may aid in therapeutic angiogenesis by either cell recruitment or cell 
migration in vivo. 

 

Figure 1: A) Microscopic view of PFOB microcapsules B) Maximum intensity projection of C-arm CT image in a rabbit model of Peripheral Arterial 
Disease (PAD) created by percutaneous thrombogenic coil placement in the left femoral artery demonstrating six injection sites of the radiopaque MSC-

PFOB capsules (yellow arrows) in the medial thigh, C) Digital subtraction angiogram (DSA) of the same rabbit in B at two weeks after hMSC-PFOB 
capsule treatment showing robust collateral vessel growth in the ischemic region. 
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MR Imaging of Ferumoxides Labelled Mesenchymal Stem Cells in Cartilage Defects: in vitro 
and in vivo investigations 

Rakhee Gawande1, Tobias D. Henning2, Aman Khurana1, Lydia Mandrussow1, Michael F. Wendland3, Nikita Derugin1, Thomas M. 
Link3, Heike E. Daldrup-Link1, 1Radiology, Stanford University School of Medicine, Stanford, CA, USA; 2Radiology, University of 
Cologne, Cologne, Germany; 3Radiology, University of California, San Francisco, San Francisco, CA, USA. Contact e-mail: 
rakheegawande@yahoo.com 

PURPOSE: (i) To compare three different techniques for ferumoxides labelling of mesenchymal stem cells (MSC), (ii) to evaluate if 
ferumoxides labelling allows in vivo tracking of matrix-associated stem cell implants (MASI) in an animal model and (iii) compare MRI 
characteristics of ferumoxides labelled viable and apoptotic MSCs. METHODS: MSCs, labelled with ferumoxides by simple incubation, 
protamine-transfection or lipofection were evaluated with MRI and histopathology. Ferumoxides-labelled MSCs were examined via 
confocal fluorescence microscopy and electron microscopy for intracellular localization of contrast agent. In-vitro MR imaging of MSCs, 
labelled with all three protocols was performed on a 3T clinical MR scanner using a quadrature knee coil. Ex vivo MR imaging of pig 
knee specimen with ferumoxides-labelled MSCs in surgifoam scaffold was performed using a clinical 1.5 T MR scanner and a 
quadrature knee coil. In vivo studies were performed with ferumoxides-labelled and unlabelled viable and apoptotic MSCs in 
osteochondral defects of rat knee joints, over 12 weeks on a 7T MR scanner. Histopathologic correlations were obtained to determine 
engraftment outcome of transplants. Signal-to-noise-ratios and total area of viable and apoptotic labelled MASI were tested for 
significant differences using t-tests. RESULTS: A simple incubation labelling protocol demonstrated the best compromise between 
significant MR signal effects, preserved cell viability and potential for immediate clinical translation. Electron and fluorescence 
microscopy confirmed intracellular internalization of contrast agent regardless of transfection technique. Quantification of intracellular 
iron uptake by ICP-AES demonstrated significant intracellular uptake of contrast agent of MSC for all three cell labelling protocols and 
all incubation times (p < 0.05). In vitro MR imaging revealed that labelling efficiency and MR signal effects increased up to a maximum 
incubation time of 24 hours. Ex vivo MR imaging of MASI on T2* weighted images, demonstrated a maximal signal decline of all 
ferumoxides-labelled cell transplants without any significant differences between sub-groups (p>0.05). Quantitative SNR data showed 
significant differences between scaffolds with labelled and unlabelled cells on all sequences (p<0.05). Ferumoxides labelled MASI 
demonstrated significant MR signal effects in vivo, which did not change significantly at day 0 and week 2, 4 ,8 and 12 following 
transplantation (p>0.05). Viable and non-viable MASI did not show significant differences in SNR data. However labelled, but not 
apoptotic stem cells, demonstrated an increasing area of T2-signal loss over time, which correlated to stem cell proliferation at the 
transplantation site. Histopathology confirmed successful engraftment of viable labelled stem cells and unlabelled controls. 
CONCLUSION: The engraftment of MASI, labelled with iron oxide nanoparticles by simple incubation, can be monitored over several 
weeks with MR imaging. Viable and apoptotic cell transplants can be distinguished via imaging signs of cell proliferation at the 
transplantation site. 
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Imaging the interaction of mesenchymal stem cells and cancer cells 

Chien-Chih Ke1,2, Atsushi Suetsugu1,3, Oscar K. Lee2, Robert M. Hoffman1,3, 1AntiCancer, Inc., San Diego, CA, USA; 2Dept. of 
Orthopedics, Taipei Veterans General Hospital, Taipei City, Taiwan; 3Dept. of Surgery, University of California San Diego, San Diego, 
CA, USA. Contact e-mail: all@anticancer.com 

Mesenchymal stem cells (MSC) have been reported to promote tumor growth and metastasis. Through paracrine effects, cytokines 
such as TGFβ or CCL5 produced by MSC play a role in modulating cancer cell behavior. However, the interaction between MSCs and 
cancer cells is not only via cytokines but involves physical contact as well. In this study, using GFP mesenchymal stem cells and RFP 
murine mammary cancer cells, the interaction between these cells types was imaged in vivo and vitro. Murine MSCs were isolated from 
GFP transgenic mice and 4T1 murine mammary cancer cells expressed RFP. Cells were co-cultured in vitro or co-implanted into the 
mouse mammary fat pad. Cell movement and distribution were recorded with fluorescence video microscopy. 4T1 cells had an 
epithelial shape and moved toward each other to form clusters when cultured alone. In contrast, 4T1 cells showed a stretched, spindle 
like morphology when interacting with MSCs. In vivo imaging with the Olympus OV-100 or IV-100, clearly visualized GFP-MSC and 
RFP-4T1 cells within tumors. When co-injected with MSCs, as few as 5 4T1-RFP cells could form a tumor but could not form tumors at 
the low cell number without MSCs. The results demonstrate that MSCs have a powerful effect on breast cancer cells. 
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Simultaneous imaging of cancer stem and non-stem cells in vivo 

Atsushi Suetsugu1, Mohamed K. Hassanein1, Masahito Nagaki3, Hisataka Moriwaki3, Michael Bouvet2, Abdool R. Moossa2, Robert M. 
Hoffman1,2, 1AntiCancer, Inc., San Diego, CA, USA; 2Dept. of Surgery, University of California San Diego, San Diego, CA, USA; 3Dept. 
of Surgical Oncology, Gifu University, Gifu, Japan. Contact e-mail: all@anticancer.com 

In this study, CD44+ HCT-116 cells were considered as colon cancer stem-like cells (CSCs) and CD44- HCT-116 cells were considered 
colon non-cancer stem cells (NCSCs). CD44+ cells were isolated by magnetic bead sorting. CD44+ cells outgrew CD44- cells in vitro. 
GFP-CD44+ cells preferentially migrated from the center of the spheroids after co-culture with RFP-CD44- cells. GFP-CD44+ cells grew 
to a greater extent subcutaneously in nude mice, when compared to the CD44- cells. Equal numbers of GFP CSCs and the RFP 
NCSCs were mixed and co-injected in the spleen of nude mice where the cells metastasized to the liver. GFP CSCs were found in 
greater numbers compared to RFP NCSCs in the liver of nude mouse. GFP CSCs and RFP NCSCs were co-injected in the wall of the 
cecum. GFP CSCs were observed in metastases formed in the small intestine and colon wall, to a much greater extent than RFP-
NCSC. Simultaneous color-coded imaging of CSCs and NCSCs in the present study has demonstrated two very different subsets of 
cells within the HCT-116 cell line with respect to tumor growth and metastasis. 
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The role of mesenchymal stem cells in breast cancer growth 
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Mesenchymal stem cells (MSCs) are multipotent adult stem cells. Tumor-recruited MSCs are thought to promote tumor growth and 
metastasis. The aim of this study was to investigate the modulation of breast cancer cells in vitro and in vivo by MSCs. 4T1 murine 
mammary cancer cells labeled with RFP and murine MSCs labeled with GFP were used in this study. In vitro cell proliferation and cell 
migration were evaluated by culturing cells in MSC conditioned medium (MSC-CM) or normal culture medium. Tumor growth, 
spontaneous lung metastasis and drug resistance of 4T1 tumor with or without MSCs were measured. 4T1 cells showed significant 
increased proliferation and migration when cultured in MSC-CM. When co-injected with MSCs into the mouse mammary fat pad, 4T1 
tumors showed a more rapid growth, generated more spontaneous lung metastasis and were more drug resistant. When co-injected 
with MSCs into the mouse mammary fat pad, as few as 5 4T1 cells gave rise to tumors. This small numberof 4T1 cells did not form 
tumors alone. MSCs thus appear to be able to modulate mammary cancer cells to a much more malignant state. 
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Building the niche: Developing a new stem cell scaffold while using molecular imaging for 
evaluation of its properties 

Keren Ziv1, Harald Nuhn2, Annelise E. Barron2, Sanjiv S. Gambhir1, 1Radiology, Stanford university, Palo Alto, CA, USA; 
2Bioengineering, Stanford University, Palo Alto, CA, USA. Contact e-mail: kerenziv@stanford.edu 

A major problem in regenerative medicine is the retention of transplanted cells in the target organ. In order to overcome this problem a 
wide range of scaffolds have been tested among them hydrogels. Hydrogel scaffolds possess similarities to the biological tissue 
environment and therefore are widely used. We developed a new hydrogel, based on silk and alginate. This novel biocomposite 
provides a strong, long-lasting scaffold, having tunable mechanical properties. Scaffolds were tested for adherence of mouse 
embryonic stem cells (mESC) using molecular imaging, as well as for rigidity, stability and immune response. Hydrogel scaffolds were 
prepared by mixing silk and alginate solutions of various w/w ratios. Each mixture was supplemented with a different ECM component 
(collagen I/RGD/fibronectin/Laminin). The scaffolds were casted in a transwell plate, cross linked using CaCl2 and washed 3 times 
using the cell’s media. The mESC-D3 cell line, stably expressing fLuc, was used in all experiments in order to study the adherence and 
proliferation of the mESC (D3-fLuc). Cells were plated on top of the scaffold. D3-fLuc survival and proliferation was monitored for a 
week using the luciferase activity assay. Scaffolds stability was tested both in vitro and in vivo. In vitro: scaffolds were incubated over 2 
weeks in 100% FBS at 37 °C. In vivo: florescent-labeled scaffolds were transplanted in 2 mice with a window chamber. Scaffold’s 
fluorescence was monitored for 10 days. Rheology: The rigidity of scaffolds composed of different ratios of silk and alginate was 
determined by means of rheology performing amplitude sweeps (amplitude: 0.25-50 %; angular frequency: 10 s 1, 8 mm probe). The 
Young’s modulus E was calculated based on the determined complex modulus G*. Cell survival and proliferation was tested using a 
luciferase activity assay. Cells were tested 3 and 7 days after plating. Cells plated on a silk alginate scaffold free of any ECM 
component did not give any signal (Fig. 1A). Cells plated on scaffolds supplemented with collagen I, RGD or fibronectin exhibited a 
scattered signal (Fig1. B-D). A uniform signal that covered the whole plate was detected from cells plated on scaffolds supplemented 
with laminin (Fig. 1E). The scaffold stability was tested both in vitro and in vivo. Scaffolds were stable for 2 weeks in 100% FBS and did 
not break down. Fluorescent-labeled scaffolds that were transplanted in a mouse window chamber model exhibited fluorescence during 
the whole time they were monitored. The rigidity of the scaffold was measured by means of rheology. Varying silk-alginate ratios 
resulted in different scaffold rigidity. This allows us to fine tune the mechanical properties of the scaffold to reflect those of other soft 
tissue (e.g., myocardium). The ability to induce cell adherence is the one requirement that should be fulfilled by any scaffold. Using 
molecular imaging, we show that while a biocomposite of silk-alginate alone did not induce cell adherence, an addition of laminin to the 
mixture leads to a uniform adherence and proliferation of mESC. In addition we proved the novel scaffold mechanical properties are 
tunable and biocompatible. 

 

Fig. 1: Influence of scaffold composition on mESC adherence and proliferation. (A) ECM-free scaffold. Scaffolds enriched with 0.01% of: (B) collagen I 
(C) RGD (D) fibronectin (E) laminin. 
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Introduction: Mesenchymal stem cells (MSCs) are potential candidates for new cell therapies for skeletal tissue regeneration. 
Determining the fate and function of MSCs after implantation plays a pivotal role in the development of new MSC therapies. To this end 
cells can be labeled ex vivo using synthetic particles or genetically modified to express reporter genes. These genes are attractive tools 
for cell labeling because they enable the detection of live cells only and can be modified to indicate cell function as well. In the current 
study we utilized lentiviral vectors encoding for various reporter genes and micron-sized iron oxide particles (MPIOs) to label MSCs. We 
then implanted the cells in various skeletal models in rodents and monitored cell survival and osteogenic differentiation using 
bioluminescence imaging (BLI), micro-single photon emission computed tomography/CT (μSPECT/CT), or micro-magnetic resonance 
imaging (μMRI). We hypothesized that we could track tissue-specific differentiation of MSCs in various implantation models. Methods: 
For cell tracking MSCs were labeled with MPIOs and injected into degenerated rat and mouse intervertebral discs (IVD). For cell 
survival monitoring MSCs were also transduced with a lentivector encoding for GFP and Luciferase (Luc), injected into NOD/SCID mice 
and BLI was used to track the cells. MSCs were transduced as well with a lentivector encoding for the human sodium iodide symporter 
(hNIS) gene, implanted subcutaneously in NOD/SCID mice and μSPECT/CT was used to detect uptake of 99mTc-pertechnetate by 
those cells. For cell differentiation monitoring MSCs were transduced with lentivectors encoding for Luc or hNIS genes driven by the 
human osteocalcin (hOc) promoter. Expression of the reporter gene was validated in vitro using inductive media. MSCs transduced with 
lenti-hOC-Luc were further infected with adeno- BMP2 vector, implanted in NOD/SCID mice and BLI was performed to quantify 
osteogenic activity in vivo. Results: MPIO-labeled cells were tracked in the rat and mouse IVD up to 25 days post- implantation. 
Prussian blue staining verified the presence of labeled cells in the nucleus pulposus area. Lenti-GFP-Luc-labeled cells were found in 
mouse lungs 1 hour after delivery and were cleared after 48 hours. Lenti-hNIS labeling was verified using immunostaining and 
radiotracer uptake, in vitro. The graft of lenti-hNIS-labeled cells demonstrated radioisotope uptake in vivo. In vitro, cells labeled with 
lenti-hOC-hNIS stained positively after 13 days in osteogenic media compared to labeled cells grown in growth media. Luciferase 
expression was noted only in lenti-hOC-Luc-labeled cells that also expressed BMP2. μCT analysis confirmed bone formation in 
luciferase-expressing cell implants. Conclusions: The data we present demonstrate our ability to monitor implanted stem cell fate in a 
minimally invasive, longitudinal, and quantifiable manner. The use of functional reporter vectors allows us to track cell function as well 
as cell survival using different imaging modalities, at various implantation sites. 
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In vivo cell tracking imaging of hexadecyl-4-[123,124I]iodobenzoate labeled adipose derived stem 
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Objectives: Monitoring of transplanted stem cells for cardiac repair is important part in regenerative medicine. This study is aimed to 
track the transplanted adipose derived stem cells (ADSCs) in rat heart using hexadecyl-4-[123, 124I]iodobenzoate ([123, 124I]HIB) mediated 
direct labeling method in vivo. Methods: ADSCs were isolated from fat tissues in rat abdomen. Expression of stem cell specific surface 
markers including CD44H and CD90, was investigated by flow cytometry (FACS) analysis. [123, 124I]HIB was used to direct-radiolabel 
ADSCs by absorption into cell membrane. Cell viability following [123I]HIB labeling was determined by trypan blue exclusion test. 
Leakage ratio of [123I]HIB labeled ADSCs was investigated by activity check in culture medium for 24 h. Radio-labeled ADSCs were 
intramuscularly injected in left ventricle of rat myocardium, then in vivo monitoring of transplanted cells was each followed for 30 and 60 
min by imaging using small animal PET/SPECT/CT. Subsequently, PET/SPECT/CT imaging was performed for 18 days. After 5 
([123I]HIB labeled ADSCs) and 18 days ([124I]HIB labeled ADSCs) post-transplantation, animals were sacrificed and heart tissues were 
fixed for histological analysis. Results: Isolated ADSCs showed up-regulated expression of CD44H and CD90, is known as positive 
marker for stem cells. Cell-labeling efficiency was over 50%. Leakage ratio of labeled [123I]HIB from ADSCs was below 10% for 24 hrs. 
Cell viability of [123I]HIB labeled ADSCs was over 90% for 24 h in vitro. In SPECT/CT imaging, tracking of ADSCs labeled with [123I]HIB 
was possible for 2 days. And in PET/CT imaging, tracking of ADSCs labeled with [124I]HIB was possible for 9 days. Through histological 
analysis, the transplanted [123I]HIB labeled ADSCs were detected in rat heart. Conclusions: [123, 124I]HIB was efficiently labeled to 
ADSCs and [123I]HIB labeled ADSCs was successfully engrafted in cardiac muscle and possible monitoring of transplanted cells for 2 
days. And in the case of [124I]HIB labeled ADSCs, monitoring of transplanted cells was possible for 9 days. These results suggested 
that [123, 124I]HIB can be used as direct labeling agent for early cell tracking of transplanted stem cells. 
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Tracking of ferritin-labeled endogenous neuroblast migration in mouse brain with MRI 
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BACKGROUND: Endogenous neural stem cells (eNSC) hold the potential to facilitate therapy for various (neurodegenerative) brain 
disorders. To increase our understanding of the regulation of eNSC and progenitor cell (NPC) biology in healthy and diseased brain, 
methods to label and visualize eNSC/NPC’s in vivo are indispensable. Iron oxide particle based cell-labeling approaches enable cell 
tracking with MRI in the brain. However, the dilution effect upon cell division is a major drawback for longitudinal follow-up of highly 
proliferating NPC’s with MRI. Stable, viral vector-mediated marking of eNSC’s and their progeny with a reporter gene for MRI could 
overcome this limitation and open many applications of molecular imaging with MRI. AIMS: We aimed at constructing and validating 
lentiviral vectors (LV’s) to overexpress ferritin in the mouse brain with the goal to stably mark eNSC’s and their progeny with this 
reporter in order to follow up their migration with MRI. We verified whether we can track and quantify ferritin-labeled eNPC migration to 
the OB with MRI. To this end, we developed an image analysis tool to objectively and quantitatively evaluate the image contrast. 
METHODS: We constructed LV’s with expression cassettes encoding for the MR reporter gene ferritin (LV-eGFP-IRES-FerrH and LV-
FerrH-IRES-FerrL). These LV’s were stereotactically injected in the mouse subventricular zone to stably label the eNSC pool in situ. 
The ferritin-labeled stem cell progeny migration towards the OB was longitudinally followed up by in vivo and ex vivo MRI. The 3D MR 
images were quantitatively analyzed using the developed image analysis pipeline that contains modules for MRI intensity 
inhomogeneity (RF bias field) correction, spatial alignment to an MR anatomical atlas template and inter-scan intensity variation 
normalization. RESULTS: LV’s encoding for the MR reporter gene ferritin were constructed and show to induce MR contrast in mouse 
brain. These vectors were used to label the SVZ-stem cells and their progeny. Ferritin labeling of stem cells allowed the detection of 
eNPC migration to the OB in individual animals with ex vivo MRI. Due to the much lower SNR, in vivo MRI could not sensitively detect 
longitudinal changes in individual animals with the current setup. We histologically validated the MR detection of migration and 
integration of ferritin-labeled stem cell progeny into the OB. CONCLUSIONS: We stably labeled eNSC/NPC’s at the subventricular zone 
in situ by means of injecting LV’s expressing ferritin, a reporter for MRI. We were able to non-invasively detect ferritin-labeled eNPC 
migration into the olfactory bulb with MRI, although detection of neuroblast migration to the OB in the individual animal was only 
feasible with ex vivo MRI. We developed an image analysis pipeline and show that bias field correction is indispensable for correct and 
quantitative interpretation of MR data. Although MR reporter gene-based labeling for cell tracking with MRI holds many advantages 
over particle-based approaches and has the potential for molecular imaging with MRI, sensitivity remains a limitation when it comes to 
detecting smaller cell numbers. 

 

MRI of LV-FerrH-IRES-FerrL-labeled eNSC/NPC’s migrated to the OB. Panel A: unprocessed 3D T2*-weighted in vivo MRI images at 30 weeks p.i. of 3 
µl LV-FerrH-IRES-FerrL in the SVZ (a) at the site of injection (coronal image), (b) at the OB (transversal) and (c) of the same (transversal) image in color 

scale, showing RF coil distortion as at least a partial cause of the apparent hypointensities at the right OB. Panel B is showing the same image as in 
panel A, b-c after bias field correction and intensity normalization. Panel C: Graphic representation of the mean signal intensities for two different 
volumes of interest (VOI) in the OB after RF bias field correction and intensity normalization of the ex vivo 3D T2*-weighted MR images, showing 

significant signal lowering in both VOI’s in the experimental OB (LV-ferritin marked side) (n = 8, error bars represent SEM, *: p < 0.05). White arrows 
point at hypointense contrast in the OB, white arrowheads indicate hypointense contrast at the site of injection. 
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Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is the only curative therapy for many patients with malignant and 
hematologic disorders. Graft-versus-host Disease (GVHD) is the most frequent and severe complication of allo-HSCT and limits 
successful outcomes. Non-hematopoietic stromal stem cells, including multipotent adult progenitor cells (MAPCs) have immuno-
regulatory properties, and clinical and pre-clinical data suggest they then can reduce the severity of GVHD. However, the biodistribution 
of these cells after injection and the immunologic mechanisms behind their protective effects remain to be fully elucidated. Using 
SPECT, cryo-imaging and a well-described mouse allo-HSCT model, we characterized the biodistribution of labeled MAPCs within the 
first 24 hours of injection. Lethally irradiated, inbred, B6D2F1 mice received BM and purified splenic T cells from allogeneic, haplo-
identical C57Bl/6 or syngeneic F1 donors. Human MAPCs were labeled with 99mTc HMPAO for SPECT imaging or Qtracker 625 red 
Qdots for cryo-imaging.The MAPCs were mixed so that each mouse received approximately 0.57x106 of each 99mTc HMPAO-labeled 
and Qtracker-labeled cells via tail vein injection on the day following HSCT. Transplanted mice were analyzed either 1 hour or 20 hours 
post-injection. Each mouse was subjected to planar scintigraphy and SPECT imaging, then sacrificed, snap frozen and cryo-imaged. 
Using microscopic resolution and whole mouse cryo-images, we used specialized Bayesian classification software to detect single stem 
cells throughout the mouse. Quantitative 3D analysis of SPECT and cryo-images of mice sacrificed 1 hour post-injection shows the 
majority of injected MAPCs in the lungs, with some in the liver, and few in the kidney, spleen, spine, and other tissues (see Figure). 
With cryo-imaging, we detected approximately 476,000 of 570,000 injected fluorescently labeled cells, 82.58% of which were found in 
the lungs. Remaining cells were found in the liver (17.17%), spleen (0.19%), kidney (0.03%), and other tissues (0.02%). In SPECT 
images of the same mouse, the majority of the 99mTcHMPAO signal was found in the lungs and bladder.We detected approximately 
43,000 cells in the lung with SPECT imaging, only 10% of the cells we saw in the lungs with cryo-imaging. In mice sacrificed 20 hours 
post-injection, we were unable to detect the 99mTcHMPAO in SPECT images. We were able to detect the Qtracker-labeled cells in the 
cryo images, although we only detected approximately 10% of the cells originally injected. 82.72% of the detected cells were found in 
the lungs. Remaining cells were found in the liver (12.86%), spleen (3.67%), kidney (0.27%), and other tissues (0.46%, many of which 
were in the spine). We also detected a very bright contiguous signal in the tail, indicating an imperfect injection. Our study demonstrates 
that, at early time points, SPECT and cryo-imaging can both be used to track labeled cells in the mouse. Cryo-imaging is better suited 
for tracking fluorescently labeled stem cells at later time points, where the 99mTc HMPAO label has already decayed beyond detection 
capability or detached from MAPCs and been excreted. 

 
SPECT and Cryo-imaging bio-distribution of fluorescently labeled MAPCs in adult mouse model of GVHD. A mouse was tail-vein injected with 

approximately 570,000 fluorescently labeled MAPCs and sacrificed 70 minutes post-injection. 3D visualization of SPECT (a) and cryo-images (b) shows 
biodistribution of labeled MAPCs. In the SPECT images, the majority of signal was found in the lungs and bladder. Cryo-images show the vast majority 

of cells are found in the lung and liver, with few cells dispersed in the kidney, spleen, and other tissues. 
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MRI-guided stem cell-mediated hyperthermia in mouse tumor xenografts: potential application 
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Introduction: One of the many challenges in biomedicine is to deliver treatment at the right place, at the right dose, and at the right time. 
In this context, stem cells loaded with magnetic nanoparticles (designed to heat) can serve as thermotherapeutic agents that deliver 
heat to the sites of neovascularization in growing tumors. Injection of magnetic fluids into tumors for targeted drug release or 
hyperthermia has been developed as a cancer treatment, which either results in direct tumor cell killing or makes the tumor cells more 
susceptible to radio- or chemotherapy. However, technological limitations preclude selective deposition of infused particles to the tumor. 
Previously, we have compared homing of intravenously injected mouse mesenchymal stem cells (MSC) to tumor xenografts in two 
prostate cancer tumor models in mice. We have demonstrated active participation of mesenchymal stem cells (MSC) in 
neovasculogenesis in fast growing tumors. To utilize this phenomenon for anti-cancer therapy, we propose to load MSC with bi-
functional magnetic nanoparticles that both can be imaged with MRI and can generate heat in an alternating magnetic field (AMF). We 
hypothesize that stem cell-based delivery of nanoparticles will improve the particle distribution and retention in tumors and will minimize 
toxicity when compared to systemic intravenous administration of the magnetic fluids. Methods and Results: In this study, we loaded 
MSC with bionized nanoferrite (BNF) nanoparticles for intravenous administration to PC3 tumor-bearing mice, and tracked injected cells 
in tumors with MRI. After loading with BNF particles, stem cells proliferated and differentiated normally. In vivo (9.7T) and ex vivo 
(11.4T) MRI demonstrated accumulation of BNF-loaded MSC in subcutaneous tumors one week after injection, while no accumulation 
was detected in control animals (injected with unloaded MSC or BNF particles alone). Histological evaluation (Prussian Blue staining) of 
dissected tumor slides detected the iron oxide-loaded cells in tumor tissue. Inductively-coupled Mass Spectroscopy confirmed 
accumulation of iron in tumors. During the 20 minutes AMF exposure, the temperature at the tumor site (measured at the skin surface) 
raised 2-3 degrees (C) higher than the temperature at the opposite side of the body and renal temperature. Conclusions/Significance: 
Our data suggest that circulating MSC home to tumors to sustain tumor growth. Bi-functional BNF nanoparticles provide excellent MR 
contrast for stem cells imaging and allow heating tumors with AMF. It opens the opportunity to utilize stem cells for targeting of 
therapeutic agents to tumors (to the sites of neovascularization) and to sensitize those areas to subsequent radio- and/or 
chemotherapy. Stem cell-based delivery of BNF particles can increase the effectiveness of cancer thermotherapy and improve specific 
tumor uptake, distribution, and retention time of magnetic nanoparticles in tumors, suggesting the potential for therapeutic application. 
This technique may provide new insights into stem cell physiology and enable new tools for anti-cancer treatment. 
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The cryo-imaging system at Case Western Reserve University consists of a fully-automated, section-and-image system with a whole 
mouse cryo-microtome, microscope imaging system, and a robotic positioner. With fluorescently labeled stem cell mice (Fig. A, C), 
cryo-imaging provides volumetric data >130 GB with microscopic resolution and single cell sensitivity. We are continuing to augment 
our system's capabilities by designing specialized 3D image analysis and visualization software. We created and evaluated an 
automated software algorithm to detect fluorescently labeled stem cells in cryo-images of adult mice. It provides single cell and cluster 
detection anywhere in the mouse, giving unique quantitative analyses of stem cell biodistribution, homing, and engraftment. Steps in 
the algorithm include removal of irrelevant regions (e.g., fur, GI tract; Fig. B); spatial matched filtering to enhance small bright clusters; 
over-called candidate pixel identification; extraction of relevant, multi-spectral features; and classification using maximum log-likelihood 
with a Gaussian mixture model. For training and testing, we used synthetic and real images. We developed a Gaussian cell model 
parameterized by integrated intensity and spatial standard deviation and added cells to fluorescent images from a control mouse 
without cells. Clusters were created with random adjacent placements of single cell models. The classifier was trained and tested using 
a 10-fold cross validation on a 40,800 cluster synthetic data set to ensure no overtraining. We obtained 99.94% specificity and 97.87% 
sensitivity. We then used mice with stem cells, as described below. We compared the algorithm against an expert who manually 
segmented/corrected stem cells using an interactive thresholding algorithm. On 5,077 clusters over 5 representative image slices, we 
obtained 98.42% specificity and 96.63% sensitivity. On whole mouse stem cell data, results were robust over 5 mice cryo-imaged (40 
µm section thickness, 15.6 µm pixel size). Here we report results on a mouse injected via tail vein with ≈0.5M red quantum dots and 
sacrificed 1 hr and a control mouse injected with ≈1M unlabeled cells. We ran our algorithm on the labeled mouse volume and created 
renderings showing bio-distribution of stem cells (Fig. D) and distribution within lungs (34,355 cell clusters;), liver (81,873 clusters), and 
other organs (22,809 clusters). Clusters in lung were the largest, consistent with filtration in the lung. There was a preponderance of 
single cell clusters elsewhere. The total number of cell clusters detected was 139,037 (so that 3.6 cells/cluster would match the injected 
0.5M cells) with 2,800 false positive clusters. To rigorously test FPs, we applied the same algorithm to the control mouse without 
labeled cells. We obtained 2,391 FP clusters (only 1.7% of all clusters in labeled mouse). Of these FPs, 75% were found in fur and GI 
tract which had not been correctly removed. Cryo-imaging and stem cell detection software should enable us to evaluate stem cell bio-
distribution, homing, and engraftment with heretofore unavailable sensitivity and spatial resolution. 

 

Stem cell bio-distribution in a whole mouse volume. We segmented out irrelevant regions from tiled fluorescence cryo-images of the mouse (A) to obtain 
masked images (B). We then applied stem cell detection algorithm to 2D slices serially. Red quantum dot tagged stem cell clusters were detected in the 

lung (C). We stacked up 2D slices after stem cell detection to create a stem cell bio-distribution (D). 
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Purpose: In vivo determination of biodistribution of intravenously administered stem cells or cytotoxic T-cells (CTLs) to different organs 
and to the sites of interests are challenging. Both magnetic resonance imaging (MRI) and nuclear medicine techniques have been 
utilized to track the administered cells to the sites of interest. However, quantitative determination of organ specific biodistribution of 
administered stem cells and CTLs are still lacking. The purposes of the studies were to 1) determine the distribution of administered 
cells in different organs and to 2) quantify the accumulation of intravenously administered Indium-111 (In-111) oxine labeled human 
cord blood derived endothelial progenitor cells (EPCs) and cytotoxic T-cells sensitized to glioma cells (U251) to the tumors in a rat 
model of orthotopic glioma by in vivo single photon emission computed tomography (SPECT). Methods and Results: Cord blood 
derived AC133+ EPCs and ex vivo produced CTLs sensitized to U251 glioma cells were labeled with In-111 oxine. Labeled cells were 
injected in tumor bearing rats through tail vein and SPECT images were obtained at different time points from 1 hour to 72 hours. 
SPECT images were acquired with a dedicated PRISM 3000 gamma camera fitted with custom-built mutli-pinhole rat collimators. Both 
whole body and head only images were acquired. Multiplanar reconstruction was performed using a slice thickness of 0.8 mm. 
Volumetric images were created by adding slices from the entire animal, dorsal to ventral. Radioactivity in the animal on day 0 following 
administration of either In-111 labeled cells or In-111-oxine was considered injected dose (ID). Radioactivities were measured in 
various organs including tumor and data were reported as the percent ID (corrected for 111-In half-life). In-111 activity was calculated 
for the tumors, lungs, liver, spleen and kidneys on different time points. There were drastic changes in the level of radioactivity in the 
lungs from early hours to 72 hours in animals that received In-111 labeled EPCs and CTLs. On the other hand the level of radioactivity 
in the lungs remained relatively unchanged in animals that received In-111-oxine. When compared between EPCs and CTLs; 
administered EPCs showed rapid clearance from lungs (~40%ID in 1 hour to ~ 12%ID in 3 hours) but CTLs showed stable activity up to 
3 hours (~30%ID). Both cell types showed similar lung activity after 24 and 72 hours. There was gradual increase in the activity in liver 
from 2 hours (~49%ID) to 24 (~60%ID) hours, which remained stable up to 72 hours. There was no significant change in activity in the 
spleen and kidneys over time. Both EPCs and CTLs accumulated to the sites of tumors and the accumulated cells ranged from 0.7 to 
2.1%ID after 24 hours of injection. Activity in the tumors at 72 hours was lower than the corresponding 24 hours activity. Conclusion: In-
111 labeling allowed following the biodistribution of IV administered EPCS and CTLs in glioma bearing rats by SPECT scanning. Initial 
distribution to the lungs was different between the two types of cells. Both types of cells accumulated in the tumors. 
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PURPOSE: To develop a clinically applicable technique for tracking matrix-associated stem cell implants (MASI) in osteochondral 
defects, in vivo, with MR imaging and the FDA-approved ultra small iron oxide nanoparticle (USPIO), ferumoxytol (Feraheme). 
MATERIALS & METHODS: Rat adipose fat derived stem cells (ratADSC) were labelled via incubation with 10 μg/ml protamine sulfate 
and increasing concentrations of ferumoxytol for 24hr. Cell samples were then examined for contrast agent effects via MR imaging, 
viability via Trypan Blue assay and cellular iron uptake via spectrometry. Subsequent in vivo investigation were performed in 10 athymic 
rats with osteochondral defects in both knee joints. Six rats received ferumoxytol labeled ratADSC in the right femur and unlabeled 
ratADSC implants in the left femur. Four rats served as controls and received ferumoxides-labeled ADSC transplants in the right femur 
and unlabeled transplants in the left femur. MR imaging was conducted on a 7T MR scanner with T2-FSE sequences (TE: 30.0, TR: 
3000, Slice thickness: 0.50cm) at day 2, 8 and 28 post implantation. The presence, signal-to-noise ratio (SNR) and size of iron oxide-
induced MR signal effects were assessed, and correlated with histopathology. RESULTS: An incubation concentration of 500μg/ml of 
ferumoxytol and10 μg/ml of protamine-sulfate lead to significant cellular iron uptake, significant T2-signal effects and no impairment in 
viability of ratADSC. Ferumoxytol labeled ratADSCs demonstrated significantly decreased SNR values compared to unlabeled controls 
(p< 0.05) directly after MASI. The hypointense signal of ferumoxytol-labeled cells was not significantly different compared to 
ferumoxides-labeled cells. Transplants of ferumoxytol-labeled ratADSCs and ferumoides-labeled ratADSCs demonstrated increasing 
SNR values over time, presumably due to metabolism of the iron label. Baseline signal was reached at 4 weeks for both ferumoxytol- 
and ferumoxides-labeled cells. CONCLUSION: We present an optimized labeling protocol for ratADSC with FDA-approved ferumoxytol. 
RatADSCs in MASI demonstrated rapid metabolism of the ferumoxytol label over 4 weeks. CLINICAL RELEVANCE: The FDA 
approved USPIO, ferumoxytol, provides non-invasive visualization of viable stem cell transplants in cartilage defects via MR imaging. 
This technique is in principle readily clinically applicable. 
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MRI of Bone Marrow Cell-Mediated Interleukin-10 Gene Therapy of Atherosclerosis 
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PURPOSES: Recent studies have demonstrated that atherosclerosis can recruit circulating bone marrow cells (BMC), and the 
migration of BMCs to atherosclerotic lesions can be monitored, in vivo, by magnetic resonance imaging (MRI). The aim of this study 
was to evaluate the feasibility of using molecular MRI to monitor interleukin-10 (IL10) gene-transduced BMCs migrated to 
atherosclerosis for preventing progression of plaques. METHODS: For in vitro confirmation, BMCs were extracted from donor mice and 
then transduced by IL10 cDNA-lentivirus. The IL10-BMCs were labeled with a T2-MR contrast agent (Feridex). Success of 
simultaneous IL-10 gene transduction and Feridex-labeling of BMCs was confirmed by cytologic staining for IL10-gene expression and 
intracellular iron particle localization. For in vivo validation, atherosclerotic ApoE-/- recipient mice were intravenously transplanted with 
IL10/Feridex-BMCs (Group I, n=5) or Feridex-BMCs (Group II, n=5), while a group of five atherosclerotic ApoE-/- mice was not 
transplanted with BMCs to serve as a control (Group III). Approximately four weeks later, the migration of IL10/Feridex-BMCs and 
Feridex-BMCs to aortic atherosclerotic lesions of ApoE-/- mice was monitored, in vivo, with 3.0T MR using a Philips mouse coil. All 
aortic tissues were then harvested for subsequent histological correlation and confirmation. To evaluate the therapeutic effect of BMC-
mediated IL10 gene therapy in preventing the progression of atherosclerotic plaques, we measured quantitatively the normalized wall 
index (NWI) of ascending aorta of recipient ApoE-/- mice using a formula of dividing the aortic wall area by the total aortic area at cross-
sectional views of digitized microscopic images. Subsequently, we statistically compared the mean NWIs among the three mouse 
groups with different treatments (one-way ANOVA). RESULTS: Of the in vitro experiments, simultaneous IL-10 transduction and 
Feridex labeling of BMCs were successfully confirmed, with high cell viability and cell labeling efficiency, as well as IL-10 expression 
efficiency (≥ 90%). Of the in vivo experiments, molecular T2-MRI of the animal group I and group II presented signal voids of the aortic 
walls due to Feridex-created artifacts from the migrated IL10- and/or Feridex-BMCs in atherosclerotic lesions, which were confirmed by 
histological staining as Feridex- and/or IL10-positive cells. These findings were not seen in the control group III (Figure). Histologic 
quantitative measurements showed that the mean NWI of group I was significantly lower than those of group II and group III (P<.05), 
while there was no significant difference on the mean NWIs between the study group II and group III. CONCLUSIONS: This study 
demonstrates that it is possible to use in vivo MRI to track IL10/Feridex-BMCs recruited to atherosclerotic lesions, where IL10 genes 
potentially function to prevent the progression of atherosclerotic lesions. This technique may open a new avenue for treatment of 
atherosclerotic cardiovascular diseases using molecular MR-integrated, BMC-mediated IL-10 gene therapy. Acknowledgement: This 
study was supported in part by an NIH R01 HL078672 grant. 
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PURPOSES: This study was designed to (i) develop a novel ultrasound-assisted approach for creation of a rat model with controlled 
aortic injury; and (ii) apply this model in molecular MR tracking of bone marrow (BM)-derived stem-progenitor cells (SPC) migrated to 
injured aortas for potential stem cell-based repair. METHODS: In the first phase, we used real-time ultrasound imaging to guide the 
creation of aortic injuries in 20 SD rats and 10 JCR atherosclerotic rats. Via carotid artery cut down, a custom micro-catheter/angled-
metal-device system was advanced to damage ascending aortic intima under ultrasound monitoring. Injured aortas were then 
harvested for histological confirmation and pathophysiological analysis overtime. In the second phase, xenogenous BM-SPCs (2×106) 
were labeled with a T2-MR contrast agent (Feridex). After confirmation of sufficient cell labeling, Feridex/BM-SPCs were transplanted to 
3 recipient SD rats that underwent ultrasound-assisted endoaortic injuries. Approximately 3 weeks later, in vivo 3T MRI of injured 
ascending aortas was performed, which was followed by subsequent histological correlation and confirmation. RESULTS: Of the first 
phase study, real-time ultrasound enabled us to visualize not only the anatomical structures of large vessels and heart but also the 
exact location of the micro-catheter/angled-metal-device system, which ensured the consistent intimal damage to aortic walls (Figure A-
C). Histopathology confirmed intimal injuries in 26/30 rats (Figure D). Pathophysiological reactions at the injury sites demonstrated 
increased neointimal hyperplasia as animal survival times extended (Figure E-G). Of the second phase study, the intracellular Feridex-
labeling efficiency was 92% (Figure H&I). In vivo MRI revealed partial signal void of injured ascending aortic walls due to Feridex-
positive BM-SPCs migrated to the injured aorta, which was confirmed by histology (Figure J-M). CONCLUSIONS: Ultrasound-guided 
interventional procedure is a reliable method to create a rat model with controlled aortic injuries. This novel model provides a useful tool 
for basic science on investigation of using molecular MRI to track transplanted BM-SPCs recruited to injured vessels and thereby 
developments of new techniques for stem cell-based therapies of vascular diseases. 
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Molecular imaging of Ghrelin on survival and proliferation of adipose tissue derived 
mesenchymal stem cells with hypoxia-reoxygenation injury 
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scottss0415@gmail.com  

Objective To evaluate the effects of Ghrelin on adipose tissue derived mesenchymal stem cells (AD-MSCs) under hypoxia-
reoxygenation (H/R) injury, as to explore protective factors for myocardial cell transplantation. Methods MSCs which stably expressed 
firefly luciferase (Fluc) were isolated from Beta-actin-luc transgenic mice and characterized by flowcytometry and bioluminescence 
imaging (BLI). MSCs were subjected to (1) Normal control (2) Hypoxia 6hrs+ Reoxygenation 2hrs (H/R) (3) H/R+Ghrelin (10E-9,10E-
8,10E-7 mol/L, respectively). Cell survival and proliferation were assessed by BLI and MTT assays. Apoptosis of MSCs was 
investigated by TUNEL strain. The secretion of VEGF after Ghrelin administration was analyzed by ELISA. Results The firefly luciferase 
expression in MSCs was well correlated with different cell numbers which was proved by BLI(r2=0.96). The cells were also positive for 
the CD44 and CD90. BLI and quantitative analysis indicated that the pretreatment of ghrelin improved the survival and proliferation of 
MSCs under H/R condition compared to H/R group (P<0.05). ELISA assay revealed the level of VEGF was higher in Ghrelin group than 
that in H/R group (P<0.05). TUNEL showed Ghrelin inhibited the apoptosis of MSCs after H/R injury. Conclusion Ghrelin has beneficial 
effects on the survival and proliferation of MSCs under H/R environment and might constitute a hopeful target in stem cell 
transplantation for ischemic cardiovascular disease. 

 

Effects of different concentrations of ghrelin on AD-MSCs proliferation A:Bioluminescence imaging (BLI) to detect AD-MSCs proliferation B: Quantitative 
analysis of Bioluminescence imaging (BLI). H/R represent Hypoxia /Reoxygenation group 
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Gamma delta T cells (GDTc) constitute 2-5% of circulating lymphocytes in humans; clinical trials investigating adoptive GDTc 
immunotherapy are currently underway, as cytolytic responses of GDTc against a variety of tumors in vitro and in vivo have been 
documented. It is currently unknown, however, where GDTc go after infusion. Thus, it is our goal to label primary human GDTc with 
superparamagnetic iron oxides (SPIO) for use in cellular MRI, with the aim to track GDTc and translate our findings into protocols for 
future clinical trials. There are currently no published reports of GDTc labelling with iron particles and only a handful documenting 
successful labelling of primary conventional CD4+ or CD8+ human alpha beta T cells (ABTc). Varying degrees of iron oxide uptake 
have been achieved via incubation of iron oxides with agents such as protamine sulfate, lipofectamine or by using derivatized HIV-tat-
USPIO conjugates. Labelling primary human GDTc poses several challenges, including inter-donor variability, non-adherence to plastic, 
growth in colonies with a necessity for cell-cell contact as well as limited lifespan and the propensity to undergo activation-induced cell 
death. Our protocol to expand GDTc from human blood allows for a typical culture duration of 21 days. We have labelled GDTc with the 
SPIO Molday ION Rhodamine B (MIRB) to 99% ± 1 (mean ± standard deviation) labelling efficiency as evidenced by Perls Prussian 
Blue staining. We assessed optimal MIRB concentration, incubation time and cellular viability using flow cytometry (FCM). All three 
MIRB concentrations tested (12.5, 25 and 50 µg/ml) resulted in 72% MIRB+ cells (of all events). At 6 hours, maximum % labelling had 
occurred; however, mean fluorescence intensity continued to increase incrementally up to 96 hours post-stain in vitro. Cellular viability 
was not compromised, with only a gradual increase in % dead cells over 4 days, to 10% at 96 hours. A critical comparison of FCM and 
standard microscopy for determination of iron oxide uptake revealed, however, that FCM did not readily distinguish between membrane 
and intracellular labelling and could thus be misleading. We therefore conclude that verification of the presence of intracellular iron via 
microscopy remains necessary. We have also investigated the use of other iron oxide reagents such as Bangs green, FeRex, and 
Feridex; however, simple co-incubation with these particles was not sufficient for labelling. Using protamine sulfate, we have 
successfully labelled primary human ABTc and GDTc with Feraheme, a new clinically approved USPIO. We are now optimizing our 
protocols with respect to timing during GDTc culture, media conditions and incubation duration. Upon optimal labelling of primary 
human GDTc, we will track them via cellular MRI in our in vivo xenograft models of Ph+ leukaemia, breast cancer, prostate cancer 
and/or melanoma and will report our findings accordingly. 

 

105 day 20 GDTc were labeled via 24 hour incubation with 25 μg/ml Molday Ion Rhodamine B. Cells were stained with Perls Prussian Blue and Eosin 
(blue = iron, pink = cytoplasm). A,B. Representative fields of view. 

Gamma delta T cell labeling with Molday ION Rhodamine B 

 

A summary of the results from 10 fields of view (FOV) of a cytospin stained with Perls Prussian Blue. 
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Multimodal Imaging of Exposed Phosphatidylserine in a Mouse Glioma Model 
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Phosphatidylserine (PS) is normally intracellular but becomes exposed on the luminal surface of vascular endothelial cells in tumors. It 
also becomes exposed on tumors cells responding to therapy. In the present study, we optically imaged exposed PS in vivo using 
PGN635, a novel human monoclonal antibody that binds PS. The F(ab’)2 fragment of PGN635 was labeled with the near infrared (NIR) 
dye, IRDye 800CW. In vivo dynamic NIR imaging was performed after injection of 800CW-PGN635 into mice bearing radiation-treated 
or untreated U87 glioma xenografts growing subcutaneously or orthotopically. NIR optical imaging revealed a clear tumor contrast in 
non-irradiated subcutaneous U87 gliomas after injection of 800CW-PGN635. The tumor contrast was visible at as early as 4 h later and 
was maximal 24 h later (tumor/normal ratio (TNR) = 2.8 ± 0.7). Irradiation enhanced the tumor contrast at 24 h (TNR = 4.0 ± 0.3). 
Similar results were observed for orthotopic gliomas. There was no visible uptake by irradiated or non-irradiated normal tissues. 
Localization of 800CW-PGN635 to tumors was antigen specific, since 800CW-Aurexis, a control probe of irrelevant specificity, did not 
localize to the tumors, and pre-administration of unlabeled PGN635 blocked the uptake of 800CW-PGN635. Fluorescence microscopy 
confirmed that 800CW-PGN635 was binding to PS-positive vascular endothelial cells in non-irradiated gliomas. Irradiation of the 
gliomas increased levels of exposed PS on both tumor vascular endothelial cells and tumor cells, and gave rise to an increase in tumor 
contrast with 800CW-PGN635 that was predictive of the reduction in tumor growth. Furthermore, dual modality imaging contrast was 
developed by conjugating 800CW-PGN635 to magnetic iron oxide nanoparticles, IO-PGN635-800CW. MRI revealed significantly 
decreased signal intensity on T2*-weighted images of tumors after i.v. infusion of IO-PGN635-800CW. Irradiation caused a further drop 
in T2*-weighted signal intensity. Our studies suggested that PS-specific PGN635 labeled with imaging contrast may be useful for the 
noninvasive detection of exposed PS in tumors responding to therapy. Acknowledgments: We thank Peregrine Pharmaceuticals Inc., 
Tustin, CA, for the provision of PGN635 antibody. This work was supported in part by NCI 1R21 CA141348-01A1 and NIH CTSA Grant 
UL1 RR024982 and by the Meredith D. Chesler Foundation, Dallas, TX. Imaging was conducted by the Southwestern Small Animal 
Imaging Research Program (U24 CA126608), DOE grant #DE-FG02-05CH11280, and NIH BTRP # P41-RR02584. 

 
In vivo NIR imaging of exposed PS in gliomas before and after irradiation. Left: A mouse bearing representative size-matched subcutaneous U87 tumors 
on each thigh received 12 Gy of irradiation to the left side tumor. Middle: 24 h after radiation, 800CW-PGN635 was injected via a tail vein. The contrast 
between the non-irradiated tumor on the right side and normal muscle increased over the 24 h period after injection to a TNR of 2.6. Irradiation of the 

tumor on the left side increased levels of exposed PS to a TNR of 4.2. Right: Similar results were observed for orthotpically implanted tumors. 
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Aims: To demonstrate that it is possible to detect and quantify using in vivo MRI the presence of human therapeutic cells labeled with 
gadolinium oxide based nanoparticles (GBN) after IV or IP injection . Material and methods : Cells: Human plasmacytoid dendritic cells 
(HuPDC) were labeled (LabHuPDC) with fluorescent NPH-Gd (1 hour incubation at 10 mM Gd equivalent concentration). Animals: 
NOD-SCID β 2m-/- mice injected intra-peritoneally (exp.# 1 - 30x106 cell.) or intra-venously (exp.# 2 - 20x106 cells) with LabHuPDC in 
test mice -TM (5 and 4 for exp # 1 & 2) or unlabeled HuPDC in control mice- CM (5 for exp.# 1 & 2). In vitro tests: Gd content of 
LabHuPDC was measured using ICP-MS, the percentage of LabHuPDC was determined by measurement of the incorporated 
fluorescence (MFI) analysed by flow cytometry (FC). Viability of the labeled and unlabeled HuPDC was evaluated by FC after labeling 
with 7AAD. Cell activation was estimated by quantifying the expression of anti-HLA class I, -CD40, and -CD86 and secretion of 
IFNalphaTNFalpha, and IP10. In vivo tests: in vivo MRI was performed at 7T using a dedicated small animal system, 12 to 24 hours 
after injection of labeled or unlabeled HuPDC, under gaseous anesthesia and with respiratory synchronization (T1w. gradient echo 
sequence, TR/TE=191/2,4 msec, FOV= 30mm, 0,75mm thickness axial slices centered on spleen). Normalized values of signal 
corresponding to spleen of TM and CM were statistically compared (unpaired tailor test). Results : The labeling process did not altered 
viability (95%) and functionality of HuPDC evaluated in vitro (no activation induced by labeling process, and similar level of activation 
after stimulation with TR-L of labeled and unlabeled HuPDC) and in vivo (similar ratio of HuPDC found in spleen of TM and CM). 
Normalized spleen signal was significantly elevated in TM compared to CM (p ≤ 0.0003 & 0.024 respectively for exp.#1 & 2) and highly 
correlated (r=0,96) to the Gd content in spleen. The fluorescence detected (FITC) in spleen, related to GBN, is highly correlated to the 
contingent of HuPDC, demonstrating that the significantly higher MR signal value in the spleen of TM was accounted for by the 
presence of the injected LabHuPDC having migrated in the spleen, and not due to indirect macrophage labeling. This method is 
quantitative with high sensitivity (2700 cells/mm3). Conclusion : We demonstrated that GBN allowed an efficient labeling of human 
plasmacytoïd dendritic cells (designed for melanoma immunotherapy) and that MRI can track them in vivo after parenteral injection. 
This method which does not require specific MRI sequence development -can be used as a new imaging tool to help optimizing clinical 
applications of these cell therapies in Human. 
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vaccination 

Mangala Srinivas1, Fernando Bonetto2, Erik H.J.G. Aarntzen1,3, Cornelis J. Punt3, Otto C. Boerman3, Wim J. Oyen4, Pauline Verdijk5, 
Carl G. Figdor1, Arend Heerschap2, I.Jolanda.M. de Vries1, 1Tumor Immunology, Radboud University Nijmegen Medical Center, 
Nijmegen, Netherlands; 2Radiology, RUNMC, Nijmegen, Netherlands; 3Oncology, RUNMC, Nijmegen, Netherlands; 4Nuclear Medicine, 
RUNMC, Nijmegen, Netherlands; 5Vaccinology, RIVM, Blithoven, Netherlands. Contact e-mail: a.heerschap@rad.umcn.nl 

Introduction 19F Magnetic Resonance Imaging (MRI) for cell tracking is a relatively new field that allows absolute quantification of cell 
numbers directly from image data [1]. We apply this technology to optimize migration of dendritic cells (DC) after vaccination in 
melanoma patients. Currently, migration of these DC to relevant lymph nodes in vivo is poor [2], although higher numbers of migratory 
DC correlate with improved therapeutic outcome [3]. However, optimization is extremely difficult with current clinical cell tracking 
techniques, and financial and logistic concerns. On the other hand, there is no suitable in vitro substitute to measure cell migration that 
sufficiently replicates clinical conditions, in particular the large cell numbers used in vaccines. Hence, we outline a 19F MRI-based 
assay, where clinically-relevant numbers of labeled DC (105-107) migrate in a 3D scaffold that closely mimics tissue conditions. On 
comparing these results with our clinical DC migration data, we found that this novel in vitro assay is predictive of clinical DC migration. 
Methods Primary human DC were cultured and labeled with 111In before intradermal injection and scintigraphy [4]. For the in vitro 
migration assay, DC were 19F-labeled [5], loaded in a collagen scaffold or tissue with a chemokine gradient (Fig. A), and placed 
vertically in a 7T Clinscan Bruker system. 19F acquisitions were carried out for 10 hours to (1×1×10mm3 matrix; TR/TE=600/2.94ms; 
500 averages; elliptical K-space sampling). Results Our 19F label is well-tolerated by DC [5]. We found that decreasing the number of 
cells in the cell layer in vitro resulted in a higher percentage of migratory cells, ranging from 0-4% for 0.5-10x106 DC (Fig. B). Similar 
numbers were obtained in patients: 1-4% of the DC reached the draining lymph nodes (Fig. C, D). Furthermore, the percentage of 
migratory cells increased as the total number of cells dropped from 10 to 5 to 0.5 million both in vitro in tissue samples and in vivo. 
Histological evidence suggests that overcrowding at the injection site hinders emigration. Conclusion Cell migration is challenging to 
measure quantitatively in vivo; however its optimization is necessary for the clinical success of DC vaccination. Our 19F MRI-based 
migration assay acts as an in vitro substitute for clinical optimization of DC migration. We have shown that the in vitro results match 
patient data, and that this novel assay can be developed to predict and optimize DC migration in vitro, cheaply and effectively. The 
assay is readily adaptable to different cell types, tissue samples, chemokines, pretreatments or other factors. Acknowledgements This 
research was supported by the NWO grants 40-00506-98-06021, BIG (VISTA), VIDI 917.76.363, VENI 700.10.409; and EU project 
ENCITE (HEALTH-F5-2008-201842). References [1] Srinivas M et al. Trends Biotechnol. 28(7):363-70, 2010. [2] Srinivas M et al. Adv 
Drug Deliv Rev. 30;62(11):1080-93, 2010. [3] Verdijk P et al. Clin Cancer Res. 15(7):2531-40, 2009. [4] de Vries IJ et al. Nat 
Biotechnol. 23(11):1407-13, 2005. [5] Srinivas M et al. Biomaterials. 31(27):7070-7, 2010. 
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Visualisation of tumour associated macrophages allows for estimation of the malignant 
potential of tumour lesions in-vivo 
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Muenster, Muenster, Germany; 2Department of Immunology, University Hospital Muenster, Muenster, Germany; 3Interdisciplinary 
Center for Clinical Research, University of Muenster, Muenster, Germany. Contact e-mail: eisenblaetter@uni-muenster.de 

Purpose Tumour associated macrophages (TAM) have been shown to substantially promote local tumour progression, e.g. by 
facilitating basement-membrane breakdown. Moreover, TAMs are involved in angiogenesis and have been shown to facilitate blood 
vessel invasion. TAM density and activity correlates with poor prognosis in the majority of malignant disease. The local expression of 
S100A9 is strictly dependant on monocyte to macrophage differentiation and thus reflects local macrophage activity. This study should 
confirm the possibility to visualise TAM activity, reflected by S100A9 expression in tumour models using Optical Imaging (OI), driven by 
a S100A9-specific probe and moreover to assess whether this in-vivo imaging approach is capable of determination of the malignant 
potential of tumour lesions. Methods An antibody, addressing S100A9, was labelled with Cy5.5 for in-vivo OI. Labelled rabbit-derived 
IGG (Cy5.5 for single or Cy7 for parallel inj.) served as control for unspecific tracer distribution. Female Balb/c mice were inoculated 
with 4T1 murine breast cancer or MOS murine osteosarcoma and the tumour size was determined daily. OI (Fluorescence Reflectance 
Imaging - FRI, Fluorescence Mediated Tomography - FMT) was performed tumour size dependant 24h after injection of the fluorescent 
probes (single or parallel injection). For correlation of imaging results, immunohistochemistry of tumour sections was performed and 
tumour cells were analysed for S100A9 expression using ELISA. Results Neither 4T1 nor MOS cells showed significant S100A9 
production in ELISA. In fast-growing 4T1 tumours, Anti-S100A9-Cy5.5 injection resulted in fluorescence signal which was regularly 
about two-fold higher compared to IGG-Cy5.5 (2432.5 vs. 1244.6; p<0.005). At same size, slow-growing MOS accumulated less Anti-
S100A9-Cy5.5 than 4T1 (1678.3 vs. 2432.5), reflecting lower macrophage activity. Histology confirmed in-vivo imaging results 
regarding TAM density. Initially acquired S100A9-signals in 4T1 tumours proved to predict the growth rate of over ten consecutive days 
after measurement (1638.9 - 27% growth over 10d; 2842 - 68%; R2=0.85). Parallel injection of Anti-S100A9-Cy5.5 and IGG-Cy7 did 
not alter the acquired fluorescence signals compared to single injection of the tracers, screening out significant in-vivo competition for 
the target structure. FMT showed a homogeneously distributed Cy7-signal in the tumour volume, virtually reflecting tumour perfusion, in 
contrast, Anti-S100A9-fluorescence (Cy5.5) was increased in sharply defined areas at the vital tumour margin. Conclusion S100A9-
specific OI allows for in-vivo visualisation of TAM activity in primary tumour lesions and therefore for the estimation of their malignant 
potential. In tumour lesions, areas of elevated macrophage activity - areas of e.g. local invasion - can be depicted using FMT. 
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Mouse strain specific response to Leishmania major infection visualised by Macrophage 
specific optical imaging 
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Muenster, Germany; 2Department of Immunology, University Hospital Muenster, Muenster, Germany; 3Interdisciplinary Center for 
Clinical Research, University of Muenster, Muenster, Germany. Contact e-mail: eisenblaetter@uni-muenster.de 

Introduction The calcium binding proteins S100A8 and A9 have been recognised as Pathogen Associated Molecular Pattern (PAMP) 
molecules and therefore to act as proinflammatory signals during infection-induced Th1/Th2 dependent immune response. They have 
inter alia been shown to bind Toll-like receptor 4 and thus to induce chemokine-production. Effective reaction to Leishmania (L.) major 
depends on the development of a specific Th1 response as observed in C57BL/6 mice, while Th2 differentiation results in susceptibility 
of BALB/c mice, depending on the number of infiltrating granulocytes in the early phase of infection. Purpose this work was to 
investigate whether S100A9-driven optical imaging (OI) is capable of detecting L. major infection focus and moreover to stratify for the 
course of infection with regard to strain specific differences. Methods Leishmaniasis was induced in C57Bl6 (resistant) or BALB/c 
(susceptible), by subcutaneous application of 2×107 L. major promastigotes (stationary phase) into the right hind footpad. Swelling of 
the infected foot was monitored in relation to the non-infected control foot. An antibody, addressing murine S100A9 was labelled with 
Cy5.5 for in-vivo optical imaging. Equivalently labelled, rabbit-derived IgG served as control for unspecific label distribution. Both tracers 
were injected in amounts of 2 nmol dye per animal, 24 h prior to imaging. OI was performed at day 3 and day 28 after L. major 
inoculation, representative for an early and a late phase immune response. For correlation of imaging findings, immunohistochemistry 
was performed and washouts of infected feet as well as serum were analysed for S100A9 concentration. Results S100A9 specific 
fluorescence signal could be correlated to disease activity as reflected by clinical observation and serum S100A9. Ex-vivo examinations 
of local S100A9 levels and immunohistochemistry additionally supported imaging results. In the early phase of immune response, 
resistant C57Bl6 mice presented with slightly higher fluorescence signal compared to BALBc, reflecting initialisation of an effective 
immune response (Contrast-to-Noise Ratio - CNR 35.5 +/- 17 vs. 20.4 +/- 11). At later stages, susceptible BALBc showed strongly 
elevated fluorescence compared to only mild, residual tracer accumulation in C57Bl6 (CNR 78.8 +/- 23 vs. 27.4 +/- 12). The lower, 
persistent immune response in C57Bl6 mice still allowed for an interindividual stratification of inflammation activity using OI with 
excellent correlation of in-vivo measurements to ex-vivo examination (e.g. CNR 11.5, S100A9 level 180 ng/ml; CNR 56, S100A9 480 
ng/ml). S100A9-induced fluorescence was, under equivalent circumstances, regularly more than two-fold higher than IgG-related 
fluorescence, proving specificity of tracer to target binding. Conclusion S100A9 driven FRI allows for sensitive detection of infection foci 
and moreover for estimation of the intensity of both, Th1 and Th2 dominated immune reactions, reflected by monocyte to macrophage 
differentiation. Also slight differences in the activity of this reaction as well as individual kinetics could be visualised in this study. 

Disclosure of author financial interest or relationships: 
M. Eisenblaetter, None; T. Vogl, None; C. Bremer, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S613



Presentation Number P668 
Poster Session 2 

September 8, 2011 / 15:15-16:45 / Room: Hall F 

STUDY OF SPECIFIC DISTRIBUTION OF BENZALKONIUM CHLORIDE IN RABBIT EYES BY 
MASS SPECTROMETRY IMAGING TECHNIQUES 

Raphael Legouffe1, Nicolas Desbenoit2,3, Gregory Hamm1, Christophe Baudouin2,4, Jean-Pierre Both5, Alain Brunelle3, Isabelle 
Fournier6, Olivier Laprévote7,2, Michel Salzet6, Maxence Wisztorski6, Françoise Brignole-Baudouin2,4, Jonathan Stauber1, 1ImaBiotech, 
, Villeneuve d'Ascq, France; 2Institut de la Vision, INSERM, Paris, France; 3ICSN, CNRS, Gif-sur-Yvette, France; 4Centre Hospitalier 
National d’Ophtalmologie des Quinze-Vingts, , Paris, France; 5LIST, CEA, Gif-sur-Yvette, France; 6FABMS, University of Lille, 
Villeneuve d’Ascq, France; 7CTAC, University of Paris Descartes, Paris, France. Contact e-mail: stauber.jonathan@imabiotech.com 

Benzalkonium chloride (BAK), the most commonly used preservative in eye drops is generally composed of benzododecinium (C12) 
and myristalkonium (C14) and is reputed to increase penetration of active compounds. However, numerous studies have reported its 
toxic effects to ocular surface especially in long-term treatments like in glaucoma[1]. Mass spectrometry (MS) imaging is used to 
characterize the BAK spatial distribution and evaluate its physiopathological impact at the molecular level. MS study was performed on 
instilled rabbit eyes with BAKs solution for 1 or 5 months and allowed to detect two ions at m/z 304.32 and m/z 332.36, corresponding 
to BAK C12 and C14 respectively. ToF-SIMS Imaging indicated a BAK distribution in different ocular surface structures (cornea, 
conjunctiva, limbus…) and confirmed a time-dependant BAK accumulation in correlation with inflammatory areas. MALDI-Imaging 
showed a distribution also in the retina and near the optic nerve. In addition, FAST-SRM mode allowed to follow specific drug fragment 
at m/z 212.42 (BAK C12) and m/z 240.50 (BAK C14) and to achieve univocal characterization of BAKs distribution. These 
complementary techniques offer a powerful tool to investigate the distribution of these compounds with known deleterious effects and 
could therefore be useful in pharmacological and toxicological preclinical studies. 1 Baudouin, C., Detrimental effect of preservatives in 
eyedrops: implications for the treatment of glaucoma. 2008, Blackwell Publishing Ltd. p. 716-726. 
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Molecular Imaging of Atherosclerotic Plaque by Targeted Ultrasound Contrast Agents 
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Cardiovascular disease (CVD) continues to be the leading cause of death in the United States and other industrialized countries. CVD 
refers to a class of pathological conditions affecting the cardiovascular system such as high-blood pressure, coronary artery disease 
(CAD), stroke and heart failure. Atherosclerosis is the principal cause of myocardial and cerebral infarction and thrombosis. Connected 
to coronary thrombosis are plaque rupture and endothelial erosion. Plaque rupture, which is detectable in 60 to 70 percent of cases 
(Falk et al. 1995), is particularly dangerous due to its ability to expose pro-thrombotic material from the core of the plaque. A more 
comprehensive and systemic approach for understanding plaque susceptibility to rupture with respect to its underlying mechanical 
properties is needed. We propose a combined optical and acoustic study. Acoustic microscopy offers a unique, noninvasive method to 
measure the mechanical properties of tissue samples. Combined, simultaneous optical and acoustic microscopy provides overlapping 
acoustic and optical information such that mechanical properties can be spatially correlated with fluorescently conjugated biomarkers. 
Ultrasonic imaging and mechanical measurements of human femoral and mouse aortic sections were conducted with a high-frequency 
scanning acoustic microscope at center frequencies of 50 MHz and 100 MHz mountable on an inverted microscope for simultaneous 
fluorescence/optical and acoustic measurements. The figure (see below) shows the ultrasound image of a human femoral artery 
section at 100 MHz (Panel A) and the corresponding optical micrographs acquired at a magnification of 20x. The scale bar in Panel A 
corresponds to 600 µm. The sections Bac, Cac, Dac, Eac, Fac and Gac correspond to the acoustically acquired structures shown in the 
optical micrographs Bopt, Copt, Dopt, Eopt, Fopt and Gopt respectively. The morphology of distinctive pathological or normal regions can be 
investigated optically and acoustically. The sound velocity of Bac is 1614 ± 5.85 m/s; within the range of normal arterial tissues. 
However, the plaque regions Fac and Gac exhibit significantly higher sound velocities of 1890 ± 27 m/s for comparable densities. We 
have examined unfixed tissue samples, which permits a more rigorous analysis of the mechanical parameters. Determining mechanical 
properties of artery tissue samples is a challenging task due to their fragility and intrinsically miniature sizes. Most standard 
biomechanical measurement methods lack the sensitivity needed; however, acoustic microscopy can image and measure thin tissue 
slices at the microscopic scale. In this study, we examined 60 µm - 90 µm thick slices of mouse aorta sections from Apolipoprotein E 
knockout (ApoE-/-) mice and human femoral arteries. For the normal mice, we determined the sound speed and the acoustic impedance 
to be 1531 ± 13 m/s and 2.01 ± 0.24 MRayl, respectively. For atheromatous lesions of the ApoE-/- mice, the corresponding values were 
1811 ± 21 m/s and 1.57 ± 0.51 MRayl, respectively. Implications with respect to plaque progression and early detection are discussed. 

 

Ultrasound image of a human femoral artery section and the corresponding optical micrographs acquired at 20x. The scale bar in panel A corresponds 
to 600 μm. 
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Cell Permeability of Endothelial Cells under Physiological Flow Conditions for Drug and Gene 
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Targeted ultrasound contrast agents (UCAs), gas-filled microbubbles conjugated with specific ligands on their surface, provide a novel 
means for the detection and evaluation of intravascular pathology and molecular imaging. Besides enhancing diagnostic imaging, they 
offer a potential as delivery vehicles for DNA and drug compounds. Targeted UCAs in conjunction with ultrasound impose transient 
changes onto membranes of endothelial cells by increasing their permeability and thus facilitating in the delivery of drugs and DNA into 
nearby targeted tissues though the underlying molecular mechanisms are not well understood. To more rigorously quantify 
mechanisms of delivery across the endothelial barrier function, ultrasound-mediated changes in endothelial cell permeability are 
examined in real-time using the electric cell substrate impedance sensing methodology (Giaever and Keese 1991) in conjunction with 
ultrasound and targeted UCAs. Human coronary artery endothelial cells (HCAECs) were cultured and grown on cell culture vessels in 
EGM®-2-MV culture medium supplemented by growth factors (Lonza, MD, USA) prior to the experimental assay. Three hours before 
the experimental application HCAECs were transferred from the cell culture vessels and seeded into the ECIS flow chamber slides at a 
concentration of 5 × 103 cells/cm2. Subsequently, the slides were incubated in a humidified atmosphere of 95% air and 5% CO2 at 37 
°C so as to adhere before the initiation of the flow and the real-time electric impedance and resistance measurements. The endothelial 
cell-to-cell and cell-to-substrate gaps were measured in real-time with the electric cell-substrate impedance sensing (ECIS) system 
(Applied Biophysics, NY, USA). The gold-film electrodes on the ECIS flow chamber slides were treated with 120 µL cysteine and coated 
with either collagen IV or fibronectin solutions. Following the protein coating the electrodes were rinsed three times with molecular 
grade sterile deionized water. UCAs, with a mean diameter of 2.5 µm were conjugated with neutravidin and subsequently conjugated to 
the short linear arginine-containing peptide CRPPR, as arginine-rich peptides enhance the cellular internalization of drugs, genes and 
particles (Patel L. N. et al. 2007). The CRPPR peptide was biotinylated in order to permit its conjugation onto the streptavidin-coated 
lipid shell of the UCAs. Cell permeability changes of endothelial cells to the CRPPR peptide were monitored in real-time for 
physiological flow conditions. The CRPPR-conjugated UCAs were delivered within the same specific intervals for all experimental 
assays. Flow chamber studies were used to investigate binding efficacy for steady and pulsatile conditions with shear stress values 
ranging from 5 dyn/cm2 to 15 dyn/cm2. Real-time impedance and resistance studies in conjunction with simultaneous ultrasound- and 
targeted UCAs-mediated cell permeability changes offer significant potential in understanding cell transport processes. With this 
methodology, the transiency of cell membrane pores associated with the time window for recovery can be studied at a novel nano-scale 
level of precision. 

 
(A) Confluent HCAECs acquired at 20x. The scale bar corresponds to 100 μm. (B) The same cells after exposure to 1 dyn/cm2 shear stress. The bright 

circular spots are bound UCA particles. The image was taken at a magnification of 40x. The scale bar corresponds to 15 μm. 
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3D visualization of myocardial inflammation with magnetic nanoparticle-contrasted MRI 

Hyeyoung Moon1,2, Jae Jun Lee1, Jongeun Kang1,3, Hyo Eun Park4, Kiyuk Chang4, Kwan Soo Hong1,3, 1Division of Magnetic 
Resonance Research, Korea Basic Science Institute, Cheongwon, Republic of Korea; 2Bio-Analytical Science, University of Science 
and Technology, Daejeon, Republic of Korea; 3Graduate School of Analytical science and Technology, Chungnam National University, 
Daejeon, Republic of Korea; 4Department of Internal Medicine, Catholic University, Seoul, Republic of Korea. Contact e-mail: 
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Myocarditis is defined as inflammation of myocardial tissue with characteristic inflammatory cellular infiltration into myocardium. Limited 
availability of noninvasive and biologically precise diagnostic tools poses a challenge for the evaluation and management of patients 
with myocarditis. In our study, we investigated whether 3D reconstruction imaging with 2D cardiac MR images could detect the local 
involvements of inflammatory cellular infiltrates in experimental autoimmune myocarditis (EAM) of rats. Magnetic nanoparticle (MNP)-
enhanced 2D cardiac MRI was conducted in EAM (n=5) and control rats (n=3) using a 4.7 T MRI system with dual ECG and respiratory 
gating. MNP-enhanced MR images were obtained with a fast low-angle shot sequence (TE/TR = 5/171 ms, NA = 16, FOV = 6×5 cm2, 
matrix size = 256×256, slice thickness = 0.5 mm, and 20 slices) before and 24 h after the intravenous superparamagnetic ion oxide 
(SPIO) MNP injection (10 mg Fe/kg). 3D MR images were reconstructed from semi-manual segmentation and volume rendering of the 
measured in vivo 2D MR images. The MNP-contrasted areas in the 3D images were compared with H&E- and immunohistochemistry 
(IHC)-stained images. Significant contrasted inflammation areas were detected on 3D-rendered MR images, and the MNP-enhanced 
areas were in good correlation with monocytes/macrophages infiltrated areas in IHC- and H&E-stained findings. We demonstrated that 
the 3D-rendered MR images with the MNP-enhanced cardiac MRI could detect inflammation areas more effectively. This noninvasive 
imaging method could improve a diagnosis accuracy as offering more detailed positional guidance for biopsy sampling. 
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Evaluation of the 99mTc-rhAnnexin V-128 imaging effectiveness for diagnosis and monitoring 
anti-rheumatic therapies in a collagen induced arthritis model in mice 

Antonietta Bartoli1, Luca D'Angeli1, Giovanna Esposito1, Enzo Terreno1, Vittoria Ardissone2, Donato Barbato3, Maria Azzurra 
Filannino3, Valeria Muzio3, 1Molecular Biotechnology Center, University of Turin, Torino, Italy; 2Procelltech, , Colleretto Giacosa (TO), 
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Background and aim Rheumatoid arthritis is associated with chronic synovial inflammation due to the abnormal accumulation of 
macrophages and autoreactive T lymphocites in joints. The autoreactive cells cause an inflammatory proapoptotic response [Post AM 
et al., J Nucl Med 2002; 43:1359-1365]. The aim of this study is to investigate the 99mTc-rhAnnexin V-128 (99mTc-AxV) as in vivo 
apoptosis imaging marker to diagnose and monitor the response to anti-rheumatic therapies in a collagen induced arthritis (CIA) mice 
model. Materials and Methods Tc-rh-Annexin V-128 was produced in E. coli. Purified protein properly formulated was labeled with 
99mTc-pertechnetate and injected within 1 hour from the labeling. DBA/1 male mice were immunized by injecting intradermally at the 
base of the tail 0.2 ml of an emulsion containing 0.4 mg of bovine type II collagen in Complete Freund’s Adjuvant containing 0.4 mg of 
Mycobacterium tuberculosis. Immunization resulted, starting approximately from day 18-20 post immunization (PI), in the appearance of 
inflammation signs affecting one or more limbs. From day 18 PI, mice were daily individually graded for disease severity by means of 
the clinical score CS=VS+SS. VS is the visual score for the presence of inflammation in paws fingers; SS is the swelling score for the 
presence of edema in the paws, evaluated by measuring the paws thickness with a caliper. Both the front and rear paws were 
considered and contributed to the CS. The mice were divided in three groups. The PBS group (n=6) received daily a phosphate 
buffered saline by i.p. injection, the INDO group (n=6) received daily a dose of 2 mg/kg of indomethacin. Treatment started at CS ≥ 1.5 
and lasted 8 days. The NAIVE group (n=6) was not immunizated and did not receive any treatment. Treated animals with both PBS and 
INDO were monitored by SPECT scans at day 1, 3, 8 and 10 after treatment start. NAIVE mice were used as reference and scanned 
only once. 99mTc-AnnV was administered by i.v. injection and two separate static scans were performed, since the SPECT scanner 
used [YAP-(S)PET] has a 4 cm FOV. A first scan, focused on the front paws was performed 1.5 hours after 99mTc-AxV injection and a 
second scan focused on the rear paws after 2.5 hours. 4 and 2.5 Mevents were acquired, respectively. 99mTc-AxV paws uptake was 
expressed as %ID/g. ROIs were manually drawn over the fore and rear paw pads. Results The disease worsening throughout the 
treatment of PBS group mice was confirmed by the CS significant increase (∼30%) between the first and the last day of treatment; 
while the decrease in the disease severity of the INDO group was reflected by a nearly constant CS. 99mTc-AxV uptake was in 
accordance with the CS variations. The %ID/g of the PBS group increased during the disease progression, reaching a 2-fold value 
respect to NAIVE group at the time of maximum disease severity. On the contrary, in the INDO group the uptake variation was not 
significant and the value was close to the NAIVE one. Conclusions These findings suggest that 99mTc-AxV can be used in CIA model 
to diagnose disease status and monitor anti-inflammatory effectiveness of indomethacin treatment. 
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Naringenin inhibits acute inflammation by regulating cytokines secretion 
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Ungoverned activation of innate and adaptive immunity results in acute inflammatory disease, such as endotoxemia and fulminant 
hepatitis. Thus, therapeutic control of inflammation is crucial for clinical management of many human diseases. In animal models of 
LPS-induced endotoxemia and ConA-induced hepatitis, we found that naringenin, a natural predominant flavanone, is capable of 
protecting against lethality induced by LPS and preventing inflammation-induced organ injury. The protective effect of naringenin is 
mediated by reducing the levels of several inflammatory cytokines. Unexpectedly, naringenin inhibits TNF-alpha and IL-6 secretion in 
both macrophages and T cells without interfering with Toll-like receptor signaling cascade, cytokine mRNA stability or protein 
translation. These results indicate the existence of a post-translational control mechanism. Further studies showed that naringenin 
inhibits the transport of TNF-alpha and IL-6 from the Golgi complex to the cell surface. This study provides the evidences that 
naringenin has a capacity to dampen cytokines secretion by interfering their intracellular traffic. Thus, naringenin may represent a 
potential therapeutic agent for controlling inflammation-related diseases. 
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Aptamer derived molecular probes to detect bacterial infection 
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The early, sensitive and specific detection of pathogenic bacterial infections in hospitalized patients is of high global importance. Using 
a combined in-vivo SELEX based method and screening against whole bacterial cells, target specific aptamers were enriched from an 
aptamer library. Bacteria were instilled into murine lungs to permit natural growth in-vivo in situ for 5-6 hours prior to bronchoalveolar 
lavage with an aptamer library in PBS. Counter selection was performed to deselect non specific binding of aptamers in a lung LPS 
model and bacterial specific aptamer molecules were obtained. Putative target aptamers were sequenced by SOLEXA and then 
synthesized and conjugated to Cy5.5 and NIR dyes to visualize biodistribution and target bacteria detection. These bacterial specific 
molecular probes can be used in in-vitro and in-vivo to detect pathogenic bacteria. 
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Bacteriocins as Gram-specific infection probes 
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The most promising tools for quick, non-invasive and precise diagnosis of infection are functional imaging modalities based on probes 
specific for bacteria. The currently available probes used in infection imaging have drawbacks that limit their clinical usefulness such as 
an inability to distinguish infection from sterile inflammation or Gram positive from Gram negative infections. The aim of our study is to 
identify new infection probes that will allow improved diagnostic imaging of infection by targeting the bacteria rather than the local 
inflammatory response and furthermore enabling identification of the Gram character of the bacteria. We hypothesize that bacteriocins, 
which are antibiotic agents produced by bacteria to target other bacteria, will show greater diagnostic specificity than the currently 
available alternatives. Gram positive Staphylococcus aureus and Gram negative Escherichia coli were cultured overnight in Tryptic soy 
broth (Oxoid, Basel, Switzerland) at 37°C. Nisin, (Molecula, UK) which is a bacteriocin against Gram positive bacteria and Polymyxin B 
- PMB (Sigma, CH), which targets Gram negative bacteria were labeled with red and green dyes, respectively, using aminoreactive 
DyeLight594/488 labeling kits (Thermofisher, CH). Antimicrobial activity of probes before and after labeling was performed by viability 
counts on Tryptic soy agar (Oxoid) plates and by the disc diffusion test according to EUCAST protocols. Flow cytometer (Partec PAS, 
DE) and fluorescence microscope (Axioplan, Carl Zeiss, DE) were employed to access specific attachment of the fluorescent probes to 
bacteria in pure and as mixed co-cultures. Green staining (Invitrogen, CH) was used as the control staining of bacteria. Labeled Nisin 
displayed less antimicrobial activity against S. aureus than non-labeled Nisin. Nisin did not suppress E. coli either with or without 
labelling. Labeled and non-labeled PMB killed both bacteria. Flow cytometry and fluorescence microscopy results show that labeled 
Nisin efficiently targets S. aureus but does not E. coli, see Figure 1. Unexpectedly, labeled PMB labels both Gram positive S. aureus 
and Gram negative E. coli. The covalent binding of dye-carboxyls to Nisin-amines renders Nisin less antimicrobial but it still retains its 
specificity for S. aureus. PMB, in contrast, retains its antimicrobial activity upon labeling but displayed affinity to both Gram positive and 
negative bacterial species. PMB therefore is not bacteria gram specific yet remains a possible general infection imaging probe, since 
the combination of Nisin and PMB probes would still allow differentiation of Gram positive from Gram negative bacteria. Ongoing 
studies are evaluating cytotoxicity of these agents against eukaryotic cells and specificity for bacteria over host cells. Subsequent 
studies will involve conjugation of Nisin and PMB to contrast agents enabling functional imaging. Our preliminary results show that 
labeled Nisin recognizes bacteria in vitro and distinguishes between Gram positive and negative bacteria. Labeled PMB recognizes 
both species. Combination of the probes will allow diagnostics capable to specify bacterial Gram character. 

 

Figure 1: Fluorescence microscopy: BacLight Green staining of S. aureus (upper left); co-culture of E. coli & S. aureus (upper right); Nisin-DyeLight594 
staining S. aureus (lower left) and co-culture of S. aureus & E. coli (lower right). 
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Antibody Based Molecular Imaging of Alveolar Echinococcosis in Rodents 
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1Department for Preclinical Imaging and Radiopharmacy, University of Tuebingen, Tuebingen, Germany; 2Institute of Tropical Medicine, 
University of Tübingen, Tübingen, Germany; 3Institute of Parasitology, University of Zürich, Zürich, Switzerland. Contact e-mail: anna-
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Alveolar echinococcosis (AE) is a life-threatening zoonosis caused by the larval stage (metacestode) of the Echinococcus multilocularis 
tapeworm. E. multilocularis is prevalent in multiple areas in the northern hemisphere. The E. mulitlocularis metacestode vesicles are 
surrounded by a glycosylated and acellular laminar layer, allowing the parasite to evade the host’s immune system. The monoclonal 
antibody MAbG11 binds to the antigen EM2G11 in the lamina layer of the metacestode and serves radiolabeled as specific biomarker 
for PET imaging. A clear diagnosis of the early infection with E. multilocularis with common diagnostic tools can be improved by using 
non-invasive imaging modalities such as PET and MRI. The development of specific biomarkers for the detection of AE with PET/MRT 
can further improve the diagnosis and suitable therapy. Mongolian jirds (Meriones unguiculatus) were inoculated i.p. with E. 
multilocularis metacestodes. In vivo biodistribution studies were performed with infected and naïve jirds after injection with 3.7 MBq of 
[64Cu]DOTA-MAbG11 via the tail vein. Small animal PET images were acquired 3h, 24h and 48h after injection in combination with 
MRI 2, 3, 4 and 6 weeks p.i. After the last scan ex vivo biodistribution was performed. E. multilocularis vesicles were stained with Alexa 
Fluor 647-conjugated MAbG11 and counterstained with DAPI for confocal laser scanning microscopy. In vitro cell assays were 
performed to confirm the specific binding of the [64Cu]DOTA-MAbG11. Blood cells and splenocytes derived from naïve and infected jirds 
as well as vesicles from E. multilocularis metacestodes and metacestode cell suspension were incubated with 0.26 MBq [64Cu]DOTA-
MAbG11 or radiolabeled control antibody and uptake was measured by gamma-counting. Confocal microscopy confirmed the specific 
binding of the monoclonal antibody MAbG11 to the metacestode lamina layer. In vitro cell assays showed the specific binding of the 
[64Cu]DOTA-MAbG11 to E. multilocularis tissue. MAbG11 binds specifically to E. multilocularis metacestode vesicles as well as to 
metacestode cell suspensions but not to blood cells or splenocytes from naïve and infected animals. PET images showed specific 
localization of [64Cu]DOTA-MAbG11 to parasite tissue in infected jirds as early as 2 weeks p.i. Quantitative analysis of fused PET/MR 
images showed the specific [64Cu]DOTA-MAbG11 uptake in parasite tissue of 2.46 %ID/cc ±0.82 two weeks p.i. and 1.99 %ID/cc ±0.15 
six weeks p.i. Ex vivo biodistribution by gamma-counting confirmed the PET results. Due to the specific binding to E. multilocularis 
metacestode tissue, the monoclonal antibody MAbG11 represents an excellent candidate for the imaging of parasite infection, 
especially for early diagnosis. 
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In-111 oxine radiolabelling of leukocytes significantly activates neutrophils in patients with 
suspected infection 

Greg Mullen1, Barbara M. Sawyer1, Joanna J. Lukawska2, Tak Lee2, Christopher Corrigan2, Phil Blower1, Michael J. O’Doherty3, 
Gopinath Gnanasegaran4, James Ballinger1,4, 1Division of Imaging Sciences, King's College London, London, United Kingdom; 
2Department of Asthma, Allergy & Respiratory Science, Kings Collge London, London, United Kingdom; 3Division of Imaging Sciences, 
PET Centre, Kings College London, London, United Kingdom; 4Department of Nuclear Medicine, Guys and St. Thomas Hospital, 
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Background Non-invasive imaging of radiolabelled leukocytes has been widely used in Nuclear Medicine for the detection of infection. 
The medical literature supporting its use, however, is mixed and surprisingly sparse. In particular there is quite a degree of disparity 
reported in the sensitivity and specificity for imaging infection. One of the potential factors in the variability of such a technique is the 
use of a mixed population of cells such as white blood cells (neutrophils, eosinophils, T-cells, B-cells, monocytes/macrophages and 
dendritic cells). The distribution of the radioactivity amongst these cells is not homogenous and highly radiolabelled cells will elicit a 
disproportionately high signal which can dominate the image and may give rise to high non-specific background. While another 
possibility is that cells such neutrophils become activated as result of the radiolabelling procedure altering their in vivo migratory 
characteristics. Therefore using flow cytometry we investigated whether the standard clinical procedure for In-111 oxine labelling of 
leukocytes activated neutrophils. Methods In vitro samples were taken from patients with suspected orthopaedic infections (n=9) or 
normal volunteers (n=6) before and after In-111 oxine leukocyte labelling. Briefly the protocol involved removal of red blood cells via 
methylcellulose sedimentation followed by a 15 min incubation of leukocytes in saline with In-111 oxine and resuspension in autologous 
plasma. Cells were stained in vitro for CD16 (neutrophil marker) and CD11b (neutrophil activation marker) and analyzed by flow 
cytometry. Initially the granulocyte population (using forward and side scatter) was selected and then these were analysed for CD16 
and CD11b. Activated neutrophils were defined as CD16+ cells within the granulocyte population with high expression of CD11b. 
Results CD16+ neutrophils from normal volunteers analysed in vitro before and after radiolabelling showed a non significant increase of 
CD11bhigh from 1.7% (±1.0%) before to 15.5% (± 4.8%) after radiolabeling. While CD16+ neutrophils from infection patients already 
had elevated levels of CD11bhigh before radiolabelling of 17.5% (± 5.2%) which increased significantly to 47.0% (± 5.1%) after 
radiolabelling (P < 0.001)(see Figure 1). We then investigated which step/s in the radiolabelling procedure contributed to neutrophil 
activation. We found that the sedimentation of red blood cells, incubation of leukocytes in saline or decayed In-111 oxine kit had no 
effect on CD11b neutrophil activation while a small increase was observed upon the addition of radioactive In-111 oxine kit. Conclusion 
These results show that neutrophils from patients with suspected infection have increased levels of neutrophil activation and this 
significantly increases after radiolabelling of leukocytes with In-111 oxine. Further studies are required to study the difference in 
biodistribution of activate neutrophils compared to unactivated neutrophils in patients with infection. 
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15O-Water and 68Ga-DOTA PET imaging for assessment of blood flow and vascular 
permeability in a rat model of inflammation - comparison with ultrasound imaging 

Anu Autio1, Heidi Liljenbäck1, Antti Saraste1, Vesa Oikonen1, Miikka Tarkia1, Nobuyuki Kudomi3, Tiina Saanijoki1, Hannu Sipilä1, 
Jarkko Johansson1, Anne Roivainen1,2, 1Turku PET Centre, , Turku, Finland; 2Turku Centre for Disease Modelling, , Turku, Finland; 
3Department of Medical Physics, Kagawa University, Kagawa, Japan. Contact e-mail: akauti@utu.fi 

INTRODUCTION: Increased vascular permeability and blood flow are key events of inflammation. Based on the fact that Gd-DOTA is 
commonly used in MR imaging, we evaluated 68Ga-DOTA for PET imaging of vascular permeability and perfusion. METHODS: Rats 
with turpentine oil induced sterile skin/muscle inflammation were evaluated under rest and adenosine (120 µg/min/kg) induced stress 
with 15O-water and 68Ga-DOTA PET, and contrast-enhanced ultrasound (US) imaging. Rat blood pressure was measured using a tail-
cuff non-invasive method. For quantification of PET data, ROIs were drawn on inflammation focus and healthy muscle. Maximum 
standardized uptake values (SUVmax) were calculated for both tracers. From the US imaging studies, maximum peak intensities were 
determined for inflammation and muscle. RESULTS: Adenosine infusion decreased blood pressure on average of 15 mmHg and heart 
rate of 20 bpm. High focal uptake of both 15O-water and 68Ga-DOTA was seen at the site of inflammation (Fig 1.). According to 15O-
water PET, SUVmax at rest were 1.32±0.18 for inflammation and 0.38±0.14 for muscle (p=0.003). The SUVmax for 68Ga-DOTA were quite 
similar, 1.37±0.58 for inflammation and 0.38±0.24 for muscle (p=0.005). Enhancement with intravascular US contrast agent confirmed 
increased blood flow at the site of inflammation as compared with contralateral side. Inflammation-to-muscle ratios were higher in stress 
than in rest for both 15O-water and 68Ga-DOTA PET, and ultrasound imaging. The uptake of 15O-water and 68Ga-DOTA at the site of 
inflammation and muscle correlated well both at rest (r=0.84) and during adenosine induced stress (r=0.65). CONCLUSION: The 
results suggest that inflammation induced changes in vascular permeability and perfusion may be detected with 68Ga-DOTA PET. 
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18FDG-PET imaging and gene expression of markers of neoangiogenesis in atherosclerotic 
plaques of the internal carotid artery 
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Molecular Imaging, University of Copenhagen, Copenhagen, Denmark; 2Department of Vascular Surgery, Copenhagen University 
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Introduction: The hallmarks of a vulnerable atherosclerotic lesion is inflammation, development of a necrotic core covered by a thin 
fibrous cap, positive remodelling of the vessel wall and neoangiogenesis in hypoxic areas of the lesion. Neoangiogenesis in 
atherosclerosis has dual functions on the one hand bringing oxygen and nutrients to the lesion which enables macrophage efflux and 
lipid removal while on the other hand enhancing plaque development and vulnerability rupturing leading to hemorrhage. Aim: To 
compare gene expression of neoangiogenesis (VEGF, integrin αV, integrin β3) micro vessel density-MVD (CD34) and vulnerability-
associated genes (CD68, MMP-9 and cathepsin K) with 18FDG-uptake in patients undergoing carotid endarterectomy due to 
atherosclerosis. Methods and results: Human atherosclerotic carotid artery plaques from 17 symptomatic patients were used for gene 
expression analysis by quantitative PCR. Gene expression analysis was compared to 18FDG-uptake of the carotid arteries of which 
two measures were calculated: the mean and maximum standardized uptake value (SUVmean and SUVmax). We found that VEGF 
and integrin αVβ3 gene expression did not correlate with 18FDG-uptake, whereas CD34 gene expression exhibited an inverse 
correlation with both SUVmean (R= -0.381, P < 0.0001) and SUVmax (R= -0.319, P = 0.0046) in univariate analysis. Additionally, we 
established that markers of vulnerability were correlated with 18FDG-uptake (SUVmean and SUVmax) represented by CD68, MMP-9 
and cathepsin K gene expression. Multivariate regression models showed that gene expression of MMP-9 and CD68 provided 
independent information about integrin β3 gene expression (R=0.427; p<0.0001), whereas only CD68 did for integrin αv (R=0.259; 
p=0.004) and VEGF gene expression respectively (R=0.322; p<0.0001). Conclusion: In conclusion MVD (CD34) and markers of 
vulnerability (CD68, MMP-9 and cathepsin K) correlate with 18FDG-uptake, whereas neoangiogenesis (VEGF, integrin αV and integrin 
β3) do not. The inverse relationship between MVD and 18FDG-uptake is likely related to the degree of vascularization. The absence of 
correlation between markers of neoangiogenesis and 18FDG-uptake suggests a temporal separation between the process of 
neoangiogenesis and inflammatory activity. 
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Imaging of the Vulnerable Carotid Plaque: Biological Targeting of Inflammation using 
Ultrasmall Superparamagnetic Particles of Iron Oxide (USPIO) and MRI 

Joyce Chan1, Claudia Monaco2, Marzena Wylezinska-Arridge3, Jordi L. Tremoleda3, Kishore Bhakoo4, Richard Gibbs1, 1Vascular 
surgery unit, St Mary's Hospital, Imperial College Healthcare NHS Trust, London, United Kingdom; 2Cytokine Biology of 
Atherosclerosis, Kennedy Institute of Rheumatology, Imperial College London, London, United Kingdom; 3Biological Imaging Centre, 
Clinical Sciences Centre, MRC, Imperial College London, London, United Kingdom; 4Translational Molecular Imaging Group, Singapore 
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Objectives: Inflammation drives atherosclerotic plaque instability and acute thromboembolism. There is currently no clinical imaging 
technique available to assess the degree of inflammation associated with plaques. This study aims at visualising and characterising 
atherosclerosis using targeted USPIOs as an MRI probe for detecting inflamed plaque disease. Method: The initial in vitro feasibility 
study involved MRI detection of activated endothelial cells using anti-E-selectin antibody conjugated USPIOs with confirmatory 
immunocytochemistry. In the ex vivo stage we have detected inflammatory markers on human atherosclerotic plaques harvested during 
carotid endarterectomy by anti-E-selectin antibody and anti-VCAM-1 antibody conjugated USPIO using MRI. In the in vivo stage we 
have detected atherosclerotic lesions in ApoE-/- mice using dual-targeted USPIOs against VCAM-1 and E-selectin. Results: We have 
established an in vitro cellular model of endothelial inflammation induced with TNF-alpha. We have confirmed the inflammation of 
endothelial cells with both immunocytochemistry and MRI. We can now image inflammation of human atherosclerotic plaques by ex 
vivo MRI. The preliminary results demonstrate that we can detect atherosclerotic lesions in ApoE-/- mice using dual-targeted USPIOs. 
Conclusion: We have successfully developed an in vitro model to detect and characterise inflamed endothelial cells by 
immunocytochemistry and MRI. We are able to image the degree of inflammation associated with atherosclerotic plaques by ex vivo 
MRI, and able to detect atherosclerosis in ApoE-/- mice by in vivo MRI. This potentially provides a new biologically based imaging 
modality to identify the ‘at risk’ group with carotid plaque disease and aid decision making for appropriate intervention. 

 

3-dimensional MR angiography of supra-aortic trunk in ApoE-/-mouse. Hypointense signal areas were observed within the lumen of left common carotid 
artery (arrow). 
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Noninvasive molecular ultrasound imaging of SAMP1/YitFc mice, a model of Crohn’s disease 
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Animal models have proven to be instrumental in understanding the pathogenesis of human inflammatory bowel diseases and exploring 
and validating new treatments. In contrast to other mouse models of intestinal inflammation, ileitis in SAMP1/YitFc mice develops 
spontaneously, without genetic, immunological or chemical manipulation. Lack of noninvasive tools to assess pathological changes in 
the gut, limits the progress in many animal models of inflammation. Molecular imaging may provide a method for assessing and 
quantifying changes over time. Here we set out to establish protocols for ultrasound molecular (US) imaging of inflammation in 
SAMP1/YitFc mice undergoing experimental therapies. Mice were treated with an experimental therapy that depletes pathological 
immune cells, which is known to result in a reduction in intestinal inflammation in this model. Ultrasound contrast agents were 
perfluorocarbon-encapsulated microbubbles targeted to Mucosal Addressin Adhesion Molecule (MAdCAM)-1, a molecular marker that 
is expressed on inflamed intestinal endothelium. Transabdominal imaging was performed using a clinical ultrasound scanner at 8 - 14 
MHz. We observed a decrease in the MAdCAM-1 signal in treated mice relative to age-matched sham treated mice. 
Immunohistochemical staining confirmed the US findings, as there were fewer MAdCAM-1 positive vessels and decreased signal 
intensity in the vessels. In conclusion, our data show that US imaging is a feasible method to asses MAdCAM-1 expression. Molecular 
US imaging is a novel tool to noninvasively measure treatment outcomes in models of inflammatory bowel disease, and may have utility 
in a clinical setting. 

 
Noninvasive ultrasound imaging of SAMP1/YitFc mice on immunomodulatory therapy. Left: Contrast-enhanced ultrasound agent coated with MAdCAM-

specific antibody was injected into control or treated SAMP1/YitFc mice with established ileitis. B-mode showing the anatomy of a lower abdominal 
region with indicated dorsal (D) and ventral (V) sides. Middle: Contrast enhanced ultrasound detecting MAdCAM-1 expression. Specific signal (arrow) is 

localized near cecum (C) in control animal. Nonspecific signal (arrowheads) is derived from the skin (s) or bubbles of gas in ileum. Right: MAdCAM-1 
expression measured by immunofluorescence (red) in control and treated SAMP1/YitFc mice. Images were taken with the same exposure settings. 

Muscular layer (m), gut lumen (l) and lumen of the blood vessel (*) are indicated. Bar: 50 μm in low and 10 μm in high power image. Counterstained with 
nuclear dye DAPI (blue). 
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Near Infrared Fluorescence Imaging of Ringworm Infection and Curcumin Treatment 
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Ringworm is a common fungal infection that appears as patches of red ring on the skin. The remedies include natural remedies such as 
curcumin. Curcumin, 1,7-Bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione, is derived from turmeric plant, a member of the 
ginger family. We have used the near infrared fluorescence (NIRF) imaging to image the infection and subsequent treatment using 
topical curcumin application. An optical imaging set up capable of imaging the arm of a human subject is described here. In this work, 
non invasive autofluorescence imaging was performed utilizing the natural fluorescence resultant of the fungal infection. Changes in 
fluorescence as a result of the curcumin treatment are also presented. These results indicate the potential of utilizing such imaging 
approaches for various dermatological conditions. 
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Cadherin-11 as a target for molecular imaging of the epithelial-mesenchymal transition and 
early fibrosis 
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Peng Lin3, John Xu3, 1Novartis Institutes for BioMedical Research, Basel, Switzerland; 2Novartis Institutes for BioMedical Research, 
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There remains a high need for an imaging biomarker of early fibrosis. Such a biomarker would be valuable as a pharmacodynamic and 
patient stratification read-out for anti-fibrotic drug candidates. Cadherin-11 (CDH11) is a type II classical cadherin that mediates 
fibroblast cell-cell adhesion. It is specifically upregulated as epithelial cells undergo a phenotypic conversion into fibroblasts during early 
fibrosis. CDH11 has been shown to be overexpressed in early pulmonary, cardiac, dermal, synovial, and renal fibrosis. To develop an 
imaging probe for CDH11, a humanized anti-CDH11 cysteine-diabody was derived from CDH11 knock-out mice immunized with mouse 
CDH11 extracellular domain. For a negative control, a site-specifically mutagenized cysteine-diabody that does not recognize CDH11 
was also generated. In vitro characterization of the CDH11 probe and the in vivo preclinical qualification models are described. 
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Multimodal Imaging of Murine Fetal Pathology in Utero 
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Miscarriage and other fetal pathologies cannot be studied experimentally in humans, however the tools of molecular imaging provide 
new methods of analyzing perinatal diseases in animals, without the need to sacrifice the subject. Listeriosis, caused by the bacterial 
pathogen Listeria monocytogenes, can be contracted by pregnant women by eating contaminated foods and can be transmitted 
through the placenta to the fetus. Often, the symptoms of listeriosis exhibited by the mother are relatively mild, and do not overtly 
indicate a threat to the fetus. However, fetal infections can result in abortion, stillbirth, and neonatal meningitis and sepsis. We have 
analyzed this disease using a multimodal, live animal imaging approach in pregnant mice, and these studies have provided an 
unprecedented view into the process of transplacental infection and subsequent effects on the fetus. The infection itself is imaged using 
in vivo bioluminescence imaging (BLI), in which the bacteria are genetically engineered to emit light, which can be detected in live 
animals using an ultra-sensitive CCD camera. Ultrasound is then employed to assess fetal viability and morbidity in infected and control 
animals, by measuring heart rates of individual fetuses. Finally, data from the aforementioned modalities can be used to direct high-
resolution MRI imaging studies that reveal morphological information with fine resolution. These approaches are non-invasive and do 
not interfere with the outcome of pregnancy, and therefore aspects of infection, fetal viability and morphology can be associated with 
abortion, stillbirth, and transmission to live pups. Multimodal imaging has enabled these studies and is revealing features of infection 
that correlate with perinatal and long-term consequences. We have determined that maternal infection of mice can result in fetal 
bradycardia (the slowing of heart rate). This validates the mouse model because fetal bradycardia in febrile pregnant women is one of 
the indications of listeriosis. In an individual pregnant mouse, some fetuses appear uninfected and normal, and neighboring fetuses 
exhibit signs of infection and bradycardia. Because each mouse fetus has its own placenta, we hypothesize that placental infection 
compromises the organ, causing bradycardia in that fetus. This effect is local rather than systemic, and may be due to toxins secreted 
by the bacteria. In addition, infection as late as day 18 of gestation, two days before birth, results in low-birth weight and prolonged 
stunted growth of the offspring. We are continuing to utilize new small animal imaging modalities in the analysis of perinatal listeriosis, 
to provide insights into the consequences of this infection on human infants. These studies are being extended to other causes of fetal 
morbidity and mortality. 
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Granzyme B is a key factor responsible for rheumatoid arthritis in mice evaluated with 
molecular imaging 
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Rheumatoid arthritis (RA), one of autoimmune diseases, causes irreversible damage of joints, reduces quality of life, and shortens the 
lifespan of the patients. Clinical symptoms of RA are swelling, deformity and limitation of the motion of the affected joints. The synovial 
membrane of patients is characterized by hyperplasia, increased vascularity, and the infiltration of inflammatory cells. The exact cause 
of this disease, however, is still unclear. Several evidences show that dysregulation of cytokines are highly associated with the 
progression of RA. According to preclinical studies, the expression of granzyme B is strongly observed in the lining layers of synovial 
joints. In clinics, RA-related cytokines, such as TNF-alpha, IL-1, and IL-6, secreted from macrophages are elevated in the synovias of 
the patients. In addition, the expression of granzyme B is also observed in the lining layers of synovial joints, where the majority of cells 
are macrophages, and in perivascular areas where macrophages and a small number of lymphocytes are mixed to form diffuse cellular 
aggregates. Granzyme B has been shown to play an important role in signifying full differentiation and acquisition of killing potential of 
CD8+ T cells to tumors. Nevertheless, the correlation of granzyme B towards pathological progression of RA is rarely investigated. In 
this study, we constructed RAW 264.7 mouse macrophage cell line with a granzyme B promoter-driven luciferase reporter gene 
(pGBeLT) to examine the expression of granzyme B, and further confirmed with Western blot and flow cytometry. The result shows that 
the expression of granzyme B in macrophages of mice treated with LPS is closely related with the degree of the RA symptom. This 
imaging animal model may be applied in noninvasive and longitudinal tracking of the immune response in RA-bearing small animal 
models, and facilitate the drug development for the treatment of autoimmune diseases. 

 
Figure 1. RAW 264.7 cells were transduced with pGBeLT with lentiviruses (MOI=10) 48 h prior to LPS stimulation. Fluorescent signal of RAW 264.7 

cells exposed to 100 ng/ml LPS for 24 h was examined by flow cytometry. 
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Introduction: The anti-neoplastic effect of chemotherapeutic drugs, such as receptor kinase inhibitors, and radiation therapy is 
manifested by the induction of apoptosis in tumor cells. Therefore, noninvasive monitoring of Caspase-3 activity to detect apoptotic 
events by positron emission tomography (PET) can provide an immediate assessment of tumor response to therapy to improve disease 
management and prognosis. Development of these Caspase-3-specific PET imaging probes necessitates a reliable animal model of 
tumor apoptosis. Thus, a tumor model that yields immediate and consistent induction of apoptosis is required to accommodate the 
logistical needs of a PET imaging setting that involves rapid and timely radiosynthesis and precise planning and coordination. Methods: 
An inducible form of Caspase-3 was developed by fusing FK506 binding protein 12 (FKBP12) with procaspase-3 (FKBP12-Procaspase-
3). AP20187, a chemical inducer of dimerization, causes homodimer formation of the fusion protein and, thereby, induces Caspase-3 
proteolytic activity. LNCaP cells were stably transduced to express FKBP12-Procaspase-3. Results: Upon treating the cells with 
AP20187, Caspase-3 activity was detected within two hours using a fluorescent peptide ligand (DEVD-aminomethyl coumarin). Cell 
death and detachment was apparent 24 hours following induction of Caspase-3 activity. Background levels of Caspase-3 activity were 
also detected in untreated cells and attributed to cells expressing high levels of the fusion protein. These cells, however, eventually 
diminished from the population due to intrinsic apoptotic activity and/or their slower growth rate. Conclusions: Inducible Caspase-3 
provides a reliable and predictable model of apoptosis needed for the preclinical assessment and evaluation of PET imaging probes. 
Coexpression of a Caspase-3-specific, proteolytically activated firefly luciferase will facilitate in vivo detection of Caspase-3 activity and 
provide verification of apoptosis in implanted tumors prior to initiating PET imaging studies. 
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Timing apoptosis: a multimodality imaging approach to Caspase 3 
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The iatrogenic induction of apoptosis is the leitmotif of cancer therapeutics. It is therefore important to be able to non-invasively detect 
and serially monitor this process in patients undergoing treatment. Imaging is used to evaluate tumour shrinkage but this occurs as a 
late consequence of cell death. The use of imaging techniques to non-invasively assess the entire tumour for drug-induced apoptosis at 
an early time point would be valuable in the evaluation of novel therapeutics. We first summarise the literature on apoptosis imaging, 
demonstrating that although research is underway in many centres to develop new apoptosis imaging methods, the readout methods 
used are each based on only one of a number of possible imaging variables, which may be transient and associated with a cellular 
metabolic, membrane or morphological change. We conclude from this review that single imaging variables are not likely to be very 
sensitive and specific, and that a multimodality approach may increase the specificity and sensitivity for detecting early apoptosis, 
particularly in a situation of heterogeneous response, as occurs in the clinical setting. We then present early results from ongoing 
experiments which aim to determine the best combination of apoptosis imaging methods for broad clinical applicability. Apoptosis is a 
tightly regulated multi-steps process characterized by a series of defined molecular and morphological features. The main character in 
this process is a family of aspartate-specific cysteine proteases (caspases). The classical apoptotic model contains two main classes of 
caspases organised according to their function and to the sequence of their activation as initiators or effectors. Apoptosis can be 
induced by internal or external stimuli. In both cases an overall time scale can be identified; early apoptosis takes place before the 
activation of the effector caspases while late apoptosis takes place after their activation. Caspase-3 activation is therefore a middle 
event in the apoptosis time scale, as well as the point where both the intrinsic and the extrinsic apoptotic pathways converge. 
Preliminary in vitro results related to imaging Caspase 3 activation are reported, using treatments and cell lines that can be translated to 
preclinical in vivo testing. HCT116, human colorectal carcinoma cell line and HeLa S3, human cervical adenocarcinoma cell line, are 
used. Apoptosis is induced by means of 5FdU (5-Fluoro-2'-deoxyuridine) or an ATP competitive PKB inhibitor. The apoptotic time scale 
in our experimental settings was identified by molecular biology techniques, demonstrating that the time window available for imaging 
around the peak of Caspase 3 activation is only ±11 hours. The samples are then examined at the Caspase 3 activation peak with 
different imaging techniques: fluorescence from a novel Caspase 3 probe [4], ultrasound backscatter, optical backscatter, standard and 
spin-echo 1H-MRS, and diffusion ordered spectroscopy. Early results suggest potential for a preliminary multimodality non-invasive 
apoptosis imaging method. [4]Acknowledgment: We are grateful to QUIDD SAS for supply of QCASP3.2. 
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Real time subcellular imaging of cancer cells in the brain 
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In order to visualize single cancer cell nuclear dynamics in the brain, U87 human glioma cells were injected into the brain 
stereotactically, or Lewis lung mouse carcinoma (LLC) cells were injected into the carotid artery of nude mice. Both cancer cells types 
express GFP in the nucleus and RFP in the cytoplasm. A craniotomy open window was made over the right parietal bone for real-time 
imaging of cancer cells on the brain. Mitotic and apoptotic cancer cells in the brain were imaged in real time. Temozolomide (TMZ) and 
UVC light were used for induction of cancer cell apoptosis. Imaging showed that approximately 86% of Lewis lung carcinoma cells 
irradiated with UVC light underwent apoptosis and died in contrast to U87 cells which were resistant to UVC. Real-time subcellular 
imaging in the brain showed TMZ-induced apoptosis of both U87 and LLC cells. Imaging could be carried out for at least two weeks 
through the craniotomy window enabling treatment to be evaluated on cancer cells in the brain at the subcellular level. The subcellular 
real-time imaging model of cancer cells in the brain will be of important use for discovery and evaluation novel drugs active against 
brain cancer and brain metastasis. 
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Cell cycle dynamics imaged in vivo 
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USA; 3Dept. of Surgical Oncology, Gifu University, Gifu, Japan; 4Histogen Corp, San Diego, CA, USA; 5Dept. of Surgery, Okayama 
University, Okayama, Japan. Contact e-mail: all@anticancer.com 

FUCCI (Fluorescent Ubiquitination-based Cell Cycle Indicator) cells are labeled orange in the G1 phase nuclei (monomeric Kusabira-
Orange2: mKO2) and labeled green in the S/G2/M phases (monomeric Azami-Green1: mAG1) (Cell 132, 487-498, 2008). FUCCI-
expressing MKN45 gastric cancer cells were used for imaging cell-cycle dynamics in vivo and in vitro. When a confluent monolayer of 
MKN45-FUCCI was scratched, the edge of the wound turned green within 24hr, indicating that healing of the wound required 
proliferation of MKN45 cells. FUCCI-expressing MKN45 cells were injected subcutaneously in the nude mice. The injected cells 
gradually grew and emitted both green and red fluorescence for 14 days, indicating cell cycle progression. In the chorioallantonic 
membrane (CAM) chick embryo model, green and red fluorescence FUCCI cells and blood vessels were observed for 5 days. FUCCI 
cells of the edge in the tumor migrated into the transparent egg membrane. Mouse and CAM FUCCI tumor models will be used to study 
the role of cell cycle dynamics in metastasis including dormancy. 
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XPA1 human pancreatic cancer cells, labeled with GFP in the nucleus and RFP in the cytoplasm, were transplanted orthotopically in 
the pancreas in nude mice. Gemcitabine (GEM) was administered i.p. at a dose of 10 mg/kg per week for four weeks and cisplatin 
(CDDP) was administered i.p. at a dose of 120 mg/kg per week for four weeks. The OV100 small animal imaging system was used to 
visualize the tumor growth and metastases once a week for four consecutive weeks. Combination therapy of GEM and CDDP 
prevented distant metastasis completely while the GEM-only treated group had liver metastasis. The CDDP-only group had multiple 
distant metastases to the liver and the peritoneum. The control group had distant metastases to the liver, peritoneum and the 
diaphragm in addition to massive ascites. None of these treatment groups completely eradicated the primary tumor. The survival rate 
was the highest in the combination treatment group. Imaging of the primary tumor treated with the combination of GEM and CDDP 
showed both viable and necrotic areas within the tumor mass. In the viable area viable dual color cancer cells could be imaged, while 
the necrotic area had apoptotic cells with fragmented nuclei. In conclusion, in vivo imaging of dual-color XPA1 could clearly show the 
response of pancreatic cancer to different chemotherapy at the macro level and at subcellular resolution in orthotopic mouse models. 
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Preclinically, chemotherapeutic efficacies are monitored by various in vitro apoptotic tests. Real time, non invasive in vivo imaging and 
quantification of therapy-induced tumor apoptosis would impact drug discovery significantly. Using phage display, we identified a 
peptide, named ApoPep-II (Apoptosis-targeting Peptide-II), that was able to home to apoptotic cells in tumor xenograft model. ApoPep-
II also bound to apoptotic cells in culture, while only little binding to live cells was observed. Fluorescence microscopy showed the 
number of fluorescent Apopep-II bound cells was significantly increased after etoposide treatment. Similarly, flow cytometry showed 
etoposide increased Apopep-II bound cells from 5.6% to 54.2%. In vivo imaging of tumor apoptosis using near-infrared fluorescence 
labeled Apopep-II was performed in nude mice implanted with A549 lung tumor cells. Mice were treated with Doxorubicin by tail vein 
injection. Apopep-II was injected after treatment and the tumors are imaged at different time intervals. Fluorescence signal was 2.17 
fold higher at 2 h than that from untreated tumor, while the tumor volumes were the same. Fluorescence signal decreased significantly 
by 24 h and returned to base line at 48 h post Apopep-II injection. These results suggest that ApoPep-II holds great promise as a probe 
for the detection, quantification and monitoring of apoptosis following cancer treatments. 
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The anesthetic gas nitrous oxide (N2O) and isoflurane (ISO) are commonly used in surgical procedures for human infants and in 
veterinary and laboratory animal practice. While it is clear that anesthetics cause neuronal cell death in the rodent model when given 
repeatedly during the brain growth-spurt period, nitrous oxide and isoflurane should be examined in a nonhuman primate model that 
more closely mimics the developing pediatric population. Since it is considered that the levels of peripheral benzodiazepine receptor 
(PBR) increase in the areas of neuronal injury following exposure to the neurotoxicant, PBR is widely recognized as an important target 
for imaging by positron emission tomography (PET). In this study, [18F]-radiolabelled phenoxyanilide ([18F]-FEPPA) is used as a novel 
imaging agent for PBR. On PND 5/6, rhesus monkey babies in the experimental group were exposed to a mixture of 70% N2O/30% 
oxygen and 1% ISO for 8 hours and control monkeys were exposed to room air only. On PND 6/7, [18F]- FEPPA (56 MBq) was injected 
into the lateral saphenous vein of treated and control monkeys and microPET images were obtained over the next 2 hr. For follow-up 
study, microPET scan were repeated for each monkey on PND 2 weeks and PND 1 month. Radiolabeled tracer accumulation in the 
region of interest (ROI) in the frontal cortex, temporal lobe and cerebellum were converted into Standard Uptake Values (SUVs). After 
the injection, radiotracer was quickly distributed into the brains of both gaseous anesthetics-treated and control monkeys. On PND 6/7, 
compared with the control group, the uptake of [18F] -FEPPA were significantly increased in all the ROIs of gaseous anesthetics-
treated rats. No significant increases were found in radiotracer uptake in the brains of treated monkeys on their age of PND 2 weeks 
and PND 1 month. This preliminary study demonstrates that microPET imaging is capable of distinguishing differences in retention of 
[18F] -FEPPA in different brain regions of non-human primate and suggests that this approach may provide a minimally invasive 
biomarker of neuronal apoptosis induced by gaseous anesthetics. 
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Quantitative determination of apoptosis of pancreatic beta cells using 99mTc-annexin A5 in a 
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Introduction: Type 1 diabetes mellitus is characterized by a significant deficit in pancreatic beta cell mass, presumably caused by 
apoptosis. However, no methods exist for continuous monitoring of apoptosis of pancreatic beta cells. 99mTc-labeled 
hydrazinonicotinamide-annexin A5 (99mTc-annexin A5) is a single photon emission computed tomography tracer, which can 
noninvasively image apoptotic cells. In this study, we evaluated the possibility of 99mTc-annexin A5 on quantitative determination of 
apoptosis of pancreatic beta cells in a non-obese mouse model of type 1 diabetes mellitus. Methods: Recombinant human annexin A5 
derivatized with hydrazinonicotinamide was labeled with 99mTc by use of tricine as the coligand. Studies were performed with female 
NOD mice at 5, 9, 12 and 16 weeks of age as a non-obese mouse model of type 1 diabetes mellitus. Mice (n=8/each time point) were 
injected with 99mTc-annexin A5 (18.5 MBq/mouse) and sacrificed 6 hours later for autoradiography. Pancreatic islets were identified 
using insulin immunostaining, and apoptotic cells in pancreas were determined by terminal deoxynucleotidyl transferase mediated 
fluorescein-dUTP Nick-end-labeling (TUNEL) method. Results: The number of TUNEL-positive cells significantly increased in 
pancreatic islets of NOD mice aged 12 weeks as compared with those of 5 weeks (151.6 ± 166.6 vs 4.4 ± 9.4 cells/mm2 of pancreatic 
islets, p<0.05). 99mTc-annexin A5 accumulation in the pancreatic islets was the highest in 12 week NOD mice among those in 5 to 16 
week NOD mice, and the difference was significant between the 5 and 12 week mice (0.51 ± 0.12 vs. 1.40 ± 0.39 %ID*10-6/mm2 of 
pancreatic islets /kg, p<0.01). 99mTc-annexin A5 accumulation in the pancreatic islets correlated with the number of TUNEL-positive 
cells (r=0.50, p<0.05). Conclusion: 99mTc-annexin A5 accumulated in the pancreatic islets, corresponding to the number of TUNEL-
positive cells in a non-obese mouse model of type 1 diabetes mellitus. These results suggest that 99mTc-annexin A5 is a promising 
tracer for quantitative detection of apoptosis of pancreatic beta cells associated with type 1 diabetes mellitus. 
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Objectives: Histone acetylation and deacetylation play a critical role in the regulation of chromatin structure and gene transcription. It 
has been shown that tumor initiation and progression are directly related to aberrant HDAC (histone deacetylase) recruitment, and 
result in some genes are repressed, especially those tumor suppressor genes. Histone deacetylase inhibitor (HDACI) may alter the 
status of histone acetylation and activate the silenced gene expressions. Several evidences suggest that the expression of p21WAF1/CIP1 
gene could be mostly induced by HDACI to induce cell cycle arrest and inhibit cancer cells proliferation. This study aimed to establish a 
p21WAF1/CIP1 promoter-driven reporter as HDACIs drugs screening platform and to evaluate if the HDACIs-induced gene expression 
(tTKSR39) could be used to enhance the GCV-mediated cytotoxicity in vitro and in vivo. Methods:The p21WAF1/CIP1 promoter-driven 
triple fusion reporter (which is composed of firefly luciferase, DsRed monomer, truncated HSV-1 thymidine kinase SR39 mutant gene, 
here after denoted as p21-3H) was constructed and stably transfected into non-small cell lung cancer (NSCLC) cell line H1299 and 
A549. The well known HDACIs (TSA, SAHA, curcumin or Sulforaphane) were applied to these cells to demonstrate the gene inducibility 
in vitro and in vivo. The MTT assays were performed to evaluate the cellular viability in the presence of GCV prodrug with or without 
HDACIs. The nude mice bearing solid tumor xenografts were daily administrated with SAHA (100 mg/kg i.p.) and GCV (20 mg/kg) for 9 
days. The therapeutic efficacy was assessed by in vivo bioluminesence imaging and microPET imaging as well as tumor volume 
measurement. Results: The stably expressed p21WAF1/CIP1-driven reporter cells were treated with HDACIs and showed remarkable up-
activation of p21WAF1/CIP1 gene expression both in vitro and in vivo. HDACIs may induce significant enhancement of GCV cytotoxicity in 
these cells. The tumor xenograft model receiving both HDACIs and GCV showed significant tumor growth inhibition. Conclusions: The 
stably expressed p21WAF1/CIP1-driven reporter cells are HDACIs inducible. These clones could be used for new HDACIs drugs screening 
and other chemical drugs that activate p21WAF1/CIP1. Furthermore, this p21WAF1/CIP1-driven triple fusion reporter construct is useful for 
transcriptional targeted suicide gene therapy of cancer by combined HDACIs and GCV pro-drug treatment. 
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Introduction: Histone deacetylase (HDAC) inhibitors are currently undergoing clinical trials for treatment of various neurodegenerative 
diseases, including Huntington’s, Parkinson’s, Alzheimer’s diseases, brain ischemia and trauma. Therefore, our group has developed a 
non-invasive pharmacodynamic imaging of HDAC inhibition in the brain using PET/CT with 6-([18F]fluoroacetamido)-1-hexanoicanilide 
(18F-FAHA). Because of the importance of HDAC II enzymes, especially HDACs 4 and 5 in the nucleus accumbens, in the 
establishment of drug-addicted behavior, we developed the next generation of HDAC Class IIa-specific radiotracers: 6-
([18F]difluoroacetamido)-1-hexanoicanilide (18F-DFAHA) and 6-([18F]tri-fluoroacetamido)-1-hexanoicanilide (18F-TFAHA). In this 
study, PET imaging with these HDAC Class IIa-specific radiotracers was used to study in the rat brain the pharmacodynamic effects of 
HDAC inhibitors: suberoylanilide hydroxamic acid (SAHA, vorinostat) and valporic acid (VA). Materials and Methods: In Sprague 
Dawley rats under 2% isoflurane anesthesia were pretreated 2h before PET imaging with SAHA (100 or 150 mg/kg i.p. in 100 µL of 
DMSO) or VA (100 or 150 mg/kg i.p. in 200 µL of saline) or saline (200 µL i.p.); N=3 rats in each group. Dynamic microPET/CT imaging 
was performed for 30 min post i.v. injection of 18F-DFAHA and 18F-DFAHA (1 mCi in 500µL as a steady bolus injection over 1 min). 
Blood samples were obtained at different time points via an arterio-venous shunt (to determine the blood input function). The 
unidirectional influx rate (Ki) of each tracer was calculated using Patlak graphical analysis. Subsequently, the distribution of tracer-
derived radioactivity in the brain was assessed using quantitative autoradiography (QAR) of frozen sections. Results: The highest level 
of accumulation in the brain was observed with 18F-TFAHA, followed by 18F-DFAHA, as compared to 18F-FAHA. The highest regional 
accumulation of 18F-TFAHA and 18F-DFAHA -derived radioactivity was observed in the cerebellum and n.accumbens (Suppl. Fig. 1). 
Treatment with and, especially, with VA resulted in a strong inhibition of 18F-TFAHA and (HDAC class IIa activity) in these brain 
structures. In vivo imaging results were confirmed using QAR; 18F-TFAHA accumulation in n.accumbens was almost completely 
abolished by pre-treatment with VA 100 mg/kg (Fig. 1). Conclusions: PET with 18F-DFAHA and 18F-DFAHA can be used as 
pharmacodynamic biomarker of HDAC inhibition in the brain and used for the assessment of novel HDAC inhibitors. Longitudinal 
studies in animal models and in humans using PET/CT(MR) imaging of HDACs expression activity in the brain should facilitate studies 
on epigenetic regulatory mechanisms by different HDACs in various neurodegenerative diseases and in drug addiction and also to 
facilitate the development of novel class-specific HDAC inhibitors. 

 

Figure 1. Quantitative autoradiography of 18F-FAHA, 18F-DFAHA, and 18F-TFAHA qaccumulation in the rat brain n.accmbens at baseline and after 
treatment with either SAHA or VA. A sighificant inhibition of 18F-TFAHA accumulation in n.accmbens was observed after treatment with VA. 

Disclosure of author financial interest or relationships: 
H. Yeh, None; K. Kil, None; V. Paolillo, None; U. Mukhopadhyay, None; J.A. Balatoni, None; S. Soghomonyan, None; A. Pal, 
None; A. Shavrin, None; D. Young, None; M.M. Alauddin, None; W. Tong, None; J.G. Gelovani, General Electric, Honoraria; Takeda 
Pharmaceutical, Honoraria; SibTech, Consultant; Macrocyclics, Consultant .  

Proceedings of the 2011 World Molecular Imaging Congress S641



Presentation Number P702 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 
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Introduction: Epigenetic mechanisms contribute to changes in gene expression patterns that lead to complex perturbations in various 
signal transduction processes, altered cell differentiation and function, as well as behavioral changes induced by drug abuse. The 
majority of studies of chromatin remodeling have been focusing on the effects of drugs (i.e., cocaine) in the n.accumbens. Longitudinal 
studies in animal models and in humans aimed to investigate epigenetic mechanisms regulated by different histone de-acetylases 
(HDACs) in the brain could be greatly facilitated by non-invasive, repetitive, and quantitative imaging of expression-activity of different 
HDAC enzymes. Our group was the first to develop a radiotracer for PET imaging of HDAC expression and activity, the 6-
([18F]fluoroacetamido)-1-hexanoicanilide, termed 18F-FAHA. We demonstrated that after intravenous injection, 18F-FAHA rapidly 
accumulates in the brain in rats and in rhesus macaques, and that the rate of 18F-FAHA accumulation in the brain is inhibited in a 
dose-dependent manner by HDAC inhibitor SAHA (vorinostat). Because of the importance of HDAC II enzymes in the development of 
drug-addicted behavior, especially HDACs 4 and 5 in the n.accumbens, we developed the next generation of HDAC Class IIa-specific 
substrate radiotracers: 6-([18F]difluoroacetamido)-1-hexanoicanilide (18F-DFAHA) and 6-([18F]tri-fluoroacetamido)-1-hexanoicanilide 
(18F-TFAHA), which exhibit significantly higher substrate affinity and specificity to HDACs 4 and 5, as compared to 18F-FAHA. 
Materials and Methods: In Sprague Dawley rats under 2% isoflurane anesthesia, dynamic microPET/CT imaging was performed for 30 
min post i.v. injection of 18F-DFAHA (N=6) and 18F-TFAHA (N=9) (1 mCi, 500µL, 1 min bolus). Blood samples were obtained at 
different time points via an arterio-venous shunt (to determine the blood input function). The unidirectional influx rate (Ki) of each tracer 
was calculated using Patlak graphical analysis. Subsequently, the distribution of tracer-derived radioactivity in the brain was assessed 
using quantitative autoradiography (QAR) of frozen sections. Results: Overall, the highest level of accumulation in the brain was 
observed with 18F-TFAHA, followed by 18F-DFAHA, as compared to 18F-FAHA. The highest regional accumulation of 18F-TFAHA and 
18F-DFAHA -derived radioactivity was observed in the cerebellum and n.accumbens (Fig. 1). Higher Ki of 18F-TFAHA and 18F-
DFAHA, as compared to 18F-FAHA was observed in the lower midbrain area and n.accumbens (Fig. 2). Comparative autoradiographic 
and immunohistochemical studies demonstrated that HDACs 4 and 5 are overexpressed in these brain structures, which explains 
higher accumulation of 18F-TFAHA and 18F-DFAHA, as compared to 18F-FAHA. Conclusions: 18F-TFAHA is a better radiotracer for 
PET imaging of HDAC class IIa expression and activity, compared to 18F-FAHA and 18F-DFAHA. PET imaging with 18F-TFAHA may 
lead to a better understanding of epigenetic mechanism mediated by HDAC class IIa involved in behavioral changes induced by drug 
abuse. 

 
Figure 1. PET/CT and Quantitative Autoradiographic Images of 18F-FAHA, 18F-DFAHA, and 18F-TFAHA accumulation in the rat brain and 

n.accumbens. Figure 2. Unidirectional infux rate (Ki) of 18F-FAHA, 18F-DFAHA, and 18F-TFAHA in different structures of the rat brain:whole brain 
(WB), front brain (FB), midd brain (MD), cerebellum (CRE), brain stem (BS), nucleus accumbens (ACC). 
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Introduction and Aim: Dysfunctional protein folding represents the molecular foundation of a growing list of diseases in humans and 
animals. Biologically representative in vivo studies of these abnormal events are likely best suited to discovery of molecular 
mechanisms to prevent or ameliorate such diseases. No current technique can be optimally extended to imaging assays in intact living 
subjects. Here, we preliminarily demonstrate a new generalizable application of an in vivo protein-fragment complementation assay 
based on a split bioluminescence reporter (synthetic humanized renilla luciferase [hRluc]) for potential future imaging of protein folding 
in living subjects. We hypothesised that the normal conformational changes in protein folding, which result in the close approximation of 
amino and carboxy termini for the great majority of native proteins, can be made use of to drive intramolecular complementation of 
correctly orientated chimeric split imaging reporters in a strategy to detect and image protein folding in vivo. Methods and Results: We 
used split hRluc to indirectly record the folding of 3 test proteins: the mutant (sr39) herpes simplex virus type 1 thymidine kinase (HSV1-
TK), Firefly luciferase, and enhanced green fluorescent protein (EGFP) in mammalian cells. We first engineered a mutant EGFP 
(mEGFP) that deliberately misfolds. The following expression vectors were then constructed: NhRluc-sr39TK-ChRluc (A), ChRluc-
sr39TK-NhRluc (B), NhRluc-EGFP-ChRluc, NhRluc-mEGFP-ChRluc, NhRluc-Fluc-ChRluc using (G4S)2 linkers, and cloned into a 
pcDNA3.1(+) vector backbone, driven by a CMV promoter. 293T cells were transiently transfected and cells assayed 36 h later for in 
vitro complemented hRluc and, separately, folded protein activities using luminometry or TK uptake assay of cell lysates, and 
fluorescence microscopy of EGFP labelled cells. Co-transfection of plasmids NhRluc-TK and TK-ChRluc known to produce high hRluc 
complementation was used as a positive control. Activity of hRluc was represented as relative light units (RLU) per microgram of 
protein per minute of counting, and was as follows: NhRluc-TK plus TK-ChRluc (82.9±8.8), ChRluc-sr39TK-NhRluc (1.7±0.1), NhRluc-
mEGFP-ChRluc (1.6±0.1), NhRluc-sr39TK-ChRluc (124.3±21.2), NhRluc-EGFP-ChRluc (90.5±5.8) and NhRluc-Fluc-ChRluc 
(14.9±2.0). Uptake of [8-3H] Penciclovir in triplicates was assessed for TK activity and are shown in the Figure. Fluorescence 
microscopy revealed preserved but diminished light emission from cells transfected with NhRluc-EGFP-ChRluc when compared to 
transfection of EGFP alone. Conclusion: Our preliminary in vitro and cell culture experiments to detect protein folding are encouraging. 
Further studies are necessary to optimize the functioning of this strategy, e.g. the effects of orientation, size of proteins, linker length, 
and appropriate translocation of chimeras within cells, all currently underway prior to animal imaging. The future ability to detect, locate, 
and quantify protein folding in the setting of a whole living subject will have important implications for a wide variety of biological 
research endeavours, drug discovery, and molecular medicine. 
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Konkuk University Medical Center, Konkuk University School of Medicine, Seoul, Republic of Korea. Contact e-mail: 
lej0411.lee@samsung.com 

Objectives: Cellular uptake of radiolabeled MIBG, widely used for imaging and treatment of neuroendocrine tumors, is mediated by 
norepinephrine (NE) transporters (NET). α2-adrenergic receptors are known to downregulate NE release by mechanisms entirely 
separate from NETs. However, since α2-adrenergic agonists frequently exert antidepressive effects, we investigated whether they may 
have influence on NET function. Methods and Results: In the presence of dexmedetomidine or xylazine, human neuroblastoma SK-N-
SH cells displayed potent dose-dependent inhibition of I-131 MIBG uptake. Nonlinear regression revealed that IC50 values for 
dexmedetomidine and xylazine were 2.5 μM and 108.5 μM, respectively. The time course of effect by 100 μM xylazine showed a rapid 
onset of I-131 MIBG uptake inhibition by 30 min of exposure that changed little thereafter for up to 2 hr. The inhibitory effect was not 
blocked by the α2-adrenergic antagonist, yohimbine. There was no change in plasma membrane expressed NET levels, and washing of 
cells completely reversed the inhibitory effect of the agents. Both dexmedetomidine and xylazine substantially increased Km values of I-
131 MIBG uptake while Vmax levels were minimally influenced. Furthermore, the agents also blocked H-3 nisoxetine binding to the 
cells in a dose dependent fashion. Binding was reduced 83.7 ± 2.6% (P = 0.0028), 62.9 ± 4.4% (P = 0.0003), and 42.9 ± 4.3% (P = 
0.0001) of controls by 10, 30, and 100 μM of dexmedetomidine, and 85.3 ± 3.3% (P = 0.0173), 67.9 ± 4.1% (P = 0.0013), and 44.8 ± 
3.3% (P = 0.0001) of controls by 10, 100, and 300 μM of xylazine, respectively. These results reveal that α2-adrenergic agonists 
including dexmedetomidine and xylazine are potent reversible competitive inhibitors of MIBG uptake that act by directly blocking NET. 
Conclusion: Our finding that α2-adrenergic agonists exert potent inhibitory effects on MIBG transport provides insights on novel 
mechanisms for acute regulation of NET function that could affect MIBG imaging and therapy in patients. 

Disclosure of author financial interest or relationships: 
E. Lee, None; J. Park, None; H. Chung, None; J. Paik, None; K. Jung, None; Q. Cung, None; K. Lee, None. 

  

Proceedings of the 2011 World Molecular Imaging CongressS644



Presentation Number P705 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Enhanced Cell Death Imaging Using Multivalent Zinc(II)-Dipicolylamine Fluorescent Probes 
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Many drug delivery and imaging probes rely on monovalent recognition elements for high affinity binding to their target receptor, though 
this desired outcome is not always achieved. One way to increase binding affinity is by designing multivalent probes, where multiple 
copies of the same ligand are attached and presented from a central scaffold. Multivalent ligand-receptor interactions are important in 
biological systems for selective cell recognition, cell adherence, and intracellular signalling. During cell death, phosphatidylserine (PS), 
an aminophospholipid normally secluded to the inner leaflet of the plasma membrane, is translocated to the cell surface providing an 
estimated 109 binding sites for PS targeted molecules. Zinc(II)-bis-dipicolylamine (Zn2BDPA) coordination complexes have high 
selectivity towards dead and dying mammalian cells with exposed PS, even though binding affinities of the Zn2BDPA probes for 
membrane PS are moderate (micromolar dissociation constants). The likely undesired effects of this modest PS affinity, such as poor 
target-to-backgraound ratios at low probe doses and possible toxicity due to off-target binding, may prohibit successful translation to the 
clinic. Here, we show that the fluorescent probe Tetra-Zn2BDPA-SQR with four attached Zn2BDPA units has greatly enhanced affinity 
for cell death compared to analogous probes with fewer Zn2BDPA units. Cell microscopy studies show that low concentrations of Tetra-
Zn2BDPA-SQR strongly stain the surfaces of dead and dying cells and blebbing apoptotic bodies. Furthermore, in vivo fluorescence 
imaging studies, using mouse thymus atrophy1 and rat prostate tumor models2, found that in vivo uptake of Tetra-Zn2BDPA-SQR into 
dead and dying tissue was more than two and four fold than that observed with an analogous probe that has only two Zn2BDPA units. 1 
Smith, B. A. et al. Apoptosis 2011, doi:10.1007/s10495-011-0601-5 2 Smith, B. A. et al. J. Am. Chem. Soc. 2010, 132, 67-69. 

 

Tetra-Zn2BDPA-SQR shows enhanced staining of apoptotic cell membranes (top left) and localization to the necrotic core of rodent prostate tumors (top 
middle and right) 
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Exquisitely Selective Uptake of Single-Walled Carbon Nanotubes into a Specific Monocyte 
Subset in Living Mice 

Bryan R. Smith1, Eliver E. Ghosn2, Scott Tabakman3, Hongjie Dai3, Sanjiv S. Gambhir1, 1Radiology/MIPS/Bioengineering, Stanford 
University, Stanford, CA, USA; 2Genetics, Stanford University, Stanford, CA, USA; 3Chemistry, Stanford University, Stanford, CA, USA. 
Contact e-mail: brsmith@stanford.edu 

Monocytes are immune effector cells with the potential to differentiate into macrophages and dendritic cells. They are implicated in both 
the pathogenesis and therapy of many diseases such as cancer. Yet the various subsets of monocytes have vastly different roles in 
cancer. Two blood monocyte subsets exist, one of which (Ly6Chi) tends to differentiate into a major subset of tumor-associated 
macrophages (TAMs). There is thus great rationale to specifically target this subset because it could (1) allow specific imaging of the 
stromal microenvironment behavior in cancer (and other diseases), (2) enable precise modulation of monocyte subset behavior (e.g, via 
delivery of siRNA) to ask questions about how the monocytes interact with tumor cells and (3) potentially help destroy the tumor. Using 
a nanoparticle to label this subset is advantageous because it can act as a multimodal carrier to deliver drugs, report its location, etc. 
Furthermore, the nanoparticle we chose, single-walled carbon nanotubes (SWNTs) are of great interest to the nanotechnological 
molecular imaging community due to their excellent tumor targeting, reporter (e.g., near infrared, Raman, and photoacoustic), and 
therapeutic properties. We employed SWNTs coated with polyethylene glycol (PEG) and Cy5.5 dye for visualization. Using intravital 
microscopy (n=10 mice), we observed that circulating cells took up SWNTs within seconds of injection and no cells were labeled in 
controls. To establish the identity of cells that took up SWNTs, we harvested blood (2 hrs and 6 hrs post-injection) and spleen (6 hrs 
post-injection) of mice that had been injected with SWNTs (and controls which had not) and subjected them to 11 color FACS analyses 
with a panel of relevant antibodies. Surprisingly, SWNTs were taken up into Ly-6Chi blood monocytes with exquisite specificity. Nearly 
100% of Ly-6Chi monocytes took up SWNTs, while only ~2% or less Ly-6Cint, Ly-6Clo monocytes, and neutrophils displayed SWNT 
signal. Further, interestingly SWNTs induced transient activation of the Ly-6Chi monocytes (increased cd11b expression at 2 hours, 
return to baseline by 6 hours even though SWNTs remained in monocytes). Injection of SWNTs caused a decrease in Ly-6Chi 
monocytes in blood at 2 and 6 hrs p.i. At the same time, in the spleen (measured at 6 hrs post-injection) Ly-6Chi monocytes also 
comprised the vast majority of cells taking up SWNTs. We observed an ~3-fold increase of Ly-6Chi monocytes at 6 hrs p.i. in spleen 
compared to controls. This suggests that SWNTs may induce transient monocyte activation leading to deposition of some fraction of 
blood monocytes into the spleen. Also, we showed RGD (which binds to integrin αvβ3 over-expressed on the surface of tumor vascular 
endothelium) on the SWNT surface encourages monocytes to interact with tumor endothelium (p<0.0001) and deposit into the tumor 
interstitium compared with SWNT controls (plain and scrambled peptide-conjugated SWNTs, p<0.0001). This data demonstrates that 
SWNTs are taken up by Ly-6Chi monocytes with exquisite specificity, which can be used to target this monocyte subset to tumors with 
many applications in the imaging and therapy of cancer. 

 

Left) Monocytes take up SWNTs within the circulation. On the left, an intravital micrograph is shown, with white and gray arrows pointing to monocytes 
that have taken up SWNTs in the circulation (red blood vessels) of a living mouse with a tumor (green). Right) FACS plots illustrate the very high 

specificity of monocyte SWNT uptake. The plot on the top reveals that in this mouse, 100% of Ly-6C(hi) monocytes in blood have taken up nanotubes 
within the blood at 2 hours after SWNT injection, while only <0.8% of Ly-6C(low) monocytes have taken up nanotubes (bottom plot). 

Disclosure of author financial interest or relationships: 
B.R. Smith, None; E.E. Ghosn, None; S. Tabakman, None; H. Dai, None; S.S. Gambhir, Cellsight, Stockholder; Endra, Inc., 
Stockholder; Enlight, Inc., Stockholder; VisualSonics/Sonosite, Stockholder; Spectrum Dynamics, Stockholder; RefleXion Medical, Inc., 
Stockholder; NinePoint Medical, Stockholder; Bayer Schering, Grant/research support; Canary Foundation, Grant/research support; 
Doris Duke Distinguished Clinical, Grant/research support .  

Proceedings of the 2011 World Molecular Imaging CongressS646



Presentation Number P707 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Comparison of Accumulation of 64CuCl2 in Different Types of Human Tumor Models 
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Imaging, Faculty of Health Sciences, University of Copenhagen, Copenhagen, Denmark; 2Department of Clinical Physiology, Nuclear 
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Aim: Copper is an essential nutrient in mammals, acting as a co-enzyme in many enzymatic processes. Moreover, copper has 
previously been found in high concentration in human tumor tissue. The use of copper-based PET tracers in cancer studies is 
increasing steadily and in vivo instability could be the course of non-specific tumor uptake. Recently, 64CuCl2 PET has been proposed 
as a tool to study copper metabolism in vivo. In this study we compared the uptake of 64CuCl2 in four different human cancer xenograft 
models. Methods: NMRI nude mice had approximately 107 human cancer cells (A2780 ovarian cancer, HT29 colorectal cancer, H727 
neuroendocrine lung carcinoid or U87MG gliobastoma) inoculated into each flank. After 2-3 weeks the mice were scanned for 10 
minutes 1 and 22 hours after injection of 64CuCl2, using a small animal PET scanner, each time followed by a 7 minutes small animal 
CT scan. PET data were reconstructed using MAP algorithm, ROIs were manually drawn on fused PET/CT images, and % ID/g and % 
max ID/g values calculated. Moreover, the relationship between 64CuCl2 uptake and tumor size was analyzed by linear regression. 
Results: Quantitative analysis of PET data showed a high uptake of 64CuCl2 in all four cancer xenograft models and all tumors were well 
visualized on the static PET images of the mice obtained at 1 and 22 hrs post injection. Moreover, the tumor uptake of 64CuCl2 in HT29 
and H727 tumor models increased over time with the human neuroendocrine lung carcinoid H727 having the highest uptake after 22 
hrs (3.43 ± 0.32 %ID/g). Besides tumor uptake, intense accumulation of 64CuCl2 was observed in the liver, whereas little uptake was 
seen in all other major organs and tissues. No correlations were found between % ID/g of 64CuCl2 and tumor size. However, strong 
positive correlations were found between % max ID/g after 1 hr and tumor size in both the A2780 ovarian cancer and the HT29 
colorectal cancer xenografts (r2= 0.73, p=0.03 and r2=0.72, p=0.008, respectively). Conclusion: A high uptake of 64CuCl2 was found in 
all tumor types. This underlines the importance of obtaining high in vivo stability of new copper-based PET tracers for cancer since 
even small amounts of free copper may lead to false results. 
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Quantitative in vivo fluorescence lifetime imaging of ICG pharmacokinetics in rodent model 
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In vivo fluorescence imaging deep inside bulk tissue using near infrared (NIR) labels has higher sensitivity and specificity than using 
visible labels, thanks to the lower light attenuation and tissue autofluorescence in the NIR spectral range. Indocyanine green (ICG) is a 
NIR fluorescent dye with absorption and emission maxima at 780 and 820 nm respectively. Because of ICG’s selective uptake by 
hepatocytes, it has been used to directly reflect the physiology and pathology status of the liver-biliary system, for example by 
measuring the ICG level in hepatic blood flow in liver donors and transplant recipients to indicate the liver performance of detoxification 
and excretion of exogenous and endogenous substances. Conventional ICG uptake-clearance is determined by measuring the ICG 
concentration in venous sample from different time points after injection of ICG. Noninvasive ICG measurement has not been yet 
established for liver uptake-clearance and biliary excretion. The aim of this study is to use in vivo fluorescence lifetime imaging 
technique to quantify ICG biodistribution and metabolism in the liver and the gallbladder. In the experiment, various doses of ICG (1, 5 
or 10ug per animal), were injected intravenously in anesthetized healthy nude mice. Every ten minutes after ICG administration, the 
mice were imaged by a time domain in vivo fluorescence imaging system (Optix). Whole body scan data were then analyzed using 
OptiView software in terms of fluorescence intensity, fluorescence lifetime (FLT), depth and concentration. A very interesting aspect of 
the results is that the FLT of ICG in the gallbladder and the liver are different that allows us to discriminate fluorescent signals coming 
from the gallbladder and the liver. Thus, both organs were investigated separately, and their pharmacokinetic behaviors were assessed 
individually. Analysis of imaging results showed that ICG was accumulated fast in the liver and then rapidly cleared and excreted into 
the gallbladder and intestines. The time courses of ICG pharmacokinetics in the liver and the gallbladder are also dose dependent. For 
low dose, reduction of ICG concentration in the liver was occurred in parallel with its continual increases in gallbladder during the first 
hour post-injection. However, for high dose, the accumulation of ICG in the gallbladder was rapid in the first 20 minutes and then 
followed by a plateau phase. Our results indicate that characterization of hepatic ICG clearance by optical fluorescence lifetime imaging 
could provide a direct and noninvasive measure of functional state of the liver and the gallbladder. We demonstrated that it is possible 
to separate ICG signals originated from the liver and the gallbladder using fluorescence lifetime and perform parallel quantification of 
ICG biodistribution in the liver and the gallbladder in small animal model. The technology could be applied as a non-invasive, 
quantitative and direct tool to monitor liver-gallbladder function status and treatment effect, as well as to monitor drug delivery in 
pharmacokinetic research. 
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Purpose Development of cancer specific delivery system using nano-sized materials has been important for efficient cancer therapy. 
The peptides, Asn-Gly-Arg (NGR) motif have been shown to selectively bind with aminopeptidase N (CD13) which is an over-expressed 
NGR receptor in fibrosarcoma cells. The cationic polymer polyethylenimine (PEI) has been widely explored in gene delivery research 
fields. In this study, we examined cancer specific NGR-PEI and therapeutic effect through c-myc and PI3K siRNA study. Methods 
Confocal fluorescence microscopy was used to monitor NGR-PEI polyplex-mediated transfection of eGFP (Enhanced Green 
Fluorescence Protein) vector. In this experiment, CD13/aminopeptidase positive HT1080 cells (human fibrosarcoma) and negative 
Hep3B cells (human hepatoma) were stained with CellTrackerTM CM-DiI and DiD (Invitrogen) respectively, for tracking individual 
cellular pattern in co-culture system. effluc (enhanced firefly luciferase) retrovirus was infected into HT1080. Luciferase assay and CCK-
8 (Cell Counting Kit-8) cell proliferation assay were examined. Result Co-culture in vitro system showed differential eGFP (Enhanced 
Green Fluorescence Protein) expression patterns, demonstrating that most of GFP signals were specifically observed in HT1080 cells 
through NGR-PEI/EGFP complex-mediated specific transfection. Cytotoxic effect of siRNA-mixed NGR-PEI complex was seen using 
CCK-8 reagent, compared to NGR-PEI/scramble treated group. When the designed siRNA for PI3K or c-myc was treated into effluc-
infected HT1080 cells, luciferase signals were decreased in PI3K or c-myc siRNA treated cells. Conclusion These results demonstrate 
NGR peptide linked in PEI polymer was specifically interacted with fibrosarcoma cells and siRNA-carrying NGR-PEI nano-carrier 
showed definite effect on cell proliferation. This study could provide powerful tool to develop efficient cancer therapy. 
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Bridatec, and inhibition thereof with rifampicin 
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Introduction: Numerous drugs are substrates or inhibitors of hepatic transporters. Clinically relevant hepatic transporters include the 
OATPs, NTCP, MRP2 and BSEP. Direct or indirect inhibition of these transporters can lead to (pathological) changes of bilirubin 
(conjugates) or bile acids in blood or liver. Whereas the inhibition of OATPs and MRP2 in itself posses a moderate risk, it can increase 
the concentration of substrate drugs to toxic levels (e.g. statins).Inhibition of NTCP or BSEP can lead to cholestasis, resulting in liver 
failure. Therefore, in drug research, it is important to assess the inhibition of hepatic transporters early on. A non-invasive method to 
investigate this effect is the 99mTc-Bridatec which is commonly used in hepatobiliary scintigraphy and known as a OATP and MRP2 
substrate. We hereby investigate the use of 99mTc-Bridatec as a marker for in vivo transporter function. Materials and methods: FVB 
mice (n=6) were injected in a lateral tail vein (T=0 min) with 37 MBq of 99mTc-Bridatec (corresponding to 2,7 mg of mebrofenin). Fast 
dynamic scanning for 60 min was performed on a U-SPECT II camera with time frames of 15 sec. Blood samples were taken by IV 
puncture in the contro-lateral tail vein at 1, 2, 5, 7, 10 and 15 minutes and counted for radioactivity. To study the effect of chemical 
OATP inhibition and as a proof-of-principle, the experiment was repeated, but rifampicin was administered twice: 100 mg/kg IP at 60 
min before the 99mTc-Bridatec injection, and 25 mg/kg IV during this injection. To visualize the effect of complete cholestasis at the 
level of the bile-cannalicular membrane, an animal was bile duct cannulated and the firstly described experiment (without rifampicin) 
was performed. Regions of interest were drawn manually over the liver, the gallbladder and the intestines. Results and discussion: The 
clearance from the blood was much slower for the rifampicine treated mice compared to the vehicle controls. (T1/2 of 2 minutes for 
rifampicin treated mice and 30 seconds for vehicle controls). Time activity curves for the liver showed for the normal mice a peak at 3 
minutes, which rapidly decreased exponentially to background levels at 15 minutes, while for the rifampicin pretreated mice a 
continuously slow increase over time was observed without notifying any peak activity. The accumulation in the small intestines and gall 
bladder was for both groups almost linear over time with a slope 4 times higher for the normal mice compared to the rifampicine treated 
animals. As expected, the bile-duct ligation showed also an continuous slow increase over time without notifying a peak activity. No 
activity was observed in the gallbladder and intestines. Conclusion: Our results indicate that it is possible to visualize and quantify the 
activity of hepatic transporters with 99mTc-Bridatec and that quantification of the effect of OATP modulation by drugs, with rifampicin as 
a model drug, can be demonstrated. This technique could give a non-invasive method for the risk assessment of cholestatis in man by 
drugs candidates and provide us the opportunity to distinguish between extra-and intrahepatic cholestasis. 
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Evaluation of intrarenal blood flow in diabetic kidney injury using contrast ultrasound imaging 
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Obesity is a major risk factor for diabetes and hypertension, which together account for about 70 % of all cases of end-stage renal 
disease. Obesity-related kidney disease occurs as a result of complex interactions between metabolic and hemodynamic factors, and is 
characterized by alterations in renal blood flow. However, the changes of cortical and medullary blood flow are difficult to assess, 
especially in small animal models of disease. In this study, we tested the use of microbubble contrast agents for ultrasound (US) to 
detect and quantify changes in the regional renal blood flow. C57BL/6J male mice were randomized to a standard diet (STD) or a high-
fat diet (HFD) for 20 weeks. This model induces metabolic alterations, including obesity and hyperglycemia, which are similar to those 
observed in type-2 diabetic humans. A perfusion ultrasound contrast agent was administered intravenously to anesthetized mice, and 
real-time video was acquired at 14 MHz using an ultrasound scanner. The kidney was imaged in the long axis, and cortical, medulla 
and corticomedullary junction blood flow were assessed at low mechanical index (non-destructive imaging). Color Doppler was unable 
to yield reproducible images of regional renal blood flow, likely due to the small size of the mouse kidney relative to the imaging 
frequency. However, contrast imaging provided an excellent method of analyzing blood flow in the kidney. A cortico-medullary flow 
gradient was readily visualized in all mice. We observed that the time required for the contrast agent to fully perfuse the cortex, 
quantified by time-to-peak analysis, was significantly longer in HFD mice relative to age-matched healthy controls. However, the peak 
intensity within the cortex was similar between both groups. This suggests alterations in the blood flow rate, but not necessarily the 
blood volume, in our model of the obesity-related kidney disease. A similar trend was observed in the liver, with a significant delay in 
time-to-peak in obese compared to healthy mice. In conclusion, ultrasound contrast imaging represents a non-invasive method for the 
evaluation of changes in regional renal blood flow in a mouse model of obesity. This technique may be useful both in a research setting 
and in the clinic. 

Disclosure of author financial interest or relationships: 
A. Declèves, None; J. Rychak, Targeson, Inc, Employment; Targeson, Inc, Stockholder; K. Sharma, Targeson, Inc., Grant/research 
support . 

  

Proceedings of the 2011 World Molecular Imaging Congress S651



Presentation Number P714 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Non-Invasive Pulsed Focused Ultrasound for targeted homing of bone marrow stromal cells in 
a mouse kidney model 

Joseph A. Frank1, Ali Ziadloo1, Scott R. Burks1, Bobbi K. Lewis1, Victor Frenkel2,1, 1Frank Laboratory, Nat''l Inst of Health, Bethesda, 
MD, USA; 2Department of Biomedical Engineering,, The Catholic University of America, Washington, DC, USA. Contact e-mail: 
jafrank@helix.nih.gov 

In this study we examined the effects of pulsed focused ultrasound (pFUS) for improving the homing of the bone marrow stromal cells 
(BMSC) to the kidneys. pFUS is known as a non-invasive modality that can localize high amounts of energy at a treatment site without 
affecting the surrounding tissue. Compared to traditional ablative FUS used for tumor treatment, pFUS exposures reduce the rate of 
energy deposition (where mechanical effects primarily prevail) and may enhance tissue permeability for the improvement of drug and 
gene delivery. In the present study, pFUS exposures were used to generate localized effects in murine kidneys (e.g. inflammation 
and/or paracrine signaling), followed by a systemic intravenous administration of superparamagnetic iron oxide nanoparticle-labeled 
BMSCs. In vivo and ex vivo MRI showed hypointense regions in the pFUS treated kidney as a result of magnetically labeled BMSC, 
corroborating the presence of the MSCs on day 1 and 3 post-treatment. In comparison to untreated contralateral control kidney, 
enhanced targeted homing of BMSCs to pFUS treated kidneys was found up to day 3 by histology, specifically using Prussian blue 
staining, and further confirmed with immunohistochemistry using a human mitochondrial antibody (huMito). BMSCs were observed 
primarily in the peritubular regions and rarely in the glomeruli. Cell counts of huMito positive cells revealed 5-10-fold increases in the 
numbers of BMSC in pFUS treated compared to control kidneys up to day 3 (p<0.01). Histological analysis revealed minor changes in 
tubular structure on day 1 post pFUS that disappeared completely by day 3-7. Minimal changes in renal function or apoptosis were 
found up to day 7 post-pFUS treatments. Molecular analysis showed increased levels of pro-inflammatory cytokines (IL-1b, IL-2, IL-3, 
IL-6, IL-10, IL-17, MCP-1, IFNg, MIP-1a, GMCSF, and RANTES) and growth factors (VEGF, FGF, HGF) in the pFUS treated kidneys 
without BMSC administration while significant decreases in pro-inflammatory cytokines occurred following BMSC administration up to 3 
days post-pFUS. Elevations in ICAM-1 and VCAM-1 were detected up to day 3 in pFUS treated kidneys compared to the contralateral 
control kidneys in BMSC administered animals. The results of the current study indicate that pFUS can be used to non-invasively 
enhance the homing of BMSCs based on release of pro-inflammatory cytokines, growth factors, and elevations of intergrins on 
endothelial surface in the kidney. pFUS effects for enhanced tropism of BMSCs to target tissues serves as a basis for safe and efficient 
cell delivery strategies in therapeutic applications. 
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Tanya Tupper1, Yuchuan Wang1, Emily A. McDonagh1, Jeffrey Yap1,3, Andrew L. Kung1,2, 1Lurie Family Imaging Center, Dana-Farber 
Cancer Institute, Boston, MA, USA; 2Department of Pediatric Oncology, Dana-Farber Cancer Institute, Boston, MA, USA; 3Harvard 
Medical School, Boston, MA, USA. Contact e-mail: tanya_tupper@dfci.harvard.edu 

Objectives In both clinical and preclinical settings, fasting is used to reduce blood glucose level (BGL) and prepare subjects prior to 
FDG-PET tracer injection, as high BGLs would compromise metabolic imaging studies. The goal of this study is to establish an 
alternative and potentially more advantageous method (e.g., alleviating animal stress) of preparing mice for preclinical FDG-PET 
imaging by utilizing a readily available high-fat, low protein/carbohydrate rodent ketogenic diet (KD).  Methods Healthy mice from two 
strains, C57BL/6 and 129 (Charles River Laboratories), all at approximately 20 grams and 6 to 8 weeks of age, were used to study how 
BGLs and FDG tracer distribution were impacted by overnight 12-hour fast vs. 12-hour KD (TD.963555 Harlan Laboratories). Baseline 
and post BGLs were measured using an AlphaTRAK® glucometer (Abbott Laboratories), and FDG-PET scans were performed on a 
dedicated small animal PET/CT scanner (Siemens Inveon). Each mouse was kept warm starting one hour before I.P. administration of 
400 uCi FDG, followed by one hour conscious uptake period, and imaged for 10 minutes under sevoflurane and medical air. 
Reconstructed images were compared for tracer biodistribution, especially for cardiac, brown-fat, and muscular uptakes. Several tumor 
bearing mice were also imaged; further studies are underway to compare the effects of fasting vs. KD in tumor metabolic imaging. </p> 
Results Baseline BGLs are significantly different in two strains (C57BL/6: 189 ± 26 mg/dL, 129: 134 ± 15 mg/dL, p=0.0002, N=8). For 
C57BL/6 mice on overnight KD vs. fasting, post BGLs are comparable (120± 15 mg/dL, N=4), whereas for 129 mice overnight fasting 
resulted in lower BGL (74± 20 mg/dL vs. 103±8 mg/dL for KD, p=0.04, N=4). Two of the fasting 129 mice showed borderline unsafe 
BGLs at ~ 60 mg/dL. In FDG-PET imaging, the overall tracer distributions appeared very similar for fasting vs. KD prepared mice. The 
FDG uptake differences in heart and muscles were not statistically significant based on our sample sizes, while the brown-fat uptakes in 
C57BL/6 mice were reduced by 50% when KD was used instead of fasting (p=0.004, N=4). In tumor FDG-PET imaging using both 
xenograft and genetically engineered mouse (GEM) models, KD preparation consistently resulted in comparable tumor FDG uptakes 
(vs. fasting). Conclusions Ketogenic diet is an effective alternative to fasting for FDG PET studies using mice, and it may be 
advantageous to use KD when mice are weak owing to existing symptoms or inherently prone to severe hypoglycemia. The additional 
benefits of reducing cardiac, brown-fat, and/or muscular FDG uptakes, as shown in a number of clinical studies, should be further 
evaluated in preclinical settings. 

Disclosure of author financial interest or relationships: 
T. Tupper, None; Y. Wang, None; E.A. McDonagh, None; J. Yap, BMS, Grant/research support; Bayer, Grant/research support; 
Pfizer, Grant/research support; Toshiba, Grant/research support; Toshiba, Honoraria; A.L. Kung, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S653



Presentation Number P716 
Poster Session 1 

September 7, 2011 / 16:15-17:45 / Room: Hall F 

Assessment of Fe3O4-Lf across the Blood-Brain Barrier with 7T MR 

Rui Xia1, Ruirui Qiao2, Jichun Liao1, Ting Liu1, Mingyuan Gao2, Fabao Gao1, 1West China Hospital of Sichuan University, Chengdu, 
China; 2institute of chemistry academy of sciences, Beijing, China. Contact e-mail: ruix2006@163.com 

Objective To determine whether ferric ferrous oxide nanoparticles combined with Bovine Lactoferrin could cross blood brain 
barrier(BBB) with 7T MR. Methods 6 normal Wistar rats were randomly divided into two groups, 3 rats for experiment injected with 
USPIO-lactoferrin (Fe3O4-Lf probe) in a concentration of 0.175mmol/kg, 3 rats for control groupinjected with USPIO only (ferric ferrous 
oxide nanoparticles) at the same concentration. All rats were examined by 7.0T MR (Bruker BioSpec,Germany) before the injection and 
5min,4h and 24h after the injection. Then the values of T2 and T2* of brain cortex and striatum were obtained. The line graph was 
gained from the average of the values. Then the perls blue and CD31 staining for the brain were performed for both two groups at 24h 
after the injection. Results There are differences between values(T2 and T2*) which measure the cortex and striatum in the experiment 
group at 4hr and values before the injection (cortex T2,P=0.003; striatum T2,P=0.095; cortex T2*,P=0.001; striatum T2*,P=0.001) while 
no differences in the control group(cortex T2,P=0.164; striatum T2,P=0.053; cortex T2*,P=0.054; striatum T2*,P=0.549). There were 
much more blue staining in experiment group in the perls blue staining than the control group, and the staining area was not in the 
vascular. Conclusions Fe3O4-Lf probe could be across BBB, while ferric ferrous oxide nanoparticles couldn’t. 7T MR can dynamically 
detect the whole process of Fe3O4-Lf probe through BBB without any invasive. 
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The C57Bl/6 syngeneic murine model of melanoma metastasis using B16F10 tumor cells was established more than 30 years ago. 
Intravenous injection of B16F10 melanoma cells results in the formation of lung colonies that can be seen at 15 days post injection. Due 
to the pigmented nature of the tumor cells, the most common technique for analyzing tumor growth within the murine lung requires the 
post-mortem extraction of the lung block followed by a visual assessment and “quantification” of black tumor foci on the lung surface. In 
addition the tumor burden can be estimated using a qualitative scoring system (0 - 4+) that takes into account both number and size of 
tumors. Uptake of the cell proliferation tracer, 3′deoxy-3′-[18F]fluorothymidine (18FLT), has been shown to correlate with cellular 
markers of proliferation in human, non small cell lung cancer, and because it is not sequestered by the myocardium, it provides better 
images of lung tumors than does 18FDG. In this study, we compare the efficacy of estimating lung tumor burden in mice with 18FLT by 
using small animal PET/CT imaging with surface tumor counting and qualitative scoring. C5Bl/6 mice (n = 15) received 7.5 × 104 
B16F10 melanoma cells via the lateral tail vein and tumors were allowed to develop for 17 days. At this time, the mice were 
anesthetized and PET/CT images acquired 1 h after iv injection of ~ 7.4 MBq of 18FLT. After a further 4 d of tumor growth, the mice 
were injected, euthanized at 1 h, imaged as before using 18FLT and the heart lung blocks excised at necropsy. The number of tumors 
visible on the surface of the 5 lobes was determined, and the tumor load was scored from 0 - 4+. Radioactivity (Bq/cc) contained within 
a manually segmented 3D volume of interest encompassing the heart and lung (but not the thymus) was measured, and a correlation 
analysis was performed. 18FLT was readily detected in pulmonary B16F10 colonies at both 17 and 21 d post-injection of cells. As 
expected, the day 21 ex vivo tumor count and tumor burden correlated significantly (Spearman coeff. = 0.99; p < 0.0001). Radioactivity 
within the lung volume of interest (VOI) at day 21 post injection correlated significantly with tumor colony counts (Pearson coeff. = 0.86; 
p < 0.0001) and estimated total lung tumor burden (Spearman coeff. = 0.84; p < 0.0001). The day 17 VOI activity correlated with day 21 
tumor burden (Spearman coeff. = 0.82; p < 0.001) but did not achieve significance with the day 21 tumor count. These data support the 
use of 18FLT PET imaging to non-invasively and quantitatively evaluate the effect of various therapies on the growth of B16F10 lung 
colonies. 
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Background: Secondary lymphedema arises as a consequence of surgical, radiation, inflammatory, or traumatic disruption of the 
lymphatics. But the pathophysiology of secondary lymphedema is not clear yet and the therapeutic approaches are limited and 
ineffective. Objectives: We created an experimental model of secondary lymphedema of a rat hid limb, and performed a longitudinal 
evaluation of lymphatics and subcutaneous tissues with indocyanine green (ICG) fluorescence lymphangiography, MR 
lymphangiography, fluorescence microscopy, and ultrasonic microscopy. Methods: A surgical secondary lymphedema model was 
created in the right hind limb in a 12-week-old male Sprague-Dawley rat. Gd-DTPA conjugated PAMAM-G6 dendrimer was injected into 
the foot pad of the rats and MR lymphangiography was performed. Also, the rats were injected with ICG and subcutaneous lympatics 
were precicely evaluated by lymphangiography. The images were taken at acute stages (3days, 1week), subacute stages (2weeks, 
4weeks), and chronic stages (8weeks, 12weeks). Then, immunohistochemistry of podoplanin and imaging of lymphatic fluid with 
quantum dot (Qdot) was performed for the microscopic evaluation. Ultrasonic mycroscopy of subcutaneus tissues was also performed 
to evaluate the hardness of tissues. Results: The lymphatic fluid leakage to the subcutaneous tissue was observed at acute and 
subacute stages by fluorescence lymphangiography and fluorescence microscopy (Fig.1, Supplementary Fig.1, 3). At the chronic stage, 
collateral deep lymphatics were detected by MR lymphangiography and no lymphatic fluid leakage was detected (Supplementary Fig. 
2). Collagen fiber was seen at subacute and chronic stages. Immunohistochemistry of podoplanin showed the dilatation of 
subcutaneous lymphatics at the acute stage, and reduction of the lymphatics at subacute and chronic stages. Ultrasonic mycroscopy 
showed that subcutaneus tissues gradually hardened from the subacute stage, and at the chronic stage, it hardened further although 
the leakage of lymphatic fluid was not observed (Supplementary Fig. 3, 4). Conclusion: Combination of fluorescence and MR 
lymphangiography could evaluate longitudinal changes of the subcutaneous and deep lymphatics of the rat secondary lymphedema. At 
chronic stage, collateral lymphatics and no lymphatic fluid leakage were detected, but the subcutaneous tissues hardened further with 
the collagen fiber formation. These results suggest that therapeutic approaches of the secondary lymphedema at chronic stage are not 
so effective and should be started at earlier stage before the collagen fiber formation. Further pathological investigation would help to 
reveal the mechanism of secondary lymphedema and establish the effective therapies. 
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Objectives: Liver function is central to many diseases such as diabetes, obesity, non-fatty alcohol disease to name a few. Yet, despite 
its central role, very few attempts have been made to quantify liver function with positron emission tomography (PET) especially in 
rodents, primarily due to the dual-input from both the HA and PV into the liver. In addition the inaccessibility of PV further complicates 
estimation and validation of liver function. The objective of this study was to optimize an arterial-to-portal vein (PV) transfer function 
(TF) to estimate the dual hepatic input function in quantitative liver metabolic imaging. On the basis of this data, liver kinetics between 
Zucker Lean (ZL) and Zucker Diabetic Fatty (ZDF) rats was assessed. Methods: Bench-top and imaging studies were performed to 
characterize arterial and PV blood activity profile under fasted conditions. A catheter placed in the PV allowed for repeated sampling 
from the PV. In the bench-top studies, blood sampling was performed on both arterial and PV to derive the blood time activity curves in 
the respective lines. In the imaging studies, arterial blood sampling was generally performed. Small animal FDG-PET imaging was 
performed on ZL (n=8) and ZDF rats (n=5) under fasting conditions for 60 minutes. Images were reconstructed using filtered-back 
projection (FBP). The activity in the left-ventricle (LV) blood pool and the liver was determined by drawing regions of interest in the 
respective tissues. Various transfer functions were evaluated to predict the PV blood profile including 1) a two compartment model for 
the intestine comprising of tissue and lumen compartments and accounting for the dispersion of the arterial input along its way through 
the gut and 2) sum of three exponentials and power law functions. In all cases, the TF is convolved with the arterial input and a kernel 
to account for dispersion to derive the PV tracer concentration. Nonlinear Least Squares (NLS) algorithm was used to optimize the TF 
against the measured PV tracer concentration. This modified Dual Input Function (DIF) consisting of the predicted PV was used to 
estimate liver FDG metabolism in ZL and ZDF rats by fitting the model against the liver TAC obtained from FDG PET images. A 2-
compartment model with both 4-parameter and 5-parameter was used to evaluate liver kinetics. Liver kinetics was optimized for varying 
contribution of arterial and PV to the total input blood supply to the liver. Results: We found that a 2-compartment model for the intestine 
provided the best prediction of the arterial-to-PV transfer function. In most cases the optimized TF accurately predicted the tracer 
kinetics in the PV under fasting conditions in both ZL and ZDF rats. Conclusions: We optimized and validated a two compartment model 
for the arterial-to-PV of TF to predict PV tracer concentration. The predicted PV provided the dual input function to the liver to estimate 
liver FDG metabolism. 

 
Figure showing Normalized activity of Input Function, Estimated Portal Vein(PV) activity from the model and the PV activity of blood sampling 
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Objective: The delineation of parenchymatous organs using micro CT imaging with dedicated contrast agents (CAs) is of high interest in 
oncological preclinical studies. In the present study we tested two novel nanoparticle-based non-iodinated contrast agents for preclinical 
imaging, ExiTron nano 6000 and ExiTron nano 12000 (Miltenyi Biotec), in comparison with the iodinated agent eXIA T160 (Binitio). The 
nanoparticulate CAs accumulate predominantly in the liver and the spleen. Because of very slow clearance, they provide long-term X-
ray contrast. The aim was to evaluate the CAs for imaging liver lesions in a mouse model of hepatocellular carcinoma (HCC). Methods: 
The study included control mice (n=5, C57Bl6) and mice harbouring a transgenic hepatocellular carcinoma model (n=10, ASV-B mice). 
CT imaging was performed using a microCT scanner (nanoSPECT/CTplus, Bioscan), before and at multiple time points up to 24 hours 
after i.v. injection of eXIA T160 (n=5; 125 and 250 µl), ExiTron nano 6000 (n=4; 100-190 µl) or ExiTron nano 12000 (n=6; 100 µl). 
Images in Hounsfield units (HU) were reconstructed in cubic voxels of 150 µm using FBP and a Butterworth filter. ROI analysis was 
performed to measure Hounsfield units (HU) in liver and spleen. A ROI in the left ventricle of the heart was used to measure HU of 
blood. Results: In healthy mice, maximum contrast enhancement (HU increase relative to native CT) in liver was 250 (at ≥ 3h p.i.) and 
in spleen 1200 at 1h for eXIA. For nano 12000, maximum contrast was achieved at 4-24h: 600 (liver) and 750 (spleen) (suppl. Fig.). For 
nano 6000 maximum contrast was ≥200 for liver and ≥250 for spleen (at ≥1h, no late measurements). Half-life time of clearance from 
blood was 2 h, 1 h and 5 h for eXIA, nano 6000 and nano 12000, respectively. HCC mice showed similar blood clearances of the CAs. 
However, contrast enhancement was strongly reduced in both liver (average over whole organ including healthy parenchyma and tumor 
lesions) and spleen of HCC mice. Over the whole liver max. contrast was: 100 (at ≥ 1h) for eXIA (dose of 250µl), 100 (at 4-24h) for 
nano 6000, and 100 (at 4-24h) for nano 12000. The reduction of contrast enhancement was due to dilution of the contrast agents 
caused by strongly increased liver volume in HCC mice leading to a reduced CA concentration in the liver. There was no contrast 
between HCC lesions and healthy liver parenchyma in native CT. CA uptake in liver parenchyma resulted in a linear increase of liver-to-
tumor contrast (HU difference), because there was no uptake of any of the CAs by the HCC lesions. With eXIA, discernable liver-to-
tumor contrast in HCC was achieved only at the maximum dose of 250 µl. Nano 12000 provided the highest liver-to-tumor contrast with 
150-200 HU in the time interval 4-24h p.i. (vs. 100-150 HU for nano 6000). Conclusion: The novel nanoparticle-based ExiTron nano 
12000 provided the highest contrast enhancement of healthy liver parenchyma and, therefore, the best liver-to-tumor contrast in 
hepatocellular tumors in a HCC mouse model. The high liver-to-tumor contrast might allow automatic liver and tumor segmentation. 
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Tuberculosis is the most important bacterial infection worldwide, killing approximately 2 million people annually. Antibiotic treatment is 
available, but regimens are prolonged and effectiveness relies on high patient compliance. Increasing numbers of multi-drug resistant 
strains are emerging and therefore new and more effective antibiotics are urgently needed. Conventional assays to test the efficacy of 
new drugs in vivo rely on culturing bacteria from organ homogenates and enumeration of colony forming units (CFU). This method is 
well established and reliable, but labour intensive, with high animal usage, and time consuming, as it can take up to 6 weeks for 
mycobacterial colonies to form. Furthermore, enumeration of bacteria by CFU assay is a retrospective end point measurement. To 
expedite the development and testing of new drugs, we developed a method for imaging tuberculosis, using fluorescent reporter strains 
of Mycobacterium tuberculosis (Mtb) in an immune-compromised mouse model of infection. This method can provide detailed 
information on the bacterial location in a living animal or exteriorised organ of interest, together with an instant assessment of the 
bacterial load. Repeated imaging of the same animals also allows the collection of longitudinal data for individual animals. We have 
constructed several Mtb strains expressing red fluorescent proteins, and have evaluated their suitability for use in fluorescence imaging 
assays. Mtb Charge3, a strain expressing Turbo-635 as a marker, retained virulence in vivo when compared to the Mtb wild type H37rv, 
and stably expressed the marker protein for the duration of the infection. Using a commercial IVIS® and a custom built FMT system to 
characterise Mtb Charge3, the detection limits in the lungs in vivo and ex vivo were determined, and compared between the two 
imaging systems. We found that using the IVIS® system, the detection limit of Mtb Charge3 in infected mice is approx. 108 CFU/lung 
and the measured fluorescence is significantly higher than that measured from Mtb H37rv WT infected mice. Ex vivo imaging of whole 
organs showed an improved detection limit of approx. 107 CFU/lung. Imaging organs ex vivo using the FMT system yielded significantly 
higher spatial resolution of the fluorescent signal as compared to the IVIS® system. Furthermore, bacterial load, as determined by CFU 
plating, correlated to the fluorescence measured ex vivo. Proof-of-principle experiments to investigate the effect of the antibiotic 
moxifloxacin on the fluorescent signal are currently ongoing. By avoiding the need for the slow time course required for CFU counts, 
fluorescent imaging could be adapted as a quick and efficient method for the testing of new antibiotics against tuberculosis. 

 

Mice infected with M. tuberculosis (Mtb) expressing Turbo-635 or Mtb wild type (WT) and imaged in an IVIS® system. Smaller images in the bottom row 
show exteriorised lungs from each mouse. 
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Small animal computed tomography (CT) imaging suffers highly from poor soft tissue contrast. Therefore for most applications 
injections of contrast agents (CAs) are necessary. Aim of this study is to evaluate six commercially available CT CAs (ExiTron nano 
12000 & 6000, Exia160 & 160XL, Fenestra VC & LC) regarding to their signal enhancement in different tissues. These CAs differ in 
their iodine concentration (ranging from 50 mg I/ml to 300 mg I/ml) and efficacy. However, injection volume is a crucial point in mice, 
which should be below of most manufactures recommendations regarding the iodine concentration of the CA. Therefore our study 
focuses on the allowed injection volume according to our regional animal use and care rules. We injected intravenously 100 µl/25 g 
body weight (bw) CA in C57BL/6 mice. Mice were scanned pre and immediately post injection, 15, 30, 45, 60 and 90 min, 3, 6, 10, 24, 
48, 96 and 120 h after CA injection (scan duration: 5 min). Mice were kept sleeping between the pre and 90 min scan. CT values were 
converted into Hounsfield units and 5 different organs (right ventricle, liver, spleen, kidney and muscle) were analyzed regarding to their 
contrast enhancement (CE), compared to the pre scan. To exclude potential influences of the anesthesia during uptake of the CA, an 
additional group of mice was scanned pre, immediately post and 60 min after injection of CA. Between post and 60 min scan mice were 
awake. For heart imaging a CE in the right ventricle can be detected for ExiTron nano12000 and 6000, for Exia 160 and 160XL and for 
Fenestra VC. For Fenestra LC and the control group no visible and quantitative uptake in the right ventricle was detected.We detected 
a significant CE of ExiTron nano12000 in the liver and spleen over the complete time period compared to the pre scan. Also a CE in the 
kidney was detected up to 10 h after injection. ExiTron nano 6000 showed a similar trend however values were half times lower, since 
ExiTron nano 6000 uses half of the iodine concentration than ExiTron nano12000. For Exia 160 and 160XL a lower uptake in the liver 
was detected. In contrast to Exia 160XL, Exia 160 showed a strong CE in the spleen for up to 1 h post injection. For the kidney, Exia 
160XL showed a slightly higher CE than Exia 160. Fenestra VC and LC showed more or less a similar trend. For Fenestra VC a CE in 
the right ventricle could be deteced directly after injection. For Fenestra LC no specific organ uptake was detected which could be due 
to the small injection volume of 100 µl/25 g bw. The uptake of the muscle was comparable to the control group uptake for all CAs. No 
significant influence of the anesthesia on the CA uptake was detected. To conclude all evaluated CAs showed different specific organ 
uptake. Regarding to the specific study CAs and uptake time must be chosen carefully. However injection volume also seems to be a 
crucial point. Future work will focus on the evaluation of possible toxic or metabolic side effects of different CAs (i.e. complete blood 
counts, determination of liver enzymes and histological analysis of the organs will be done) since side effects can strongly influence 
results. 
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The goal of this research is to develop an interactive volumetric model of mouse anatomy that can be accessed through thin clients. 
This model incorporates high resolution image data sets obtained from in vivo imaging modalities such as microMRI. In addition, it will 
support interactive simulations of procedural interventions such as IP injections and needle biopsies. The following technologies have 
been implemented for the development of this mouse simulator. Super resolution (SR) image reconstruction for isotropic rendering of 
high resolution (<= 100 microns) MRI data sets: MRI data sets provide the soft tissue anatomy required for creating a 3D mouse model. 
High resolution isotropic MR imaging is limited for in vivo applications due to long acquisition times. SR techniques utilize several 2D 
multi-slice acquisitions and an iterative backprojection algorithm to reconstruct an isotropic volume. 2D multi-slice scans require 
significantly less acquisition time than full 3D isotropic acquisition protocols. A SR reconstructed volume of a live mouse is presented in 
Figure1. The 2D multi-slice data used to reconstruct this volume were acquired using a Bruker Biospin 9.4T horizontal bore magnet, a 
35 mm quadrature volume coil, and respiratory-gated FLASH imaging sequence (image resolution = 98 microns, total acquisition 
time=15 min). Out of core memory and depth-of-field (DOF) interactive volume rendering of large data sets: Using a hierarchical 
representation of the data, we can render datasets that are larger than the size of video memory interactively. The system uses lower 
resolution data sets that can be swapped in and out of video memory depending on the visualization viewpoint and other parameters. 
Parts of the scene close to the user are rendered using higher resolution data, while parts farther away can be rendered with less detail. 
A comparison of non-DOF versus DOF rendering for a microCT data set of whole mouse skeleton can be observed at 
http://www.youtube.com/watch?v=x06nvJHL4ZA. The data size was 315 MB for this case and the graphics card texture memory was 
limited to 150 MB. The latency observed in the non-DOF rendering is mainly due to the time required to upload the data from main 
memory to GPU memory. The DOF rendering requires much less data storage size and data for different views can be cached in the 
GPU memory at the same time. When the data is cached the total rendering time is the observed rendering frame-rate of 9 fps. Delivery 
of remote visualization and interaction to thin clients (i.e., deskside, laptop, and handheld) from data repository host sites (i.e., OSC): A 
TurboVNC client (VirtualGL Project) was modified to provide a seamless remote session for users to modify and view their data directly 
from a centralized server. By providing this capability, users do not have to download data their data to their local device for rendering. 
The rendering is performed at the site where the data is originally located. This not only allows users to access their large data sets 
quickly, but supports establishment of data repositories, limits the management of multiple copies of data, and promotes 
standardization. 

 

Figure1. Volume rendered SR reconstructed MR image of live mouse, A. sagittal view, and B coronal view. 
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Visualizing enhanced arterial aging in aneurysmal fibulin-4 mutant mice 
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and Genetics, Cancer Genomics Center, Erasmus MC, Rotterdam, Netherlands; 2Department of Internal Medicine, Erasmus MC, 
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Introduction: Fibulin-4 is a secreted glycoprotein expressed in medial layers of blood vessels. All reported fibulin-4 patients suffer from 
cardiovascular complications including aortic aneurysms, arterial tortuosity and elastin abnormalities. We used fibulin-4 mouse models 
(Fibulin-4+/R and Fibulin-4R/R animals) that express reduced levels of fibulin-4 to identify differences in global aortic protein expression 
patterns that lead to the development of these aortic abnormalities. While heterozygous Fibulin-4+/R mice show only mild arterial 
abnormalities, homozygous Fibulin-4R/R mice display elongated and 2-3 fold dilated ascending aortas. A full unbiased qualitative 
MS/MS proteomic screen of the aorta protein extracts identified an increase in mitochondrial oxidative phosphorylation as the major 
dysregulated pathway in both the Fibulin-4+/R and Fibulin-4R/R animals Methods: Altered production of reactive oxygen species (ROS) 
in the aortas of fibulin-4 mutant mice was indirectly imaged using a chemiluminescence probe (L-012), a modified luminol derivative and 
a sensitive marker of ROS. Aortic wall stiffness was assessed by small animal ultrasound imaging using a VisualSonics Vevo 2100 at 
25MHz. Systolic and diastolic ascending aortic diameters were recorded in M-mode. Results: An overlay of the aortic proteome and 
transcriptome yielded a limited set of biomarkers. In the Fibulin-4R/R mice the biomarkers pointed towards altered regulation of 17β-
estradiol and the inflammation associated TNF-α pathway. Interestingly, deregulation of the 17β-estradiol pathway was also found in 
the Fibulin-4+/R mice. The signaling molecule 17β-estradiol is a metabolite that deregulates the production of ROS which is, similar to 
mitochondrial dysfunction, a hallmark of aging and age-related cardiovascular diseases. Increased arterial aging was subsequently 
demonstrated by functional analyses that revealed a gradual increase in ROS production, endothelial dysfunction and reduced aortic 
distensibility in Fibulin-4+/R and Fibulin-4R/R mice. Conclusions: These results uncover new regulatory pathways likely to be 
associated with enhanced arterial aging in aneurysmal fibulin-4 mice. The magnitude of the aortic decay appears to be fibulin-4 dose 
dependent, indicating that our Fibulin-4+/R and Fibulin-4R/R mouse models are sensitive and might be helpful to identify underlying 
molecular changes preceding and accompanying aneurysm formation. 
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Background and Objective: The loss of the blood-brain barrier (BBB) integrity can accelerate the progression of cerebral ischemic 
injury. However, the molecular mechanisms involved in BBB dysfunction have not been fully determined. We report on a microCT 
(μCT)-based BBB imaging for small animals, which would be useful in the neurovascular research field. Methods: Focal cerebral 
ischemia was induced by transient occlusion of middle cerebral artery for 1h in 10-week-old C57/BL6 mice (n=23). During the stroke 
induction, regional cortical blood flow was monitored by laser Doppler flowmetry. At post-ischemia 1, 4, 24, or 48h, 5min after the 
intravenous injection of 2% Evans-Blue (EB, 120 μl), cerebral reperfusion was confirmed by performing an intra-arterial angiography 
with a human CT contrast agent infused using a remote-controlled automatic pump system. Then, animals were sacrificed and the 
extent of BBB damage was visualized in the ex vivo brain sections by sensing EB leakage with a near-infrared fluorescent (NIRF) 
imaging machine (Cy5.5 channel). In addition, 2,3,5-triphenyltetrazolium chloride (TTC)-staining was performed to delineate cerebral 
infarction. Results: There was correspondence between the areas of contrast agent leakage on μCT imaging, EB-leakage on NIRF 
imaging, and infarcts on TTC staining. Intriguingly however, there was some potentially informative divergence between them, which is 
still under investigation. The mean area of CT-agent leakage (area % relative to the total area of three representative slices) did not 
differ significantly between 24h (31.0±18.9%; n=7) and 48h (34.3±12.7%, n=5) time points. However, the values were higher (p<0.05) 
than those of 1h (19.2±14.9, n=4) and 4h (14.4± 9.7%, n=7) time points. When compared with the earlier time points, infarct volumes 
(mm3) on TTC staining were also higher (p<0.05) at the late time points: 50±58.4 at 1h, 41.2±32.3 at 4h, 61±43.2 at 24h, and 86.5±43.7 
at 48h. Conclusions: To the best of our knowledge, this is the first report on utilizing a μCT and human CT contrast agent, combined 
with NIRF imaging of EB-leakage, to visualize in vivo BBB dysfunction in a mouse focal ischemia model. Moreover, we observed that 
BBB was still open at 24h after stroke, which contradicts a long-standing dogma, so called the biphasic opening of BBB after stroke, i.e. 
BBB opening at 4 h, closing at 24 h, and re-opening at 24 h. 
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BACKGROUND A new mouse model of stroke was recently proposed by Orset et al. [1], for which thromboembolic occlusion of the 
Middle Cerebral Artery (MCAo) was achieved through in situ microinjection of thrombin. This animal model appears very attractive for 
evaluating new thrombolytic agents or combined thrombolytic/neuroprotective strategies. Magnetic Resonance Imaging (MRI) plays a 
pivotal role in stroke patient management [2], and is increasingly used for therapeutic evaluation in animal models [3]. Here, we sought 
to characterize the acute developement of the ischemic infarct with MRI in this model. MATERIALS AND METHODS Mice were 
anesthetized and subtemporal craniectomy was performed between the right eye and the right ear to expose the middle cerebral artery 
(MCA). One microliter of purified murine alpha-thrombin (0.75 UI) was pneumatically injected into the lumen of the MCA. MRI (Bruker 
Biospec 7T/12cm) was performed immediately after occlusion, over the entire MCA territory (Supplemental figure). The MR exam 
included time-of-flight Magnetic Resonance Angiography (MRA), T2-weighted imaging (T2-wI), Diffusion-Weighted Imaging (DWI), 
dynamic susceptibility contrast-enhanced Perfusion-Weighted Imaging (PWI) with an intravenous bolus of gadolinium chelate. Regions 
of interest were manually drawn on Apparent Diffusion Coefficient (ADC) and Maximum Peak Concentration (MPC) maps (hypointense 
signals). Mice were euthanized after 24 hours, for cresyl violet staining of brain tissue. Volumetric results are expressed as percentage 
of ipsilateral hemisphere (% IH, mean±standard deviation). RESULTS All 17 mice included in the study demonstrated complete MCA 
occlusion (Fig. 1A), and extended cortico-striatal hypoperfusion (Fig. 1B). Hypoperfused volumes, measured on MPC maps, were 
50±16% IH (n=17). All animals demonstrated a PWI/DWI mismatch. While 8 animals (35%) exhibited no ischemic lesion (Fig. 1D), 11 
animals (65%) demonstrated a cortical or cortico-striatal lesion (17±9% IH, Fig. 1C). Of these, 2 died, 3 spontaneously reperfused (no 
histological infarct), and 6 (35%) showed an ischemic infarct on histology (10±3% IH). CONCLUSION In situ thrombin-induced clot 
created a reproducible hypoperfusion. Early DWI and day-one histology showed a high variability in lesion size, and encourage a full 
characterization of individual animals by MRI for use in therapeutic trials. REFERENCES [1] Orset C, et al. Stroke 2007; 38(10):2771-8. 
[2] Nighoghossian N, et al. Stroke 2003; 34(2):458-63. [3] Chauveau F, et al. Current Neurovascular Research 2011; 8(2):95-102. 

 

Figure 1. Multiparametric MR imaging of thromboembolic stroke in mice. (A) MR Angiography (maximum intensity projection). Note the normal flow in 
the left MCA (red arrow) and the absence of flow in the right MCA (blue arrow). (B) Perfusion (MPC) map overlaid on corresponding T2-w image. Note 
the large perfusion defect in the right MCA territory (C, D) ADC map overlaid on corresponding T2-w image. Note the cortico-striatal decrease in C, in 

contrast with D. 
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Purpose: Positron emission tomography (PET) tracers can be tailored to detect target proteins in cancer. Currently, hundreds of novel 
tracers are in the pipeline for pre-clinical PET/CT (computed tomography) assessment. However, the studies are limited by the growth 
of small animal cancer models that typically requires weeks or months. The purpose of this study was to determine cancer models that 
are reliable but allow the shortest possible time for pre-clinical PET/CT evaluation. Methods: Small animal PET/CT imaging was done 
using 18F-FDG on syngeneic mice bearing orthotopic breast tumors 4T1, 67NR, and MC7-L1. The PET standardized uptake value 
(SUV peak) was obtained, and tumor volume was measured on the CT images. Necrotic areas, lung metastatic lesions, and intra- and 
inter-tumoral nuclei distances to blood vessels were analyzed PET images were validated by histology, including CD31/Pecam-1, 
glucose transporter 1 (Glut-1) and carbonic anhydrase IX (Car9) immunostaining. Expression of human CA9 on 4T1 model was also 
evaluated. Results: All mice with 4T1 cells reliably produced tumors in the 1st week post-implantation within wide range of age, i.e. five 
month old. In contrast, mice with 67NR and MC7-L1 tumors developed visible tumors 2 and 4 weeks later than 4T1 tumor. Both 18F-
FDG PET SUV and Glut-1 expression in 67NR tumor was higher than 4T1 (P=0.0097) and MC7-L1 at similar tumor volume and body 
weight. 18F-FDG PET SUV in 4T1 tumors decreased between the 1st and 2nd week (P=0.0372) and then gradually increased between 
2nd, 3rd and 4th week post-implantation (P=0.076 and P=0.0230). As 4T1 tumors progressed, the necrotic/tumor volume ratio 
increased between 3rd and 4th week (P=0.0324). Various sizes of metastatic lesions were detected in the lung of 4T1 model. The 
lesions retained Car9 expression, but devoid of Glut-1 expression and no 18F-FDG uptake on PET images. Tumor volume between 
4T1 and 4T1 over expressing hCA9 was not significantly different in a week old tumor. Conclusion: The 4T1 model serves a rapid two 
weeks turnover from cell culture to PET/CT imaging and bio-distribution of tracer. Research Support: Canadian Institute for Health 
Research grant number MOP-89875 (FB) 
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Effects of injection and inhalation anesthesia on [11C]raclopride binding in the rat brain 

Mette Simonsen1, Aage K. Alstrup1, Anne M. Landau1,2, 1Department of Nuclear Medicine and PET Center, Aarhus University 
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Rats and mice are often anesthetized prior to positron emission tomography (PET) brain imaging in order to prevent head movements. 
Anesthesia can be administered by injection mixtures, such as fentanyl-fluanisone-midazolam or inhalation agents, such as isoflurane. 
Unfortunately, anesthesia affects a variety of physiological variables, including in the brain. The aim of this study was to compare the 
effects of inhalation and injection anesthesia on the binding potential of the dopaminergic D2/3 tracer [11C]raclopride used for PET 
brain imaging in human and animal studies. Male Lewis rats were assigned to either injection (fentanyl-fluanisone-midazolam; N=5) or 
inhalation (isoflurane; N=4) anesthesia. After a short attenuation scan, the rats were PET scanned for 90 minutes after injection of 
[11C]raclopride. We found that rats anesthetized with isoflurane had double the binding potential in the striatum compared with 
fentanyl-fluanisone-midazolam anesthetized rats. Our results are in agreement with other studies showing that anesthesia may have a 
major influence on brain imaging studies involving tracer kinetics in rats. 
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Purpose : Minor histocompatibility antigens play a significant role in allograft rejection when donor and recipient are matched at MHC 
loci. To improve understanding of T cell immunity for allograft rejection directed toward a model minor antigen, we established efficient 
in vivo monitoring system using luciferase transgenic mice and monitored T cell dynamics. Methods : We generated the codon 
optimized firefly luciferase (effluc)-expressing C57BL/6 (H-2b) transgenic mice (effluc Tg) under the control of the CMV/beta-actin 
(CAG) promoter. Splenocytes from effluc Tg were isolated CD4+ and CD8+ T cells. Isolated T cells from Transgenic and wild type 
mouse (effluc CD4 + WT CD8 or effluc CD8 + WT CD4) were intravenously administered to C57BL/6 (H-2b) albino mice. Next day 
allogeneic (Balb/B) and syngeneic (self) skin grafts were established in T cells transferred mice. For depletion CD4+ or CD8+ T cells, 
GK1.5 or YTS was treated before making skin grafts, respectively. The luciferase expressing T cells were monitored using optical 
imaging system (Xenogen IVIS 200, Caliper Life Sciences) Results : In the group of effluc CD8+ and WT CD4+ T cells injected mice, 
signals of recruited CD8+ cells are increased until day 14 in a tail. Similarly, the group of transplantation with effluc CD4+ and WT 
CD8+ T cells showed increased luciferase activity until 14 day, but continuously maintained after 14 day. In both groups on 14 day, 
transplanted effluc T cells was recruited in cervical and mesentery lymph nodes. CD8+ or CD4+ T cells of recipients (B6 albino) are 
depleted using GK1.5 or YTS, and introduced with effluc CD4+ or CD8+T cells to monitor the reciprocal function of CD8+ and CD4+ T 
cells. Luciferase activity of CD8-depleted/effluc CD4+ group remained longer and higher than CD4-depleted/effluc CD8+ group. This 
result indicated that CD8-depleted/effluc CD4+ group showed significantly rejection and CD4+ T cells promoted to activate immune 
rejection. Conclusion : We successfully monitored the migration pattern of effluc T cells using in vivo bioluminescence imaging. Our 
research demonstrated that infiltrating CD4+ T cells remained longer in allograft regions and is required for efficient skin rejection in 
recognition of minor H antigens. 
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structural tissue integrity in the hippocampal - prefrontal structures as revealed by multimodal 
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Accumulating experimental and clinical evidences suggest that N-methyl-D-aspartate (NMDA) receptors hold potential clues in 
determining the biological substrate of schizophrenia/psychosis. This observation has prompted considerable research effort to target 
these receptors, with compounds which act as NMDA antagonists. To pursue along this rational we used pharmacological, resting state 
and diffusion MRI in rats, sub-chronically treated with the NMDA antagonist, memantine. Pharmacological MRI (phMRI) was used to 
map the neuroanatomical target sites of memantine following acute and sub-chronic treatment. Resting state fMRI (rs-fMRI) and 
diffusion MRI was used to study the strengths of the functional connectivity and the ultra-structural changes before and after sub-
chronic memantine treatment, respectively. Experiments were performed on a 9.4T (Bruker) MR scanner with Lister Hooded rats. 
PhMRI images were acquired using a GE sequence (TR: 1048ms, TE: 17ms, FOV: 25x25mm2, Matrix size: 64x64, Slice thickness: 
0.5mm, 32 slices); 6 rats/group. Following a series of baseline scans, subjects were challenged with memantine or vehicle (120 
functional scans: 30 baseline & 90 post-injection). For rs-fMRI a single shot GE EPI sequence was used (TR: 2000 ms, TE: 16 ms, 
FOV: 30x30mm2, matrix size: 128x128, Slice thickness: 1mm, 12 axial slices, 150 repetitions). Diffusion MRI images were acquired 
using an EPI sequence (TR: 10000ms, FOV: 35x23 mm2, acquisition matrix: 96 x 64, zero filled to 128 x 64, 50 axial slices). Acquisition 
was with b values 500, 1000, 2800 s/mm2 applied in 33, 88, 178 noncollinear optimized directions. Subjects were scanned pre and post 
sub-chronic memantine treatment (20 mg/kg/day, IP, 5 days) for rs-fMRI (n = 8 rats); whereas DKI also involved a (3 days) post 
washout scanning (n = 10 rats). Dose-dependent phMRI activation was observed following acute doses (20 & 40 mg/kg, IP) of 
memantine in the prelimbic cortex. Following sub-chronic treatment localized effects in the hippocampus (HC), cingulate (Cg), prelimbic 
and retrosplenial cortex were observed. Decreases in functional connectivity amongst the hippocampal and frontal cortical structures 
were apparent through rs-fMRI investigation, potentially reflecting a loss of connectivity in the neuronal networks. Further, diffusion 
kurtosis MRI showed decreases in fractional anisotropy and mean diffusivity changes potentially suggesting ultra-structural changes in 
the HC and Cg. Corroborating evidences were documented using pharmacokinetic studies. Our multimodal imaging results provide 
evidence over the concurrent functional disconnectivity and altered ultra-structural tissue integrity in the hippocampal - prefrontal 
structures (which were characterized to be the primary neuroanatomical target sites through functional activations) due to sub-chronic 
memantine treatment. Key studies (in literature) report the implications of frontal cortex in psychosis and the prominent role of 
hippocampus in the aetiology of schizophrenia. These observations illustrate the utility of phMRI, rsfMRI and diffusion MRI in the 
development of imaging model potentially reflecting NMDA mediated psychosis. 
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Imaging of Human Tumor Xenografts in Mice Using Near-Infrared Fluorescent-Labeled 
Phosphatidylserine Targeting Antibodies 

Jian Gong1, Richard Archer1, Linda K. Him2, Christopher Hughes2, Bruce Freimark1, 1Peregrine Pharmaceuticals, Inc., Tustin, CA, 
USA; 2University of California, Irvine, CA, USA. Contact e-mail: jgong@peregrineinc.com 

Phosphatidylserine (PS) is a phospholipid normally residing in the inner leaflet of the plasma membrane and becomes exposed on 
tumor vascular endothelial cells and tumor cells in response to chemotherapy, irradiation and oxidative stresses in the tumor 
microenvironment. Binding of antibodies targeting PS on the tumor endothelial cells and tumors recruit immune cells and engage the 
immune system to destroy tumor vasculature. The antibodies also enhance anti-tumor immunity by blocking the immunosuppressive 
action of PS. A chimeric anti-PS antibody, bavituximab, is being used in combination with chemotherapy to treat patients with solid 
tumors in several randomized Phase II trials. In the present study, we demonstrate in vivo tumor imaging of PS expression using real-
time, near infrared fluorescence imaging of antibodies that specifically target PS. Two human tumor xenograft models, orthotopic PC-3 
prostate tumors in SCID mice and BT474 breast tumors in nude mice, were used to image tumors using a near infrared dye-labeled 
(NIR) PGN635 F(ab’)2 fragment. PGN635 binds PS through the interaction of beta-2-glycoprotein 1 (β2GP1) in the same manner as 
bavituximab binding to β2GP1 in humans. Specific localization of NIR-labeled PS targeting antibodies after a single IV dose was 
observed in tumors compared to an isotype control antibody. Chemotherapy was shown to enhance the binding of PS targeting 
antibodies to tumors. These data provide a rationale to image PS expression to localize tumors or metastases and to monitor 
chemotherapy-induced PS expression during the course of bavituximab therapy. 
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The therapeutic effect of telmisartan on atherosclerosis in apoE-/- mice: an evaluation with 
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Background: We previously reported that 99mTc-annexin A5 preferentially accumulated into atherosclerotic plaques and 99mTc-annexin 
A5 imaging was potentially useful for evaluating progression and/or vulnerability of the plaques. On the other hand, recent experimental 
study suggested that suppression of apoptosis was involved in the therapeutic effect of angiotensin II AT1 receptor blocker (ARB) on 
atherosclerosis. Objects: The aim of the present study is to testify the potentials of 99mTc-annexin A5 for evaluating the therapeutic 
effect of ARB (telmisartan) on atherosclerosis. Methods: Six weeks old male apoE-/- mice were divided into telmisartan group 
(3mg/kg/day, telmisartan mixed high-fat diet, n=10) and control group (telmisartan free high-fat diet, n=10). At the age of 22 to 27 
weeks, mice were injected with 99mTc-annexin A5 (18.5MBq/body) and cryostat sections of aortic tissues (n=11/aorta) were used for 
subsequent autoradiography. Myocardium of each mouse was also collected to measure the 99mTc-annexin A5 accumulation 
(%ID×kg/g). 99mTc-annexin A5 accumulation in the plaques (%ID×kg) was evaluated through autoradiography, and then calculated as 
the accumulation ratio to myocardium. Histological examination was performed on serial sections of plaques. Movat’s pentachrome 
staining was performed to measure the plaque size and identify the lesion phenotypes as normal vessels, early lesions, atheromatous 
lesions and fibrotic lesions. Mac-2 staining was performed to evaluate the levels of macrophage infiltration and Oil Red O staining was 
performed to evaluate the degree of lipid deposition. Results: Telmisartan treatment significantly (p<0.05) reduced number of 
atherosclerotic plaques (5.50±1.51 lesions/aorta for telmisartan vs. 8.50±2.75 lesions/aorta for control) and the percentage of 
atheromatous lesions (11.89%±8.87% vs. 35.41%±23.23%). Plaque size (0.048±0.052 mm2 vs. 0.105±0.083 mm2), macrophage 
infiltration (0.020±0.017 mm2 vs. 0.029±0.022 mm2) and lipid deposition (0.011±0.014 mm2 vs. 0.020±0.017 mm2) in the plaques were 
also significantly (p<0.05) decreased by the treatment. 99mTc-annexin A5 accumulation in the plaques (normalize by myocardium 
accumulation) was also significantly lower in the telmisartan treated mice than that in control mice (1.30±1.09 vs. 2.15±1.91, 
%ID×kg×10E-6/(%ID×kg/g)). Positive correlation was observed between the 99mTc-annexin A5 accumulation and the levels of 
macrophage infiltration in the plaques (r=0.69, p<0.05). In both telmisartan and control groups, the normal vessels showed low 99mTc-
annexin A5 accumulation levels similar to that of myocardium, while atheromatous lesions showed significantly higher accumulation of 
about 2.5-fold to that of myocardium. Conclusions: Telmisartan treatment significantly reduced the 99mTc-annexin A5 accumulation in 
atherosclerotic plaques, and the reduced 99mTc-annexin A5 accumulation is in concordant with the suppression of the plaque size and 
intra-plaque macrophage infiltration. Our data indicated the potential of 99mTc-annexin A5 for evaluating the therapeutic effect of ARB on 
atherosclerosis. 
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DCE-MRI for chemotherapy treatment planning in neuro-oncology 
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Glioblastoma multiforme (GBM) patients median survival is around 12 to 14 months. Two major factors are often cited to explain this: i) 
the invasiveness of the disease, and Ii) the presence of the blood-brain barrier (BBB). The BBB limits the penetration of more than 98% 
of all the small therapeutic molecules. Many strategies have been developed to circumvent the BBB. The osmotic blood-brain barrier 
disruption (BBBD) has been clinically proven to be secure and effective. The median survival of GBM patients treated with the BBBD 
procedure combined with chemotherapy is prolonged to 32 months. However, the importance given to the BBB is still mitigated in the 
field of neuro-oncology. Even if the BBBD has been extensively studied, some parameters regulating its process have not been 
described yet. The goal of this study is to improve the characterization of the dynamic BBBD process in order to increase clinical 
efficacy. We determined the accumulation, exposure, spatial distribution and therapeutic window for two magnetic resonance imaging 
(MRI) contrast agents (CA), Magnevist (0.5 kDa) and Gadomer 17 (17 kDa), injected after BBBD in healthy and glioma-bearing rats. 
The animals were imaged with a Varian 7T small animal MRI scanner. A dynamic contrast-enhanced MRI (DCE-MRI) acquisition 
protocol enabled the spatial mapping of the concentration of contrast agent at different time points after the BBBD. In the healthy Wistar 
rats we have observed that the maximal concentration measured within the treated hemisphere was 0.1 mM and 0.035 mM for 
Magnevist and Gadomer 17, respectively. The Gadomer distribution pattern was strictly due to the BBB permeabilization, whereas the 
distribution of Magnevist has been previously shown to occur by perfusion and diffusion in the healthy brain. The BBBD therapeutic 
window depends on the CA used, as at thirty minutes after the BBBD, Magnevist was able to penetrate into the brain, whereas 
Gadomer 17 was not. Twelve hours after BBBD and the injection of the CA 3 minutes post-BBBD, Magnevist was completely washed-
out from the brain, but Gadomer 17 was still present. The elimination of the drug from the brain also depends on the properties of the 
molecule tested. In the glioma-bearing rats, we observed that the blood-tumor barrier (BTB) allowed a contrast enhancement in the 
tumor for the two CAs. The exposure of the tumor to the CA without BBBD was 1.8 mM*min for Gadomer and 6.2 mM*min for 
Magnevist for the first 30 minutes after CA injection. The BBBD procedure significantly enhanced the exposure to CA of the tumor and 
of the ipsilateral and contralateral hemisphere. Available antineoplastic drugs span a broad spectrum of physico-chemical properties 
that modulate their tumor delivery and distribution. We showed that DCE-MRI was useful technique to evaluate the exposure of tumors 
to different molecules and to characterize the BBBD dynamic process. This approach may be helpful in the planning of 
chemotherapeutic treatment for GBM patients. 
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THE CHARACTERISTICS OF NOVEL STRAIN CPA-YANG2 IS A HIGHLY METASTASIS CELL 
LINE OF CHINESE HUMAN LUNG ADENOCARCINOMA 
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1nuclear medicine, Shanghai Chest Hospital, Shanghai, China; 2pathology, Shanghai First Maternity and Infant Health Hospital, 
Shanghai, China; 3Pathology, Shanghai Chest Hospital, Shanghai, China; 4Radiology, Shanghai Chest Hospital, Shanghai, China; 
5Animal center, Shanghai Public Health Clinical Center of Fu Dan University, Shanghai, China; 6Department of Respiratory Disease, 
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Objective: The recurrence, metastasis and multidrug resistance (MDR) in lung adenocarcinoma is a tough problem world widely. 
Establish a novel Chinese lung adenocarcinoma cell line with high metastasis potency for exploring the mechanism of occurrence, 
development and MDR in lung cancer. Methods: The cell came from the abdominal dropsy of a fifty-six years old female patient with 
lung adenocarcinoma and suffered ten times chemotherapy (GP), a course of radiotherapy lead to a lot of pleural effusion and 
abdominal dropsy. The tumor marker CA125, CYFRA21-1, CEA, NSE were detected higher secretion by radioimmunoassay in the 
abdominal dropsy. Tumorigenicity of immunodeficient mice was confirmed in 8th passage. The cell growth curve was mappinged. 
Analysis of chromosome karyotype was tested. Intracardiac and tail vein injection of the cells in nude mice was performed and for 
screening bone-seeking clone by in vivo imaging. The gene expression was measured by real-time quantitative PCR. Results: The 
tumorigenesis rate started at 8th passage in 3/10 immunodeficient mice via subcutaneously and the fully tumorigenicity was at 11th 
passage as well as later passages. Under the microscope, the cell showed oval-shap and adherence. The chromosome karyotype 
analysis of the cells was sub-triploid. Approximately 0.8x106 cancerous cells were injected into left cardiac ventricle of immunodeficient 
mice resulted found mandible, scapula, humerus, vertebral column, femur, rib and brain, eye, liver, adrenal gland, pulmonary 
metastasis in the mice after inoculation two-three weeks. The bone metastasis rate was 100% in the tumor bearing mice by 
micropinhole bone scintigraphy only and pathology. The conventional human X ray radiography didn’t detected bone lesion. The gene 
expression was measured by Affymetrix GeneChip U133 plus2.0. compared with SPC-A-1 lung adenocarcinoma cell line. GPX3, 
C15orf48, POSTN, KRT19, SERPINA1, CD74, KLK6, SERPINB9, TSTD1, SPP1, SERPINB2, CDH1, IGFBP2, ITGB8, ALDH1A2, 
CXCL1, QPCT, FN1, etc. genes express (Flod-Change) were over 20 times. The novel cell was named CPA-Yang2. Conclusion: Tne 
characteristics of novel strain CPA-Yang2 is a multi-organ metastasis cell line of Chinese lung adenocarcinoma. It has stable traits, 
highly metastasis ability and maybe is a MDR lung cancerous cell line. Of course, it’s a good experimental model for lung cancer 
research. 
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Molecular MRI Differentiation of VEGFR2 Levels in Rat C6 and RG2 Gliomas 
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Angiogenesis is an essential component of tumor progression and metastasis, and the in vivo imaging of angiogenic markers could 
provide an accurate evaluation of tumor angiogenesis. The vascular endothelial growth factor receptor 2 (VEGFR2) is an important 
active angiogenic marker which is over-expressed in many malignant tumors including gliomas. The aim of this study was to 
characterize the varied angiogenic status within C6 and RG2 glioma models by assessing the expression of VEGFR2 using an anti-
VEGFR2-albumin-Gd (gadolinium)-DTPA (diethylene triamine penta acetic acid)-biotin (anti-VEGFR2) probe with molecular magnetic 
resonance imaging (MRI). Expression of VEGFR2 was assessed by intravenous administration of the anti-VEGFR2 probe to C6 or RG2 
glioma-bearing rats. Control experiments were done via the administration of a control contrast agent, rat-IgG-albumin-Gd-DTPA-biotin. 
The results showed that VEGFR2 was expressed heterogeneously in different regions within C6 gliomas, whereas this marker was 
more relatively homogenous within RG2 gliomas (no significant differences were showed among different regions in RG2 gliomas). 
RG2 gliomas had less VEGFR2 levels, as indicated by signal intensity changes in molecular MRI T1 images, within tumor periphery 
and peri-necrotic regions, compared to C6 gliomas (Fig. 1). However, RG2 gliomas had more VEGFR2 levels within the tumor interior 
region compared to C6 gliomas. The molecular MRI results were confirmed by fluorescence staining of the probe or control contrast 
agent 120 minute following administration, which demonstrated that most of the anti-VEGFR2 probe targeted VEGFR2 on the 
endothelial cells. Differentiation in VEGFR2 levels within C6 and RG2 gliomas suggests that C6 has more active angiogenesis 
regarding large blood vessels in the tumor periphery and peri-necrotic regions, and less microvascular angiogenesis within the tumor 
interior compared to RG2 gliomas. In conclusion, the levels of VEGFR2 using molecular MRI can be used as an accurate marker to 
evaluate active tumor-associated angiogenesis, and can be used to differentiate between glioma models, such as rat C6 and RG2 
models. 

 

Figure 1: Comparison of signal intensity increase (%), at 120 min post injection (i.v.) of a VEGFR2 probe, between C6 (A: T1w MRI) and RG2 (B: T1w 
MRI) glioma-bearing rats. (C) Signal intensity increases (%) were normalized to the pre-injection signal intensities from the T1w images. Regions 

assessed included: peri-tumor (PT), peri-necrotic (PT), tumor interior (TI) and 'normal' (N) brain tissue in the contralateral regions. Data are shown as 
mean ± SD. Statistical sgnificance was obtained using an unpaired student’s t test, with *p<0.05 or **p< 0.01 showing significances. n=3 with 9 ROIs per 

group for the C6 gliomas, and n=2 with 6 ROIs per group for the RG2 gliomas. 
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Involvement of VEGF in extravasation of cancer cells visualized by in vivo imaging in the 
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Mice are the most prevalent animals that are dedicated for animal cancer models to date. However, it is very difficult to observe the 
behavior of cancer cells in vivo in mice for a long time by conventional noninvasive and high-resolution imaging techniques, because 
the transparency of tissue is quite low. In this study, we developed a hematogenous metastasis model in the highly transparent 
zebrafish larvae by injecting human cancer cells into their blood vessels. To observe the interaction between endothelial cells and 
cancer cells, RFP-expressing cancer cells were injected into Tg(flk1: egfp) transgenic zebrafish that systemically expressed GFP 
throughout its vasculature. Immediately after the injection of RFP-expressing laryngeal squamous carcinoma (RFP-Hep2) cells, cell 
emboli were severely formed especially in the caudal region. Clusters of cancer cells in the emboli extravasated and adhered to the 
tissue outside the blood vessels after 12 - 15 h when the immune response was suppressed by application of dexamethasone. Next, 
we observed the process of extravasation and adhesion using a long time 2-color time-lapse recording system, and found that 
endothelial cells migrated over the embolus-forming cells and fully covered them on the vessel wall. Simultaneously, the original layer 
of endothelial cells disappeared to allow the cancer cells to complete extravasation. The extravasation was provoked by a mass of 
cancer cells, not by a single cell individually. We concluded that the process is comprised of invasion of cancer cells (active manner) 
and/or endothelial enclosure of cancer cells (passive manner). Most malignant tumors actively induce new blood vessels from 
surrounding tissues secreting the vascular endothelial growth factor (VEGF) to receive nutrients and oxygen. In addition, it has been 
believed that cancer cells intravasate via the newly-formed leaky vasculature, resulting in metastasis. Thus, taking advantage of our 
hematogenous metastasis model, we studied the extravasation of the RFP-Hep2 cells after suppressing VEGF expression by siRNA. 
Similarly to the control cells, the siRNA-treated RFP-Hep2 cells immediately formed emboli after being injected into blood vessels, and 
then the endothelial cells migrated over the embolus-forming cells. However, the process of extravasation was markedly delayed in the 
siRNA-treated cells. To study the function of VEGF during the extravasation, effects of siRNA against VEGF on migration and adhesion 
of RFP-Hep2 cells were examined in vitro. Consistently with the result of in vivo imaging, migration rates declined dramatically in 
siRNA-treated cells. Furthermore, immunostaining of vinculin showed that focal adhesions were uniformly formed at the cell periphery 
in siRNA-treated cells, but only partially in control cells to leave a highly polarized shape. These results suggest that extravasation of 
cancer cell masses after their embolism is propelled by an active invasion of cancer cell itself and expelling enclosure by endothelial 
cells as well. VEGF from the cancer cells plays important roles in polarizing themselves and stimulating the surrounding endothelial 
cells during extravasation. 
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Evaluation of molecular imaging for risk assessment of monkeypox disease 
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Infection of nonhuman primates (NHPs) with monkeypox virus (MPXV) is currently being developed as an animal model of variola 
infection in humans. Infection of both humans and NHPs with MPXV results in pronounced lymphadenopathy, and this disease 
manifestation is useful in the differential diagnosis of MPXV versus variola and other lesional diseases such as varicella. We used 
PET/CT with 18FDG as a nonspecific marker of inflammation/immune activation to identify predictors for the outcome of disease in 
NHPs infected with MPXV. Groups of two NHPs were inoculated with MPXV by the intravenous (IV) or intrabronchial (IB) routes, and 
were evaluated by serial 18FDG-PET/CT imaging of the thoracic region. PET/CT imaging clearly visualized inflammation and 
consolidation of the lung in the two IB infected monkeys, and subsequent resolution in the animal that survived (figure). Bilobular 
involvement was associated with morbidity. In contrast, the IV monkeys showed no inflammation of the lung, correlating with pathology 
findings. Monkeypox in NHPs was associated with lymphadenopathy and an increase in 18FDG uptake in axillary LNs of all infected 
monkeys. The FDG signal remained high even in animals that resolved infection. Retrospective analysis of the axillary LNs indicated a 
striking association between pre-existing immune activation and survival. Both surviving IV- and IB-infected NHPs had significant 
18FDG uptake in the LNs at the time of MPXV challenge with no clinical signs of illness, in contrast to the NHPs that succumbed. In the 
clinic, 18FDG-PET and CT are being evaluated as tools for diagnosis and for managing patients with infections. The characterization of 
LNs as described here in response to acute infection is an increasingly important feature of diagnostic imaging. Molecular imaging 
identified patterns of immune activation/inflammation that may allow for risk assessment of poxviral disease. 

 
Longitudinal 18FDG-PET/CT imaging of NHP infected with MPXV by intrabronchial route. Thoracic scans were performed 8 days before infection (day -

8), at different stages of disease (day 8, 13 after infection) and when NHP was in recovery (day 34 after infection). 
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Imaging of Stroke-Induced Neuroinflammation in Mice using 18F-PBR06 
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Objectives: [18F]N-fluoroacetyl-N-(2,5-dimethoxybenzyl)-2-phenoxyaniline (18F-PBR06) is a radioligand that targets the microglial 
biomarker, translocator protein 18 kDa (TSPO. The objectives of this study were to image and validate stroke-induced 
neuroinflammation in mice using 18F-PBR06. Methods: Tracer synthesis was performed in a GE TRACERlab FXFN automated 
radiochemistry module. Stroke was induced by the middle cerebral artery occlusion (MCAO) procedure in Balb/c mice. Its presence 
was confirmed with MRI. Three days later, the mice were anesthetized with 2% isofluorane in 100% oxygen and injected with 18F-
PBR06 (200 µCi) intravenously. Dynamic PET imaging was performed for 80 minutes, followed by CT imaging. The images were 
analyzed with RTImage, an in-house imaging software program. Subsequently, autoradiography and immunohistochemistry were 
performed using antibodies to biomarkers of microglial activation (TSPO and CD68) to validate the imaging results. Results: 18F-
PBR06 was provided in 2.1±0.7% radiochemical yield (n=9, decay corrected to EOS) with >99% purities (radiochemical & chemical) 
and specific radioactivity of 2640±832 mCi/µmol (98±31 GBq/µmol, decay corrected to EOS). Mean tracer concentrations in the stroke 
and non-stroke hemispheres were 3.3 and 2.1 %ID/g respectively (Fig. 1a). 18F-PBR06 accumulated quickly in the brain and peaked 
within 5 minutes of injection. The activity then reduced gradually for both hemispheres but was about 60% higher in the stroke vs. non-
stroke hemispheres (Fig. 1b). Specificity of 18F-PBR06 for TSPO was confirmed with displacement and pre-blocking studies using 
PK11195. Autoradiography and immunohistochemistry results showed that TSPO and CD68 expression were higher on the stroke 
hemisphere compared to the non-stroke hemisphere, reflecting an increase in activated microglia (Fig.1c). Conclusion: Stroke-induced 
neuroinflammation can be effectively imaged and validated in mice using 18F-PBR06 and PET. 

 

Figure 1: Representative PET/MRI image (Fig. 1a) and the time activity curves (Fig. 1b) of the stroke (arrowed) and non-stroke hemispheres of the 
mouse brain after injection of 18F-PBR06; Immunofluorescent labeling (Fig. 1c) of the mouse brain using antibodies to TSPO and CD68. 

Disclosure of author financial interest or relationships: 
F.M. Lartey, None; K.J. Cord, None; J.Y. Chua, None; B. Shen, None; R.K. Alomran, None; R. Tirouvanziam, None; T. Palmer, 
None; F.T. Chin, Abbott Vascular, Consultant; Bayer Healthcare, Grant/research support; GE Healthcare, Grant/research support; 
Genentech, Grant/research support; Varian Medical Systems, Grant/research support; E.E. Graves, Varian Biosynergy, Grant/research 
support; R. Guzman, None; B.W. Loo, General Electric, Honoraria. 

  

Proceedings of the 2011 World Molecular Imaging CongressS676



Presentation Number P739 
Poster Session 2 

September 8, 2011 / 15:15-16:45 / Room: Hall F 

Modulation of the endocannabinoid system affects the iridial microcirculation in experimental 
endotoxemia 
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Introduction: The microcirculation of the iris can be studied non-invasively by intravital microscopy (IVM). This represents a unique 
opportunity to study changes in the microcirculation under physiological and pathological conditions. The endo-cannabinoid system 
(ECS) is upregulated during local and systemic inflammation, e.g. sepsis [1]. Functional outcomes of modulating cannabinoid receptor 1 
/ 2 (CB1R / CB2R) response during sepsis are currently unclear [2,3]. Aim of this study was to evaluate ECS-related changes in 
leukocyte activation in the iridial microcirculation during experimental endotoxemia (ETX). Methods: The following experimental groups 
were studied: controls; ETX (20 mg LPS/kg i.v.); ETX+CB1R/CB2R agonist (WIN55212-2); ETX+CB2R antagonist (WIN55212-2 + 
AM630); EXT+CB1R antagonist (WIN55212-2 + AM281). IVM was performed at 0, 1, and 2 hours. Results: Compared to untreated 
endotoxemic animals WIN55212-2 attenuated leukocyte adhesion at 2 hr in all studied iridial vessels. Blocking CB2R activation of 
WIN55212-2 using AM630 showed only a decrease of leukocyte adhesion in iridial vessels < 25 µm (p<0.05); Blocking CB1R activation 
of WIN55212-2 by AM281 still decreased adhesion in all iridial vessels at 2 hr. Conclusion: Data suggests activation of the ECS 
attenuates leukocyte activation during endotoxemia. CB2R activation reduced leukocyte activation in all iridial microvessels. CB1R 
activation only affected leukocyte adhesion in vessels < 25 µm. Drugs targeting either CB1R or CB2R may have therapeutic potential in 
inflammatory diseases. 
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Heterobivalent Ligands Specifically Bind to Target Cells in Vivo 
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Morse1, Robert Gillies1, 1Imaging, H.Lee moffitt cancer center & research institute, Tampa, FL, USA; 2Chemistry, University of Arizona, 
Tucson, AZ, USA; 3Bioengineering, Arizona State University, Tempe, AZ, USA; 4Physiology, University of Arizona, Tucson, AZ, USA. 
Contact e-mail: liping.xu@moffitt.org 

Modern cancer therapies are generally targeted against individual gene products that are mutated or overexpressed. This is limiting in 
that not all cancers contain a single target and target proteins are often expressed in normal tissues as well. An alternative approach is 
shown here using hetero-multivalent (htMVL) constructs; i.e. those containing two or more different pharmacophores targeted to non-
covalently crosslink combinations of cognate cell surface proteins. This approach can increase the specificity and the number of 
possible targets and have the added advantage of higher binding avidities compared to their monovalent counterparts. Using a well-
characterized proof-of-principle system, we show here for the first time that a synthetic htMVL can discriminate in vivo tumors 
containing two cognate receptors from tumors that contain only one. In this system, a construct was assembled containing truncated 
forms of melanocortin (MSH) and cholecystokinin (CCK) ligands connected via a synthetic linker modified to carry a reporting groups 
(Cy5 or Eu3+). Target cells were engineered to express both melanocortin 1 receptors (MC1R) and cholecystokinin 2 receptors 
(CCK2R), whereas control cells expressed only one. In vitro binding showed that htMVLs bound with higher avidity to target cells 
compared to control cells, and internalization occurred rapidly upon binding. Target and control cells were grown bilaterally as tumors in 
immuno-compromised (nu/nu) mice that were injected with either the Cy5 or the Eu-labeled htMVL (See the data in the supplementary 
file). In vivo and ex vivo imaging showed higher htMVL retention in target tumors and there was evidence for internalization. The htMVL 
in vivo approach opens the possibility that such platforms could be used for specific delivery of therapeutic payloads as well as broaden 
the available cell surface target pool. 
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13C MRS/I of Hyperpolarized Pyruvate to Assess Xenografted Tumor Response to Therapy 
Based on LDH-A Inhibition 

Prasanta Dutta1, Gary Martinez1, Anne Le2, Chi V. Dang2, Robert A. Gatenby1, Robert Gillies1, 1Imaging, Moffitt Cancer Center, 
Tampa, FL, USA; 2School of Medicine, Johns Hopkins University, Baltimore, MD, USA. Contact e-mail: Prasanta.Dutta@moffitt.org 

In dynamic nuclear polarization(DNP) experiments, the large polarization of electron spins is transferred to the nuclear spins, enhancing 
the magnetic resonance spectroscopy and imaging (MRS/I) signal intensities by 103-104. Once the nuclear polarization builds up inside 
the compound, it can be stored for a time on the order of the nuclear T1 relaxation time, which for [1-13C] pyruvate is approximately one 
minute. Recent technological advances have paved the way to in-vivo assessment of cancer metabolites using hyperpolarization 
methodology combined with MRS/I[1]. The Warburg effect is a metabolic feature of cancers that causes them to preferentially 
metabolize pyruvate via glycolytic pathway to lactate [2]. It is reported that the inhibition of LDHA (lactate dehydrogenase-A) with the 
small molecule drug FX11 impedes tumor progression [3]. The aim of our study is to assess the metabolic conversion of lactate from 
pyruvate and to evaluate the efficacy of FX11 to tumor therapy using 13C MRS/I. The hyperpolarization was achieved by DNP i.e. 
microwave irradition of a mixture of [1-13C]-labeled pyruvic acid, 15 mM trityl radicals (OX63) at 1.4 K and 3.35 T field with 94.082 GHz 
for an hour. Before the injection into the mouse via jugular vein catheter, the polarized substrate was quickly dissolved in Tris/ETDA, 
NACl and NaOH at 37oC, yielding 80 mM pyruvate at natural pH. At the start of each dynamic scan, 350 μL of the hyperpolarized 
solution was injected over a period of 12-15 sec. 13C-spectra were obtained using a Agilent 7 T imaging scanner utilizing a dual tuned 
1H - 13C volume coil. P493 lymphoma tumors were grown on the right flank of the mice (subcutaneous xenograft model). In-vivo studies 
in tumor bearing mice show peaks for pyruvate and its metabolic product lactate (Supplemental Figure 1). Data acquisition was initiated 
right after the hyperpolarized pyruvate injection with a TRof 1 sec and flip angle of 9o. At the onset, the pyruvate peak was prominent 
and over time the lactate peak grew larger which suggests the conversion from pyruvate to lactate in tumors, denoted by Lac/Pyr ratio. 
The tumors were treated with FX11 for seven days with doses of 42 μg daily through i.p. injection. The Lac/Pyr ratio was calculated and 
compared with untreated (control) tumor with different time point to assess the response to therapy. It has shown that the Lac/Pyr ratio 
is significantly lower in treated animals (Figure.1) relative to control that confirms the drug response (p < 0.01). In conclusion, 
hyperpolarized 13C-MRS/I is becoming a potential biomarker that informs on specific metabolic pathways associated with disease 
progression and response to therapy. The drug therapy study has been carried out and results suggest that FX11 is inhibiting LDH-A 
activity, demonstrating that LDH-A is a potential target candidate. References: [1]. Day S. E et al., Nature Medicine, 13, 1382-1387 
(2007). [2]. Gatenby R. A and Gillies R. J., Nature Reviews Cancer, 4, 891-899 (2004).[3]. Le A. et al., PNAS, 107, 2037-2042 (2010). 

 

Figure 1. The ratio of Lac/Pyr goes up in untreated animals and that reduces in treated group (lymphoma tumors). Data are statistically significant 
(p<0.01). 
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Differences in arterial and portal-vein (PV) blood profile in metabolic imaging of the liver 
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Department of Radiology, Washington University in St. Louis, St. Louis, MO, USA. Contact e-mail: fettign@mir.wustl.edu 

Objectives: Liver function is central to many diseases such as diabetes, obesity, non-fatty alcohol disease to name a few. Yet, despite 
its central role, very few attempts have been made to quantify tracer kinetics in the liver, primarily due to the dual-input from both the 
hepatic artery and PV into the liver. The objective of this work was to characterize differences in arterial and PV blood profile for 
metabolic tracers [11C]Acetate, [11C]Palmitate, [11C]Glucose, and 18FDG to facilitate quantification of liver function. Methods: We 
performed a series of imaging and bench-top animal studies to characterize the blood profile of the radiopharmaceuticals 18FDG, 
[11C]Acetate,[11C]Glucose, and [11C]Palmitate in Zucker Lean rats. Typically, small animal imaging was performed with [15O]H2O in 
series with one or more of the above mentioned radiopharmaceuticals. The portal vein of the rats was canulated, thus allowing for blood 
sampling and metabolite analysis of the portal vein. In parallel, arterial blood sampling was performed to characterize the activity and 
the metabolites in an arterial line. Metabolite analysis included CO2 production and total acidic metabolites such as lactate production 
(for [11C]Glucose). We characterized the activity and metabolite profile under two conditions—fed and overnight fasted—to assess for 
differences in the kinetics of the radiopharmaceuticals in arterial and PV lines. In most cases, about 20 arterial or PV blood samples 
were obtained to derive the input function to the liver from the artery and PV. For metabolite analysis, seven blood samples were 
analyzed for metabolism of the parent radiopharmaceutical. The metabolism data was fitted to a sum of two exponentials which were in 
turn used to determine the fraction of parent radiopharmaceuticals in arterial and PV. All blood curve data were normalized to 
standardized uptake values (SUV). Statistical differences between time points were evaluated using a student’s t-test with P<0.05 
considered significant. Results: Following overnight fast, the blood activity in the PV generally follows that of the arterial line. Slight, 
and in some cases significant, differences in metabolism of parent radiopharmaceuticals were observed for both [11C]Acetate, 
[11C]Glucose, and [11C]Palmitate under fasting conditions. In fed conditions, there were significant differences in metabolism between 
arterial and PV for all radiopharmaceuticals. Conclusions: Our data demonstrates significant differences in arterial and PV blood and 
metabolism profiles in fasted and fed animals. In practice, the arterial fraction of parent radiopharmaceuticals in fasted state can be 
used to determine the concentration of the parent radiopharmaceutical in the PV. In the fed state, population averages for metabolism 
of a radiopharmaceutical would be needed to derive activity profile of the parent compound in the PV. 
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Colonoscopic detection of MMP activity in FCCC Apc+/Min mouse colorectal adenomas using an 
enzymatically activated probe 
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USA. Contact e-mail: harvey.hensley@fccc.edu 

Background: Matrix metalloproteinases (MMPs), a large family of enzymes that degrade the extracellular matrix, participate in all 
stages of colorectal carcinogenesis including the formation of early adenomas. In particular, MMP-7, an epithelial cell-specific MMP, is 
elevated substantially in colorectal adenomas from a unique strain of C57Bl/6J Min mice (FCCC Apc+/Min) that spontaneously develop 
these adenomas. Our group has previously determined that MMPSense 680 (Perkin Elmer), a bioactivatable probe that emits a near-
infrared fluorescent signal when cleaved by MMPs, can be used to detect colorectal adenomas reliably in FCCC Apc+/Min mice ex-vivo1. 
We extend those results to in-vivo detection by fluorescence colonoscopy, as well as near infrared whole body imaging in an FMT2500 
fluorescence molecular tomography system (Perkin Elmer). Methods: FCCC Apc+/Min mice were injected with MMPsense 680 72 
hours prior to examination. Fluorescence colonoscopy was performed using a 1.5 mm rigid endoscope (Karl Storz Inc.), following a 
bowel cleansing procedure (overnight access to liquid food followed by enemas with a commercial enema solution). The endoscope 
output was collimated with an achromatic lens and then split into two components. One component was focused onto the detector of a 
conventional color CCD camera, while the other was sent through a bandpass emission filter (690-710nm), and focused onto the 
detector of a thermo-electrically cooled, electron multiplying camera (Andor DU885). The xenon light source was modified to include a 
670 nm shortpass filter. Mice were anesthetized with isoflurane (2% in oxygen) and placed on a precision positioning stage, and the 
colon was insufflated with air. Adenomas were easily identified in both white light and fluorescence channels. In order to correct for 
variations in the illumination intensity of different adenomas, the ratio of the fluorescence to the intensity of the red component of the 
white light channel was calculated. Mice were also imaged in the FMT2500 and a 7 Tesla MR animal scanner. Results: The figure 
shows a white-light image of an adenoma on the left, and on the right the same image with the fluorescence intensity overlaid (after 
smoothing and conversion to a ‘hot’ color table). The adenomas of the injected mice showed an average ratio of 285 for fluorescence 
signal/red channel intensity, as compared to a ratio of 85 for the adenoma of an uninjected mouse. The same adenomas were also 
detected via whole body fluorescence molecular tomography (FMT), and MRI (T1 weighted MR pulse sequence and Gd-DTPA 
enhancement). An analysis of the whole body results showed an average of 1.7 picomoles of probe in each tumor. The normalized 
fluorescence intensity from colonoscopy correlated well with the absolute probe accumulation as measured by FMT. These results 
demonstrate that MMP activation can be detected in-vivo via fluorescence colonoscopy and, to our knowledge, represent the first 
endoscopic detection of MMPsense activation. 1. Hensley et al 2010 World Molecular Imaging Congress Abstract 0134, manuscript in 
preparation. 

 

Left: White light image of an adenoma. Right: MMPsense 680 fluorescence (converted to "hot" colortable) overlaid on white light image, illustrating MMP 
activity in the adenoma. 
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Quantitative brain perfusion SPECT in the mouse with Tc99m-HMPAO 

Ivayla Apostolova1, Laura A. Teichgräber1, Nina Stemmer2, Mathias Lukas1, Jürgen Goldschmidt3, Andreas Wunder2, Winfried 
Brenner1, Ralph Buchert1, 1Nuclear Medicine, University Medicine Charite Berlin, Berlin, Germany; 2Experimental Neurology, Univercity 
Medicine Charite Berlin, Berlin, Germany; 3Akustik, Lernen, Sprache, Leibniz Institute for Neurobiology, Magdeburg, Germany. Contact 
e-mail: ivaapost@hotmail.com 

Objectives: Small animal SPECT providing spatial resolution below 1 mm is a promising tool for mouse brain imaging. Cerebral 
perfusion is a marker for neurological/psychiatric diseases and detection of task-specific brain activation. The aim of the present study 
was to evaluate the feasibility of semi-quantitative and quantitative brain perfusion in the mouse with Tc99m-HMPAO and Tc99m-ECD. 
Methods: SPECT measurements were performed in C57BL/6 mice with a nanoSPECT/CTplus (Bioscan) with multi-pinhole apertures 
(D=1.0mm, 1.2kcps/MBq, FWHM=0.7mm). Mice were anaesthetized by i.p. administration of ketamine/rompune. HMPAO and ECD 
(50-200MBq in ≤ 250µl) were injected as a slow bolus throuhg an i.v. catheter. A dynamic sequence of short planar scans (up to 60min) 
was acquired to determine the rate of washout of tracer from the brain after the peak (sagittal view). Static brain SPECTs of 40min were 
acquired (10-90min p.i.). The brain was removed and measured in an activimeter or well-counter. The probabilistic 3D Digital Atlas of 
an Adult C57BL/6J Mouse Brain was used for standardized region of interest (ROI) analysis. For stereotactical normalization of 
individual SPECTs without individual MRI, an HMPAO template in the atlas space was created from 3 mice in which both T2-weighted 
MRI and HMPAO SPECT had been performed (suppl. figure). SPM8 was used for stereotactical normalization. Uptake images were 
scaled to the global uptake. In order to estimate the HMPAO input function for computation of absolute regional cerebral blood flow 
(rCBF), In111-human serum albumin (HSA) was injected 5 min prior to HMPAO. A sequence of 0.5s-planar scans (anterior-posterior 
view) was acquired in dual isotope mode (5min). A ROI over the left ventricle was defined in a summed HSA image. The ROI was 
copied to the dynamic HMPAO sequence to generate a HMPAO blood time curve, which then was corrected for background. 
Conversion to kBq/µl was achieved by a single blood sample measured for In-111-HSA. Results: Brain uptake was 2.5±0.8% injected 
dose (ID) for HMPAO, 2.1±0.3% ID for ECD. Washout from the brain was monoexponential for both tracers with halflife 4.6±1.7h for 
HMPAO and 24±7min for ECD. Stereotactical normalization of the HMPAO SPECTs worked properly in all cases. ROI analysis of 
scaled HMPAO uptake showed brain stem < basal forebrain < hypothalamus < neocortex < caudate/putamen < cerebellum < thalamus 
< hippocampus < superior colliculi < inferior colliculi. Standard deviation of scaled HMPAO uptake in healthy mice was <5% in all ROIs. 
rCBF ranged between 120ml/100g/min in the hypothalamus and 200ml/100g/min in the inferior colliculi (one mouse). Conclusions: 
Mouse brain perfusion SPECT at spatial resolution significantly below 1mm is feasible with dedicated systems and Tc99m-HMPAO. 
ECD shows fast washout in the mouse and appears less appropriate. Automated stereotactical normalization to a HMPAO SPECT 
template works reliably, in preparation of atlas-based ROI analysis or voxel-based statistical testing, for example. The determination of 
quantitative rCBF requires further evaluation. 
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Imaging gastric emptying and intestinal transit using oral administration of a near infrared 
imaging agent 

Sylvie Kossodo, Jeff Morin, Jeffrey D. Peterson, Bio-discovery, Perkin Elmer, Boston, MA, USA. Contact e-mail: 
jeff.peterson@perkinelmer.com 

The accurate quantification of gastric emptying is crucial for understanding the physiological, pathological and pharmacological 
mechanisms underlying gastric motility both clinically and in animal studies. A pharmacological agent’s effects on gastric emptying can 
impact its potential as a therapeutic or limit its dose or dosing regimen in patient treatment. Currently, the methods used for determining 
gastric emptying rates in small animals are either terminal or involve radioactive tracers, incurring high financial and time cost. We have 
developed a novel, near-infrared fluorescent (NIRF) imaging agent, GastroSense 750, to monitor and quantify gastric emptying rates in 
murine models in vivo, non-invasively, and in real time. This imaging agent is comprised of an acid-stable NIR fluorophore conjugated 
to a non-absorbable pharmacokinetic modifier designed to be formulated in liquid or incorporated into a solid meal. Using female 8 
week old BALB/c mice recipients, 0.25 nmol GastroSense 750 was orally gavaged in liquid formulation (PBS) or fed in egg yolk, an 
experimental approach designed to detect changes in gastric emptying. In vivo 3D fluorescent imaging and quantification using the 
FMT 2500 Fluorescence Molecular Tomography (FMT) system at multiple time points revealed a gastric half-life (t1/2) of 36 ± 16 
minutes for the liquid formulation and 63 ± 18 minutes for the egg formulation. Clonidine (an α2 adrenergic agonist, 1 mg/kg) further 
inhibited gastric emptying time for the egg formulation, halting the process completely between 2 and 4h and ultimately delaying the 
completion of gastric emptying to >6-7h. GastroSense 750 signal can also be quantified as it transits into the intestines, ultimately 
decreasing in intensity and volume as it is excreted. These findings reveal that GastroSense 750 and FMT 3D fluorescent in vivo 
imaging can be used successfully to quantify gastrointestinal transit of both liquid and solid diets in small animals and can be used to 
measure the pharmacological effect of drugs that affect gastric motility. 

 
GastroSense Imaging of Stomach Emptying and Intestinal Transit Kinetics 
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In vivo evaluation of DEN-induced liver tumor mouse models 
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Liver tumors are of special interest in clinical oncology and basic biomedical research areas, such as biology. From the clinical point of 
view, liver tumors are among the ten most often causes for tumor deaths in the US, and still, are very difficult to detect as, e.g. positron 
emission tomography (PET) lacks specific tracers. Thus best results are obtained by magnetic resonance imaging (MRI) and contrast 
agents. From a preclinical point of view, reliable detection and differentiation of liver tumors are of special interest to evaluate new PET-
tracers and to possibly reduce the number of animals in the bioassay for drug testing. In this experiment, we evaluated MRI protocols to 
assess the detection limits of liver lesions in mice and monitored growth of individual tumors in vivo. We evaluated two mouse models 
of liver tumors; each group consisted of 6 animals. For the first model, tumors were initiated by a single dose of diethylnitrosamine 
(DEN) at an age of 2 weeks. In the second model, tumors were initiated at an age of 6 weeks with subsequent treatment with 
phenobarbital (PB). MRI was performed with a 7T small animal scanner (Bruker). Anatomical imaging was performed using a T2-
weighted 3d turbo-spin echo. During imaging sessions, animals were anesthetized with 1.5% isoflurane vaporated in medical oxygen. 
To improve image quality, MRI acquisitions were respiration-gated to minimize breathing artifacts (SAInstruments). Tumors of both 
groups appeared as hyperintense lesions in T2-weighted images with a minimal diameter of approximately 1 mm. First tumors 
appeared 19 - 20 weeks after DEN-treatment in both groups. We could monitor tumor progression within a single mouse and evaluated 
number and size of individual tumors. Tumor number and size were followed throughout each animal and mean tumor burden per 
mouse was fitted assuming exponential increase, starting with DEN-treatment. Tumor growth was compared on the basis of fitted 
values and tumors of group 1 (w/o PB) grew faster than tumors of group 2 (with PB). Tumor phenotypes were differentiated with 
histological staining. We could show that non-invasive in vivo monitoring of liver tumors in mice is feasible, once tumors reached a 
minimal size of 1 mm in diameter. Based on these protocols, we provide values to estimate total tumor size after DEN-treatment, which 
may allow evaluating an early therapy response. As second important result, these protocols can be used to evaluate possible PET 
tracers in combined PET-MRI sessions, aiming at in vivo non-invasive tumor phenotyping. We provided toxicologists a reliable non-
invasive imaging method to evaluate genotoxic side effects in drug development, reducing the number of animals drastically. 
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The strong impact of air and oxygen breathing on respiratory and heart rate as well as tumor 
hypoxia and muscle oxygenation 
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Tumor hypoxia is an indicator for aggressive tumor progression and poor prognosis. Several non-invasive and invasive techniques are 
available to detect tumor hypoxia, such as 18F-fluoro-azomycine arabinoside (18F-FAZA), a positron emission tomography (PET) 
biomarker with great potential for non-invasive in vivo detection of hypoxic tumor regions, or oxygen probe systems for invasive in vivo 
hypoxia measurements. In recent studies we detected significant differences in 18F-FAZA uptake between mice which were breathing 
air or O2. The aim of this study was to investigate the correlation between 18F-FAZA PET measurements and pO2- and perfusion 
probe measurements in muscle and tumor tissue of air or O2-breathing mice. We inoculated CT26 colon carcinomas subcutaneously at 
the upper flank of female BALB/c mice and performed in vivo investigations 14-15 days afterwards. Prior to Ketamine/Xylazine-
anesthesia we placed littermates in a plethysmograph for 30 minutes and recorded breathing rate (BR) during air or O2-breathing. We 
then penetrated a combined pO2 and laser doppler probe in the tumor center and in the gastrocnemius muscle. After 10 minutes 
calibration we recorded pO2 and relative blood flow values as well as the heart and breathing rate for 60 minutes. Finally we applied a 
10-minute air or oxygen challenge. We observed significant differences in the BR of conscious air or O2-breathing mice (Air: 181.1 ± 
19.89 / min, O2: 152.0 ± 14.4 / min, p < 0.05, n = 6). Ketamine/Xylazine-anesthetized O2-breathing mice displayed the same significant 
difference towards a reduced breathing and heart rate compared to air breathing mice (BR Air: 207.4 ± 20.2 / min, BR O2: 177.7 ± 12.7 
/ min, p < 0.05, n = 6). Analysis of pO2-values in tumors revealed significant differences between air- and O2-breathing mice which 
increased with time (Air: 1.31 ± 0.12 mmHg (0 - 20 min), 1.33 ± 0.20 mmHg (40 - 60 min); O2: 2.28 ± 0.42 mmHg (0 - 20 min), 2.37 ± 
0.25 mmHg (40 - 60 min); p < 0.05 (0 - 20 min), p < 0.01 (40 - 60 min); n = 3). We observed a clear tendency towards a reduced 
perfusion in carcinoma and muscle tissue as a consequence of O2-breathing despite not showing significance due to a huge variance. 
Finally we challenged air breathing mice with O2 or O2-breathing mice with air respectively and observed a significant muscle response 
in pO2 values as a consequence of O2- or air challenge but no clear response in CT26 colon carcinomas. During the whole 
measurement, body temperature was maintained at 37.0 ± 0.1 °C. Air or O2-breathing clearly influences tumor and muscle pO2- and 
perfusion values as well as breathing and heart rate. Importantly, pO2-values of hypoxic regions in CT26 carcinomas nicely correlate 
with our non-invasive 18F-FAZA-PET measurements proofing that 18F-FAZA is an appropriate PET biomarker for non-invasive in vivo 
analysis of hypoxia. Similar to 18F-FAZA-PET measurements we detected a higher variance regarding to pO2- and perfusion values 
due to oxygen breathing. Additional studies are being performed to investigate the spatial and temporal correlation of these different 
techniques in order to establish a gold standard for hypoxia imaging. 
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Gadofluorine M, and Gadofluorine P 
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Interstitial magnetic resonance (MR) lymphography visualizes the lymphatic pathway after the interstitial administration of a contrast 
agent, and allows non-invasive and three-dimensional analysis of the lymphatic pathway in living mice. We investigated the 
characteristics and capability of interstitial MR lymphography using gadofluorine 8, gadofluorine M, and gadofluorine P. Healthy mice 
were injected with 0.5 μmol Gd gadofluorine 8, gadofluorine M, or gadofluorine P subcutaneously into the right rear footpad, and the 
time courses of contrast enhancement in the lymph nodes were assessed. Moreover, we assessed the lymphatic pathway from the 
right and left rear feet or tail using gadofluorine M. Contrast enhancement was demonstrated for the right popliteal, right sacral, and 
right iliac lymph nodes in all mice 5 min after the injection of each of the three agents, and then decreased gradually. Enhancement in 
the lymph nodes was still detectable 30 min after the injection of gadofluorine 8 or gadofluorine M, it became obscure sooner after 
gadofluorine P injection. In comparison with gadofluorine P, the other two contrast agents showed mildly stronger enhancement in the 
lymph nodes. Clear differences were found in the hepatobiliary and urinary kinetics of the three agents. The injection of gadofluorine M 
into various sites delineated the lymphatic pathway from the respective injection site. Interstitial MR lymphography using gadofluorine 8, 
gadofluorine M, and gadofluorine P offered clear visualization of the lymphatic pathway in healthy mice during a sufficient imaging time 
window. This technique allowed for repeated assessment of the lymphatic pathway in a given mouse, helping to reveal the mouse 
lymphatic system. 
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Can combined BLI and MRI assist in non-invasively evaluating novel antifungals against 
Candida albicans biofilms in vivo? 

Greetje Vande Velde1, Sona Kucharikova2, Uwe Himmelreich1, Patrick Van Dijck2, 1Biomedical NMR Unit/MoSAIC, Katholieke 
Universiteit Leuven, Leuven, Belgium; 2Molecular Microbiology, KULeuven, VIB, Leuven, Belgium. Contact e-mail: 
greetje.vandevelde@med.kuleuven.be 

BACKGROUND AND AIMS: Biofilm formation by fungal pathogens is a major problem in hospitals. Especially C. albicans biofilms are 
formed on the surface of many medical implants. They are difficult to treat as they are often resistant to the classical antifungal drugs. 
For testing antifungals against C. albicans biofilm formation, a subcutaneous catheter rat model system has been developed (1). Fungal 
load in biofilms is traditionally analyzed post mortem, requiring host sacrifice and enumeration of microorganisms from individual 
biofilms to evaluate the efficacy of antifungal treatment. We aim to make this model compatible for bioluminescence imaging (BLI), 
where detecting a quantifiable in vivo BLI signal from biofilms formed on the inside of catheters is challenging. METHODS: Wild-type C. 
albicans was engineered to express C. albicans codon-optimized Gaussia princeps luciferase (gLuc) at the cell wall, under the control 
of biofilm growth phase specific promoters (2). gLuc activity from Candida cells and biofilms is measured and correlated with cell 
counts. Catheters are implanted on the back of mice and rats and in vivo biofilm formation was followed up with BLI. Finetuning of the 
quantification was performed after acquisition of in vivo MR images and coregistration to the BL images to verify the site of catheter 
implantation and consideration of surrounding tissue types (muscle, fat layers etc.). To validate the model for antifungal testing, rodents 
are treated with different antifungals and imaged with BLI. At different time points post implantation, cfu counts from biofilms on 
explanted catheters are then compared to the in vivo BLI data for validation. RESULTS: The rat biofilm model was successfully 
reproduced in mice, which significantly reduces costs and holds potential for biofilm research in different transgenic mice strains. We 
report significant gLuc activity from Candida cells and biofilms, where the signal is corresponding to the specific yeast or hyphal cell 
stage. The BLI signal was proportional to the amount of yeast or hyphal cells in vitro and in biofilms. We could detect a significant BLI 
signal above background (control biofilm) from in vitro and in vivo formed biofilms in live animals, and compared this signal with biofilm 
analysis and cfu’s from explanted catheters. The signal kinetics of i.p., s.c. and i.v. administration routes was studied in order to 
optimize the imaging protocol. Better reproducibility of quantification (and therefore smaller test groups) can be achieved when mice are 
immuno-suppressed when carrying biofilm-containing catheters. Coregistering BLI and MR images adds information on the exact 
position in 3D of the catheters which increases accuracy of signal quantification. The so developed multi-temporal non-invasive imaging 
assay for quantifying in vivo biofilm formation will be used for the validation of antifungal drugs under in vivo conditions. (1) Ricicova, 
M., Kucharikova, S. et al., Microbiology 156, 909-919 (2010). (2) Enjalbert, B., et al., Infect Immun 77, 4847-4858 (2009). 
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Imaging the behavior of circulating tumor cells 
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Medicine, Charles University, Prague, Czech Republic; 2AntiCancer, Inc., San Diego, CA, USA; 3Dept. of Surgery, University of 
California San Diego, San Diego, CA, USA. Contact e-mail: all@anticancer.com 

Circulating tumor cells (CTC) are potential precursors of metastasis. They are also of use in diagnosing malignancy and for prognostic 
purposes. Our laboratory has previously isolated CTC from orthotopic nude mouse models of human prostate cancer cells where the 
PC-3 cancer cells express green fluorescent protein (GFP). It was found that only orthotopic tumors produced CTC and not 
subcutaneous tumors, which may explain why orthotopic tumors metastasize and subcutaneous tumors do not. However, in this 
previous study, CTC were observed only after culture. In the present study, using the GFP-expressing PC-3 orthotopic model and 
immunomagnetic beads coated with anti-EpCAM and anti-PSMA, GFP-expressing CTC were isolated within 15 minutes and were 
readily visualized by GFP fluorescence. The immunomagnetic-bead-captured GFP-expressing PC-3 CTC could be immediately placed 
in 3-dimensional sponge cell culture where they proliferated. The combination of GFP-expression and immunomagnetic beads is very 
powerful method to obtain CTC for either immediate analysis or for biological characterization in vivo or 3-dimensional culture. 
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Real time color coded imaging of the pancreatic cancer microenvironment 

Masashi Momiyama1, Atsushi Suetsugu1, Yasunori Tome1, Michael Bouvet3, Takashi Chishima2, Itaru Endo2, Robert M. Hoffman1,3, 
1AntiCancer, Inc., San Diego, CA, USA; 2Dept. of Gastroenterological Surgery, Yokohama City University, Yokohama, Japan; 3Dept. of 
Surgery, University of California San Diego, San Diego, CA, USA. Contact e-mail: all@anticancer.com 

In order to visualize the tumor microenvironment (TME) in pancreatic cancer, the MIA PaCa-2 human pancreatic cancer cell line, 
expressing red fluorescent protein (RFP), was orthotopically transplanted in nude mice or transgenic mice expressing nestin-GFP. In 
the nestin-GFP mouse, nascent blood vessels which vascularize the growing tumor are labeled with GFP. A peritoneal flap was made 
on the left flank of nude mice. The tail of the pancreas was fixed on the peritoneal flap in order to image tumors on the pancreas directly 
and repeatedly. Color-coded imaging was observed with the Olympus OV100 Small Animal Imaging System under high magnification. 
The growing tumor expressing RFP, nascent blood vessels expressing GFP, and the interaction between RFP cancer cells and GFP 
macrophages were observed in real time. Imaging could be carried out until the tumor exceeded the size of the flap which occurred at 
approximately 21 days after tumor implantation. This mouse model for imaging in the pancreas TME will enable a deeper 
understanding of tumor-host interaction pancreatic cancer and make it possible to study new therapeutics for pancreatic cancer. 
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Multi color imaging of the tumor microenvironment with the CFP nude mouse 
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Hoffman1,2, 1AntiCancer, Inc., San Diego, CA, USA; 2Dept. of Surgery, University of California San Diego, San Diego, CA, USA; 3Dept. 
of Surgical Oncology, Gifu University, Gifu, Japan. Contact e-mail: all@anticancer.com 

We have developed a color-coded model to study the tumor microenvironment using cancer cells expressing RFP or GFP implanted in 
nude mice expressing cyan fluorescent protein (CFP). When RFP or GFP HCT-116 were injected subcutaneously in CFP expressing 
nude mice, CFP expressing cancer-associated fibroblasts migrated to the tumor site. CFP-expressing tumor blood vessels were 
observed in the tumor. Other CFP host stromal cells were observed throughout the tumor mass. When RFP HCT-116 cells were 
transplanted in the spleen of CFP nude mice, they formed tumors in the liver. When RFP HCT-116 cancer cells were transplanted in 
the tail vein of CFP nude mice and they formed tumors in the lung. CFP-expressing host cells were observed in these tumors. When 
the RFP mouse mammary cancer cell line (RFP MMT) was injected subcutaneously in the CFP nude mouse, numerous CFP-
expressing fibroblasts and CFP-expressing blood vessels was observed in the resulting tumor. A large inflammatory population of 
different CFP-expressing white blood cells surrounded the necrotic area of the tumor suggesting a relationship of these cells to tumor 
necrosis. GFP and RFP HCT-116 cancer cells were co-injected subcutaneously in CFP-nude mice and tumor growth was followed for 
21 days. This three-color model enabled visualization of the tumor mass and its neovasculature in addition to a detailed visualization of 
other host reactions. GFP HCT-116 cancer cells were initially injected subcutaneously in RFP-nude mice and tumors formed within 14 
days. At this point, the tumor mass which consisted of GFP cancer cells and RFP stroma derived from the RFP nude mouse, was 
harvested and transplanted to a CFP-nude mouse. CFP host cells invaded the growing transplanted tumor containing dual-color cancer 
cells and RFP stroma. Thus the CFP-nude mouse adds another color to the pallet to study the human tumor microenvironment allowing 
4 types of cells to be simultaneously imaged in tumors. 
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Mouse Spontaneous Liver Metastasis Model from Orthotopic Human Colon Cancer Xenograft 
Stably Expressing Human Sodium-Iodide Symporter Reporter Gene 

Masayuki Inubushi1, Yong-Nan Jin1, Chika Murai2, Hironobu Hata2, Yasuto Takeuchi1,2, Hua Xu1, Atsushi B. Tsuji1, Misturu Koizumi1, 
Yoshimasa Kitagawa2, Tsuneo Saga1, 1Molecular Imaging Center, National Institute of Radiological Sciences, Chiba, Japan; 2Oral 
Diagnosis and Oral Medicine, Hokkaido University Graduate School of Dental Medicine, Sapporo, Japan. Contact e-mail: 
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Subcutaneous human tumor xenografts in immunodeficient mice do not sufficiently represent clinical cancer especially with regard to 
metastasis. In this study, we therefore developed a mouse spontaneous liver metastasis model from an orthotopic human colon cancer 
xenograft stably expressing a human sodium-iodide symporter (NIS) reporter gene, of which metastasis can be tracked noninvasively 
with 99mTcO4

- SPECT or 124I PET. Methods: A recombinant plasmid containing NIS constitutively driven by a cytomegalovirus promoter 
(pcDNA3-NIS) was transfected into a human colon cancer cell line HCT116, and the stable cell lines were generated. Functional NIS 
expression in these cells was confirmed by 99mTcO4

- uptake assay and Western blotting analysis in vitro. Then, suspensions of the 
stable cell lines were injected into the cecal walls of nude mice. When the mice developed abdominal masses, the tumors were 
excised, cut into small pieces, and implanted orthotopically into the cecal walls of different nude mice. Results: Six to eight weeks after 
the implantation, 99mTcO4

- SPECT/CT imaging was performed using a dedicated small animal SPECT/CT system FX (Gamma Medica-
Ideas, Northridge, CA), and focal 99mTcO4

- uptakes were detected in the liver. Immunohistochemical analyses of the liver tumors 
demonstrated NIS expression in the cells, indicating metastases from the NIS expressing orthotopic colon xenografts. Conclusion: We 
developed a mouse spontaneous liver metastasis model from an orthotopic human colon cancer xenograft, and successfully imaged 
the metastatic tumors in vivo with 99mTcO4

- SPECT. This unique animal model of clinically relevant and externally detectable liver 
metastases will be useful for studying the mechanism of cancer metastasis and the evaluation of novel anticancer drugs. 
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Ten-years of Positron Emission Tomography findings on neuromolecular processes in the 
living porcine brain 

Aage K. Alstrup1, Donald F. Smith2, 1Department of Nuclear Medicine and PET Center, Aarhus University Hospital, Aarhus, Denmark; 
2Center for Psychiatric Research, Psychiatric Hospital of Aarhus University, Risskov, Denmark. Contact e-mail: aage@pet.auh.dk 

Current interest in studying molecular processes as they occur in the living brain has accelerated the use of laboratory animals for 
neuroimaging of novel radiolabelled compounds. In particular, positron emission tomography (PET) has contributed to the development 
of radiolabelled compounds for assessing molecular processes in the living brain. The dynamics of PET typically require a relatively 
large organ size and blood supply in order to properly evaluate radioligand binding kinetics. To fulfill these requirements, pigs have 
often been used in such studies. Today, much is known about the metabolism, neurotransmission, and molecular binding properties of 
the living porcine brain, and most findings support similarities between neuronal mechanisms in pigs and humans. Here, we review 10-
years of PET findings on neuromolecular processes in the living porcine brain and, whenever possible, we relate PET findings in pigs to 
those obtained in humans. 
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In vivo validation of a novel optically active, clinically relevant orthotopic mouse model of 
glioblastoma multiform 

Monika A. Jarzabek1, Peter C. Huszthy2, Kai O. Skaftnesmo2, Emmet M. Mc Cormack3, Jochen H. Prehn1, Rolf Bjerkvig2, Annette T. 
Byrne1, 1Physiology and Medical Physics, Royal College of Surgeons in Ireland, Dublin, Ireland; 2Biomedicine, University of Bergen, 
Bergen, Norway; 3Medicine, University of Bergen, Bergen, Norway. Contact e-mail: monikajarzabek@rcsi.ie 

Malignant gliomas, being the most aggressive form of brain tumor are characterized by high proliferation rates, diffuse invasive 
infiltration into the surrounding brain tissue, and extensive vascularization. No adequate treatment for glioma currently exists. As such, 
there is currently an unmet need for novel therapeutic approaches. To successfully meet this challenge, there exists a critical 
requirement for clinically relevant murine brain tumor models that recapitulate the human condition and which may be employed to 
assess novel therapeutic agents and delivery systems in pre-clinical studies. In order to address this deficit, we have developed a novel 
luciferase expressing tissue biopsy-based tumor model that closely mimics human disease and which can be monitored non-invasively 
using bioluminescent imaging (BLI). Pre-cultured tumor spheroids prepared from human tumor biopsy fragments serially passaged in 
vivo, as described previously [1, 2], were dissociated and transduced using plenti6-luc2 vector. Luciferase expressing spheroids were 
injected into the brains of immunodeficient mice. Tumor growth was monitored by BLI and tumour volume calculated using magnetic 
resonance imaging (MRI), T1 and T2 sequence. The histology of luciferase transduced tumors was compared with non-transduced 
lesions and showed no difference in proliferation index or micro-vessel density. Moreover, we have histologically demonstrated single 
invasive, luciferase expressing tumor cells in healthy regions of recipient brains. Our data validates a new optically active model of 
glioblastoma multiform (GBM), which closely mimics the human pathology with respect to invasion, angiogenesis and proliferation 
phenotypes. Tumor progression may be longitudinally monitored by non-invasive BLI. Our model may thus be routinely employed in the 
assessment of novel anti-GBM therapeutic approaches implementing well established and cost effective optical imaging strategies. 
Work supported by National Biophotonics and Imaging Platform Ireland. References 1. Bjerkvig, R., et al., Multicellular tumor spheroids 
from human gliomas maintained in organ culture. J Neurosurg, 1990. 72(3): p. 463-75. 2. Wang, J., et al., A reproducible brain tumour 
model established from human glioblastoma biopsies. BMC Cancer, 2009. 9: p. 465. 
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Development of B6 albino ob/ob (MIP-luc) Mouse Model of Type 2 Diabetes and Phenotype 
Characterization 
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Type 2 diabetes results from failure of the beta-cell mass to compensate for increased insulin demand due to abnormal levels of 
metabolic factors. The ob/ob(lep-/-) mouse has been extensively studied as a animal model of type 2 diabetes. These mice become 
obese and develop insulin resistance and diabetes shortly after birth and disease progresses despite a marked increase of the total 
mass of pancreatic islets. The correlation between the mass of beta-cells and in vivo measured bioluminescence has been 
demonstrated in a transgenic mouse model developed on CD1 mouse strain in which the firefly luciferase is expressed in beta cells 
using the mouse insulin promoter (MIP-luc) (Park, Genesis 43, 80 (2005)). However these measurements were performed in lean mice. 
The ability to noninvasively monitor beta-cell mass and their function in ob/ob mice could provide new information on beta-cell 
regulation in type 2 diabetes. In order to noninvasively monitor beta-cell mass and function in ob/ob mice we crossed the ob/ob mouse 
with the CD1 MIP-luc mouse. However, the black coat and skin coloration of the ob/ob is prohibitive for quantitative bioluminescence 
imaging (BLI). Therefore we further crossed these mice with B6 albino strain to create the B6 albino ob/ob MIP-Luc mouse. To create 
controls for our measurements we crossed the MIP-luc mouse with the B6 albino mouse to create the B6 albino MIP-luc mouse. Since 
the disease is tied to the genetic background of the mice, we backcrossed all mice over multiple generations to ensure the genetic 
background of the transgenic mice was over 95% similar to the background of the original ob/ob mouse. We evaluated this mouse 
model of type 2 diabetes by measuring animal weight, blood glucose levels, insulin in plasma, and in vivo bioluminescence weekly or 
biweekly for up to forty weeks of age and comparing them to control mice. In vivo BLI was performed using IVIS 200/Spectrum (Caliper) 
and calculated by integrating the bioluminescence signal (BL) between 5 and 10 min. after i.v. injection of D-luciferin. Similar to the 
original ob/ob mouse model, the weight of the B6 albino ob/ob (MIP-luc) mice increased with age to reach 70-80 g by the 40th week 
and glucose levels reached the maximum between 8 -12 weeks and then started to drop. BL and insulin levels followed a similar trend 
as the mice aged. There was no increase in the weight or changes in glucose levels of the control mice; however we did observe some 
animal to animal variability. Mice were sacrificed at 8, 20, and 36 weeks of age to determine ex vivo BL, pancreas weight, and beta cell 
numbers as determined by histology. Total beta cell numbers were counted using a cell counting training matrix developed for the 
Vectra Microscope System (CRI). Acknowledgement: Authors would like to thank Dr. Bell for making the CD1-MIP-luc mouse model 
available to us. 

 

Fig 1. In vivo bioluminescence of the MIP-Luc ob/ob mice increases with age. Mice were injected with D-Luciferin via tail vein and were imaged using 
IVIS 5 min later. The top row shows a representative ob/ob mouse and the bottom row shows a representative control mouse. The bioluminescence of 

the control mice remained steady as the mice aged. 
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Novel triple bioluminescence imaging system to monitor multiple biological processes 
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Bioluminescence imaging using luciferase reporters has provided crucial information regarding tumorigenesis such as apoptosis in 
response to therapeutic drugs, transcriptional activation during tumor development, as well as immune cell infiltration into the tumor 
environment. The advantage to using bioluminescent imaging compared to endpoint analysis is that it provides real-time, non-invasive 
measurement of in situ biological events, thereby giving a more complete “picture” of the kinetics of an entire process. So far, only dual 
bioluminescence imaging using firefly and Renilla or Gaussia luciferase has been achieved due to the lack of availability of other 
efficiently-expressed luciferases using different substrates. As glioblastoma (GBM) brain tumor progression is a complex process 
involving communication between tumor cells, surrounding “normal” cells, and the vasculature, simultaneous measurement of several 
processes facilitates the understanding of this complex tumor and development of novel therapies. The current work focuses on the 
development of a triple luciferase reporter system (each utilizing a unique substrate) to image three different biological processes. 
Initially, we established a codon-optimized variant of the Vargula hilgendorfii luciferase (Vluc; uses vargulin as a substrate) as a reporter 
for mammalian gene expression. We showed that this luciferase can be used together with Gaussia luciferase (Gluc; uses 
coelenterazine substrate) and firefly luciferase (Fluc; uses beetle D-luciferin substrate) within the same biological system with each 
luciferase being specific to its own substrate. Finally, we applied this triple imaging system to monitor the effect of soluble TRAIL 
[delivered using an adeno-associated virus vector(AAV)] in combination with lanatoside C, a cardiac glycoside which we have found to 
sensitize GBM cells to TRAIL, on an intracranial glioma model. We monitored the following events: (1) gene delivery using Vluc; (2) 
tumor volume using Fluc; (3) binding of TRAIL and activation of the nuclear factor kappa B (NFkB) pathway in GBM cells using Gluc. 
Vluc proved to be a sensitive marker for gene delivery. Further, by normalizing the Gluc values (NFkB marker) to Fluc (tumor volume), 
we could monitor the kinetics of NFkB activation. Finally, TRAIL effect on GBM cells and potential sensitization with lanatoside C could 
be monitored using Fluc. This work is the first demonstration of triple in vivo bioluminescence imaging and will have a broad 
applicability in many different fields including immunology, oncology, virology and neuroscience. 
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Evaluation of the potential reproductive toxicology of candidate compounds is an important part of the delivery of safe and effective 
medicines to market. Preclinical embryo-fetal development (EFD) studies are designed to evaluate the effects following exposure of a 
test compound during organogenesis. These studies are strictly governed by guidelines specifying the evaluation of both soft tissues 
and skeleton in which little has changed in decades around the established practices used. Imaging modalities such as MRI and micro-
CT could potentially make a significant contribution within the field of reproductive toxicology. In particular, the perceived disadvantage 
of insufficient throughput and capacity is no longer relevant due to technological changes. This raises the real opportunity to change the 
way routine EFD studies are run and address the disadvantages to the gold standard methodologies. In this study we set out to 
evaluate the logistical feasibility and potential utility of using in house preclinical micro-CT and MRI for analysis of fetal skeletons and 
soft tissues of the head, respectively, within a simulated typical EFD study. Procedures and protocols were optimized to provide 
sufficient throughput prior to scanning of full-term fetuses. Imaging data was acquired on a simulated typical standard EFD study day, 
on two separate occasions; one day for rat and for rabbit litters with a total of 12 and 11 litters, respectively. Directly following imaging 
by micro-CT and MRI, freshly acquired specimens were then fixed and processed in Bouin’s fluid (examination of freehand serial head 
sections) and alizarin red S (whole body skeletal examination). Once processed, the specimens were evaluated by standard 
methodology. A set of training images were used in the first instance to compare known sample abnormalities before the whole 
datasets for MRI and micro-CT were evaluated (datasets blinded to the observer). Figure 1 illustrates an example of MRI and micro-CT 
derived images generated from the rabbit EFD study. Comparing standard methods versus imaging datasets, minor differences were 
apparent in some of the abnormalities observed These data illustrate that the amending fetal morphology “user guides” to provide 
additional guidance for reading specimens using MRI and microCT would be beneficial and facilitate comparisons between techniques. 
With optimization and bespoke fetus holders designed for acquisition of multiple specimens, this study has shown that it is logistically 
feasible to use both micro-CT and MRI modalities to evaluate EFD within a standard study working day. In summary, imaging 
techniques appear to be technically & logistically feasible within EFD studies. Further work on the comparability of imaging versus 
standard methodologies will facilitate their use in future submissions to regulatory authorities. 

 

Figure 1. MRI and micro-CT derived images from the rabbit EFD study. (A) MRI image slices through a fetus head showing soft tissue details (B) Alizarin 
red S staining and 3D-rendered micro-CT dataset in the observation of rabbit skeletal abnormalities; arrow indicating an additional rib abnormality 

detected. 
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Introduction Contrast agents based on fluorine (19F) compounds have several advantages over T1 or T2 based contrast agents. Since 
19F does not occur naturally in the human body, the 19F agents have a high intrinsic specificity and there is no need for pre-contrast 
imaging. The use of perfluorocarbon (PFC) emulsions as 19F contrast agents have been studied [1]. For the detection of the fluorine 
compounds we already demonstrated the advantages of the Fluorine ultrafast Turbo Spectroscopic Imaging (F-uTSI) sequence [2,3]. 
The sequence can be applied to any PFC compound and can also be used to distinguish between different compounds, thereby 
allowing for multi-color imaging [4]. Next step is in vivo imaging of a PFC compound and we therefore studied the in-vivo detection of a 
perfluorodecalin (Pharmpur, Germany) emulsion in the colon of a pig after oral intake. We chose this application as we envision a role 
of targeted PFC compounds in the detection of bowel diseases. Materials&Methods Approval of the animal institutional review board 
was obtained. A perfluorodecalin emulsion (20% V/V) was fed to one pig (50 kg). The emulsion was given in addition to the normal 
feeding. No bowel preparation was given. The first feeding was performed 32 hrs prior to scanning; a second feeding 8 hrs prior to 
scanning. For both feedings 250 ml of the emulsion was mixed with lemonade. The animal consumed both feedings voluntarily. The 
animal was anesthetized and placed in a 3T clinical scanner (Intera, Philips Healthcare, The Netherlands). 19F MRI was performed 
using a circular transmit/receive surface coil (diameter 16 cm). This coil was placed in a rigid housing which was slightly curved for a 
better fit to the body. The same housing contained the 1H transmit/receive butterfly coil (24x18cm) which was used for anatomical 
localization. The F-uTSI technique was used: 20 echoes/excitation, a 3D dataset with a resolution: 40x40x20mm, voxel size: 8x8x10 
mm, TR/TE/ES: 110/5/5 ms, NSA: 4, scan-time: 11 min 44 sec. Spatial reconstruction was done using the standard software available 
on the scanner. These data were exported and 19F images were created by integrating the signal intensity of the -CF2 resonances of 
the perfluorodecalin, using the 3DiCSI software package from Columbia University, New York, USA. High-resolution T1-weighted GRE 
images were acquired for anatomical reference; resolution 1.75×3.5×7.0mm, TR/TE=8/2.3 ms, α=25. Results The 19F and 1H images 
showed that the PFC emulsion could be easily detected and had mixed with the bowel content. Conclusion In-vivo imaging of PFC 
compounds in the bowel is possible. Detection in a 50 kg pig implies that detection in humans will also be possible, as physiology and 
volume are similar to humans. 1 AM Morawski, Magn Reson Med(2004) 2 M Yildirim, Proc. Intl. Soc. Mag. Reson. Med(2008) 3 R 
Lamerichs, Proc. Intl. Soc. Mag. Reson. Med(2009) 4 M Yildirim, Proc. Intl. Soc. Mag. Reson. Med(2010) 

 

19F 3D data (in color) overlayed on a sagittal and coronal anatomical image. The yellow lines indicate the respective positions of the coronal and sagittal 
slice.. The above coronal image shows the 19F signal from slice 12 of the 3D 19F data set. The lower image shows the PFC signal of slice 15. 
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Establishment of a Novel Chinese Human Lung Adenocarcinoma Cell Line CPA-Yang1 from 
Parental Cells to any Passage Allalong Keep Human Cellular Character with Directed Highly 

Bone Metastases in Immunodeficient Mice 

Shunfang Yang1, Meiping Shi2, Jie Cao1, Qiming Ni3, Lanxiang Zhao2, Guangyu Tao3, Zhengbo Song4, Jie Shen5, Jianding Ye3, 
Wenhui Xie1, Ning Zheng6, 1nuclear medicine, Shanghai Chest Hospital, Shanghai, China; 2pathology, Shanghai Chest Hospital, 
Shanghai, China; 3Radiology, Shanghai Chest Hospital, Shanghai, China; 4Shanghai Lung Tumor Clinical Medical Center, Shanghai 
Chest Hospital, Shanghai, China; 5Radiology, Shanghai Public Health Clinical Center of Fu Dan University, Shanghai, China; 6Shanghai 
Thoracic Tumor Institute, Shanghai Chest Hospital, Shanghai, China. Contact e-mail: yzyg@sh163.net 

Objective: Lung cancer is a common malignancy and is the major determinant of overall cancer mortality world widely. Approximately 
70% of lung cancer patients will die from metastatic disease. To establish a Chinese lung adenocarcinoma cell line with high bone 
metastasis potency for exploring the mechanism of occurrence and development in lung cancer. Methods: The cell came from the 
pericardial effusion of a fifty years old male patient with lung adenocarcinoma complicated skull metastasis.The primary culture the cells 
were obtain success on second day. Immunodeficient mice tumorigenesis was assayed in the first passage. Analysis of chromosome 
karyotype was tested. Tumor marker was detected by radioimmunoassay. X ray and micro PET/CT and micro pinhole bone 
scintigraphy can detected bone metastasis in nude mice. The gene expression was measured by Affymetrix GeneChip U133 plus2.0. 
Results: The first passage cells were planted in immunodeficient mice via subcutaneously after 44 day and the tumor size was 
measured about 2 cm2. The tumorigenesis rate was 100% as well as later passages. Under the microscope, the cell showed larger and 
semi-suspension, semi-adherence. Approximately 0.8x106 cancerous cells were injected into left cardiac ventricle or tail vein of 
immunodeficient mice resulted start to appear lower limb paralysis and spine swelling deformation in the mice after inoculation three-
four weeks. The bone metastasis rate was 90% in the tumor bearing mice by micro pinhole bone scintigraphy, conventional human X 
ray instrument radiography and pathology. There was about 30% with brain metastasis. The chromosome karyotype analysis of the 
cells was sub-triploid. The tumor marker CEA was detected higher secretion by radioimmunoassay in the cell culture suspension. It is a 
single-cell-derived progenies by single cell clone selected. TFF1, QPCT, E-cadherin, SOX-2, PTHLH, CCL5, ALDH1A1, UGT1A1, 
KRT19, AGR2, IGFBP2, TSTD1, KRT4, WDR72, SERPINA1, etc. genes were overexpress compare with SPC-A-1 cell line. The novel 
cell was named CPA-Yang1. Conclusion: Tne novel strain CPA-Yang1 is an from parental cell to any passage all along keep human 
cellular characteristics with bone and brain metastasis of Chinese lung adenocarcinoma. It has stable traits, directed highly metastasis 
ability and an osteolysis experimental model for lung cancer research. 
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Preclinical Evaluation of [F-18]-2’-fluoro-5-methyl-1-beta-D-arabinofuranosyluracil (18F-FMAU) 
in Mouse Models of Implanted Human Prostate Cancer Xenografts 

Hossein Jadvar, Li-Peng Yap, Ryan Park, Zibo Li, Kai Chen, Peter S. Conti, Radiology, University of Southern California, Los Angeles, 
CA, USA. Contact e-mail: jadvar@usc.edu 

Objective: Imaging-based characterization of prostate cancer may allow improved decision-making in time and type of therapy. We 
evaluated the biodistribution and tumor uptake of cellular proliferation imaging marker 18F-FMAU in xenograft mouse models of human 
prostate cancer. Methods: Castrated (C) and noncastrated (NC) athymic mice were implanted with 3x10E6 PC3 and CWR22 human 
prostate cancer cells allowing xenografts to reach 0.5 cm3. MicroPET imaging was performed at 2h (4 C, 6 NC) and 3h (4 C, 5 NC) 
after IV injection of 200 μCi 18F-FMAU. SUVmax were obtained from ROIs placed over organs and tumors. Animals were sacrificed 
after imaging for biodistribution studies. Control 2h (3 C, 3 NC) and 3h (4 C, 4 NC) imaging and biodistribution studies were performed 
in non-tumor bearing animals. Results: Control studies demonstrated significantly higher 18F-FMAU uptake (%ID/g and SUVmax) in all 
major organs of C in comparison to NC (liver: p=0.002; muscle: p=0.0006) suggestive of significantly less tracer clearance and higher 
background (blood, muscle, liver) activity in C. For CWR22 xenografts, only 3h tumor:liver (p=0.003) and tumor:blood (p=0.001) ratios 
were significantly higher in NC than C. For PC3 xenografts, no significant difference was seen in tumor-to-background ratios (TBRs) 
between C and NC. Tumor:muscle (p=0.008) and tumor:liver ratios (p=0.0003) were significantly higher for CWR22 than PC3 tumors 
only in NC mice at 3h. Conclusions: Castration results in lower organ clearance of 18F-FMAU. Delayed imaging at 3h improves TBR 
which is significantly higher for androgen-sensitive than androgen-independent tumors in NC mice with the difference abated in C, 
suggestive of association of 18F-FMAU biodistribution to androgen. (Supported by NIH/NCI Grant No. R21-CA142426). 
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Expression of VEGF is beneficial for improved healing of devitalized allograft evaluated by 
targeted florescence agent 

Mette Koefoed2, Mette Hagensen4, Thomas G. Jensen2, Ben Newton3, Kevin Buchan3, Michael Pedersen1,4, 1MR Research Center, 
Aarhus University Hospital, Aarhus N, Denmark; 2Department of Human Genetics, Aarhus University, Aarhus, Denmark; 3Medical 
Diagnostics, GE Healthcare, Buckinghamshire, United Kingdom; 4Institute of Clinical Medicine, Aarhus University Hospital, Aarhus, 
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Introduction: Bone allografts tend to fracture a few years after implantation due to a lack of vascularization and remodeling. In this 
study, we investigated the possible effect of enhancing both neovascularization using vascular endothelial growth factor (VEGF) which 
primarily promotes the formation of new vessels and basic fibroblast growth factor known to enhance neovascularization and the 
formation of cartilage and bone, and compare findings with an autograft and allograft model. Neovasculation is indirectly measured by 
non-invasive fluorescence imaging. Methods and materials: C57BL/6 mice (n=24) were divided into 3 groups: Autograft, Allograft and 
VEGF. Briefly, incision was made on the right leg, the femur was exposed, and a middiaphyseal segment was removed by 
osteotomizing the bone. A 4-mm segment of bone graft was obtained either from the same femoral shaft of the animal (Autograft) or 
from that of a different strain of mouse (Allograft). After the segment was placed into the midshaft of the femur, the bone graft was 
secured with a 22-gauge steel pin through the marrow cavity. Another group of allograft mice received multiple injections of antibodies 
against VEGF (R&D Systems). A fluorescent agent, AH112613(GE Healthcare; RGD analogue linked to Cy5**) that targets 
neovasculature via the αVβ3 receptor expressed on endothelial cells, was injected (1.5 μg) in the tail vein. Fluorescence imaging (IVIS 
Spectrum system) was performed at 14, 28 and 42 days after surgical procedures, and image analysis was performed by ImageJ 
(rsbweb.nih.gov/ij). Regions-of-interests of equal sizes were placed around the upper right leg, and histogram analysis revealed the 
frequency distributions (ni) of the fluorescence signal (S): a right-shift (x-axis) was considered as an increased distribution area (eg area 
of neovasculature), and an increased cumulative product M=ΣSi×ni was considered as an increased fluorescence mass (eg 
concentration of new blood vessels). Results and Discussion: Fluorescence imaging showed a general uptake of AH112613 in the right 
femur (Fig A). The average signal of the right leg was plotted in a histogram for each group: Autograft (Fig B), Allograft (Fig C) and 
VEGF-treatment (Fig D). In brief, all groups showed a right-shift in the distribution plot (histogram) between 14 and 42 days. However, 
the medians were distributed as: Allograft < Autograft <VEGF-treated, indicating that the neovasculature area was larger in the VEGF-
treated group. Interestingly, histograms showed an increased mass of neovasculature: M(Allograft)< M(Autograft) < M(VEGF-treated), 
indicating that more vessels are generated in the VEGF-treated group. Finally, only the VEGF-treated group continued to increase 
mass of the neovasculature between 14 days (100%), 28 days (163%) and 42 days (134%), supporting the view that VEGF has a 
prolonged angiogenetic effect. Conclusions: Using a highly sensitive fluorescent imaging agent (AH112613) that detects angiogenesis, 
we demonstrated an enhancing effect on the neovascularization following VEGF expression in a devitalized allograft bone model. 

 

Figure: Example of whole animal fluorescence projection 2D image (A), where bright signal represents a high concentration of the fluorescence RGD-
Cy5-peptide. Images were acquired at 14, 28 and 28 days following removal of a middiaphyseal segment from the right leg. The average signal of the 

right leg was plotted in a histogram for each group: Autograft (B), Allograft (C) and VEGF expression (D). In brief, the Allograft group showed a low 
intensity at 14 days with a right-shift up to 42 days, indicating an increasing distribution area (neovasculature area). The Autograft showed a general 
higher intensity compared to the Allograft (suggesting that the concentration of new blood vessels is higher). Last, the VEGF group showed a similar 
profile at 14 days, but showed a further increase in intensity and distribution area, indicating that VEGF augments the amount of newly formed blood 

vessels in the femur. 
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Optimizing Microcapsule Formulations for Cell Therapy Using BLI and CEST MRI 

Kannie WY Chan1,2, Guanshu Liu1,3, Xiaolei Song1,2, Heechul Kim1,2, Dian R. Arifin1,2, Assaf A. Gilad1,2, Piotr Walczak1,2, Peter C. van 
Zijl1,3, Jeff W. Bulte1,2, Michael T. McMahon1,3, 1Russell H. Morgan Department of Radiology and Radiological Science, Division of MR 
Research, The Johns Hopkins University School of Medicine, Baltimore, MD, USA; 2Division of MR Research, 2Cellular Imaging 
Section and Vascular Biology Program, Institute for Cell Engineering, The Johns Hopkins University School of Medicine, Baltimore, MD, 
USA; 3F.M. Kirby Research Center for Functional Brain Imaging, Kennedy Krieger Institute, Baltimore, MD, USA. Contact e-mail: 
kanniec@mri.jhu.edu 

Encapsulated cell therapies have been of interest for a number of diseases including both diabetes and liver failure1,2 with alginate 
microcapsules employed to immunoprotect the transplanted cells. There is an ongoing clinical trial based on transplanting encapsulated 
porcine islets into patients with diabetes, with one of the patients having been monitored for 9.5 years after administration3. The 
formulation of these capsules dramatically affects the success of the therapy and it may be necessary to optimize them according to the 
cell line being used. We have shown previously that chemical exchange saturation transfer (CEST) contrast can be used to monitor 
pH4, and were interested in determining whether the use of CEST MRI and BLI would allow us to optimize capsule formulations in vivo. 
We have tested this through transplantation of a series of formulations of cell microcapsules loaded with luciferase-transduced 
hepatocytes in mice. pH-sensitive DIACEST microcapsules were modified based on a formulation used previously3, i.e. alginate-poly-L-
lysine-alginate (APA) microcapsules, with the addition of L-arginine containing liposomes5. 2000-2500 hepatocyte loaded DIACEST 
capsules were transplanted into Balb/C mice. Luciferase expressing hepatocytes were used as an independent validation for cell 
viability using bioluminescence imaging (BLI). A separate study was carried out in animals transplanted with cell-free microcapsules, 
and the CEST contrast and BLI signal were measured for one month following transplantation. The resulting images were compared 
between two groups of animals, one transplanted with empty capsules (-Cells) and a second with hepatocyte loaded capsules (+Cells), 
respectively (Fig. 1). In vivo, the average contrast of the capsule region in the +Cells group was 9% lower than that of the -Cell group 
(n=4, Fig. 1c). BLI also displayed a drop in viability over this period (Fig. 1d). References [1] Strom SC et al. Semin Liver Dis 
1999;19:39-48. [2] Duvivier-Kali VF et al. Diabetes 2001;50:1698-1705. [3] Elliott RB et al. Xenotransplantation 2007;14:157-161. [4] 
McMahon MT et al. 2006;55:836-847. [5] Chan KC et al. ISMRM 2011;Abstract 3227. 

 
Figure 1. CEST imaging and cell viability of DIACEST microcapsules in vivo. Both empty DIACEST capsules (-Cells or control) and capsules loaded with 
hepatocytes (+Cells) were transplanted subcutaneously into Balb/c mice. CEST images for a representative mouse with a, the control (-Cells) group and 

b, the +Cells group on days 0, 1, 7, and 14 after transplantation; c, average CEST contrast (%) for mice in control group (n=3) and in the +Cells group 
(n=4) on day 0, 1, 7, and 14; d, bioluminescence images of the representative mouse in b. 
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Non Invasive Near-Infrared Fluorescence Imaging of in situ Labeled Skeletal Muscle 

Rao V. Papineni, John Pizzonia, Jingyi Pan, Carestream Molecular Imaging, Carestream Health, Inc., Woodbridge, CT, USA. Contact 
e-mail: rao.papineni1@carestreamhealth.com 

The prospects of non invasive optical imaging of skeletal muscle activity are investigated. We utilized near-infrared fluorescence 
imaging (NIRF) to monitor the action of topically applied muscle relaxants in athymic nude mice. in situ fluorescence labeling of skeletal 
muscle was performed by intra muscular injection of near-infrared (NIR) tricarbocyanine, cyclic enamine-functionalized dye as its NHS 
ester into gastrocnemius region. Conjugation to the skeletal muscle in its physiological state was monitored by time lapse NIRF imaging 
using a commercially available in vivo multispectral-FX imaging system. The steady amounts of near-IR florescence emitted indicated 
the wash of any residual unreacted NIR dye from the site of injection. Topical application of the over-the counter muscle relaxants 
resulted in significant changes in the fluorescence emission as monitored non-invasively. We propose here that such approaches can 
be used in drug discovery and routinely to monitor the toxicity, and/or side-effects of the newly designed drugs in pharmaceutical 
industry. 
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Treatment with bone marrow-derived alternatively activated (M2) macrophages after transient 
ischemia: A USPIO-Enhanced longitudinal MRI study in rats 
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Nighoghossian1, Marlène Wiart1, Yves Berthezène1, 1Université de Lyon, Lyon 1, CNRS, UMR 5220; INSERM, U630; INSA de Lyon; 
Creatis, FRANCE, , LYON, France; 2Inserm, U842-NeuroOncologie and NeuroInflammation, Lyon F-69372, FRANCE, , LYON, France; 
3Université Joseph Fourier, Grenoble Institut des Neurosciences, UMR-S836, Grenoble, F-38042, FRANCE, , GRENOBLE, France. 
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Introduction: Cerebral ischemia results in a complex inflammatory cascade that mainly involves cells from the mononuclear phagocyte 
system. Recent studies showed versatile and plastic character of macrophages enabling them to adapt the inflammatory response to 
their environment. In particular macrophages are referred to as polarized into one of two distinct phenotypes, classically activated (M1) 
macrophages and alternatively activated (M2) macrophages. The latter are thought to be important in debris scavenging, wound 
healing, and angiogenesis1. Magnetic resonance (MR) signal changes after intravenous ultra small superparamagnetic iron oxide 
(USPIO) injection are related to inflammatory cells after permanent cerebral ischemia in mice2. In this study, we sought to investigate 
for the first time treatment with alternatively activated macrophages (M2) by longitudinal MRI. Methods: On day 0 (D0), rats (n=24) were 
subjected to a one-hour transient middle cerebral artery occlusion (tMCAO). They were treated and longitudinally followed according to 
the protocol described in Figure 1. 2 million M2 macrophages obtained from a sacrificed littermate of recipient rats were intravenously 
administered to treated animals on D4. MRI was performed at 7T and included T2-, T2*- mapping sequences and diffusion-weighted 
imaging. All animals were evaluated for functional sensorimotor recovery on D2, D11 and D16. Results: Neither analysis of lesion size 
nor behavioral tests showed significant benefits of M2 treatment compared to placebo (PBS). Furthermore, MRI coupled with 
intravenous USPIO injections didn’t show persistent MR signal changes in the infarct zone neither on T2 nor T2* mapping images. T2 
quantification showed a significant drop for P904 injected animals one day after the first injection and signal returns to baseline until 
D15 despite follow-up injections. T2* quantification showed only the vascular effect of USPIO and didn’t show iron accumulation in 
lesion area of USPIO injected animals but vascular effect of iron seem to be stronger in the lesion site compare to contralateral 
hemisphere. Immunohistological analysis is in progress to ascertain changes in neurodegeneration and structural plasticity. 
Conclusions: On the one hand, in contrast with previous behavioral or histological cellular therapies studies using blood marrow derived 
cells3, 4, treatment with alternatively activated macrophages didn’t show therapeutic benefits in this rodent model of stroke. On the 
other hand, our results were consistent with that of previous studies showing that MRI coupled with USPIO intravenous injections was 
unable to image the inflammatory response in transient models of stroke5 (in contrast with permanent models2). References: 1. Ho 
VW, Sly LM. Methods Mol Biol. 2009;531:173-85 2. Desestret V, et al. Stroke. 2009;40:1834-41 3. Keimpema E, et al. Neuropathol 
Appl Neurobiol. 2009;35:89-102 4. de Vasconcelos Dos Santos A, et al. Brain Res.1306:149-58 5. Farr TD, et al. NMR Biomed.24:35-
45 

 

Disclosure of author financial interest or relationships: 
A. Riou, None; F. Chauveau, None; T. Cho, None; M.I. Marinescu, None; S. Nataf, None; C. Remy, None; E. Barbier, None; N. 
Nighoghossian, None; M. Wiart, None; Y. Berthezène, None.  

Proceedings of the 2011 World Molecular Imaging Congress S703



Presentation Number P766 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

Efficient T Cell Labeling with Ultrasmall Supermagnetic Iron Oxide (USPIO) Particles Enables 
MRI imaging of Cytotoxic T Cell Targeting to Specific Tumors 

Omer Aras, Marcelino Bernardo, Baris Turkbey, Peter Choyke, Noriko Sato, Molecular Imaging Program, NCI/NIH, Bethesda, MD, 
USA. Contact e-mail: dromeraras@gmail.com 

Purpose: For the improvement of adoptive immune cell therapies, increased knowledge on the behavior of the transferred cells, such as 
migration and function, and their ultimate fate in vivo is essential. The aim of the present study is to evaluate a FDA approved ultra 
small superparamagnetic iron oxide (USPIO), Feromoxytol, for T cell labeling and to demonstrate by MRI the targeting of cytotoxic T 
cells to the tumors expressing the specific antigen, following an adoptive transfer, in a simple murine model system. Material and 
Methods: CD8 T cells specific to ovalbumin (OVA) were isolated from spleens of OT1 T cell receptor transgenic mice. In order to 
determine the optimal conditions for effective T cell labeling, CD8 T cells were incubated with 0 or 5 µg/mL of protamine sulfate (PS) 
and USPIO (Feromoxytol) at different iron concentrations ranging from 0 to 100 µg/mL. The effects of USPIO labeling on cell viability 
were examined by Trypan blue staining. OT1 CD8 T cells labeled with USPIO in combination with PS were adoptively transferred into 
Rag1 knockout mice bearing intra-muscular OVA-expressing B16-F melanoma (B16-OVA) tumor and control non-OVA expressing B16-
F (B16) tumor in both thigh. Migrations of T cells were tracked in vivo by 3 T MRI (TSE, T1FFE, and T2* -GRE WI) 24 h after the 
transfer. Results: MRI measurements of labeled T cells revealed the strongest signal reduction in cells incubated with 100 µg/mL of 
USPIO and 5 µg/mL of PS for 2 h. The labeling did not induce cell death. MRI showed significant decrease of signal intensity within the 
B16-OVA tumor and its adjacent lymph node due to the accumulation of USPIO-PS labeled OT-I CD8 T cells in these tissues when 
compared to the control B16 tumor and its adjacent lymph node in the contra-lateral side (Figure 1). In addition, a significant decrease 
in the signal intensity in the spleen was demonstrated, as the spleen is a major organ to which T cells migrate after an adoptive 
transfer. No signal intensity change within the liver was shown, indicating the absence of free USPIO particles. Conclusion: These 
results indicated that: 1) T cells could be effectively labeled with USPIO-PS with an incubation time of 2 hr and efficient USPIO labeling 
of these cells requires PS.; 2) We have demonstrated, for the first time, imaging of USPIO labeled cytotoxic T cells specifically targeting 
to tumors in vivo. Efficient labeling of functionally active T lymphocytes and their detection by MRI allows the in vivo monitoring of T 
cells and, subsequently, would contribute to the improvements of immune cell therapies. 
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Can Endogenous Stem Cells in a Mouse Model of Stroke Be Visualized Using 
Bioluminescence Imaging? 
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Koen Van Laere2,1, Veerle Baekelandt3, 1Molecular Small Animal Imaging Center, MoSAIC, KULeuven, Leuven, Belgium; 2Nuclear 
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Introduction: In recent years it has been shown that neurogenesis, which occurs in two specific brain regions, namely the subventricular 
zone and the subgranular zone of the hippocampal dendate gyrus, is a normal process that can be altered after brain injuries such as 
stroke. There is ample evidence in experimental stroke models that ischemic injury can (1) increase the proliferation of endogenous 
neural stem cells, (2) induce a long-distance migration of newly born immature neurons to the peri-infarct cortex, crossing tissue 
boundaries of striatum, white matter and cortex and (3) induce differentiation into glial cells and neurons. The modulation of 
endogenous neurogenesis, migration and survival of stem cells has considerable therapeutic potential. Research into new therapies 
based on endogenous neurogenesis would definitely benefit from efficient imaging tools that allow non-invasive monitoring of a single 
animal over a longer time period. In this study we aimed to monitor endogenous neural stem cells in a photothrombotic stroke model in 
mice using bioluminescence imaging. Methods: 6-8 week old female Nestin Cre transgenic mice that express Cre recombinase under 
the control of the rat nestin promoter were injected in the subventricular zone with a FLExSwitch><eGFP-T2A-Fluc lentiviral vector. This 
allows co-expression of both eGFP (immunohistochemical analysis) and Fluc (bioluminescence imaging) in a stem cell-specific manner. 
Animals received a baseline BLI scan before photothrombotic stroke surgery in the right cerebral cortex. Next, animals were scanned at 
regular time points until 3 months after surgery with both bioluminescence imaging and magnetic resonance imaging (for anatomical 
information). Finally, the animals were perfused at different time points and the labeled cells were further characterized in the peri-
infarct area by immunohistochemistry. Results: Stroke animals showed a 4-fold increase in photon flux at 2 days after surgery and even 
a 6-fold increase at 1-2 weeks post-surgery, compared to sham-operated animals. This increase was also confirmed by 
immunohistochemistry for eGFP. Moreover, a clear relocation of the BLI signal to the stroke area was detected in some animals 2 
weeks after surgery in comparison to previous time points. Afterwards, the signal slowly decreased until at least 3 months after surgery. 
Further detailed analysis on a larger group of animals is ongoing. Conclusions: Our results obtained so far support the ability to follow 
the increased proliferation and the fate of endogenous stem cells that occur after stroke via bioluminescence imaging. 
Acknowledgements: We gratefully acknowledge the financial support by the European Commission for EC-FP6-STREP-STROKEMAP 
and DiMI LSHB-CT-2005-512146, BRAINSTIM SBO-IWT-060838, the FWO Vlaanderen project G.0484.08 and the K.U. Leuven Center 
of Excellence ‘MoSAIC’ (Molecular Small Animal Imaging Center). 
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Samuel Crayton, Andrew Elias, Andrew Tsourkas, Bioengineering, Univ of PA, Philadelphia, PA, USA. Contact e-mail: 
atsourk@seas.upenn.edu 

Recent advances in material science and chemistry have led to the development of nanoparticle platforms with diverse physical-
chemical properties, e.g. size, charge, shape, and surface chemistry. The rapid expansion in the number of compositions has made it 
increasingly difficult to determine which physical-chemical properties are best for imaging and therapeutic studies. This is not only 
because of the large number of samples that need to be assessed, but also because of the large experimental variability associated 
with in vivo studies (e.g. differences in tumor size, injected dose, subject weight, etc.). To address this issue, we have designed a novel 
lanthanide-doped nanoparticle system that allows, in vivo, for the quantitative comparison of multiple compositions simultaneously. 
Specifically, superparamagnetic iron oxide (SPIO) nanoparticles with a range of different sizes and charges were synthesized, each 
with a unique lanthanide dopant. The inclusion of the lanthanides had no obvious effect on the magnetic, physical, or chemical 
properties of the SPIO nanoparticles. Twenty-four hours following the simultaneous injection of the various SPIO compositions into 
tumor-bearing mice, the tumors and other organs were resected and analyzed via inductively coupled plasma mass spectroscopy (ICP-
MS). ICP-MS was used to quantitatively and orthogonally assess the amount of each lanthanide-doped SPIO that was delivered to the 
tumor and other organs. Repeated blood sampling was also used to assess the circulation time of each nanoparticle. Finally, the 
method was extended to include other nanoparticle platforms (i.e. liposomes, polymersomes, dendrimers) by incorporation of the 
lanthanide with metal chelators. This approach provided a simple, cost-effective, and non-radiative alternative to radiolabeling for the 
quantitative assessment of tumor localization and biodistribution. It also allowed for the analysis of multiple nanoparticle compositions 
simultaneously, removing subject-to-subject variability, and greatly improving statistical power. 
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Longitudinal quantitative study of bone growth by micro-CT: application in a model with bone 
abnormalities (Tabby mouse) 

Catherine-Isabelle Gros2, Fabien Bornert2, André Constantinesco1, Matthieu Schmittbuhl2, Philippe Choquet1, 1Biophysics and 
Nuclear Medicine, Hôpitaux Universitaires de Strasbourg, Strasbourg, France; 2INSERM UMR 977, Faculty of Dentistry, University of 
Strasbourg, Strasbourg, France. Contact e-mail: pchoquet@unistra.fr 

INTRODUCTION: MicroCT (µCT) is a powerful tool for bone analysis as well as for in vivo imaging. Even if this technique is now largely 
available, very few longitudinal studies have been conducted on skeletal growth. We performed a follow up of skeletal development with 
micro-CT on the Tabby mouse, model of X-linked hypohidrotic ectodermal dysplasia (XLHED). This pathology, in mice just as in human 
beings, shows skull dysmorphosis and tooth abnormalities, among other characteristic malformations. Initial analysis of bone growth 
lies in measuring distances between landmarks at specific locations. METHODS: 15 Tabby and wild-type (WT) mice were followed 
during 6 months. They were weighted and imaged weekly using micro-CT (eXplore CT 120, GE Healthcare, Waukesha, USA) from 1 to 
4 months-old and then bi-monthly (18 acquisitions for each individual) under gaseous anaesthesia (air + isoflurane 1.3%). The protocol 
used acquired 360 views on 360°, at 80 kV, 32 mA, with an exposition time of 16 ms. 2 or 3 bed positions were used for whole body 
acquisition in a total scan time of 3 to 5 minutes. Radiation doses were estimated to 0.1 Gy per bed position according to the 
manufacturer data. Measurements were performed using MicroView© (GE Healthcare, Waukesha, USA). At each time point, 
characteristics distances between anatomical landmarks of skull (length, height and width), and femur and humerus (lengths) were 
computed with the help of 3D isosurface rendering. Statistical mean comparisons between groups were performed. RESULTS: 
Preliminary results showed differences between Tabby males and WT males in bones length. Tabby heterozygous females were not 
significantly different from WT females. CONCLUSION: This is the first time that growth rate analysis was performed in Tabby mice and 
controls. Of course, the use of ionizing radiations repeatedly, in the same individuals, is a factor that could modified the observed 
phenomenon, which was already reported for bone architecture and bone tumor (Klinck et al., 2008; Johnson et al., 2011). But these 
effects needs to be further evaluated. Another important limit is that we didn’t acquired data before the age of 1 month, due to practical 
limitations: the small size of structures in young mice calls for high spatial resolution, which is not in the usual range of in vivo systems. 
Furthermore high spatial resolution requires higher radiation dose. The impact of radiation should so be explored to document the 
possibilities of these longitudinal studies. REFERENCES: Johnson L., Johnson RW., Munoz SA., Mundy GR., Peterson TE., Sterling 
JA., 2011. Bone, 48, p. 141-151. Klinck R., Campbell GR., Boyd SK., 2008. Medical engineering & physics, 30, p. 888-895. 
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Development of a red fluorescent labeled agent for assessing HER2 expression in vitro and in 
vivo 

Nara Narayanan, Garry Cuneo, Jeff Morin, Kristine Vasquez, Milind Rajopadhye, Wael Yared, Jeffrey D. Peterson, Sylvie Kossodo, 
Bio-discovery, PerkinElmer, Boston, MA, USA. Contact e-mail: jeff.peterson@perkinelmer.com 

Upregulation of HER2 (p185, HER2/neu, ErbB-2), a tyrosine kinase receptor and member of the EGFR family of receptor tyrosine 
kinases, occurs in approximately 25% women with breast cancer and is often associated with poor prognosis. Higher levels of HER2 
are also associated with other types of cancers. The aim of this study was to develop a red fluorescent labeled imaging agent to non-
invasively image and quantify tumor-associated HER2 expression in vivo. To this end, we used a red fluorescent dye (VivoTag 645; 
ε=210,000 M/cm; abs/em max 643/660 nm) to label the well-known fully-humanized recombinant antibody, Trastuzumab, which is 
currently used to treat breast and stomach cancer. The red-labeled Trastuzumab (VM4003) bound to HER2-expressing human ovarian 
adenocarcinoma SKOV-3, and HER2-non expressing human colorectal adenocarcinoma Colo-205 cell lines, showing effective cell 
labeling by both flow cytometry and fluorescence microscopy. This agent preferentially bound to HER2+ SKOV-3 cells (0.25 μM for 1h) 
over HER2- Colo-205 cells (10 fold), and the specificity of this binding was confirmed by control experiments which included free dye 
and labeled non-specific IgG as well as by effective blockade with unlabeled excess Trastuzumab (25 μM for 5 min before adding 
labeled agent). Fluorescence microscopy confirmed the expected membrane-localization of fluorescence. The in vivo plasma 
pharmacokinetic profile was assessed in mice by measuring plasma fluorescence at different times after intravenous injection with the 
agent (2 mg/kg), and tissue biodistribution was determined on the FMT2500LX in vivo and ex vivo using fluorescence molecular 
tomography and assessment of tissues by fluorescence reflectance imaging, respectively. In vivo, the agent showed a plasma half-life 
of 12 hours, and in vivo and ex vivo biodistribution assessment showed significantly higher signal within the tumors. Tumor signal 
peaked at 6-72 hours following intravenous injection of 2 mg/kg VM4003, decreasing thereafter with a tissue half-life of 3 days. In vivo 
quantification of tumor signal in SKOV-3 and Colo-205 tumors implanted in nude mice showed significantly higher tumor signal in 
HER2+ SKOV-3 tumors than in HER2- Colo-205 tumors (14.36 +/- 4 versus 2.39 +/- 0.74 pmol, respectively at 6h imaging time, 
p=0.007; 18.77 +/- 4.45 versus 3.50 +/- 0.98 pmol, respectively at 24h imaging time, p=0.001). In vivo specificity of binding within 
SKOV-3 tumors was also confirmed by competition with excess intravenous unlabeled Trastuzumab (100 mg/kg, 5 minutes prior to 
VM4003), which achieved 70% signal inhibition in the tumors (tumor signal 16.12 +/- 3.03 versus 4.72 +/- 1.96 pmol, p=0.022 at 24h 
imaging time). Tumor volumes, as determined by direct measurements of tumor size, were comparable between both groups of mice 
(p=0.193). Fluorescence microscopy of ex vivo frozen tissue sections confirmed tumor fluorescence and signal localization associated 
to cell membranes and cytoplasm. In summary, red fluorescent-labeled Trastuzumab selectively targets HER2, allowing both imaging in 
vitro and the non-invasive real-time tomographic imaging and quantification in vivo of HER2 expression. 
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Small animal PET evaluation of [18F]ciprofloxacin in ABC transporter knockout mice 
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Oliver Langer1,3, 1Health & Environment Department, AIT Austrian Institute of Technology GmbH, Seibersdorf, Austria; 2Radiation 
Safety and Applications, Seibersdorf Labor GmbH, Seibersdorf, Austria; 3Department of Clinical Pharmacology, Medical University of 
Vienna, Vienna, Austria. Contact e-mail: thomas.wanek@ait.ac.at 

The fluoroquinolone ciprofloxacin is one of the most frequently prescribed antibiotics as it displays broad antibacterial activity especially 
against gram-negative bacteria. Ciprofloxacin has been shown to penetrate poorly into brain, which may be related to efflux transport by 
ATP-binding cassette (ABC) transporters, such as P-glycoprotein (Pgp) and breast cancer resistance protein (BCRP), located at the 
blood-brain barrier. Aim of this study was to assess the effect of Pgp and BCRP on brain distribution of ciprofloxacin by performing 
small-animal PET scans with [18F]ciprofloxacin in wild-type and transporter knockout mice. <bold>METHODS:</bold> Radiosynthesis of 
[18F]ciprofloxacin was carried out in an automated synthesis module via a two step reaction comprising a nucleophilic exchange 
reaction with [18F]fluoride of 7-chloro-1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid followed by reaction of the 18F-
labelled carboxylic acid derivative with piperazine. Female wild-type (FVB), Mdr1a/b(-/-) and Bcrp1(-/-) mice (n=3 per study group) were 
injected with 20±7 MBq of [18F]ciprofloxacin in 0.1 mL saline and underwent dynamic 90-min PET scans using a dedicated small-animal 
PET scanner. At the end of the PET scan venous blood was withdrawn by retro-orbital puncture and counted for radioactivity in a 
gamma counter. In the reconstructed PET images different organs were outlined to derive time-activity curves in units of standardized 
uptake value (SUV), for which the area under the curve from time 0 to 90 min (AUC0-90) was calculated. <bold>RESULTS:</bold> 
[18F]Ciprofloxacin was synthesized in a decay-corrected radiochemical yield of 0.9±0.6% in a total synthesis time of 170 min. 
Radiochemical purity was >96.5% and specific activity was 109±46 MBq/µmol. Quantitative analysis of PET images showed high 
uptake of [18F]ciprofloxacin in liver, kidneys, intestine and urinary bladder in all mouse types and low uptake in heart and brain. In brain, 
AUC0-90 values were significantly higher in Mdr1a/b(-/-) mice (17.6±0.8 min, p=0.004, Student’s t-test) as compared to wild-type mice 
(8.0±2.8 min). No significant difference in brain AUC0-90 values compared to wild-type mice was found in Bcrp1(-/-) mice (10.7±0.7, 
p=0.18). However, brain-to-blood ratios of activity at 90 min after radiotracer injection were not significantly different between mouse 
types (Mdr1a/b(-/-): 0.71±0.04; Bcrp1(-/-): 1.01±0.17; wild-type: 0.69±0.14). CONCLUSION: Brain uptake of [18F]ciprofloxacin was low 
both in wild-type and transporter knockout mice. Based on our data it cannot be excluded that brain distribution of ciprofloxacin may be 
to a certain extent modulated by Pgp. Further studies need to be performed to fully characterize ciprofloxacin as a substrate of Pgp or 
BCRP. 

 
<bold>LEFT:</bold>Sagital PET summation images of [18F]ciprofloxacin distribution in the brains of Mdr1a/b-- and Bcrp1-- mice. Mice were anesthetized 
with isoflurane and placed in a prone position on the bed of the scanner. Radioactivity uptake in brains of Mdr1a/b-- was sligthly elevated compared to 

Bcrp1-- and wild-type mice. <bold>RIGHT:</bold> Calculated mean AUC0-90 values for transporter knockout and wild type mice (n=3 each). 
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PhotonIMAGERTM : The importance of Real-Time acquisition for identifying the signal plateau 
in Bioluminescent in vivo imaging 

Olivier Merle, BIOSPACE LAB, Paris, France. Contact e-mail: omerle@biospacelab.com 

The emission of light following the reaction between Luciferase and its substrate Luciferin is the result of an enzymatic reaction. The 
signal dynamics following Luciferin injection in vivo will therefore be strongly dependent upon many factors; including temperature, pH, 
and location of Luciferase-expressing cells in vivo. In this study, three BALB/c mice were injected subcutaneously at two locations 
(either side of each mouse) with Mesenchymal stem cells expressing the Luciferase gene. The day of the injection, time profiles were 
generated for each of the signals bounded by circular region of interest (ROI) on the right flank of each mouse during Real-Time 
acquisition. Although an identical number of Mesenchymal cells were injected into each mouse, the intensity of the generated 
bioluminescent signal varied between subjects. The Real-Time profiles highlighted that: the signal plateau occurred at different times in 
each mouse. Secondly, BALB/c mice were injected orthotopically and subcutaneously with caecal tumor cells expressing the Luciferase 
gene. Seven days after injection, following Real-Time signal acquisition, a time profile was drawn. The dynamics of the bioluminescent 
signal varied depending on the organ. Furthermore, the signal plateaus were reached at different times and their duration also differed 
demonstrating the variations in signal dynamics between organs. This study shows that dynamics of bioluminescence in vivo can vary 
significantly from one animal to another and from an organ to another. For best accuracy, the bioluminescence signal should therefore 
be quantified at the signal plateau for each ROI. The Real-Time signal acquisition property of the Photon Imager is the only tool 
currently available for precise control over the time-zone of measurement for each ROI during and post acquisition. Analysis can thus 
be focused on the optimal time range for a more accurate quantitation. 
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Neuroblastoma (NB) is one of the most common solid tumors in children. Despite intensive treatment, most patients with stage 4 NB 
relapse with metastatic disease resistant to multiple drugs, generating a need for alternative therapy approaches. Antibody therapies, 
with their potential for target specificity were shown to be a promising approach to improve the prognosis of NB patients. The surface 
antigen disialoganglioside (GD2) is highly expressed on NB cells, whereas its occurrence on healthy cells is highly limited. Therefore 
GD2 has been a promising target for antibody therapy in NBs and its therapeutic efficiency has been shown in patients with refractory 
NB in early clinical trials. To gain deeper insight into the mechanism of action of GD2 directed antibodies and to evaluate the 
applicability of these antibodies for further treatment approaches like radioimmunotherapy, we compared the behavior of two promising 
anti-GD2 antibodies in terms of in vivo distribution and binding pattern. The in vivo distribution of the human-mouse chimeric anti-GD2 
antibody ch14.18 and the humanized variant hu14.18 was studied in a subcutaneous tumor model. Immunodeficient mice were 
inoculated with IMR-32 NB cells. After 6 weeks of tumor growth, mice were injected intravenously with 20µg 64Cu - DOTA labeled 
antibody. In vivo PET and MR images were acquired 3h, 24h, and 48h post injection. In vitro cell binding and blocking studies were 
performed on IMR-32 and GD2 negative HeLa cells as control. Results were compared to an unspecific control antibody. In comparison 
to ch14.18, the in vivo accumulation of hu14.18 in GD2 expressing tumors is superior. Significant differences in %ID/cc are observed 
after 3h and 24h. After 24h of tracer uptake, %ID/cc within the tumor was highest for both antibodies (5.12 %ID/cc ±1.13 for hu14.18, 
1.99 %ID/cc ±0.78 for ch14.18). The uptake of both antibodies in the tumor is significantly increased in comparison to muscle tissue 
after 24h. In vitro results support this finding. Binding of hu14.18 on GD2 expressing cells is significantly increased compared to ch14.18 
and an unspecific control antibody. On GD2 negative cells, accumulation of hu14.18 is low, whereas there is no significant difference in 
binding intensity of ch14.18 on IMR-32 versus HeLa cells. Blocking experiments using unlabeled antibody confirm that hu14.18 binds 
specifically to GD2 positive cells. It is the first time that two anti-GD2 antibodies, which are used in immunotherapy against NBs, are 
compared in vivo using PET. Further in vivo studies using unspecific control antibodies, GD2 negative tumors and blocking experiments 
in combination with intensive examination of the tumor tissue by immunhistological methods and MR imaging, will support the 
development of alternative therapy strategies. Due to the known radiosensitivity of NBs, we intend to evaluate the efficiency of a 
radioimmunotherapy using an appropriate GD2 directed antibody. This new therapy approach could be a further step to improve the still 
poor prognosis for children with NB. 
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Cheol Ahn, Kyungpook National University School of Medicine, Daegu, Republic of Korea. Contact e-mail: gene7302@hotmail.com 

Objective: The purpose of this study is establishment optical molecular imaging strategy for in vivo monitoring of hair stem cell after 
implantation in animal model. Methods: New born mouse fibroblast (NF) was used to hair follicle regeneration. The NF stably 
expressing enhanced firefly luciferase (effluc) was established using a retrovirus expressing effluc and Thy1.1 reporter genes driven by 
cytomegalovirus (CMV) promoter (NF-effluc). RT-PCR, confocal microscopy, and luciferase assay was performed to verify effluc 
expression and function in NF-effluc. We performed transplantation of NF-effluc along with primary keratinocytes into the flank of nude 
mouse to hair follicle generation. Bioluminescence imaging was performed on day 1, 3, 6 and 12 after the transplantation. In addition, 
hair generation was investigated using immunohistochemistry and microscopy after skin excision. Results: Expression of effluc was 
verified by RT-PCR and confocal microscopy. The luciferase activity from NF-efffluc was about 41,000-fold higher compare to naive NF. 
In vivo bioluminescence signal was decreased over time after implantation (RLU; day 1, 1.58X108 ;day 3, 1.47X108 ;day 6, 1.35X108 
;day 12, 4.5X107), After 14 days, hair generation by hair follicle formation was confirmed by microscopic examination at NF-effluc 
implantation sites in nude mice and the follicle had expression of Thy1.1. Conclusion: We have established NF expressing effluc 
bioluminescene reporter gene. Hair generation by the follicle formation can be feasibly and non-invasively monitored with this optical 
molecular imaging strategy in in vivo animal model. 

 

Fig 1. (A) In vivo imaging of s.c. implanted NF-effluc cells on day 1, 3, 6 and 12 after injection, mice were imaged at 10 min after intraperitoneal injection 
of D-luciferin (5 mg/mouse). (Lt flank: NE+NF cells, Rt flank: NE+NF-effluc cells). (B) The values of RLU on day 1, 3, 6 and 12 after cell implantation. (C) 

Immunohistochemistry of cell implantation sites. The follicle had expression of Thy1.1 (brown colors). 
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In-vivo assessment of liposome-induced blood flow streaming 
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Atherosclerosis is causing 1/3rd of all global deaths and its incidence is rapidly increasing. Liposomes-based molecular imaging in 
atherosclerosis is being used to visualize the presence of macrophages and the associated inflammatory state. In therapy, liposomes 
have been used to perform localized delivery of anti-inflammatory or anticoagulant drugs. Both in imaging and therapy, liposomes have 
been used in association to ultrasounds. Liposomes interact with acoustic waves and might perturb arterial blood flow. The aim of this 
study was to assess the in-vivo blood flow streaming effect of liposomes. Eight mice (C57, weight 22.2±4.3 gr) were i.v. administered a 
bolus of 180 μ l of stealth liposomes (DSPC/Peg 95/5). The liposomes dimension was about 120 nm as determined by dynamic light 
scattering measurements. The injected lipidic dose was 3,6 mg. The blood flow velocity in the right common carotid was measured by a 
24 MHz ultrasound linear probe (VEVO2100, VisualSonics, Toronto, Canada) in baseline conditions and every 5 minutes for a total of 8 
measurements (30 minutes). Each measurement was taken in the same position of the artery as the baseline condition. We used the 
pulsed wave Doppler fluximetry modality to measure the peak systolic (PSV) and end-diastolic velocity (EDV). In order to observe 
possible streaming effects, we measured the blood flow velocity in two conditions: a) with the insonation beam directed according to the 
blood flow direction, and b) with the insonation beam directed in opposition to the blood flow direction. As a control, we repeated the 
same protocol on 3 mice that were administered an equivalent bolus of saline solution. The Doppler data were used to measure the 
PSV and EDV values. Figure 1 shows the averaged time course of the PSV and EDV values for the liposome (fig. 1.A shows the PSV 
and fig. 1.B the EDV) and for the saline injections (fig. 1.C shows the PSV, fig. 1.D the EDV). The black lines are relative to insonations 
made in accordance to the direction of blood flow, the gray lines are relative to insonations made in opposition to the blood flow 
directions. The vertical bars represent the standard error. All the graphs are normalized with respect to the first velocity value (i.e., pre-
injection) and expressed in percentage. Results show that both PSV and EDV increase after the liposomes injection as a consequence 
of an insonation in accordance to the blood flow. Also, the EDV markedly decreases when insonation is made in opposition to blood 
flow (fig. 1.B). Conversely, the PSV and EDV do not show significant variations after injection of saline solution (fig. 1.C and 1.D). 
Liposomes increase blood viscosity and enhance the interaction with ultrasounds. The figure shows that streaming of blood flow is 
present in both diastolic and systolic phases, but is more evident in the diastolic phase, when blood pressure is lower. The streaming 
effect is maximal about 5 minutes after the bolus injection (fig. 1.A and 1.B) and seems to last for about 10 minutes. The streaming of 
blood flow could be useful in vascular therapy to correct impaired vascular flows or to increase perfusion of stenotic districts or organs. 

 

 
Average blood flow velocity variation in the common carotid artery after liposomes (upper row) and saline (bottom row) bolus injection. A) PSV variations 

after liposome bolus. B) EDV variations after liposome bolus. C) PSV variations after saline bolus. D) EDV variations after saline bolus. The black line 
shows the variations when insonation was done accordingly to the direction of blood flow, the gray lines in opposition. 
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On the interpretation of PET binding data in brain: Effects of anesthesia and consideration of 
species differences 
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Neuroscience research has led to important contributions to society by increasing our knowledge of the normal functions of the brain 
and by the improved treatment of neurological disorders. Often this progress is based on animal studies since no adequate alternatives 
exist to model living systems. Göttingen minipigs are attracting increasing interest for in vivo imaging due to their behavioral 
characteristics and large brain size. However, some of the details regarding response to anesthesia and potential similarities with 
different species have not yet been determined. In this study, we evaluated the role of two routinely used anesthetics on the binding of 
two tracers of the monoaminergic system. Adult female Göttingen minipigs were anesthetized with either isoflurane (n=6) or propofol 
(n=6) during PET studies with the D1 receptor tracer, [11C]SCH23390 and the alpha2 adrenoceptor, [11C]yohimbine. Using both the 
Logan reference tissue model and the Patlak model, the specific binding of SCH23390 in the isoflurane-anesthetized group was 
significantly higher than in the propofol-anesthetized group, whereas no detectable differences were observed when considering 
yohimbine volume of distribution using the Logan model. The magnitude of the differences in the SCH23390 data enlightens the 
importance of the effects of anesthesia during animal experimentation and on the possible interpretation of the data. Furthermore, we 
found the kinetic behavior of SCH23390 in pigs to be different from that of huma and non-human primates. Our study definitively 
demonstrates that although it is necessary to develop and evaluate the use of large animal models for longitudinal studies by 
PET/SPECT, one has also to be aware that not only anesthesia but also specific species differences have to be considered in the 
choice of a particular model for a particular application. 
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Sub-Anesthetic Doses of Ketamine: Effects on Rat Brain [18F]-FDG PET Imaging 
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J. Kleiman2, Chris Helal2, Garry Honey2, Christopher Shaffer2, Thomas Bocan1, 1BioImaging CoE, Pfizer Inc., Groton, CT, USA; 2Pfizer, 
Inc., Groton, CT, USA. Contact e-mail: aijun.zhu@pfizer.com 

Rationale: Ketamine induces psychotomimetic effects resembling both positive and negative psychotic symptoms of schizophrenia, 
presumably due to its action as noncompetitive antagonist of the N-methyl-d-aspartate (NMDA) receptor. No in-vivo rat-brain studies of 
glucose metabolism under sub-anesthetic doses of ketamine have been reported using [18F]-fluoro-2-deoxy-D-glucose positron 
emission tomography (FDG-PET) imaging. Materials and Methods: Three groups (n=12/group) of rats were injected subcutaneously 
(SC) with saline or ketamine: A -vehicle group, saline; B - 3.2 mg/kg ketamine; C - 10 mg/kg ketamine. Another three groups of rats 
(n=12/group) were injected intraperitoneally (IP) with saline or ketamine: D - vehicle group, saline; E - 10 mg/kg ketamine; F - 30 mg/kg 
ketamine. [18F]-FDG was administrated 30 min and 7 min post-ketamine dosing in the SC- and IP-dosed groups, respectively. After 45 
min of [18F]-FDG uptake time, rats were scanned for 15 min in a Siemens Focus 220 PET scanner. PET images were reconstructed 
(voxel-size = 0.5mmx0.5mmx0.5mm), co-registered and mean-normalized, and the NIH-AFNI software was used for statistical 
analyses, with a spatial cluster-size threshold of 18 voxels. Based on comparison to respective vehicle groups, percentage values of 
excited/depressed voxel numbers over sub-regions were calculated, as well as the averaged mean-normalized standard uptake values 
(SUV) as intensity over excited/depressed areas. Additionally, comparison between the two vehicle groups was performed. Results: 
Under both ketamine dosing routes, [18F]-FDG uptake decreased in cerebellum, thalamus and hypothalamus, while increased in frontal 
cortex. Upon SC injection, the 3.2mg/kg ketamine dose caused 30% of cortex for increased [18F]-FDG uptake, while the 10mg/kg 
ketamine dose caused 60% of cortex; the 3.2mg/kg ketamine dose caused 17% of cerebellum, 60% of thalamus, 25% of hypothalamus 
for decreased [18F]-FDG uptake, and the 10mg/kg ketamine dose caused more decreased [18F]-FDG areas, 35% of cerebellum and 
55% of hypothalamus. Following IP injection, the frontal cortex region showed increased [18F]-FDG uptake at both the lower and higher 
doses. The intensity, mean-normalized SUV over the excited regions, shows dose-dependent correlation. Lastly, the [18F]-FDG uptake 
patterns between the two vehicle groups show differences due to both the dissimilar ketamine administration routes and injection time 
before [18F]-FDG. Conclusion: Ketamine treatments change regional glucose metabolism over the whole brain in rats. Different 
methods of ketamine treatment result in different patterns of glucose metabolism in rat brain: SC-ketamine excites more locomotive 
cortex while IP-ketamine excites more medial frontal cortex. 
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In vivo longitudinal 2-deoxy-2-[18F]fluoro-D-glucose (FDG) PET characterization of primary 
human tumor explant xenografts in mice 
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Introduction Primary human tumor explants (PHTX) are becoming increasingly relevant in oncology drug discovery and development. 
PHTXs may better represent human tumors due to a number of factors, including 1/ they are not adapted for cell culture, 2/ they have 
been exposed to limited passaging, 3/ they may be more similar to human tumors than cultured cells in terms of genetic mutations, 
heterogeneity and slower growth rates, and 4/ they may be more relevant in terms of sensitivity to therapy. FDG PET is one of the most 
frequently used biomarkers in cancer patient management, yet there are few reports of characterization of primary human tumor lines 
by FDG PET. In the current study we evaluate and present the in vivo results from four PHTX lines in terms of growth kinetics and 
longitudinal assessment of FDG PET. Material/Methods Primary human tumors were propagated by passaging pieces from mouse to 
mouse. For each tumor type, a 13-gauge tissue trocar (Popper and Sons, New Hyde Park, NY) was used to inoculate mice with ~1mm3 
pieces of tumor, and when the average tumor size reached ~200mm3, eight mice were chosen for analysis and serial PET imaging was 
initiated. After ~6h of fasting, conscious animals received approximately 300μCi FDG by tail vein injection. Images were acquired 1h 
post-FDG injection. PET imaging was performed using the R4 microPET or the Inveon PET-CT (both of Siemens Medical, USA). 
Attenuation-corrected PET data was reconstructed with a 2D ordered-subset expectation maximization (OSEM) method, resulting in 
whole body images 128x128x63 voxels, using MicroPET Manager or Inveon Acquisition Workplace (both of Siemens Medical). 
Volumes of interest (VOI) were drawn manually and quantitated with ASIPro (Siemens Medical). Results All tumors grew successfully 
as s.c. xenograft implants. Tumor growth kinetic data is presented in Figure 1A. Both tumor types grew at a similar rate over the time 
frame studied. Figures 1B and 1C illustrate whole tumor VOI FDG average and maximum standardized uptake values (SUVmax) and 
(SUVave) over time. While PHTX-11C tumors appear to present with a stable FDG signal, the PHTX-09C tumors show a large 
decrease at day 14. Qualitative observations (Figure 1D) of the FDG maps show a largely homogeneous signal across PHTX-11C 
tumors during the days studied. In contrast, the PHTX-09C tumors show a large decrease in SUVave signal with only peripheral FDG 
accumulation; such an observation may suggest the onset of necrotic centers. Conclusion This is the first report of FDG-PET 
measurements in PHTXs. Initial uptake and longitudinal assessment of FDG and other PET tracers is important when assessing the 
value of these tumor models when measuring biomarkers of antitumor activity. The heterogeneity complicates whole tumor analysis 
and may require more advanced signal extraction when deducing antitumor activity as measured with PET tracers in these models. 
Other PHTX lines and PET tracers are currently being evaluated. H&E histology data will be presented. 

 

 
FIGURE 1. (A) Tumor volume measurements. (B) Tumor SUVave values. (C) Tumor SUVmax values. (D) Representative pairs of slices of tumors on 

days 0 and 21. 
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A bone metastatic TRAMP mouse model for prostate cancer 
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Australia. Contact e-mail: a.kwek@unsw.edu.au 

Metastasis to bony sites is a frequent and devastating consequence for many types of cancer. Prostate, breast and lung cancer 
patients are particularly prone to develop bony metastases. Animal models of this disease are essential for understanding the 
mechanisms of metastasis, specifically preferential bone metastasis, and the differential bone phenotype observed with different 
cancers, that is, osteoblastic vs osteolytic. As there are multiple interactions between the skeletal system and the immune system, the 
interaction between the tumour, bone and immune cells should be considered concurrently, and this can only be achieved in syngeneic, 
immunocompetent models. The TRansgenic Adenocarcinoma of Mouse Prostate (TRAMP) mice express the SV-40 large T antigen 
viral oncogene in the prostate and thus these mice develop spontaneous prostate carcinomas. These mice have been reported to 
develop bone metastases, but these are rare. Previous cell lines that have been developed from TRAMP tumours are poorly 
metastastic when injected by the intra-arterial route, a commonly used method for induction of metastases. We have developed an 
alternative TRAMP cell line from a mouse with multiple metastases in multiple organs, the TM (TRAMP metastatic) cell line. This cell 
line, isolated from a TRAMP kidney metastasis, forms tumours when injected by the orthotopic or intraosseous route, and forms bone 
and liver metastases when injected into the arterial circulation. The bone metastases have both osteoblastic and osteolytic effects on 
the bone similar to clinical disease. Soft tissue tumours show a small degree of ossification. This new TRAMP-metastasic model has 
multiple applications including assessing the mechanisms of preferential bone metastasis, evaluating potential therapeutics for primary 
and metastatic prostate cancers, assessing interactions between tumour, bone and immune cells and the determining the effects of the 
anti-tumour immune response on bone tumours and bone integrity. 
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U87-MG Xenograft Tumours 

Juliana Bales, Gareth Parker, Neill Gingles, Sally-Ann Ricketts, Imaging, Personalised, AstraZeneca, Alderley Park, United Kingdom. 
Contact e-mail: juliana.bales@astrazeneca.com 

Fasting animals prior to 18F-FDG injection and during the uptake period has been shown to improve tumour visualization. However, 
fasting animals in imaging studies using novel therapeutic agents could interfere with the pharmacokinetic (PK) and glycolytic properties 
of the drug. The aim of this study was to compare tumour uptake of 18F-FDG in U87-MG xenograft tumours with or without fasting to 
determine whether fasting is essential for imaging protocols using 18F-FDG Positron Emission Tomography (PET). U87-MG xenograft 
bearing mice were randomized into two groups: Group 1 were fasted for four hours prior to 18F-FDG injection and Group 2 were not 
fasted. Mice were anaesthetized and a blood sample taken for blood glucose concentration measurement before 18F-FDG was 
administered as an i.v. bolus. Anaesthesia continued during a 45-minute wash-out period followed by a 20 minute static PET scan. 
Mice were then sacrificed, a blood sample taken for blood glucose concentration and tumour and background tissues taken for 
biodistribution analysis. Biodistribution data were derived from gamma counting excised tissues. Blood glucose concentration in the 
fasted group showed a mean concentration of 6.05 ± 0.35mM pre-18F-FDG administration and 6.28 ±0.19 mM after completion of the 
imaging procedure. The non-fasted group showed a mean concentration of 7.74 ±1.44mM pre- 18F-FDG administration and 6.20 ± 
1.49mM after completion of the imaging procedure. Statistical analysis of these data showed no significant differences either between 
groups or within groups comparing pre-18F-FDG blood glucose or after completion of the imaging procedure. Mean tumour volumes 
were not statistically different amongst the two groups. No significant difference was observed in the 18F-FDG uptake in the tumour 
between the fasted and unfasted groups. Biodistribution data demonstrated a mean tumour uptake in the fasted and unfasted groups of 
6.36 ± 1.07 and 4.83 ± 1.41 %ID/g, respectively. No statistical differences in 18F-FDG uptake in either tumour or background tissues 
were observed between the two groups from these biodistribution data. Although there were no statistically significant differences in 
18F-FDG uptake and blood glucose concentration between the fasted and un-fasted animals, greater tumour uptake was seen in the 
fasted group (15 % increase). Greater variability in blood glucose concentration and tumour 18F-FDG uptake was also seen when 
animals were not fasted. Fasted animals had a CoV of 4.96% and 26.0% for pre-and post-blood glucose measurements respectively. In 
the non-fasted group variability was much higher and had a CoV of 18.4% and 27% for pre-and post-blood glucose measurements 
respectively. The CoV for tumour 18F-FDG measurements was 14.6% in the fasted group and 41% in the un-fasted group. Overall it is 
recommended that fasting should be included within the 18F-FDG imaging protocol to reduce variability in blood glucose levels and 
tumour 18F-FDG uptake and to optimize 18F-FDG uptake into tumour tissue. Fasting animals will also give improved statistical power, 
resulting in the use of fewer animals and/or reduced the risk of failed studies. 
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18F-MISO PET-CT imaging: assesment of an antiangiogenic drug response in a breast cancer 
murine model 
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Tumour hypoxia is a key factor in predicting the tumoral response to treatment. Drugs of vascularisation modulating effects 
predominate in breast cancer therapies. Molecular imaging techniques, specifically 18F-FDG PET-CT, have proven their usefulness in 
the metabolic or aggressiveness assessment of treatment response. 18F-fluoromisonidazole, is a hypoxic tissues signaller, can be 
more specific in tracing the effect of these drugs. Binding of this probe depends on the nitroreductase activity, due to a NO2 group 
reduction in the imidazole ring oh this molecule. Purpose: PET-CT analysis of a preclinical phase drug. 18F-MISO PET imaging 
assessment of drug uptake and distribution in a breast cancer genetically modified mouse model. M&M: We used 8 FVB female 
transgenic mice, possessing a competent immunologic system, a previous CT scan had confirmed the presence of spontaneous and 
orthotopic breast tumours. Mice were divided in sets of vehicle-treated (2) and drug-treated (6) individuals. PET studies were carried at 
days 0, 7 and 38 post-treatment. PET-CT scan protocol, 37 Mbq 18F-MISO dose was intravenously inoculated in the lateral tail vein. 
After allowing uptake for 240 minutes a 10 minutes long CT acquisition was performed, followed by a 15 minutes PET acquisition, 
whole body 2 beds setting. PET volumes were reconstructed with 3D OSEM; CT volumes were generated using the Filtered-back 
Projection Algorithm methodology. Images were analyzed with the aid of the MMWKS Quantification software to perform SUV values. 
Results: We obtained 18F-MISO distribution and uptake whose values were statistically significant showing differences between treated 
and control mice. At week 1 post antiangiogenic treatment all treated mice but one exhibited no 18F-MISO uptake, the outlier mouse 
showed a minimal uptake in one of its tumours. In the control group, uptake at high SUV values was evident in all the tumours. Week 5 
post-treatment showed a general increase of 18F-MISO uptake, albeit was lower than that of the non-treated mice. This difference in 
hypoxic tissue is directly related to tumour growth. Control had a higher and faster tumour growth, with more hypoxic tissue, while the 
treated group of mice presented slower and smaller tumour growth and less hypoxic tissue. Discussion: Comparative studies performed 
on the same individuals led us to conclude that 18F-MISO uptake is increased in the control mice. In the non-treated mice the hypoxic 
areas were numerous and sizeable. On the contrary, in the treated group of mice the increase in the number of hypoxic areas was 
lower than in the case of the treated mice, preserving some normoxic areas within the tumour. The analysis of the drug effect suggests 
a delay in the onset of hypoxic situations, and to, in some occasions, to a possible reversal of the hypoxic state of the tissue. 
Conclusions: 18F-MISO is a useful radiotracer for the assay of theoretically antiangiogenic drugs. This radiolabelled compound also 
facilitates the assessment of hypoxic tissue progression. 
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Imaging Alzheimer's Disease Mouse Models Using 18F-FDG PET 
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Objective: Imaging animal models of Alzheimer’s disease (AD) are useful for the development of anti-amyloid therapeutic drugs and 
understanding AD. Transgenic Tg 2576 mice are a good model of β-amyloid plaques found in AD. Our goals are to develop PET 
imaging methods that will allow the study of this animal model. Towards this goal, we report 18F-FDG imaging of Tg 2576 and wild type 
mice using PET. Methods: Six Tg 2576 mice and six wild type mice between 18-24 months were injected with ≈ 25-30 MBq i.p. 18F-
FDG while awake. After 60 minutes they were anesthetized with isoflurane (2.5%) and imaged with an Inveon dedicated PET scanner. 
Select mice (Tg and WT) were sacrificed, imaged ex vivo, and 40 µm sections cut for autoradiography. Adjacent slices were stained 
with Thioflavin-S (Thio) for β-amyloid plaque. Blood glucose measurements were taken prior to PET. 18F-FDG uptakes in brain regions 
delineated on a mouse template were calculated using ASIPRO and PMOD software. Autoradiographs were read in Cyclone Phosphor 
Imager. Further autoradiographic studies of the Tg and WT brain slices using 11C-PIB were also carried out. Results: Presence of β-
amyloid plaque in Tg 2576 animals was confirmed by Thio staining in cortical areas and hippocampus. No Thio staining in WT was 
observed. Blood glucose levels were 120 mg/dL. The analysis of 20 brain regions as well as the whole brain uptake reveal that Tg 2576 
mice did not exhibit a significant reduction in SUV compared to the wild type. Since cerebellum had extensive 18F-FDG uptake, ex vivo 
autoradiographs were also analyzed using lateral septal nuclei as reference region and provided ratios of frontal cortex, hippocampus 
of 1.58, 1.48 for WT and 1.55, 1.34 for Tg, respectively. The study of these brain slices using 11C-PIB did not exhibit binding in any of 
the brain regions. Conclusion: Our results suggest that 18F-FDG uin the Tg 2576 mice does not show deficits in uptake compared to 
what is known in human AD. Analysis of 18F-FDG uptake in Tg 2576 using SUV analysis may not be sufficient to differentiate small 
differences from WT. The lack of binding of 11C-PIB in the Tg mice brain slices indicates a difference from human AD plaques, and 
perhaps suggesting species differences in 18F-FDG uptake. 

 

 
Ex vivo autoradiographs of WT (A) and Tg (B) and Thioflavin stained adjacent Tg slice (C). 
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Quantitative perfusion measurements: a comparision of MRI using arterial spin labeling (ASL) 
with radioactive and fluorescence microspheres 
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Aim: Arterial Spin Labeling (ASL) is a Magnetic Resonance Imaging (MRI) technique for perfusion evaluation, which is based on spin 
inversion in the arterial blood and observation of relaxation effects. The quantitative accuracy of ASL measurements in small animals is 
even today not well investigated. The purpose of this work was to assess accuracy of quantitative ASL perfusion measurements in rat 
brain by comparison with microspheres derived regional perfusion information using dedicated micro Positron Emission Tomography 
(PET) and ex vivo Optical imaging (OI). Methods: Catheters were implanted through the right carotid artery in the left ventricle of the 
heart for administration of labeled microspheres (diameter 20 µm) and in the left femoral artery for blood sampling. Microspheres were 
double-labeled with either Cu-64 or Ga-68 for PET and X-sight 670 LSS for OI. ASL measurements were performed in a 7T small 
animal system using a Flow-sensitive Alternating Inversion Recovery (FAIR) sequence with an adiabatic hyperbolic secant inversion 
pulse (length-bandwidth product: 80) and Echo Planar Imaging (EPI) acquisition. Global and selective T1 images, correspondingly cut 
brain sections, and PET data were used for perfusion values calculation. All the crucial physiological parameters were monitored. 
Perfusion of the whole brain (PET, OI) and two dedicated slices (PET, OI, MRI) were estimated independently with specified methods. 
The consistency of OI compared to PET for whole brain was used as criterion for inclusion of the respective animal into further data 
evaluation. Results: A mean perfusion of the whole brain was 88.8 mL/100g/min. In slices measured with ASL (cerebellum with pons 
and hemispheres in caudate putamen region) perfusion was calculated with each technique separately. Results from MRI and PET 
were considered once for Cu-64, Ga-68 and for both isotopes together. The estimated correlation factor for MRI vs. PET is 0.91 and 
Renkin-Crone model fitting yields a plausible Permeability Surface product (PS) for water (182 mL/g/min). The same data was fitted 
also with linear regression forced to zero-point (y=0.76x). The left-right disparity in Cortex, Thalamus and Cerebellum was observed 
because of catheter implantation, namely for 73% of animals perfusion in the left part of the brain was higher. Conclusions: The 
quantitative perfusion measurements in the rat brain using ASL are possible but require thorough data analysis. Overall regional 
contrast provided by ASL is concordant with regional distribution of microspheres in the rat brain. However, deviations from linear 
correlation are visible and are the subject of further investigations. In order to be useful for routine application in small animal imaging, 
ASL data acquisition and data evaluation need to be further optimized. A final calibration via a quantitative comparison with radio- and 
fluorescent-labeled microspheres seems mandatory. 
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Purpose The aim of our study was to evaluate the signal intensity (SI) characteristics of experimentally induced soft-tissue abscesses 
and tumors on USPIO-labeled, T2*-weighted MR images, to investigate the time course of the effects on signal intensity, to describe 
the correlation between SI and pathology, and finally to determine whether USPIO-labeled MRI can differentiate abscesses from 
tumors. Materials and Methods This experiment was approved by the local animal care committee. VX2 carcinoma and intramuscular 
abscesses were implanted into the hind thighs of white New Zealand rabbits. MR imaging was performed pre contrast and serially for 
24 hours after injecting USPIOs (Sinerem®, Guerbet, Paris, France). Harvested abscesses and VX2 carcinomas were stained with 
Hematoxylin-eosin and Prussian blue and evaluated using a light microscope. Radiologic-histologic correlations were performed 
between the MR images and the corresponding histologic slices. Results 24h after the Sinerem®-injection, no remarkable changes 
were observed in VX2 carcinomas, whereas a mean reduction of the contrast-to-noise ratio (CNR) of approximately 90% was noticed in 
abscesses as well as in inflamed necrotic tumors. On histopathologic examination, abscess and necrotic parts of the tumor 
demonstrating a signal drop were found to include iron-containing monocytes indicating that the reduction in CNR was caused by 
Sinerem®-tagged monocytes. Conclusion The distribution of phagocytic-active macrophages may be detected by clinical MRI after 
Sinerem® injection. The corresponding SI drops on T2*- weighted images in abscesses allows the differentiation of abscesses from 
tumors. The results of our study confirm the value of Sinerem®-enhanced MRI as a diagnostic tool for differentiating abscesses from 
tumors. Sinerem®-enhanced MR-imaging will enable differentiating between vital tumors, necrotic tumors and abscesses. 
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Objectives: Accurate quantification of regional liver function is needed, and positron emission tomography (PET) of specific hepatic 
metabolic pathways offers a unique method for this purpose. Here, we quantify hepatic galactose elimination in humans using PET and 
the galactose analog 2-[18F]fluoro-2-deoxy-D-galactose (FDGal) as the PET tracer. Methods: Eight healthy human subjects underwent 
FDGal PET/CT of the liver with and without a simultaneous infusion of galactose. Hepatic systemic clearance of FDGal was determined 
from linear representation of the PET data. Hepatic galactose removal kinetics was determined using measurements of hepatic blood 
flow and arterial and liver vein galactose concentrations at increasing galactose infusions. The hepatic removal kinetics of FDGal and 
galactose and the lumped constant (LC) were determined. Results: The mean hepatic systemic clearance of FDGal was significantly 
higher in the absence than in the presence of galactose (0.274 ± 0.001 vs. 0.019 ± 0.001 L blood/min/L liver tissue; P <0.01), showing 
competitive substrate inhibition of galactokinase. The LC was 0.13 ± 0.01, and the FDGal PET with galactose infusion provided an 
accurate measure of the local Vmax of galactose in liver tissue compared with the Vmax estimated from A-V differences (1.41 ± 0.23 vs. 
1.76 ± 0.08 mmol/min/L liver tissue; P = 0.60). The hepatic systemic clearance of FDGal was enzyme-determined and can thus be used 
as an indirect estimate of galactokinase capacity without the need for galactose infusion or knowledge of the LC. Conclusion: FDGal 
PET/CT provides an accurate in vivo measurement of human galactose metabolism, which enables the quantification of regional 
hepatic metabolic function. 
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Assessment of glucose metabolism in atherosclerosis inflammation with FDG-PET 
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Atherosclerosis is induced by plaque deposit in the inner layer of the blood vessels provoking heart disease which is the leading cause 
of death worldwide. Using the glucose analog FDG, PET can image vascular inflammation primarily due to increased macrophage 
metabolism. The early assessment of vessel inflammation could prevent further complications. In this work, we report a quantitative 
study using FDG and PET/CT to assess glucose metabolism in aorta, iliac and femoral arteries. Three groups of elderly subjects (65-85 
years) participated in this study: healthy or normals (N); patients with angina (A), and patients clinically confirmed with a high level of 
inflammation or hypercholesterolemic (H). The PET data were acquired in dynamic mode during 1 h. With reference to CT images, 
artery images in each slice of the PET images were manually delimited by regions of interest and subsequently decomposed by factor 
analysis (FA) to extract blood and tissue components. The use of the input function from the same region as tissue allows reducing the 
effect of partial volume (PVE) as both blood and tissue are subject to the same PVE underestimation. The FDG three compartments 
kinetic model was applied to arteries time-activity curves and metabolic rates for glucose (MRG) were calculated. The CT images 
showed that even healthy subjects had calcified arteries. The MRG values were then classified in two groups: one as normal in the 
absence of the calcification, and the second with calcification. Inflammation was identified when MRG values were found statistically 
higher than normal values. This discrimination was confirmed by the presence of calcifications on other artery image slices of the same 
subject. The data showed no significant differences between normal artery slices in the three groups of subjects, and between aorta, 
iliac and femoral. In conclusion, the quantitative analysis could be efficient in the localization of the inflammation and its progression, to 
help guide appropriate treatments, instead of methodologies that typically depict plaque anatomy, which do not identify high-risk 
lesions. 
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INTRODUCTION Prostate cancer is the most common malignancy and the third leading cause of cancer-related mortality in American 
men. Optimal MR imaging of prostate cancer for detection and local staging requires the use of an endorectal coil in conjunction with a 
pelvic phased-array coil (1). The endorectal probe causes substantial deformation of the prostate and surrounding soft tissues. Several 
reports have focused on registration of MR images obtained with an endorectal coil to MR images obtained without the probe, as the 
latter more closely reflect the shape of the prostate during radiation therapy. Recently, Oguro et al. applied a B-Spline, intensity-based 
nonrigid registration algorithm to register MR images obtained with an endorectal coil with MR images acquired during prostate 
brachytherapy (2). This method places a uniformly spaced 2D grid over the volume to be registered, the lattice points of which act as 
control points for the displacement of tissue. Here we present a method that extends their work by adding anatomic landmark 
information to intensity patterns, thus ensuring local invariability for large deformation transformations. MATERIALS AND METHODS 
Patient population - Our institutional review board waived informed consent requirement for this retrospective study, which was 
compliant with the Health Insurance Portability and Accountability Act. MR imaging - MRI examinations were performed in 30 patients 
on a 3-T whole-body MRI unit (GE Medical Systems, Milwaukee, WI). First, a set of images was obtained with a pelvic 32-channel 
phased-array coil. Our institution’s standard clinical prostate MRI examination was used to obtain transverse T2-weighted (T2W) fast 
spin-echo images of the prostate and seminal vesicles. Then, a second set of images was obtained after an endorectal probe was 
inserted into the rectum. The endorectal coil used for signal reception consists of an outer sheath covering an inner balloon, which is 
inflated once the probe is inserted in the rectum (Medrad, Pittsburgh, PA). T2W transverse, coronal, and sagittal images were obtained 
using the same parameters listed above. In addition, diffusion-weighted (DW) images were obtained. Image Analysis - A radiologist 
used anatomical landmarks to match up the most closely corresponding images obtained with and without the endorectal coil. 
DISCUSSION We present a method for the deformable registration of prostate MR images that combines landmark and deformable 
registration models. The potential advantages of our new approach are two-fold. First, the insertion of the endorectal coil causes large 
but localized deformations within the prostate, and incorporating landmark information widens the range of possible deformations. (The 
enhanced range is incorporated into the analysis by the smoothness penalty embedded in the cost function.) Furthermore, because the 
algorithm includes known information about prostate anatomical structures, the accuracy and efficiency of the registration procedure 
appears to be improved. REFERENCES: [1] Hricak H, et al. Radiology. 1994;193(3):703-9. [2] Oguro S, et al. J Magn Reson Imaging. 
2009;30(5):1052-8. 
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Objective: This study sought to assess the number, size, location, and maximal standardized uptake value (SUVmax) of mediastinal 
lymph nodes with 18F-fluorodeoxyglucose (FDG) uptake, and the correlations with age, and gender. Materials and Methods: We 
retrospectively reviewed FDG positron emission tomography/computed tomography (PET/CT) images of 82 subjects (Male: 42, 
Female: 40, mean 53.6 ± 8.6 yrs, range 38-75 yrs), who were confirmed as non-specificity by the clinical history, and other diagnostic 
studies, among the 109 persons of cancer screening FDG PET/CT in the Catholic University of Korea, Seoul St. Mary’s Hospital, from 
April 2009 to June 2009. The location of each node was classified according to the proposal of American Joint Committee on Cancer 
(AJCC). The long-axis diameter identified on correlated CT image, and SUVmax of FDG-avid lymph nodes were measured, and the 
correlations with age, and gender were analysed by simple regression, and t-test, respectively. Results: Total 81 (98.8%) normal 
subjects showed 211 FDG-avid mediastinal lymph nodes (mean 2.6 per 1 subject). The number of FDG-avid lymph nodes are 58 
(70.7%) in region 4, 48 (58.5%) in region 7, 35 (42.6%) in region 2, and 29 (35.4%) in region 5, respectively. The mean SUVmax of 
lymph nodes was 1.4 in region 4, 1.6 in region 7, 1.2 in region 2, and 1.4 in region 5. The mean long-axis diameter was 9.1 mm in 
region 4, 8.9 mm in region 7, 7.3 mm in region 2, and 10.2 mm in region 5. The SUVmax, long-axis diameter, and number of lymph 
nodes were not related with age and gender, statistically. Assuming normal SUVmax as mean + 2 SD, the SUVmax of 2.7 in region 8, 
2.6 in region 9, 2.4 in region 5, and 2.3 in region 7 could be considered normal lymph nodes. Conclusion: There were mean 2.6 
mediastinal lymph nodes with FDG uptake, in the FDG PET/CT of most normal subjects, and the most common locations were region 
4, and 7. The SUVmax of 2.7 could be considered as normal. 
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Kazuyo Ohe3, Shigeki Nagamachi1, Shozo Tamura1, 1Radiology, University of Miyazaki, Miyazaki, Japan; 2PET Imaging, Shiga Medical 
Center Research Institute, Shiga, Japan; 3Graduate School of Medical Science, Kanazawa University, Kanazawa, Japan. Contact e-
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Purpose: Amino acid PET imaging using [S-methyl-11C]-L-methionine ([11C]-MET) have been reported as a useful for the diagnosis of 
brain tumors better than [18F]-FDG PET. We recently have started novel amino acid PET imaging with [N-methyl-11C]α-
methylaminoisobutyric acid ([11C]-MeAIB) as a biomarker of the system A amino acid transport in tumor. In this study, to assess the 
efficacy of [11C]-MeAIB PET for tumor imaging, we investigated PET images of the patients with glioblastoma mutiforme (GBM). 
Methods: Twelve GBM lesions (9 patients, primary: n=4, recurrence: n=5) were included for [11C]-MeAIB PET and/or [18F]-FDG PET 
and/or [11C]-MET in this study. In the amino acid PET imaging, patients receive 540+/-35 MBq of [11C]-MeAIB and 469+/-129 MBq of 
[11C]-MET intravenously, and brain PET image was obtained from the dynamic scanning at 30min after injection of the radiotracer. In 
[18F]-FDG PET, a static image at 60 min after injection of [18F]-FDG (280+/-30 MBq, i.v.) was obtained. Drawing the region of interest 
in the tumor lesion and normal brain area, the SUVmax in tumor and T/N ratio (SUVmax in tumor / SUVmean in the normal brain tissue) 
were calculated to compare these PET images. Results: [18F]-FDG uptake in GBM tumor was high (SUVmax=8.30+/-2.59). In [11C]-
MeAIB, the uptake was moderate (SUVmax=2.95+/-1.33) as compared to high [11C]-MET uptake (4.37+/-1.56), which was considered 
the difference of expression levels of system A and L amino acid transports in tumor. But in one case, the uptake of [11C]-MeAIB 
(SUVmax=5.85) was higher than that of [11C]-MET (SUVmax=4.57). On the other hand, in the analysis by T/N ratio, the ratio of MeAIB 
was highest among them ([11C]-MeAIB: 13.46+/-5.69, [11C]-MET: 2.79+/-1.41, [18F]-FDG: 1.15+/-0.39), because the uptake of [11C]-
MeAIB in the normal brain tissue was very low depends on the less expression of system A amino acid transport on the BBB in the 
brain. Conclusions: Although the uptake of [11C]-MeAIB in GBM lesion was moderate, higher T/N ratio of [11C]-MeAIB PET image 
would lead to precise detection of the tumor. [11C]-MeAIB PET imaging based on the expression and activity of system A amino acid 
transport has an advantage in detection of GBM tumor compared with [11C]-MET PET and [18F]-FDG PET. 
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Republic of Korea; 2Physical Medicine and Rehabilitation, Yeungnam University, Daegu, Republic of Korea; 3Research and 
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The corticospinal tract (CST) is the most important motor pathway in the human brain. Many researchers studied the somatotopic 
location of CST using diffusion tensor tractography. In this study, we obtained hand and foot motor fiber tracts in the corona radiata 
(CR). To do this, we used probabilistic tracking algorithm and fMRI results to set on the ROIs and brain normalization method. 
Moreover, our results were compared with the previous lesion studies results to confirm the accuracy and usefulness. Ten right-handed 
normal volunteers are participated in this study. We used Philips 1.5T Gyroscan intera MR scanner. The fMRI data were acquired with 
following parameters: TR/TE=2000/60 ms, FOV=210 mm, matrix=64×64, slice thickness=5 mm, reduction factor=2 and using a block 
paradigm (hand/foot grasp-release movements at 1Hz frequency). The fMRI data was analyzed using SPM2 software with p<0.05. DTI 
data were acquired with following parameters: the number of slices=67, TR/TE=10726/75 ms, FOV=221 mm, matrix=128×128, slice 
thickness=2.3 mm, b=1000mm2s-1, reduction factor=2 and 32 diffusion sensitizing gradients. Fiber tracking was performed with FMRIB 
with 5000 streamline samples, 0.5 mm step lengths, curvature thresholds = 0.2. The fMRI results were used set of ROIs. After the 
CSTs were reconstructed, the b=0 images were normalized to the MNI EPI templates. The same transformation parameters were 
applied to normalize the fiber tract to the MNI EPI template. We also measured the fibers location in the CR with reference for the lesion 
studies which contained measurement methods. According to J.S.Kim et al., anteriority index was measured which was distance ratio 
between the center of the hand and foot fibers to the posterior pole of the lateral ventricle and anterior to posterior pole of the lateral 
ventricle. Y.M.Song indicated the anteriority index which measured the distance ratio between anterior and posterior horns of the lateral 
ventricle and laterality index which measured the distance ratio between the wall of the lateral ventricle and the gray matter margin of 
the insula cortex. The anteriority indices which refer to J.S.Kim et al. were represented as: upper CR 56.40 ± 2.95 / 43.2 ± 3.68 (hand / 
foot) and lower CR 40.72 ± 3.34 / 30.90 ± 1.91 (hand / foot). The motor fibers anteriority and laterality measurement which refer to 
Y.M.Song were represented as: anteriority index 0.40 ± 0.03 / 0.31 ± 0.02 (hand / foot) and laterality index 0.60 ± 0.07 / 0.47 ± 0.06 
(hand / foot). The location measurements are analyzed only in lower CR. In conclusion, we used same method for measurements of 
fiber location in the CR according to previous lesion study. However, there were some limitations in the previous lesion studies. 
Accordingly, we tried to maintain the consistency of analysis. Our results showed that the hand and foot fibers were good agreement 
with the previous lesion studies. Although, our results had limitation of the number of subject, our methods and results may be used as 
a standard for the DTT study combined with legion location study in patients who need the their rehabilitation or follow-up. 
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Background: Evidence is mounting that MRS is at least as sensitive and specific as imaging criteria (ADNI) for diagnosis and monitoring 
of progression of clinical AD, and might be more effective than imaging alone for therapeutic monitoring. However, clinicians, research 
investigators and Pharmaceutical industry experts are inhibited by the lack of a Standard Operating Procedure (SOP) for MRS. We 
provide an SOP so that future users can compare MRS measures between different vendors, field strengths and geographic sites using 
the same MRS parameters. In addition, we provide test-retest variance for each MR scanner in order to establish the Power of MRS for 
longitudinal monitoring of progression and therapeutic response in future clinical drug trials. Methods: A total of 30 normal subjects (age 
22-39) were examined on three different clinical scanners, GE 1.5 Tesla (HMRI), GE 3 Tesla (ISP, Pasadena) and Siemens 3 Tesla 
(University of Kentucky) all employing SOP single voxel MRS technique, TE = 35ms and voxel size 8cm3 in the posterior cingulate 
gyrus grey matter region. At HMRI, we examined 13 age-matched controls on a clinical 1.5T GE. Of those 13, seven were also 
examined on a clinical GE 3T. In each subject, 3 scans were acquired in consecutive order for test re-test purpose, and a fourth scan 
acquired after the voxel was re-located in the same region. At the University of Kentucky, 10 subjects were examined on a Siemens 3T. 
Two scans were acquired and the subject was taken out of the scanner and put back in with voxel re-positioning before the second 
acquisition. Data processing and statistics: To ensure identical, observer-independent analysis of NAA/Cr, NAA /mI ratios were 
determined at a central data processing (Pasadena, CA) after analysis of all data with LC Model from a common basis set. Paired and 
unpaired t tests were applied to compare SOP derived biomarker values from the 3 scanners. Test-re-test was statistically compared 
for each Site separately. Comparisons were also made between GE 1.5T and 3T, and GE 3T and Siemens 3T. Results: Figure 1 and 
Table 1 show results on all three scanners. Metabolic ratios and percent variances are averaged for all subjects on respective 
scanners. The results indicate that metabolic ratios are similar, except for NAA/Cr on GE 1.5T vs. 3T, and mI/Cr among all three 
scanners. However, NAA/mI does not differ on any of the scanners. Conclusions: The clear need for SOP in MRS for clinical trials is 
readily answered with insignificant differences between 2 commonly used field-strengths, 2 common vendors and 2 ‘standard’ Clinical 
Imaging providers. While many unproven MRS schemes have shown efficacy in diagnosis of AD, un-approved MRS techniques should 
be excluded from Trials in the interests of EBM and SOP. Since reliable diagnosis required both NAA (a ‘neuronal’ measure) and mI (a 
‘glial’ measure), short TE MRS is obligatory. Since diagnosis also requires precision greater than 5% (see below), CSI, which has an 
irreducible error of 10%, is not suited to longitudinal or diagnostic AD studies. Combining MRS with ADNI anatomic measures offers an 
opportunity to reduce this number significantly. 

 
Results from all three scanners demonstrate similar precision of metabolites measured. 

SOP Results 
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Carcinomas and non-malignant lesions detectable with FDG PET/CT 
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Objectives: Carcinomas and clinically important benign lesions are occasionally found during FDG PET/CT study. The aim of the study 
was to determine the types and frequency of carcinomas and clinically meaningful non-malignant lesions detectable with PET/CT. 
Subjects and Methods: Subjects were 3319 asymptomatic individuals (2029 men, 1290 women, 53.6 ±12.3 years old) who underwent 
PET/CT studies at our institution as part of a cancer screening program from August 2005 to December 2010. PET/CT was performed 
60 min after injection of 145 to 260 MBq FDG (Discovery ST, GE Healthcare). PET/CT images were visually evaluated and 
prospectively recorded. The PET findings were compared with final diagnoses obtained by other imaging modalities, laboratory studies, 
and clinical follow-up. Results: A wide variety of carcinomas were detected in 32 (0.96%) of the 3319 subjects. Of the 32 malignant 
lesions, 30 lesions (93.8%) were PET positive, and 2 lesions (6.3%) were PET negative and detected on CT images. Most subjects with 
carcinoma underwent potentially curative treatments. A total of 669 non-malignant lesions were detected in 602 (18.1%) of the 3319 
subjects. Of the 669 non-malignant lesions, 339 lesions (50.7%) were PET positive, and 330 lesions (49.3%) were PET negative and 
detected on CT images. The non-malignant lesions were classified into the following three sites. 1) Head & neck: 312 lesions were 
found, including chronic thyroiditis (170), maxillary sinusitis (80) and benign thyroid tumor (39). Among these there were pituitary 
adenoma (4), Graves' disease (3), pleomorphic adenoma (3) and Warthin's tumor (2). 2) Thorax: 38 lesions were found, including 
atypical mycobacteriosis of the lung (11), pneumonia (10), sarcoidosis (6) and emphysema (5). Among these there were thymoma (2) 
and pulmonary tuberculosis (1). 3) Abdomen: 319 lesions were noted, including cholecystolithiasis (157), urinary tract stone (63), 
adrenal tumor (39), abdominal aneurysm (18), pancreatic cyst (13) and colorectal polyp (10). Among these there were autoimmune 
pancreatitis (1) and retroperitoneal neurogenic tumor (1). Conclusion: A wide variety of carcinomas are incidentally detectable at a 
potentially curable stage. In addition, various benign lesions can be incidentally found at a substantial rate and is an added value of 
PET/CT. 
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Introduction The metabolic syndrome is characterized by the co-occurrence of several risk factors, such as obesity, insulin resistance 
and dyslipidemia, which eventually may lead to the development of complications in various organs. Prominent pathology herein is the 
currently untreatable liver cirrhosis, which is preceded by non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis. 
Since histopathological evaluation of liver biopsies are clinically not-feasible, non-invasive Magnetic Resonance Spectroscopy (MRS) is 
used to assess liver fat content as a surrogate marker for liver pathology. The aim of this study was to investigate whether NAFLD 
could be measured in a translational mouse model for the metabolic syndrome using a clinical 3T MR scanner and additionally to 
evaluate the effect of anti-diabetic and hypolipidemic drugs on disease progression. Methods Male APOE*3Leiden.CETP mice (n=4-5 
per group) were fed a High Fat Diet (HFD) for 3-4 months to induce obesity, insulin resistance, hyperlipidemia and hepatosteatosis. The 
latter was confirmed by in vivo MRS measurements on a clinical 3T scanner adapted with a dedicated animal coil. Thereafter, the mice 
were fed the HFD alone (HFD control) or were treated with either rosiglitazone (10 mg/kg/d) or ezetimibe (3 mg/kg/d). 5 mice on a chow 
diet were included as a healthy control group. Effects on plasma lipid and glucose levels and hepatic fat content were assessed after 4 
weeks of treatment. Ex vivo liver analyses were performed by histology, HPTLC, Magic Angle Spinning-NMR and near infra red (NIR) 
diffuse optical spectroscopy to compare with the data obtained in vivo. Results Dietary treatment resulted in hepatosteatosis with a 
hepatic fat content of 14.3 ± 4.9% in the control group (vs 2.7 ± 0.7% in the chow group), which significantly increased to 25.8 ± 10.6% 
(P<0.05) during the study. Rosiglitazone reduced the hepatic fat content by -76% (P<0.01) as compared to control, and even reduced 
hepatic fat content in time by -56% (P<0.05). Ezetimibe did not significantly reduce hepatic fat content as compared to control, but 
hampered disease progression in time. Data obtained in vivo by MRS highly correlated with the ex vivo analyses histology, MAS-NMR, 
HPTLC and NIR spectroscopy (P<0.001). Conclusion We showed that hepatic fat can accurately be measured in vivo using a clinical 
3T MR scanner in a translational mouse model for the metabolic syndrome. Rosiglitazone and ezetimibe showed similar effects on 
NAFLD as was observed in humans. Therefore, we conclude that this mouse model using a clinical relevant method is a highly 
translational setting to investigate the effects of new drugs on risk factors of the metabolic syndrome and its complications like NAFLD. 
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Iron hydroxide−oxide cores in form of ferritin and hemosiderin are known as cellular iron stores. Surrounded by carbohydrate shells, 
iron oxide particles in the nano or micrometer size range are used as iron preparations for intravenous treatment of severe iron 
deficiency in humans. More recently, superparamagnetic iron oxide nanoparticles (SPIOs) found special interest as new tools for 
magnetic resonance imaging (MRI) in clinical diagnostic and in fundamental cell biology. Work from our department has used for 
example hydrophobic iron oxide nanoparticles embedded in chylomicron−like “nanosomes” to follow physiological and 
pathophysiological pathways of lipoprotein metabolism.[1] The future in iron based nanoparticles lies in targeted disease−specific 
contrast agents. To investigate mechanism of uptake and degradation, SPIOs should preferentially be monodisperse and have high 
crystal and magnetic quality, properties, which are best obtained by synthesis in organic solvents at high temperatures. So far, the fate 
of injected iron oxide preparations has insufficiently been investigated. Some preparations may only be partly degraded and a 
long−time storage of iron can occur. We developed a simple “on−demand”-post−synthetic radiolabeling method in which monodisperse 
iron oxide cores from a high temperature synthesis can efficiently be labeled with 59Fe. This is of general interest, because these iron 
cores can be used to build up a variety of functionalized SPIOs for future in vivo cellular or molecular imaging purposes. With the 
59Fe−labeling, the degradation of different monodisperse SPIOs was followed in detail in mice after i.v. injection using 59Fe-whole 
body counting. Furthermore the time dependent organ distribution, esp. the incorporation of 59Fe into red blood cells (59Fe-
erythrocyte-incorporation) was studied, which documents the availability of iron from the test compound under study for the individual 
iron homeostasis was studied (Scheme 1). The biocharacteristic of the shell determines the blood half−life of nanoparticles. The fast 
uptake of nanoparticles in Kupffer cells in the liver limits the targeting efficiency of functionalized nanoparticles. The cell-specific uptake 
of NPs into the liver can be influenced by preinjection of “clodronate liposomes”, which results in the transient depletion of macrophages 
in tissue. Following the fate of two model systems, the lipoprotein embedded SPIOs (core size 10nm) and SPIOs coated with a 
polymaleic acid octadecene polymer, different speeds of degradation and excretion were observed in vivo. However not only the shell, 
but also the cell type that took up the SPIo had an influence on the degradation. We conclude that our “on−demand”-labeling technique 
is a valuable tool to follow the metabolism and degradation of modern nanodevices in full detail. With this technique we hope to identify 
and characterize uptake and transport pathways of iron-based nanoparticles in vivo. Literature: [1] Bruns et al. Nature Nanotechnology 
2009, 4, 193. Bartelt et al. Nature Medicine 2011, 17, 200. 

 

 
Scheme 1: Degradation of iron based nanoparticles in vivo. Consequences for cell iron homeostasis. 
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Francisco, San Francisco, CA, USA. Contact e-mail: cansari@stanford.edu 

Purpose: The presence of tumor-associated macrophages (TAM) in breast cancer correlates strongly with poor outcome. The purpose 
of this study was to develop a clinically applicable, non-invasive diagnostic assay for selective targeting and visualization of TAMs in 
breast cancer, based on magnetic resonance (MR) imaging and the clinically applicable ultra small iron oxide nanoparticle (USPIO) 
compound ferumoxytol (Feraheme). Methods: F4/80-negative cancer cells and F4/80-positive TAM were incubated with ferumoxytol 
and were compared regarding MR signal changes and iron uptake. Mice with MMTV PyMT breast cancers underwent MR imaging 
before as well as up to 1 hour (h) and 24 h post intravenous injection (p.i.) of 0.05 mmol Fe/kg ferumoxytol. The tumor enhancement on 
MR images was correlated with the presence of TAMs on histopathology. Results: In vitro studies revealed that the clinically applicable 
iron oxide nanoparticle compound ferumoxytol is preferentially phagocytosed by TAMs, but not by tumor cells. In vivo, all tumors 
demonstrated an initial contrast agent perfusion on immediate postcontrast T2-weighted MR images with gradual transendothelial 
leakage into the tumor interstitium. At 24 h p.i., all tumors demonstrated a persistent signal decline on MR scans. Detection of iron 
using DAB-enhanced Prussian Blue staining, and immunodetection of CD68+ TAMs in tumor tissue sections localized iron oxide 
nanoparticles to CD68+ TAMs, indicating that the MR signal effects on delayed MR images were largely due to TAM-mediated uptake 
of contrast agent. Conclusion: Ferumoxytol nanoparticles can selectively target and visualize of TAMs in breast cancer on MR images. 
Clinical Implication: These data indicate that tumor-enhancement with clinically applicable iron oxide nanoparticles may serve as a new 
biomarker for long-term prognosis, related treatment decisions and the development of new immune-targeted therapies. 
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Can combined CT and MRA assist in stereotactic brain surgery planning in rodents? 

Greetje Vande Velde1,3, Janaki Raman Rangarajan2,3, Kris van Kuyck4, Tom Dresselaers1,3, Bart Nuttin4, Paul Suetens2,3, Frederik 
Maes2,3, Uwe Himmelreich1,3, 1Biomedical NMR Unit, Katholieke Universiteit Leuven, Leuven, Belgium; 2Medical Image Computing 
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BACKGROUND: Deep brain stimulation (DBS) for neurological and psychiatric disorders (e.g. Parkinson’s disease, major depression 
disorder) requires the implantation of electrodes in deep brain locations. In humans, intraoperative magnetic resonance (MRI) and 
computed tomography angiography (CTA) images are used during implantation of electrodes to select a trajectory without major blood 
vessels. Unlike DBS in humans, brain surgery planning in preclinical rodent models is typically restricted to defining the target and entry 
points in a general anatomical rodent brain atlas. As these atlases provide limited or no blood vessel information, the outcome of 
neurosurgical rodent model experiments could be deleteriously influenced when a sub-optimal electrode trajectory ruptures the cerebral 
vasculature. However, the feasibility of individual imaging-based surgical path planning in animal studies is limited. AIMS: We aim to 
build a stereotactic (probabilistic) atlas based on anatomical (CT, MRI) and cerebral vasculature (TOF-MRI, CTA) information that can 
be used for neurosurgical planning without requiring the acquisition of vasculature and anatomical images for each individual animal. To 
this end, we will assess the intra-strain variability in skull reference points and cerebral vasculature. Using this atlas, we will develop a 
module, able to define a safe electrode trajectory avoiding blood vessel damage on its path. CTA and histology will be used for 
validation. This application will be readily usable to DBS in small animal models and to a wide range of stereotactic surgeries like 
(micro)recording electrodes and targeted injection of viral vectors, contrast agents or cells. METHODS: In vivo 3D anatomical MR and 
2D multi-slice MRA cerebral angiography images as well as in vivo and ex vivo (BaSO4-perfused) CT(A) images were acquired for 10 
rats. The MRI images were RF intensity inhomogeneity corrected before coregistration of anatomical, vasculature and atlas template 
images. The risk of damaging the vasculature is computed by representing vessels and electrodes in terms of Euclidean distance 
maps. RESULTS: Larger vessels are consistently visualized in all the TOF-MRI images. Comparison of the MRA-TOF vasculature 
(major vessels) in individual animals indicates minimal variability. An average vasculature template has been constructed from the 
MRA-TOF images in atlas space and combined with the CT data for validation and evaluation of the variability of bregma. We created a 
module in which a 2D automatic ray casting approach with potential trajectories radiating from the target point towards the skull is 
presented with associated information on the vasculature along each path. The coordinates of entry point, the angle of entry and the 
depth of implantation along with the associated risk are presented to the user. To investigate the feasibility of using this vasculature 
template as a representative of the population for more precise planning of brain surgeries, we used the application to plan stereotactic 
surgery. Future directions include extending the study with more animals and investigating the importance of minor vasculature for this 
application. 
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Shedding light on Antibody Drug Conjugates: preclinical immunoPET studies using 89Zr-
huDS6-DM4 (SAR566658) 
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SAR566658 (huDS6-DM4) is an antibody drug conjugate (ADC) consisting of the humanized monoclonal antibody (mAb) huDS6, 
recognizing a tumor-associated sialoglycotope on Muc1 (hereafter DS6), conjugated to DM4, a potent cytotoxic maytansinoid derivative 
which inhibits tubulin polymerization. SAR566658 is currently in phase I clinical trial in adult patients with advanced solid tumors 
expressing DS6. ImmunoPET using labelled mAbs as probes for Positron Emission Tomography (PET) represents an exciting imaging 
option to non-invasively assess antigen expression in tumors, demonstrate tumor targeting and quantify selective tumor uptake of 
mAbs. Here we describe the use of naked huDS6 mAb and huDS6-DM4 ADC radiolabelled with the Positron emitter Zirconium-89 
(89Zr), in preclinical studies performed on mice bearing tumors expressing various levels of the DS6 target antigen. Methods: huDS6 
and huDS6-DM4 were radiolabelled with 89Zr using standard procedures (Van Dongen, Nat. Protoc. 2010). The radioactive probes 
were evaluated in cellular assays to characterize the binding and the internalization of the mAbs in vitro. In vivo immunoPET imaging 
was performed on mice implanted subcutaneously with human cervix WISH tumors (DS6-positive model) or human ovarian A2780 
tumors (DS6-negative model). The mice were imaged longitudinally following probe injection by the intravenous route at 5mg/kg, from 1 
to 7 days post administration. The pharmacokinetic profile (PK) of the radiolabelled mAbs was assessed by sampling 5µl blood at 
regular time points post probe administration (from 10 minutes to 7 days). The accumulation of the radioactive mAbs in tumor and 
normal organs was monitored non-invasively by quantification of the PET signal on whole-body scans: the regions of interest were 
automatically extracted from the scans after registration on an anatomic atlas. In parallel, ex-vivo tissue biodistribution of labelled mAbs 
was assessed by scintillation counting. Results: The tumoral tissue was clearly delineated on immunoPET scans in the DS6-positive 
tumor model, with a high specific tracer uptake in tumor compared to normal tissue, as early as 24 hours and until 7 days post probe 
administration. In the DS6-negative tumor model, the tracer uptake in tumor was lower and comparable to normal tissue. Similar tumor 
uptake was observed with 89Zr-huDS6-DM4 or 89Zr-huDS6; the PK profile and the tissue biodistribution of both biological constructs 
were comparable as well, indicating that DM4 conjugation does not alter the probe behavior in vivo. In conclusion, 89Zr labelled anti-
DS6 mAbs show a potential for non-invasive monitoring of tissue/tumor biodistribution and specific visualization of DS6-positive tumors 
in vivo. These preclinical experiments pave the way towards a clinical application of immunoPET as a support to SAR566658 clinical 
development. 
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Imaging the Distributions of Eumelanin and Pheomelanin in Human Tissue 
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Melanoma diagnosis poses tremendous challenges in dermatopathology; recent studies show discordance rates in pathology as high 
as one in seven[1], and the severe consequences of missing a melanoma diagnosis has increased the number of biopsies taken and 
lowered the threshold for diagnosis of early melanoma[2]. This leads to unknown but likely significant societal costs and morbidity from 
associated unnecessary treatments. Clinicians need better technology to increase the specificity of current diagnostic techniques. We 
have previously reported a technique that resolves eumelanin and pheomelanin using nonlinear optics, specifically two-color pump-
probe microscopy[3]. This technique, which is compatible with standard pathology procedure, has been used to image the microscopic 
morphology of the distribution of eumelanin and pheomelanin in human tissue slides. It has revealed that melanomas tend to have an 
inhomogeneous distribution of melanins and higher fractional eumelanin content compared to other lesions. Our previously reported 
modulation transfer technique allows sensitive detection of nonlinear processes in biological samples [4]. This technique has been 
applied with a 720nm pump and 810nm probe scanning microscope to discriminate between melanins in tissue based on the sign 
difference of the pump-probe decay curves. Principal component analysis (PCA) on many biologically diverse regions of interest on skin 
slices from many patients revealed only two components, which is the basis of the eumelanin and pheomelanin contrast in figure 1. 
Pheomelanin is nearly pure component 1, and eumelanin combination of components 1 and 2. Here we report on a variety of 
extensions of that work. Studies on the dependence on laser parameters (pump and probe wavelengths, polarization) reveals the 
effects of the increased ground state depletion signal in pheomelanin relative to eumelanin. We have quantified eumelanin and 
pheomelanin morphology using wavelet analysis and other image processing methods to further improve specificity. High resolution 
imaging has identified microstructure with variable eumelanin/pheomelanin ratios in individual melanosomes. We have demonstrated 
epi-mode detection and imaging in vivo (of lesions induced in human skin grafted to nude mice). Finally, we have demonstrated three-
dimensional sectioning capabilities. As a result, it can be used for imaging thick slices of tissue (to a depth of around 120µm), allowing a 
clinician to examine a large section of a lesion all at once. This has been demonstrated with a fresh, excised human mole, on which the 
rete ridges can be seen using melanin as a source of contrast. Taken together, these results provide new insights on the chemical 
morphology and biochemical heterogeneity of normal and diseased tissue, and provide valuable diagnostic information. [1] B. A. Shoo 
et al. J. Am. Acad. Dermatol. 62, 751 (2010). [2] E. J. Glusac. J. Cutan. Pathol. 38, 264 (2011). [3] T. E. Matthews et al. Sci. Transl. 
Med. 3, 71ra15 (2011). [4] D. Fu et al., "Two-color, two-photon, and excited-state absorption microscopy," J. Biomed. Opt. 12, 054004 
(2007). 

 

Figure 1: Image of a malignant melanoma. The contrast is based on the results of the PCA. Pheomelanin appears green, and eumelanin appears red 
and yellow. Scale bar is 100µm. 
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First-in-men PET Imaging of Active Matrix-Metalloproteinases 
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Introduction: Diseases where causative or reactive inflammation plays an important role as well as tumor diseases show enhanced 
expression, secretion and activation of matrix-metalloproteinases (MMPs). Therefore, these enzymes are an interesting class of targets 
for molecular imaging. In recent years our lab worked successfully on the synthesis of radiolabeled MMP-inhibitors(1) and their 
preclinical evaluation(2). This study demonstrates the first enzyme-inhibitor-based imaging of active MMPs in man using PET. Methods: 
First, dynamic PET scans were performed in healthy subjects (0-90 minutes, reference activity: 350 MBq), complemented by blood 
sampling and a final PET/CT scan of the whole body using the F-18 labeled BR351 MMP-inhibitor. At the time of abstract deadline 
fourteen patients have been measured using this protocol with various diseases such as glioma, aortic aneurysm, multiple sclerosis, 
lymphoma, etc. Results: Biodistribution in healthy subjects show a fast clearance of the MMP-inhibitor from the blood via the kidneys 
and more pronounced via the liver and intestine. Beyond these elimination pathways no significant tracer accumulation was observed in 
the remaining tissues. In patient studies e.g. in patients with malignant glioma or multiple sclerosis an increased uptake of F-18-BR351 
associated with the tumor or inflammatory disease was observed. Remarkably the distribution pattern in correlation to established 
molecular imaging methods (e.g. methionin-PET) and disorder of the blood-brain-barrier is variable. Furthermore, coincidental findings 
show intensive tracer accumulation associated to bone e.g. a retrosternal focus in a patient post sternotomy without a correlative finding 
in FDG-PET. In general the MMP-PET positive lesions feature a linear uptake over time in the dynamic studies in contrast to time-
activity-curves of the blood and other tissues. Conclusions: These first-in-men PET studies for imaging of active matrix-
metalloproteinases demonstrate the accumulation of the radiolabeled enzyme-inhibitor F-18-BR351 in brain tumors, neuroinflammation, 
inflammatory vessel diseases and additionally in bone lesions. Further PET imaging studies in correlation with the readout from tissue 
samples are ongoing to prove the specificity of the PET signal. References: (1) Wagner S, et al., Curr Med Chem 2006; 13:2819-38 (2) 
Schäfers M, Schober O, Hermann S, J Nucl Med 2010; 51:663-6 
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The distribution of [11C]sulpiride in humans and the effect of an oral administration of clinical 
dose of sulpiride: A preliminary positron emission tomography study 
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Radiological Sciences, Chiba, Japan. Contact e-mail: hrtakano@nirs.go.jp 

Introduction: Positron emission tomography (PET) has enabled us to directly explore the pharmacokinetics of radiolabeled drugs in 
the living human body. Sulpiride, which is a benzamide derivative, is a dopamine D2 receptor antagonist and has been widely used as a 
psychotropic drug since the 1970’s. Although sulpiride is known to have low brain penetration possibly due to its low lipophilicity, 50% of 
dopamine D2 receptor in the brain was occupied by an oral administration of sulpiride (500mg) in previous PET studies with selective 
dopamine D2 receptor radioligands such as [11C]raclopride and [11C]FLB457. In the present study, we injected [11C]sulpiride to healthy 
men to directly examine the distribution of [11C]sulpiride. In addition, we tested whether an oral administration of clinical dose of 
sulpiride would affect the distribution of [11C]]sulpiride since the drug is reported to be a substrate of membrane transporters. Methods: 
Two young healthy men participated in this study. Thirty minutes after intravenous injection of [11C]sulpiride, whole body static images 
were obtained from head to thighs (8 bed positions with 3 min for each bed position) in a three-dimensional mode with a PET/computed 
tomography (CT) system. Furthermore, we performed PET scans 3 hours after an oral administration of a clinical dose of non-
radiolabeled sulpiride (500 mg) with the identical scan protocol on the same day. Volumes of interest were manually delineated with 
reference to their CT images. The ratio of radioactivity to the injected dose for each organ (percent injected dose) was calculated and 
used as an index of distribution. Results: At baseline, high accumulation of the tracer was observed in the liver, gallbladder, intestine, 
kidney, and urinary tract, while very low accumulation was observed in the brain with the exception of the pituitary. After the oral 
administration of sulpiride, the accumulation of the tracer in the brain did not show any significant change from the baseline (from 0.2% 
to 0.2 %), whereas that in the liver showed a marked reduction from 12.6% to 5.0% on average. Discussion: At baseline, the low 
accumulation in the brain and high accumulation in the pituitary indicate the low penetration of sulpiride in the brain. In the other organs, 
a high accumulation in the liver, gallbladder, kidney and urinary tract indicate the fact that sulpiride is eliminated through both bile and 
urine. After administrating a clinical dose of sulpiride, we found no difference in the accumulation in the brain compared to the baseline, 
which indicates that more concentration is required to alter the function of efflux transporters in the blood brain barrier such as P-
glycoprotein. In contrast, we found a difference in the accumulation in the liver. One possible explanation is that the non-radiolabeled 
sulpiride might compete with [11C]sulpiride at the organic cation transporter (OCT1) in the liver and therefore hamper the uptake of 
[11C]sulpiride. Further studies with a larger sample size are required to investigate the time course of distribution of [11C]sulpiride. In 
addition, a focused study on the brain penetration of sulpiride is also needed. 
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Cancer stem cells (CSCs) have been successfully isolated from solid tumors and are believed to be initiating cells of primary, 
metastatic and recurrent tumors. Imaging and therapeutic reagents targeted to CSCs have potential to detect subclinal tumors and 
completely eradicate the disease. Previously, we have demonstrated that Mab CC188 binds to colon cancer CD133- and CD133+ 
(CSCs) cells. In this study, we examined the reactivity of Mab CC188 to ovarian cancer cells including CD133+ cells and primary tumor 
tissues using immunofluorescence staining methods and tissue microarray technique. We also explored the feasibility of using NIR dye-
labeled Mab CC188 probe to image ovarian tumors in vivo. Mab CC188 stains both CD133- and CD133+ cells of ovarian cancer. 
Tissue microarray analysis reveals that 75% (92/123) of ovarian cancer cases are positively stained with Mab CC188. Weak positive (+-
), positive (+), strong positive (++) and very strong positive (+++) stains are 14.8%, 3.7%, 11% and 24.4% respectively. In contrast, Mab 
CC188 staining is low in normal cells and tissues. In vivo study show that significant amounts of the probe accumulates in the excretion 
organs in the early period post injection. At 24 hours, the imaging probes have largely accumulates in the tumor, while the intensity of 
the imaging probe decreases in the liver. The tumor uptake was still evident at 120 hours post injection. Our work suggests that Mab 
CC188 based imaging and therapeutic reagents are capable of detecting early stage ovarian tumors and effectively treating the tumor. 
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SPECT imaging of GCC, guanalyl cyclase C, in primary human colorectal explants/grafts and 
GCC over expressing xenograft cell line derived using 111In-5F9 IgG and 111In-5F9 IgG 
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Introduction Guanalyl cyclase C, GCC, is the intestinal receptor whose privileged anatomical localization is lost during malignant 
development and becomes a specific antigen for targeted therapeutics or diagnostics. MLN0264 is an experimental antibody agent 
targeting GCC. MLN0264 carries a monomethyl auristatin E cytotoxic payload and has shown potent efficacy in in vivo s.c. xenografts 
derived from cell lines and primary human tumor explants. Primary human explants may better present with a similar 
microenvironmental phenotype and equivalent therapy barriers that are otherwise thought to be lost in cell bank derived xenografts. In 
the present study, we use single photo emission computed tomography (SPECT) imaging of 111In radiolabelled anti-GCC IgG drug 
conjugate (111In-5F9-ADC) and drug free (111In-5F9) for invivo longitudinal assessment (5 timepoints, 0-144hrs) in a metastatic 
colorectal primary human tumor explant (PHTX09C)and GCC over expressing cell line (GCC293) as s.c. xenografts in male SCID mice 
Materials and Methods 5F9 or 5F9-ADC were labeled with the bifunctional chelating agent DTPA anhydride and processed through 
111InCl3 radiometallation. 5x10^6 cells (100% matrigel) of GCC293 cells were injected s.c. PHTX 09 s.c. xenografts were established 
from passaged fragments from mouse hosts. Tumours were established, randomized and selected for imaging. 16 mice total (injected 
with ~7.7 μg of antibody labeled with 111In) were imaged at 2, 24, 48, 96, 144 hours post injection. percent injected dose (%ID), 
tumor:heart ratio (THR) and tumor profiles were plotted for PHTX09 and GCC293 exposed to either 111In-5F9 or 111In-5F9-ADC 
Results The radiochemical purity and specific activity of the 111In labeled 5F9 was 98% and 66.5 μCi/μg and for 111In -5F9-ADC was 
93% and 67.87 μCi/μg, respectively. THR of both 111In-5F9-ADC and 111In-5F9 were equivalent in both PHTX09C and GCC293 
tumours over all timepoints studied. Modeling and simulation of both invivo data sets revealed 111In-5F9-ADC had ½ the affinity for the 
GCC than for 111In-5F9. Finally, hepatic and kidney %ID appeared to be almost double for 111In-5F9-ADC ‘vs.’ 111In-5F9 over all 
timepoints studied. Conclusion In the current report, we successfully present 111In-5F9 and 111In-5F9-ADC SPECT imaging in a 
primary colorectal human tumor explant model and GCC over expressing cell line invivo. THR appeared similar between both drug 
conjugated and free 5F9. However, clearance kinetics were different between the two forms. 
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In vivo lifetime imaging of a genetically-encoded FRET sensor for assessing calpain activity 
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Introduction Calpains belong to a family of calcium-dependant proteases that are ubiquitously expressed in mammals and have roles 
in numerous physiological processes. Inappropriate calpain activation, caused by a loss of calcium homeostasis, is implicated in 
various disease states. Activated calpains assist in unregulated proteolysis resulting in necrotic cell death. To date, in vivo studies 
looking at calpain activity have relied on invasive procedures and the use of intensity-based measurements requiring careful correction 
and calibration. Aim Create a calpain-sensitive FRET biosensor and apply fluorescence lifetime imaging (FLIM) to evaluate the in vivo 
response of calpain activation. Methods A calpain-sensitive FRET biosensor (CSFB) was made, consisting of TagRFP-T and mPlum 
linked by an 18 amino acid sequence that is cleaved by activated calpains. In the uncleaved state CSFB is able to FRET as TagRFP-T 
(the donor) transfers energy to mPlum (the acceptor). Upon calpain activation CSFB is cleaved and FRET ceases. FLIM was used to 
measure the proportion of cleaved vs uncleaved CSFB, as the lifetime of TagRFP-T is shorter when FRETing compared to the non-
FRET situation. CSFB DNA was electroporated into the tibialis anterior (TA) leg muscle of mice. At peak protein expression the TA was 
extracted for ex vivo analysis or mice were positioned on an imaging platform such that the TA could be imaged in reflection geometry 
in vivo. A laser delivering excitation pulses was focused onto the leg's surface. Reflected light was detected by GOI and read out using 
a CCD camera. A series of wide-field images was acquired allowing fluorescence decay profiles to be fitted and lifetimes calculated. 
Calpains were activated ex vivo by bathing the TA in 10 mM CaCl2, 10 μM ionomycin and 140 mM KCl. To activate calpains in vivo, 
electrodes were applied to the leg and an electric field administered in a series of pulses; this subjected the leg to eccentric contraction 
resulting in muscle damage and raised intracellular calcium. Time-gated images were acquired prior to calpain activation and at fixed 
intervals thereafter. Results Biochemical analysis demonstrated that CSFB is not cleaved in vivo until calpains are activated. FLIM 
confirmed that in the absence of calpain activation, CSFB is not cleaved as TagRFP-T lifetime is unchanged over time. Furthermore the 
mean lifetime of TagRFP-T in uncleaved CSFB can be discriminated from free TagRFP-T co-expressed with mPlum ex vivo and in vivo, 
with a lifetime difference of ~400ps. Upon calpain activation the response of CSFB cleavage was monitored. We report preliminary data 
on the activation of calpains ex vivo and in vivo. Conclusions We have applied time-resolved FLIM to measure calpain activation in 
skeletal muscle. FLIM is insensitive to intensity-based artifacts, ideal for detecting genetically encoded probes that are expressed at 
variable levels. We demonstrate that calpains can be activated ex vivo and in vivo in a tractable manner and read out using a calpain-
sensitive FRET biosensor. This non-invasive methodology should allow better understanding of calpain activity in vivo, facilitating 
translational studies. 
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Whole-body biodistribution of 14(R,S)-[18F]fluoro-6-thia-heptadecanoic acid with Positron 
Emission Tomography/Computed Tomography (PET/CT) in domestic cats 

Amy K. LeBlanc1,2, Murthy Akula1, Emily B. Martin1, Joshua A. Rowe1, Gina D. Galyon2, Tamberlyn D. Moyers2, Alan Stuckey1, Misty 
J. Long1, Jonathan S. Wall1, Stephen J. Kennel1, George Kabalka1, Myrwood C. Besozzi3, 1Molecular Imaging and Translational 
Research, University of Tennessee Graduate School of Medicine, Knoxville, TN, USA; 2Small Animal Clinical Sciences, University of 
Tennessee College of Veterinary Medicine, Knoxville, TN, USA; 3Medicine, University of Tennessee Medical Center, Knoxville, TN, 
USA. Contact e-mail: aleblanc@utk.edu 

Fatty acid oxidation (FAO) is an important myocardial biochemical pathway with potential therapeutic and diagnostic applications. 
Molecular imaging of myocardial metabolism is valuable in monitoring response to drug therapies aimed at inhibiting FAO and 
promoting the glyolytic pathway. The domestic cat provides a robust and relevant model to study myocardial FAO metabolism with 
14(R,S)-[18F]fluoro-6-thia-heptadecanoic acid ([18F]FTHA) as a powerful tracer for cardiac PET/CT imaging. The purpose of this study 
was to determine the whole-body biodistribution of [18F]FTHA in the normal domestic cat. Imaging of five healthy adult male cats was 
performed using a Biograph mCT scanner (Siemens Molecular Imaging, Knoxville, TN, USA) which combines a 64-slice CT scanner 
(SOMATOM Definition AS+, Siemens) with a whole-body, high resolution LSO PET scanner. The axial field of view is 21.8 cm with 109 
axial image planes. The scanner is used for research as well as clinical patients (quality control along with normalization obtained daily 
via Ge-68 phantom). Cats were placed under general anesthesia and injected intravenously with [18F]FTHA (mean 33.4 ± 22.0 MBq) 
demonstrating greater than 99% radiochemical purity by HPLC. Static images utilizing multiple bed positions corrected for radionuclide 
decay were acquired beginning 60 minutes following injection. Nine separate regions of interest (ROIs) were manually drawn by three 
observers over major parenchymal organs (brain, liver, spleen, left ventricular wall, gall bladder, lung, right and left renal cortices, 
epaxial muscle). Standardized uptake values (SUVs) were calculated at 1 hour post-injection using an established formula. The 
domestic cat is an obligate carnivore with high demand for dietary protein and has evolutionarily adapted to a low-carbohydrate diet. 
Hepatic and renal uptake of [18F]FTHA represents use of this substrate as energy source in addition to excretion of the 
radiopharmaceutical. In comparison to SUVs published for [18F]FDG in normal cats, the uptake of [18F]FTHA was comparatively 
higher in the liver and kidney, and lower in the myocardium. The constant gluconeogenic state of the domestic cat, in addition to stress 
hyperglycemia related to handling, may both contribute to relatively low myocardial [18F]FTHA SUVs in the fasted state. This study 
demonstrates the avidity of feline organs for [18F]FTHA in the fasted state using PET/CT imaging. This work provides validation of 
[18F]FTHA in a relevant in vivo model of myocardial metabolism to support future clinical trials in animals and humans with myocardial 
disease. Application of [18F]FTHA PET/CT to the study of hepatic and renal disease should also be considered. 

 

Dorsal plane PET/CT image of cat injected IV with 0.942 mCi (34.9 MBq) [18F]FTHA and allowed a 60 minute uptake period. Note radiotracer uptake in 
liver, myocardium and renal cortices. Urinary bladder uptake represents normal radiopharmaceutical excretion. 
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99mTc-rituximab, a novel specific tracer of sentinel lymph node biopsy: From bench to 
bedside 

Xuejuan Wang, Baohe Lin, Zhi Yang, Department of Nuclear Medicine, Peking University School of Oncology, Beijing Caner Hospital, 
Beijing, China. Contact e-mail: xuejuan_wang@hotmail.com 

Purpose: A saturable phagocytosis is involved into most of intranodal retention mechanism of lymphatic imaging agent, and may lead to 
the unspecific uptake of higher echelon node. Scientific research reveals that germinal center in the cortex of lymph nodes contain 
intense mature B lymphocytes, overexpressing CD20 molecules. Our study will prove CD20 is an optimal specific target for sentinel 
lymph node (SLN) technique. Methods: Rituximab or anti-CD20 antibody was labeled with technetium-99m. The target property was 
compared with radioclloid and 99mTc-HSA via biodistribution, lymphoscintigraphy imaging in balb/c mice. After approved by 
Institutional Ethics Committee, 2000 breast cancer patients were performed 99mTc-rituximab-guided SLN imaging and biopsy. 
Histopathologic analysis of SLN was evaluated after biopsy. Results: 99mTc-rituximab showed high accumulation and sustained activity 
(4.49±0.43%) in SLN. Less than 0.1 %ID of 99mTc -rituximab was detected in NSLN. The higher echelon node extractions were 
significantly higher for radiocolloid (3.87±0.37%) and slightly higher for 99mTc -HSA (0.53±0.12%) at 1 h.Dynamic SLN mapping show 
that SLN could be seen from 30 min to 24 h after injecting of 99mTc -rituximab, and higher order nodes had not been visualized all the 
time. The locating characteristic of 99mTc-IT-Rituximab was superior to radiocolloid and 99mTc-HSA. About 96.5% breast cancer 
patients were identified by 99mTc-rituximab lymphoscintigraphy. The SLN was identified in 96.5 % of patients when both blue dye and 
intraoperative gamma probe were used. The sensitivity and accuracy of SLNB were 96.8% and 98.8%. The specificity was 100%. The 
false negative rate was 3.3% and the negative predictive value was 98.1%. The positive predictive value was 100%. The locating 
mechanism was proved via immunohistochemical staining. Conclusion: Targeting CD20 is a new concept of SLN technique, and 
rituximab-based imaging agents are optimal agents for SLNB. 

 
Figure 1 A) Fustion imaging of sentinel lymph node scintigraphy after intradermal injection of 99mTc labeled anti-CD20 antibody into bal/c mice. B) 

sentinel lymph node scintigraphy after intradermal injection of 99mTc labeled anti-CD20 antibody into bal/c mice for 24 h. C) Fusion imaging of 99mTc-
rituximab sentinel lymph node scintigraphy in the left breast cancer patient (injection site: peritumor). D) 99mTc-rituximab sentinel lymph node biopsy. E) 
Immunohistochemistry assay identified that 99mTc-rituximab could bind CD20 molecules which were overexpressed on B-lymphocytes of the germinal 

center in sentinel lymph node of the breast cancer patient (using Anti-human IgG Fc fragment as primary antibody). 
Uptakes of lymph nodes at different time after intradermal injection of 99mTc labeled anti-CD20 antibody into the left rear foot pad of mice.(%ID: 

percentage of injection dose) 

 

Disclosure of author financial interest or relationships: 
X. Wang, None; B. Lin, None; Z. Yang, None.  

Proceedings of the 2011 World Molecular Imaging Congress S743



Presentation Number P813 
Poster Session 3 

September 9, 2011 / 15:15-16:45 / Room: Hall F 

13C Acetate Metabolism in the Human Brain: Preliminary evidence of neuroinflammation in 
patients with MCI and Alzheimer’s disease 

Napapon Sailasuta, Clinical Spectroscopy, Huntington Medical Research Institutes, Pasadena, CA, USA. Contact e-mail: 
sailasuta@hmri.org 

Background: Recent emphasis on amyloid in evolution of neurodegeneration Alzheimer’s disease (AD) has diverted attention from the 
role of astrocytes and microglia, a process termed ‘neuroinflammation’ in pre- AD and MCI, the pre- symptomatic stages of this disease. 
We applied carbon-13 MRS (Sailasuta N. et al. (2010),JMR 207:352-5), a non-radioactive, non -invasive brain imaging technique to 
quantify the oxidation of [1-13C] acetate in a conventional clinical MRI scanner in 5 consecutive elderly subjects (6 examinations) at 
various clinical stages of AD progression. Methods and Human Subjects: Patients referred by their Clinicians for evaluation of AD 
underwent conventional screening (Mini Mental State Exam (MMSE)), neuropsychological tests, quantitative MRI (including ADNI) and 
proton MRS before entering MR scanner where sterile [1-13C] acetate (Cambridge Isotopes Lab) was infused intravenously over 60 
minutes. Proton decoupled 13C spectra were acquired from posterior brain, including posterior cingulate gyrus (PCG) at 6 minute 
intervals for 1 - 2 hours. The rate of appearance of the glial-oxidation product H13C03 was determined (Sailasuta et al (2010) J Cereb 
Blood Flow Metab 30: 950-60). Results: [1-13C] acetate entered the brain and was metabolized to [5-13C] glutamate and glutamine, as 
well as [1-13C] glutamate and glutamine, and the final glial oxidation product, 13C bicarbonate, at a linear rate. Calculation of the initial 
slope was similar in a single subject, examined twice, one month apart (test-re-test 8%). Mean rate of cerebral bicarbonate production 
in this elderly Group was 0.040±0.01 (N=5). Figure 1 demonstrates sequential brain spectra (A), time course of bicarbonate fractional 
enrichment (B) and the correlation between rate of glial bicarbonate production with AD biomarker NAA/mI (R2 0.532) and clinical grade 
MMSE (R2 0.955) (C). Discussion and Conclusions: Assuming that the rate of conversion of acetate to bicarbonate is a reflection of 
glial metabolic rate and that glial metabolic rate is a surrogate marker for ‘neuroinflammation’ (Sailasuta N. et al (2010) J Cereb Blood 
Flow Metab 30: 950-60; Herrup K. (2010) J Neurosci 30: 16755-16762; Craft JM, Watterson DM, Van Eldik LJ (2006) Neuroscience 53: 
484) these preliminary results suggest that [1-13C] MRS may provide biomarkers for diseases, believed to involve microglia and other 
cells of the astrocyte series. Among these is AD, for which novel drugs which ameliorate the damaging effects of neuroinflammation 
before symptoms of dementia appear are in advanced development. The value of 13C MRS as an early, non-invasive biomarker may lie 
in the conduct of cost-effective clinical trials. Based on test-retest error 8% indicated, such a trial could be powered by N=30 AD. 
Acknowledgements: Funding from NIDA. The Author thanks her colleagues at HMRI (Brian D. Ross, Thao Tran, Kent Harris, Thomas 
Warren, Larry Robertson) and Physicians who referred well-characterized clinical subjects (Norman Chien, Richard Shubin, Preedan 
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Customized Quantitative Computed Tomography Longitudinal Analysis to Determine 
Treatment Effect of Odanacatib and Alendronate in Rhesus 

Mona L. Purcell1, Sangeetha Somayajula2, Keenan Brown3, Richa Y. Jayakar1, John Szumiloski4, Jacquelynn J. Cook1, Thomas 
Hangartner5, Bernard Dardzinski1, Jeffrey Evolhoch1, Donald S. Williams1, 1Imaging, Merck & Co.,Inc, West Point, PA, USA; 
2Informatics IT, Merck & Co., Inc, Boston, MA, USA; 3Mindways Software, Austin, TX, USA; 4Early Development Statisticians, Merck & 
Co.,Inc, West Point, PA, USA; 5Wright State University, Dayton, OH, USA. Contact e-mail: mona_purcell@merck.com 

Preclinical and clinical evaluation of disease burden and treatment efficacy is critical to the development of new therapies for 
osteoporosis. While bone mineral density (BMD) using dual energy X-ray absorptiometry is used to monitor osteoporosis burden, it is a 
planar radiographic technique and does not accurately measure BMD. Quantitative computed tomography (QCT) is gaining popularity 
in the clinic as it allows accurate measurement of BMD from three-dimensional images while also allowing for measurement of cortical 
thickness. We describe the use of a clinical QCT scanner and analysis software for a head-to-head comparison of odanacatib (ODN, a 
cathepsin K inhibitor) to alendronate (ALN, a bisphosphonate) in an ovariectomized (OVX) monkey model of osteoporosis. Data were 
obtained for three groups (n=16/group) of OVX animals treated with VEH, ODN (2 mg/kg daily), and ALN (15μg/kg twice weekly). 
Longitudinal QCT measurements were made at 0, 6, 9, 12, and 18 months post-treatment, with treatment starting 10 days post OVX. 
All image analyses were performed using customized Mindways QCT Pro Software. The clinical software was adapted for monkey 
anatomy so the correct anatomical location could be defined in a reproducible manner. The top of the femur through mid-shaft was 
segmented out from the original scan. The image was then rotated for optimal viewing of the analysis region of the femoral shaft. 
Selecting a consistent region of interest in the femoral shaft is critical so the same region is measured at each time point. It was decided 
to use a 10 mm rectangular ROI placed at a fixed fraction of the distance between the top of the greater trochanter to the bottom of the 
lesser trochanter for each bone (Figure 1). The distance determined at baseline for each monkey was then used at all subsequent time 
points in that animal. For the femoral neck analysis, a rectangular ROI was placed on the center of the femoral neck. The software then 
performed a series of iterations to determine the optimum angle and position of the ROI to obtain the minimum cross-sectional area 
(CSA) within the ROI. This ensured the ROI to be centered on the femoral neck and perpendicular to the femoral neck axis. The data 
(11 slices) were then analyzed off-line and the three slices at the center of the neck were selected for analysis. Volumetric BMD (vBMD) 
measurements increased (after 18 mo. treatment, compared to VEH for ODN and ALN) in the center of the femoral neck by 9.7 and 
5.6% and in the femoral shaft by 3.1 and 3.9% respectively. Shaft cortical thickness for ODN and ALN increased by 10.9 and 3.1 %, 
respectively compared to baseline. 
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In vivo determination of changes in glioma after treatment with CXCR4 antagonist and 
tyrosine kinase inhibitor 

Ali S. Arbab1,2, Abbas Babajani-Feremi1, Adarsh Shankar1, Nadimpalli Ravi S Varma1, Asm Iskander1, Mohammed P. Bhuiyan1, 
Branislava Janic1, Meser. M. Ali1, 1Cellular and Molecular Imaging Laboratory, Henry Ford Hospital, Detroit, MI, USA; 2Radiology, 
Wayne State University School of Medicine, Detroit, MI, USA. Contact e-mail: saali@rad.hfh.edu 

Malignant gliomas are hypervascular tumors. Therefore, anti-angiogenic therapies targeting VEGF or VEGF receptors (VEGFRs) were 
designed for controlling growth of malignant gliomas. It has been noted that continued anti-angiogenic therapy targeting only the VEGF-
VEGFR system might affect pro-angiogenic factors other than VEGF, such as basic fibroblast growth factor (bFGF), stromal derived 
factor 1 (SDF-1) and Tie-2. These factors may in turn stimulate angiogenesis by mobilizing bone marrow derived precursor cells, such 
as endothelial progenitor cells (EPCs), known to promote angiogenesis and vasculogenesis mainly through SDF-1-CXCR4 system.The 
purposes of this study were to determine the effect of CXCR4 antagonist AMD3100 and broader tyrosine kinase inhibitors such as 
sunitinib on the growth and vascular changes in glioma and to determine the changes by in vivo MRI. Human U251 glioma cells were 
intracranially implanted in nude rats that at later time points underwent treatment with either AMD3100 (2mg/kg/day) or sunitinib (80 
mg/kg/day) for two weeks (5 days/week). Treatments started on day 11 following implantation of tumors. Dynamic contrast enhanced 
(DCE) T1 magnetic resonance imaging (MRI) was obtained on days 3 or 7 after the completion of the treatments, to measure vascular 
parameters. T1 maps were created by acquiring multi flip angle fast SPGR images. T2-weighted (T2WI) and pre and post contrast T1-
weighted images (T1WI) were also obtained. At the end of the studies, animals were euthanized and the brains were collected for 
histochemical analysis. Forward vascular transfer constant (Ktrans /sec), tBV, and reverse vascular transfer constant (Kb) maps were 
created using three compartmental model of Patlak plot analysis. The values of Ktrans, tBV, and Kb in whole tumors were determined 
by drawing irregular regions of interests (ROIs). The values of Ktrans and tBV were normalized to contralateral brain. Tumor volume 
was determined from the post-contrast T1WI. The values were compared among the groups of animals using ANOVA. Any p-value of 
less that 0.05 was considered significant. Although both AMD3100 and TK inhibitor treated tumors showed slightly increased tumor 
volumes compared to the corresponding control tumors, there was no significant difference. However, normalized Ktrans values 
showed significantly higher permeability in tumors that received TK inhibitor. AMD3100 treated tumors showed significantly increased 
tBV compared to control and significantly increased Kb compared to both control and TK inhibitor treated animals. Although tBV maps 
showed similar pattern of blood volume throughout the tumor in all groups of animals, there was almost undetectable Ktrans value 
observed at the central parts of the tumors in AMD3100 treated animals. Enhancement patterns corresponded with the maps of Ktrans. 
Both, AMD3100 and TK inhibitor failed to control the tumor growth in implanted human glioma in rat. TK inhibitor increased the Ktrans 
and AMD3100 increased tBV and Kb. Further studies are needed to confirm the mechanisms of resistance to tyrosine kinase inhibitors 
and AMD3100 treatment in implanted glioma. 
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Advances in the Synthesis and Preclinical/Clinical Characterization of the Hypoxia-Selective 
PET Tracer 18F-EF5 
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Graves, Radiation Oncology, Stanford University, Stanford, CA, USA. Contact e-mail: rsali@stanford.edu 

AIMS: To (a) improve synthesis yields for 18F-[2-(2-nitro-1-H-imidazol-1-yl)-N-(2,2,3,3,3-pentafluoropropyl) acetamide] (EF5), a 
hypoxia-selective Positron Emission Tomography (PET) radiotracer, and (b) characterize its in vivo uptake in preclinical and clinical 
subjects. METHODS: 18F-EF5 was synthesized from trifluoroallyl precursor using a variation on established protocols where a Gemini 
C18 analytical column was used for purification with 10% ethanol to minimize product retention on the column. For preclinical imaging, 
subcutaneous tumors were grown on the shoulders of nude mice using a range of human cell lines. When tumors reached 8mm 
diameter, mice were injected intravenously (IV) and intraperitoneally (IP) with 200uCi of 18F-EF5, and imaged using a 
Siemens/Concorde microPET R4 and a Gamma-Medica SPECT-CT using static (10 min long, 3 hours post-injection) and dynamic 
protocols. Preclinical 18F-EF5 tumor uptake was validated by immunohistochemistry (IHC) of paraffin-embedded tumor slices with 
ELK3-51 anti-EF5 regular and competed-stain antibodies. For clinical imaging, patients with advanced head and neck (HN) carcinomas 
who were recruited as part of an IRB-approved Phase I clinical trial were injected intravenously with 8-10 mCi of 18F-EF5, and imaged 
after 3hrs. Image analysis was performed using RT_Image. RESULTS: Yields of 14-20mCi at radioconcentrations in excess of 1mCi/ml 
(for preclinical tail vain injections) and 12-16mCi (clinical grade) are regularly obtained. These values are significantly higher than 
reported values at other sites, and are sufficient for all of our on-site imaging requirements. Quality control was performed on 18F-EF5 
immediately after synthesis using HPLC. 18F-EF5 uptake in subcutaneous tumors was found to be highly dependent on the cell line, 
with a spectrum of observed tumor:background (T:B) ratios ranging from 1.0 +/- 0.2 for HT-29, to 2.8 +/- 0.5 for 22B. Intensity of anti-
EF5 IHC staining after correction for non-specific binding was found to correlate with in vivo uptake. Biodistributions were compared for 
IV and IP injections, and T:B values for IP injections were 30% lower than IV after 3 hours, whilst IP images exhibited higher whole-
body background uptake. Comparison of growth curves prior to imaging revealed that high levels of 18F-EF5 uptake resulted in growth 
retardation. Clinical 18F-EF5 imaging showed low background levels in typically FDG-avid regions (e.g. gray matter, salivary glands, 
ocular muscles), allowing HN tumors to be imaged with high contrast. 18% of lesions identified with 18F-FDG and subsequently imaged 
with 18F-EF5 showed high 18F-EF5 uptake (max T:B was 2.1, in patient shown in attached figure). CONCLUSIONS: We have 
established a comprehensive strategy for imaging with 18F-EF5 PET, based around enhanced synthesis protocols optimized for 
preclinical and clinical delivery, and have characterized 18F-EF5 uptake in vivo in preclinical and clinical models. Our work provides the 
framework for further research with 18F-EF5, including evaluation of its ability to predict radiation response in preclinical models, and its 
ability to monitor treatment response in patients. 

 

18F-EF5 uptake in head-and-neck cancer patient with anterior scalp and dural lesions. Regions of high EF5 uptake are highlighted in red. Units are 
SUV. 
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PET Probe Development: From idea to IND thorough translational preclinical research 
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Development of new PET imaging agents can be time consuming and expensive, particularly when it comes time to seek FDA approval 
under the Investigational New Drug (IND) process. Often certain tests are contracted out to companies specializing in tests such as 
toxicology and blood chemistry. The costs and time associated with these tests can be prohibitive, leading to what has been termed the 
valley of death, where promising research agents stop in a preclinical phase, never obtaining approval for clinical use. At our institute, 
we took steps to lower the time and cost required to obtain IND approval through services created in-house. This work describes the 
processes, tests and timeline for our new PET imaging probe, from idea to IND approval. Based on research and testing in vitro, a 
candidate PET probe was identified to assay the activated immune system (FAC). Several isomers were identified and parallel 
examinations were conducted into the biochemistry and biodistribution using preclinical studies in mice. Characterization of how the 
labeled probe is metabolized in vivo is essential to understand the data within PET images. Through HPLC analysis, autoradiography 
and cell work, the location, metabolism and enzymatic trapping method was determined. Looking at multiple isomers was essential, as 
many groups have demonstrated that the most promising in vitro or even preclinically promising probes may not work best for human 
applications. Preclinical PET studies in mice established biodistribution and radiation dosimetry estimates, which were later confirmed 
in humans. Preliminary toxicology testing in rats demonstrated no observable biological changes, thus RDRC approval for testing in 
humans was obtained. From idea to first human use took 9 months, 6 months for the second isomer. Once the ideal isomer for human 
use was determined, GLP level toxicology tests were required for IND submission. This service was added to the preclinical center in 
coordination with our veterinary support group. To keep costs low, we evaluated 3 isomers along with one control group in rats. We 
used rats as a low cost species that was sufficiently large enough for invasive blood pressure monitoring and blood sampling. A single 
species was sufficient since PET probes are used in nanomolar concentrations and are not a drug to be used for treatment or at various 
doses. As part of the preclinical imaging center, SOPs were added for the various tests required for IND approval. This streamlined the 
process and makes it available to any investigator. Regulatory approval for adding a new PET probe often requires only a few days, 
since the process is identical for every agent to be evaluated. Thirty days after submission, we obtained IND approval from the FDA. 
We were careful to follow the requirements and advice from other successful applications, without adding any unnecessary or 
supporting data that was not required. By establishing procedures and services to successfully obtain IND approval from the FDA, we 
hope to have established a precedent others can follow for timely, low cost submission and approval of promising new PET probes for 
clinical applications. 
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Volumetric quantitation of regional adiposity in miniature swine using segmented CT data 
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University of Tennessee, Knoxville, TN, USA. Contact e-mail: emarti15@utk.edu 

Sinclair miniature swine (minipigs) have been used extensively as models for cardiovascular, dermatology, oncology, and obesity 
research. Our goal was to perform a pilot study using 2 purpose-bred, castrated male minipigs (approx. 7 months old and 30 kg) fed a 
high fat diet for 16 weeks to assess regional adiposity changes over time using CT imaging and segmentation of the image data. 
Previously, fat composition has been measured using dual-emission X-ray absorptiometry (DXA) or by estimating adiposity from a 
single axial CT image. However, both these techniques have limitations and neither is capable of quantifying regional adiposity in a 
subject. To address this, we have manually segmented CT image data for 2 pigs to determine the change in pericardial or abdominal 
adiposity as a function of time. Serial CT imaging was carried out at initiation of the high fat diet and every 4 wk thereafter for a total of 
16 wk (5 time points in total). The final weight of the pigs was 51 kg. Anesthesia was induced with ketamine 10 mg/kg and midazolam 
0.4 mg/kg iv and tracheal intubation performed. Pigs were maintained on inhaled isoflurane/oxygen in sternal recumbancy for 
acquisition of whole-body CT images. CT datasets were imported into the IRW 3.0 image visualization software package, and the 
subcutaneous adipose tissue on the back at the L3 vertebra was used as a point of reference. Measurements of back fat were made to 
the left and right of the L3 superior articular processes on the coronal and axial images as well as in a plane extending from the L3 
spinous process. Abdominal and pericardial fat depot volumes were estimated by image segmentation in 3D using a volumetric 
rendering of the CT data. Image segmentation of CT data is a facile method for estimating regional adiposity in pigs. Analysis of the 
data revealed a significant linear correlation between the depth of subcutaneous adipose tissue at the L3 vertebra and both the 
abdominal and pericardial fat volumes (p < 0.01). Similarly, the increase in abdominal fat volume correlated linearly and significantly 
with pericardial adiposity (Correlation coeff. = 0.96; p = <0.01), with a rate of ~ 0.01 - 0.02 cm3 of pericardial fat/cm3 of abdominal fat. 
The rate of accumulation of abdominal adipose tissue was similar in both animals; however, pericardial fat was deposited 2x faster in 1 
pig relative to the other. Although only 2 pigs were studied, the data show that regional adiposity can be readily quantified by using CT 
imaging and that the various methods of image analysis correlated well. This technique will be beneficial for studies of obesity and the 
quantitative assessment of dietary interventions using the Sinclair minipig or similar models. 
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Development of a Novel Activatable Theragnostic Superparamagnetic Iron oxide Nanoparticle 
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Program Stanford, Stanford University, Stanford, CA, USA. Contact e-mail: cansari@stanford.edu 

Purpose: Folate receptors (FR) are overexpressed in breast cancers and their density on breast cancer cells is associated with poorly 
differentiated tumors and poor outcomes. Linking folate to nanoparticles (NPs) leads to a specific NP retention in FR-positive cancers 
but not normal tissues, thereby providing cancer specific imaging. This folate-mediated drug-retention in FR-positive cancers can be 
utilized for the development of targeted cancer therapies. The purpose of our study is to provide tumor-specific MR imaging and therapy 
via folate-conjugated nanoparticles, which are linked to a C- and N- terminal modified peptide conjugate of aademethylcolchicine 
(ICT4301), and which can be activated by matrix metalloproteinases (MMP-14). The relatively large size and folate-conjugation of this 
new NP compound will provide selective tumor delivery and retention while the MMP-activatable drug ICT4301 allows for selective 
therapeutic effects in the tumor tissue. Methods: The relaxivity of the theranostic NPs were determined with spectrometry. In vitro MR 
and spectrometry studies evaluated uptake of various nanoparticle preparations by various cancer cells. Mice with MMTV PymT tumors 
underwent MR imaging on a 7T animal scanner before and after IV injection of ferumoxytol (0.5 mmol Fe/kg), ferumoxytol-ICT3104, 
ferumoxytol-folate-ICT3104, ICT3104, or served as untreated controls. Pulse sequences comprised T2-FSE 2500/80 (TR/TE) and 
multiple-TE SE sequences. Average signal intensities (SI) of the whole tumor, tumor rim and tumor center were measured by means of 
operator defined regions of interest (ROIs). SNR’s were calculated for each pulse sequence and each anatomical region by correction 
of measured SI data by the image noise: SNR = SI target organ/background noise. MR data are correlated with tumor histopathology 
(H&E, Prussian blue and TUNEL stains) and rt-PCR (MMP-expression). Results: In vitro studies confirmed uptake of theranostic NPs 
by cancer cells. T2 relaxation rates via spectrometry for the theranostic agents (0.78ms) were higher compared to original ferumoxytol 
(0.40ms). Therefore, higher doses of the theranostic drug were needed to achieve a comparable enhancement to Ferumoxytol. In vivo 
studies demonstrated significant tumor MR signal enhancement with all nanoparticle preparations at 1 h and 24 h p.i. Histopathologic 
correlations are ongoing, initial results suggest that at 72h p.i., tumors treated with theranostic NPs demonstrate significantly larger 
central necrosis compared to controls. Conclusion: The advantage of folate-linked NPs over the use of targeted antibodies is their 
excellent safety profile and the lack of potential immune reactions with repetitive administrations. In addition, the ability to detect 
superparamagnetic NPs with MR imaging allows for direct, real-time evaluation of the in vivo distribution and tumor accumulation of the 
drug. Our investigations hold the potential to improve targeted therapy of breast cancer, prediction and monitoring of therapy response 
and, ultimately, improved efficacy and decreased side effects of cytotoxic therapies. 
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Fielder1, 1Pharmacokinetic & Pharmacodynamic Sciences, Genenetech, Inc, South San Francisco, CA, USA; 2Investigative Safety 
Assessment, Genenetech, Inc, South San Francisco, CA, USA. Contact e-mail: eduardom@gene.com 

Objectives: Neuropilin-1 (NRP1) is transmembrane co-receptor for VEGF165 involved in angiogenesis regulation [1]. Normally it is 
expressed in vascular endothelial and epithelial cells in healthy tissues; however, certain tumors show overexpression [2]. Therefore, a 
human mAb has been developed targeting NRP1 to block vascular function [3] and slow tumor growth in xenograft mice [4]. Animal 
studies have shown that MNRP1685A clears plasma rapidly, suggesting that target mediated clearance is involved in the disposition of 
the molecule. Thus, we aimed to investigate the antibody fate and disposition after tracer level dosing to mice. Methods: MAb 
radiolabeling involved incubation of 111InCl3 and DOTA-mAb in 0.3 M ammonium acetate pH 7 at 37 °C for 45 minutes. Purification was 
achieved using NAP5 columns equilibrated in PBS and confirmed by size-exclusion radiochromatography. Final specific activity of the 
tracer was 1.22 or 0.77 MBq/μg for 111In-MNRP1685A or matched isotype control, respectively. Female NU/NU nude mice received 
either 3.69 MBq of 111In-MNRP1685A or 4.03 MBq of 111In-control IgG. SPECT-CT imaging was performed using modifications of 
previously described methods [5]. SPECT data was acquired in two 20% windows centered at 173- and 247-keV 111In photopeaks 
using dual high resolution 5-pinhole collimators at a 5.5 cm radius of rotation. Results: SPECT-CT showed fast preferential liver and 
lung uptake in mice receiving 111In-MNRP1685A, in contrast with the typical blood pool retention of its non-antigen specific isotype 
matched control. Specific tissue uptake appeared as fast as 2 hours post-injection (Figure 1). Conclusions: High uptake of 111In-
MNRP1685A in murine liver and lungs show that target expression in these tissues contributes to rapid blood clearance. These 
observations suggest that achieving mAb exposure in preclinical models would require dosing strategies to overcome receptor 
mediated clearance into peripheral tissue sinks. References: [1] Bagri et al, (2009), Clin Cancer Res, 15:1860-4; [2] Bielenberg et at, 
(2006), Exp Cell Res, 312:584-93; [3] Liang et al, (2007), J Mol Biol, 366:815-29; [4] Pan et al, 2007, Cancer Cell, 11:53-67; [5] Boswell 
et al, (2010), Mol Pharm, 7:5, 1848-1857. 

 
Figure 1. SPECT-CT fusion images of 111In-DOTA-labeled control IgG (A,C) or MNRP1685A (B,D) in healthy mice at 2 hours post-injection. 3D volume 

rendering (A, B), or coronal plane (C, D) views show selective heart (H), lung (Lu) and liver (Li) uptake.  
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Real-Time Imaging and Analysis of FITC-Dextran Extravasation from Tumor Vasculature using 
Fibered Confocal Fluorescence Microscopy 
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University Bordeaux 2, Bordeaux cedex, France. Contact e-mail: marc.derieppe@gmail.com 

Introduction Drug delivery to tumors is strongly dependent on crossing of biological barriers such as endothelium. As extravasation 
varies depending on tumor type and drug size it has to be assessed prior to choosing appropriate therapeutic solutions [1]. Fibered 
Confocal Fluorescence Microscopy (FCFM) has been shown to have a great potential in real-time endoscopic imaging and 
characterization of microvascularization [2], and may bring additional informations to dorsal skinfold window chamber [3] fluorescence 
imaging. At the same time, macromolecular carriers are playing increasing role in the drug delivery to solid tumors combining greater 
tumor accumulation, reduced systemic toxicity and possibility of externally-triggered release [4]. Here we demonstrate for the utility of 
FCFM real-time imaging to study extravasation of macromolecules into tumoral tissue in the mouse model. Materials and methods U87 
human glioma cells were implanted subcutaneously in the thighs of nude mice, and grew up for 2 to 3 weeks to get a tumoral volume of 
0.3 to 0.4 mL. The experiments were conducted in agreement with the European Commission guidelines of the French Research 
Ministry. The mice were anaesthetized with Isofluran (5% v/v for induction, 1.5% v/v afterwards, Baxter, France). The tip of the 
Cellvizio® microscope (MaunaKea Technologies, Paris, France) (FOV=600x500m, optical sectioning=70μm, working distance=100μm, 
lateral resolution=3.9μm) was positioned on the extreme surface of the tumor after 3 mm-wide incision of the skin. Real-time 
fluorescence images (frame rate=8.5Hz, laser excitation=488 nm, spectral sensitivity=505-700nm - laser power=5.1mW) were acquired 
continuously 10 seconds before, during and 5 minutes after 200 μL bolus intravenous injection of the molecule of interest. 1 mg of 
FITC-conjugated dextrans (Exc: 490nm, Em: 520nm; Sigma Aldrich, France) with respective molecular weight of 10kDa, 70kDa and 
500kDa were used for experiments. Data post-processing was performed with ImageJ software (Bethesda, USA) and IDL (home made 
program). Results and Discussion No background fluorescence was detected at pre-injection images. 15 seconds post-injection (Figure 
1) microvessels with diameter 10-50 μM became clearly delineated. No extravasation of 500kDa dextran was observed during 30 
minutes post-injection. On the other hand, extravasation of 10kDa dextran became apparent already 1 minute after injection and was 
nearly completed in 10 minutes. Parameters such as microvessel diameter, vascular permeability, tumor accumulation and penetration 
were assessed for various dextran sizes (data analysis is ongoing). Conclusion We have demonstrated the utility of FCFM real-time 
imaging to study extravasation and tumor accumulation of FITC-labeled dextrans. This minimally-invasive approach is particularly 
useful in assessment of tumor models prior to nanocarrier-based therapies. References [1] M. R. Dreher et al., J Natl Cancer Inst, vol. 
98, 5, 335-344, 2006. [2] E. Laemmel et. al., J Vasc Res, vol. 41, 5, 400-411, 2004. [3] R. M. Schiffelers et al., vol. 91, 1, 115-122, 
2003. [4] G. Kong et al., Cancer Res, vol. 60, 24, 6950-6957, 2000. 

 

Figure 1. Fibered Confocal Fluorescence Microscopy images acquired 15 seconds, 1 minute and 10 minutes after FITC-dextran i.v. injection at 
respectively 500 kDa (A, B and C) and 10 kDa (D, E and F). 
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Tumor Uptake and Efficacy of Antibody Drug Conjugates Using 89Zirconium ImmunoPET 
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Joshua Goldsmith3, Bonnee Rubinfeld3, Shang Fan Yu2, Jan Marik1, Simon P. Williams1, 1Biomedical Imaging, Genentech, Inc., South 
San Francisco, CA, USA; 2Translational Oncology, Genentech, Inc., South San Francisco, CA, USA; 3Cancer Targets, Genentech, Inc., 
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We evaluated the potential of Zr-89 immunoPET as a pharmacodynamic biomarker to study the delivery of antibody drug conjugates 
(ADC) in models of prostate cancer. LuCaP35V, LuCaP70, LuCaP77, and LuCaP96.1 are a series of propagated primary human 
prostate tumors which differentially express various antigens of potential therapeutic value. For two antigens, TenB2 and STEAP1, we 
investigated the relationship between antibody uptake measured by Zr-89 immunoPET and efficacy defined by tumor volume changes. 
We compared the PET data to conventional measures of antigen expression based on IHC, FACS, qPCR, and Western blots. STEAP1 
and TenB2 antibodies were site-specifically conjugated with two thiol-linked moieties per antibody. Desferrioxamine was used for 
imaging with zirconium-89 while the auristatin MC-vc-PAB-MMAE was used with therapeutic intent. The LuCaP tumor lines were 
propagated in male SCID.bg mice using explants from donor mice. An isotype-matched control antibody was also studied. PET 
imaging: Mice (n=5) were dosed with 5 mg/kg (100 µCi) 89Zr-anti-TenB2, -STEAP1 or -gD and imaged 4 days later on a Siemens 
Inveon PET/CT scanner. Drug efficacy: Multi-week efficacy studies were run in parallel with the imaging studies. Groups of 7-10 mice 
were treated with 5 mg/kg anti-TenB2-MMAE, -STEAP1-MMAE, or -gD-MMAE. Tumor volume was recorded for up to 70 days post 
treatment. Tumor characterization: Dissociated tumor tissue was used to measure TenB2 and STEAP1 expression levels by FACS 
analysis. Total protein by Western blot and gene expression by qPCR were also measured. Separate cohorts of animals provided 
tumor samples for IHC. Results: All techniques agreed that the highest STEAP1 levels were in LuCaP35V (11% ID/g by PET) and the 
lowest levels in LuCaP96.1 (3% ID/g by PET). All techniques agreed that the highest TenB2 levels were in LuCaP77 (24% ID/g by PET) 
and the lowest levels in LuCaP35V (5% ID/g by PET). The other tumor lines showed intermediate expression levels with no apparent 
gold standard or consistent correlation between techniques. Rank-order tumor uptake measured by PET imaging was well correlated 
with efficacy outcomes. In each case, the antibody with the highest uptake showed the best efficacy, but the absolute antibody uptake 
required to achieve efficacy varied from one cell line to another. Interestingly, the LuCaP77 tumors showed a requirement for a much 
greater degree of antibody uptake to achieve efficacy compared to the other tumor types. Conclusions: Zr-89 immunoPET offers a 
quantitative method to monitor tissue-level distribution of antibodies over time. No metric of expression or uptake predicted efficacy 
perfectly, but immunoPET was at least equal to established techniques. ImmunoPET may add value to measurements of receptor 
expression per se by providing information about tissue penetration, antibody internalization and cytotoxin accumulation, factors directly 
relevant to ADC potency. 
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Increased Migration of Tumor-Targeting Monocytes/Macrophages by Radiation 

Eun jin Ju1, Jinhyang Choi1, Hye Kyung Chung1, Seong-Yun Jeong1, Joohee Jung1, Jin Seong Lee2, Eun Kyung Choi1,3, 1Institute for 
Innovative Cancer Research, ASAN medical center, Seoul, Republic of Korea; 2Department of Radiology, University of Ulsan College of 
Medicine, Seoul, Republic of Korea; 3Department of Radiation Oncology, ASAN Medical Center, Seoul, Republic of Korea. Contact e-
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Radiotherapy for cancer treatment has been used for primary or adjuvant treatment in many types of cancer and approximately half of 
all cancer patients are undergoing radiation. Hypoxia in solid tumors has been known as the main cause of resistance to ionizing 
radiation therapy of cancer by inducing genomic and proteomic changes of cancer cells. Monocytes/macrophages are continually 
recruited in hypoxic areas of tumor due to the hypoxic release such macrophage chemoattractant as VEGF and MCP-1. Using this 
characteristic of monocytes/macrophages, we have attempted to develop biocarriers loading radiosensitizing anticancer agents that can 
lead to enhance the therapeutic effect of radiation in cancer treatment. Macrophages taken iron oxides has been observed in a tumor 
site effectively with a MRI imaging. Furthermore, functionalized liposomes carrying radiosensitizing anticancer agents, such as 
doxorubicin and cisplatin, has been successfully loaded in mouse peritoneal macrophages that migrated into tumors from 
subcutaneous and metastasis mouse model. Taken together, these results provide monocytes/macrophages as a biocarrier which may 
be able to use as a selective tool for amplification of the therapeutic effects of radiation in cancer treatment and improvement in the 
efficacy of radiotherapy will benefit a large number of patients. 
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Developing Rat Brain 
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The widespread neuronal apoptosis induced by long duration (> 3 hr) exposure of experimental animals to general anesthetics at 
clinically relevant doses during the brain growth spurt period has given rise to substantial concerns over the safety of their use in 
pediatric patients. Positron emission tomography (PET) has the potential to be an important, minimally-invasive method for investigating 
the effects of general anesthesia on the developing central nervous system of children. Therefore, studies in search of translational 
molecular PET probes for labeling apoptotic cells are important. 5-(dimethylamino)-N’-(4-fluorobenzylidene) naphthalene-1-
sulfonohydrazide (DFNSH), a dansylhydrazone derivative, has been demonstrated to selectively accumulate in the cytoplasm of 
apoptotic cells. In a previous study, we have used fluorine-18 labeled DFNSH ([18F]-DFNSH) as a specific tracer for labeling neuronal 
apoptosis for PET imaging in ketamine-exposed rats. The purpose of the current study is to evaluate sevoflurane-induced neuronal 
apoptosis in the developing rat brain using [18F]-DFNSH as an apoptosis probe for PET imaging. Here, neonatal rats were exposed to 
2.5% sevoflurane, one of the inhalational anesthetics commonly used in pediatric anesthesia, for 0 (controls, n = 23), 3 (n = 12), 6 (n = 
12), or 9 (n = 12) hours on postnatal day (PND) 7. MicroPET scans were performed following the injection of [18F]-DFNSH on PNDs 
14, 28 (18.5 MBq/dose, i.p.), and 63 (37 MBq/dose, i.v.), respectively. Regions of interest (ROIs) were selected and outlined in the 
frontal cortical area, a region reported to be one of the most susceptible to anesthetic-induced neurotoxicity. At PND 14, standard 
uptake values (SUVs) for the ROIs in the 9 h-exposed rats are remarkably higher than those of the controls, suggesting increased 
uptake and retention of [18F]-DFNSH. In contrast, SUVs for animals exposed for either 3 h or 6 h could not be discriminated clearly from 
those of control animals at PNDs 14, 28, or 63. Nevertheless, faster rates of radioactive decline were noted in PND 63 rats in 
comparison with PNDs 14 and 28 rats, which might suggest a quicker wash-out of [18F]-DFNSH in rats at PND 63. Interestingly, the 
uptake of this tracer was attenuated in 9 h-exposed rats when pretreated with L-carnitine (300 mg/kg), a neuroprotective agent thought 
to facilitate mitochondrial function and integrity. Collectively, the results suggest that [18F]-DFNSH-PET imaging studies can help define 
the temporal course of sevoflurane-induced neuronal apoptosis in the developing rat brain. (SL was supported through an interagency 
agreement between Oak Ridge Institute of Science and Education and NCTR/FDA.) 
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Introduction Longitudinal PET imaging is a common measurement tool in preclinical drug discovery and development. As throughput 
has increased, image processing has surfaced as a primary bottleneck in study completion. Here, we quantitatively compare the 
manual analysis results from several preclinical PET imaging studies with the results obtained by an automated tumor segmentation 
framework. Materials and Methods</br> Data from five longitudinal in vivo PET studies designed to evaluate small molecule inhibitors 
in four separate subcutaneous xenograft tumors were analyzed. Each study consisted of multiple groups (2-4) of SCID or nude mice (4-
8) imaged at multiple (3-7) time points. Image reconstruction was performed using ordered subset expectation maximization with 
attenuation correction. A volume of interest (VOI) encompassing the entire tumor was drawn by hand using ASIPro toolbox (Siemens 
Preclinical Solutions, USA) and analysis of the average standard uptake value (SUV) in this VOI was performed. Automated tumor 
segmentation was performed via a web-based processing module. The module generates multiple candidate VOIs for each tumor 
based on a variety of threshold, edge detection, and level set segmentation methods. Following VOI generation, the module operator 
selects the preferred VOI. Summary statistics (i.e., SUV values) are computed for this VOI and combined into a single output 
spreadsheet. Manual and automated methods were compared across volume, mean tumor SUV, and maximum tumor SUV. Tumor 
volumes were also compared to caliper measurements. Example surface renderings of automatically generated VOIs are shown in 
Figure 1. Results See Table 1 for a summary of volume, SUV mean, and SUV max estimated via manual, automated, and caliper 
methods. Percent difference values for volume estimates generated manually and automatically ranged from 6-28% with a median 
correlation of 0.77. For all studies, caliper volume measurements exceeded both manual and automated volume measurements by an 
average of 28%. Percent difference values for SUV max and mean estimates generated manually and automatically ranged from 1-
18% and 0-11% with median correlations of 0.86 and 0.89, respectively. Conclusion  Comparable levels of accuracy and precision were 
observed across tumor volume, tumor mean SUV, and tumor max SUV between the automated method and manual methods of 
analysis. The automated method offers the advantage of increased throughput, decreased processing time, and decreased (non-zero 
because of the “winning” VOI selection process) observer variability. 

 

Figure 1: Surface renderings of automatically generated VOIs 
Table 1: Volume, SUV mean, and SUV max estimated via manual, automated, and caliper methods 
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Introduction: Guanalyl cyclase C, GCC, is a specific antigen for targeted therapeutics or diagnostics. MLN0264 is an antibody drug 
targeting GCC carrying a monomethyl auristatin E cytotoxic payload and has shown potent efficacy in invivo s.c. xenografts derived 
from cell lines and primary human tumor explants. Toxin free GCC MLN0264 IgG (5F9) was radiolabelled with 111In for invivo SPECT 
imaging (5 timepoints, 0-72hrs) in male SCID mice bearing GCC overexpressing (GCC293), parental (HEK293) or one of two GCC IHC 
confirmed positive metastatic colorectal primary human tumor explants (PHTX09 and 11C). Materials and Methods: 5x10^6 GCC 
overexpressing tumor cells (Gp1), HEK 293 (Gp2) or PHTX 09 (Gp3, n=8) and 11C (Gp 4, n=8) 09 were injected and established s.c. in 
male SCID mice imaged. For Gp1; first, dose affect of ~ 500μCi 111In-5F9 was measured in three different concentrations of 111In-5F9 
(8, 16 and 32 μg, n=3/dose) in separate cohorts of animals and % injected dose (%ID) determined. Secondly, terminal experiments at 
multiple time points (major organs plus tumor) were analysed to compare invivo SPECT ‘vs.’ exvivo biodistribution activity (3, 24 48, 72, 
96 hrs, n=3/timepoint). Finally, whole body distribution, specificity and tumor uptake in Gp1 and Gp2 at 3, 24, 48, 96, and 144 hrs post 
injection of 111In-5F9.For Gp3&4; 16 μg of 111In-5F9 (n=4) or 111In-SC209, a non specific Ab, (n=4) was injected into Gp3 or 4. 
Imaging was performed at 5 time points (e.g., 3, 24, 48, 72, and 96 hrs post injection) %ID and tumor:heart ratio (THR) were plotted for 
Gp3 and 4 using either 111In-5F9 or 111In-SC209. Results: 111In radiolabelling of 5F9 achieved 98% radiochemical purity. Gp1: 
Increasing the dose of 5F9 had no significant effect on tumor invivo SPECT data. There was strong correlation between the invivo 
SPECT and exvivo counts across different tissues. By 24hours %ID and tumor:heart ratios revealed a clear increase between Gp1 and 
the 2 which remained until the final imaging timepoint at 96hrs. PHTX: The 111In-5F9 Gp3 tumors appeared to have 2-fold greater THR 
as early as 2hrs, ‘vs.’ 111In-5F9 Gp4 and both 111In-SC209 Gp3 and 4. At 24 and 96hrs, THR signal from 111In-5F9 Gp3 and 4 were 
undistinguishable and had more than 2 and >5 fold higher signals, respectively, than their 111In-SC209 equivalents. Conclusion: Using 
111In-antiGCC IgG 5F9 the data shows 1/ the relationship between dose and invivo SPECT signal in GCC overexpressing tumours, 2/ 
that invivo and exvivo measurements of activity are equivalent, and 3/ 111In-5F9 retains specificity and sensitivity for GCC expressing 
s.c. xenografts. Furthermore, we successfully present 111In-5F9 anti-GCC imaging of two GCC positive primary human metastatic 
colorectal tumor xenografts, PHTX09C and PHTX11C 
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Positron emission tomography (PET) with 3'-deoxy-3'-[18F]fluorothymidine (18FLT), a proliferation tracer, has garnered attention as a 
useful tool for characterization of both neoplastic disease and bone marrow function. PET/CT is increasingly available in veterinary 
medicine; as a result, normal biodistribution of 18FLT in veterinary species is needed for lesion interpretation in the clinical setting. The 
purpose of this study is to describe the normal whole-body biodistribution pattern of 18FLT in adult domestic cats. Imaging of six 
healthy adult male cats was performed using a Biograph mCT scanner (Siemens Molecular Imaging, Inc., Knoxville, TN) which 
combines a 64-slice CT scanner (SOMATOM Definition AS+, Siemens) with a whole-body, high resolution LSO PET scanner. The axial 
field of view is 21.8 cm with 109 axial image planes. The scanner is used for research as well as clinical patients (quality control along 
with normalization obtained daily via Ge-68 phantom). Cats were sedated and injected intravenously with 108.60 ± 2.09 (mean±SD) 
MBq of 18FLT (greater than 99% radiochemical purity by HPLC). General anesthesia was induced and cats placed in sternal 
recumbency on the scanner bed. Static images utilizing multiple bed positions (corrected for radionuclide decay) were acquired 
beginning 60 minutes post-injection. 32 separate regions of interest (ROIs) were manually drawn by three observers over sites of 
clinical relevance and increased tracer uptake, including major parenchymal organs and selected areas of bone marrow. Standardized 
Uptake Values (SUVs) were calculated using an established formula. Notable areas of increased bone marrow uptake included 
proximal humeri, caudal ilia, distal femora, sternum, and vertebral bodies. Kidneys, liver, gall bladder, intestinal tract, and urinary 
bladder had relatively intense uptake consistent with radiopharmaceutical excretion. No appreciable brain or lung uptake was observed. 
This study demonstrates normal biodistribution of 18FLT in normal adult cats and will provide baseline data for future studies in this 
species. 

 
Whole-body 3-Dimensional PET/CT Image Illustrating Biodistribution of 18FLT in a Normal Adult Cat 
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Long-term Evaluation of a TiO2-based 68Ge/68Ga Generator for Clinical Applications 

Mai Lin, Chad Jarreau, Suzanne Lapi, Michael J. Welch, Radiology, Washington University in St Louis, St Louis, MO, USA. Contact e-
mail: linma@mir.wustl.edu 

Objectives: There is great interest in the United States in carrying out human studies utilizing 68Ga (half-life 68 minutes) which is eluted 
from a 68Ge (half-life 271 days) generator. Several 68Ga labeled peptides are in clinical use in Europe, however a very limited number 
of studies have been carried out in the United States. The main reason for this is the lack of FDA approval for the 68Ge/68Ga 
generator. Over the past several years, we have evaluated three 68Ge/68Ga (Eckert & Ziegler Isotope Products, GMBH, Berlin, 
Germany) and studied the elution profile, the eluted activity over time and the 68Ge breakthrough. We have also studied the labeling of 
small molecules and peptides over time (more than one year). Methods: Initially, the 68Ga generator was eluted using a syringe pump 
and collected in fractions. By analysis of the fractions, the three parameters discussed above were determined. Recently, the 68Ga has 
been purified utilizing a Strata X-C cartridge and peptide synthesis carried out utilizing the Eckert & Ziegler automated synthesis 
system. Results: The 68Ga elution yield based on the loaded 68Ge was 60.8 ± 3.3 % (n = 233) and did not vary over time. Over 80% of 
the radioactivity was obtained in the second and third mL of elution. The breakthrough of 68Ge in all collected fractions was < 0.005% 
at 450 days after preparation of the generator, and increased to 0.02% at 650 days, in the breakthrough of the fraction 2-3 mL was 
~0.008%. The breakthrough of 68Ge was reduced by a factor of approximately 10 by purification with a Strata X-C cartridge. Higher 
specific activities of peptides and small molecules were also found utilizing the Strata X-C cartridge. The eluate can be used in the 
automated system to prepare 68Ga labeled peptides in high-yield. Conclusions: Three 68Ge/68Ga generators had similar elution yields 
and 68Ge breakthrough. Peptides can be labeled in high yield utilizing a commercially available automated system. These data will be 
of great importance in submitting an IND to the U.S. FDA for human use approval of the generator eluate. 
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Tumor microenvironment dependent 18F-FDG, 18F-FLT and 18F-FMISO uptake in NSCLC 
mouse metastatic models: A pilot study. Tao Huang1,2, Junling Li2, Baozhong Shen1, Huaiyu 

Zheng2, Huijie Jiang2, A. Cahid Civelek2, Gregory Postel2, Chin K Ng2, Xiao-Feng Li2 
1Medical Imaging Center, the Fourth Hospital of Harbin Medical University, Harbin, China 

150001 2Department of Radiology, University of Louisville School of Medicine, Louisville KY 
40202 

Tao Huang1,2, Junling Li2, Baozhong Shen1, Huaiyu Zheng2, Huijie Jiang2, A. Cahid Civelek2, Gregory Postel2, Chin K. Ng2, Xiao-Feng 
Li1, 1Medical Imaging Center, the Fourth Hospital of Harbin Medical University, Harbin, China; 2Radiology, University of Louisville 
School of Medicine, Louisville, KY, USA. Contact e-mail: playno1@sina.com 

Objectives: Management of therapeutic efficacy of NSCLC with PET/CT is important. This study was to characterize the specific 
targeting sites of PET 18fluoro-2-deoxyglucose (18F-FDG), 18fluorothymidine (18F-FLT) and 18F-misonidasole (18F-FMISO). 
Intratumoral distribution of these tracers was related to tumor microenvironment such as hypoxia, cellular proliferation, blood perfusion 
in metastatic model of human non-small-cell lung cancer (NSCLC) in nude mice. Methods: NSCLC lung cancer cells were 
intraperitoneally injected into nude mice to generate disseminated tumors of varying sizes, both A549 cells or HTB177 cells were 
tested. A mixture of either 18F-FDG or 18F-FLT or 18F-FMISO with cellular proliferation marker bromodeoxyuridine and hypoxia 
marker pimonidazole were intravenously injected metastases bearing mice 1 hour before sacrifice, and blood perfusion marker, 
Hoechst 33342, 1 min before sacrifice. After sacrifice, the intratumoral distribution of each tracer was assessed by digital 
autoradiography of frozen sections. This was related to cellular proliferation, tumor hypoxia and blood perfusion as visualized by 
fluorescence microscopy. Five mice per tracer per cell line were examined. Results: Majority part of smallest tumors (as small as 
several hundred micrometer in diameter), were pimonidazole-stained positive with little bromodeoxyuridine binding; such tumors 
accumulated high level of 18F-FDG or 18F-FMISO but associated with low 18F-FLT activity. Larger tumors (diameter, 1-4mm) 
generally having lesser pimonidazole-positivity regions but larger percentage of proliferating cancer cells, had high 18F-FLT uptake, low 
18F-FDG and 18F-FMISO accumulation. In all size of tumors, high 18F-FDG and 18F-FMISO uptake regions were co-localized with 
pimonidazole positivity, high 18F-FLT accumulation were closely associated with bromodeoxyuridine binding cells. Neither necrotic 
zones nor intratumoral stroma had significant amount of 18F-FLT, 18F-FMISO, and 18F-FDG accumulation. Conclusions: Peritoneal 
dissemination tumor model of NSCLC characterized by immunohostochemistry is an advantage tool for identification of specific binding 
sites of PET tracers. 18F-FLT accumulates in proliferating cancer cells. However, 18F-MISO and 18F-FDG accumulate in hypoxic and 
non-proliferative cancer cells, and share similar intratumoral distribution pattern. Grant support: This study was supported by Kentucky 
Lung Cancer Research Program Award (cycle 9). 

 

Relationship between FMISO, FLT and FDG uptake and hypoxia, cell proliferation and perfusion 

Disclosure of author financial interest or relationships: 
T. Huang, None; J. Li, None; B. Shen, None; H. Zheng, None; H. Jiang, None; A. Civelek, None; G. Postel, None; C.K. Ng, None; X. 
Li, None.  

S760 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number P831 
Poster Session 4 

September 10, 2011 / 14:45-16:15 / Room: Hall F 

Establishment of a Novel Chinese Human Lung Adenocarcinoma Cell Line CPA-Yang3 and its 
Real Bone Metastasis Clone CPA-Yang3BM in Immunodeficient Mice by 99mTc-MDP 

Micropinhole Bone Scintigraphy 

Shunfang Yang1, Lanxiang Zhao2, Jianzhong Su3, Jie Cao1, Meiping Shi2, Bei Lei1, Cheng Chang1, Hongchao Fu4, Jianding Ye4, Ning 
Zheng5, 1nuclear medicine, Shanghai Chest Hospital, Shanghai, China; 2Pathology, Shanghai Chest Hospital, Shanghai, China; 
3Pathology, Shanghai First Maternity and Infant Health Hospital of Tongji University, Shanghai, China; 4Radiology, Shanghai Chest 
Hospital, Shanghai, China; 5Shanghai Thoracic Tumor Institute, Shanghai Chest Hospital, Shanghai, China. Contact e-mail: 
yzyg@sh163.net 

Objective: Lung cancer is one of the most common causes of cancer-related death worldwide. The recurrence and metastasis in lung 
cancer is a tough problem. Especially, bone metastasis is about 62.1 percent in lung adenocarcinoma. Establish a novel Chinese lung 
adenocarcinoma cell line and its real bone-seeking clone subline for exploring the mechanism of occurrence and development in 
Chinese lung cancer. Methods: The cell came from the pleural effusion of a sixty-five years old female patient with lung 
adenocarcinoma and supraclavicular lymph node metastases. Tumorigenicity of immunodeficient mice was confirmed in 4th passage. 
The gene expression was measured by Affymetrix GeneChip U133 plus2.0 and checking real-time quantitative PCR. Intracardiac 
injection of the cells into nude mice was performed and In vivo imaging was obtained by micropinhole bone scintigraphy and 
conventional radiography. Bone metastases were determined on bone scintigraphy and then the mice were put to death under deep 
anesthesia. The lesions were resected for cancer cell of bone metastasis culture. The process was repeated for four cycles to obtain a 
real bone-seeking clone. Results: The tumorigenesis rate started at 4th passage in immunodeficient mice via subcutaneously and as 
well as later passages. Approximately 1x106 cancerous cells were injected into left cardiac ventricle of immunodeficient mice resulted 
bone metastasis sites were successfully revealed by micropinhole bone scintigraphy and X ray (CR) sometimes and pathological 
diagnosis, the mandible(100%), scapula(33%), humerus(50%), vertebral column(50%), femur(66.7%) and accompanied invasion with 
other organs, the adrenal gland(17%), pulmonary(33%),liver(50%),submaxillary gland(33%) in the mice after inoculation two-three 
weeks. The chromosome karyotype analysis of the cells was subdiploid. Affymetrix GeneChip U133 plus2.0 was used to examine 
bone-seeking clone (CPA-Yang3BM) vs its parental cells. FST, SPP1, NTS, SERPINE2, TMEM100, VEGF-C, IL-6, IL-8, CXCL5, CD36, 
AF1Q, E-Cadherin, FN1, etc. genes were overexpress. The novel cell was named CPA-Yang3. The femur metastasis cell was repeated 
in vivo-in vitro-in vivo with three cycles and harvested a real bone metastasis clone. It was called CPA-Yang3BM. Conclusion: Tne 
characteristics of novel strain CPA-Yang3 is a highly metastasis cell line of Chinese lung adenocarcinoma and CPA-Yang3BM is a real 
bone-seeking clone. 
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PET/CT imaging of 89Zr labeled anti-CD44 mAb, RO5429083 labeled reveals dose-dependent 
localization in some organs of healthy cynomolgus monkeys 

Tapan K. Nayak1, Antje Walz1, Chandrasena Pamulapati1, Danielle J. Vugts2,1, Guus A. van Dongen2, Stefan Weigand1, Mats 
Bergstroem1, 1F. Hoffmann-La Roche, Basel, Switzerland; 2Nuclear Medicine, VU University Medical Center, Amsterdam, Netherlands. 
Contact e-mail: tapann@gmail.com 

The investigational drug RO5429083 is a recombinant human monoclonal antibody (mAb) that specifically binds to the constant region 
of the extracellular domain of the human cell-surface glycoprotein CD44. RO5429083 exhibits high-affinity binding to both human and 
cynomolgus monkey CD44, but does not cross-react with the rodent CD44 receptor. To complement existing data towards a better 
understanding of the biodistribution of RO5429083, a pre-clinical imaging study in healthy cynomolgus monkeys was performed. The 
primary objective was to identify CD44+ve and CD44-ve organs by target saturation via co-injection of five different doses of excess 
RO5429083 (ranging from 0.5 mg/kg to 100 mg/kg) along with the radiolabeled antibody (89Zr-RO5429083) at a dose of 0.05 mg/kg. 
After injection of the radiolabeled antibody, non-invasive PET/CT imaging was performed over 5 days to elucidate time and dose-
dependent uptake, localization and clearance of the antibody in different organs. Additionally, skin biopsies and blood samples were 
collected for further assessment. Dose-dependent uptake of the radiolabeled antibody was observed in major CD44+ve organs such as 
spleen, salivary glands and bone marrow. More than 50 % reduction in uptake values of selected organs such as spleen and bone 
marrow was observed when 89Zr-RO5429083 was co-injected with excess of the un-labeled antibody, suggesting specific targeting of 
CD44. Additional efforts are underway to determine target occupancy using modeling and simulation. Therefore, a semi-physiological 
pharmacokinetic model will be applied to describe time- and dose-dependent organ uptake by integrating plasma pharmacokinetic data. 
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Contrast media in oncological imaging: antibodies, peptides and aptamers 

Marion De Jong, Erasmus MC, Rotterdam, Netherlands. Contact e-mail: m.hendriks-dejong@erasmusmc.nl 

In this presentation a general introduction on the application of antibodies, peptides and aptamers for cancer imaging will be given. 
Antibodies and peptides play a variety of roles in cancer therapy: monoclonal antibodies (mAbs) and peptides are directly used in 
anticancer therapy, but also as targeting molecules. Success in delivery of radioactivity or fluorescent dyes for imaging or therapy has 
been obtained with conventional attachment to antibodies. Disadvantages of mAbs include slow tumor targeting processes and slow 
disappearance from blood and variable uptake and disappearance from the excretory organs, liver and kidney. First studies in animal 
models and patients have shown promise in increasing tumor to blood ratio by using a pretargeting antibody followed by a small 
molecule delivering radioactivity. Efficient binding of the small molecule by the tumor-localized antibody and rapid clearance and 
excretion of the untargeted radioactivity rapidly decreases the background and bone marrow toxicity for radioimmunotherapy. Small and 
selective receptor-targeting radiopeptides have emerged as interesting and powerful classes of radiopharmaceuticals for molecular 
imaging and therapy of tumors that overexpress peptide receptors on the cell membrane. Aptamers are nucleic acid macromolecules 
that bind to a specific molecular target. An aptamer can be described by a linear sequence of nucleotides (A, U, T, C and G), typically 
15-40 nucleotides long. Chains of nucleotides can form intramolecular interactions leading to complex three-dimensional shapes, 
allowing it to bind tightly to the surface of the target molecule. In addition to high specificity, aptamers generally bind their targets with 
very high affinity as well. After the general introduction on the application of antibodies, peptides and aptamers in imaging and therapy 
studies, in this presentation the prototypes of radiopeptides, radiolabelled somatostatin analogues, will be presented in more detail. 
They represent an excellent example of successful translation from preclinic to clinic with regard to receptor-positive tumor imaging and 
therapy. The somatostatin analog 111In-DTPA-octreotide permits the localization and staging of neuroendocrine tumors that express 
the appropriate somatostatin receptors. Newer modified somatostatin analogs, including Tyr3-octreotide and Tyr3-octreotate, are 
successfully being used for tumor imaging and for radionuclide therapy for more than a decade. To effectively treat individual patients, 
careful assessment of biodistribution, dosimetry, and toxicity is essential. Advances have been made over the last decade that combine 
features of molecular imaging and radionuclide therapy to provide new avenues toward individualized cancer treatment. 
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Reporter gene imaging 

Assaf A. Gilad, Radiology, Johns Hopkins School of Medicine, Baltimore, MD, USA. Contact e-mail: assaf@mri.jhu.edu 

One of the major challenges of the post-genome era is to study the expression of genes in a physiological context. This will involve not 
just the histological analysis and extraction of DNA, RNA, and protein from tissue specimens, but rather, imaging gene expression 
patterns in the whole organism. The development of recombinant DNA cloning techniques at the beginning of the 1970s enabled the 
transfer of genetic material from one organism to another. This subsequently led to the developing of reporter genes. A reporter gene is 
a gene whose product can be readily detected and is either fused to the gene of interest or replaces it. The main applications for these 
reporters include: Monitoring gene expression levels, investigating dynamic molecular interactions between proteins, studying cellular 
interactions, tracking cells in normal/abnormal development or in cell transplantation therapy, and monitoring gene replacement 
therapy. The majority of reporter genes were developed for optical imaging. These genes can encode to proteins that emit light upon 
absorption of photons at a specific frequency (fluorescence) or at the cleavage of a substrate (bioluminescence). In both cases, the 
released photon is detected in a frequency-dependent manner using a charge-coupled device (CCD) to generate an image. However, 
optical imaging modalities are limited by the short depth of light penetration through tissue (few millimeters) and thus are useful only for 
imaging superficial tissues. Throughout the years, reporter genes have been also developed for other imaging modalities, including 
nuclear imaging. These reporters are either enzymes such as HSV1-tk, transporter type (e.g. sodium/iodide symporter (NIS)) or 
receptor (e.g. DR, norepinephrine receptor, and SSTr2). A verity of reporter genes has been developed for magnetic resonance 
imaging (MRI). These are over-expressed proteins that are naturally involved in iron metabolism and storage, enzyme (β-
galactosidase), which converts certain compounds to (super)paramagnetic contrast agents, or detected via proton exchange saturation 
transfer. In this class we will review examples of these reporter genes and their different applications, and discuss the different 
advantages and disadvantages of each category. 
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Non-invasive biochemistry: design considerations and applications for reporter molecules 

Ralph P. Mason, Radiology, UT Southwestern, Dallas, TX, USA. Contact e-mail: Ralph.Mason@UTSouthwestern.edu 

One of the hottest topics is biology is non-invasive characterization of biochemical processes in vivo and multiple imaging modalities 
offer diverse opportunities. Detection of enzyme activity or transgene expression offers insight into developmental biology, disease 
progression, and potentially personalized medicine. I will survey recent developments in reporter molecule strategies and present 
examples of applications ranging from mouse to man. One goal is evaluation of endogenous enzyme activity, potentially revealing 
pathological disease progression. 18F-fluorodeoxyglucose has evolved to a robust indicator of tumor malignant progression routinely 
used to stage human disease. New innovations characterize pathophysiology and promise evidence-based medicine. While 
rudimentary reporters are based on simple tissue uptake, trapping, and accumulation, more subtle reporters can reveal enzyme activity 
based on molecular cleavage generating a change in NMR chemical shift or fluorescent frequency. Reporter molecules are generally 
analogs of natural substrates and thus selectivity and specificity are crucial. Beyond endogenous activity, transgenes may be exploited. 
Historically, the lacZ gene encoding β-galactosidase (β-gal) was favored. The broad spectrum of β-gal activity has led to many 
chromogenic and fluorogenic substrates, but they are generally limited to histology or in vitro assays. Recent innovations have 
demonstrated lacZ gene expression in vivo based on such diverse modalities as photoacoustic tomography, SPECT, PET, 
fluorescence, bioluminescence, and chemiluminescence imaging. There have been extensive examples of NMR reporters using proton 
MRI contrast, 19F NMR chemical shift, or relaxation phenomena. A galactose-capped gadolinium ligand (EgadMe) revealed cell lineage 
in developing tadpoles by 1H MRI microscopy following direct intracellular injection of substrate. We have shown the ability to identify 
lacZ versus WT MCF7 tumors in mice using T2*-weighted 1H MRI following direct intratumoral injection of S-Gal and others used a GD-
DOTA-FBG to reveal β-gal activity in tumors following IV infusion. Reporter molecules should be inherently stable and sensitive to 
specific enzyme activity. High signal to noise with effective discrimination of substrate and product are helpful. Systemic administration 
is preferable and of course toxicity is crucial. As new approaches evolve, their value must be placed in the context of existing methods 
or alternate approaches. 
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MRI for Islet/Beta Cell Imaging 

Brian B. Roman1,2,3, Lara Leoni1, 1Radiology, University of Chicago, Chicago, IL, USA; 2Graduate Program in Medical Physics, 
University of Chicago, Chicago, IL, USA; 3Committee on Molecular Metabolism and Nutrition, University of Chicago, Chicago, IL, USA. 
Contact e-mail: broman@uchicago.edu 

Although the pancreas is not thought of as high profile imaging target, it is not for a lack of biological importance but difficulty in imaging 
it. The pancreas is involved in many crucial biological processes and is at the center of two life changing diseases - diabetes and 
pancreatic cancer. The increasing global incidence of diabetes and advances in clinical pancreatic islet transplantation for the treatment 
of Type I diabetes have brought to light the importance in observing the insulin producing beta cell mass and function by non-invasive 
means. The beta cells are clustered in pancreatic islets that are less than 400 um in diameter and constitute approximately 2-5% of its 
volume presenting a tremendous imaging challenge especially for MRI due to low signal to noise. Currently available diagnostic 
methods based on beta cell metabolic indicators have their own challenges due to correlation with islet mass, viability and function. 
Therefore, it has become apparent that an integrative approach is needed to diagnose and treat diabetes involving biological and 
technological advances including molecular imaging. For several years emphasis has been placed on developing noninvasive imaging 
technologies which enable the tracking of both endogenous and transplanted islet mass and their function overtime. Additionally 
imaging beta cell and islet vasculature as well as the degree of infiltration of immune cells during diabetes progression has great clinical 
relevance. Multiple imaging modalities have been applied to the beta cell and this workshop presentation will provide an overview of the 
most recent advances and application of MRI to pancreatic beta cell and islet function and location. MRI is among the more relevant 
imaging modalities as it has excellent soft tissue contrast, high spatial resolution and can render tomographic reconstructions without 
ionizing radiation. MRI is capable of targeting a number of useful pathophysiological variables at the microscopic, cellular and 
potentially molecular level. In this workshop session techniques that have been developed towards making beta cell measurements in 
vitro as well as in vivo will be discussed. In vitro approaches have been aimed at characterizing the potency of isolated islets for 
transplantation including the use of activity based contrast agents. In-vivo applications encompass the assessment of endogenous and 
transplanted beta cell mass, location and function also through targeted and non-targeted contrast agents including manganese, 
gadolinium chelates, iron oxide particles, and even MRI detectable islet encapsulation. Additionally a discussion of these imaging 
advances of the endocrine pancreas and islet vasculature and inflammation will include different experimental approaches comparing 
their advantages and limitations with respect to their clinical implementation. Attendees of the workshop should be able to appreciate 
the advantages and limitations of the developing MRI techniques and contrast agents for pancreatic beta cell imaging in vitro and in 
vivo, for basic science as well as clinical applications. 
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Targeting Diabetes: High Specificity Multivalent Ligands for Analysis of β-cell Mass and 
Function 

Ronald M. Lynch1,3, Craig S. Weber1, Nathaniel Hart1, Kameswari Ananthakrishnan1, Josef Vagner3, Sean Limesand2, 1Physiology, 
University of Arizona, Tucson, AZ, USA; 2Animal Sciences, University of Arizona, Tucson, AZ, USA; 3BIO5 Institute, University of 
Arizona, Tucson, AZ, USA. Contact e-mail: rlynch@email.arizona.edu  

Pancreatic β-cell dysfunction, and subsequent loss of β-cell mass underlies the development of Type I Diabetes. Although family history 
and genetic profiling can identify individuals susceptible to developing T1D, currently there is no method for monitoring the progressive 
loss of β-cell mass (BCM) prior to onset of Diabetes or the efficacy of therapeutic strategies designed to retard β-cell destruction in pre-
diabetic patients. In that the endocrine pancreas comprises less than 5% of the total pancreatic mass, a primary limitation for non-
invasive analysis of changes in BCM and dysfunction has been the lack of specificity of β-cell targeting agents. Here we describe the 
use of heterobivalent ligands (hBVL), composed of two unique binding domains, for enhancing binding specificity to β-cells. hBVL’s are 
designed to crosslink cell receptors into a complex which lowers binding off rates and increases specificity for binding to cells that 
express only the complimentary receptor pair. To test this approach for use in β-cell specific targeting, we synthesized bivalent ligands 
composed of Glucagon Like Peptide-1 (GLP-1) linked to either Glibenclamide (Glb, ligand for Sulfonylurea Receptor 1, SUR1), or 
yohimbine (Yhb, antagonist to α2 adrenergic receptor). Expression of these receptors was demonstrated on β-cells and cell lines used 
for screening (eg., βTC3). Conversely, the INS-1 cell line was shown to express high SUR1 but low GLP-1R. Fluorescence microscopy 
indicated that binding of both hBVL’s was rapid with ligand internalization from the cell surface within 2-3 min. Using population based 
competition assays, the binding affinity of GLP-1/Glb and GLP-1/Yhm were found to be 5 nM and 0.01 nM respectively. Binding of the 
individual moieties within the bivalent constructs was evaluated by competing with a monomer to one moiety in the bivalent construct; 
i.e., incubated with GLP-1 to evaluate the hBVL-Glb or -Yhb binding constants. The monomeric binding constants were found to be 
greatly decreased when compared to their highest affinity monovalent analogs with GLP-1/Glb exhibiting a Glb Km of ~300 nM and 
GLP-1/Yhb a Yhb Km of 10-30 nM. Moreover, the binding data for GLP-1/Yhb indicated two distinct binding sites with one of high 
affinity 0.006 nM and another lower affinity ~1 nM site. The high affinity site is related to bivalent binding while the lower affinity site is 
likely ‘monomeric’ binding to spare Yhb receptors (GLP-1 itself exhibits a IC50 of ~25 nM). Our findings indicate that the GLP-1/Yhm 
hBVL has increased affinity (> 100X) and specificity for β-cells. Importantly, this ligand does not bind well as a monomer, providing a 
substantial relative enhancement of binding only to cells that express the complementary receptors. Therefore hBVL’s and in particular 
the GLP-1/Yhm provide a basis for developing high specificity targeting agents to monitor β-cell mass. Supported by: Juvenile Diabetes 
Research Foundation. 
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Imaging of Inflammation in Endogenous Islets and Islets in Transplant 

Anna Moore, Athinoula A. Martinos Center for Bioimedical Imaging, Massachusetts General Hospital, Charlestown, MA, USA. Contact 
e-mail: amoore@helix.mgh.harvard.edu 

A key element of the pathology of Type 1 diabetes is the death or dysfunction of insulin producing cell in pancreatic islets, caused by 
autoimmune destruction. Initial inflammation in pancreatic islets begins before the onset of diabetes and persists for many years with no 
obvious clinical symptoms. Non-invasive imaging represents a powerful tool, which could be applied for the early detection, monitoring, 
and treatment of inflammation in Type 1 diabetes. Islet transplantation has recently emerged as a powerful tool to restore 
normoglycemia in diabetic patients. However, on-going autoimmune events cause inflammation in islet grafts leading to significant islet 
loss after transplantation. In vivo imaging could play a crucial role in identifying inflammation in the grafts and monitoring their response 
to therapy. This presentation will focus on novel developments in non-invasive imaging of endogenous pancreatic islets as well as islets 
in transplants during inflammation and associated changes in islet microenvironment. 
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Educational Session 3: Novel Developments in Translational MI - Imaging Biomarker Development (Co-organized with RSNA) 

September 7, 2011 / 08:00-08:30 / Room: 33 

Imaging Biomarkers for Oncology: Basic Concepts 

Nola Hylton, Radiology and Biomedical Imaging, UCSF School of Medicine, San Francisco, CA, USA. Contact e-mail: 
Nola.hylton@ucsf.edu 

Imaging biomarkers are used throughout medical practice to establish the presence of disease, assess its state or measure changes 
resulting from progression or therapeutic intervention. Imaging biomarkers can reflect anatomic, physiologic, biochemical or molecular 
processes associated with disease presence or severity. There is growing recognition that imaging biomarkers can play an important 
role in speeding the development of new therapeutics by providing a sensitive and accurate readout of therapeutic effect. However, 
imaging biomarker performance must be reliable and reproducible across imaging systems and clinical practices, and over time. The 
scientific field of imaging biomarker development has led to new imaging systems as well as continued improvements to existing 
imaging systems and quantification approaches. Many of these provide direct insight into the molecular and cellular mechanisms of 
disease processes and their therapeutic targets. While some of these new approaches hold promise, they are still exploratory and 
require further validation to support their use in clinical trials or their adoption in clinical practice. 

Other more established imaging biomarkers are used more routinely in clinical trials although their purpose can vary. Imaging criteria 
may be the basis for inclusion or continuation on therapy, and could also be the method used to quantify response. Depending on how 
well the efficacy of an imaging biomarker has been established, it can also serve as the endpoint for evaluating the benefit of treatment, 
or as a surrogate endpoint for other clinically meaningful outcomes. An exciting but more speculative role for imaging biomarkers is for 
prediction of therapeutic response. Many correlative studies for ongoing clinical trials are testing the predictive ability of quantitative 
imaging.  

This introductory overview will review the basic concepts of imaging biomarkers, how they are derived from medical images and applied 
to assess disease state, using examples from the field of oncology. The components of quantitative imaging, including the image 
acquisition system, image analysis method and biomarker quantification approaches will be described. This discussion will also 
consider the particular issues and challenges related to the integration of imaging biomarkers in multi-center clinical trials, including the 
need for standardized imaging systems and protocols, continuous quality assurance, and clear definition of the role of imaging 
biomarkers for establishing eligibility or as response indicators or endpoints.  

Disclosure of author financial interest or relationships: 
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Presentation Number T008 
Educational Session 3: Novel Developments in Translational MI - Imaging Biomarker Development (Co-organized with RSNA) 

September 7, 2011 / 08:30-09:00 / Room: 33 

Quantitative Imaging Biomarkers for Brain Disorders 

Satoshi Minoshima, Radiology Department, University of Washington, Seattle, WA, USA. Contact e-mail: 
minoshim@u.washington.edu 

Molecular brain imaging has been used extensively in research and clinical applications. The applications are expanding further with 
emerging tracers and new applications such as amyloid PET and dopamine SPECT. To analyze biomarker images for research and 
clinical trials and to interpret accurately clinical cases, quantitative assessments of the images become critical. In this session, we will 
discuss the current status of molecular brain imaging, quantitative imaging biomarker assessments, research and clinical applications, 
and future directions. 

Disclosure of author financial interest or relationships: 
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Presentation Number T009 
Educational Session 3: Novel Developments in Translational MI - Imaging Biomarker Development (Co-organized with RSNA) 

September 7, 2011 / 09:00-09:30 / Room: 33 

Quantitative Imaging Biomarkers for Cardiac Disease 

Albert Sinusas, 1Medicine, Yale University, New Haven, CT, USA; 2Diagnostic Radiology, Yale University, New Haven, CT, USA. 
Contact e-mail: albert.sinusas@yale.edu 

Targeted molecular imaging has already started to play a role in clinical cardiovascular medicine in the evaluation of cardiac 
metabolism and neuroreceptor activity in the heart, and is now beginning to move forward in many other areas relevant to the 
cardiovascular system. Some of these newer approaches involve targeted imaging of critical biological processes associated with 
cardiovascular disease, including; inflammation, thrombosis, angiogenesis, apoptosis, necrosis, fibrosis, atherosclerosis, and 
remodeling. The lower sensitivity of ultrasound or MR-based molecular imaging approaches has limited their clinical translation. SPECT 
and PET imaging approaches provide high sensitivity, relatively low cost, and a minimal potential for adverse biological effects, and 
therefore provide the quickest means for translation of molecular imaging to patient care. However, the limited resolution of nuclear 
imaging requires anatomical co-localization of nuclear images with higher resolution anatomical X-ray CT or MR images. The 
application of hybrid SPECT-CT, PET-CT, or PET-MR imaging systems will clearly improve the quantification of nuclear-based 
molecular imaging approaches, although the advantages of hybrid imaging must be weighed against the potential additive exposure to 
ionizing radiation associated with the additional CT imaging and relatively high cost of MR. Targeted molecular imaging approaches not 
only complement existing imaging technology, but may permit the early detection of disease, before these diseases manifest as 
changes in physiological function or anatomical structure. Thus, molecular imaging of the cardiovascular system will enhance the 
development and application of truly personalized therapeutic regimens, and facilitate the monitoring of therapeutic efficacy and 
outcome. In addition to these direct implications, molecular imaging will affect clinical care indirectly by facilitating the more rapid 
development of novel pharmaceuticals and improving the basic understanding of cardiovascular pathophysiology. As the cost and 
complexity of clinical care continue to escalate, an algorithmic approach to patient therapy based on outcome results from large clinical 
trials, will need to be complemented by a personalized approach involving the assessment of circulating biomarkers and targeted 
molecular imaging. 

Disclosure of author financial interest or relationships: 
A. Sinusas, Astellas, Grant/research support; GE Healthcare, Grant/research support; Lantheus, Grant/research support; Lantheus, 
Consultant; GE Healthcare, Consultant . 

  

Proceedings of the 2011 World Molecular Imaging Congress S771



Presentation Number T010 
Educational Session 4: Post-Processing and Image Validation - Modeling and Quantification 

September 7, 2011 / 08:00-08:22 / Room: 32 

Quantitative PET Imaging 

Richard E. Carson, Diagnostic Radiology, Yale University, New Haven, CT, USA. Contact e-mail: richard.e.carson@yale.edu 

Positron emission tomography (PET) provides quantitative dynamic images of radiotracer concentration in human beings and research 
animals. Combining this instrumentation and reconstruction algorithms with the techniques of tracer kinetic modeling provides the ability 
to produce quantitative physiological measurements in vivo from 4D data. The key is chemistry, whereby appropriate radiolabeled 
compounds can be used to assess very specific molecular targets. In recent years, an exciting area of application has been that of 
neuroreceptor imaging. With the appropriate radiotracer, PET can perform absolute measurements of receptor concentrations, changes 
in receptor availability in disease state or following treatment, and determination of receptor occupancy by endogenous 
neurotransmitters and drugs. Such studies can be performed at tracer doses, whereby little or no receptor occupancy occurs. This 
technology has made PET imaging a key component in the early phases of drug development as well as in the study of receptor 
pharmacology in the normal and diseased brain. This presentation will review the fundamentals of PET receptor measurements 
including the basics of tracer kinetic analysis, development of appropriate mathematical models, validation of models and determination 
of identifiable parameters, production of parametric images of receptor availability, use of reference regions to avoid the need for 
measurement of the arterial input function, optimization of signal-to-noise in PET data, model simplifications to minimize invasiveness 
and maximize patient comfort, and examples of clinical and preclinical applications. Practical tradeoffs between complex quantitative 
methodologies compared to simpler ad hoc methods will be discussed in terms of physiological interpretation of results and effects on 
statistical power. 
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Educational Session 4: Post-Processing and Image Validation - Modeling and Quantification 

September 7, 2011 / 08:22-08:44 / Room: 32 

Kinetic Modeling in MR 

Arend Heerschap, Radiology, RUNMC, Nijmegen, Netherlands. Contact e-mail: a.heerschap@rad.umcn.nl 

One of the unique properties of Magnetic Resonance is the broad range of options to monitor and image dynamic processes in the 
body. Examples are changes in oxygen levels by BOLD, enzyme kinetics by saturation transfer measurements, metabolic fluxes by 
13C labeling and various ways to assess vascularity including blood flow. To derive physiologic or metabolic relevant parameters from 
the measured variables it is common to apply kinetic models to the data. In this lecture I will provide some information on enzymatic 
and metabolic MR assessments, but will focus on the basics of one of the most widespread dynamic MR measurements in oncologic 
research: dynamic contrast MRI (DCE-MRI) to assess abnormal tumor vascularity. In this MR approach the uptake of an extracellular 
MR contrast agent (mostly Gd-DTPA) is measured by its effect on the proton spins of water. This effect potentially can be influenced by 
a number of factors including physiological relevant ones, in particular blood flow, vessel permeability and the size of the extracellular 
compartment. The method is used for diagnostic purposes, but also to assess the effect of drugs, mostly anti-angiogenic drugs on 
tumor vascularity. In these applications it is important to apply some kind of calibration to eliminate as much as possible systemic and 
other non-relevant variations. A more advanced analysis applies a physiological pharmokinetic model to extract relevant parameter 
values. Numerous variations and refinements of one or two compartment models have been proposed and published. The most critical 
element in these analysis is the determination of the so-called arterial input function, which describes the blood supply by the tumor 
feeding arteries and allows to derive absolute parameter values. In principle this would calibrate the model output to values that are 
comparable among different sites, but differences in the MR methods and data analysis, as used in practice, hamper such a 
comparison. In the evaluation of drugs by DCE-MRI it is important to assess the reproducibility of the applied method. Reference 
Dynamic Contrast-Enhanced Magnetic Resonance Imaging in Oncology. Springer 2005. Editors A. Jackson, DL. Buckley, GJM. Parker. 
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Presentation Number T012 
Educational Session 4: Post-Processing and Image Validation - Modeling and Quantification 

September 7, 2011 / 08:44-09:06 / Room: 32 

Reconstruction of optical and optoacoustic data 

Vasilis Ntziachristos, 1Chair for Biological Imaging, Technische Universität München, Munich, Germany; 2Institute for Biological and 
Medical Imaging, Helmholtz Zentrum München, Munich, Germany. Contact e-mail: vntziachristos@gmail.com 

The basics of photon propagation in tissues are presented and the major properties of light propagation in diffuse media such as 
tissues are reviewed. These basic physical properties are used to explain the limitations of simplistic optical imaging approaches such 
as epi-illumination (photographic) imaging and provide the motivation for the development of optical and opto-acoustic methods. By 
utilizing the description of the physical properties of light propagation in tissues, a general mainframe explaining how to reach advanced 
optical and opto-acoustic tomographic methods is presented. The basic mathematical concepts for reconstructing optical and opto-
acoustic imaging data are reviewed and examples from practical implementations and corresponding applications are illuminated. 
Particular emphasis is put on methods that impart quantification in the reconstructed images. At the end of the presentation the 
attendee should be able to understand the basic components of optical and opto-acoustic inversions, their similarities and differences 
and corresponding application areas. 

Disclosure of author financial interest or relationships: 
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Educational Session 4: Post-Processing and Image Validation - Modeling and Quantification 

September 7, 2011 / 09:06-09:28 / Room: 32 

Image Analysis and Validation for MRI 

Joel R. Garbow, Mallinckrodt Institute of Radiology, Washington University, Saint Louis, MO, USA. Contact e-mail: garbow@wustl.edu 

Recent developments in magnets, gradient-coil assemblies, RF electronics, and computer technology have made it increasing easy to 
collect and process large amounts of high-quality MRI data. However, gathering data is only the first step. Analysis and validation of 
MRI data are central challenges in the development of MRI as an in vivo imaging modality. Validation has become even more crucial in 
recent years with the development of sophisticated imaging experiments that extend MRI beyond anatomy - e.g., experiments designed 
to measure diffusion, perfusion, oxygen delivery and utilization, and vascular permeability, and changes in these parameters in 
response to physiologic challenge or therapeutic intervention. Tissue histology remains a gold standard for interpretation and 
understanding of many categories of imaging data. Important immunohistochemical and immunofluorescent stains include 
pimonidazole (hypoxia); lectin and CD31/CD34 (endothelial cells; vasculature); TUNEL and Annexin-V (apoptosis) and Ki67 
(proliferation). Molecular probes for a variety of common receptors, including vascular endothelial growth factor receptor (VEGFR), 
estrogen receptor (ER), epidermal growth factor receptors (EGFR, HER2), somatostatin receptor (SSTR2), and translocator protein 
(TSPO) are another significant source of validation. Often, other imaging modalities, including positron emission tomography (PET) and 
optical imaging are employed to corroborate and validate MRI findings. PET experiments employing tracers such as 
[18F]Fluorodeoxyglucose (FDG) for measuring tissue metabolic activity; [18F]Fluorothymidine (FLT) for assessing proliferation; 
64CuATSM or [18F]Fluoromisonidazole (FMISO) for measuring hypoxia; and H2[

15O] for quantifying perfusion can provide important 
correlates to MRI data. Optical methods include the use of cells engineered to express luciferase (bioluminescence) or green 
fluorescent protein (fluorescence), as well as a wide variety of exogenous probes. Radioactive and optically encoded microspheres 
provide another route for validation of MRI blood-flow measurements in animal models. Blood sampling for blood-gas measurement 
and determination of contrast-agent arterial input function provides validation of MRI protocols sensitive to blood magnetic susceptibility 
and dynamic contrast enhancement. For MRI protocols where direct validation is not possible (often the case with human subjects) the 
use of phantoms with known properties provides for secondary testing and validation. This presentation will outline the richness of 
contrasts available through MRI protocols and will survey briefly a variety of approaches for validation of MRI data. 
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Presentation Number T014 
Educational Session 5: Physics - Optical and Ultrasound 

September 7, 2011 / 08:00-08:30 / Room: 31 

Adventures in Ultrasound Imaging 

F. Stuart Foster, Medical Biophysics, Sunnybrook Health Sciences Centre and University of Toronto, Toronto, ON, Canada. Contact e-
mail: stuart.foster@sunnybrook.ca 

Ultrasound has evolved from simple sector scanned single element devices to powerful array based imaging systems in the 2 - 50 MHz 
range. At lower (clinical) frequencies resolution of 0.5 mm can be maintained to image most soft tissues of the human body. Increasing 
the frequency provides a quantum leap in imaging performance with resolution in the 30 - 150 micron range but imaging depth is 
restricted to a few 10’s of mm. The latter systems (referred to as micro-ultrasound scanners) are now used in biomedical research 
applications in cancer, cardiovascular disease and many other areas. In this course, the basic principles of the imaging systems will be 
explored and applications in the areas of cardiovascular disease and cancer will be introduced. As the technology matures, new 
technological opportunities and applications have arisen in the areas of contrast imaging, potentiated therapeutics, and photoacoustics. 
The principles of photoacoustic ultrasound will be described and a new high frequency array based instrument operating at 20 and 40 
MHz will be described. Early applications for this instrumentation will focus on noninvasive measurement of oxygenation. The 
development of dynamic contrast enhanced micro-ultrasound (DCE-uUS) agents for high frequency imaging systems will be briefly 
reviewed. DCE-US studies in preclinical cancer models will be illustrated for an orthotopic breast tumor model in which 2 receptor 
tyrosine kinase inhibitors (RTKI’s) are used alone or in combination with low dose “metronomic” chemotherapy (cyclophosphamide, 
CTX). Functional imaging results reveal similar features to studies in humans including tumour shrinkage and vascular “rebound”. To 
illustrate the applicability of these approaches to human clinical studies a prospective Phase 2 clinical study of Sutent in renal cell 
carcinoma will be presented. In this case imaging was performed at clinical frequencies with an approved microbubble contrast 
agent(Definity). Patients with late stage disease were followed during the first 6 week cycle of Sunitinib therapy (4 week on and two 
week off therapy). Good - but not perfect - correlation between Ktrans/Ve (‘Kep ’) in DCE-MRI and relative blood volume on DCE-US 
was observed. In response to treatment, tumor fractional blood volume measured by DCE-US decreased significantly in 13/17 cases 
where as RECIST measurements at two weeks demonstrated no anatomic change in 15/17 patients. The results show the ability of 
DCE ultrasound to monitor the functional microvascular status of tumours in both preclinical and clinical studies. If time permits, aspects 
of molecular imaging with ultrasound will be presented. 

Disclosure of author financial interest or relationships: 
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Presentation Number T015 
Educational Session 5: Physics - Optical and Ultrasound 

September 7, 2011 / 08:30-09:00 / Room: 31 

Intravital Microscopy and Planar Optical Imaging 

Marc van Zandvoort, Maastricht University, Maastricht, Netherlands. Contact e-mail: mamj.vanzandvoort@maastrichtuniversity.nl 

In this presentation I will discuss both macroscopic and microscopic optical methods for small animal imaging. The focus will be on 
methods based on fluorescence, but other optical methods will shortly be touched upon. The goal is not so much to describe technical 
equipment, but to shortly give insight into the physics behind the various methods. In the first 10 minutes, various macroscopic 
techniques will be compared (Optoacoustical imaging, FMT and FRI). In the remaining 20 minutes I will focus on intravital fluorescence 
microscopy techniques (wide-field, confocal and multiphoton). Examples will mostly be taken from the cardiovascular imaging field. 

Disclosure of author financial interest or relationships: 
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Presentation Number T016 
Educational Session 5: Physics - Optical and Ultrasound 

September 7, 2011 / 09:00-09:30 / Room: 31 

Optical and Optoacoustic Tomography 

Daniel Razansky, Institute for Biological and Medical Imaging (IBMI), Technical University of Munich and Helmholtz Center Munich, 
Munich, Germany. Contact e-mail: dr@tum.de 

For centuries, biological discoveries were based on optical imaging, in particular microscopy but also several chromophoric assays and 
photographic approaches. With the recent emergence of methods appropriate for bio-marker in vivo staining, such as bioluminescence, 
fluorescent molecular probes and proteins, as well as nanoparticle-based targeted agents, significant attention has been shifted toward 
in vivo interrogations of different dynamic biological processes at the molecular level. This progress has been largely supported by the 
development of advanced tomographic imaging technologies suitable for obtaining volumetric visualization of bio-marker distributions in 
small animals at a whole-body or whole-organ scale, an imaging frontier that is not accessible by the existing tissue-sectioning 
microscopic techniques due to intensive light scattering beyond the depth of a few hundred microns. Main essentials of such recently 
developed optical imaging modalities will be covered in this educational talk, including bioluminescence tomography (BLT), 
fluorescence molecular tomography (FMT), and optical projection tomography (OPT). A separate section is devoted to the hybrid 
imaging techniques based on the optoacoustic phenomenon, such as multispectral optoacoustic tomography (MSOT), which are poised 
to leverage the traditional contrast and specificity advantages of optical spectrum by delivering an ever powerful set of capabilities, 
including real-time operation and high spatial resolution, not affected by the scattering nature of biological tissues. 

Disclosure of author financial interest or relationships: 
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Educational Session 6: Chemistry of Contrast Media - Small Molecules 

September 7, 2011 / 10:00-10:30 / Room: 20A 

Hyperpolarized 13C Magnetic Resonance Imaging Probes 

John Kurhanewicz, Radiology, UCSF, San Francisco, CA, USA. Contact e-mail: John.Kurhanewicz@ucsf.edu 

Hyperpolarized (HP) 13C and 15N labeled molecular probes generated using the Dynamic Nuclear Polarization (DNP) approach have 
allowed the development of a revolutionary new technique for in vivo metabolic imaging. HP MR provides a >10,000 fold signal 
enhancement for detecting 13C and 15N labeled probes of endogenous, nontoxic, nonradioactive substances such as pyruvate to 
monitor metabolic fluxes through multiple key biochemical pathways (glycolysis, citric acid cycle and fatty acid synthesis) that change 
with disease evolution, progression and response to therapy (1). This lecture will focus on the chemistry and physical principles behind 
the creation of hyperpolarized MR probes, the types of hyperpolarized probes that have been developed and their biological and clinical 
applications. Hyperpolarization using the dissolution Dynamic Nuclear Polarization (DNP) approach is based on polarizing nuclear spins 
in the amorphous-solid state at ~1.2 degrees K through coupling of the nuclear spins with unpaired electrons that are added to the 
sample via an organic free radical2. Critical to the in vivo use of this method is the dissolution method introduced by Ardenkjaer-Larsen 
et al. (2). The dissolution step rapidly transforms frozen polarized samples into solutions at physiologic temperature and pH, while 
preserving nuclear polarization. An important milestone for HP 13C MR was the demonstration that hyperpolarized molecules can be 
delivered to living systems where the parent molecule is metabolized and the products can be imaged1. Therefore HP 13C MR lifts the 
primary constraint on magnetic resonance metabolic imaging, poor sensitivity, while preserving the advantage of biochemical 
information. The development of optimal HP molecular probes is based on both the metabolic and MR properties of the molecule. 
Pyruvate is an ideal substrate for these studies because the signal from its C-1 and C-2 carbonyl carbons relax very slowly, and it is at 
the entry point to several important energy and biosynthesis pathways. These considerations have led to pyruvate being one of the first 
substrates used in animal studies, and now the first HP probe used in patients1. Recent studies have also shown the potential of other 
HP probes including [2-13C]fructose, 13C bicarbonate, and [1-13C]dehydro-ascorbate to provide information about glycolysis, intersitial 
pH and the redox state of prostate tumors. Additionally, techniques to simultaneous polarize multiple 13C-enriched probes as well as 
fast dynamic 13C MR sequences are being developed to provide information concerning several enzymatic pathways and other 
physiologic properties and metabolic flux in a single imaging exam (1). References 1. Kurhanewicz J, et al. Analysis of cancer 
metabolism by imaging hyperpolarized nuclei: prospects for translation to clinical research. Neoplasia. Feb 2011;13(2):81-97. 2. 
Ardenkjaer-Larsen JH, et al. Increase in signal-to-noise ratio of > 10,000 times in liquid-state NMR. Proc Natl Acad Sci U S A. 
2003;100(18):10158-10163. 
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Presentation Number T018 
Educational Session 6: Chemistry of Contrast Media - Small Molecules 

September 7, 2011 / 10:30-11:00 / Room: 20A 

Chelate complexes for imaging 

Dean Sherry1,2, Zoltan Kovacs1, Garry E. Kiefer3,2, 1Advanced Imaging Research Center, UT Southwestern Medical Center, Dallas, TX, 
USA; 2Chemistry, University of Texas at Dallas, Richardson, TX, USA; 3Macrocyclics, Inc., Dallas, TX, USA. Contact e-mail: 
Dean.Sherry@UTSouthwestern.edu 

Metal ions and their complexes play an important role in medical imaging. About 85% of all diagnostic nuclear imaging procedures use 
a complex of the gamma emitting metastable isotope 99mTc and approximately half of all MRI exams are performed using a Gd3+-
based T1 contrast agent. Due to their favorable nuclear properties, complexes of 68Ga3+ and 64Cu2+ are emerging as promising new 
radiopharmaceuticals for PET imaging. To avoid potential toxicity, these ions are always administered in chelated form. In addition to 
lowering toxicity, the ligand can influence the biodistribution, alter the chemical properties such as relaxivity (r1) or water exchange 
rates (PARACEST), or have a reactive functional group for covalent attachment of the complex to a targeting vector (e. g. antibody or 
peptide). Thus, the choice of the ligand is critical in the design of new metal ion-based imaging agents. Gd3+ and Eu3+ belong to the 
lanthanides (4f7 and 4f6) and have an ionic radius of around 0.95Å. They are hard Lewis acids and prefer F, O and N donor atoms. 
Their preferred coordination number is 8 or 9 and the coordination geometry is typically determined by the ligand. They form highly 
stable chelate complexes with polyamino polycarboxylate ligands with a matching number of donor atoms. It is therefore not surprising 
that the macrocyclic ligand DOTA and its derivatives are exceptionally well suited as chelates for these ions. As a result of the rigid, 
preorganized nature of the ligand, GdDOTA has high thermodynamic stability and kinetic inertness. The complex has one inner sphere 
water molecule in fast exchange with bulk water molecules, an important consideration for MRI applications. Substitution of glycine 
amide groups for the carboxylates of DOTA gives rise to a closely related ligand, DOTA(gly)4. The weaker amide oxygen donor atoms 
in EuDOTA(gly)4 lead to a complex with lower stability but, interestingly, higher kinetic inertness than GdDOTA. The aqueous chemistry 
of Ga3+ (3d10) is governed by its hard Lewis acid character. The Ga3+ ion has a smaller ionic radius than the Ln3+ ions and tends to 
form stable octahedral complexes. For this simple reason, octadentate chelators such as DOTA are not ideal for this ion despite the fact 
that DOTA derivatives are widely used to chelate Ga3+ because it is more widely available. Ga3+ complexes formed with the smaller, 
hexadentate macrocyclic ligand, NOTA, has exceptionally high kinetic inertness and thermodynamic stability compared to GaDOTA-. 
Cu2+ is a d9 transition metal ion. Its chemical properties are very different from the Ln3+ and Ga3+ ions. It possesses borderline 
softness, and therefore, prefers soft donor atoms (N and S) over harder donors such as O. Being a transition metal, there is significant 
metal-ligand orbital overlap in Cu2+ complexes. The most common coordination geometry in Cu2+ complexes is square planar or 
distorted octahedral. Cu2+ forms very stable complexes with the rigid cross-bridged cyclam derivatives. These complexes have 
extremely high kinetic inertness and are well suited for nuclear medicine applications. 
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Small molecules for nuclear diagnosis and therapy: tracers vs drugs 

Juri G. Gelovani, Experimental Diagnostic Imaging, MD Anderson Cancer Center, Houston, TX, USA. Contact e-mail: 
jgelovani@mdanderson.org 

Advanced molecular-genetic and cellular multi-modality imaging can provide the ability for non-invasive imaging of various biomarkers 
for: = Detection of pre-cancerous lesions = Early detection of early tumor lesions (i.e., host tissue reaction to intraepithelial neoplasia) = 
Tumor profiling and selection of individualized therapies (i.e., via visualization of drug target expression and activity, identification of 
mutant forms of target proteins) = Determination of biologically relevant doses (visualization and quantitation of drug target occupancy / 
activity) = Early assessment of therapeutic efficacy (visualization of downstream processes, such as glucose metabolism, proliferation, 
apoptosis, etc.) = Monitoring the development of resistance to therapy (i.e., imaging PGP expression-activity, acquired resistance 
mutations in drug targets). = Monitoring of recurrence (i.e., differentiation of radiation necrosis from recurrence) = Long-term prognosis 
For particular targeted therapies, molecular imaging agents should be developed for visualization and quantitation of the level of target 
expression and activity or “expression-activity product” (i.e., level of HER2/neu or EGFR expression and activity). In contrast to invasive 
single or multiple-site biopsies, non-invasive whole body molecular imaging will allow for the assessment of spatial and temporal 
heterogeneity of target protein expression-activity in primary tumors and different metastatic lesions, monitoring the activity of relevant 
down-stream signaling events, and for imaging more general processes in tumors (metabolism, proliferation, apoptosis, etc.) during 
therapy. In phase O/I clinical trials of novel molecular-targeted drugs, molecular imaging can provide the means for non-invasive 
assessment of pharmacokinetics (PK) of a new drug using radiolabeled versions of this drug, as well as pharmacodynamic (PD) 
assessment of pharmacological micro-dosing by non-invasive repetitive imaging of changes in the activity of downstream effectors 
and/or processes in tumor tissue and in the whole body. Using multi-tracer and multi-modality imaging approaches, it will be possible to 
develop differential-diagnostic algorithms, which will be routinely used by analogy with invasive histopathological and molecular-
biological biomarker methods for profiling of individual cancers and for selection (and monitoring) of individualized combination 
therapies. 

 

18F-PEG6-IPQA microPET, quantitative autoradiography, and corresponding gross pathology images of different NSCLC xenografts grown in mice. 
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Presentation Number T020 
Educational Session 7: Biology - Imaging the Developing Organism 

September 7, 2011 / 10:00-10:22 / Room: 20CD 

Imaging of Mouse Embryo Development: MRI, CT and OPT 

Mark Henkelmann, 1Mouse Imaging Centre, Hospital for Sick Children, Toronto, ON, Canada; 2Department of Medical Biophysics, 
University of Toronto, Toronto, ON, Canada. Contact e-mail: mhenkel@phenogenomics.ca 

Development entails a complex and carefully orchestrated process of translating detailed one-dimensional genetic specifications into 
three-dimensional patterned anatomical structures, which in turn need to embody an incredibly complex array of functional 
relationships. To characterize this structural complexity requires methods of three-dimensional imaging. Confocal and two-photon 
microscopy provides excellent 3D imaging capability for small developing species such as c. elegans and drosophila and for 
transparent creatures such as zebra fish and to some degree the developing chick and frog. However for mammals such as the mouse, 
the developing embryo becomes too large (greater than 500 microns) and too opaque; necessitating other forms of 3D imaging. 
Fortunately, magnetic resonance imaging (MRI) and contrast-enhanced x-ray computed tomography (micro CT) provide excellent 3D 
images of the developing mouse embryo. For earlier embryos, these methods can be complimented with optical projection tomography 
(OPT) which has the additional advantage of the use of fluorescent markers. Together, these methods cover the requirements for 
mescoscale (0.5mm - 50mm) 3D imaging in the mouse. Additionally, they can be combined with sophisticated computer analysis 
techniques which enable quantitative comparison and statistical methods for assessing differences in anatomy and also temporal 
developmental trajectories of embryos. Examples of the use of these 3D imaging methods in the mouse embryo to characterize 
organogenesis, visualize vascular patterning, identify anatomical changes arising from genetic modifications, and assess temporal 
development will be presented. As well, technical issues associated with the use of these methods and their comparative strengths and 
weaknesses will also be discussed. 
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Plasticity of the central nervous system in songbirds assessed with in vivo MRI 

Annemie van der Linden, Biomedical Sciences, University of Antwerp, Antwerp, Belgium. Contact e-mail: 
annemie.vanderlinden@ua.ac.be 

The songbird brain is a well documented model for adult neuroplasticity in species where song output changes with seasons (male 
birds sing in spring but not in fall) but has been deprived for a long time from the latest in vivo imaging tools implemented already years 
ago in small laboratory rodents. The talk will introduce how in vivo micro Magnetic Resonance Imaging (MRI) can be used to study the 
phenomenon of (seasonal/hormonally induced) neuronal plasticity in the songbird and at the same time how the songbird model can be 
used to validate in vivo MRI tools for their potential in studying brain plasticity. In this context (Dynamic) Manganese Enhanced 
(ME)MRI, Diffusion Tensor Imaging (DTI) and resting state functional (rsf)MRI were exploited as complementary in vivo tools for 
studying changes in volumetric anatomy, morphology, activity and connectivity of neuronal circuits involved in song learning and 
production, i.e. in the so called Song Control System. These investigations confirmed earlier findings that were obtained ex vivo (proof 
of concept) but also revealed new brain regions -beyond the song control system- displaying seasonal neuroplasticity. Secondly 
functional (f)MRI based on BOLD (Blood Oxygenation Level Dependent) contrast was implemented in the songbird model to study brain 
activities while listening to sound/songs. This methodology was then used to study seasonal changes is auditory processing / attention 
of socially relevant vocalizations but also to study changes in auditory processing during development while learning social 
communication. -Van der Linden A, Van Meir V, Boumans T, Poirier C, Balthazart J. MRI in small brains displaying extensive plasticity. 
Trends Neurosci. 2009 May;32(5):257-66 (Review). -De Groof G, Van der Linden A. Love songs, bird brains and diffusion tensor 
imaging. NMR Biomed. 2010 Aug;23(7):873-83 (Review). 
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Imaging Cardiovascular Development in the Mouse with Ultrasound and MRI 

Daniel H. Turnbull, Skirball Institute of Biomedical Medicine, New York University School of Medicine, New York, NY, USA. Contact e-
mail: Daniel.Turnbull@med.nyu.edu 

Extensive genetic information and the expanding number of techniques available to manipulate the genome of the mouse have led to 
its widespread use in studies of development and to model human diseases. Cardiovascular development is critical for normal 
embryonic development, and numerous studies are ongoing to determine the important molecular and genetic factors that control the 
initial formation and three-dimensional (3D) patterning of the mammalian heart and vasculature. In these endeavors, observing live 
mouse embryos in situ inside the maternal uterus is challenging, and requires effective in utero microimaging methods based on 
ultrasound and magnetic resonance imaging (MRI). In this presentation, the advantages, limitations and challenges of in utero imaging 
in the mouse will be discussed, and examples provided to illustrate the utility of ultrasound and MRI for mouse embryo imaging and 
mutant phenotype analysis, with a focus on 3D and functional analysis of the developing cardiovascular system. Recent advances have 
also provided opportunities for molecular imaging, including the generation of novel transgenic mice that enable endothelial cell 
targeting with ultrasound and MRI contrast agents. Future directions for molecular imaging of cardiovascular development in mouse 
embryos will be discussed. 
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Activatable optical and MR imaging agents 

Jan Grimm, MPC, Memorial Sloan Kettering Cancer Center, New York, NY, USA. Contact e-mail: grimmj@mskcc.org 

Contrast agents used in today's clinical environment are usually nonspecific. They typically reflect physiological changes associated 
with various types of diseases. Given the recent developments in molecular targeted therapies radiology is clearly lacking any more 
specific agents, who - similar to biological therapeutics such as Gleevec and other biologicals - are able to visualize biological 
processes specifically (more specifically than 18F-FDG that is). Some agents closer to this goal are target agents currently in clinical 
practice such as MIBG for Neuroblastoma, Octreotide for various neuroendocrine and some other tumors as well as the prototypical 
targeted agents in the form of monoclonal antibodies such as Prostascint for prostate cancer soft tissue metastases to name just a few. 
These targeted agents are more complex than any of our routine contrast agents for CT or MRI; however, they only provide information 
on the expression/translation of a given target but not on its biological activity. Activatable agents however provide unique information 
on the biological activity of their target since they only become activated upon interaction with their designated target, resulting in a 
significant increase (or change) of the signal-to noise ratio. This process is often compared to switching on a light bulb. They can be 
utilized to study the developing organism by targeting specific developmental related enzymes that activate the imaging probe. There is 
a wide diversity of this principle. Most agents are for optical imaging, followed by MR agents. Current clinical examples concentrate 
foremost on high throughput analysis of ex vivo samples. Activation usually takes place by enzymatic cleavage but can also occur 
through annealing of nucleotide sequences, peptides or simple accumulation after deprotection. In some cases utilizing both targeted 
and activatable agents is required to obtain unbiased information on biological processes. In this talk we will discuss the general 
principle and provide examples. 
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Molecular Imaging Beyond FDG: a tool for in vivo study of human cancer biology and 
pharmacology 

Steven M. Larson, Department of Radiology, Memorial Sloan-Kettering Cancer Center, New York, NY, USA. Contact e-mail: 
larsons@mskcc.org 

Molecular imaging in oncology uses quantitative imaging methods, such as Positron Emission Tomography, (PET) to detect the key 
molecules and molecular processes that are fundamental to the malignant state. The advantage of MI is that studies can be performed 
non-invasively in humans, and so tumors can be studied in situ, repeatedly if necessary, to evaluate tumor biology and aspects of 
cancer drug pharmacology. Emerging knowledge of cancer biology provides direction for choice of molecular imaging radiotracers. For 
example, from a clinical point of view the most commonly used molecular imaging method is PET-FDG imaging, in which the 
radiotracer [18F]-2-fluoro-2-deoxy-D-glucose (FDG) is used to imaging human tumors. About 2 million PET-FDG studies are done each 
year in the US, mostly in combination with novel fusion imaging methods of PET combined with CT. FDG is both an interesting model 
tracer, and a jumping off point for the evaluation of molecular imaging tracers of additional key molecules and processes which are also 
abnormal in oncology. In particular, MI of the pharmacology of human tumors includes the study of quantitative pharmacokinetics of 
uptake and localization, and also pharmacodynamics ie direct monitoring of drug effects, which in some cases means development of 
imaging biomarkers. In addition to the standard FDG-PET, at MSKCC we also use a variety of molecular imaging probes for these 
purposes in human studies ranging from novel metabolites, such as FACBC, an un-natural amino acid, and FLT, a thymidine analog, 
marker of proliferation. These probes are used to monitor treatment response to radiotherapy and chemotherapy. In addition, we use 
quantitative PET imaging to study the in vivo pharmacology of a variety of drugs, ranging from antibodies to small molecules. In 
collaboration with Gabriella Chiosis and Mark Dunphy, we have studied the HSP-90 inhibitor, with a true tracer 124I-huP71, in animals 
and man, to measure uptake and retention, including concentration in tumor. These results will then be compared to tumor responses. 
Antibodies are rapidly being developed as drugs, and we are working to develop an accurate model which can be used to predict 
optimal dosing requirements for maximal saturation of target receptors. In collaboration with Lloyd Old of Ludwig Institute for Cancer 
Immunotherapy, 124cG250, against CAIX, an antigen overexpressed in renal cancer, and A33 a colorectal antigen have been used as 
model systems by the nuclear medicine/medical physics team for quantitative PET studies in human. Finally, hormonally responsive 
tumors such as prostate, thyroid and breast readily lend themselves to MI. FDHT, an analog of Dihydrotestosterone, and 124I-NaI are 
being used as response biomarkers for human trials of therapy with novel drugs. 
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Zirconium-89 as a PET label for anti-tumor antibodies 

Guus A. van Dongen, Otolaryngology/Head and Neck Surgery and Nuclear Medicine & PET research, VU University Medical Center, 
Amsterdam, Netherlands. Contact e-mail: gams.vandongen@vumc.nl 

Monoclonal antibodies (mAbs) have been approved for therapeutic use in a broad range of medical indications, especially in oncology, 
and are forming the most rapidly expanding category of pharmaceuticals. Presently, hundreds of therapeutic monoclonal antibodies 
(mAbs) are under clinical development, and yearly sales are estimated to be $ 30 billion. Although engineered mAb fragments and 
nontraditional antibody-like scaffolds are receiving increasingly more attention, most of the mAb candidates evaluated in the past and 
ongoing clinical trials are full-length mAbs. PET imaging of mAbs offers an exciting imaging option to confirm and quantify selective 
tumor targeting. From first-in-man clinical trials it can be efficiently learned about the ideal mAb dosing for optimal tumor targeting (e.g. 
saturation op receptors), the uptake in normal critical organs to anticipate toxicity, and the interpatient variation in pharmacokinetics and 
tumor targeting. Quantitative mAb imaging might also be of value to guide the optimal use of FDA-approved mAbs to learn when, how, 
and for whom MAb therapy should be provided. To enable PET imaging of MAbs (immuno-PET), an appropriate positron emitter, with a 
half-life (t1/2) that is compatible with the time needed to achieve optimal tumor-to-nontumor ratios (typically 2-4 days for intact MAbs), 
has to be securely coupled to the targeting molecule. Zirconium-89 (89Zr; t1/2: 78.4 h) has many attractive characteristics to be used 
for this purpose. Very recently, crucial achievements have been obtained to allow broad-scale application of 89Zr-immuno-PET in 
clinical mAb development and applications. 89Zr became commercially available worldwide for clinical use. A chelate for facile coupling 
of 89Zr to mAbs became commercially available, and generic procedures for labeling of mAbs with 89Zr in a current good 
manufacturing practice compliant way were established. In this presentation, several appealing (pre)clinical examples of immuno-PET 
applications will be demonstrated and discussed. Among others, studies are shown in which antibodies directed to HER1 (EGFR), 
HER2, VEGF, c-Met, CD20 and less validated targets are evaluated. 
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Translational PET imaging to predict gemcitabine resistance in cancer 

Caius G. Radu, Molecular & Medical Pharmacology, University of California at Los Angeles, Los Angeles, CA, USA. Contact e-mail: 
cradu@mednet.ucla.edu 

The nucleoside analogue gemcitabine is the first line of treatment in pancreatic ductal adenocarcinoma (PDA) and is used extensively 
in other cancers. However, only 10-15% of the PDA patients respond to gemcitabine; moreover, the incidence of grade 3 or 4 toxicity 
approaches 38%. Approaches that predict responses to gemcitabine are urgently needed, given the marginal survival benefits of this 
chemotherapeutic agent, it’s toxicity profile and the emergence of new alternative therapies for PDA. Deoxycytidine kinase (dCK) is the 
rate-limiting enzyme in the conversion of gemcitabine to cytotoxic metabolites. The activity of dCK, an important enzymatic determinant 
of gemcitabine effectiveness, varies substantially among pancreatic cancers. In clinical practice, tumor dCK activity is almost never 
determined; resistance to gemcitabine is, therefore, difficult to predict. Our group is developing a non-invasive approach to determine 
tumor dCK activity and to eventually allow clinicians to stratify PDA patients into likely responders versus likely non-responders. 
Towards this goal we have developed a series of 18fluorine (18F)-labeled deoxycytidine analogue PET probes that require dCK activity 
for their cellular uptake. The pharmacokinetics of these probes closely resembles that of gemcitabine. This presentation will give an 
overview of our ongoing studies to determine whether PET, using 18F-labeled deoxycytidine analogues, can measure dCK activity in 
preclinical tumor xenograft models and in patients with early stage resectable pancreatic cancer. 
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Data storage and archiving 

Timo Paulus, TRANSLATE, Philips Research, Aachen, Germany. Contact e-mail: timo.paulus@philips.com 

In this presentation, we'll discuss the topic of data storage and archiving and also the somewhat broader notion of data management. 
We’ll start with how data is managed in clinical routine settings, i.e. which type of data is acquired on which systems, how the data will 
be transferred between the different computer systems and where the data will be stored and archived. In this context, we’ll need to 
discuss Picture Archiving and Communications Systems (PACS), Radiology Information Systems (RIS) and Hospital / Clinical 
Information Systems (HIS / CIS) and how those are interrelated and interfaced with each other. In the main part of the presentation, 
we’ll focus on the preclinical setting and how the data management discussed for the clinical setting needs to be modified to fulfill the 
needs for preclinical research. Certain aspects may not be required in a preclinical setting, however, new aspects will become important 
and need to be implemented. These modifications are of particular importance, as in contrast to the clinical setting, where many 
different solutions are commercially available from a variety of vendors and for a variety of requirement profiles, this is not the case for 
the preclinical setting. For this domain, no established solutions for data management exist and often sites have to create their own 
local home-built solutions. As in the clinical domain, different types of data need to be exchanged between different modules of such a 
data management system and therefore, standard communication protocols for image and non-image data need to be discussed. 
Examples are Digital Imaging and Communications in Medicine (DICOM) and Health Level 7 (HL7). Some aspects of special 
importance for the preclinical setting are large image data sizes due to new high resolution preclinical imaging modalities, wide range of 
imaging modalities with sometimes limited conformance to established standards (DICOM), combination of imaging with non-imaging 
data (e.g. gene profiles, mass spectra etc.) and organization of the data in terms of research projects rather than for individual patients 
as in the clinical setting. Moreover, there is a variety of regulatory aspects to be considered, e.g. conformance to Good Laboratory 
Practice (GLP) and FDA’s guidelines on electronic records and electronic signatures (Title 21 CFR Part 11). Finally, one example of 
such a data management system for preclinical research, which is currently being set up in the ForSaTum public funding project in 
Aachen, Germany, will be presented in more detail to illustrate the concepts discussed previously. (ForSaTum (http://www.forsatum.de) 
is sponsored by the EU-NRW Ziel 2 programme.) 

Disclosure of author financial interest or relationships: 
T. Paulus, Philips Research, Employment . 

  

Proceedings of the 2011 World Molecular Imaging Congress S789



Presentation Number T028 
Educational Session 9: Post-Processing and Image Validation - Basics of Image Processing 

September 7, 2011 / 10:30-11:00 / Room: 32 

Reconstruction, Registration and Segmentation 

Felix Gremse, ExMI, RWTH-Aachen, Aachen, Germany. Contact e-mail: fgremse@ukaachen.de 

The quality of quantitative measurements derived from multi modal image data sets depends on the steps of reconstruction, registration 
and segmentation. These steps are illustrated in this talk using the example of fusion of preclinical dual energy µCT and FMT 
(fluorescence mediated tomography) images. Several advances in CT and FMT reconstruction techniques are presented. Different 
methods of manual and automated image registration are explained along with their advantages and pitfalls. Segmentation is required 
to associate signal to the corresponding body parts. It can be supported by organ specific contrast enhancements. Dual energy CT 
allows better distinction of enhancements from iodine and calcium. Finally, it is shown how standardization and automation of 
reconstruction, fusion and segmentation improves efficiency and reproducibility of measurements. 

 

Shown are sections of a mouse that was scanned with CT and FMT. The mouse received OsteoSense750 which predominantly binds to hydroxyapatite 
in bones. The FMT reconstruction was supported by an organ segmentation performed on the CT data. 
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Automated analysis and pattern recognition 

Marco Dominietto, Institute for Biomedical Engineering, ETHZ, Zurich, Switzerland. Contact e-mail: dominietto@biomed.ee.ethz.ch 

Pattern recognition techniques, originally developed for military science to individuate enemy targets on satellite maps, are nowadays a 
challenge in several fields: physics, astronomy, economy, geography, medicine, etc. They consist in the individuation of a specific 
pattern in a image or time series data-set. With the term automated analysis we usually refer to the set of techniques that allows to 
perform automated procedure to extract physiological data from anatomical images without the intervention of an operator. In medicine, 
their application is twofold: (1) they are used to detect pathologies from the diagnostic images or examinations; (2) they can be used to 
formulate mathematical model of physiological processes or diseases, as in the study of brain activation in neurology or tumor 
development in oncology. The possibility to identify similar patterns of the same disease from different image data-set allows to classify 
a pathological state and distinguish it from a non-pathological situation that presents similar features. An example is the quantification of 
the shape of the lesions in mammography images allows distinguishing between breast carcinoma and microcalcification. The 
classification of disease and the possibility to define different grades of severity play a fundamental role in screening programs to detect 
disease or in the patient follow-up to evaluate the efficacy of the treatments. This quantification is possible using a set of estimators that 
are able to quantify, and therefore classify, pathological situations. Examples of these estimators are shape and texture descriptors. 
While the first ones quantify the geometrical structure measuring, for example, their compactness and signature, texture estimators, as 
fractal dimension or lacunarity, describe the complexity of the anatomical patterns or the time series evolution. One of the great 
advantage of these approaches is the possibility to take into account the spatial distribution of the measured parameter that, in 
conventional methods as histogram analysis, is not consider. Another advantage consists in defining a set of objective parameters that 
quantify the diseases cutting out the different sensitivity of the human operators. Automated analysis and pattern recognition are also 
sometimes associated with machine learning. Despite its clinical implementation is not straightforward, machine learning is probably the 
most and exiting challenge of the future in medical science. In few words, it consists in the possibility for a computer to learn the rules 
that govern a system analyzing the empirical data as its state at different time points. A classical example is the algorithm able to learn 
how to play chess without knowing the rules. In principle, once the algorithm has learned the rules, it should be able to guess about the 
evolution of the systems. Tumor modeling is just one of the possible applications. This talk aims to present the background theory 
behind pattern recognition in the context of automated analysis together with the applications in biology and medicine. A description of 
machine learning will be also presented. 
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MRI Fundamentals 

Joel R. Garbow, Mallinckrodt Institute of Radiology, Washington University, Saint Louis, MO, USA. Contact e-mail: garbow@wustl.edu 

Magnetic resonance imaging (MRI) is a powerful and versatile imaging modality with wide application in the biological and chemical 
sciences. This presentation will provide an overview of the methods and technology used for creating high-resolution MR images. The 
relationship between the fundamental signal parameters that can be measured by magnetic resonance - e.g., frequency, amplitude, 
decay-rate constant, and phase -- and the creation of MR images will be explored. Fundamental to the generation of MR images is the 
application of strong, magnetic-field-gradients, which create magnetic-field variations that are linear with position. As with all imaging 
modalities, generating appropriate image contrast (healthy tissue vs. pathology; brain white matter vs. gray matter) is a key to MRI’s 
success. The role of longitudinal (T1) and transverse (T2) relaxation will be discussed and various endogenous contrast mechanisms, 
including T1-, T2-, and diffusion-weighting will be described. 
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Physiologic MR Imaging of Cancer 

Zaver M. Bhujwalla, JHU ICMIC Program, Department of Radiology, Johns Hopkins University School of Medicine, Baltimore, MD, 
USA. Contact e-mail: zaver@mri.jhu.edu 

Magnetic resonance imaging (MRI), magnetic resonance spectroscopy (MRS) and MR spectroscopic imaging (MRSI) techniques have 
been used for several decades to characterize physiologic parameters such as tumor vasculature, oxygenation, and necrosis, pH and 
metabolism (Table 1). The bench to bedside span of noninvasive MR methods to characterize cancer makes them an attractive choice 
in visualizing tumor physiology and metabolism. Recent advances in the development of molecular targeted contrast agents have 
expanded the traditional strengths of MRI and MRS of characterizing functional tumor parameters such as pH, vascularization, 
metabolism and cell death to include visualization of cell surface receptors, molecular pathways, degradative enzyme activity, and the 
extracellular matrix integrity in preclinical models (Table 1). These novel targeted biomarkers can be used to follow the response of 
tumors to molecular targeted treatments and understand the interactions between cancer cells and the tumor microenvironment (TME). 
A solid tumor is populated by cancer cells and by networks of blood and lymphatic vessels, stromal cells, and an extracellular matrix 
(ECM) that, excluding cancer cells, is collectively termed the TME. Several stromal cells such as cancer associated fibroblasts, 
adipocytes, pericytes, multiple immune cells such as tumor-associated macrophages, and vascular and lymphatic endothelial cells are 
found within the tumor landscape. Chaotic vasculature and lymphatic networks, as well as the aberrant metabolism of cancer cells 
result in microenvironmental conditions such as hypoxia, high interstitial pressure, and acidic microenvironments that significantly 
contribute to promoting an aggressive phenotype. With its array of functional and molecular imaging capabilities noninvasive MR 
imaging of the interactions between cancer cells and the TME is providing new insights into the etiology and progression of cancer. The 
use of MR biomarkers such as total choline and perfusion are already being explored clinically for characterizing tumors and following 
treatment response. A major direction for the future will be to translate preclinical physiological imaging developments for use in the 
clinic. Unlike radiopharmaceuticals, the inherent insensitivity of MR methods will require that most molecular contrast agents be used at 
concentrations that will be subject to much more stringent FDA control. Challenges for the future will be to increase the sensitivity of 
detection of such agents through novel chemistry, or instrumentation and the incorporation of multi-modality imaging. 

Table 1: MR biomarkers for physiologic imaging in cancer. 
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New Developments in Magnetic Resonance Spectroscopy 

John Kurhanewicz, Radiology, UCSF, San Francisco, CA, USA. Contact e-mail: John.Kurhanewicz@ucsf.edu 

There is a clear need for new non-invasive molecular imaging biomarkers that will specifically inform on defined molecular events 
associated with oncogenesis and response to therapy. The addition of metabolic information provided by Proton (1H) spectroscopy has 
been shown to improve the ability [i.e., sensitivity, specificity, and accuracy] of conventional MRI to detect and stage cancer. 
Spectroscopy can measure changes in multiple metabolic markers within the same spectra that correlate with cancer presence, 
aggressiveness, and therapeutic response. The clinical use of 1H spectroscopy as an adjunct to MRI has expanded dramatically over 
the past decade (1). This has been due to both the need to answer clinically relevant questions and recent technical advances in MR 
physics that have provided improvements in the spatial and time resolution of the spectral data and have resulted in the incorporation of 
this technology on commercial MR scanners. These breakthroughs have allowed the routine addition of 1H spectroscopy and 
spectroscopic imaging sequences to clinical MRI exams, and have led to 1H spectroscopy being factored into the clinical decision 
process. However, metabolic biomarkers measured by 1H magnetic resonance spectroscopic imaging, have suffered from a significant 
reduction in sensitivity relative to PET biomarkers. Hyperpolarized 13C Spectroscopic Imaging is extraordinary new technique that has 
the potential to become an important new radiological tool for metabolic imaging by directly observing key cellular bioenergetic 
processes in vivo. Hyperpolarized 13C imaging provides a >10,000 fold signal enhancement for detecting 13C probes of endogenous, 
nontoxic, nonradioactive substances such as pyruvate to monitor metabolic fluxes through multiple key biochemical pathways 
(glycolysis, citric acid cycle and fatty acid synthesis) (2). In this lecture we will provide an overview of the physical principles and 
technical requirements of 1H and hyperpolarized 13C MRSI and review preclinical applications and translation to clinical practice. We 
will focus on applications to prostate cancer, since there is a commercially available MRI/1H MRSI prostate exam and the first 
application of 13C MRSI of hyperpolarized [1-13C]pyruvate is in patients. References 1. Kurhanewicz J, Vigneron DB. Advances in MR 
spectroscopy of the prostate. Magn Reson Imaging Clin N Am. Nov 2008;16(4):697-710, ix-x. 2. Kurhanewicz J, Vigneron DB, Brindle 
K, et al. Analysis of cancer metabolism by imaging hyperpolarized nuclei: prospects for translation to clinical research. Neoplasia. Feb 
2011;13(2):81-97. 
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Liposomes 

Klaas Nicolay, Biomedical Engineering, Eindhoven University, Eindhoven, Netherlands. Contact e-mail: k.nicolay@tue.nl 

Liposomes Klaas Nicolay, PhD Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The 
Netherlands k.nicolay@tue.nl Liposomes are spherical, bi-layered nanoparticles that are made up of assemblies of lipids [1]. Lipids are 
amphiphilic in nature, i.e., they both have a hydrophobic part that forms the interior of the bilayer and a hydrophilic part that is in contact 
with water. When dispersed in water, lipids spontaneously assemble in (most often multilamellar) aggregates, from which one can 
rather simply make mono-disperse, unilamellar liposomes. The liposomal lipid bilayer encloses an aqueous compartment that can be 
used to encapsulate water-soluble compounds such as contrast agents or drugs. Likewise, the hydrophobic bilayer interior can be used 
to incorporate hydrophobic and/or amphiphilic substances. As lipids represent the prime constituents of biological membranes, 
liposomes are bio-compatible and attractive nano-carriers for imaging and for delivery of therapeutic agents. This presentation will deal 
with the use of liposomes for molecular imaging [1-3], drug delivery [4] as well as image-guidance of therapy [5]. Liposomes are 
suitable for use in essentially all major imaging modalities, including MRI, nuclear and optical imaging. A particularly flexible approach is 
represented by the use of lipids that are equipped with a DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetra acetic acid) moiety 
conjugated to the polar head group of a regular phospholipid [6]. The DOTA chelate can be used to incorporate Gd3+-ions for MRI 
contrast, as well as radio-active ions for SPECT (such as In-111 and Lu-177) and PET imaging (including Ga-68 and Cu-64). 
Liposomes are primarily used for targeting of intravascular markers and of extravascular markers in case of enhanced vascular 
permeability, such as occurring in tumors, atherosclerosis and myocardial infarction. Therapeutic applications of liposomes involve all 
major diseases, ranging from cancer and atherosclerosis to rheumatoid arthritis. The presentation will predominantly highlight the 
design and characterization of liposomes that are equipped with a high payload of Gd3+-ions for MRI contrast. Examples on the use of 
liposomes will be drawn from preclinical imaging studies on animal models of disease. References 1. Mulder et al., NMR Biomed, 19, 
142 - 164 (2006) 2. Mulder et al., Acc Chem Res, 42, 904-914 (2009) 3. Aim et al., Acc Chem Res, 42, 822 - 831 (2009) 4. Kluza et al., 
J Control Release 151, 10-17 (2011) 5. De Smet et al., J Control Release 150, 102-110 (2011) 6. Hak et al., Eur J Pharm Biopharm 72, 
397-404 (2009) Acknowledgements The author’s research on this topic was funded in part by the EU projects MEDITRANS (FP6-2004-
NMP-NI-4/IP 026668-2), Sonodrugs (NMP4-LA-2008-213706) and DiMI (LSHB-CT-2005- 512146), and was partly performed in the 
framework of the European Cooperation in the field of Scientific and Technical Research (COST) D38 Action Metal- Based Systems for 
Molecular Imaging Applications. 
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Chemistry of Contrast Media: Particles and Polymers 

Hisataka Kobayashi, Molecular Imaging Program, National Cancer Institute/NIH, Bethesda, MD, USA. Contact e-mail: 
Kobayash@mail.nih.gov 

The expanded biological and medical applications of macromolecules and nano-materials, place a premium on the better 
understanding of the chemical and physical determinants of their in vivo behaviors. Nanotechnology permits the design of a vast array 
of molecules with distinct chemical and biological characteristics, each with a specific size, charge, hydrophilicity, shape, and flexibility. 
To date, much research has focused on the role of particle size as a determinant of biodistribution and clearance, both of which are 
known to affect drug safety. Additionally, much of what we know about the relationship between macromolecular or nano-sized particles 
and their pharmacokinetics has been limited to considerations of the gross average hydrodynamic size. Yet, other features, such as 
particle shape and flexibility, affect in vivo behavior and become increasingly important for designing and synthesizing nano-sized 
imaging agents. In this lecture, I will review the chemistry of contrast media based on macromolecules and nano-sized particles. This 
will include a discussion of the determinants of in vivo behavior of nano-sized molecules and particles used as imaging agents including 
often overlooked or, yet to be considered, factors that affect in vivo behavior to highlight important gaps in the current understanding of 
the fate of such macromolecules and nano-sized particles in animals or in humans. 
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Chemistry of Contrast Media: (U)SPIO 

Jeff W. Bulte, Dept. of Radiology, Johns Hopkins University School of Medicine, Baltimore, MD, USA. Contact e-mail: 
jwmbulte@mri.jhu.edu 

(Ultra)small superparamagnetic iron oxides (U)SPIOs were introduced in the late 1980s as negative MR contrast agents that provide 
T2(*)-weighted hypointensities on T2-weighted images. The physicochemical properties of superparamagnetic iron oxide nanoparticles 
have been studied in detail for more than 60 years. Many different methods exist that can produce particles under “the critical domain 
size” (required for superparamagnetism), i.e., iron oxides with a crystal core diameter no larger than about 50 nm. The particles have an 
additional coating that can take the total diameter to well above 100 nm. There are many different coatings that can be used to prepare 
stable iron oxide colloid formulations, e.g., dextran, carboxydextran, silica, lipids, citrate, amino acids, peptides, and dendrimers, to 
name a few. Initially, dextran-coated iron oxides were developed in the 1980s for clinical imaging of macrophages, with liver and lymph 
node imaging as the main application that was later extended to contrast-enhanced imaging of plaques occurring in multiple sclerosis 
and arteries. The particle surface charge is a major determinant of non-specific uptake and overall blood half-life, and dependent on the 
intended application, the proper particle formulation needs to be selected. For instance, for cell labeling before transplantation or 
infusion, larger charged (cationic) particles are more efficient, while for targeted molecular imaging of epitopes in vivo neutrally charged, 
smaller particles are preferred. Methods for labeling for cell tracking include the use of transfection agents or cationic 
peptides/dendrimers as secondary coatings, or magneto-electroporation or -sonoporation based instant labeling techniques. 
Approaches for conjugating targeting ligands for molecular imaging vary and are dependent on the particle coating. Conventional sulfo-
NHS conjugation, periodate-oxidation/borohydrate-reduction (with Schiff’s base intermediates), avidin-biotin linkage, etc. may produce 
the desired specificity. As for clinical use and safety concerns, the human adult has about 4 grams of total iron in the body and any 
given iron oxide contrast formulation will be in the microgram dosing range. This natural abundance, together with the biocompatibility 
and the ability of the body to recycle the injected iron, makes iron oxide particles one of the safest contrast agents available for 
molecular and cellular imaging. 

Disclosure of author financial interest or relationships: 
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Orthotopic and metastasizing tumor models 

Robert D. Cardiff, Center for Comparative Medicine, University of California, Davis, Davis, CA, USA. Contact e-mail: 
rdcardiff@ucdavis.edu 

Molecular imaging has come of age providing amazing images of biological phenomena. The majority of animal models of human 
cancer use xenografts of malignant tumors transplanted into ectopic sites in immunologically impaired mice. These systems frequently 
provide pleasing and reproducible images. Given that they “model” some aspect of human disease, they have intrinsic value. However, 
they rarely represent the entire consolation of complex phenomena in cancer. To avoid using a model that does not have the desired 
biological attributes, investigators need to know the strengths and weaknesses of any particular system. For example, xenograft models 
only represent the end stage of neoplastic progression and almost totally ignore critical host-tumor interactions occurring in nature. 
Accurate interpretation of the resulting images requires an understanding of the biology of neoplastic progression and concomitant 
host-tumor interactions. We will compare and contrast the biology of different types of transplantation systems with the growth and 
development of primary tumors in the native immunologically intact host. The natural history of neoplastic progression involves 
transitions between normal and premalignant tissues, premalignant and malignant tissues and malignant (invasive) and dissemination 
(metastasis) tissues. Each transition involves identifiable but subtle changes in both the tumor and the host that can influence the 
nature of the image. Further, technical manipulations of the tumor cells, such as passage in tissue culture or serial transplantation, can 
have profound effects on the cells and, thus, on the resulting host response. The identification and understanding of these changes 
permit proper interpretation of variation in results. Some advantages and disadvantages of the major types of model systems will be 
illustrated and discussed using several mouse models of human breast cancer. 

Disclosure of author financial interest or relationships: 
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Models of inflammatory diseases 

Zahi A. Fayad, Translational and Molecular Imaging Institute, Mount Sinai School of Medicine, New York, NY, USA. Contact e-mail: 
zahi.fayad@gmail.com 

Inflammation plays a central role in many disease processes such as atherosclerosis. Atherosclerosis is a disease of the vessel wall 
and leads to complications such as myocardial infarction and stroke. We will review in this talk the noninvasive detection and novel 
treatment of inflammation in atherosclerosis. Imaging with magnetic resonance, computed tomography and positron emission 
tomography will be discussed. We will also discuss the potential of nanomedicine for the treatment of inflammation and atherosclerosis. 
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Seeing models of neurodegenerative disease in a new light with preclinical imaging 

Wynne K. Schiffer, Laboratory for Molecular and Behavioral Neuroimaging, North Shore University Health System, Manhasset, NY, 
USA. Contact e-mail: wschiffer@nshs.edu 

The development of a number of noninvasive preclinical imaging methods, including PET, MRI, SPECT and CT, has changed the way 
that we approach animal studies and frame translational animal models. These studies serve as a bridge between laboratory 
experimental studies and human clinical experiments in a time of increased pressure to translate research data to the clinic. This is 
driven by the astounding failure rate of treatments for disease that show promise preclinically, but fail in clinical trials (by some reports, 
9 out of 10 drugs1. By offering the same outcome measure in animals as in humans, small animal imaging is poised to integrate 
preclinical results with clinical conditions, promising more predictive animal models. The question is, can preclinical imaging deliver on 
this promise? This talk will approach this question from the perspective of neurodegenerative disease. Neurodegenerative processes 
begin long before symptoms are noted, at which point extensive damage is already present. Unfortunately for most neurodegenerative 
diseases, diagnoses and clinical efficacy are still defined in terms of rating scales or symptomatic changes, which are not readily 
translated from animals to humans. With the ability to perform non-invasive, longitudinal experiments, brain imaging offers an objective 
biological outcome that can potentially be detected long before symptomatic changes, and is also not dependent on extrapolating 
behaviors from animals to human patients. The exception is in Alzheimer’s Disease, where imaging research has been pioneering both 
in its integration into mainstream medicine (i.e. FDA approval to diagnose early AD) and also in the development of biomarkers that 
signal the presence of a disease-related protein (i.e. radiotracers that bind plaques and/or tangles). With this progress, the burden is 
now on preclinical imaging to reproduce these clinical findings in animal models, pushing the field forward in the development of 
successful treatments for AD. The status of preclinical imaging in animal models of AD will be presented. For conditions such as 
Parkinson’s Disease (PD), parallel imaging of structural and functional connectivity using MRI tractography and FDG PET, respectively, 
offers an unprecedented view of neurodegeneration by uncovering changes in specific brain networks in genetically modified mice. New 
methods for performing simultaneous behavioral and PET imaging experiments in animals will be presented. Applying combined 
research approaches such as these will greatly impact our understanding of degenerative processes in the brain. Special 
methodological issues in small animal imaging of neurodegeneration will be important factors to their translation. These issues include: 
the use of restrained or anesthetized animals, parallel behavioral measures, requirements for longitudinal imaging and technological 
considerations for performing behavioral imaging experiments in animals. 1Schachter, A. D. & Ramoni, M. F. Clinical forecasting in 
drug development. Nat Rev Drug Discov 6, 107-108, doi:10.1038/nrd2246 (2007). 
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Models of Cardiovascular Disorders 

Michael Schäfers, Michael T. Kuhlmann, European Institute of Molecular Imaging, University of Münster, Münster, Germany. Contact 
e-mail: schafmi@uni-muenster.de 

Human cardiovascular disease is the major cause of deaths worldwide. Development and application of novel imaging approaches is 
therefore a huge challenge for characterizing cardiovascular diseases and their clinical events as well as to establish new means for 
clinical diagnostics and prevention. Besides development of imaging tracers, this needs good preclinic models mimicking features of 
human cardiovascular diseases to evaluate the new imaging approaches. This is a significant challenge, since small animals such as 
mice and rats do typically not exhibit cardiovascular disease such as atherosclerosis, myocardial infarction, stroke, and 
cardiomyopathies. Three principle strategies are available: (1) Induce cardiovascular diseases by micro-surgery (caoronary ligation, 
carotid cast etc.), (2) Induce cardiovascular disease by genetic manipulations (ApoE-KO, TNF-KO etc.), or (3) a combination of (1) and 
(2) (ApoE-KO + carotid cast etc.). Murine models for various cardiovascular diseases and their suitability for preclinical imaging are 
discussed. 
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Raman’s "Effect" on Molecular Imaging 

Cristina Zavaleta, Radiology, Stanford University, Stanford, CA, USA. Contact e-mail: czavalet@stanford.edu 

Raman spectroscopy is an optical technique that offers unsurpassed sensitivity and multiplexing capabilities to the field of molecular 
imaging. In the past, Raman spectroscopy had predominantly been used as an analytical tool for routine chemical analysis, but more 
recently, researchers have been able to harness its unique properties for imaging and spectral analysis of molecular interactions in cell 
populations and preclinical animal models. In this talk I will discuss the various preclinical molecular imaging techniques that have been 
used thus far, with particular emphasis on the utilization of various Raman-active nanoparticles as contrast agents for ultrasensitive 
Raman imaging. Additionally, researchers have already begun to translate this optical technique into a novel clinical diagnostic tool by 
utilizing various endoscopic strategies. I will also briefly discuss what is being done in our lab to translate this novel molecular imaging 
strategy in order to aid clinical endoscopists in the early detection of colon cancer during a routine colonoscopy. 

Disclosure of author financial interest or relationships: 
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Imaging strategies in photoacoustic imaging 

Robert Kruger, OptoSonics, Inc., Oriental, NC, USA. Contact e-mail: bobkruger@optosonics.com 

Photoacoustic imaging is a hybrid imaging technique that allows researchers to interrogate the optical absorption properties of soft 
tissue in spite of the deleterious effects of optical scattering, which limit the penetration depth that purely optical methods encounter. 
This is accomplished by converting absorbed optical energy into acoustic waves, which propagate isotropically from sites of optical 
absorption. These broadband acoustic waves typically lie in the medical ultrasound regime (1 - 20 MHz), and ultrasound detectors 
(transducers) are used to detect and localize the sites of optical absorption with spatial resolution that can approach the theoretic 
ultrasound limit. The integrity of the intrinsically three-dimensional (3D) photoacoustic images depends on the size and shape of the 
“detection aperture,” which is determined by the locus of points over which photoacoustic emissions are collected, the closer the 
measurement aperture to a sphere, the higher the quality of the resulting image. Due to physical limitations of the detector in relation to 
the organ being imaged, a measurement aperture less than a sphere has to be accepted. I will present several alternative imaging 
strategies that employ linear, circular, conical, planar or hemispherical apertures. The comparative properties of the various 
measurement apertures will be compared and notions of k-space sampling will be introduced. Several applications of the technology to 
measure hemoglobin distributions, tissue oxygenation and blood flow in animals will be discussed. Translation to human use will also 
be discussed. 
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Faster than the speed of light... Cerenkov Imaging 

Jan Grimm, MPC, Memorial Sloan Kettering Cancer Center, New York, NY, USA. Contact e-mail: grimmj@mskcc.org 

Cerenkov radiation is the low level of blue-light produced by particles traveling faster than the speed of a light through a diaelectric 
medium. While this phenomenon has been described originally in the early 20th century and rewarded with the Nobel Price for Physics 
in 1958 it was only recently that this phenomenon was recognized as utilizable tool for optical in vivo imaging of nuclides. In this context 
Cerenkov Luminescence Imaging (CLI) is a new, emerging modality that utilizes the light produced by radionuclides for in vivo imaging 
using optical equipment. CLI requires highly sensitive optical cameras to detect the low amount of photons emitted compared to other 
optical imaging modalities. However, it offers several compelling advantages. The imaging equipment remains still cheaper than a PET 
scanner; in fact, already present equipment such as a bioluminescence scanner an be used as well as a custom designed imaging set 
up. Several animals can be imaged in parallel within few minutes, allowing for a higher throughput. Furthermore, CLI allows imaging of 
nuclides that cannot be imaged otherwise such as the [90)Y or 225[Ac]. Work has shown tumor and cardiac CLI using targeted and 
small molecule tracers. We have demonstrated the imaging of prostate as well as of breast tumors using the radiolabeled antibodies 
J591 for prostate and herceptin for breast cancer. Furthermore, clinical applications for this new entity might be intraoperative or 
endoscopic imaging, which does not require tomographic approaches. Importantly, the PET signal can be utilized for as well. More 
recently, Quantum Dots (QDs) have been used to shift the light from the blue to greater penetrating red. This presentation will give an 
overview over this new modality and highlight its versatility as well as potentials with examples from the recent literature and the 
author’s own lab. 

Disclosure of author financial interest or relationships: 
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How to Prepare Papers and Talks 

Peter Brader, Radiology Division Molecular Imaging, Medical University Vienna, Vienna, Austria. Contact e-mail: 
peter.brader@meduniwien.ac.at 

In science, no matter how spectacular the results are, the work is not completed until the results are published. Reporting of new results 
in scientific journals is a critical aspect of the scientific process in order to disseminate that information to the larger community of 
scientists. This communication of results contributes to the pool of knowledge within a discipline and also provides information that 
helps others interpret their own experiments. Particularly young investigators often finish the data collection and data analyses with the 
enthusiasm of finally arriving at an answer, only to find that enthusiasm dwindle as they make their first attempts to write the 
manuscript. Indeed, the number of abstracts presented at international meetings far exceeds the number of manuscripts that actually 
become published in the literature. Such failure to bring good work to publication stems in part from the confusion and perplexity that 
besets inexperienced writers as they attempt to begin the process of manuscript preparation. The intrinsic quality of a research article 
depends first and foremost on its scientific content. However, the way in which the scientific material is presented and the paper is 
written may determine whether the scientific content will ever receive the attention it deserves. There may not be a perfect recipe for a 
perfect paper, but it is possible to point out some general characteristics of good papers and presentations. There are different kinds of 
scientific written communication such as journal articles, posters, slide presentations, etc. However, most manuscripts follow a 
definable blueprint. The purpose of this presentation is to help young investigators to prepare the manuscript and to show all steps from 
the rough manuscript to a paper ready for publication. 
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Successful Grantsmanship: A Reviewer's Perspective 

Kathryn A. Morton, Radiology, University of Utah, Salt Lake City, UT, USA. Contact e-mail: kathryn.morton@hsc.utah.edu 

The submission of a successful research grant application is a daunting and highly competitive process. The purpose of this 
presentation is to provide prospective grant applicants with information that will help them formulate a more successful application. 
Emphasis will be placed on the selection and development of a cohesive research plan formulated on well-developed and focused 
hypotheses and specific aims, and supported by relevant preliminary data. A discussion of the specific factors that weigh heavily in a 
reviewers assessment of the value of the proposal will be discussed, including the significance, innovation and overall impact of the 
project. The value of well-chosen co-investigators, a budget that is reasonable and well justified, the inclusion of well-constructed 
biosketches and communication of the adequacy of the supportive infrastructure will be addressed. Strategies for revision of an 
unfunded application will also be discussed. 

Disclosure of author financial interest or relationships: 
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Logistics of operating a shared resource laboratory; Example of a preclinical imaging center 

David Stout, M&M Pharmacology, UCLA Crump Institute, Los Angeles, CA, USA. Contact e-mail: dstout@mednet.ucla.edu 

A shared resource laboratory or core facility operates much like a small business, with budgets, accounting, planning for future 
equipment, personnel and other operational considerations. In addition, there are grant and institutional requirements for tracking usage 
for progress reports, radiation and animal usage. Today people also expect their data to be available online, thus a controlled access 
database and archival strategy is essential. This presentation will demonstrate how we have instituted a variety of solutions to address 
commonly faced usage requirements at the UCLA Crump Preclinical Technology Center. Topics covered include how to optimize flow 
of people, data, animals and radiation through the center, along with how to educate users and strategies for helping with regulatory 
oversight committees. 

Disclosure of author financial interest or relationships: 
D. Stout, Molecular Imaging Products, Stockholder; Sofie Biosciences, Stockholder . 

  

Proceedings of the 2011 World Molecular Imaging Congress S807



Presentation Number T046 
Educational Session 15: Physics - Nuclear Imaging 

September 7, 2011 / 13:15-13:45 / Room: 31 

SPECT 

Benjamin M. Tsui, Radiology, Johns Hopkins-Earth & Planetar, Baltimore, MD, USA. Contact e-mail: btsui1@jhmi.edu 

Single-photon emission computed tomography (SPECT) is a combination of conventional radionuclide imaging techniques with image 
reconstruction methods from projections. By injecting a trace amount of biomarkers labeled with radioisotopes, radionuclide imaging 
has been an important clinical diagnostic imaging modality. Because of its exceptional target specificity of radiotracers, radionuclide 
imaging allows imaging at the molecular level, such as receptor imaging, which cannot be accomplished by other imaging techniques. 
Conventional radionuclide imaging uses a position-sensitive radiation detector, such as a scintillation or gamma camera, to detect the 
gamma-ray photons emitting from the three-dimensional (3D) distribution of radioactivity of the radiolabeled biomarker in vivo and form 
a two-dimensional (2D) projection image. In SPECT, an image reconstruction method, which is based on mathematic formulation, is 
applied to the 2D projection images from multiple views and generates 3D images that represent the distribution of radioactivity in vivo 
in much higher image contrast and clarity than the 2D projection images. During the past decade, significant advances have been made 
in detector technologies that provide much improved intrinsic resolution. The new technologies have been applied to clinical and small 
animal (SA) SPECT systems. By using pinhole imaging geometry with magnification, both high resolution (on the order of 1 mm or less 
with small pinhole aperture and low photon energy) and high detection efficiency (on the order of 10-3 with a full-ring detector geometry 
and sub-millimeter resolution) can be achieved. A unique advantage of SPECT is its ability to image multiple radiotracers that emit 
different energy photons simultaneously. Also, quantitative SPECT image-reconstruction methods with compensation for collimator-
detector response, photon attenuation, and scatter that have been successfully applied to clinical SPECT are becoming available to 
small-animal SPECT, for further improvement in image quality and quantitative accuracy. Although SPECT images offer unique 
functional information at the molecular level, they are often difficult to interpret because of the lack of correlation with anatomic 
structures or biologic landmarks. Because CT images provide excellent anatomic information, dual-modality SPECT/CT has become 
standard clinical and SA molecular imaging systems. Also, multi-modality SA PET/SPECT/CT systems are available commercially and 
SPECT/Optical/CT system can be found in research laboratories. More recently, research and development of SA SPECT/MR imaging 
instrumentation and techniques are underway to provide unique simultaneous multi-modality functional and anatomical information. 
Fueled by advances in the development of new radiomarkers and radiopharmaceuticals, SPECT/CT has gained increased attention in 
both clinical and preclinical applications. Since success in preclinical molecular radionuclide imaging techniques can be directly 
translated to clinical studies, these methods are particularly important in drug development and translation medicine from in vitro to 
clinical practice. 

Disclosure of author financial interest or relationships: 
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PET 

Jae Sung Lee, Department of Nuclear Medicine, Seoul National University, Seoul, Republic of Korea. Contact e-mail: jaes@snu.ac.kr 

PET systems, which enable quantitative measurements of physiological characteristics by the in-vivo imaging of biochemical 
substances, are used to investigate biochemical and pathological phenomena, diagnose disease, and to determine prognosis after 
treatment. The course will cover the fundamental physical principles in PET, and overview of modern hardware and software 
technologies and their applications. 
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PET/CT and PET/MRI 

Bernd J. Pichler, Preclinical Imaging and Radiopharmacy, University of Tuebingen, Tuebingen, Germany. Contact e-mail: 
Bernd.Pichler@med.uni-tuebingen.de 

No details at time of publication. 
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Preclinical modeling of therapy of early or advanced stage metastatic disease - antiangiogenic 
drugs and metronomic chemotherapy as examples 

Robert S. Kerbel, Molecular & Cellular Biology, Sunnybrook Research Institute, Toronto, ON, Canada. Contact e-mail: 
rskerbel@aol.com 

An enduring problem which plagues progress in cancer drug discovery and development is the limited value of preclinical mouse tumor 
models in predicting outcomes in subsequent clinical trials. All too often striking preclinical results (usually using transplanted tumor cell 
lines grown as primary tumors) are followed by outright failures in early phase clinical trials. This was a significant factor in the push to 
develop genetically engineered mouse models (GEMMs) of cancer which develop tumors spontaneously. While there are some 
successes using such models (Tuveson D & Hanahan D. Translational medicine: Cancer lessons from mice to humans. Nature 
471:316-7, 2011) thus far they remain limited. There are likely many reasons for the disparity observed in therapeutic outcomes 
between preclinical models and those in the clinic; one which has received surprisingly scant attention is the impact of advanced 
metastatic disease. Phase I and II trials generally involve treatment of patients with advanced visceral metastatic disease, often in 
multiple organ sites - a daunting circumstance to successfully treat, at least with respect to prolonging overall survival times or 
achieving cures. Treatments are often palliative. Nevertheless, this circumstance has rarely been modeled. Historically the vast majority 
of ‘metastasis’ therapy studies have involved low volume microscopic disease. With this in mind, we initiated a major program in 2004 
to develop multiple therapy models of advanced metastatic disease (Francia G, Cruz-Munoz W, Man S, Xu P, Kerbel RS. Perspective: 
Mouse models of advanced spontaneous metastasis for experimental therapeutics. Nature Reviews Cancer 11:135-41, 2011). Thus far 
these models involve the use of human tumor cell lines, e.g. breast and kidney cancer, malignant melanoma, among several others, 
transplanted orthotopically into immune deficient mice, from which metastatic variants are selected by serial selection in vivo after 
surgical resection of primary tumors. The sublines are then tagged with markers to allow either serial imaging measurements of disease 
progression and/or response to therapy. Therapy is initiated after extensive metastatic disease is established. Using such models 
results have been obtained suggestive of increased clinical relevance (see Francia et al, above). This includes the lack of therapeutic 
activity when various targeted biologic agents, e.g. antiangiogenic drugs are used to treat advanced metastatic disease in contrast to 
primary tumors, and the emergence of ‘late’ CNS metastases after controlling visceral metastatic disease and prolonging survival. Of 
note is the potential value of various imaging technologies in facilitating therapy studies using such models. Several recent 
experimental therapeutic protocols involving low-dose metronomic chemotherapy alone or with an antiangiogenic drug have shown 
striking effects when used to treat advanced metastatic disease, and this has stimulated initiation of some phase II or III clinical trials. 
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Therapeutic Liposomes for Molecular Imaging and Drug Delivery in Hepatocellular Carcinoma 

Zongjin Li, Nankai Univesity, Tianjin, China. Contact e-mail: zongjinli@nankai.edu.cn 

Conventional cancer therapies may shrink tumors by killing mainly cells with limited proliferative potential. If the putative cancer stem 
cells are less sensitive to these therapies, then they will remain viable after therapy and re-establish the tumor because of existence of 
CSCs. By contrast, if therapies can be targeted against cancer stem cells, then they might more effectively kill the cancer stem cells, 
rendering the tumors unable to maintain themselves or grow. Thus developing therapeutic strategies to target cancer stem cells to 
prevent tumor recurrence will be vital for cancer therapy. Here, we developed a new strategy which targets on CSCs by anti-CD44 
antibody mediated nanoparticles delivery system loaded with doxorubicin (DOX) or the suicide gene-herpes simplex virus truncated 
thymidine kinase (TTK), which was fused with renilla luciferase (RL) and RFP (RL-RFP-TTK). The in situ liver cancer model was 
established by injection of 1.0×105 HepG2 cells, which carry a reporter system encoding the genes of firefly luciferase and GFP into the 
liver of NOD/SCID mice. The mice were subsequently treated with ganciclovir (GCV). Then the growth status of tumor was monitored 
by the optical bioluminescence imaging of firefly luciferase and the specific targeting of the nanoparticles was tracked by imaging of 
renilla luciferase. Anti-CD44 antibody mediated nanoparticles loaded with Dox or TTK could specifically target the CSCs of HCC, and 
thereafter were endocytosed by the plasma membrane to transport Dox or the triple fusion (RL-RFP-TTK) into the cells, resulted in the 
apoptosis of the targeted cells. In conclusion, we successfully set up an anti-CD44 antibody mediated targeted therapy strategy and an 
imaging system. The targeting nanoparticles carrying the plasmids and drug could specifically target the CD44+ CSCs of HCC, and 
induce apoptosis of the targeted cells, delayed the growth of the HCC. We also make use of imaging techniques to monitor HepG2 
cells’ fate in vivo and assessed the targeting efficacy of the nanoparticles. This therapeutic strategy has its potential advantages to 
overcome the problem of conventional therapy and may open a new application for the treatment of the HCC by targeting CSCs. 
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Multi-Modal Imaging with 18F-FDG Positron Emission Tomography and Cerenkov 
Luminescence Imaging Following MLN4924 Treatment in a Human Lymphoma Xenograft 
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Pharmaceuticals, The Takeda Company, Cambridge, MA, USA. Contact e-mail: robertson@mpi.com 

Abstract Cerenkov luminescence imaging (CLI) is an emerging imaging technique that combines aspects of optical and nuclear 
imaging. The ability to correlate CLI to positron emission tomography (PET) is critical to progress this technique further for use in high-
throughput screening of pharmaceutical compounds. Specifically, it must first be established that CLI data correlates to PET data in an 
in vivo drug efficacy study. We utilized a novel compound, MLN4924, which targets and inhibits the NEDD8-activating enzyme (NAE) 
pathway involved in the ubiquitin-proteasome system. We compared the efficacious effects of this first-in-class compound by utilizing 
PET and CLI imaging techniques, thereby deriving correlation statistics of the two modalities for future studies. Methods: Imaging of 2-
deoxy-2-[18F]fluoro-D-glucose (FDG) uptake was performed at five time points following drug treatment, in the subcutaneously 
implanted diffuse large b-cell lymphoma (DLBCL) tumor line, OCI-Ly10. Data was acquired with both modalities on the same day with a 
15-minute delay between CLI and PET imaging. PET data analysis was performed using well-established methods: percent injected 
dose per cubic centimeter of tissue (%ID/cc), average standardized uptake values (SUVave), and total glycolytic volume (TGV). CLI 
measurements were radiance (Rad), radiance per injected dose (Rad/ID), and total radiant volume (TRV) — two new parameters 
recommended for CLI analysis. Results: The potent anti-tumor activity of MLN4924 is demonstrated by the significant reduction in 
tumor volume following treatment (volume ratio of treated versus control, T/C = 0.114 at day 29). High correlation among the various 
PET and CLI analysis methods with strong correlations found between PET %ID/cc and CLI Rad (r2 = 0.83) and CLI Rad/ID (r2 = 0.82). 
PET TGV and CLI TRV also were highly correlated (r2 = 0.99). Conclusions: Correlation of data between PET and CLI confirms that the 
utility of this new imaging modality. CLI provides an alternate to expensive PET instrumentation and further provides answers for drug 
discovery in a shorter imaging time frame than is currently available by PET imaging. Future high throughput studies should provide for 
quicker turn around and higher cost to return benefits in the drug discovery process. 
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Intrauterine position affects fetal phenotype: ASL MRI and fluorescence microscopy studies of 
pregnant mice 
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Variation in fetal growth may be associated with genetic or environmental factors that vary either from litter-to-litter, or from fetus-to-
fetus within a single litter. In litter bearing mammals, embryos occupy a confined space in their mother’s uterus. Embryos in large litters 
are exposed to different environments from one another. Prior studies reported that steroids are able to pass between fetuses and 
animals of the same sex were found to differ in a wide variety of postnatal traits due to the hormonal communication between fetuses 
during intrauterine development. Furthermore, previous studies showed that the position within the uterus (relative to the ovary and the 
cervix) influences fetal body weight, due to differences in blood flow to the placentas in the middle versus the ends of the horns. 
Intrauterine position effects, therefore, serves as a source of non-genomic variability in these animals. In most studies of the intrauterine 
position phenomenon, the classification of the intrauterine position of a fetus has been based on the sex of the adjacent fetus. However, 
local and/or systemic reciprocal or destructive effects may also exist when sibling embryos/fetuses from different genetic background 
are carried in the same litter or when fetal loss in mid-pregnancy exerts some factors that might influence the growth of the survivors. 
This study was conducted to examine the influence of natural occurring absorptions on the adjacent fetuses in pregnant mice at late-
gestation using non-invasive Arterial Spin Labeling (ASL) MRI as a measure of directional blood flow and ex-vivo fluorescence studies 
of placentas as a measure of blood volume. Female ICR mice were analyzed in a 9.4 T MRI scanner during the last days of pregnancy 
(E17.5). Blood flow along the uterine horns was measured using ASL MRI. At the end of the MRI experiment, intravital fluorescence 
microscopy was performed following the administration of a high molecular fluorescent dye. Following the in vivo imaging experiments, 
the placentas were removed and ex vivo fluorescence images of the placentas were acquired to measure the blood volume inside the 
placentas (Figure A). Natural resorptions occurred anywhere along the uterine horn (p=0.6931). Fetuses that had an absorbed neighbor 
had significantly lower ASL values (1.1±0.4 vs. 3.0±0.2, p= 0.0009) and lower fluorescence signals (536±81 vs. 946±40, p=0.0083), 
compared to fetuses which had “normal neighbors” (Figure B and C). This suggests that in a system of multiple fetuses within one 
uterus, in addition to the reported transfer of steroidal hormones, there are additional communication levels that exist between embryos. 
It is important to understand the potential implications of these additional intrauterine position effects in order to control and minimize 
this endogenous, non-genetic, variability. Knowledge of these effects can reduce variability and increase the chance of measuring 
reproducible results. Acknowledgment: This work was supported by the 7th Framework European Research Council Advanced grant 
232640-IMAGO. 

 

Figure: (A) experimental approach: Female ICR mice on days E17.5 of their pregnancy were analyzed using 3 imaging modalities: non-invasive ASL 
MRI, in vivo uterine horns intravital microscopy and ex vivo analysis of the maternal blood volume in the placentas. (B) ASL values in placentas of 

fetuses located near vital fetuses, compared to those near absorbed fetuses. (C) Fluorescence signal in placentas of fetuses located near vital fetuses, 
compared to those near absorbed fetuses. 
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MRI and BLI: complementary imaging modalities for monitoring glial progenitors targeting to 
brain lesions using VLA-4 - VCAM-1 axis 
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Hopkins University School of Medicine, Baltimore, MD, USA; 2Institute for Cell Engineering, Johns Hopkins University School of 
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Cell therapy offers a promising approach for the treatment of neurological disorders. Currently, outcomes of cell therapy are commonly 
evaluated by behavioral outcomes with limited knowledge about cell engraftment or bio-distribution. This raises concerns about 
suboptimal cell delivery toward desired sites. Non-invasive, real-time imaging provides a method of in-vivo cell tracking that can be 
utilized to evaluate the dynamics of cell engraftment during and post transplantation. Furthermore, imaging is well suited for evaluating 
novel intravascular delivery strategies for multifocal and diffuse pathology where genetic engineering of cells coupled with an 
understanding of disease pathology can improve current methods of cell delivery. Magnetic resonance imaging (MRI) and 
bioluminescence imaging (BLI) are well established imaging modalities. MRI of nanoparticle labeled cells provides exquisite spatial 
resolution and good detection sensitivity while BLI is useful for monitoring in vivo cell viability. These complementary imaging 
techniques were selected to assess intracarotid delivery of glial progenitors engineered to express an adhesion receptor to enhance 
targeting to lipopolysaccharide (LPS)-induced inflammation or stroke lesions. Human glial progenitors were transfected with VLA-4 to 
improve the efficiency of intravascular targeting. VLA-4, an adhesion receptor, binds V-CAM1 on activated endothelium. Intra-vascular 
delivery of VLA-4 expressing cells was evaluated in a rat model of LPS mediated global inflammation and a focal stroke model induced 
by intraparenchymal injection of the Na/K blocker ouabain. Cells were delivered into carotid artery by direct cannulation preceded by 
permanent ligation of CCA and extracranial branches. MRI (9.4 T, Bruker) and BLI (IVIS, Caliper) were used to monitor engraftment 
and cell survival. Over-expression of VLA-4 on SPIO-labeled cells resulted in robust binding to LPS inflamed cerebral endothelium. 
However, follow up MRI revealed that injected cells clear from brain vasculature within a few days. In the stroke model, cell engraftment 
was confined to the lesion site and the SPIO signal persisted within the lesion for over a month. BLI performed directly after cell infusion 
correlated with MRI. Follow-up BLI revealed a loss in signal in both LPS and stroke rats indicating loss of cells over several days. BLI 
and MRI data suggest that disappearance of cells in the LPS model is related inefficient extravasation into parenchyma and subsequent 
washout into circulation. Cell loss in the stroke model is likely to be a result of immune mediated rejection of the xenograft. However, 
the persistence of SPIO signal in stroke is encouraging and indicates extravasation and homing to stroke lesions. In conclusion, non-
invasive imaging is useful for improving intra-arterial delivery for cell therapy. MRI provides excellent spatial localization with reliable 
short-term cell tracking while BLI allows for long-term evaluation of cell survival. These tools provide a platform to evaluate intra-arterial 
delivery of cells genetically engineered to express adhesion molecules relevant to a variety of neurological diseases. 

 

In vivo MRI of +VLA-4/LPS & -VLA-4/LPS animals. Left column images were acquired prior to cell infusion, central column images 30 minutes post 
infusion. Right column images show result of pixel by pixel t-test analysis comparing MRI images prior to and 30 minutes post cell infusion for +VLA-

4/LPS & -VLA-4/LPS groups. Pixels with significant change of signal intensity are shown (p=0.05). 
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High resolution hybrid PET/MRI quantifies inflammation in experimental myocardial infarction 
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Vinegoni, Mikael Pittet, Filip K. Swirski, Ahmed Tawakol, Ralph Weissleder, Matthias Nahrendorf, Center for Systems Biology, 
Massachusetts General Hospital, Boston, MA, USA. Contact e-mail: MNahrendorf@partners.org 

The ability to combine molecular information from PET radiotracers with anatomic and physiological MRI data sets would be valuable 
for studying cardiovascular biology in mouse models and also have translational value in the clinic. Since such hybrid imaging systems 
with high resolution and sensitivity are currently not commercially available for the mouse, we developed a fiducial vest and a co-
registration procedure that aligns MR and PET/CT landmarks, effectively resulting in hybrid PET/MRI datasets. Imaging in phantoms 
and in mice with myocardial infarction was done on a 7Tesla MRI (Bruker Pharmascan) and a separate PET-CT (Iveon, Siemens). To 
minimize motion, we designed, custom built and tested a multi-modality small animal holder compatible with PET, CT and MRI. The 
materials used were non-metallic (carbon, plexiglass) and did not cause artifacts in initial test scans. The holder was designed to snap 
onto the gurney of the PET/CT system and glide into the subject table rail of the MR scanner. This allowed us to transfer mice between 
PET/CT and MRI scanners without manipulating their position in less than 30 seconds. We then devised a method of introducing 
fiducial markers detectable by MRI and CT, that were firmly located on the thorax's surface ("fiducial vest"). This space-saving solution 
optimized MR coil loading, preserved a high signal-to-noise ratio and allowed high resolution imaging. The fiducials were defined 
through an intersecting mesh of PE50 tubing filled with 15% iodine in H2O. The registration process used a “framed fusion” approach 
relying on these external fiducial landmarks. Once the CT and MRI were co-registered, PET data, which were pre-fused with CT in the 
native scanner software environment, replaced CT. PET reconstructions, as well as MRI acquisitions, were triggered by ECG and 
respiration to control for myocardial and breathing motion. After validation in phantoms, we used this technique to study infarct healing 
in mice with coronary ligation. We found that the method is fast, accurate and yields sensitive high-resolution images. Gd-DTPA 
enhanced MRI provided exact information on myocardial function and infarct size within the framework of molecular PET data. Using 
clinically common 18FDG and ketamine/xylazine anesthesia to minimize myocyte glucose utilization, we found that a) PET infarct signal 
largely reflects inflammatory activity; b) macrophages had 4-fold higher 18FDG uptake than the infarct tissue from which they were 
isolated (P<0.0001); and c) there is considerable inflammatory activity in the remote/unaffected myocardium. Clodronate liposome cell 
depletion reduced macrophage counts and 18FDG signal in infarcts to the same extent, supporting the notion that 18FDG PET can, at 
least partially, reflect macrophage infiltration. These studies shed light on the innate inflammatory response after myocardial infarction 
and open the door for extended use of PET/MRI in cardiovascular research. 
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Molecular imaging and modeling of an anti-GCC antibody to estimate antigen density and 
tumor vascularity in vivo 
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Background: Guanylyl cyclase C (GCC) is expressed on normal and malignant intestinal epithelial cells and is an attractive target for 
antibody-drug conjugate therapy. 5F9 has been identified as a picomolar-affinity antibody to GCC. Here we evaluate the dynamic in 
vivo distribution of 111In-labeled 5F9 in xenograft mice bearing tumors with different levels of antigen expression using microSPECT/CT. 
A distributed model of molecular transport in tumors was used to estimate antigen density and tumor vascularity of GCC-expressing 
tumors in vivo. To investigate the accuracy of model estimations, vascular density was experimentally measured by vascular casting. 
Methods: Subcutaneous tumors were established in mice with a GCC-expressing cell line (GCC-293), a primary tumor line (PHTX-
09C), and an antigen-negative cell line (HEK-293). ~500 μCi 111In-labeled 5F9 was injected into tumor-bearing mice (n = 5 per cohort). 
Mice were imaged by microSPECT/CT at 3, 24, 48, 96, and 144 hr post-injection. Vascular casting experiments were performed with 
microfil injections followed by CT imaging. A nonlinear optimization tool was developed to fit a distributed model of molecular transport 
in tumors to in vivo imaging data to estimate tumor parameters in vivo. Results: Tumor uptake of 111In-labeled 5F9 was significantly 
higher in GCC-expressing GCC-293 and PHTX-09C tumors than the antigen-negative HEK-293 tumors (Figure 1). At 144 h, the tumor 
to blood ratios were 1.58 ± 0.22, 2.99 ± 0.44, 7.67 ± 0.97 for the HEK-293, PHTX-09C, and GCC-293 tumors, respectively. The 
distributed model was fit to the data varying average capillary to capillary half-distance (R) and antigen density (Bmax) over 
physiological ranges (Figure 1). Parameter maps of mean squared error (MSE) as a function of R and Bmax were generated for each 
fit. The resulting best fit in vivo vascularity estimates were R = 70 μm and 80 μm for the GCC-293 and PHTX-09C tumors, respectively. 
The estimated capillary to capillary half-distance correlated well with experimental measurements from vascular casting analysis. 
Because the model predicts the dose to be sub-saturating, only a lower limit to Bmax can be estimated (with MSE values not changing 
significantly for values above this limit). This lower limit was ~20,000 #/cell for 293-GCC and PHTX-09C tumors. Conclusions: 111In-
labeled 5F9 exhibits antigen-specific binding in vivo. We fit a distributed model to the imaging data to estimate tumor-specific 
parameters and validated the estimation of vascularity with vascular casting. To our knowledge, these results represent the first ever 
efforts to estimate vascular density and antigen density in vivo using molecular imaging data and a distributed model. 

 

Figure 1: Tumor time activity data for xenograft mice injected with 111In-labeled 5F9 (mean +/- std. dev., n = 5) (top). SPECT/CT images of a 
representative mouse from each group at 48 h p.i. (bottom). 
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Quantitative Characterization of Cerenkov Luminescence Imaging 
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Cerenkov Luminescence Imaging (CLI) is a molecular imaging modality that uses the optical wavelength photons generated by high-
energy charged particles that are products of radioactive decay. CLI can be used to noninvasively image beta-emitting radionuclides 
inside small animals, including β--emitting radionuclides such as Y-90 used for radioimmunotherapy or other radiotherapeutic 
treatments for cancer. It can also be used as a low-cost alternative to PET imaging for imaging β+-emitting radionuclides. We have 
successfully detected Cerenkov light from F-18 and Y-90 in small animals using reasonable injected doses of ~100 µCi and ~10 µCi 
respectively. The purpose of this study was to experimentally characterize the intensity and spectral distribution of Cerenkov light 
emission and compare the results with Monte Carlo simulations for different radionuclides. We have calculated the number of photons 
expected for a given radionuclide decay using a Monte Carlo based GEANT4 simulation. The simulation tracks the trajectory of a 
charged particle decay when it is above the Cerenkov threshold for light production (~263 keV in water) and calculates the number of 
photons produced using the Frank-Tamm equation (Jelley 1955). According to our simulation results, we expect to observe 
approximately 56.5 visible photons/decay for Y-90 and 1.4 photons/decay for the lower-energy β+-emitter F-18. The simulations 
demonstrate that the Cerenkov light yield increases roughly linearly with the end-point energy of the emitted β+ or β- particle for 
energies above 1 MeV. To validate the simulation results, well plate experiments using Y-90 and F-18 in water were performed in a 
Caliper IVIS SPECTRUM system and quantitatively analyzed with Caliper LivingImage software in units of photons/second and 
converted into photons/decay knowing the activity in the wells. The experimentally measured intensities were 25 photons/decay for Y-
90 and 0.7 photons/decay for F-18. Accounting for camera quantum efficiency and index of refraction effects, the theoretical number of 
visible light Cerenkov photons per decay is adjusted to approximately 30.5 photons/decay for Y-90 and 0.73 photons/decay for F-18. 
From this, it can be observed that the experimentally measured values are within 20% agreement with the expected theoretical values 
from the Monte Carlo simulations. We performed another set of measurements using a 1.5% intralipid solution in order to mimic the 
light scattering properties of tissue. We find the light output from this well plate set-up to be increased by approximately a factor of two 
compared to a solution of pure water. This increase is attributed to scattering in the solution, recovering some of the light that would 
otherwise be lost by absorption in the sides or bottom of the well. A quantitative understanding of Cerenkov light levels using 
parameters that are representative of situations encountered in vivo will help guide future applications and assess feasibility of clinical 
implementation of CLI. 1. Jelley, J. V. (1955). "Cerenkov Radiation and Its Applications." British Journal of Applied Physics 6(7): 227-
232. 

 

Spectral sequence of ~50 µCi of Y-90 per well in 1.5% intralipid (top 3 wells) and pure water (bottom 3 wells) solutions acquired using a set of 
wavelength emission filters between 500-820 nm on the IVIS SPECTRUM optical imaging system. 
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Förster Resonance Energy Transfer (FRET) imaging between a donor and acceptor fluorophores is a well-established microscopy 
technique that allows sensing molecular interactions at the nanometer scale. The technique is widely used to detect and monitor the 
binding of appropriately labeled proteins in live cells. Hence, FRET imaging play an increasing role in drug development by quantifying 
cellular uptake of targeted drugs. However, FRET imaging has been confined to in vitro studies and not yet established as a viable 
technique for in vivo applications. We report on the development and characterization of near-infrared quantitative FRET tomography 
platform for whole-body small animal imaging applications. The translation of FRET-based techniques to small animal models 
necessitates the use of a compatible fluorophore pair in the near-infrared (NIR) window and a tomographic imaging scheme for 
accurate localization and quantification in 3D. Herein, the accurate measurement in thick tissue of the fractional distribution of donor 
molecules in FRET interaction (fd) is performed using a full-field time-resolved fluorescence tomography system employing a 
femtosecond laser and a time-gated ICCD camera. Lifetime based FRET detection relying on the reduction in the donor lifetime upon 
quenching is used to provide a robust mechanism for measuring fd due to its invariance to fluorophore concentration and localization. In 
this study, we identify Alexa 700 (donor) and Alexa 750 (acceptor) as a compatible pair for FRET interaction in the NIR window. The 
reduction in donor lifetime is characterized to occur from 1.1ns to 0.29ns upon energy transfer. We first established the feasibility of 
tomographic estimation of fd in murine phantom (Figure A). The phantom is imaged using 36 bar patterns and 115 time-gated 
measurements are recorded at 40ps intervals in less than 30 minutes. Figures B and C show the yield for each lifetime at z = 11mm 
reconstructed using 132 detectors and 3 time-gates. The mean reconstructed yield (in a 50% iso-volume) for each inclusion is 
calculated to compute the fd for each inclusion. Figure D shows less than 5% estimation error for fd values in inclusion containing A:D 
ratios from 1:4 to 2:1. The second study established the feasibility of imaging the NIR pair in a small animal model. Two 3mm capillary 
tubes containing donor and acceptor fluorophores were placed in the abdomen of a euthanized mouse model (Figure E). Figure F 
shows the time-resolved fluorescence signal from each inclusion recorded on the surface exhibiting temporal contrast in fluorescence 
decay due to varying fraction of donor undergoing FRET. Figures G-I show the fluorescence signal recorded at 3 time gates showing 
the spatio-temporal contrast in fluorescence signal recorded at the donor wavelength. This demonstrates the potential of imaging FRET 
interaction in small animal models. In conclusion, we present the first demonstration of FLIM-FRET based stoichiometry in thick tissue 
using a time-resolved full-field imaging technique which allows the robust estimation of fractional distribution of donor molecules 
undergoing FRET in small animal models. 

 
(A) Agarose phantom with four inclusions carrying mixtures with different acceptor to donor ratios (Red- 1:4, Green-1:2, Cyan-2:1 and Blue-1:4). (B) 

Reconstructed fluorescence yield for τ=290ps. (C) Reconstructed fluorescence yield for τ=1100ps. (D) fd estimate obtained using average reconstructed 
value in the 50% isovolume. (E) Fluorophore inclusions in a small animal model (Red-4:1 and Blue-1:4). (F) Temporal measurements recorded on the 
surface from the two inclusions. (G)-(I) Measured fluorophore signal at 3 time-gates (50% early gate, Maximum gate and 20% late gate) on the mouse 

surface. 
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Photoacoustic imaging is an exciting new technology using optical absorption as the principal contrast mechanism. Unlike dark-field 
photoacoustic microscopy which has lateral-spatial resolution determined by ultrasonic focusing, optical-resolution photoacoustic 
microscopy (OR-PAM) attains micron-scale lateral-spatial resolution using focused optical spot excitation. Axial resolution is still 
determined by ultrasound transducer bandwidth. Current OR-PAM systems have many limitations that prevent this technique being 
used for more than pre-clinical studies with animals. Poor penetration depth, lack of flexibility, large footprint, and low frame-rate 
imaging have prevented OR-PAM’s introduction into clinical medicine. Current systems are typically a mounted, table-top device that 
cannot be easily moved and the systems can only image superficial structures with a maximum depth of about 1 mm due to multiple 
scattering. In spite of these limitations, the resolution afforded by optical focusing make OR-PAM a promising tool for imaging capillary 
networks and neuro-vasculature in mice, assessing capillary-scale blood oxygenation, and many more potential applications. We 
present, for the first time, a unique micro-endoscopy system to address these limitations. The capability of this technology is 
demonstrated by imaging microvasculature in a Swiss Webster mouse ear. This optical resolution photoacoustic micro-endoscopy (OR-
PAME) system would permits label-free imaging using optical absorption as contrast mechanism unlike other micro-endoscopy systems 
such as fluorescence confocal microscopy. Figure 1 shows an image of the microvasculature in a Swiss Webster mouse ear in vivo, 
taken at two frames per second. We anticipate that our system will open up a whole new range of possibilities for clinical uses, such as 
functional brain mapping, cancer imaging and detection, imaging of angiogenesis to assess therapeutic efficacy, etc. The proposed 
system will have enormous potential for translational research because it will be compact and potentially portable, real-time, cost-
effective, and will permit imaging in body cavities previously inaccessible. 
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awake animals, with a novel miniature mountable fluorescence microscope 
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Introduction - Metastasis, the cause for 90% of cancer mortality, is a complex and poorly understood process involving the invasion of 
blood vessels by Circulating Tumor Cells (CTCs). These cells have potential prognostic value as biomarkers for early metastatic risk. 
But their rarity - a few cells in billions of blood cells - and the lack of specificity and sensitivity in measuring them render their 
interrogation by current techniques very challenging. For decades, invasion was believed to be a later step in tumor progression but 
recent studies have shown that this process may happen at a very early stage. However, none of the current CTC detection techniques 
has been able to investigate the continuous dynamics of CTCs over the timecourse of tumor development. Our aim is to provide an 
insight into this "black box" using non-invasive imaging. We developed a novel intravital miniature microscopy setup capable of real-
time long-term monitoring of CTCs in awake small animals. This system has the potential to uncover CTC dynamics over a tumor’s 
lifetime - from primary tumor to metastasis. Methods - As an alternative to conventional benchtop systems, that are expensive, non-
scalable, and lack continuous imaging capabilities, we have engineered a miniature intravital microscopy system (IMM) for long term 
imaging of CTCs in awake animals. The IMM can be mounted on the back of a mouse and is composed of a Dorsal Skinfold Window 
Chamber giving access to superficial vasculature, a custom-designed holder, and a novel lightweight (<2g) Miniature Intravital 
Fluorescence Microscope with an excitation source at 488nm. Using a lentiviral construct encoding a fusion reporter gene, luciferase 
(Luc2) and enhanced Green-Fluorescent Protein (eGFP), we have developed a 4T1 mouse model of metastatic breast cancer. In this 
model, following orthotopic implantation in mice (N=20) in the mammary fat pad (m.f.p.), (1) primary tumor growth and (2) metastatic 
burden can be monitored non-invasively by whole-body bioluminescence imaging (BLI), while (3) CTCs can be followed either 
discretely by BLI of blood samples or continuously, using the IMM imaging system. Results - We observed low numbers of CTCs in 
blood samples (<20 CTCs/100 μL blood) at day 7 and 9 after m.f.p. tumor implantation, as well as lung metastasis as early as 6 days 
after primary tumor induction, with further metastatic sites in the liver and bone. This provides us with a window of 6-10 days where we 
propose to image the continuous kinetics of CTCs using the IMM. We have monitored blood vessels of various sizes (40 - 90μm) for 
long periods of time (t = 2h) in mice bearing a fluorescent model of metastatic breast cancer, based on systemic injection of labeled 4T1 
cells (N=5). Using an in-house software algorithm, we were also able to detect, count and compute CTC trajectories, speed, and 
dynamics. Conclusion - These data represent the first reported use of a miniature mountable intravital microscopy setup for in vivo long-
term imaging of CTCs in non-anesthetized animals and demonstrate its potential to uncover unexplored aspects of metastasis in a 
mouse model of metastatic breast cancer. 
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Multi-Spectral Optoacoustic Tomography (MSOT) resolves the absorption signatures of various photo-absorbing molecules and nano-
particles deep within tissues (>1-2cm) with resolution in the micrometer range. These functional characteristics promote it to a top-
ranking imaging modality for many different anatomical, functional and molecular investigations in tissues in vivo. Correspondingly, the 
availability of a large range of photo-absorbing agents further diversify the potential application range spanning from diagnostics to 
monitoring therapeutic efficacy and accelerating drug development. We have recently reported on the implementation of an MSOT 
system that offers three-dimensional imaging capabilities through entire mice with ~100-150 micron resolution and real-time imaging 
performance. We show the unprecedented performance of this approach to resolve the dynamics of biological processes in live animals 
by capturing and analyzing near infrared probes both in the spatial and in the temporal domains. Multi-spectral analysis of kidney 
images in short time intervals reveals information about the biodistribution of optical probes in tissue. Temporal analysis can remove 
motion artifacts and offer accurate temporal characteristics of contrast evolution from different regions, thus providing valuable insights 
in the underlying physiological processes in kidney metabolism. 20nmol of IRdye800CW (Li-Cor Biosciences), which has been shown 
to undergo urinary excretion through kidney and bladder, was injected into the tail vein of 8 week old nude mice (CD-1® Nude, Charles 
River Laboratories, Germany). A total of 45 time points evenly distributed from immediately after the injection until 28 minutes thereafter 
were acquired for the presented experiment. Multi-spectral processing revealed the spatial distribution of the probe for each time point 
as shown in Fig.1 (attached). Fig.1a shows a background image of the present vasculature overlaid with the detected agent signal in 
green. Analysis of regions of interest in both renal cortex (magenta) and renal pelvis (yellow) as highlighted in Fig. 1a yields the 
temporal evolution of contrast shown in Fig.1b. The signal from the cortex rises with time, indicating the accumulation of absorber 
molecules, and peaks around 15 minutes after the injection. The curve corresponding to the pelvis region shows a similar, but right-
shifted and thus delayed behavior that indicates the excretion process towards the urether. The performance seen shows a real-time 
high-resolution imaging modality, which can visualize photo-absorbing agents such as fluorescent dyes. Spatio-temporal and spectral 
analysis of the information obtained was used herein to further extract information about physiological processes, for example the 
kinetics of agent distribution in various parts of the kidney. These MSOT features point to a unique and powerful imaging method for 
biological research. 

 
Figure 1: a) overlaid image of agent bio-distribution in the kidneys; region of interests in renal cortex (magenta) and pelvis (yellow) highlighted, b) 

corresponding time profile of contrast in regions of interest 
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Cancer imaging by optical methods typically involves intravital microscopy, where high resolution images of a superficial (depth 
generally < 1mm) field of view are obtained, or macroscopic epi-fluorescence imaging, producing surface-weighted, low resolution 
representations of the tumor bulk. We demonstrate multispectral optoacoustic tomography (MSOT) as a modality that brings a new 
level of imaging performance in cancer research and possibly clinics, by providing high resolution cross-sectional and quantitative 
images of multiple parameters through entire tumors in-vivo. In our real-time imaging MSOT implementation, the in-plane spatial 
resolution was approximately 150μm, despite the use of scattered light. We imaged various tumor xenografts by MSOT, visualizing 
tumor vasculature, dynamic enhancement of vasculature by injecting organic dyes, characterization of the enhanced permeability and 
retention effect in tumors using gold nanorods, biodistribution of a targeted fluorescent agent, and mapping of oxygenated and 
deoxygenated hemoglobin through whole tumors, over time. We observe that the tumors we imaged display a high degree of 
heterogeneity, producing non-uniform nanoparticle accumulation patterns and oxy-/ deoxyhemoglobin distributions, indicating varying 
degrees of malformed or leaky vasculature (see nanorod and blood accumulations in figure). We conclude that MSOT provides a more 
complete view of tumors than other optical methods, with a sufficiently high resolution to distinguish spatial heterogeneities, and the 
sensitivity to resolve intrinsic hemoglobin absorption as well as exogenous optical agents such as fluorochromes and light-absorbing 
nanoparticles. Additionally, since our MSOT implementation produces cross-sectional images through entire mice, we are able to 
quantify pharmacokinetics of light absorbing agents by detection in the circulation and important organs (for example, liver) in-vivo, at a 
high data rate (10 frames/s at single wavelengths). Overall, we find MSOT capable of visualizing critical parameters in tumor biology 
and drug discovery with a high spatial and temporal resolution. 

 

Tumor imaging by MSOT 
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Background: Near-infrared fluorescent (NIRF) imaging could visualize matrix metalloproteinase (MMP)-2/9 cleavage activity in mouse 
atheromata. Visceral fat amount was reported to correlate with the occurrence of coronary artery disease. Objectives: We investigated if 
diet as well as exercise could modulate not only aortic MMP activity or cytokine levels but also visceral fat amount. Moreover, we tried 
to see if aortic MMP activity could be predicted with visceral fat amount or cytokine levels. Methods: Nine-week-old ApoE k/o mice were 
fed either a normal chow diet (NCD, n=10) or western diet (WD, n=10) for 19 weeks. For the last 11 weeks, half of the animals on a 
western diet (WD+E) or NCD (NCD+E) were trained (30min/day, 5days/week, 17m/min) to run on a treadmill. At the end of the study 
period, mCT and MMP-2/9 NIRF imaging was performed to calculate abdominal visceral fat amount and the proteolytic enzyme activity, 
respectively. We also performed multiplexing assays of serum MMP-9 and cytokines (sVCAM-1, IL-1b, IL-6, IL-10, adiponectin, resistin, 
leptin, MCP-1, PAI-1, and TNFa). Results: The normal diet groups had smaller plaque sizes and lower aortic MMP activities than the 
western diet groups. Compared with the non-exercised animals, 11-week exercise training did not significantly attenuate plaque size 
either in the normal diet groups (32.1±7.7% vs. 28.7±11.8%) or in the western diet groups (48.7±8.5% vs. 49.3±9.1%). However, 
exercise reduced aortic MMP activity (arbitrary unit) in the western diet groups (62.0±19.2 vs. 26.8±16.1, p<0.05), which was not the 
case in the normal diet groups (19.6±15.7 vs. 20.6±13.5). The mice in the NCD group had less visceral fat (1961±757mm3) than the 
animals in the WD group (4659±1131mm3, p<0.05), exercise training however did not significantly reduce the fat amount regardless of 
the diet (1949±779mm3 and 5036±984mm3, respectively). Compared with the WD group (11.8±2.7ug/ml), adiponectin levels were 
higher in the NCD group (15.6±2.9ug/ml, p<0.05), NCD+E group (16.2±0.3ug/ml, p<0.05) and WD+E group (14.8±2.7ug/ml, p=0.05). 
Although the amount of visceral fat correlated with the plaque size (r2=0.41, p<0.05), neither of them correlated with the MMP activity in 
the aorta. Among cytokines, only sVCAM-1 correlated weakly with the aortic MMP activity (r2=0.18, p<0.05). Conclusions: Exercise 
reduced aortic MMP activity and increased adiponectin levels in the WD-fed ApoE knock-out mice without affecting visceral fat amount. 
Feeding NCD decreased plaque size, MMP activity, and visceral fat amount, which however could not be attenuated further by exercise 
training. Lastly, plaque MMP activity on NIRF molecular imaging, a marker of rupture-prone vulnerability, could not be predicted with 
mCT-based visceral fat amount or cytokine levels. 
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Background: RAGE and its ligands have been implicated in the pathogenesis of I/R injury through pathways of inflammation and 
apoptosis. We hypothesized that RAGE-directed quantitative imaging of myocardial uptake of 99mTc-anti-RAGE F(ab’)2 in a mouse 
model of I/R can detect RAGE expression in the myocardium and show quantitative differences between early (18-20 h) and later times 
(48 h) after reperfusion. Methods: Twenty-four wild-type (WT) mice underwent left anterior descending coronary artery (LAD) occlusion 
for 30 min followed by reperfusion for 18-20 h (n = 8) or 48 h (n = 12) and 3 WT mice underwent sham operation without coronary 
intervention. Twenty-seven mice (including shams) were injected with 19.98 ± 1.78 MBq 99mTc anti-RAGE F(ab’)2 and 5 h later, mice 
were injected with 6.14 ± 2.0 MBq 201Tl and immediately underwent dual isotope SPECT/CT imaging. Four WT mice were injected 
with control nonspecific F(ab’)2 and similarly imaged at 18-20 h. At the completion of imaging, hearts were removed, radioactivity 
counted, and sectioned for histology. Results: The uptake of 99mTc-anti-RAGE F(ab’)2 in the ischemic zone from the scans as mean 
percentage injected dose (%ID) was significantly greater at 18-20 h (5.7 ± 2.1 x 10-3%) compared to 48 h (1.4 ± 1.1 x 10-3%; p < 
0.001) following reperfusion. Disease and antibody controls showed no focal uptake in the infarct. Gamma well counting of the 
myocardium from experiments performed at 18-20 h and 48 h post reperfusion supported the quantitative scan data. 
Immunohistochemical staining of the myocardium showed greater caspase-3 and RAGE staining at 18-20 h vs. 48 h (p = 0.04 and p = 
0.01, respectively). On dual immunofluorescence, RAGE colocalized mainly with injured cardiomyocytes undergoing apoptosis. 
Conclusion: RAGE expression in reperfusion injury can be imaged in-vivo using a novel 99mTc-anti-RAGE F(ab’)2. This imaging 
approach may be useful in evaluating contribution of RAGE to myocardial ischemic injury in diseases with increased expression such 
as diabetes. 
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Novel dynamic near-infrared fluorescence imaging methods for measuring vascular perfusion 
and leakage in intact skin 
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Research in angiogenesis has been hindered by a lack of reproducible, sensitive methods that can quantify vascular perfusion and 
leakage in living animals. Ideally, such an assay would allow simple repetitive measurements in the same subject during the different 
stages of angiogenesis in models of chronic inflammation or cancer, allowing new drug candidates to be tested. In this study, a new 
approach using dynamic near-infrared (NIR) imaging technology was developed and its ability to accurately measure vascular changes 
was validated in several mouse models. NIR dye conjugates were developed and screened to identify a suitable imaging tracer that 
demonstrates stable levels of fluorescence in the bloodstream and slow, steady leakage out of normal mouse skin blood vessels. We 
developed an imaging protocol using an IVIS Spectrum (Caliper, Alameda, CA), in which a dynamic series of fluorescence images are 
acquired after tail vein injection of the near-infrared vascular tracer. Regions of interest (ROI) are placed over the saphenous vein as an 
estimate of vascular concentration and over the mouse ear as an estimate of skin tissue concentration of NIR dye. By plotting the ROI 
values over time, we were able to develop measures for blood volume fraction (Bvf), vascular leakage rate (VLR), and normalized (to 
Bvf) vascular leakage rate (NVLR) in the skin of the mouse ear. We tested the methods in transgenic models of angiogenesis (K14-
VEGFA+/+ and +/-), a model of delayed type hypersensitivity (DTH) inflammation, and in an acute permeability model based on 
injections of human VEGFA165 into normal mouse skin. Observations were validated with immunofluorescence assessments of blood 
vessel density and in vivo stereomicroscopy for vascular leakage. We found values in the normal FVB mouse ear (10weeks, female, 
n=8) of Bvf = 0.113±0.018, VLR = 0.0011±0.0004, and NVLR = 0.0098±0.0028. By comparison, age- and sex- matched K14-VEGFA+/- 
mouse ears (n=10) showed highly significant (p<0.0001) increases in Bvf (0.203±0.018), VLR (0.0069±0.0009), and NVLR 
(0.0323±0.0024). When K14-VEGFA+/- mouse ears (n=5) were challenged with oxazolone to induce DTH and imaged 2 days after 
challenge (Figure 1), the values were significantly higher (p<0.001 versus uninflamed) for Bvf (0.554±0.095), VLR (0.0402±0.0076), and 
NVLR (0.0707±0.0055). Finally, injections of 30 ng human VEGFA165 into normal mouse ears (n=5) induced an acute vascular dilation 
and leakage effect (Bvf = 0.279±0.048, VLR = 0.0582±0.0118, NVLR = 0.1789±0.0279) that diminished to normal values by one hour 
after injection of the protein. These methods have potential to evaluate novel modifiers of angiogenesis and inflammation during 
longitudinal studies in an array of mouse models. In addition, such methods may be used in future to optimize image-guided drug 
delivery by labeling drug conjugates with near-infrared dyes. 
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Introduction: Akt1, also known as PKBα, is an intracellular protein kinase regulating cellular growth, proliferation, survival and 
metabolism, and controlling cardiac size and function. While Akt1 deficient mice (-/-) are known to exhibit higher neonatal mortality and 
reduced body weight, the role of Akt1 in cardiac function and after myocardial infarction (MI) remains unclear. The aim of this study was 
to non-invasively characterize cardiac structure and function of Akt1 -/- and Akt1 heterozygous (+/-) relative to wildtype (+/+) mice. 
Methods: To assess the role of Akt1 during cardiac development, mice were imaged before birth, by non-invasive in utero 
echocardiography at embryonic day (E) 16 and E18 (Fig. A), and after birth, by cardiac MRI (CMR) on postnatal day (P3; Fig. C) and at 
the age of 10 to 14 weeks (Fig. D). In utero echocardiography was performed through the abdominal wall of the mother using high-
resolution ultrasound (Vevo® 770). To validate structural cardiac measurements by echocardiography, 3D ex vivo microCT was 
performed on embryonic hearts, after fixation in Lugol’s solution (Fig. B). To reveal the role of Akt1 after MI, CMR was performed before 
and 1, 8, 15 and 29 days after MI by permanent occlusion (Fig E). CMR was performed in a 9.4T Biospec using a linear coil for 
excitation and a surface coil for detection (Bruker, Germany). During in vivo imaging animals were anesthetized using isoflurane in O2, 
and heated to 37○C. Results: Myocardial performance index (MPI), which assesses systolic and diastolic ventricular function, was 
significantly increased in -/- and +/- compared to +/+ at E16 and E18. These increased MPI values, measured using pulsed-wave 
Doppler mode, indicate heart failure. Preliminary results of ex vivo microCT showed reduced left ventricular (LV) volume of -/- and +/- 
embryonic hearts at E16. Preliminary results of neonatal CMR showed reduced ejection fraction (EF) and reduced LV mass in -/- heart. 
Adult 3D CMR confirmed that LV mass in adult -/- mice was reduced. However, the ratio of LV mass to body mass did not differ 
between -/- and +/+ mice, but was significantly increased in +/- mice, suggesting modest hypertrophy, which was confirmed by 
histology. After MI, -/- hearts exhibited less remodeling around the infarcted area as assessed by changes in wall thickness and LV 
radius, and had significantly elevated EF. All groups demonstrated similar infarct size as assessed by Masson's Trichome staining. 
Conclusion: Here, we showed in vivo, during development, and after MI, slight alterations of Akt1 -/- and +/- hearts, both structurally 
and functionally. At late embryonic age, both -/- and +/- mice showed heart failure and reduced cardiac size. At P3 and adult age, -/- 
hearts exhibit reduced EF and LV mass. However, +/- hearts displayed normal EF and LV mass at P3 and proceeded to display age 
related cardiac hypertrophy. Interestingly after MI, -/- hearts demonstrated reduced LV remodeling and improved global LV function. 
These results suggest that the complex role of Akt1, in normal heart development and in particular after MI, may offer an avenue for 
future therapeutic treatment of heart disease. 
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Introduction: Ghrelin is a 28 amino acid orexigenic peptide hormone secreted from the X/A-like cells of the stomach, and is the 
endogenous ligand of the growth hormone secretagogue receptor 1a (GHSR-1a). Our aims were: 1) to develop peptide-based 
molecular imaging agents based on the structure of ghrelin; 2) to characterize these analogues in vitro for receptor binding and agonist 
activity; 3) to determine the biodistribution of ghrelin analogues; and 4) to determine the suitability of using GHSR-1a as an imaging 
biomaker in a pathological state. Development and characterization of ghrelin analogues: In order to develop molecular imaging agents 
targeting the GHSR-1a, we have prepared a truncated analogue of ghrelin, comprising the N-terminal 18 amino acids of the full-length 
peptide, to which a fluoroscein dye was conjugated at the C-terminal lysine. Additionally, in our design of ghrelin(1-18), we replaced the 
ester linkage to the Ser3 octanoyl side-chain with an amide to improve serum stability. We then characterized these analogues by 
determining receptor binding affinity, serum stability and agonist activity. Receptor binding assays demonstrated high binding affinity for 
all of the analogues that was comparable to that of full length ghrelin (IC50=8.1 nM) as follows: ghrelin(1-18) = 1.3 nM; fluorescein 
ghrelin(1-18), 9.5 nM. Fluorescein ghrelin(1-18) had a serum half-life of 27 min, comparable to the reported half-life of 30 min for full-
length ghrelin. Agonist activity assays using CHO/GHSR-1a cells showed that all analogues stimulated Ca2+ flux that was not observed 
in wild-type cells not expressing GHSR-1a. Biodistribution of GHS-R1a and ghrelin analogues: Western blot analysis demonstrated 
highest expression in the heart, and some expression in the brain, and in no other tissue. Specfic binding of ghrelin analogues in vivo 
was assessed by i.v. administration of fluorescein ghrelin(1-18) to adult male C57BL/6 mice in the absence or presence of excess 
unlabelled ghrelin (n=6 for both groups). After 1h, mice were sacrificed and organs removed, sectioned and distribution of fluorescein 
ghrelin(1-18) was examined by fluroescence microscopy. Specific binding was observed only in the heart, and not in stomach, kidney or 
liver, indicating that GHSR-1a may be a biomarker for cardiac imaging. Changes in GHSR-1a expression in cardiac pathology: Finally, 
to examine changes in GHSR-1a expression in a pathological state, a model of diabetic cardiomyopathy was used. Adult male C57BL/6 
mice (n=6 per treatment group) were treated with 50 mg/kg streptozotocin once per day for 3 days. After 12 weeks, mice were 
assessed for glucose tolerance with IP glucose tolerance tests, onset of diabetic cardiomyopathy using ultrasound analysis and cardiac 
GHSR-1a expression by Western blot. STZ-treated mice had impaired glucose tolerance, impaired left ventricular function, and 
significantly (p<0.01) decreased GHSR-1a expression in cardiac tissue. Conclusion: Our results show that ghrelin analogues can be 
developed as molecular imaging agents for GHSR-1a, and that GHSR-1a can be used as a potential biomarker for detection of diabetic 
cardiomyopathy. 
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Background. There is a well-recognized need for a non invasive tool allowing the diagnosis of vulnerable atherosclerotic plaques. As 
an inflammatory marker, VCAM1 constitutes a relevant target for the molecular imaging of such lesions. Nanobodies are derived from 
unique heavy-chain-only antibodies that are by nature present in camelids and represent the smallest possible (10-15 kDa) functional 
immunoglobulin-like antigen-binding fragment. Therefore, nanobodies are combining nanomolar affinities with fast blood clearance. The 
objective of this study was to fully evaluate both in vitro and in vivo, anti-VCAM1 nanobody-based radiotracers for the detection of 
atherosclerotic lesions. Methods and Results. Ten anti-mouse or anti-mouse/human VCAM1 nanobodies were generated by phage 
display, radiolabeled with 99m-technetium, and screened in vitro on recombinant VCAM1 proteins and mouse bEND5 endothelial cells 
as well as in vivo in ApoE-deficient and C57Bl/6J mice (n=46). Flow cytometry experiments on bEnd5 cells showed that all 10 selected 
nanobodies interacted with mouse-VCAM1. As demonstrated by SPR analyses, all selected nanobodies bound to mouse-VCAM1 with 
high affinities ranging from 0.2 to 45.7 nM. Moreover, among the 10 generated nanobodies, 7 were crossreactive with human-VCAM1 
with affinities remaining in the nanomolar range. 99mTc-labeling did not affect VCAM1 recognition. Based on in vitro SPR and in vivo 
biodistribution results, nanobody cAbVCAM1-5 was selected as the most promising candidate for the development of a new 
radiopharmaceutical. Indeed, cAbVCAM1-5 was found crossreactive for human VCAM1 by SPR and exhibited high lesion-to-control 
(4.95±0.85), lesion-to-heart (8.30±1.11), and lesion-to-blood ratios (4.32±0.48) as determined by biodistribution following injection in 
ApoE-deficient mice (P<0.05 vs control C57Bl/6J mice for all 3 ratios). Atherosclerotic lesions located within the aortic arch of ApoE-/- 
mice were successfully identified by non-invasive SPECT/CT imaging. Autoradiography and immunohistochemistry further confirmed 
cAbVCAM1-5 uptake in VCAM1-positive lesions (figure bellow). Conclusions. This study successfully evaluated for the first time 
nanobodies dedicated to nuclear cardiology and confirmed their potential as a new class of radiotracers. cAbVCAM1-5 allows 
noninvasive in vivo imaging of inflamed atherosclerotic lesions and has potential for clinical translation. 

 

Disclosure of author financial interest or relationships: 
A. Broisat, None; J. Toczek, None; S. Hernot, None; J. De Vos, None; L.M. Riou, None; S. Martin, None; M. Mitra Ahmadi, 
None; V. Caveliers, None; S. Muyldermans, None; T. Lahoutte, None; D. Fagret, None; C. Ghezzi, None; N. Devoogdt, None.

Proceedings of the 2011 World Molecular Imaging Congress S829



Presentation Number T068 
Scientific Session 4: Ultrasound 

September 8, 2011 / 09:00-09:15 / Room: 32 

Identifying active interactions between cells and magnetic nanoparticles by using pulsed 
magneto-motive ultrasound imaging 

Mohammad Mehrmohammadi1, Min Qu1, Li L. Ma2, Dwight K. Romanovicz3, Patrick B. Ledwig1, Keith P. Johnston2, Konstantin 
Sokolov1,4, Stanislav Y. Emelianov1,4, 1Biomedical Engineering, The university of Texas at Austin, Austin, TX, USA; 2Chemical 
Engineering, University of Texas at Austin, Austin, TX, USA; 3Institute for Cellular and Molecular Biology, University of Texas at Austin, 
Austin, TX, USA; 4Department of Imaging Physics, Division of Diagnostic Imaging, University of Texas MD Anderson Cancer Center, 
Houston, TX, USA. Contact e-mail: mehrmohammadi@mail.utexas.edu 

Interactions between nanoparticles and living cells play a critical role in many rapidly growing applications of nanoparticles in medical 
imaging and biomedicine. Intracellular trafficking of endocytosed nanoparticles involves important cell-nanoparticles interaction, which 
has been studied extensively during the past several years, especially in area of targeted therapy and drug delivery. In this study, we 
investigated the feasibility of a novel imaging technique - pulsed magneto-motive ultrasound (pMMUS), to identify intracellular trafficking 
of endocytosed magnetic nanoparticles. Pulsed magneto-motive ultrasound imaging is an ultrasound-based molecular imaging 
technique capable of detecting the presence and distribution of magnetic nanostructures through their mechanical responses to an 
applied magnetic field. In pMMUS imaging, a focused, high intensity, pulsed magnetic field is used to excite the cells labeled with 
magnetic nanoparticles, and ultrasound imaging is then used to monitor the mechanical response of the tissue. The pMMUS signal (i.e. 
magnetically induced and ultrasonically measured micro-displacement of the tissue) depends on several parameters including the size 
and distribution of magnetic contrast agents. In the case of magnetic nanoparticles taken up by cells, aggregation of nanoparticles 
within nascent vesicles significantly changes the distribution of magnetic nano-agents and thus is expected to have an effect on 
pMMUS signal. For this study, we investigated the pMMUS imaging of intracellular aggregation of dextran-coated superparamagnetic 
iron-oxide (SPIO) nanoparticles (5 nm core diameters) in mouse macrophages (J774A.1 cell line). To demonstrate the ability of pMMUS 
imaging to detect the intracellular trafficking of SPIO nanoparticles, the following steps were performed. First, the average number of 
internalized dextran-coated SPIO nanoparticles was measured using inductively coupled plasma mass spectrometry (ICP-MS). Then 
tissue-mimicking phantoms were made with one of two different types of magnetic inclusions: (1) active macrophages loaded with SPIO 
nanoparticles, or (2) fixed macrophages mixed with the SPIO nanoparticles. The number of cells was the same in each inclusion and 
the concentration of iron was kept the same in each inclusion by adjusting the number of nanoparticles in the second inclusion. The 
average magnetically induced displacement measured within the inclusion containing loaded cells was significantly lager than the 
inclusion containing nanoparticles that were mixed with cells although the concentration of magnetic nano-agents were identical in both 
inclusions. Our results suggest that pMMUS imaging not only can detect the presence of magnetic nanoparticles but it can also provide 
information about their intracellular trafficking. Therefore, pMMUS imaging offers the potential capability for many applications where 
monitoring of intracellular trafficking of magnetic nanoparticles is crucial. 

 

 
Normalized pMMUS signal detected in an inclusion containing macrophages mixed with dextran coated SPIO nanoparticles (blue) and in an inclusion 

containing magnetically labeled macrophages with large nanoparticles aggregates inside endosomes (red). 
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Blood biomarkers have great potential in diagnostic medicine allowing for accurate characterization and development of personalized 
management protocols for various diseases, including cancer. However, low concentrations and the inability to localize the disease 
have limited the usefulness of biomarkers in clinical and academic research. Consequently, many potential biomarkers have been 
neglected or discarded in most clinical applications. To overcome these limitations, ultrasound has been previously shown to amplify 
the release of protein biomarkers from colon cancer by increasing the permeability of the cell membrane through sonoporation. 
Furthermore, by taking blood samples before and after ultrasound application, any increase in biomarkers is known to originate from the 
tissue exposed to ultrasound. This technique could be used to eliminate risky biopsies that are currently necessary to diagnose 
suspicious masses detected by imaging modalities. Moreover, this technique could allow previously neglected biomarkers to be used in 
clinical and academic research. This work will extend the concept of biomarker liberation to nucleic acids, specifically examining the 
mammaglobin mRNA found in breast tissues. Mammaglobin is a highly tissue-specific biomarker that could be used to characterize 
potential breast cancer metastasis detected by other imaging modalities. Extremely sensitive Taqman-based assays are used to assess 
mammaglobin mRNA liberation and standard curves are used to quantify the liberated mammaglobin mRNA with a sensitivity of <10 
copies per 20 μL aliquot. A high-power, 1 MHz, ultrasound transducer is used to apply varying intensities, duty cycles, and exposure 
times to examine biomarker release and cell death. In vitro experiments indicate that exposing ~90% confluent ZR-75-1 breast cancer 
cells to a 50% duty cycle ultrasound pressure field for 30 minutes at a peak-negative-pressure (PNP) of 250 kPa and 500 kPa yields an 
estimated 300 and 125,000 copies of mammaglobin mRNA, respectively, a 400 fold increase. Further amplification is demonstrated by 
using custom lipid-stablized microbubbles to enhance the sonoporation effects, reducing the required ultrasound intensity, duty cycle, 
and duration of exposure. In vitro experiments indicate that a 500 kPa PNP, 50% duty cycle ultrasound pulse releases an estimated 
5,400,000 copies of mammaglobin mRNA - a further 40 fold increase. Cell death was quantified using trypan blue staining of both 
attached and detached cells immediately after ultrasound exposure. In vivo studies using human xenograft ZR-75-1 tumors in 
immunocompromised hairless SCID mice are in progress. In this work we demonstrate nucleic biomarker liberation using ultrasound 
and further amplification of biomarkers using microbubbles. Furthermore, we demonstrate this technique using a highly tissue specific 
biomarker demonstrating the potential for microbubble-assisted biomarker liberation using ultrasound in disease characterization. We 
anticipate that multiplex detection of multiple biomarkers before and after ultrasound-microbubble treatment could lead to non-invasive 
image-guided molecular profiling of disease. 
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INTRODUCTION Ultrasound (US) mediated gene and drug delivery (USMD) is a promising tool to improve efficacy of therapeutic 
applications by facilitating uptake of drugs or genes into target tissue particularly important in tumor therapy or for treatment of 
cardiovascular diseases. As USMD experiments in general are performed using diagnostic US devices, short pulsing schemes are 
used, because commercial devices limit the possibility to freely define acoustic parameters such as frequency, peak negative pressure 
(PNP), duty cycle (DC) or number and sequence of pulses. Thus, the aim of this study was to evaluate the influence of variable pulsing 
schemes on delivery of the reporter drug FITC dextran both in vitro and in an in vivo tumor model using a therapeutic and imaging 
probe system (TIPS) [1]. METHODS High focused USMD experiments were performed using a combined US device, which allows 
visualization of the target zone with high-resolution B-mode US imaging and simultaneous application of focused low-frequency US. 
U87 MG glioblastoma cells were used for in vitro experiments as well as in an in vivo s.c. xenograft tumor model in CD-1 nude mice. To 
evaluate the delivery efficacy FITC positive cells were counted after therapy in microscopic images and related to the total number of 
DAPI positive cells. RESULTS 1.2 MHz, 0.2 MPa and short pulse lengths of 200 cyc (1% DC) were applied in presence of lipid-shelled 
microbubbles (MB) and FITC dextran, but no FITC uptake into U87 MG cells was observed. In contrast a pulse length of 10.000 cyc 
(50% DC) increased the number of FITC positive cells up to 24.6±5.9% while cell viability was not influenced. In vivo focused US with 
1.2 MHz, 2 MPa and 10.000 cycles (0.17% DC) combined with co-injection of MB and FITC dextran enhanced the FITC dextran 
delivery into tumor tissue 14-fold in comparison to US exposure without administration of MB (51.3±9.0% vs. 3.7±0.5%). The 
combination of a 0.4 MPa low-power pulse followed subsequently by a 4 MPa high-power pulse (10.000 cyc each) increased the FITC 
dextran delivery also significantly (18.0±2.8%) with the advantage of lesser apoptotic cells (6.1±5.5% for 2 MPa vs. 0% for 0.4/4 MPa). 
Histologic analysis of HE stained tumor sections revealed no signs of morphologic differences or hemorrhages in all treated groups. 
CONCLUSION The results of in vitro experiments demonstrated a difference in the delivery efficacy of different pulses, in favor for 
longer pulses. Our in vivo USMD approach showed a highly efficient and homogenous dextran uptake by U87 MG tumor cells in treated 
tumors depending on applied acoustic power. The highly increased uptake of dextran into cells in the treated area emphasizes the 
potential of using TIPS for further studies with the aim of maximizing the uptake of drugs or genes while minimizing tissue damage. The 
number of cycles in combination with the acoustic pressure appears to be critical factors influencing the effectiveness of the delivery 
strategy. 1. Seip, R. et al. (2010). IEEE Trans. Biomed. Eng. 57(1): 61-70. ACKNOWLEDGMENT This study is part of the EU Project 
Sonodrugs (Ref. 213706). TIPS was provided by Philips Research North America. 

 

In vivo results of FITC dextran delivery with focused US in U87 MG glioblastoma tumor xenografts in mice. 
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Introduction Localized delivery of non-viral nucleic acid-based drugs (plasmid DNA, siRNA, etc.) in vivo is a main challenge for pharma 
as these drugs need to overcome barriers like the endothelial lining of blood vessels and cellular membranes to have their effect1. 
Focused ultrasound (FUS) may offer a solution to the biological barriers dilemma. It has been recognized that the bursting of circulating 
microbubbles (MBs) by FUS induces transient openings on the endothelial layer and pores on cellular membranes effectively guiding 
extravasation and subsequent cellular uptake of macromolecules2. The use of reporter genes makes it possible to image and quantify 
gene expression both in vivo (e.g. HSVtk) and in vitro (lacZ). In this study we have assessed the potential of this non-invasive technique 
for local plasmid DNA (pDNA) delivery in skeletal muscle of mice. Methods Swiss mice were intravenously co-injected with polymer 
microbubbles and naked pDNA encoding reporter genes (lacZ gene that expresses β-galactosidase). Simultaneously, the calf muscle 
was exposed to FUS (1.5MPa and 5% duty cycle) for 10 minutes. A dedicated FUS system (TIPS) coupled to a clinical imaging 
transducer was used for treatment and image guidance. The polymer MBs used are negatively charged and do not bind to pDNA 
leaving it unprotected in circulation. Animals were sacrificed 48h post-treatment and muscle samples were stained with X-gal, for β-
galactosidase activity (blue color appears where the enzyme is active). Furthermore, histological cuts of the tissues were analyzed by 
immuno-histochemistry for β-galactosidase expression. Results Skeletal muscle fibers were stained blue in the treated areas indicating 
effective gene transfection. Immuno-histochemistry showed co-localization of β-galactosidase with blue stained nuclei and fibers 
(Fig.1). Control muscle samples from untreated areas were negative in both X-gal staining and immuno-histochemistry. Animals 
showed no signs of pain or tissue damage in the treated areas. Conclusions In this study we have shown in vivo gene transfection 
using naked pDNA and FUS. Gene expression is restricted to the FUS treated tissues, demonstrating localized and controllable 
transfection. Using the lacZ reporter gene we could optimize FUS parameters and are currently transfecting tissues with the reporter 
gene HSVtk which allows in vivo imaging of gene expression with nuclear imaging techniques. The use of FUS triggered gene delivery 
may be the enabling technology for nucleic acid-based drugs. References 1. Suzuki et al. (2011), J Contr Rel 2011, 149 (1) 2. Ferrara, 
KW, Adv Drug Del. Rev 2008, 60 (10) Acknowledgements This research is part of the FP7 European project Sonodrugs (ref. 213706) 

 
Figure 1. A: muscle stained with X-gal (blue color). Scale on image in mm. B/C: paraffin histology slides from muscle stained with X-gal, anti-β-

galactosidase antibody (brown color seen in nuclei) and light heamatoxylin (violet cytoplasm and nuclei). Treated muscle (B) fibers stained blue and also 
nuclei stained brown (black arrow) - positive β-galactosidase. Control muscle (C) shows no blue or brown colors. 
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INTRODUCTION. Many studies have shown the capability to disrupt locally and transiently the Blood Brain Barrier (BBB) with low 
power ultrasound sonication of intravascular microbubbles [1]. However, this technique requires an accurate control of the acoustic 
pressure in situ to avoid hemorrhages. In our work, the BBB opening procedure is done in rodents under MR guidance. The acoustic 
radiation force is mapped in vivo before the injection of microbubbles in order to calibrate the acoustic pressure to a desired value 
between disruption and hemorrhage thresholds [2]. Correlations of contrast agent concentration maps with MR-Acoustic Radiation 
Force Imaging (MR-ARFI) signals show that ARFI can be used to quantitatively predict drug delivery. MATERIALS AND METHODS. A 
1.5MHz MR-compatible focused ultrasound transducer (F/D=0.8, F=20mm) was used inside a 7T preclinical scanner (Pharmascan, 
Bruker). Sprague Dawley rats were maintained in stereotactic position under isoflurane anesthesia. A multislice spin-echo sequence 
(TE/TR=40/1700ms, Tacq=4min, R=0.5x0.5x1mm3) was modified with additional motion sensitizing gradients and synchronized to 
ultrasonic bursts leading to a phase signal proportional to local acoustic intensity [2]. This MR-ARFI sequence was used to localize the 
ultrasound focus and estimate the acoustic pressure. An IR-TurboFLASH sequence (TE/TR=2.5/5ms, 60 TI spaced by 80ms, 
Tacq=13min) was used to generate T1 maps following the approach proposed in [3]. Then, rats were injected with Sonovue® 
microbubbles (Bracco, Italy) in the caudal vein (200μL, IV) and sonicated for 60s (3ms bursts every 100ms) with peak negative 
pressure between 0 and 0.55MPa. Those low pressure levels ensured safe and reversible BBB opening conditions. Dotarem® 
(gadolinium chelate contrast agent provided by Guerbet, France) was then injected (300μL, IV). T1 maps were acquired before and 
after Dotarem® injection to produce quantitative concentration maps. RESULTS. Global and focal BBB disruptions were obtained in 
vivo in rats through intact skulls. The MR-ARFI signal (Figure 1) was correlated to Dotarem® concentration map (Figure 2). A pixel to 
pixel analysis of coregistered maps for the two imaging modalities was performed (Figure 3). The increased penetration of Dotarem® in 
cerebral tissues was quantified and showed a clear threshold on acoustic pressure (around 0.3MPa). Significant Dotarem® penetration 
was observed above 0.35MPa. For a given molecular size, those data show that the spatial distribution of drug delivery can be 
predicted on the basis of ARFI signal. CONCLUSION. The ability to quantify contrast agent distribution in vivo within reasonable 
acquisition time with high sensitivity (∼5μM) and high resolution, together with the ability to reliably map the acoustic intensity thanks to 
a high sensitivity to motion (∼1μm), enable to calibrate both spatial extent and intensity of BBB opening. Once this calibration is known 
for a given molecular size, it is feasible to rely on ARFI signal to adjust the quantity of delivered drugs. REFERENCES. [1] Hynynen et 
al, Radiology (2001); [2] Larrat et al, Phys Med Biol (2010); [3] Deichman et al, Magn Res Med (1999). 
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Background: Molecular ultrasound imaging for detection of atheroma components requires development of a reliable targeted contrast 
agent combined with appropriate signal data processing for optimized visualization and quantitation. We have demonstrated that 
echogenic immunoliposomes (ELIP) conjugated to anti-intercellular adhesion molecule-1 (ICAM-1) can highlight arterial atheroma 
components in vivo. These data were obtained from grayscale intravascular ultrasound (IVUS) images that were transformed from 
radiofrequency (RF) data using simple threshold levels. Our hypothesis was that raw RF data or integrated backscatter (IB) data 
provides better determination of targeted acoustic enhancement than grayscale images. This study was performed to improve the 
signal processing methodologies to better determine enhanced acoustic reflectivity of inflammatory atheroma components using 
targeted molecular ultrasound contrast agents. Methods: Targeted ELIP were prepared by hydration, sonication, freezing and 
lyophilization followed by conjugation of anti-ICAM-1 antibodies and nonspecific immunoglobulin (IgG). Following atheroma formation in 
carotid and femoral arteries (n=6) in atherosclerotic Yucatan miniswine, each artery was imaged with a 20-MHz IVUS catheter before 
and after targeted ELIP administration. Raw RF data were stored and exported for data analysis. Algorithms for image reconstruction, 
segmentation and tracing were developed to extract grayscale, IB and RF data sets in the identical region of interest. Conventional IB 
calculation was conducted to obtain the average power of ultrasound backscatter signals. Acoustic enhancement of atherosclerotic 
lesions by anti-ICAM-1-ELIP and IgG-ELIP were quantitated and visualized using the three data analysis methods and compared. 
Results: All grayscale, IB and RF data demonstrated enhanced acoustic reflectivity of inflammatory atheroma components with anti-
ICAM-1-ELIP compared to IgG-ELIP (p<0.001). RF analysis (51±3.0%) detected the greatest acoustic enhancement compared to 
grayscale (15±0.9%, p=0.003) and IB (14±1.0%, p<0.001) data with anti-ICAM-1-ELIP. There was no difference in acoustic 
enhancement between grayscale and IB data. For IgG-ELIP treatment, grayscale data (5.0±1.6%) demonstrated no difference 
compared to IB (4.4±1.7%) and RF data (10±1.4%). Color-mapped RF data improved visualization of the extent of oversaturated signal 
amplitude data that was not clearly identified in grayscale and IB images. Conclusion: Anti-ICAM-1-ELIP can demonstrate specific 
highlighting of early atheroma in vivo. Acoustic enhancement of atheroma components was better determined with raw RF data than 
with post-processed grayscale and IB data. Grayscale ultrasound images provided by conventional clinical ultrasound imaging system 
may not provide good visualization of acoustic enhancement. This novel RF data quantitation strategy has the potential to improve 
molecular ultrasound imaging for better quantitation of atheroma component composition. 
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Purpose: We evaluated the effects of KCl stimulation on 131I-metaiodobenzylguanidine (MIBG) uptake and norepinephrine transporter 
(NET) function in neuroblastoma cells. Materials and Methods: 131I-MIBG uptake experiments were performed with a human 
neuroblastoma SK-N-SH cells. Cells were stimulated with different concentrations and times of KCl to examine changes in 131I-MIBG 
uptake. Culture medium was pretreated with various agents affecting intracellular signaling pathways including protein kinase C (PKC), 
phosphatidyl inositol-3 kinase (PI3K), mitogen activated protein kinase (MAPK), Ca2+/calmodulin-dependent kinase (CaMK), and 
myosin light chain kinase (MLCK) prior to KCl stimulation. Binding assays using 3H-nisoxetine were performed to estimate the change 
in cell surface density of NET, under conditions wherein 3H-nisoxetine binds to surface, but not intracellular NET. Cellular 
phosphorylated CaMKII level was assessed by western blot analysis. Results: When cells were preincubated in Ca2+-free KR buffer 
with ethyleneglycol tetraacetic acid (EGTA), the 131I-MIBG uptake was significantly reduced to 72.6 ± 8.2% compared with that in Ca2+-
containing buffer (P = 0.001). KCl stimulation in Ca2+-containing buffer demonstrated concentration- and time-dependent increase of 
131I-MIBG uptake. Thus, uptake was augmented to 137.1 ± 12.9%, 145.2 ± 5.7%, 159.7 ± 6.3%, 169.2 ± 4.5%, and 217.2 ± 8.8% of 
controls by 5, 10, 20, 40, and 40×2 mM of KCl stimulation, respectively (all P < 0.005). The time course of effect showed uptake was 
enhanced to 121.3 ± 1.9%, 143.2 ± 8.1%, and 157.7 ± 7.5% of 5 min 40 mM KCl stimlation by 10, 30, and 60 min of 40 mM KCl, 
respectively (all P < 0.05). A 5 min stimulation with 40 mM KCl was chosen for further experiments to elucidate the mechanism behind 
the KCl-induced increase in 131I-MIBG uptake. Pretreatment of SK-N-SH cells for 30 min with 10 μM KN93, a CaMK inhibitor, 
significantly inhibited basal 131I-MIBG uptake to 53.1 ± 3.0% of control (P < 0.0001) and abolished KCl-stimulated increase in 131I-MIBG 
uptake to 54.3 ± 4.4% of control (P < 0.0001). STO609, a CaMK kinase inhibitor, did not diminish basal and KCl-stimulated 131I-MIBG 
uptake. Inhibition of a cellular process by KN93 but not by STO609 suggests that it is probably regulated by CaMKII. Pretreatment of 
SK-N-SH cells for 30 min with 10 μM ML7, a MLCK inhibitor, significantly reduced basal 131I-MIBG uptake to 11.9 ± 2.4% of control (P < 
0.0001) and abolished KCl-stimulated increase in 131I-MIBG uptake to 14.8 ± 0.8% of control (P <0.0001). 131I-MIBG uptake was only 
partially dependent on the PKC, PI3K and MAPK pathways. Whereas KCl significantly increased 131I-MIBG uptake, it did not cause a 
change in binding of 3H-nisoxetine. Increased level of cellular phosphorylated CaMKII after KCl stimulation was confirmed by western 
blot analysis. Conclusion: KCl robustly enhanced NET function and 131I-MIBG uptake, most likely through phosphorylative activation of 
CaMKII and MLCK. Thess findings thus provide information that may help improve our understanding of the mechanisms for acute 
regulation of NET function. 
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Understanding protein dynamics in living cells is critical to decipher the role of proteins in specific cellular events that underlie 
sophisticated living systems. Fluorescence imaging-based detection and visualization of protein movements has proved useful in the 
field, and the use of protein labeling small molecular probe was one of the powerful strategies for them. However, one major caveat 
associated with all currently available protein labeling techniques was the inability to directly detect labeled protein during the labeling 
reaction because of high background fluorescence from excess unreacted probes. To overcome this generic problem, we have 
developed protein labeling probes based on the novel design strategy that achieved more than 300-fold fluorescence activation upon 
covalent labeling of proteins (Figure top left), so the background fluorescence from unreacted probe was almost negligible (J. Am. 
Chem. Soc. 2011, 133, 6745-6751). The probe enabled an immediate detection of target proteins by fluorescence increase (Figure top 
right), so it could visualize cellular protein dynamics just by bath application of probes without any washout steps (Figure bottom). By 
controlling location and timing of labeling, the protein labeling system turned out to be uniquely suitable for studying protein 
translocation event occurring across cell membrane, like endocytosis and membrane insertion of newly synthesized proteins. We 
applied the system to study how the membrane transport of EGF receptor is mediated during directional cell migration. 
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Imaging, MD Anderson Cancer Center, Houston, TX, USA. Contact e-mail: ychiang@mdanderson.org 

Introduction. Hypoxia signaling is mediated by heterodimerization of hypoxia inducible factor-1α (HIF1α) and HIF1β and formation of a 
transcriptional complex that upregulates several hypoxia-inducible genes promoting cell survival and angiogenesis. In an attempt to 
improve hypoxia-selective cytotoxicity, disruption of HIF-1α/β dimerization using small molecules is considered a promising therapeutic 
strategy. To this end, using split F.Luc complementation approach we developed a high-throughput/high-content cell competent 
screening system for monitoring HIF1α/β heterodimerization using bioluminescence imaging (BLI) in cells in vitro and in vivo, in mice 
bearing tumor xenografts. Methods. The interacting PAS AB domains of HIF1α and HIF1β were fused with the N-terminal (NL) and C-
terminal (CL) domains of firefly luciferase, respectively, and cloned in frame into a lentiviral expression vector with dual Gateway sites. 
Four reporter constructs were created (NL-HIF1α, HIF1α-NL, CL- HIF1β, and HIF1β-CL). The U87 cells were co-transduced with the 
four different plasmid pair combinations to determine the optimal orientation for luciferase complementation. The functionality of 
reporters was accessed in vitro using BLI relative to cell number, hypoxic conditioning, overexpression of a HIF1 PAS domain, and 
incubation with acriflavine (ACF), a previously reported small molecule inhibitor of HIF1α/β interaction. For in vivo studies, nude mice 
bearing small U87 reporter xenografts (~100 mm3) were injected i.p either with saline 300 µl or ACF 2mg/kg (N=6, each group). BLI of 
the mice was performed before and up to 4 hours after treatment. Results. Fusion genes NL-HIF1α and HIF1α-NL combined with CL-
HIF1β and HIF1β-CL, respectively, produced the highest detectable luminescent signals in the transduced U87 cells; the 
bioluminescent signal intensity was exponentially proportional to the number of cells in culture. Hypoxia-induced upregulation of 
endogenous cellular HIF1α levels resulted in a significant inhibition of NL-HIF1α-CL-HIF1β reporter activity via heterodimerization of 
HIF1α with CL-HIF1β. Additional transfection of U87 cells with PAS AB domains of HIF1α or HIF1β caused a significant inhibition of the 
reporter activity. Incubation of U87 reporter cells with different concentrations of ACF in vitro resulted in a dose-dependent inhibition of 
the reporter activity (IC50 = 5 µM) without reduction of cell viability. Screening of a small focused library of ACF derivatives and 
structurally similar compounds has revealed important structure-activity relationships (SAR) that should facilitate the development of 
highly potent inhibitors of HIF1α/β heterodimerization. Studies in mice bearing s.c. U87 reporter tumor xenografts demonstrated the 
feasibility of BLI for monitoring HIF1α/β heterodimerization and the efficacy of ACF-induced disruption of HIF1 signaling in vivo. 
Conclusions. This novel reporter system is sensitive and specific for quantitative imaging of HIF1α/β heterodimerization in vitro and in 
vivo. It can be used for a large scale screening for drug candidates and facilitate the development of potent inhibitors of HIF1α/β 
heterodimerization. 

 

Bioluminescence imaging of s.c. U87 tumor-reporter development in nude mice. The bioluminescence signal from HIF1alpha-HIF1beta 
heterodimerization and FLuc reconstitution is the most optimal after 14 days of tumor growth, at which time the animal can be used for the assessment 

of inhibitors of HIF1alpha-HIF1beta interaction. 
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Integrated Intravital Micrsocopy, Electron Microscopy, and Mathematical Modeling to Uncover 
Surprising Differences in Extravasation Between Quantum Dots and Nanotubes in Murine 

Tumor Models 

Bryan R. Smith1, Hang Shu2, Paul Kempen3, Scott Tabakman4, Hongjie Dai4, Robert Sinclair3, Eric Shaqfeh2, Sanjiv S. Gambhir1, 
1Radiology/Molecular Imaging, Stanford Univ, Stanford, CA, USA; 2Chemical Engineering, Stanford University, Stanford, CA, USA; 
3Materials Science and Engineering, Stanford University, Stanford, CA, USA; 4Chemistry, Stanford University, Stanford, CA, USA. 
Contact e-mail: brsmith@stanford.edu 

Extravasation is the only passive delivery method by which nanoparticles (nps) may reach tumor interstitium for cancer imaging and 
therapy. Understanding this mechanism is critical to enable nps to reach tumor cells and perform their function(s). The nano-molecular 
imaging field remains in its infancy and has had minimal mathematical support to guide it. Here we integrate experiments - intravital 
microscopy (IVM) of living mice and detailed electron microscopy (EM) of tumor vascular pore properties - with sophisticated fluid 
mechanics models to describe np extravasation from vessels into tumor interstitium. We employ IVM to visualize how nps extravasate 
and models to understand why. The models have the flexibility to model nps of any shape/size in vasculature of any geometry. IVM 
dynamically imaged the extravasational behavior of 2 np types across 3 tumor types (EGFP-transduced human tumor lines SKOV3, 
LS174T, and U87MG) in 30 nude mice using an ear tumor model. We used quantum dots (qdots, 800nm emission, ~20 nm diameter) 
and Cy5.5-conjugated single-walled carbon nanotubes (SWNTs, 2nm X 200nm). A region-of-interest analysis (5-10 regions per mouse) 
quantified extravasation. Our mathematical models are based on physical first principles without recourse to adjustable parameters. 
Fast algorithms for calculating interparticle hydrodynamic interactions using Smooth Particle Mesh Ewald (SPME) techniques of low 
Reynolds number flows were employed. These simulations can handle non-Newtonian flows, np Brownian motion, and hydrodynamic 
forces. Since our models are continuum, based on boundary integral formulations of the equations of motion, accuracy at any volume 
fraction (i.e., hematocrit) is established. We assumed a 10 μm blood vessel with flowing spherical qdots or cylindrical SWNTs. We 
meshed the nps and linked scales by separating the simulation into 2 parts - nps in non-Newtonian, red blood cell flow to understand 
margination and nps near pores (in the Fåhræus-Lindqvist layer) to understand extravasation while using EM to calibrate with 
shape/size data on vascular pores. In mice, no extravasation occurred in SKOV-3 with both nps. In U87MG, only SWNTs extravasated 
rapidly (SWNTs extravasated ~40-fold more than qdots, p<0.05). Yet intriguingly in LS174T tumors the opposite occurred: only qdots 
extravasated rapidly (qdots extravasated ~4-fold more than SWNTs, p<0.05). This role reversal revealed unanticipated complexity in np 
tumor extravasational behavior, so we turned to mathematical models for explanation. Our models corresponded well with LS174T IVM 
(experiments show a 4.5:1 ratio in fluorescence intensity between qdots and SWNTs, while simulations show a 7:1 ratio, within the 
experimental error). We thus directly visualized surprising np extravasational differences across tumor types and validated 
mathematical models that help explain the results and have potential to optimize np shape/size properties for extravasation. This will 
aid in np design for optimal tumor uptake for imaging/therapy. This work also reveals the importance of combining experimentation with 
mathematical modeling to drive/optimize the field of np use in living subjects. 

 
Left) Intravital micrographs of regions of LS174T tumors in mice injected with SWNTs and with Qdots and imaged over time. Tumor signal (fluorescent 
green) was removed from the merged images shown above to clarify the extravasation signal; long-circulating dye was injected to visualize the blood 
vessels (shown in red). In the top set of images, no SWNTs have extravasated from the vasculature over a period of 1.5 hours. On the bottom, qdots 

have clearly extravasated from the vasculature within 1.5 hours of injection. Right) Meshed mathematical simulation (a single snapshot of a movie) of a 
qdot (blue sphere) being captured by a pore in during blood flow. The simulation shows a small cubic portion of the blood vessel and the pore (rising 

vertically), which in this image/simulation captures the qdot. 
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UPREGULATION OF P-GP IN EPILEPTIC RATS BY A KINETIC MODEL WITH 11C-
DESMETHYLLOPERAMIDE 

Lieselotte Moerman1, Caroline Dumolyn1, Robrecht Raedt2, Paul Boon2, Filip De Vos1, 1Ghent University, Laboratory of 
Radiopharmacy, Ghent, Belgium; 2Laboratory for Clinical and Experimental Neurophysiology, Ghent University Hospital, Ghent, 
Belgium. Contact e-mail: Lieselotte.Moerman@UGent.be 

Objectives Upregulation of P-glycoprotein (P-gp) expression, as reported by earlier studies in epileptic patients and rat models, may 
play a role in refractory epilepsy. Since these studies are invasive, the measurement of P-gp functionality with kinetic modelling of PET 
tracers (especially 11C-desmethylloperamide (11C-dLop)) can be an important non-invasive in vivo tool to investigate this disease. 
Thereby, we studied the difference in the kinetic parameters K1 and k2 of the kinetic model between naive rats and kainate-induced 
epileptic rats. Moreover, we will perform immunohistochemistry to visualize the P-gp expression ex vivo. Methods Naive rats (n = 5) 
and kainate-induced epileptic rats (n = 8), pretreated with cyclosporine (20 mg/kg, 30 min before tracer injection, which induces partial 
inhibition of P-gp), were anaesthetized and cannulated with a catheter in the femoral artery. Both the µPET-scanner and µvolumetric 
bloodcounter were started and subsequently 55.5 MBq 11C-dLop was injected in a tail vein. Blood was collected (10 µl/min) during the 
entire 30 min dynamic acquisition time. Immediately after the end of the 11C-dLop scan, the mice were injected i.v. with 55.5 MBq 18F-
FDG. 20 minutes after 18F-FDG injection a static µPET scan was started for 20 min. Dynamic 11C-dLop PET data were sorted into 
frames. Bloodcounter data were corrected for dispersion, blood/plasma ratio and metabolites to obtain the arterial input curve. A region 
of interest was delineated on the 18F-FDG-scan and copied to the 11C-scan to obtain the brain tissue curve. The best fitted model and 
kinetic parameters K1 and k2 were determined. Immunochemistry will be performed on brain slices of naive and epileptic rats with an 
anti-P-gp antibody (C219). Results The two-compartment model gives the best results for the fitting in all rats studied. K1 represents 
the passive influx of 11C-dLop through the blood brain barrier, while k2 symbolizes energy dependent output by P-gp. In epileptic rats 
pretreated with 20 mg/kg cyclosporine, both K1 and k2 were statistical higher than K1 and k2 in naive rats (respectively 3.5 ± 2.1 vs 0.9 ± 
0.8 ml cc-1 min-1 for K1 and 5.8 ± 3.1 vs 1.5 ± 1.2 min-1 for k2). Higher amounts of P-gp expression in epileptic rat brain, as mentioned in 
literature, could explain the higher output of 11C-dLop, represented by k2. Moreover, due to these changes in transport out of the brain 
(k2), the amount of tracer left in the brain is also altered, which was represented in differences in K1 between the two groups. 
Conclusions A kinetic model with 11C-dLop is a useful non-invasive method to investigate differences in P-gp functionality in the blood 
brain barrier between naive and epileptic rats. These differences, measured as k2, were in relation to earlier findings in literature and 
will be confirmed by immunohistochemical staining of P-gp. 
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Dose response assessment of the breast cancer resistance protein inhibitor Ko143 at the 
murine blood-brain barrier using [11C]tariquidar and small-animal PET 

Claudia Kuntner1, Thomas Wanek1, Jens P. Bankstahl2, Marion Bankstahl2, Johann Stanek1,3, Michael Sauberer1, Severin Mairinger1, 
Markus Mueller3, Wolfgang Loescher2, Oliver Langer1,3, 1Health & Environment, AIT Austrian Institute of Technology, Seibersdorf, 
Austria; 2Pharmacology, Toxicology and Pharmacy, University of Veterinary Medicine, and Center for Systems Neuroscience, Hanover, 
Germany; 3Clinical Pharmacology, Medical University of Vienna, Vienna, Austria. Contact e-mail: Claudia.Kuntner@ait.ac.at 

Objectives: The ATP binding cassette (ABC) transporters breast cancer resistance protein (BCRP) and P-glycoprotein (Pgp) are 
expressed at the blood-brain barrier (BBB), where they impede brain uptake of their substrates by active efflux transport. BCRP has 
recently been shown to be quantitatively the most important ABC transporter at the human BBB. Inhibition of BCRP by inhibitors such 
as Ko143 may be an interesting strategy to improve brain uptake of BCRP substrates. Aim of this study was to assess the dose-
response relationship of Ko143 for inhibition of Bcrp1 at the murine BBB using small-animal PET together with the dual Pgp/BCRP 
substrate radiotracer [11C]tariquidar. Methods: [11C]Tariquidar PET scans were performed in female wild-type (FVB), Bcrp1(-/-) and 
Mdr1a/b(-/-) mice before and 60 min after i.v. injection of Ko143 at a dose of 5 mg/kg. Additionally, in Mdr1a/b(-/-) mice scans were 
performed after i.v. administration of vehicle (n=2), 1 mg/kg (n=2), 3 mg/kg (n=1), 10 mg/kg (n=3) and 15 mg/kg (n=2) of Ko143. After 
the 60-min PET scans a venous blood sample was taken by retro-orbital puncture. Brains were manually outlined on the reconstructed 
images (FBP) and time-activity curves expressed in %ID/g were generated, for which areas under the curve were calculated. Results: 
Wild-type and Bcrp1(-/-) mice showed no increase in brain activity uptake after administration of 5 mg/kg Ko143 as compared to baseline 
scans, whereas in Mdr1a/b(-/-) mice brain activity uptake was 4.5-fold increased. In Mdr1a/b(-/-) mice, the half-maximum effect dose of 
Ko143 to increase brain activity uptake of [11C]tariquidar was 5.6±2.3 mg/kg. Maximum increase in brain activity uptake was 8.2-fold 
after the 15 mg/kg dose. No changes in blood activity concentrations of [11C]tariquidar were found after administration of different 
Ko143 doses. Conclusion: Performing PET scans in Mdr1a/b(-/-) mice in combination with the dual Pgp/BCRP substrate [11C]tariquidar 
allowed individual assessment of Bcrp1 inhibition at the BBB. Our data demonstrate that Ko143 is a potent inhibitor of cerebral Bcrp1, 
which apparently does not inhibit Pgp at the studied doses. 
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Shining New Light on Clinical Fluorescence Imaging 

Gooitzen M. van Dam1, Vasilis Ntziachristos2, 1Surgery, University Medical Center Groningen, Groningen, Netherlands; 2Technische 
Universität München, München, Germany. Contact e-mail: g.m.van.dam@chir.umcg.nl 

In the past, various aspecific fluorescent dyes like indocyanin green (ICG) and fluoresceïne have been used to image various 
anatomical and physiological processes in humans like lymph vessels, lymph nodes and organ perfusion. Although beneficial for certain 
indications, multiple attempts have stranded to bring more specific optical tracers into the clinic for various disease states and in 
particular oncology. Until recently, it was not possible to image with high sensitivity and specificity tumor cells in vivo in human beings, 
although there have been developed several types of camera systems and a multitude of tumor specific optical tracers with different 
fluorophores. Several factors can be contributed to the failure of proper introduction into the clinic. In our presentation we will outline in 
this plenary multidisciplinary presentation the technical development of optical camera systems in the last fifteen years from simple 
photographic and videographic imaging systems to the current and future development of highly sophisticated systems like 
multispectral opto-acoustic tomography (MSOT) (prof Ntziachristos) in combination with the clinical do’s and don’ts of clinical optical 
imaging in humans (dr van Dam). In the latter we will outline the concept of using drugs as imaging agents, line-up of chemistry, 
hospital pharmacy and clinicians and transferring the concept of microdosing as defined by the FDA from the field of nuclear medicine 
towards clinical optical imaging and its current status with highly sophisticated imaging systems. Moreover, the concept of 
standardization of one optical imaging system to be adopted in an (inter-)national clinical network is presented. Attendees will gain 
knowledge on optical imaging systems and novel optical tracers which may revolutionize its clinical use in various fields of medicine 
within the next decade. 
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Activation of Intravascular Doxorubicin-Liposome-Microbubble Complexes by Image-Guided 
Focused Ultrasound Inhibits Tumor Growth in Mice 

Alexander L. Klibanov, Talent Shevchenko, Zhongmin Du, Maria Fernanda Campa, Dept. of Medicine, Cardiovascular Div., University 
of Virginia, Charlottesville, VA, USA. Contact e-mail: sklib1@gmail.com 

The intent of this study was to develop image-guided targeted tumor chemotherapy. We applied image-guided focused ultrasound 
tumor treatment following intravenous administration of doxorubicin entrapped in the liposome-microbubble pendant complexes to 
achieve triggered drug release in the tumor vasculature, and achieved inhibition of tumor growth. Decafluorobutane microbubbles were 
prepared by sonication and stabilized with phosphatidylcholine/PEG stearate/biotin-PEG-PE shell. They were decorated with 
biotinylated liposomes via a streptavidin link. Liposomes were loaded with doxorubicin using ammonium sulfate or citrate protocol 
(average drug load ~0.6 pg per particle). Liposomes were prepared either by reverse phase evaporation, or a pro-liposome ethanol 
injection. Liposome composition was DOPC:Cholesterol:biotin-amidocaproyl-PE. Subcutaneous murine (C57BL/6) hindleg tumor model 
(MC38 colon adenocarcinoma cells, courtesy J. Schlom, NIH) was used (6 animals per experimental group). After average tumor size 
reached 5mm, anesthetized mice were subjected to ultrasound treatment. First, 3 mg/kg doxorubicin entrapped in microbubble-
liposome complex was injected intravenously under ultrasound imaging control performed with iE33 imaging system. Immediately 
following injection, entire tumor was insonated in a spiral pattern repeated for 6 minutes as intermittent pulses (15s on and 10s off, for 
microbubble replenishment in the tumor vasculature) with 1.2MHz ultrasound (2MPa, 10000 cycle, 10 Hz PRF, TIPS system with an 8-
element focused array,1x1x6 mm3 focal zone). Ultrasound treatment combined with 1 mg/kg doxorubicin-liposome-microbubble 
complex was repeated 6 days later. In a control group, animals received doxorubicin entrapped in the carrier without TIPS insonation. 
Saline-injected animals served as another control. Tumor size and body mass were monitored. Fluorescence microscopy confirmed 
formation of doxorubicin-liposome-microbubble complexes. Fluorescence spectroscopy confirmed partial release of doxorubicin from 
the complexes in response to insonation in vitro. Ultrasound imaging allowed direct observation of the circulating drug carrier. Real-time 
low-power ultrasound imaging allowed monitoring of the microbubble destruction in the tumor vasculature during focused ultrasound 
treatment. Replenishment of microbubbles in the tumor vasculature via blood flow was observed when focused ultrasound was not 
applied. Combination of TIPS ultrasound treatment with doxorubicin-liposome-microbubble complexes resulted in tumor growth 
suppression, in comparison with both control groups, and showed statistically significant tumor growth inhibition (p<0.05) for days 4-8 of 
the 10-day study. In controls, unimpeded tumor growth was observed. Relative body mass change during the study was not statistically 
significant for animals in all groups, pointing to low systemic toxicity. In conclusion, insonation of the doxorubicin-liposome-microbubble 
complex in the tumor vasculature results in the retardation of tumor growth. Observed low systemic toxicity suggests that higher drug 
dose may achieve stronger therapeutic effects. 
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Unique Gold Nanoparticle Targeting of Pc 4 to Improve Drug Delivery, Accumulation, and PDT 
Efficacy in Brain Tumors 

Ann-Marie Broome1,2, Joseph D. Meyers1, Yu Cheng3, Richard S. Agnes2, Clemens Burda3, James Basilion1,2, 1Biomedical 
Engineering, Case Western Reserve University, Cleveland, OH, USA; 2Radiology, Case Western Reserve University, Cleveland, OH, 
USA; 3Chemistry, Case Western Reserve University, Cleveland, OH, USA. Contact e-mail: Ann-Marie.Broome@case.edu 

Malignant gliomas are among the most lethal cancers with a median survival expectancy of only 6-12 months. Surgical resection is the 
mainstay of treatment. However, curative resection is often not possible due to infiltrating growth of the tumor into normal brain. 
Photodynamic therapy (PDT) has been suggested as an additional therapy to guide tumor resections and enhance the effect of surgery 
via photoreactive treatment during or at the cessation of surgical intervention. The most difficult challenge in treating malignant brain 
tumors may be delivering targeted therapies that preserve healthy tissue while effectively eradicating the cancer. Therefore, improving 
drug delivery rate and tumor selectivity of the photosensitizing agent will dramatically reduce systemic toxicity and enhance the success 
of PDT. EGFR amplification is the most common genetic alteration in gliomas and plays a critical role in stimulating glioma progression, 
making it an ideal target. Consequently, we have developed a highly efficient EGFR-targeted gold-nanoparticle (EGF-Au NP) to 
improve delivery of PDT cancer drugs to tumors in vivo. EGF peptides attached to PEGylated Au NPs deliver hydrophobic PDT drug, 
Pc 4, to brain tumors overexpressing EGFR better than either the non-targeted Au NPs or Pc 4 alone. The drug rapidly releases and 
penetrates deep within tumors within 1-4 hrs. In vivo small animal imaging experiments show targeted delivery of Pc 4 to tumor sites. 
Ex vivo imaging of the tumors confirmed as much as a 4-fold increase in the intrinsic fluorescence of Pc 4 over non-targeted conjugates 
after systemic administration. Moreover, in vitro experiments show a higher concentration of Pc 4 uptake per Au NP over non-targeted 
Au NPs per cancer cell. Histological analysis, including confocal microscopy, shows that, after targeting, the delivered Pc 4 localizes in 
the endosomes of the cancer cells. Transmission electron micrographs show that Au NPs cluster along the cell surface or within 
discrete vesicles within the cell. Localization within the endosomal pathway may be more effective for PDT and produce less off-target 
toxicity than free Pc 4, which preferentially accumulates in mitochondria. Further, glioma cells treated for 4 hrs with EGF-targeted Au 
NP-Pc 4 and then exposed to PDT show an enhanced killing effect, especially when compared to either non-targeted Au NP-Pc 4 or 
free Pc 4 controls. Systemic delivery of EGF-Au NP-Pc 4 to heterotopic brain tumors reveals increasing tumor necrosis after PDT. 
Biodistribution experiments also show that the Au NPs and Pc 4 are effectively excreted over time. This study suggests that the EGFR-
targeted Au NPs improve drug delivery to tumors for PDT and are removed from the body safely after treatment. 
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In vivo MRI detection of differential release from water-filled liposomes triggered by pulsed 
low intensity Ultrasound 
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The development of anticancer combination therapies is a hot topic. Moreover, there is a significant interest to design new therapeutic 
schemes where the different drugs are differentially released from a single delivery system to control release sequence, timing, and 
dose. Among the drug-delivery systems used in clinical treatments, liposomes are likely the most suitable carrier because the release 
can be triggered by different endogenous or externally applied stimuli that are preferable for controlling a differential release and 
acoustic radiations are a safe tool to be considered for this purpose. HIFU has been already demonstrated useful to release drugs from 
temperature sensitive liposomes in virtue of the significant local heating they can generate. However, also the application of US able to 
stimulate a mechanic release would have a great impact and it will extend the applicability of the approach. In this contribution, pulsed 
low intensity non focused US have been investigated as innovative trigger. US transducers operating between 27 kHz and 3 MHz were 
fabricated and tested. The encapsulation of the clinically approved MRI agent Gadoteridol into liposomes gave the opportunity to study 
their release property thanks to the relaxivity enhancement that is associated with the probe leakage. The attention was focused on two 
liposome stealth formulations only differing in the length of the alkylic chain of the main phospholipid component: DPPC (16 C atoms) 
and DSPC (18 C atoms). Regardless of the acoustic frequency, the two formulations displayed a differential release in vitro. 
Temperature monitoring revealed that the release was not mediated by heating and, moreover, also cavitation processes had a minor 
role as no reduction in the number of nanovesicles was observed after US exposure. Hence, the most probable release mechanism 
relies on the formation of transient pores on the liposome bilayer generated by the mechanic effect of the acoustic pressure. The very 
promising results obtained in vitro were validated in vivo. 200 μL of stealth liposomes (based on DPPC or DSPC) were injected in the 
tail vein of mice bearing subcutaneous melanoma B16 tumors. Just after injection, the tumor was locally insonated for 90 sec using 
pulsed 3 MHz US waves. MR imaging sessions were performed before and after US exposure. The results confirmed that only DPPC-
based liposomes released their content as demonstrated by the large T1 contrast enhancement detected in the treated lesion. As 
liposomes take quite a long time to passively accumulate in the tumor, the release occurred in the tumor vasculature. The differential 
release was also confirmed by measuring the biodistribution of Gadoteridol after US exposure. In case of DPPC-based vesicles the 
agent was mostly detected in the kidneys and bladder, whereas in case of DSPC-based liposomes it was mainly detected in liver and 
spleen. The results herein obtained pave the way to the intriguing possibility to use low intensity US as mechanic trigger to induce a 
differential release from liposomes that could open new improved anticancer therapeutic schemes. 
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High efficiency radiosensitization with Sub-5 nm theranostic lanthanide-based nanoparticles 
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Radiotherapy is widely applied for fighting cancer because this technique constitutes a very attractive tool for the destruction of solid 
tumors. However radiotherapy suffers from a lack of selectivity that can lead to the undesirable dramatic alteration of surrounding 
tissues. A better spatial control of the dose deposition is therefore required for destroying the tumor with the lowest dose possible while 
sparing normal tissues. For achieving this crucial goal, our strategy rests on the development of ultrasmall solid hybrid nanoparticles 
containing gadolinium (III). Indeed gadolinium exhibits a propensity to sensitive tissues to ionizing radiation (photons and charge 
particles) and to enhance the positive contrast of images acquired by magnetic resonance imaging (MRI) that can be exploited for 
image-guided radiotherapy. Nanoparticles for theranostic applications in oncology present great advantages in comparison with 
molecular compounds. Besides their tuneable multifunctional character which allows the combination of medical imaging and 
therapeutic activity, the nanoparticles can be designed for increasing the difference between the particles content in the healthy and 
diseased zones; Such a preferential accumulation of the nanoparticles which implies an accurate control of the balance between two 
antagonist effects, the accumulation in the tumor and the clearance, is an essential objective in order to maximize the effects of 
radiotherapy in the tumor while almost avoiding any side effects. The ultrasmall gadolinium-based nanoparticles (hydrodynamic 
diameter < 5 nm) that were obtained from the encapsulation of gadolinium oxide core in a thin hydrophilic polysiloxane shell 
functionalized by chelating polyaminocarboxylate moieties (DTPA or DOTA derivatives) exhibit a safe behavior after intravenous 
injection as revealed by biodistribution studies. The difference in the nanoparticles content between tumors and healthy surrounding 
tissues increases owing to the small size and the control of the chemical composition of the nanoparticles. Moreover in vitro studies 
performed on human U87 glioblastoma cells highlighted the efficient radiosensitizing effect of these nanoparticles. We evidenced that 
the attractive characteristics of these nanoparticles can be jointly exploited for increasing the lifespan of rats bearing a 9L gliosarcoma 
treated by radiotherapy. Such efficiency observed with X rays but also with incident charged particles cannot be explained by the 
classical expected absorption dose enhancement and a Nano Energy Transfer in the vicinity of lanthanide-based particles can be 
suspected. Our proof-of-concept study which was performed on very aggressive brain tumors demonstrated that ultrasmall hybrid 
gadolinium-based nanoparticles are suited for improving the selectivity of the radiotherapy. 
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Objective: Magneto-fluorescent silica gold nanoshells are recently developed theranostic probes which hold substantial promise for 
multimodal image guided thermal therapy of cancer. Prior to translation of NIR image guided thermal therapy procedures, technical 
parameters related to NIR imaging stability, theranostic sensitivity, and photo-thermal response of these constructs need to be 
established via studies on control tissue mimicking phantoms. Methods: Approximately 160 nm silica core gold nanoshells with plasmon 
resonance at 810nm were designed to provide near infrared (NIR) fluorescent and magnetic resonance (MR) contrast by incorporating 
FDA approved dye, Indocyanine Green (ICG), and iron-oxide within a silica epilayer. The theranostic nanocomplex generates heat 
when illuminated at 810 nm and emits fluorescence at 810-830 nm when excited at 785 nm. 10 µl nanoshell suspensions were filled in 
capillary tubes with 1 mm i.d. The tubes were inserted at depths ranging from 2-12 mm in a 15 mm thick solid phantom with reduced 
scattering coefficient (μ's) of 4.62 cm-1. Photothermal treatment was performed by an 808 nm laser (DIOMED 15 Plus, Angiodynamics) 
with the laser spot size of ~8mm. Temperature was monitored by a hypodermic thermocouple probe (EW-08505-92, Cole-Palmer). Pre- 
and post- photothermal treated samples were imaged with our home built NIR fluorescence imaging system. An ICCD camera outfitted 
with a 28 mm AF Nikkor lens and a band pass filter (803±20 nm) was employed for fluorescence signal detection. Image exposure time 
was 100 ms and excitation light was provided by an expanded beam from 100 mW 785 nm laser diode. Results: 80% of the 
photothermal response was attained in first 60 seconds of laser exposure and a steady temperature plateau obtained beyond that (Fig. 
A). Hereafter the samples were illuminated for 60 seconds and a significant enhancement in photothermal heat generation was 
measured from nanoshells of concentrations 6x1010 NS/ml. The photothermal temperature at laser powers beyond 700 mW increased 
rapidly compared to water control (Fig. B). The temperature changes from nanoshells were significantly higher than that from water for 
up to 12 cm deep in the solid phantom (Fig. C). Pre- and post- treatment (at 1 W) fluorescence images from 6µl of 2.5x1010 NS/ml 
nanoshells (Fig. D) show that the imaging performance can degrade by up to 50%, However, this loss is lower than that from free ICG 
which can almost completely photo bleach with the above laser exposure. The imaging and therapeutic sensitivity parameters obtained 
from this study can guide molecularly targeted theranostic procedures for cancer. 

 
Fig. 1 (A) Photothermal temperature profile of nanoshells, (B) Illumination power dependence heat generation, (C) Target depth dependence 

photothermal generation, and (D) Pre- and post- treatment (1 W fluorescence images. 
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The ability to measure tumor determinants of response to nucleoside analog (NA) chemotherapy agents such as gemcitabine and 
related compounds could significantly impact the management of several types of cancer. Previously we showed that the accumulation 
in tumors of the new PET tracer 1-(2'-deoxy-2'-18F-fluoro-β-D-arabinofuranosyl)cytosine (18F-FAC) is predictive of responses to 
gemcitabine. 18F-FAC retention in cells requires deoxycytidine kinase (dCK), a rate-limiting enzyme in the deoxyribonucleoside salvage 
metabolism and in gemcitabine conversion from an inactive prodrug to a cytotoxic compound. Objectives. The current study aimed (i) 
to determine if 18F-FAC tumor uptake is also influenced by cytidine deaminase (CDA), a determinant of resistance to gemcitabine, (ii) to 
develop a new PET assay using 18F-FAC and the related probe 1-(2'-deoxy-2'-18F-fluoro-β-L-arabinofuranosyl)-5-methylcytosine (L-18F-
FMAC) to profile tumor lesions for both dCK and CDA enzymatic activities and (iii) to determine if this PET assay can identify the most 
effective NA chemotherapy against tumors with differential expression of dCK and CDA. Methods. Isogenic murine leukemic cell lines 
with defined dCK and CDA activities were generated by retroviral transduction. A cell viability assay was used to determine the 
sensitivity of the isogenic cell lines to the dCK-dependent NA prodrugs gemcitabine and clofarabine. In vitro enzymatic and cell-based 
tracer uptake assays and in vivo PET imaging using 18F-FAC and L-18F-FMAC were used to predict tumor responses to gemcitabine 
and clofarabine. Results. dCK and CDA activities measured by kinase and tracer uptake assays correlated with the sensitivity of 
isogenic cell lines to gemcitabine and clofarabine. Co-expression of CDA decreased the sensitivity of dCK-positive cells to gemcitabine 
treatment in vitro by 15-fold but did not affect responses to clofarabine. Co-expression of CDA decreased 18F-FAC but not L-18F-FMAC 
phosphorylation and uptake by dCK-positive cells. 18F-FAC and L-18F-FMAC PET estimates of the enzymatic activities of dCK and CDA 
in tumor implants in mice were predictive of responses to gemcitabine and clofarabine treatment in vivo. Conclusion. These findings 
support the utility of PET-based phenotyping of tumor nucleoside metabolism for guiding the selection of NA prodrugs. 
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The extracellular matrix (ECM) plays an important role in drug delivery and cancer cell dissemination. As an abundant stromal 
component, collagen forms a major part of the tumor ECM. There is a close relationship between interstitial fluid transport and collagen 
fibers. We have used multimodality imaging to study the relation between collagen 1 (Col 1) fiber distribution, macromolecular transport 
and water diffusion. Study 1: Hypoxic environments in tumors may lead to abnormal collagen deposits either by cancer cells or by 
fibroblasts within the tumor stroma. To investigate the role of hypoxia in altering Col 1 fibers in the ECM, and its effect on 
macromolecular fluid transport, we have combined magnetic resonance imaging (MRI) of the macromolecular contrast agent (MMCA) 
albumin-GdDTPA to detect interstitial fluid transport, with second harmonic generation (SHG) microscopy to measure Col 1 fibers 
distribution. These studies were performed in the MDA-MB-231 human breast cancer xenograft model genetically engineered to 
express tdTomato red fluorescent protein under hypoxic conditions. Fewer MMCA pooling voxels were observed in hypoxic regions, 
which also exhibited a sparser mesh of Col 1 fibers (Figures 1 and 2). MMCA influx volume was also lower in hypoxic tumor regions. 
Study 2: Malignant breast cancers are characterized by significantly higher Col1 fiber density and altered Col1 fiber architecture. High 
mammary Col1 fiber density was shown to cause mammary tumor initiation, progression, and metastasis. Our goal in this study is to 
determine the influence of the Col1 fiber architecture in human breast cancer on water molecular diffusion and evaluate the potential of 
diffusion-weighted MRI in studying Col1 fibers in cancer. We performed ultra-high-resolution diffusion tensor imaging (DTI) of a human 
breast cancer specimen (an infiltrating ductal carcinoma sample (stage IIb, grade 3), which was ER, PR, and Her2 positive) ex vivo, 
which was subsequently sectioned and imaged by SHG microscopy to detect intrinsic signal from Col1 fibers. Col1 fiber density 
positively correlated with apparent diffusion coefficient (ADC) values and an increased fractional anisotropy (FA) as detected by DTI 
(Figure 3) suggesting that Col1 fibers might enhance water diffusion and increase diffusion anisotropy in malignant breast cancers that 
are characterized by high Col1 fiber content. Noninvasive DWI and/or DTI may be used as a surrogate marker to assess Col1 fiber 
density in breast cancers. 
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It is common for cancer to metastasize through the lymphatic system. Reliable detection of metastatic cancer cells in the sentinel lymph 
node is necessary for accurate diagnosis. Physicians commonly inject a radioactive dye for identification of the sentinel node then 
resect the node for histological analysis and staging. We have developed a molecular photoacoustic (PA) imaging approach to help 
identify the sentinel lymph node and noninvasively detect metastases. Gold nanospheres with a 40 nm diameter were synthesized 
using a seed mediated growth method. Their surfaces were then modified to create targeted and non-targeted nanoparticles. The 
targeted particles were conjugated to a monoclonal anti-EGFR antibody and coated with polyethylene glycol (PEG). The non-targeted 
particles were simply coated with PEG. A metastatic orthotopic cancer model of oral cancer was used in this study. The primary tumor 
was initiated by injecting 200,000 FaDu cells in the tongue of the mice. After 2-3 weeks, an approximately 5 mm tumor had formed. At 
this point, three-dimensional (3-D) ultrasound (US) and spectroscopic photoacoustic (sPA) imaging were performed using a Vevo 2100 
high frequency ultrasound system (VisualSonics Inc., Toronto, CA). Then 50 μL of nanoparticles at a concentration of 1.4 x 10^12 
particles/mL were injected in the tongue near the tumor. 3-D US and sPA imaging of the lymph nodes were performed after 20 hours 
when the particles had drained to the sentinel lymph node. After imaging, the lymph nodes and primary tumor were excised for 
histological analysis and hyperspectral imaging. The PA signal inside the lymph node using light in the near-infrared increased 
significantly (shown in the figure). Aggregation and plasmon coupling of the nanoparticles (which normally absorb 520 nm light) shifted 
their spectral properties and allows them to absorb in the near-infrared. The PA image provides a strong indication that the 
nanoparticles have aggregated in endosomes after undergoing receptor-mediated endocytosis. This suggests that cells overexpressing 
EGFR are present in the lymph node (i.e., metastases are present). Negative controls, including a mouse that received a non-targeted 
nanoparticle injection and a mouse that was not inoculated with a primary tumor, showed no significant increase in PA signal in the 
lymph nodes after the nanoparticle injection. These results show that combined US/PA imaging can not only detect sentinel lymph 
nodes non-invasively, but it can also determine if cancer cells are present. This method may be able to aid with the staging of cancer 
without the need for invasive procedures. 
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Background: Tumors are heterogeneous, containing many different cell populations ranging from highly- to non-proliferative. These 
populations possess characteristics that contribute to tumor development and progression in different ways. We hypothesized that by 
labeling cancer cells with iron oxide nanoparticles we could identify and track the non-proliferative cancer cells by MRI via their label 
retention. Methods: A human breast cancer cell line (MDA-MB-231) was labeled with red fluorescent micron sized iron nanoparticles 
(MPIO) and transfected with enhanced green fluorescent protein. SCID mice were implanted with 5x105 MPIO labeled (n=8) or 
unlabeled (n=8) cells in the mammary fat pad. MR images were obtained weekly from day 0 to day 28 post-injection using a bSSFP 
sequence. The volume of the tumor, the signal loss within the tumor and the lymph nodes was determined at all times. Images of all 
lymph nodes were carefully inspected for signal loss. Fluorescence microscopy and iron staining were performed on lymph nodes and 
tumors. In vitro dilution/retention of iron particles in cells was assessed from MPIO labeled cells grown for two weeks. Cell samples 
were cytospun and stained with PPB at days 1, 2, 4, 7, 10 and 14 after labeling. The percentage of iron labeled cells at each timepoint 
was counted. Results: The most significant finding from this work was the observation of iron-labeled cells in draining lymph nodes. 
Small focal regions of signal loss were detected in images of the axillary and brachial lymph nodes in 5/8 mice at day 14 or later (Figure 
1). Microscopy confirmed the presence of iron-labeled cancer cells in the node (SuppFig1). This result suggests that non-proliferative 
cancer cells metastasize to lymph nodes. The in vitro cell assay revealed that a small percentage of the 231 cells do not ever lose their 
iron label, even at 14 days post labeling (11-12 cell divisions), demonstrating the presence of nonproliferative cells in the cell population 
(SuppFig2). Furthermore, images of implanted tumors show that as tumors grow the percentage of the tumor volume occupied by 
signal void decreases as the majority of the cancer cells proliferate and lose their label (SuppFig3). Significance: Our data shows that 
metastatic cancer cells are detected in the draining lymph nodes two weeks after their implantation in the mammary fat pad and that 
these cancer cells are still iron-labeled. Dilution of the iron particles with proliferation in cancer cells is considered a limitation of this 
type of cell tracking. However, our data suggests an interesting role for cell tracking with iron particles since retention of iron by cells 
leads to persistent signal void which can allow for determination of proliferative status. More importantly, this work suggests that cells 
which metastasize from a tumor may be the nonproliferative type. Nonproliferative cancer cells, sometimes also referred to as dormant 
cells, are not affected by chemotherapeutics, which target mitotic cells, and are thought to be responsible for tumor recurrence. This is 
the first ever demonstration of the use of in vivo cell tracking to identify cancer cell proliferative status. 

 

Figure 1 - MRI and iron staining of axillary lymph node 14 days after iron-labeled breast cancer cells were implanted into the thoracic mammary fat pad 
in CB17 SCID mice. (A) Cropped bSSFP image of thorax region of mouse reveals a region of signal loss in the ipsilateral axillary node (arrow). (B) 

Section of lymph node stained with Perl’s Prussian Blue for iron detection at x10 magnification shows iron positive cells in the area of the node 
corresponding to the signal loss in the MR image (arrow). (C) Iron positive area of the node at x40 magnification, where strong staining can be seen 

(arrow) suggesting that nonproliferative cancer cells have retained iron particles after migrating to the node. 
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Purpose: Malignant melanoma of the choroid is the most common intraocular malignancy in adults. At the time of diagnosis 99.5% of 
the patients have “no evidence of metastatic disease”. Following treatment, either enucleation or brachytherapy, by five years 30% of 
these patients will have died from metastatic melanoma. It is assumed that metastasis is via hematogenous spread. Rapid progress 
has been made in the development of Dynamic Contrast Enhanced (DCE) MRI for use in oncology, providing characteristic 
pharmacokinetic behavior of tumor vasculature. DCE-MRI provides a more specific in-vivo analysis of the blood supply of eye and 
orbital tumors than previous methods. This study is to explore the capability of DCE MRI to determine patients with metastatic 
melanoma. Materials and Methods: 7 patients (67±16 years) with melanoma were scanned in a 3T MRI system (Achieva, Philips) 
using a 32-channel SENSE head coil. Biopsy was done after the scan for each patient. For dynamic analysis, a 3D turbo fast gradient 
echo (FFE) was acquired with fat suppression, temporal resolution = 9s, TR/TE = 4.2/2.2ms, flip angle =15o, FOV = 180x180x32mm3, 
voxel resolution = 0.9x0.9.x2mm3, TFE factor = 50. Gd-DTPA (Magnevist) was administered in a double dose of 0.2ml/kg bodyweight. 
After five acquisitions, serving as a baseline, the contrast agent was injected with an injection rate of 0.6ml/s followed by a 15ml saline 
flush. A total of 40 acquisitions were made in 06:02 mins. The slice that centrally cut through the tumor was picked up for every patient. 
ROIs were drawn manually on the entire tumors. Brix two-compartment model was chosen and standardized AIF was used.Ktrans was 
calculated and compared between metastatic and non-metastatic melanoma using one-tailed unpaired t-tests. Results were considered 
to be significantly different when p<0.05. Results and Discussions: 3 patients were diagnosed with metastatic melanoma and 4 
without from biopsy results. All tumors show measurable sizes in images (>5mm). We have identified significant differences in Ktrans 
between patients with (0.5±0.2 min-1) and without (0.9±0.2 min-1) metastatic melanoma (p<0.05). More blood vessels might be expected 
to appear in metastatic melanoma because of the need to transport nutrients to tumors for growth and proliferation. However, the DCE-
MRI data show that the metastatic melanoma has lower blood transfer rate constants (Ktrans) than the non-metastatic melanoma. Thus, 
although the aggressive melanoma may produce more blood vasculature, it has fewer functional blood vessels and thus appears to be 
more poorly perfused with an overall decrease in blood exchange. Conclusions: It was shown that DCE-MRI can differentiate the 
tumor characterization between metastatic and non-metastatic melanoma.Thus, DCE-MRI has the potential to be an in-vivo imaging 
technique to predict early on which patients are prone to metastatic disease. 
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Despite recent advances in brain tumor therapy such as microsurgery, combined chemotherapy and radiotherapy, the long-term 
prognosis for patients afflicted with malignant tumors of the central nervous system remains poor. Successful tumor resection depends 
on the accuracy of tumor margin delineation, of which current techniques demonstrate variable success. Biological barriers continue to 
limit access of therapeutics and contrast agents to tumor cells. To overcome these limitations, we are developing tumor-specific, 
optical/MR imaging nanovectors specifically engineered to transverse biological barriers and aid in the diagnosis, staging, resection of 
brain tumors, and delivery of gene therapeutics to brain tumors. The developed nanoparticle system consists of a superparamagnetic 
iron oxide nanoparticle core (SPION) and a shell comprised of biodegradable copolymer of chitosan-g-PEG (CP). Additionally, a near-
infrared fluorescing molecule (Cy5.5) was integrated onto the SPION shell to enable optical detection. Tumor targeting was achieved by 
the addition of chlorotoxin (CTX), a peptide that has a high affinity to 74 out of the 79 classifications of primary brain tumors, and the 
ability to illicit a therapeutic effect. Through our studies, we investigated the design of nanoparticle coatings and the role of CTX as a 
targeting ligand to facilitate specific delivery of nanovectors across the blood brain barrier (BBB) to brain tumors. Our goal was to 
develop more biocompatible, potent, and brain tumor specific imaging and therapeutic delivery nanovectors. Through uptake assays, in 
vivo imaging, and histological and biodistribution analyses, we demonstrated the ability of this nanoprobe to cross the BBB and 
preferentially accumulate in the brain tumors of both genetically engineered medulloblastomas and orthotopic C6 glioma mouse 
models. This SPION system was further modified with siRNA/DNA and evaluated as a carrier for brain tumor targeted gene therapy in 
vivo. The nanoparticle systems developed through our studies showed favorable clinically critical attributes, such as innocuous toxicity, 
biocompatibility and the ability to cross the BBB. Additionally, the sustained retention in tumors, efficient clearance from normal brain 
tissue, and dual-imaging capability of the nanoprobe demonstrates its potential for use in preoperative diagnosis and intraoperative 
tumor resection. Thus, we believe they offer tremendous promise for use in human patients to advance the diagnosis and treatment of 
brain tumors. 
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Despite recent progress in the treatment of cancer, systemic metastasis remains the leading cause of mortality and represents a great 
therapeutic challenge. In particular, distant metastases are the most common type of breast cancer (BC) recurrence. Early detection of 
small lesions and identification of non-responders that should be treated by alternative approaches is crucial for optimization of patient 
management. HER2, a transmembrane receptor belonging to the epidermal growth factor receptor family, is the most promising marker 
in terms of predictive value for BC treatment. Its status is routinely determined by IHC and FISH of primary tumor tissue obtained at the 
time of diagnosis. However, a relatively high discordance rate (6% to 48%) in HER2 expression between primary tumours and 
metachronous metastases has been reported, indicating a need for reassessment of marker status. 18F-FDG by far is the most widely 
used non-tumor-specific tracer for PET imaging, but it does not allow for BC subtype classification. Therefore, we propose to use a 
multimodality strategy involving imaging assessment of HER2 level in breast cancer metastases in vivo using HER2-specific 18F-
ZHER2:342-Affibody as a tracer. In contrast to current ex vivo molecular techniques, it will provide global information on receptor status 
in all metastatic sites and, thereby, may influence the treatment of individual BC patients. The main aims of our study include i) 
validation of 18F-ZHER2:342-Affibody to noninvasively detect and assessment of HER2 status in small nodules in the lungs and to 
compare it with 18F-FDG uptake and ii) evaluation of the utility of fused PET/MRI/CT images in the detection of pulmonary metastasis 
and validation of these findings with bioluminescent imaging (BLI) within the same animal. The experimental lung metastasis model was 
established by intravenous injection of 5.0x105 MB231-BRHER2-Luc human breast cancer cells into lateral tail vain. Optical imaging 
was used to measure the relative changes in BLI signal in order to examine localization in tandem with distribution studies of 18F-
ZHER2:342-Affibody by PET. The tracer uptake was confirmed by co-registration of the PET images with anatomical data obtained by 
MRI and CT. At the end of the study the presence of neoplastic cells, HER2 expression in lung tissues, as well as distribution of the 
tracer were assessed ex vivo by IHC and autoradiography. Our studies clearly showed that 18F-ZHER2:342-Affibody successfully 
targets HER2-positive lesions in the lung. We could visualize pulmonary nodules < 0.5 mm by PET as soon as 9 weeks post-injection of 
cells, whereas the same metastases were not identified with 18F-FDG. These data were in good agreement with anatomical changes 
evaluated by MRI and CT and corresponded to the presence of HER2 positive cells as confirmed ex vivo by autoradiography of the 
lungs (Fig.1.). In conclusion, 18F-ZHER2:342-Affibody may become an effective tracer to evaluate HER2 status in patients with BC 
metastases. Our strategy may provide means to stratify the patients, personalize the treatment, and monitor tumor response in order to 
improve the clinical outcome of BC therapy. 

 

Fig.1. Representative PET/MRI fused images obtained 1h post tracer injection. HER2 positive lesions were visualized using 18F-ZHER2:342-Affibody as 
a tracer (left panel). Representative autoradiography of the lung tissue sections of MB231HER2-Luc tumor-bearing mouse injected with 18F-

ZHER2:342-Affibody. Arrows indicate tumor nodules; N - normal lung tissue (right panel). 
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Theranostic Imaging of Prostate Cancer 
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Martin Pomper, Zaver M. Bhujwalla, JHU ICMIC Program, Russell H. Morgan Department of Radiology and Radiological Science, The 
Johns Hopkins University School of Medicine, Baltimore, MD, USA. Contact e-mail: mpenet@mri.jhu.edu 

Introduction: Our purpose is to develop theranostic imaging using a nanoplex platform that can ultimately be modified, and applied for 
different cancers, different receptors, or different pathways. Prostate specific membrane antigen (PSMA) is expressed on the 
membrane of metastatic prostate cancer (PCa). Our PSMA-targeted nanoplex carries a radiolabel for detection, siRNA to downregulate 
a specific pathway, and a prodrug enzyme that converts a cytotoxic drug locally from a systemically administered nontoxic prodrug. 
Each component of the nanoplex is carefully selected to allow us to evaluate each of its aspects with noninvasive imaging, i.e., image-
guided delivery of nanoplex, siRNA-mediated downregulation, and conversion of prodrug to cytotoxic drug by the prodrug enzyme. We 
selected the prodrug enzyme bacterial cytosine deaminase (bCD) since it converts a non-toxic prodrug 5-fluorocytosine (5-FC) to 5-
fluorouracil (5-FU) that can be detected by 19F MRS. Because changes in choline metabolism can be easily detected clinically with 
magnetic resonance spectroscopic imaging (MRSI) and with [11C]choline PET imaging, and because choline kinase (Chk) is an 
important target in cancer, we have initially focused on using siRNA to downregulate choline kinase (Chk-siRNA). Methods: Our 
nanoplex is synthesized by conjugating three compartments (Figure 1A): (i) the prodrug-activating enzyme bCD, (ii) the multimodal 
imaging reporter carrier poly-L-lysine (PLL) that carries [111In]DOTA for SPECT or [Gd3+]DOTA for MR and a fluorescent probe and, 
(iii) the siRNA delivery vector: PEI (polyethyleneimine)-PEG (polythethyleneglycol) co-grafted-polymer. These three compartments are 
covalently conjugated, and siRNA-Chk is associated with the PEI-PEG co-grafted polymer through electrostatic affiliation. For PSMA-
targeting, a low molecular weight urea-based PSMA targeting moiety (2-(3-[1-carboxy-5-[7-(2,5-dioxo-pyrrolidin-1-yloxycarbonyl)-
heptanoylamino]-pentyl]-ureido)-pentanedioic acid is conjugated to PEI via PEG as a bridge. Imaging studies were performed with PC-3 
human prostate cancer xenografts genetically engineered to overexpress PSMA (PC-3 Pip) in SCID mice. Non-PSMA-expressing PC-3 
xenografts (PC-3 Flu) were used as controls. Results and Discussion: Images obtained with Pip and Flu tumors show increased uptake 
in the PSMA-overexpressing Pip tumor compared to the non-PSMA-expressing Flu tumor (Figure 1B). We performed optical imaging of 
the nanoplex in tissue slices without or with PSMA blocking in mice bearing Pip and Flu tumors. Increased uptake in the Pip tumor 
compared to Flu was observed without blocking, which was reduced with blocking. Administration of the theranostic nanoplex in mice 
bearing PC-3 Pip tumors resulted in a significant decrease of total choline within 24 to 48 h. The prodrug enzyme bCD converted the 
prodrug 5-FC to 5-FU at 24 h and at 48 h. The nanoplex being developed has the ability to deliver multiple siRNAs. The strategies 
developed here can be extended, in the future, to down-regulate multi-drug resistance pathways, or repair enzymes to increase the 
efficiency of chemo- or radiation therapy. 

 
Figure 1: (A) Schematic of the nanoplex, (B) Decay corrected volume rendered SPECT/CT images acquired 48h and 72h after injection of 111In labeled 

PSMA targeted nanoplex to PC3-Pip and PC3-Flu tumors bearing-mouse.  
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Impact of Molecular Targeting on Multimodal Nanoparticles for Pancreatic Cancer 
Theranostics 
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Krishnan3, Naomi J. Halas2, Amit Joshi1,4, 1Radiology, Baylor College of Medicine, Houston, TX, USA; 2Chemistry, Rice University, 
Houston, TX, USA; 3Radiation Oncology, MD Anderson Cancer Center, Houston, TX, USA; 4Molecular Physiology and Biophysics, 
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Objective: We report magneto-fluorescent theranostic nanocomplexes for imaging and therapy of pancreatic cancer over-expressing 
Neutrophil gelatinase-associated lipocalin (NGAL), a 21 kilo Dalton protein identified as an early diagnostic marker of pancreatic 
dysplasia. Specifically, NGAL has been reported to upregulated by up to 27 times in pancreatic cancer cells. Methods: Silica-core gold 
nanoshells (GNS) resonant at 810 nm were encapsulated in silica epilayers doped with iron oxide and the near-IR (NIR) dye 
indocyanine green (ICG), resulting in theranostic gold nanoshells (TGNS), which were conjugated with antibodies targeting NGAL. The 
resulting nanocomplex has a high quantum yield (~80%), high photostability compared to free ICG, and a high (300 mM-1s-1) T2 
specific relaxavity. The probes converst to a thermal therapy probe when illuminated with 810 nm light. Human PaCa cells AsPC-1 
were employed for in vitro and in vivo studies in nude mice xenografts. Cells/mice were treated with (i) TGNS-antiNGAL, (ii) TGNS-
antiNGAL after blocking with free anti-NGAL, and (iii) unconjugated TGNS. Animals were imaged at 0.5, 2, 4, 24, 48, and 72 hours post 
injection via both NIR and MR imaging. Biodistribution of nanocomplexes was studied by quantifying the gold content in excised tumors 
and internal organs using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) analysis. Results: AntiNGAL conjugated TGNS 
specifically imaged PaCa cells in vitro and in vivo with both NIR and MR imaging, and enabled specific cancer cell death via NIR 
photothermal therapy. The tumor to background (TBR) ratio for NIR images indicated 60-70% enhancement in tumors compared to 
controls. Fig (1A,B) MR contrast in the tumor interior was up to 30% greater for targeted nanocomplexes. Ex-vivo imaging and ICP-MS 
(Inductive Coupled Plasma-Mass Spectroscopy) based gold quantification confirmed the favorable biodistribution of NGAL targeted 
nanocomplexes, since the gold content in the tumor was fourfold higher for targeted nanocomplexes compared to unconjugated probes. 
(Fig 1C,D,E) Conclusions: Gold nanoshell based complexes integrating NIR and MR contrast agents can be specifically targeted to 
NGAL-expressing pancreatic cancer for imaging and therapy. 
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Preventing the rejection of pancreatic islet grafts using a siRNA-nanoparticle probe 
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OBJECTIVE— Islet transplantation has recently emerged as an acceptable clinical modality for restoring normoglycemia in Type 1 
diabetic patients. The potential of gene therapy utilizing RNA interference holds promise for improving islet graft resistance to damaging 
factors after transplantation. In this study, we utilized a dual-purpose therapy/imaging siRNA-nanoparticle probe that targets beta-2 
microglobulin (B2M)- a key component of the major histocompatibility class I complex (MHC I). We believe that this approach would 
improve the histocompatibility of islet grafts and result in higher survival of transplanted islets. An additional benefit of this technology 
derives from the ability to monitor graft survival using in vivo MRI and optical imaging. RESEARCH DESIGN AND METHODS— A 
probe (MN-Cy5.5-siB2M) consisting of therapeutic (siRNA to human MHC class I gene β2-microglobulin, B2M) and imaging (magnetic 
nanoparticles, MN for MRI and Cy5.5 for optical imaging) moieties was synthesized. In vitro testing of the probe included stimulation of 
the islets for 48 hours with recombinant human IFNγ followed by incubation with the probe. B2M gene silencing and protein expression 
were determined by real-time RT-PCR and Western blot, respectively. T lymphocyte proliferation assay and islet protein stimulated 
enzyme-linked immunosorbent spot (ELISPOT) analysis were applied to test the innate immune response against islet cells. In vivo 
experiments included transplantation of diabetic B2M-deficient NOD/scid mice under the left kidney capsule with MN-Cy5.5-B2M- or 
MN-labeled human islets. To induce immune rejection, both experimental and control mice were adoptively transferred with splenocytes 
from NOD mice 1 week post transplantation. In vivo imaging studies included longitudinal MRI and optical imaging on 1, 7, 14, 21, 27, 
35, 42, 49, 56, 63 and 70 days after the adoptive transfer. Histology was performed to confirm rejection of the islet grafts. To 
demonstrate downregulation of B2M at the mRNA and protein levels, we performed RT-PCR and immunostaining for B2M protein, 
respectively. RESULTS— Delivery of the MN-Cy5.5-siB2M probe into islets resulted in specific reduction of mRNA and protein 
expression. Islet transplantation under the kidney capsule of the STZ-induced diabetic mice led to correction of hyperglycemia. The 
blood glucose levels returned to normal levels in both experimental and control groups one day after islet transplantation. Islet grafts 
were clearly identified on MR and optical images (Fig. 1). Currently, we are in the process of completing the time course and analyzing 
the results of the imaging experiments. We expect that graft volume and survival will be significantly higher in the grafts labeled with the 
MN-Cy5.5-siB2M probe compared to controls. CONCLUSIONS—Our in vitro data demonstrated significant silencing of B2M in human 
pancreatic islets after labeling with the MN-Cy5.5-siB2M probe. We believe that the described therapeutic intervention will lead to 
significant improvement of islet survival in vivo after transplantation. This study was supported by NIH 5R01DK080784. 

 
Fig. 1 Left: in vivo MR imaging of transplanted islets under the kidney capsule (arrow); right: in vivo near infrared optical imaging of the kidney graft 

(bright spot). 
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Target-Specific Near Infrared Photoimmunotherapy (PIT) — Detection, Treatment, and 
Monitoring of Tumors with a Theranostic Fluorescent Probe 
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Targeted molecular therapies of cancer offer the possibility of effective tumor control with a minimum of side effects. However, to date 
this strategy has had modest results for most tumors. Antibody based therapies have been among the more successful molecular 
approaches. The concept of using the antibody as a vector for additional therapy has been attempted with toxins and radioisotopes with 
mixed results. Herein we describe an antibody conjugate with a phototoxic near infrared (NIR) phthalocyanine dye, IR700, which can be 
used as an optical imaging agent at low doses of light but becomes a photoimmunotherapeutic at higher doses of light. In this study, we 
tested the efficacy of repeated photoimmunotherapy (PIT) using an EGFR antbody-IR700 conjugate in a xenograft tumor model. For in 
vitro PIT, EGFR (HER1) expressing A431 cells were incubated with panitumumab-IR700 conjugates (Pan-IR700) which were then 
irradiated with NIR light. For in vivo PIT, A431 xenograft tumor bearing mice were prepared and injected with 100 μg of Pan-IR700 
every week. Mice were then treated with NIR light on day one (50 J cm-2) and day 2 (100 J cm-2) after Pan-IR700 injection which was 
administered every week for up to 4 weeks. NIR fluorescence images were obtained in each mouse and the effect of the PIT was 
analyzed. Pan-IR700 demonstrated specific binding to target receptors on the cell membrane, which was followed by gradual 
internalization into endolysosomal compartments. Pan-IR700 bound target-specific cell death could be induced only in Pan-IR700 
binding cancer cells immediately after exposure to NIR light. In vitro microscopy demonstrated that NIR exposure resulted in cellular 
swelling, bleb formation, and rupture of vesicles indicating necrotic cell death. No phototoxicity was observed in HER1 negative 
Balb3T3 cells, even when Pan-IR700 was not removed from the medium. HER1 target-specific accumulation of Pan-IR700 was 
observed in mouse xenograft tumors by fluorescence imaging. Repeated administration of Pan-IR700 followed by repeated irradiation 
with NIR light resulted in effective tumor eradication and prolonged survival compared to control mice (no treatment or treated with Pan-
IR700 without NIR light) with no significant side effects. IR700 fluorescence from the conjugate allowed for image guidance of light 
delivery as well as monitoring of PIT. In conclusion, Pan-IR700 mediated PIT was effective, only when the antibody conjugates were 
bound to the cell membrane, but showed no phototoxicity when they were not bound. Target selective PIT enables selective treatment 
of cancer with no apparent side effects even with multiple administrations of Pan-IR700 and NIR light irradiation. PIT using monoclonal 
antibody-IR700 conjugate is a promising theranostic for highly selective treatment of cancers. 
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Making the clinical translation with hybrid nanoparticles for surgical guidance 
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Introduction: Integration of molecular imaging and in particular intraoperative image guidance is expected to improve surgical accuracy. 
Challenging herein, is bridging the gap between pre- and intra-operative diagnostics. To facilitate this, we have introduced the use of 
hybrid imaging agents that have a radioactive “antenna” to enable preoperative 3D diagnostics and a fluorescent “beacon” to provide 
surgical guidance.(1,2) To show the applicability of combining pre- and intra-operative imaging using an integrated diagnostic approach, 
the first proof of principle studies have been performed in sentinel lymph node (SLN) imaging procedures. Based on initial preclinical 
data (3,4) the hybrid nanoparticle ICG-99mTc-Nanocoll, which is formed via the self-assembly of ICG and 99mTc-NanoColl, was 
introduced to the clinic. Methods: Up to 24h prior to surgery ICG-99mTc-Nanocoll can be injected into the tumor lesion. Subsequent 
lymphoscintigraphy and SPECT/CT imaging of pelvic nodes can then be performed to determine the anatomical location of the SLNs 
and plan the surgical procedure. During surgery e.g. a Storz fluorescence laparoscope, optimized for detection in the NIR-range, or a 
Hamamatsu camera for open surgery can be used to visualize the nodes identified on SPECT/CT. This approach was used in 20 
patients scheduled for robot-assisted laparoscopic prostatectomy (RALP),(5) 10 patients with a melanoma in the head and neck region 
and 10 patients with penile cancer. Results: Preoperatively, SLNs could be accurately identified by lymphoscintigraphy and SPECT/CT 
and the multimodal nature of the imaging agent also enabled sensitive intraoperative detection via the fluorescence “beacon”. 
Fluorescence particularly improved surgical guidance in areas with a high radioactive background signal such as the injection site. 
Because fluorescence detection is severely limited by tissue attenuation of the signal, we found initial radioguidance prior to 
fluorescence guidance is still desirable in complex areas. Conclusions: Initial data indicate that the hybrid nanoparticle ICG-99mTc-
Nanocolloid, in combination with a surgical fluorescence camera, can be used to optimize SLNs dissection for different tumor sites. 
These studies highlight the clinical potential of using hybrid tracers for surgical guidance. Currently efforts are ongoing to use targeted 
hybrid tracers for tumor specific guidance. (6,7) 
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Development of NIR Nerve-Specific Fluorophores for Image-Guided Surgery 
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Nerve damage is the major morbidity associated with numerous surgical procedures. Although human nerve anatomy is well known, 
performing surgery that spares critical nervous structures remains challenging even for experienced clinicians, due to patient-to-patient 
variability and the difficulty of nerve visualization. A nerve-specific fluorescent contrast agent, especially one with near-infrared (NIR) 
absorption and emission wavelengths, would be of immediate benefit for patients and surgeons for image-guidance during various 
surgical procedures. Only 3 classes of molecules have been shown to cross the blood brain barrier (BBB) and blood nerve barrier 
(BNB) following systemic administration and bind specifically to nerve tissues including the stilbene derivatives, the distyrylbenzene 
(DSB) fluorophores, and the styryl pyridinium (FM) fluorophores. Currently, no fluorophore in these 3 classes of molecules absorbs or 
emits in the NIR. The pharmacophore of the DSB class of fluorophores is an attractive backbone structure for further study because 
following systemic administration, current molecules highlight all nerve and brain tissue. The focus of the present study is on synthesis 
of derivatives of the DSB fluorophores, which currently have ultraviolet excitation and green to orange emission wavelengths. 
Derivatives were modeled after the 3 previously characterized DSB fluorophores that showed nerve-specific fluorescence following 
systemic administration in mice, rats, and pigs. Derivatives of the DSB class of fluorophores were synthesized using combinatorial solid 
phase synthesis. Following synthesis of more than 200 DSB derivatives, the molecules were screened for maximum absorption and 
emission wavelengths, ex vivo nerve specific binding, and in vivo performance. Although none of the currently synthesized DSB 
derivatives are the perfect nerve-specific agent for image-guided surgery, the structure activity relationship of the DSB pharmacophore 
was elucidated, directing future synthesis efforts. 
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Selective factor XIIa inhibition attenuates silent brain ischemia 
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Objective - Silent brain ischemia (SBI) can be observed in up to 45% of patients who undergo invasive vascular procedures. Unlike 
acute stroke, the diffuse nature of SBI and its less tangible clinical symptoms make this disease difficult to diagnose and treat. Hence, 
there is a need to better understand the pathophysiology of SBI to a) improve its detection and b) explore therapeutic targets. Methods 
and Results - Here we use a murine model of SBI induced by injection of 500 microbeads of 43 µm diameter or 10 µL of fluorescently 
labeled fractionated clot (~10 µm size). Using sensitive molecular imaging, we found abnormal activation of the coagulation cascade 
(SPECT-CT of factor XIII activity) and inflammation (T1 weighted MRI of myeloperoxidase activity) close to where emboli lodge in the 
brain. Injection of microbeads induced more MPO activity when compared to thromboemboli (contrast-to-noise-ratio, CNR, microbeads: 
36 ± 1, thromboemboli: 23 ± 2, p<0.05) and larger lesions (number of MPO-Gd+ voxels in the brain, microbeads: 3162 ± 1435, 
thromboemboli: 548 ± 207; p = 0.05). A recombinant selective factor XIIa inhibitor derived from the hematophagous insect Triatoma 
infestans (rHA-Infestin-4) significantly reduced ischemic damage (54-66% reduction of TTC-negative area, p<0.05) and pathological 
coagulation (35-39% reduction of FXIII activity, p<0.05) without increasing hemorrhagic frequency. Ex vivo imaging and histopathology 
confirmed the in vivo data. Conclusion - Focal intracerebral clotting and inflammatory activity are part of the pathophysiology underlying 
SBI, and can be detected by SPECT-CT imaging of blood coagulation factor XII activity, as well as MPO-activated Gd compounds on 
MRI. Inhibiting factor XIIa with rHA-Infestin-4 may present a safe and effective treatment to decrease the morbidity from SBI. 
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atherosclerotic mouse model by USPIO-VCAM-1 particles 
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Background:This project elucidates the ability of the newly developed P3011 contrast agent in investigating the role of the VCAM-1 
adhesion molecule in early and advanced atherosclerotic lesions. Specifically, the goal is to image the inflammatory peak of 
atherosclerosis using iron oxide particles (USPIO) linked with peptide against the VCAM-1 adhesion molecule via ultra high magnetic 
field and with application of an emerging technology of high resolution imaging based on SECARS microscopy. Materials and 
methods:The experiments were performed on female ApoE knockout mice and C57BL/6 control mice aged 12 (n=4) and 30 weeks 
(n=6). ApoE knockout mice received western diet for 8 or 26 weeks. Each group of animals received 600 μmol iron/kg body weight of 
P3011 (USPIO from Guerbet Research, France) by intravenous injection. In vivo MRI was performed 24 hours post contrast agent 
application on a 17.6 T vertical bore MR system. T2*-weighted images of the aorta and aortic arch were acquired in axial slice 
orientation using an ECG-triggered FLASH sequence with an image resolution of 98 μm x 98 μm with a 30 x 30 mm2 transverse field-
of-view, and a slice thickness of 0.5 mm. After the in vivo MRI measurements, the animals were sacrificed and aortic arch sections 
were prepared for additional ex vivo T2-weighted MR experiments of the aorta and histologic examinations, including immuno-staining 
for macrophages (CD 68), endothelial cells (CD 31), and VCAM-1 (CD 106). In vitro SECARS microscopic measurements were 
performed on P3011 contrast treated tissue sections taken from the ascending parts of the aorta. Results:ApoE knockout mice aged 30 
weeks injected with P3011 showed a marked 4-fold increase in susceptibility contrast in specific pathological regions known to be 
infiltrated by monocytes/macrophages and endothelial cells within atherosclerotic lesions. According to results from MRI and SECARS 
microscopy, and in compared with the results from immunohistochemistry, the observed local signal loss indicated high endothelial iron 
deposition, correlated with the high VCAM expression within the atherosclerotic plaque, which could be demonstrated as well by a 
significant local T2*-weighted signal attenuation. Furthermore, additional ex vivo MR measurements of the aorta confirmed the 
association of P3011 within the VCAM expressed cells. In contrast, ApoE knockout mice aged 12 weeks demonstrated only slight 
deposition of the USPIO-VCAM contrast agent within the endothelium. Moreover, no iron deposition was seen in aortas of the C57BL/6 
control mice. Conclusion:The present study enables the non-invasive assessment of the early and advanced plaque formation within 
chronic inflammatory processes of atherosclerosis in mice. Furthermore, P3011 provides detailed information about immune cell 
recruitment and activation via imaging of VCAM molecules in the advanced lesions. Future applications of the USPIO-VCAM-1 (P3011) 
contrast agent have the potential to gain new insights on atherosclerotic inflammation processes and plaques formation in patients and 
become a particularly suitable MRI tool for the assessment of plaque prevalence and growth. 
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Imaging heme catabolism in anthrax using the IFP1.4 gene reporter and in vivo fluorescence 
imaging 
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B. anthracis is a gram-positive, spore-forming bacterium that satisfies its iron needs during infection by sequestering heme-iron from 
host hemoglobin. To image B. anthracis heme transport and subsequent catabolism both in vitro and in vivo, we expressed in this 
pathogen a red excitable fluorescent protein, infrared fluorescent protein (IFP1.4 [1]), that requires the heme catabolism product 
biliverdin for fluorescence at 708 nm in response to 685 nm excitation. Given the endogenous autofluorescence associated with 
excitation and the small Stoke’s shift of IFP1.4 fluorescence, optimization of small animal instrumentation is paramount for in vivo 
imaging and tomography. In this project, we have optimized small animal, planar fluorescence imaging instrumentation based upon the 
measured excitation and emission spectra of IFP1.4 in the presence of biliverdin. Specifically, we employ optically filtered, diffused and 
broadened 690 nm laser diode illumination of tissue surfaces. Collected fluorescent signals are filtered using two band pass filters 
separated by a Nikon focus lens to increase the optical density at the excitation wavelength in order to reduce the excitation light 
leakage. The filtered fluorescence signals were recorded with an EMCCD camera and were assessed above the noise threshold set by 
measured excitation light leakage. To observe the utility of IFP as a biosensor of heme catabolism, E coli and B. anthracis expressing 
IFP were exposed to heme and fluorescence measured versus control (no IFP) cells using an Odyssey (Li-CoR) imager. Heme-
dependent activation in both cell types was observed but not in the control, suggesting IFP can be used to sense heme breakdown in 
bacterial cells. Images of DBA/J2 mice infected with B. anthracis bacteria expressing IFP1.4 and administered with 250 uL of 1mM 
biliverdin (i.v.) demonstrated distinct activation of IFP at the site of infection and in mouse tissues, both of which correlated with 
bacterial burden. The work demonstrates the use of IFP1.4 as a reporter of bacterial utilization of host heme and may provide an 
important tool for understanding the pathogenesis of bacterial infection and developing new anti-bacterial therapeutics. Supported by 
R21 AI088329-01 (Maresso) and U54 CA136404-03 (Sevick) [1] Shu, X., Royant, A., Lin, M.Z., Aguilera T. A., Lev-Ram, V., Steinbach, 
P. A., and Tsien, R. Y. “Mammalian Expression of Infrared Fluorescent Proteins Engineered from a Bacterial Phytochrome”, Science, 
Vol. 234:804-807, 2009. 
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In vivo Optical Imaging measurements explored high Cathepsin B activity in inflamed tissues 
and corresponding draining lymph nodes during the effector phase of acute and chronic 

cutaneous delayed-type hypersensitivity reactions 
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Proteases have important functions in critical steps of inflammatory processes. Cathepsin (Cath) B, a cysteine protease, is involved in 
intracellular MHCII-processing and in remodelling the extracellular matrix. Our aim was to study the quite unknown role of proteases, 
especially Cath B, in the effector phase of acute and chronic cutaneous delayed-type hypersensitivity reactions (DTHR) non-invasively 
by in vivo optical imaging (OI) and protease activatable probes. Mice were sensitized at the abdomen using the hapten TNCB and 
challenged at the right ear seven days later to elicit acute cutaneous DTHR and repetitively challenged every two days for up to five 
times to induce chronic cutaneous DTHR. Ear swelling responses were measured 12-24h after TNCB-challenge. We injected protease 
activatable probes 12h after ear challenge and performed in vivo and ex vivo OI investigations 24h later. We used ProSense680, 
activatable by several proteases, such as Cath B, L, S and CatB 680, an almost exclusively Cath B activatable probe. Additionally we 
investigated ears and lymph nodes (LN) ex vivo for active Cath B using an activity-based probe, which is an analogue of the E-64 broad 
spectrum inhibitor of cysteine Cath. As the p38-MAPkinase (MAPk) pathway can induce Cath we topically applied LN950, a selective 
MAPk inhibitor, or sham-treatment every 24h at the right ears starting three days prior the first challenge and performed CatB 680-OI 
measurements. We first analyzed proteases activity in chronic DTHR. ProSense680 signal intensity after the 5th Challenge was 4.0 fold 
higher in the inflamed right ears compared to the untreated left ears. As a control we injected ProSense680-control, a non-activatable 
probe and detected almost no signal. To further focus specifically on Cath B we injected CatB 680 into littermates 12h after the first, 
third and 5th TNCB-challenge and detected signal intensity 24h later. After the first TNCB-challenge CatB 680 signal intensity was 2.4 
fold higher, 4.0 fold higher after the 3th, and 6.2 fold higher after the 5th TNCB-challenge compared to the untreated control ears. CatB 
680 OI analysis displayed strong signal intensity exclusively in TNCB-challenged ears, in their draining cervical LN, and in some mice 
additionally in the axillary right LN while we detected a weak signal in the thymus and no signal in the spleen. Ex vivo analysis of ears 
and cervical LN using activity-based probes confirmed an up regulation of active Cath B during acute and chronic DTHR. The selective 
MAPk inhibitor LN950 significantly reduced ear swelling responses 12h after the first TNCB-challenge. As a consequence of LN950 
treatment we measured a reduced CatB 680 signal intensity in the draining cervical LN, only a slight decrease in TNCB-challenged ears 
and no differences in the thymus. Active-site-labelling confirmed a reduced Cath B expression in TNCB-challenged ears as well as in 
the draining cervical LN by LN950 treatment. Proteases, especially Cath B, are highly active in acute and chronic DTHR. Targeting p38-
MAPkinase is a powerful tool to protect from the detrimental effects of Cath activity in acute DTHR. 

Disclosure of author financial interest or relationships: 
J. Schwenck, None; K. Fuchs, None; A. Maurer, None; C.M. Griessinger, None; D. Bukala, None; H. Kalbacher, None; S. Laufer, 
None; B.J. Pichler, Siemens, Grant/research support; Bayer Pharma, Grant/research support; AstraZeneca Pharma, Grant/research 
support; Boehringer-Ingelheim Pharma, Grant/research support; Merck, Grant/research support; GE, Grant/research support; M. 
Kneilling, None. 

  

Proceedings of the 2011 World Molecular Imaging CongressS864



Presentation Number T103 
Scientific Session 9: Infection and Inflammation 

September 8, 2011 / 14:00-14:15 / Room: 32 

In vivo PET imaging of Bradykinin Receptor 1 (B1R) expression in a mouse model of chronic 
inflammation 
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Birgit Jung2, Manfred Kneilling3, Bernd J. Pichler1, 1Department of Preclinical Imaging and Radiopharmacy, Eberhard Karls Univsersity 
Tuebingen, Germany, Laboratory for Preclinical Imaging and Imaging Technology of the Werner Siemens-Foundation, Tuebingen, 
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Kinins are low-molecular-weight peptides that play important roles in inflammation and pain. Two G-protein-coupled kinin receptors are 
known, the B1R and the B2R. The B2R is constitutively expressed and essential in acute inflammatory responses. In contrast, the B1R 
is specifically upregulated on site of chronic inflammation but is not expressed in healthy tissues (1). PET imaging is a valuable tool to 
study receptor expression in rodents. The aim of our studies was to investigate the specific binding of a newly developed 11C-labeled 
sulphonamide radioligand which binds to the B1R at sites of chronic inflammation. We used a mouse model of acute and chronic 
cutaneous delayed type hypersensitivity reaction (DTHR) and performed PET studies to estimate the specific and non-specific binding 
of the 11C-labled B1R ligand. In addition we performed blocking studies with unlabelled ligand and used ex vivo autoradiography (AR) 
to cross validate the PET data. Mice were sensitized at the abdomen and challenged seven days later at the right ear with 1% 
trinitrochlorobenzene (TNCB) to induce acute DTHR. Chronic DTHR was induced by repetitive TNCB-challenges every two days for 
five times. We injected 539.3±48.8 MBq/kg of the 11C-labelled compound i.v., 12h after the 1st or the 5th ear challenge, respectively, 
and performed 90min dynamic PET scans under temperature controlled conditions. We could detect any specific binding of the 11C-
labeled sulphonamide in chronic but not in acute DTHR. For the PET scans, specific activity (SA) of our B1R tracer was 196.2±53.1 
GBq/µmol. In blocking experiments, where the non- labeled ligand was given i.v., 60s prior to the [11C]-labeled compound the SA was 
reduced to 0.04±0.03GBq/µmol. We generated time activity curves (TAC) in the right challenged and the left unchallenged ear and 
calculated the distribution volume ratio (DVR) from the last 20min of TAC at equilibrium conditions in normal und blocking experiments. 
The DVR between inflamed and healthy tissue was 2.0±0.3 (n=8) in unblocked studies and 1.5±0.6 (n=6) in blocking experiments, 
demonstrating a significant reduction (p=0.04) of the radioligand binding. We further found high non-displaceable binding in both, 
healthy and unhealthy tissue. In conclusion, we were able to show specific binding of the new developed radioligand to the B1R making 
it a valuable tool to monitor B1R expression in chronic diseases and to differentiate between acute and chronic inflammation. To our 
knowledge this is the first report about a B1R specific tracer. 
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In vivo MRI of immune rejection in pancreatic islet transplantation 
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OBJECTIVE— Islet transplantation has the potential to cure type 1 diabetes mellitus (T1DM). Despite the early success of the 
Edmonton Protocol, most patients ultimately resumed insulin therapy likely due to graft loss from immune rejection or autoimmune 
recurrence. Therefore, a reliable noninvasive real-time monitoring approach is critically needed to allow therapeutic intervention. 
Microvascular dysfunction in endogenous islets has been previously established and serves as one of the early signs of immune 
rejection. We hypothesized that alterations in vascular permeability of exogenous transplanted islets could allow for the detection of 
early immune injury of the grafts, visualized by MRI using a long circulating paramagnetic contrast agent. We expect that vascular 
leakage would cause the agent to accumulate in the sites of inflammation characterized by vascular disruption. RESEARCH DESIGN 
AND METHODS—We utilized protected graft copolymer (PGC) covalently linked to gadolinium-diethylenetriaminepentaacetic acid 
residues (GdDTPAs) labeled with fluorescein isothiocyanate (PGC-GdDTPA-F, [1]), for the noninvasive semi-quantitative evaluation of 
microvascular changes in islet grafts during immune rejection. Human islets were transplanted under the kidney capsule in NOD.SCID 
mice. After the establishment of the graft (3-4 wks) splenocytes from NOD were adoptively transferred. Animals that did not receive 
splenocyte injections served as controls. In vivo MRI was performed before and 7 days post adoptive transfer, after intravenous 
injection of PGC-GdDTPA-F, using a 9.4T scanner. The T1 relaxation times of the graft were determined by T1 map analysis. 
Fluorescence microscopy of excised islet grafts was performed to corroborate the imaging data. RESULTS— In vivo MRI demonstrated 
a significantly greater accumulation of PGC-GdDTPA-F in the graft area after adoptive transfer compared to the same area before the 
transfer (Fig.1 left). The T1 relaxation times of the contrast-enhanced graft area on 7th day after the transfer were significantly lower 
than before the transfer. Ex vivo histology confirmed considerable leakage of the contrast agent into the islet interstitium and revealed 
the infiltration of the transferred T cells within the graft (Fig. 1 right). By contrast, in control animals (no adoptive transfer), PGC-
GdDTPA-F was mainly restricted to the kidney vasculature at the islet graft periphery. CONCLUSIONS— Our data show that MRI 
allows for the in vivo semi-quantitative assessment of vascular permeability of the graft and direct visualization of the differential 
distribution of PGC-GdDTPA-F in the grafts of transplanted animals. We believe that this real time monitoring has the potential for 
tailoring immunosuppression intervention according to the risk of immune events. Consequently, it could also significantly aid in clinical 
assessment of graft success, potentially resulting in higher rates and greater durability of insulin independence in TIDM patients. This 
study was supported by RO1DK080784. [1] Bogdanov A et al, Radiology, 1993, 187:701. 

 
Fig. 1. Left: T1W MR images showing vascular leakage in the graft area after adoptive transfer of T cells. Right: fluorescence microscopy confirming the 

presence of leaked PGC-GdDTPA-F (green) in the islet graft (insulin, red). Blue - DAPI nuclear stain, magnification bar = 150 µm. 
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In vivo Fluorescence Lifetime Tomography of a FRET Probe Expressed in Mouse 
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Introduction:The combination of genetically encoded fluorescent proteins and Förster Resonance Energy Transfer (FRET) has 
become an important tool for reading out cell signaling processes.To date,such readouts have been largely confined to fluorescence 
microscopy of cells in culture. The logical progression is to translate the available arsenal of FRET probes to small animal imaging 
where the in vivo physiological context is important.FRET occurs when a donor fluorophore transfers energy to an acceptor fluorophore 
in close proximity by non-radiative dipole-dipole coupling.This can be read out via the reduced donor fluorescence lifetime. Applying 
lifetime measurements(FLIM)to whole animal imaging would allow non-invasive monitoring of molecular interactions in vivo. 
However,the ability to localise and reconstruct a FRET interaction in turbid media is currently limited by the diffusive nature of light 
transport and its absorption in biological tissue.Aim:Tomographically reconstruct and discriminate an in vivo FRET interaction using 
FLIM.Methods:Plasmid encoding GCLink, a FRET construct in which eGFP (donor) is coupled to mCherry (acceptor), was 
electroporated into the hind leg of mice. This procedure primarily targeted the tibialis anterior (TA) muscle. Control mice were 
electroporated with plasmids separately encoding eGFP and mCherry to co-express the free donor and acceptor fluorophores in a non-
FRET context. At the peak of protein expression (5 or 6 days post electroporation) mice were anaesthetized and positioned on a 
rotating imaging platform such that their legs could be imaged in transmission geometry. A series of wide-field time-gated images was 
acquired at 12 angular orientations over a full 360°. Transmitted excitation light and the emitted fluorescence were imaged onto a time-
gated optical intensifier and sequentially read out using a CCD camera. Tomographic image reconstruction was based on the principle 
of implementing a numerical model of diffuse light propagation and fitting this model to the measured data. The 3D fluorescence lifetime 
and quantum yield distributions were so obtained.Results:Fluorescent lifetimes were reconstructed from five mice, three expressing 
GCLink and two co-expressing eGFP and mCherry. Mice expressing the FRET construct, GCLink, produced a mean eGFP lifetime of 
1.3 ± ~ 0.2 ns whilst the mean lifetime in the co-expressing mice was 2.2 ± ~0.2 ns. The donor eGFP in GCLink thus exhibits a 
consistently lower mean fluorescence lifetime compared to free eGFP co-expressed with mCherry. This expected reduction of eGFP 
donor lifetime in a FRET context correlates with cuvette measurements of the same fluorophores in solution, validating the 
reconstruction methodology. The localization of reconstructed fluorescence distributions in the leg was verified by aligning with an MRI 
reconstruction of each leg acquired post mortem.Conclusions:We report here the first 3D mapping of FRET of genetically expressed 
fluorescent proteins read out in live mice using FLIM. This provides a key advance towards the practical application of FLIM FRET to 
non-invasively read out molecular interactions in vivo for translational studies. 
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Objectives: Trastuzumab is a monoclonal antibody targeting HER2 that has demonstrated a strong survival benefit for women with 
HER2−positive early and metastatic breast cancer [1]. However, resistance to trastuzumab in some patients [2] has prompted 
investigations into combination therapy with anti−VEGF to improve efficacy [3]. Previous studies have suggested that anti-VEGF 
treatment may reduce vascular density, relative blood flow and blood volume [4]. Therefore, we aimed to better understand the 
relationship between tumor growth inhibition and antibody disposition in the presence of anti−VEGF therapy using a cross-species 
anti−VEGF antibody (B20−4.1) and KPL−4 xenograft bearing mice. Methods: Female SCID mice were inoculated with HER2−positive 
KPL−4 tumor cells; xenografts reached a volume of 303-354 mm3. Radiolabeling involved incubation of 111InCl3 and DOTA−mAb in 0.3 
M ammonium acetate pH 7 at 37 °C for 1 hour. Purification was achieved using NAP5 columns equilibrated in PBS and confirmed by 
size-exclusion radiochromatography. Final tracer specific activity was 1.16 MBq/μg; cold trastuzumab was co-injected in certain mice. 
Selected mice received B20−4.1 (10 mg/kg) at 24 hours before radiotracer, based on previously reported xenograft growth inhibition 
activity [3]. All mice received 13.8−15.3 MBq 111In-DOTA−trastuzumab. SPECT−CT imaging was performed using modifications of 
reported methods [5]. SPECT data was acquired in two 20% windows centered at 173 and 247 keV 111In photopeaks using dual high 
resolution 5−pinhole collimators at a 5.5 cm radius of rotation. Terminal tissue harvest was also performed after imaging at 3 days post 
tracer injection. Results: SPECT−CT showed dramatic reduction in tumor accumulation of 111In-trastuzumab in mice receiving B20−4.1 
(Figure 1). Anti−VEGF pretreatment reduced tumor:heart ratios at 72 hours post−dose from 3.8 to 1.3 and 1.8 to 0.6 in mice receiving 
tracer only and 10 mg/kg, respectively. These findings were consisted with gamma counting of harvested tissues after imaging, with 
reductions in tumor:blood ratios from 3.3 to 1.5 and from 2.2 to 1.8 in the same mice. Conclusions: Tumor uptake of 111In−trastuzumab 
was reduced by roughly half after anti−VEGF treatment. This observation is consistent with a reduction in vascular permeability to 
macromolecules, suggesting that the synergistic effects observed in combination therapy do not result from increased exposure of 
tumors to trastuzumab. These findings may ultimately help inform dosing strategies to investigate the possible benefits of anti-
VEGF/anti−HER2 combination therapy. References: [1] Romond et al, (2005), N Engl J Med, 353, 1673-84; [2] Damiano et al, (2009), 
Clin Cancer Res, 15, 6921-6930; [3] Bostrom et al, (2009), Science 323, 1610-14; [4] O'Connor et al. (2009),Clin Cancer Res 15: 6674-
6682; [5] Boswell et al, (2010), Mol Pharm, 7:5, 1848-1857. 

 
 

Figure 1. SPECT-CT images of 111In−DOTA−trastuzumab in mice bearing KPL−4 breast tumor tissue xenografts at 72 hours post-injection. Mice 
received tracer only (A, B), or tracer + 10 mg/kg unlabeled trastuzumab (C, D). Selected mice received a single dose of B20−4.1 at 24 h prior to tracer 

(B, D). 
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Background: The gastrointestinal tract has various controlled motions to appropriately mix and propel its contents as an essential part 
of digestion and absorption. Normal intestinal motility can be influenced by pathological conditions including irritable bowel syndrome, 
inflammatory bowel disease, and chronic intestinal pseudo-obstruction. Different patterns of intestinal motions, such as peristaltic and 
segmental, have been described previously using the isolated segments of rat, guinea-pig, and mouse intestines by measuring 
electrical signals with or without video imaging for construction of spatio-temporal maps of changes in diameter. While several murine 
animal models have been developed to study gut motility and how it may be impacted by potential pharmacological agents, there 
remains a need to develop better non-invasive and long-term assessment tools of intestinal motility. After intravenous (i.v.) 
administration, indocyanine green (ICG) is known to be selectively secreted into bile from the liver via the biliary tracts, enabling 
fluorescent delineation of the intestines. In addition, ICG is a near-infrared (NIR) excitable fluorophore, capable of providing exogenous 
contrast for rapid in vivo NIR fluorescence imaging. In this study, we imaged for the first time, the intestinal motility using dynamic NIR 
fluorescence imaging after injection of ICG. Methods: C57BL6 and nude mice were dynamically imaged immediately before and up to 
24 hrs after i.v. or intradermal (i.d.) injection of 50 ul or 10 ul of ICG, respectively. Regions of interest (ROIs) of equivalent areas were 
selected along the length of the fluorescent intestine. The three-dimensional plot of fluorescent intensity as a function of time and length 
of the intestines was generated and used as a spatio-temporal map to assess the propagation velocity and the frequency of the 
propagation along the intestine. The packet of fluorescent contents was represented by the peak in fluorescence intensity which 
propagates along the intestine with time. Two ROIs were identified, from which the distance and time information was extracted to 
measure the propagation velocity. Results: The secretion of ICG-laden fluorescent bile into the duodenum was observed in vivo and 
confirmed in situ. Different patterns of the intestinal motility, such as peristaltic and segmental motions, were dynamically imaged in 
vivo. The maximum intensity signified “waves” of ICG transit, demonstrating the aboral propagation of the contractile wave along the 
small intestine at the propagation velocity of 2.04 ± 1.15 cm/s and 27 cycles/min as shown in the data from an example mouse depicted 
in Figure 1. The frequency of peristalsis and propagation velocity in the duodenum was 35 cycles/min and 0.82 ± 0.5 cm/s, respectively. 
In addition, non-invasive dynamic imaging showed peristaltic waves in the cecum at the frequency of 0.52 cycles/min and at the 
propagation velocity of 0.34 ± 0.06 cm/s. Conclusions: Dynamic NIR fluorescence imaging with injection of ICG can provide a method 
for diagnostic motility testing for intestinal motility disorders or dysfunction and for potential evaluation of therapeutic agents. 

 

 
Figure 1. (A) Overlay of white light and fluorescent images 30 min, 1 hr, 3 hr, 5 hr, and 24 hr after i.d. and i.v. injection of ICG, showing GI transit of ICG. 
(B) Fluorescent image showing the placement of 76 ROIs on the fluorescent small intestine. (C, D) Fluorescent intensity map as a function of time and 

the length of the intestine, demonstrating aborally propagating peristaltic waves (C; solid arrows) and segmental contractions (D). 

Disclosure of author financial interest or relationships: 
S. Kwon, None; E. Sevick, Tactile, Inc., Other financial or material support . 

  

Proceedings of the 2011 World Molecular Imaging Congress S869



Presentation Number T108 
Scientific Session 10: In Vivo Translational Molecular Imaging 

September 8, 2011 / 13:45-14:00 / Room: 31 

Functional lymphatic imaging in mice and rats fed a high salt diet 

Sunkuk Kwon, Germaine D. Agollah, Holly Robinson, Karen M. Gore, Eva Sevick, IMM, UTHSC-H, Houston, TX, USA. Contact e-mail: 
sunkuk.kwon@uth.tmc.edu 

Background: Hypertension is a major and prevalent risk factor for cardiovascular disease that in most people can be controlled through 
exercise, diet, and therapeutics. Although a high salt diet (HSD) is implicated as a key contributing factor, the precise mechanism for 
salt-sensitive hypertension is not well known. A recent study showed that mice and rats fed a HSD exhibited interstitial hypertonic 
sodium ion (Na+) accumulation in skin which provoked a tissue-specific regulatory cascade, resulting in the macrophage release of 
vascular endothelial growth factor (VEGF)-C, the major lymphangiogenic factor. Evidence suggests that macrophage-secreted VEGF-C 
resulted in hyperplasia of the lymphatic capillary network and subsequently resolved salt-sensitive hypertension due potentially to 
increased lymphatic transport. We hypothesize that unique, dynamic contractile function characteristic to collecting lymphatic vessels 
may be critical to lymphatic transport of interstitial fluid. Previously, we first imaged lymphatic contractile function in normal and tumor-
bearing mice and transgenic mice with lymphatic disorders using non-invasive dynamic near-infrared fluorescence (NIRF) imaging with 
intradermal (i.d.) injection of indocyanine green (ICG). In this study, we imaged lymphatic contractile function in mice and rats fed a 
HSD to assess lymphatic contractility in governing lymph flow in response to HSD. Methods: FVB mice and Sprague Dawley rats were 
fed ad libitum a HSD diet (4 % NaCl for mice and 8 % NaCl for rats) and 1 % saline for 2 weeks. Functional and architectural changes 
of lymphatics were longitudinally monitored immediately after i.d. injection of ICG to the base of each mouse and rat tail and for up to 20 
mins every three to four days for 2 weeks. Blood pressure was monitored longitudinally in rats and correlated with in vivo fluorescence 
imaging data. For quantification of imaging data, fixed regions of interest (ROIs) of equivalent areas were selected along the length of 
the fluorescent lymphatic vessels. The three-dimensional plot of fluorescent intensity as a function of time and length of the lymphatic 
vessels was generated and used as a spatio-temporal map to assess the propagation velocity or the frequency of the propagation 
along the lymphatic vessels. Results: For the first time, we demonstrated non-invasive real-time NIRF imaging of propulsive lymph flow 
in rats after i.d. injection of ICG. The lymphatic drainage pathways were similar to that observed in mice after i.d. injection to the base of 
the tail. Longitudinal NIRF imaging data showed a significantly increase in the number of lymphatic contractions in mice and rats fed a 
HSD as compared to baseline and to that in control animals. HSD feeding in rats also increased blood pressure. Conclusions: Our 
study successfully demonstrated the ability to non-invasively and quantitatively image propulsive lymph flow in hypertensive animals, 
which could provide a new method to investigate lymphatic function and its change in response to potential therapeutics. 

Disclosure of author financial interest or relationships: 
S. Kwon, None; G.D. Agollah, None; H. Robinson, None; K.M. Gore, None; E. Sevick, Tactile, Inc., Other financial or material 
support . 

  

Proceedings of the 2011 World Molecular Imaging CongressS870



Presentation Number T109 
Scientific Session 10: In Vivo Translational Molecular Imaging 

September 8, 2011 / 14:00-14:15 / Room: 31 

11C-MeAIB as a PET tracer tool for in vivo measurements of skeletal muscle protein synthesis 

Didier Laurent1, Orjan Lindhe3, Veronika Asplund3, Miljen Martic1, Gunnar Antoni2, 1Clinical Imaging, Novartis Institutes of Biomedical 
Research, Basel, Switzerland; 2Uppsala University Hospital, Uppsala, Sweden; 3PET Centre, GE Healthcare, Uppsala, Sweden. 
Contact e-mail: didier.laurent@novartis.com 

Alteration of muscle protein turnover is often associated with muscle wasting conditions. A PET tracer for measuring protein synthesis 
rate (PSR) in skeletal muscle would provide a more sensitive biomarker for muscle anabolic drug candidates than current methods 
using continuous infusion of one or more labeled amino acids. [11C]MeAIB, an amino acid analogue already in the clinic, shows 
promises as a PET tracer to non-invasively determine regional PSR. However, since it is not metabolized in the tissue, to which extent 
the uptake rate of this tracer is a good measure of PSR still remains to be determined. In this study, we sought to validate [11C]-MeAIB 
uptake and imaging as a PSR marker against a biochemical method. Rats were treated s.c. with formoterol at 0.03 mg/kg for 3 or 14 
days to induce muscle hypertrophy and compared to control rats (n=4/group). For the dynamic PET imaging session, rats were 
anesthetized with profofol and received a mixture of [11C]MeAIB and [14C]phenylalanine. Rats were sacrificed after 1-hour PET 
scanning and their thigh excised to measure [14C]phenylalanine incorporation in the muscle protein pool. PSR was calculated from the 
specific radioactivity measured in the thigh and the uptake time, and was corrected for protein concentration. For the PET method, 
Patlak analysis was used to calculate the accumulation rate constant (Kacc h-1) based on radioactivity levels in the thigh and vena 
cava. The blood input function was similar for the four groups tested. Analysis of PET images showed uptake of [11C]MeAIB in thigh 
muscles of all rats. The linear uptake observed between 10 and 60 min post-administration indicated metabolic trapping of [11C]MeAIB. 
As expected 14-day treatment with formoterol resulted in ~20% increase (p<0.01) in muscle protein content as compared to 14 days 
saline treatment, whereas no difference was observed after only three days of treatment. However, while [11C]MeAIB-derived PSR 
values were >50% faster after 3 days on formoterol treatment (Kacc: 619±299 vs 402±142 hr-1, p<0.05 Mean±SD), no significant 
difference was observed after 14 days formoterol treatment as compared to control animals (Kacc: 456±133 vs 429±213 hr-1, 
Mean±SD). A positive correlation was observed between [14C]phenylalanine and [11C]MeAIB derived PSR values (Pearson r = 0.55, 
p<0.003). Overall, these results are in line with literature data showing a time-dependent response of β2-adrenoceptor agonists on 
muscle protein metabolism, namely a transient activation followed by a decrease in protein formation. In conclusion, our study showed 
that [11C]MeAIB can effectively be used for in vivo PSR measurements from individual muscles, providing added value compared to 
more classical whole-body based approaches. 
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Multi-parametric Tumor Characterization and Therapy Monitoring using Simultaneous 
PET/MRI: initial results for Lung Cancer and GvHD 

Alexander Sauter1,2, Holger Schmidt1,2, Brigitte Gueckel1, Cornelia Brendle1, Ilja Bezrukov2,3, Frederic Mantlik2,3, Armin Kolb2, Mark 
Mueller4, Matthias Reimold4, Birgit Federmann5, Juergen Hetzel5, Claus D. Claussen1, Christina Pfannenberg1, Marius Horger1, Bernd 
J. Pichler2, Nina Schwenzer1, 1Department of Diagnostic and Interventional Radiology, University Hospital Tuebingen, Tuebingen, 
Germany; 2Department of Preclinical Imaging and Radiopharmacy, University Hospital Tuebingen, Tuebingen, Germany; 3Institute for 
Intelligent Systems, Max Planck Institute, Tuebingen, Germany; 4Department of Nuclear Medicine, University Hospital Tuebingen, 
Tuebingen, Germany; 5Department of Oncology, University Hospital Tuebingen, Tuebingen, Germany. Contact e-mail: 
alexander.sauter@klinikum.uni-tuebingen.de 

Hybrid imaging modalities such as [18F]FDG-PET/CT are superior in staging of e.g. lung cancer disease compared with stand-alone 
modalities. Clinical PET/MRI systems are about to enter the field of hybrid imaging and offer potential advantages. One added value 
could be a deeper insight into the tumor metabolism and tumorigenesis due to the combination of PET and dedicated MR methods 
such as MRS and DWI. Additionally, therapy monitoring of difficult to diagnose disease such as chronic sclerodermic GvHD (csGvHD) 
can potentially be improved by this combination. We have applied PET/MRI in 3 patients with lung cancer and 4 patients with csGvHD 
before and during therapy. All 3 patients had lung cancer confirmed by histology (2 adenocarcinoma, 1 carcinoid). First, a [18F]FDG-
PET/CT was performed with the following parameters: injected dose 351.7±25.1 MBq, uptake time 59.0±2.6 min, 3 min/bed. 
Subsequently, patients were brought to the PET/MRI imaging facility. The whole-body PET/MRI Biograph mMR system comprises 56 
detector cassettes with a 59.4 cm transaxial and 25.8 cm axial FoV. The MRI is a modified Verio system with a magnet bore of 60 cm. 
The following parameters for PET acquisition were applied: uptake time 121.3±2.3 min, 3 bed positions, 6 min/bed. T1w, T2w, and DWI 
MR images were recorded simultaneously for each bed. Acquired PET data were reconstructed with an iterative 3D OSEM algorithm 
using 3 iterations and 21 subsets, Gaussian filter of 3 mm. The 4 patients with GvHD were brought to the brainPET/MRI imaging facility 
2:10h-2:28h after tracer injection. A 9 min brainPET-acquisition with simultaneous MRI of the lower extremities was accomplished. MRI 
examination included T1-weighted (pre and post gadolinium) and T2-weighted sequences. Attenuation correction was calculated based 
on manual bone segmentation and thresholds for soft tissue, fat and air. Soleus muscle (m), crural fascia (f1) and posterior crural 
intermuscular septum fascia (f2) were surrounded with ROIs based on the pre-treatment T1-weighted images and coregistered using 
IRW (Siemens). Fascia-to-muscle ratios for PET (f/m), T1 contrast uptake (T1_post-contrast_f-pre-contrast_f/post-contrast_m-pre-
contrast_m) and T2 (T2_f/m) were calculated. Both patients with adenocarcinoma show a lower ADC value compared with the carcinoid 
patient suggesting a higher cellularity. This is also reflected in FDG-PET with higher SUV values. Our initial results reveal that PET/MRI 
can provide complementary information for a profound tumor characterization and therapy monitoring. The high soft tissue contrast 
provided by MRI is valuable for the assessment of the fascial inflammation. While in the first patient FDG and contrast uptake as well as 
edema, represented by T2 signals, decreased with ongoing therapy, all parameters remained comparatively stable in the second 
patient. Contrary to expectations, an increase in FDG uptake of patient 3 and 4 was accompanied by an increase of the T2 signals, but 
a decrease in contrast uptake. These initial results suggest that PET/MRI provides complementary information of the complex disease 
mechanisms in fibrosing disorders. 
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PET imaging of the endocrine pancreas via VMAT2: an imperfect biomarker of beta cell mass 

Paul Harris, Medicine - Endocrinology, Columbia University Medical Center, New York, NY, USA. Contact e-mail: peh1@columbia.edu 

Recent advances in understanding of how diabetes develops have created the need for new tools to study this unique disease. In both 
Type I and Type II diabetes, blood glucose, HbA1c and insulin concentrations are used as biomarkers of endocrine pancreas function, 
but their shortfall in being truly useful predictors or surrogate endpoints of disease lies in that alteration in their levels may also result 
from comorbidities and that they generally occur too late in the disease process to be useful sentinels. Non invasive imaging of 
molecular targets within the β-cell carries the promise of revealing quantitative information about β-cell mass (BCM)that could be used 
to monitor the progression of diabetes, assess therapies designed to drive the proliferation and differentiation of β-cell progenitors, 
appraise methods of preserving mature BCM as well as to track the function and viability of transplanted cells. Despite their different 
embryologic origins, β-cells and CNS neurons share expression of a variety of gene products. Since both diabetes mellitus and CNS 
movement disorders such as Parkinson’s disease result from the untimely cell death of β-cells and dopaminergic neurons, respectively, 
it should come as no surprise that tracers developed for the study of the CNS have the potential to be used to evaluate BCM and/or 
function. Our group is actively developing methods to estimate BCM using PET to quantitate pancreatic VMAT2, a target whose 
expression is shared by β-cells and dopaminergic neurons of the CNS. We are currently testing the hypothesis that the total amount of 
VMAT2 within the pancreas, as a surrogate marker of beta cell mass, is lower in patients with long-standing type 1 diabetes than in 
healthy volunteers in a human clinical trial. Preliminary results suggest that pancreatic VMAT2 content correlates well with differences 
in patient’s clinical status and insulin secretory capacity in a population of patients with longstanding Type I Diabetes and healthy non 
diabetic subjects. This presentation will focus on the strengths and shortcomings of measuring BCM by quantitative imaging of VMAT2 
in the pancreas by addressing such issues as the unique characteristics of diabetes and human beta cell mass, selection of models for 
performing proof-of principle experiments, validity of the selected biomarker, the iterative process of tracer development, the need for 
parallel validation studies of β-cell mass. Hopefully, the sharing of experience gained in studies of imaging pancreatic β-cell mass via 
VMAT2 will facilitate the work of others with convergent interests. 
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Monitoring Cancer Therapy with Cerenkov Luminescence Imaging 

Yingding Xu, Edwin Chang, Hongguang Liu, Han Jiang, Zhen Cheng, Radiology and Bio-X Program, Stanford University, Stanford, 
CA, USA. Contact e-mail: yacom1118@gmail.com 

Purpose: Cerenkov Luminescence Imaging (CLI) has emerged as a less expensive, easier-to-use and higher throughput alternative to 
nuclear imaging modalities such as positron emission tomography (PET). It is expected that CLI will find many applications in 
biomedical research such as cancer detection, probe development, and drug screening. In this study we explored the possibility of 
using CLI to monitor drug therapeutic effects and correlate with PET imaging. Bevacizumab (trade name Avastin®) was used to treat 
two mouse tumor models - large cell lung cancer cell line H460 and prostate cancer cell line PC3 - and two common radiotracers - 3'-
deoxy-3'-18F-fluorothymidine (18F-FLT) and 2’-deoxy-2’-18F-fluoro-D-glucose (18F-FDG) - were used for both CLI and PET. Methods: 
One group of mice (n=6) were implanted with H460 xenografts in bilateral shoulder regions, divided into treatment and control groups 
(n=3 each), injected with 18F-FLT, and imaged with PET immediately followed by CLI. The other group of mice (n=6) were implanted 
with PC3 xenografts in the same locations, divided into treatment and control groups (n=3 each), injected with 18F-FDG, and imaged 
by the same modalities. Bevacizumab treatment was carried out by 2 injections of 20 mg/kg at day 0 and day 2. Results: In 18F-FLT 
scans both CLT and PET revealed significantly decreased signals from H460 xenografts in treated mice from pre-treatment to day 3 
(Figure 1A). Moderately increased to unchanged signals were observed in untreated mice during the same time period. In 18F-FDG 
scans both CLT and PET showed relatively unchanged signals from PC3 tumors in both treated and control groups. Quantifications of 
CLI and PET images showed that the two modalities had good correlations (Figure 1B, R2=0.9309 for 18F-FLT probed treatment 
group; R2>0.88 across all groups of mice studied) Conclusion: CLI and PET exhibited good correlations across different tumor 
xenografts and radiotracers in both treated and untreated mice by Bevacizumab. The findings warrant further exploration and 
optimization of CLI as a less expensive, easier-to-use, and high throughput alternative to PET in preclinical therapeutic monitoring 
studies and drug screening processes. 

 
Figure 1. (A) In vivo CLI and PET images of mice bearing H460 xenografts treated with Bevacizumab before treatment (pre-scan) and after treatment 

(day 3). (B) Corresponding quantitative analysis of CLI and PET results (n=3) and their correlation. 
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Contrast Enhanced Ultrasound and Photoacoustic Imaging in a Murine Model using Optically 
Triggered Photoacoustic nanoDroplets 

Katheryne Wilson, Kimberly A. Homan, Geoffrey Luke, Stanislav Y. Emelianov, Biomedical Engineering, The University of Texas at 
Austin, Austin, TX, USA. Contact e-mail: katheryne.wilson@gmail.com 

An optically triggered contrast agent is introduced with the ability to simultaneously enhance both photoacoustic (PA) and ultrasound 
(US) imaging. The new probes, nano-sized, dual contrast agents named Photoacoustic nanoDroplets (PAnDs), can enhance both 
imaging modalities using their individual contrast mechanisms simultaneously. The PAnDs allow for enhancement of US imaging (which 
focuses on anatomical reconstruction) with PA imaging (which focuses on tissue composition and function). To synthesize the PAnDs, 
plasmonic nanoparticles are dispersed in liquid perfluorocarbon (PFC) through surface modification. This solution is emulsified into 
nano sized droplets coated with a protein cap. Upon pulsed laser irradiation, the plasmonic nanoparticles absorb sufficient energy to 
vaporize the liquid PFC. This vaporization provides two effects: firstly, a large acoustic impedance mismatch for US contrast, and 
secondly, a strong pressure wave for PA imaging. With continued pulsed lasing, the now released metal nanoparticles cause thermal 
expansion of tissue, resulting in a second PA contrast mechanism. Therefore, PAnDs provide three forms of contrast for the combined 
imaging modalities. One of these mechanisms, vaporization, typically requires high energy levels that are biologically unsafe. However, 
due to the nature of PAnDs, vaporization was initiated with levels of laser energy far below exposure safety standards. PAnD efficacy is 
shown using an ex vivo mouse experiments. PAnDs were synthesized using an emulsion of aqueous bovine serum albumin (BSA) and 
gold nanorods (10 x 40 nm) dispersed in PFC. Immediately following animal sacrifice, three-dimensional US and spectroscopic PA 
imaging scans of the ex vivo mouse spleen were acquired using a Vevo2100 (Visual Sonics, Toronto, CA) US imaging system (40 
MHz, 256 element transducer) and a pulsed, Nd:YAG laser tuned with an OPO (10 Hz PRF, 5-7 nsec pulse width, 10 mJ/cm2 fluence). 
Then, under US guidance, 100 µl of PAnDs (107 PAnDs/ml) were injected into the mouse spleen, a normally hypoechoic organ. Next, 
with a single imaging plane in the center of the spleen, 200 PA frames were taken at 760 nm wavelength, the peak absorption of the 
encapsulated nanorods. Analyzing the initial vaporization of the PAnDs over time, the signal from vaporization is 180% higher than the 
average signal from the latent thermal expansion portion of the PA signal, which in and of itself is 63% times as strong as the contrast 
from endogenous absorbers. US contrast increased by 75%, or 5 dB, due to the PAnDs. These results show that contrast enhancement 
in tissue is feasible, and act as a preliminary step to in vivo imaging. The enhanced PA signal due to vaporization allows these probes 
to be used in tissues areas that would traditionally be too deep for any optical methods. These agents, besides offering three forms of 
contrast for the combined imaging modalities, also have the potential to act as delivery agents for therapeutic cargo and have the ability 
to be molecularly targeting to specific cell types. Overall, PAnDs offer an effective and versatile option for combined contrast 
enhancement and therapy. 
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Fluorescence Lifetime Contrast Improves In Vivo Detection of Protease Activation in Infarcted 
Myocardium 

Craig J. Goergen1, Howard Chen2, David E. Sosnovik1,2, Anand T. Kumar1, 1Athinoula A. Martinos Center for Biomedical Imaging, 
Massachusetts General Hospital, Boston, MA, USA; 2Center for Molecular Imaging Research, Massachusetts General Hospital, 
Boston, MA, USA. Contact e-mail: CGOERGEN@NMR.MGH.HARVARD.EDU 

Whole-body small-animal imaging with protease-activatable probes has previously been done with continuous wave (CW) detection. A 
drawback of cardiac CW measurements is the large background signal from probe cleared in the kidneys and liver. The purpose of this 
study was to determine if time-domain (TD) measurements with lifetime-sensitive detection could be used to improve in vivo imaging of 
protease activation in healing myocardial infarctions. The protease activatable agent ProSense® 750 was used. We first quantified the 
lifetimes of ProSense® 750 when incubated with activated macrophages harvested from mice with thioglycollate induced peritonitis. 
Lifetimes were determined directly from the TD data using exponential analyses. While the CW intensity varied with probe 
concentration (excitation, 750 nm; emission 800 nm longpass), fluorescent lifetime increased significantly in wells with a large number 
of cells compared to the zero cell controls (supplement). The increase in lifetime could be attributed to probe activation or interactions 
with the intercellular environment. Next, we permanently occluded the left coronary artery in 5 mice to determine if similar changes 
would be present in a mouse (~12-week-old, C57Bl/6, 3 female, 2 male). After sacrifice, hearts were dissected, sliced axially, and 
imaged. There was a large accumulation of probe within the infarcted region, creating a large CW signal (Fig. A). Lifetimes were 
calculated in ROIs drawn around both infarcted and remote regions, revealing a modest but significant increase in infarct lifetime when 
compared to remote areas (Fig. B; infarct - 0.76±0.02 ns; remote - 0.73±0.03 ns; p<0.05). Finally, in vivo fluorescent images were 
acquired from these same mice before sacrifice. All mice were anesthetized and placed in a supine position (Fig. E). CW intensity 
images show diffuse fluorescence, with a large signal from the region over the liver (Fig. C). The corresponding lifetime images (Fig. D) 
show significantly longer lifetimes in the thoracic region than the hepatic (thoracic - 0.76±0.02 ns; hepatic - 0.72±0.01 ns; p<0.05). A 
dual-channel analysis of the in vivo TD images was then performed using a bi-exponential fit of the fluorescence decay using a priori 
lifetimes. These lifetimes were determined by analyzing images from each mouse with pairs of lifetimes for the thoracic and hepatic 
components. The largest contrast in the decay amplitudes occurred with 0.75 ns for the thoracic and 0.7 ns for the hepatic components 
(Fig. F). This is in agreement with the ex vivo data for the infarct (0.76±0.02 ns) and liver (0.7±0.02 ns) lifetimes. The amplitude 
components obtained from the dual-channel analysis can be directly used in tomography algorithms to localize the infarct region from 
background signal. The results of this study suggest that fluorescence lifetime increases significantly after protease activation of 
ProSense® 750. In addition, lifetime contrast allows protease activation in the heart to be distinguished from background fluorescence. 
Further work will be needed to determine if other protease-activatable probes show improved lifetime contrast. 

 

 
Lifetime and continuous wave (CW) fluorescence differences can be seen in both ex vivo heart tissue and in vivo murine images. An axial slice from a 

mouse heart 4 days after infarction and 24 hours after dosing with ProSense® 750 clearly shows an area of probe accumulation within the area of 
ischemic injury (A and B). In vivo images of the same animal before sacrifice show more fluorescence with a shorter lifetime in the hepatic region (H - 

heart, L - liver, C and D). Sutures used to close the incision can be seen in both the CW image (C) and a schematic highlighting the imaged region (E). 
In part F, channel analysis using a bi-exponential fit illustrates 0.7 ns signal from the liver (green) and 0.75 ns signal from the thoracic region (red). 
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Measuring extracellular pH within in vivo tumors using a DIACEST MRI contrast agent 

Liu Qi Chen2,1, Vipul R. Sheth5, Christine M. Howison3, Phillip H. Kuo1,4, Marty D. Pagel1,2, 1Arizona Cancer Center, University of 
Arizona, Tucson, AZ, USA; 2Department of Chemistry & Biochemistry, University of Arizona, Tucson, AZ, USA; 3Arizona Research 
Labs, University of Arizona, Tucson, AZ, USA; 4Department of Radiology, University of Arizona, Tucson, AZ, USA; 5School of Medicine, 
Case Western Reserve University, Cleveland, OH, USA. Contact e-mail: lchen@u.arizona.edu 

Extracellular pH is a biomarker for tumor growth, invasion, and metastatic potential, and also contributes to chemoresistance. We have 
developed a MRI method that can accurately measure pH. This method measures a ratio of the Chemical Exchange Saturation 
Transfer (CEST) effects of Iopromide (Ultravist®), a contrast agent that is clinically approved for X-ray/CT imaging (Figure A). This 
agent has two amides that generate different CEST effects (Figure B), and a ratio of these CEST effects is correlated with pH over a 
range of 6.0-7.2 pH units, with a precision of 0.07 pH units, and in a manner that is independent of the agent's concentration and the 
sample's T1 relaxation time (Figure C). These studies were conducted by applying selective saturation at 2 μT for 5 sec and a 90 Hz 
bandwidth, with saturation frequencies ranging from +10 to -10 ppm, using a 7T MRI scanner. The use of low saturation powers, 
incomplete saturation, and a clinically approved contrast agent facilitates clinical translation. A CEST-FISP pulse sequence was used to 
acquire a CEST MR image in 5.3 seconds, and a CEST spectrum of 54 saturation frequencies in 4.7 minutes. A single function that 
consisted of a sum of three Lorentzian line shapes was fit to each CEST spectrum using custom routines written for Matlab R2009B. 
We have applied this CEST MRI method to measure extracellular pH during in vivo studies. A subcutaneous flank tumor model of 
PANC-1 pancreatic cancer was injected i.v. with 200 μL of 972 mM Iopromide, and six series of MR CEST spectroscopic images were 
acquired for 28 min. The average of these six measurements was pH 6.95 with a standard deviation of 0.13 pH units. The pixel-wise pH 
map of the tumor ROI at 21.3 minutes showed an average pH of 6.9 and a pixel-wise standard deviation of 0.3 pH units (Figure D). We 
also conducted a study of a mouse model of MDA-MB-231 mammary carcinoma before and after administering bicarbonate (baking 
soda) ad libitum, which as previously been shown to reduce metastases and increase survival in this breast cancer model. Although the 
subcutaneous tumors had an extracellular pH of 7.2 or higher (and therefore could not be measured with our technique), we measured 
a change in bladder from pH ≤ 6.5 or below before bicarbonate therapy to pH ≥ 6.9 one day after starting bicarbonate therapy. Ongoing 
studies with the PANC-1 model aim to measure a change in extracellular pH within acidic tumors following bicarbonate therapy. 
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Lanthanide analogues of Gadoteridol: a clinically safe family of MRI-PARACEST smart agents 

Enzo Terreno, Daniela Delli Castelli, Maria Cristina Caligara, Giuseppe Ferrauto, Silvio Aime, Department of Chemistry IFM and 
Molecular & Preclinical centers, University of Torino, Torino, Italy. Contact e-mail: enzo.terreno@unito.it 

MRI-CEST agents based on paramagnetic complexes own peculiar properties, making them promising systems for clinical translaction. 
As frequency-encoding probes, they offer the possibility of tackling novel applications such as pH and temperature mapping as well as 
multiplex detection in cell tracking and as responsive agents. Despite such a great potential and the numerous proof of concept that 
have been reported in recent years, the development of the field appears to proceed rather slowly. The key-issues that need to be 
tackled deal with the overall safety of the MRI-CEST experiment and the sensitivity/reliability of the CEST detection. In an attempt to 
accelerate the entry of these agents in the clinical practice, it was deemed of interest to consider chemicals already approved for 
human use and potentially able to generate CEST contrast. On this basis we have undertaken a systematic study of the paramagnetic 
lanthanide analogues of the clinically approved MRI agent Gadoteridol (Gd-HPDO3A). The source of exchangeable protons is provided 
by the coordinating hydroxyl protons, whose exchange rate fulfills the ∆ω≥kex condition. Interestingly, the peculiar 
conformational/configurational isomerism of the macrocyclic Ln-HPDO3A complexes yields the presence in solution of two main 
diastereoisomers characterized by distinct OH absorptions that can be selectively saturated in the CEST experiment. Actually, this 
feature makes possible the set-up of a ratiometric method through which the CEST response becomes independent from the probe 
concentration. By exploiting the different pH dependence of the exchange rate of the hydroxyl protons of the two isomers of Yb-
HPDO3A, it has been possible to design a smart pH sensor with a sensitivity threshold as low as 2 mM. As the CEST effect is also 
affected by temperature, the accuracy of the pH measurement is closely associated with the knowledge of this parameter. The shift 
induced by the paramagnetic center on the OH absorption (which is pH- and concentration-independent), is linearly correlated to the 
temperature and this property can be exploited for its determination and, in turn, for improving the accuracy of the pH measurement. 
The potential of this probe has been tested both in vitro and in vivo after i.v. injection of 0.2 mmol/kg of Yb-HPDO3A in melanoma-
bearing mice. The temperature was non invasively measured by determining the shift of the hydroxyl groups of the probe accumulated 
in the bladder and resulted to be 33°C (vs. 33.2 °C measured using a rectal thermometer). Hence, pH has been mapped in kidneys and 
in the tumour region using the ratiometric calibration determined at that temperature. The resulting pH maps yielded values of 6.3±0.2 
and 6.6±0.3 for kidneys (calix) and tumour, respectively. These findings indicate that Yb-HPDO3A can be considered a promising, 
clinically safe paramagnetic CEST agent for simultaneous pH and temperature determination. Furthermore, it has been found that, 
upon changing the paramagnetic Ln(III) ion, the chemical shift values of the OH groups spread out over a very large range (ca. 400 
ppm!), thus making them excellent candidates for multiplex detection. 
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Hyperpolarized 13C Dehydroascorbate as an Endogenous Redox Sensor for in vivo Metabolic 
Imaging 
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and Biomedical Imaging, University of California, San Francisco, San Francisco, CA, USA. Contact e-mail: 
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INTRODUCTION: Reduction and oxidation (redox) chemistry is involved in both normal and abnormal cellular function. Intracellular 
redox is maintained by coupled reactions involving NADPH, glutathione (GSH), and vitamin C, as well as their corresponding oxidized 
counterparts. Despite the strong relationship between redox and human disease, there is no known method to interrogate a redox pair 
in vivo. Here we report the development of [1-13C] dehydroascorbate [DHA], the oxidized form of Vitamin C, as an endogenous redox 
sensor for in vivo imaging using hyperpolarized 13C spectroscopy. METHODS: [1-13C] DHA (Isotec, Miamisburg, OH) was synthesized 
using a published method (1) and polarized on a HyperSense DNP instrument (Oxford) as previously described (2). T1 studies were 
performed using a 3T MRI scanner (GE Healthcare, Waukesha, WI) equipped with the MNS (multinuclear spectroscopy) hardware 
package. The RF coil used in these experiments was a dual-tuned 1H-13C coil with a quadrature 13C channel and linear 1H channel 
construction used in 13C mouse imaging studies. 13C MRSI studies were carried out as previously published (3). The overall strategy 
is summarized in Figure 1a. RESULTS: T1’s for the C1 [1-13C] DHA and [1-13C] Vitamin C carbons were calculated at both 11.7T and 
3T, with the longest recorded T1 that of [1-13C] DHA at 3T, 57s. The polarizations for [1-13C] DHA and [1-13C] Vitamin C were 
measured as 5.9 ± 0.5% and 3.6 ± 0.1% respectively, representing signal enhancements on the order of approximately 24,000 and 
15,000-fold relative to thermal equilibrium at 3T. In murine models, hyperpolarized [1-13C] DHA was rapidly converted to [1-13C] 
vitamin C within the liver, kidneys, and brain, as well as within tumor in a transgenic prostate cancer (TRAMP) mouse (Figure 1b). 
Rapid conversion to Vitamin C was observed in the murine liver (VitC/Total Carbon of 0.41 ± 0.05, n = 25 voxels) and kidney (VitC/Total 
Carbon of 0.30 ± 0.05, n = 16 voxels). In tumors of TRAMP mice VitC/Total Carbon was 0.29 ± 0.09 (n = 9 voxels), while no Vitamin C 
signal was observed in the prostate region of normal mice. MRSI data acquired from rat brains demonstrated an even greater ratio of 
VitC/Total Carbon of 0.51 ± 0.1 (n = 16 voxels) with Vitamin C localized to the brain while DHA was present in the surrounding muscle 
tissue. DISCUSSION: The transport properties of DHA make it an excellent candidate for hyperpolarized 13C spectroscopy. The 
transport of DHA in vivo occurs by a mechanism analogous to that of glucose, by facilitated diffusion using GLUT1, GLUT3, and GLUT4 
(4). In vivo results are consistent with what has been previously described for the DHA/Vitamin C redox pair, and indicate a role for 
hyperpolarized [1-13C] DHA in characterizing the redox state of tumors. More broadly, these findings suggest a prognostic role for this 
new redox sensor in determining vulnerability of both normal and abnormal tissues to ROS. REFERENCES: (1)Koliou et al., Carb Res 
2005 (2) Ardenkjaer-Larsen et al., PNAS 2003 (3) Kohler et al., MRM 2007 (4) Liang et al., Mol Memb Biol 2001. 
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A High-Resolution MR-compatible PET Insert for Simultaneous PET/MR Imaging 
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R. Cherry1, 1Department for Biomdecial Engineering, University of California, Davis, Davis, CA, USA; 2RMD, Radiation Monitroing 
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A next generation PET insert, which fits inside the 20 cm bore (gradient system) of a 7-T MRI scanner, was developed. Compared to 
our previously developed prototype this PET-insert has much higher sensitivity, an increased axial field of view (FOV) as well as better 
spatial resolution. Scanner Description: The system employs a total of 96 block-detectors arranged in 4 rings covering a FOV of 6.0 x 
6.0 cm2. Each block-detector is composed of a 10 x 10 LSO array consisting of 1.2 x 1.2 x 14mm3, LSO crystals (see Figure). The LSO 
arrays are optically coupled to position sensitive avalanche photodiodes (PSAPD, 14x14 mm2) which are mounted in pairs on an 
alumina carrier. Each pair of PSAPDs is readout with an 8-channel charge sensitive preamplifier. The preamplifiers are located inside 
the MRI but away from the MR iso-center leaving only the LSO, PSAPDs, plastic support structures and RF shielding material at the 
combined PET/MRI FOV thus minimizing metallic materials and reducing MRI-related distortions. The gantry of the PET insert is 
modular and specifically designed to allow for optimal cooling of the PSAPDs to +5°C using chilled air which is routed through a circular 
structure equally distributing the air for homogeneous temperature distribution. Based on previous investigations, optimized shielding 
was used to reduce the radiofrequency interference between the PET and MRI systems. Using non-magnetic coaxial cable bundles all 
PSAPD signals from the preamplifiers are carried outside the magnet to custom made shaping electronics which process the signals to 
be accepted by a dedicated PET processing electronics. Methods: The first two rings of detectors have been completed allowing first 
imaging studies to be conducted. Data from a point source (27 µCi), located at the center of the FOV, were acquired to estimate 
sensitivity and spatial resolution. Data were acquired for 5 min with a 15 ns timing window and 300-800 keV energy window. Data from 
a uniform cylinder (1.1 mL, 300 µCi) also were acquired for 15 min with the same settings as above. All data sets were reconstructed 
using a conventional maximum likelihood expectation maximization (MLEM) algorithm. Data were normalized using a direct data-based 
normalization. Results: The initial tests of the PET system showed that position profiles can be resolved well and that the energy 
resolution of the system ranges from 14% to 40% averaging at 21% FWHM at 511keV) Acquisitions of a point source showed a peak 
system sensitivity of 1.2% and a spatial resolution of 1.25 mm. The cylinder phantom showed good homogeneity despite the gaps 
between the detector rings (see Figure). Further tests will include a detailed analysis of mutual interference of the PET and MRI system. 

 

 
Top and left: Schematic and photograph of the built MR-compatible PET insert. Bottom-left: Reconstructed cylinder phantom acquisition. 
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A PET/RF Insert for a human 3T MRI-System using Silicon Photomultipliers Arrays 
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In the field of molecular imaging, the combination of Positron Emission Tomography (PET) and Magnet Resonance Imaging (MRI) is a 
hybrid imaging modality which will play an important role, as it combines the outstanding soft-tissue contrast and the functional 
information of MRI with the metabolic information of PET. In addition, the possibility for true simultaneous acquisitions allows for 
improved 4D registration which in due course may lead to enhanced image quality and image quantification. Main technical challenges 
of simultaneous PET/MRI are the attenuation correction and the development of an MRI-hard and MRI-silent PET-detector technology. 
Solid state detectors using avalanche photo diodes have been already successfully integrated into preclinical and human systems. Low 
but noticeable interferences between PET and MRI have been reported so far. Unfortunately, these implementations do not offer the 
measurement of time-of-flight (TOF) information in the sub-ns range, which is one of the drivers for high sensitive clinical PET and has 
been state-of-the-art in clinical PET/CT for the last 5 years. In this paper we will present first imaging results of our preclinical PET/MRI 
insert. The system is designed to operate in a human clinical 3T MRI system (Philips 3.0T Achieva MRI), see figure 1. Main 
components of the preclinical PET/MRI scanner are a dedicated RF-coil and the digital MRI-compliant PET-detector ring, for imaging 
animals up to the size of rabbits. The PET-detector consists of 10 RF-shielded PET-modules and has a cylindrical field-of-view (FOV) of 
150mm transverse diameter by 33mm, 66, or 99mm axially, if populated with 1, 2, or 3 detector rings respectively. Each PET-module 
contains up to 2x3 (transverse x axial) detector stacks. Each stack consists of an LYSO array with 22x22 crystals of 1.3x1.3x10mm3 
coupled to an 8x8 channel silicon photomultiplier (SiPM) array with TOF-ASIC readout. The developed detector technology offers the 
measurement of small crystals, e.g. for preclinical PET, as well as sub-ns TOF measurements for clinical systems. The homogeneity of 
the B0-field with the PET-detector at the center of the MRI for PET-on (measuring a point source at the isocentre of PET, 22Na, 
2.24MBq,) and PET-off (PET detector switched off) has been investigated using a scaled phase measurement. The image indicates a 
B0-variation of about ±4ppm in the FOV of PET for PET-on and PET-off. Furthermore, the influence of the PET-electronics (analog and 
digital) on the MRI-image acquisition was investigated by looking at the frequency-time-diagram of the RF-receive-noise around the 
Larmor frequency for PET-on. No influence of the RF-noise was observed during PET acquisition, which indicates a sufficient shielding 
of the electronics of our digital PET-detector. First PET-images of a 22Na point source were acquired inside and outside a 3T MRI-
system. A resolution (FWHM) of 1.5/1.5/1.2mm (x/y/z) has been archived using ML-EM reconstruction. Further simultaneous images of 
structural phantoms will be shown at the conference. 

 

Figure 1: Simultaneous preclinical PET/RF system located on the patient table of a clinical 3T MR system 
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Biological Applications of a newly developed, small animal large field of view, MR compatible 
PET-Insert 
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Introduction Combined PET/MR imaging is an emerging field in biomedical research. Here we present a large field of view (FOV) 
PET-Insert for small animals, developed by our group. We focus on the in vivo applications of such a combined PET/MR system. First 
results from a combined functional PET/fMRI study, as well as cardiac imaging are presented. Materials and Methods The 2nd 
generation of our LSO-APD-based animal PET/MR has an axial and transaxial FOV of 72mm, allowing imaging of whole-body mice or 
rats. Lewis rats (n=3, 10 weeks, 265±29g) were measured on two consecutive days under isoflurane (1.0%, air) anesthesia by 
simultaneous PET/MR in a 7T animal system. Body temperature was maintained at (37±1)°C. 18.5MBq [18F]FDG were injected i.v. 
simultaneously with the onset of an whisker stimulation (left side, 3mA, 3Hz, lasting 45min). PET data was collected for 60min starting 
with the injection. During the PET acquisition, simultaneously MR and fMRI EPI (GE, TR=2000ms, TE=18ms, last 15min of scan) 
images were acquired. On the second day the experiment was repeated without stimulation. PET/MR data analysis was performed 
using statistical parametric mapping (SPM). CMRGlc was calculated for selected brain regions, assuming a total resting brain CMRGlc 
value of 28.1µmol/100g/min[1]. Results High quality PET and MR images were obtained with the newly developed PET insert. A 
significant (p<0.05) fMRI BOLD signal response at the whisker barrel field cortex (S1BF) was observed in all animals. The analysis of 
the PET images yielded significant (p<0.05) signal changes during stimulation in the following areas (Table 1): S1BF, basolat (BLA) and 
basomed amygdaloid nucleus (BMA), retrosplenial granular cortex (RSGc), cingulum (Cg) and hippocampus (Hip), insular cortex (IC) 
and thalamus (Tha). Whole brain and cerebellum values showed no significant changes during stimulation. SPM revealed in certain 
areas a mismatch between fMRI and PET activation patterns. The average increase in CMRGlc in the S1BF was 10%, however the 
areas of the most significant changes in CMRGlc were outside of the S1BF (Figure 1). Discussion The observation of fMRI brain 
activation in all animals indicates the same state of anesthesia depth. The position of the activation centers was validated using a rat 
brain atlas. Resting CMRGlc values are in agreement with the literature[1].The magnitude of observed change in the S1BF CMRGlc is 
in accordance with stimulation studies using visual stimuli in rats[2]. The mismatch between fMRI and PET activation is probably 
caused by the different stimulation times used (PET: 45min, fMRI: 5x30s). Therefore we hypothesize, that the PET signal mainly 
reflects long term stimulus effects on the brain. Areas such as the IC, BMA, BLA, Gc, Tha are involved in pain processing[3], evoked by 
the stimulus. In conclusion we have shown that simultaneous fMRI/PET studies are possible using a newly designed PET insert. 
Further work will focus on optimizing protocols as well as different tracers. [1] Shimoji K et al. JNM 45(4):665-672 (2004) [2] Soto-
Montenegro ML et al. Mol Imaging Biol. 11(2):94-99 (2009) [3] Tracey K et al. Neuron 55(3):377-391 (2007) 

 
Figure 1: Statistical mapping of brain regions activated during the simultaneous PET/fMRI stimulation experiment (coronal slice). The maps show 

overlays of statistically significant voxels (p<0.05, cluster size: 10 voxel, group level analysis n=3) on the anatomical images of the animal for fMRI, PET 
and the fused PET/fMRI activation. Three transverse slices centered on the whisker barrel field cortex (S1BF) show the individual activation patterns 

observed with fMRI and PET. Interestingly PET shows more active centers compared to fMRI, where the focus of activation is on the S1BF contralateral 
to the stimulation side. This is probably related to the different duration of the stimulus presentation evoking additional networks in the PET scan such 

as: BLA, BMA: basolateral and basomed amygdaloid nucleus; Cg: cingulate cortex; CPu: caudate putamen (Striatum); GP: globus pallidus; Hip: 
hippocampus; IC: insular cortex; S1BF: whisker barrel field cortex; Tha: thalamus. 

 
Table 1: CMRGlc changes during Stimulation 

 
Table 1: Changes in the cerebral metabolic rate of glucose consumption (CMRGlc) as evoked by the stimulation of the left whisker pad. The values are 

relative to an assumed rest CMRGlc (whole brain average) of 28.1µmol/100g/min in rats. Significant (p<0.05) changes are observed in the listed regions, 
with the exception of the whole brain and the cerebellum. 
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A bimodal ultrasound and fluorescence system to improve prostate cancer diagnostic 
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Prostate cancer diagnosis protocol is based on PSA determination and digital rectal examination, followed by trans-rectal ultrasound 
biopsy (TRUS). Its lack of specificity (difficulty to accurately identify and localize malignant tumors using only TRUS) may lead to a 
dramatic increase of biopsies collection. To make this protocol more efficient and less invasive, we recently proposed a bi-modal 
approach, combining fluorescence molecular optical imaging and ultrasound measurements [1]. Excitation light is sequentially driven 
from a Titanium-Sapphire femto-second laser (775 nm, 150 fs, 80 MHz) into the optical module of the bimodal trans-rectal probe. The 
optical module is composed of six excitation fibers and four detection fibers located on the top of the probe (Fig 1). This module collects 
the diffusion and fluorescence signals and conducts them to a 4 channels TCSPC detection system (Fig 2). The fluorescence yield is 
reconstructed by processing both the intensity and mean time of flight of each signal computed from the acquired set of time-resolved 
signal of different source-detector combinations. To deal with the 3000 vertices and 15000 tetrahedrons required to mesh the prostate, 
adapted prior must be added to obtain a unique solution. This was done by using a matching pursuit algorithm which implements under 
sparsity conditions, which provides 3D spatial localization in less than one minute. To evaluate the overall performance of the system 
when dealing with a realistic background signal, measurements and reconstructions were conducted on a combination of phantoms and 
small animals with ovarian tumors. Experiments with a 45 µL fluorescent inclusion of ICG in a prostate mimicking phantom have shown 
a spatial accuracy better than 0.15 cm in all directions and a precision around 0.1 cm. The 3D reconstructed fluorescence yield was 
superimposed with the 2D ultrasound image to compare the tumor position estimated by the two modalities. A good match was 
observed on 4 out of 5 inclusion positions (Fig 3,4). A similar comparison on mice with implemented tumors will be presented and 
discussed. The millimetric resolution of the reconstructed fluorescence map is compatible with the size of early stage tumors. Phantom 
and preclinical results showed the capability of the system to localize a fluorescent inclusion in vivo and up to a depth of 2.5 cm which 
may address 80% of significant prostate tumors. Several solutions are currently explored to push further the depth of investigation. This 
work was supported by ANR TECSAN and CARNOT INSTITUTE. [1] A. Laidevant et al. “Fluorescence time-resolved imaging system 
embedded in an ultrasound prostate probe,” Biomedical Optics Express, 2(1), 2011. 
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Multi-modality in vivo imaging of small animals has rapidly advanced over the past years. The combination of several imaging 
techniques to provide complementary information requires spatial registration of the images. Medical imaging registration methods 
commonly focus on human (brain) imaging [3] where methods developed for small animals focus on specific organs, modalities, or 
applications [2]. In this work we introduce a novel registration algorithm for 3D multimodal images in small animals. Our approach is 
based on integrating a multiscale segmentation algorithm [4] to produce hierarchical decomposition of the data into regions 
corresponding to meaningful anatomical structures, along with a feature point-based (FB) registration algorithm [1], which jointly 
estimated the correspondence and transformation between sets of points extracted from the structures of each modality. A key 
contribution of our algorithm is based on the ability to automatically segment multiple structures (e.g., lungs, heart, bladder, kidneys, 
tumors, whole body) detectable in the images together with the robustness of the FB registration that is able to handle situations of 
differences in the structures between the modalities. Methods: Our solution consists of three main components.1) Data acquisition: 
Mice were placed on a home built multi-modal bed and imaged sequentially using low field MRI (1T), high field MRI (9.4T), micro-CT, 
bioluminescence (BLI) and Fluorescence (FLI) imaging. 2) Segmentation: The algorithm uses a graph representation of the images and 
constructs a ”pyramid”, i.e., a sequence of progressively graphs, which adaptively represents progressively larger aggregates of voxels 
of similar properties, resulting in a hierarchy of segments corresponding to anatomical structures. 3) Registration: The anatomical 
structures common in both modalities are extracted and used as point-features. The algorithm relies on the Expectation Maximization 
Iterative Closest Point (EM-ICP) [1] algorithm for registration and determines the transformation that matches a set of model and scene 
points. Results: We evaluated the algorithm for normal mice, pregnant mice and mice bearing tumor xenografts. To validate the 
algorithm, markers detectable by CT, FLI and MRI were placed on the bed. The transformation computed was compared to the marker 
based registration, which are used as landmarks to compute the ground truth transformation. The Frobenius norm computing the 
difference in transformation matrix obtained in both sets of experiments showed the accuracy of the approach. In sum we present a 
registration based segmentation system for alignment of multi-model small animal imaging. The power of the approach stems from 
segmentation of a variety of structures shared by the modalities and the flexibility of the FB-registration to match the structures despite 
their differences. References: [1] S. Granger and X. Pennec, ECCV, 4, 418-432, 2002.[2] F. Kiessling; B.J. Pichler, Small Animal 
Imaging, Basics and Practical Guide, Ed. Springer, 2011.[3] J. Maintz and M. Viergever, Medical Image Analysis, 2(1), 1-16, 1998.[4] E. 
Sharon et al Nature, 442, 810-813, 2006. 

 

System Outline. (a) Data acquisition (b) Segmentation (c) Registration 
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In the last decade, powerful diagnostic methods including ultrasound, MRI, single photon emission computed tomogprahy and positron 
emission tomography have revolutionized the course of medicine in general and oncology in particular. It has been demonstrated that 
these methods could be further augmented by combining them with optical imaging instrumentation for early cancer screening, image-
guided biopsies and therapy monitoring. Multimodal optical imaging can combine structural information from well-established clinical 
techniques with the newer functional and molecular contrast provided by optical methods such as fluorescence diffuse optical 
tomography (FDOT).In addition, multiple molecular contrasts can be combined. For example optical methods have unique activation 
contrast mechanisms and that can be combined with complementary to PET/SPECT information. However multimodality imaging 
presents challenges. Hardware integration requires compatibility of all the parts in one platform for accurate co-registration of 
multimodal 3D images.Another main challenge in combining imaging modalities is determining how to merge the information from 
multiple technologies into a single imaging output, as each modality is sensitive to a different set of tissue properties and have disparate 
reporting strategies. Here, we demonstrate the feasibility of combining our fiber-based video-rate FDOT with preclinical 
NanoSPECT/CT system (Bioscan, Inc.) for combined optical and nuclear imaging of sentinel lymph nodes . In addition, we synthesized 
monomolecular multimodal agents based on a near-infrared dye, cypate, radiolabeled with 111In for simultaneous acquistion of data 
with the combined nuclear-DOT imaging plotform. The multimodal imaging agent, 111In-Cypate, is injected intradermally in the forepaw 
of rats for concurrent data acquisition with FMT-SPECT/CT platforms immediately after injection and at 30 minutes after injection.The 
fiber-based video-rate fluorescence DOT imaging system is composed of a grid of alternating 12 sources (785nm and 830nm laser 
diodes) and 13 detectors. To maintain high temporal sampling, the system simultaneously acquires ratio-metric data by measuring 
frequency encoded fluorescent emission and reference transmission light levels at each detector through individualized bandpass filter 
optimized for fluorescence emission. The data is then reconstructed using the normalized Born approach with a 3D finite element model 
derived from an anatomical CT image of a rat for accurate light propagation modeling. CT and SPECT projections were reconstructed 
using InvivoScope software. Fluorescence and radioactivity from the 111ln-cypate is localized in a spatially coincident region with each 
imaging modality in the area of the axillary LN relative to the site of the injection. The structural and functional data obtained from 
NanoSPECT/CT is further used to improve the accuracy of the reconstructed FDOT image. These results suggest that multimodal 
FDOT and SPECT/CT has the potential to become a powerful and practical tool for a broad array of imaging applications, ranging from 
sentinel lymph node mapping to monitoring cancer therapy progress. 
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Background: Iatrogenic nerve damage is a major morbidity associated with many open and minimally invasive surgeries. Complications 
arising for these injuries may include loss of function, weakness, muscle atrophy, fasciculation, paralysis, cardiac irregularities, 
allodynia and chronic neuropathy. Although a clear need for intraoperative nerve visualization is present, most surgical procedures are 
performed without any form of image guidance as available technologies lack the specificity to provide nerve-specific imaging. 
Detection of nerves would be improved through the use of fluorescent contrast agents directly targeting the myelin surrounding the 
nerve axon. Materials and Methods: A new derivative of our previously reported fluorophore (Mol. Imaging 10:91-101, 2011) was 
synthesized, characterized for its optical properties as well as for its myelin-binding properties using purified protein, and evaluated in 
mice. Additionally, a dedicated, compact, 1.8-lb white light and fluorescence imaging system with two detection channels was adapted 
to visualize nerves in real-time. Results: The new fluorophore, had improved water-solubility and reduced lipophilicity, allowing the 
development of more clinically relevant formulation for intravenous injection. It displayed optical properties that were highly sensitive to 
the local environment both in an in vitro and in vivo setting. A quantitative in vitro binding assay showed specific and strong binding to 
purified myelin. Nerves were visualized in vivo through simultaneous display of reflected and fluorescence light using two compact 
consumer-grade cameras. High brightness images of the emitted fluorescence were captured with under 2.5mW/cm^2 of illumination at 
405nm. Animals receiving the fluorophore showed visible fluorescence in both central and peripheral nerves suggesting that the agent 
was capable of crossing the blood nerve barrier and blood brain barrier. No visible fluorescence was seen in mice receiving a dose of 
formulation excipients only. Conclusions: Fluorescence imaging of nerves showed a significantly improved agent as compared to our 
previously reported fluorophore. Moreover, this agent showed a potential for use in image-guided surgery to assist in the detection of 
nerves during open and minimally invasive procedures. Supported by Award Number 1R02EB022872-01 from the National Institute of 
Biomedical Imaging and Bioengineering. 

Disclosure of author financial interest or relationships: 
C.A. Tan Hehir, General Electric, Employment; V.E. Cotero, General Electric, Employment; T.M. Siclovan, General Electric Global 
Research, Employment; R. Zhang, General Electric, Employment; N. LaPlante, General Electric, Employment; A. Bajaj, General 
Electric, Employment; R.L. Carter, GE, Employment; B.F. Johnson, GE Global Research, Employment; D. Gray, GE Global 
Research, Employment; S. Yazdanfar, General Electric, Employment; V. Staudinger, General Electric Company, Employment; E. 
Kim, None. 

  

Proceedings of the 2011 World Molecular Imaging CongressS886



Presentation Number T125 
Scientific Session 13: Central Nervous System 
September 9, 2011 / 09:15-09:30 / Room: 33 

PET-CT imaging of transporter mediated drug-drug interactions at the blood-brain barrier 
using [18F]-gefitinib 
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P-glycoprotein (P-gp) and Breast Cancer Resistance Protein (BCRP) are efflux transporters that are expressed at the blood-brain 
barrier (BBB), and are involved in limiting the brain penetration of their substrates. Reaching sufficiently high therapeutic concentrations 
of drugs acting in the brain is often hampered by the activity of these transporters. Furthermore, the broad substrate specificity of P-gp 
and BCRP can cause transporter-mediated drug-drug interactions (DDIs), for example when co-medicated drugs compete for efflux by 
these transporters, or when drugs inhibit transporter activity. This can lead to increased brain concentrations of drugs in treated 
patients, potentially resulting in unexpected toxicity. It is therefore highly important to determine whether a drug may be involved in 
transporter-mediated DDIs at the BBB. PET-CT imaging is especially suited for such a purpose, since it is a quantitative and non-
invasive technique, allowing repeated measurements, which can potentially reduce the number of laboratory animals needed for this 
type of studies. Furthermore, PET-CT imaging is a highly translational technique and could therefore be used to assess drug 
transporter activity in patients before treatment. We therefore investigated the potential of PET-CT imaging to quantitatively analyze P-
gp and BCRP mediated DDIs at the murine BBB. To detect potential P-gp and/or BCRP mediated DDIs at the BBB, we set up an 
automated synthesis for the PET tracer [18F]-gefitinib, which is a substrate of both transporters. We subsequently imaged the 
pharmacokinetics (PK) of [18F]-gefitinib (1 mg/kg) using a preclinical PET scanner in wild-type, Bcrp1-/-, P-gp-/- and Bcrp1;P-gp-/- mice in 
the presence and absence of the P-gp and BCRP/Bcrp1 inhibitor elacridar (10 mg/kg), followed by a CT scan. To assess the quality of 
the method, a validation study with the same mouse strains was performed using [14C]-gefitinib. PET-CT imaging showed that P-gp and 
Bcrp1 together limit the brain penetration of [18F]-gefitinib. The brain levels of [18F]-gefitinib were 2.3-fold increased in Bcrp1;P-gp-/- 
mice, compared to wild-type. In single knockout animals, no differences in brain accumulation of [18F]-gefitinib were found, showing that 
both transporters can compensate for each others’ functions. Furthermore, the DDI between the Bcrp1 and P-gp inhibitor elacridar and 
[18F]-gefitinib at the BBB could be quantified using PET-CT imaging. Highly comparable results were obtained when the PK of [14C]-
gefitinib in the presence and absence of elacridar in wild-type, Bcrp1-/-, P-gp-/- and Bcrp1;P-gp-/- mice were analyzed. We conclude that 
PET-CT imaging with [18F]-gefitinib is a useful tool to non-invasively analyze and quantify potential P-gp and Bcrp1 mediated DDIs in 
vivo. Combining quantitative PET-CT imaging data with in vitro human drug transporter assays and PBPK-modeling could provide a 
powerful approach to predict human PK early in drug development, and can contribute to the 3Rs principle. Furthermore, this method 
may in the future be used to assess drug transporter activity in patients before treatment with drugs that are transporter substrates. 
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As new causative therapies for Alzheimers Disease are currently under development there is a strong demand for reliable, noninvasive 
and translational imaging approaches. Here we report a multiparametrical PET/MR approach including regional cerebral perfusion 
(rCBF) imaging combined with arterial spin labelling (ASL), T2- and T2* mapping, high resolution gre3D T1 anatomy and time of flight 
(tof) angiography besides [11C]PIB monitoring of amyloid plaque presence in transgenic APP23 mice. APP23 mice with respective 
littermate controls were injected with 7.2±2.5 MBq [11C]PIB with a specific activity > 50 GBq/µmol. Additionally for each mouse high 
resolution gre3D T1 (125x125x110 µm3), ASL, T2- and T2* maps were acquired. The images were analyzed using the cortex and 
hippocampus as target structures while the cerebellum served as an internal reference. [11C]PIB data were modelled with the simplified 
reference tissue modelling approach (SRTM) and the Logan graphical analysis while the ASL data were evaluated with an in house 
programmed Matlab routine using a simplified version of the Bloch equation. The in vivo results were furthermore compared to ex vivo 
histopathological analysis. Transgenic APP23 mice could be clearly differentiated from littermate controls with [11C]PIB (SRTM BP tg: 
0.23±0.09; co: 0.01±0.01, n=6, p<0.01, 16 months old) and showed a decreased rCBF while littermate controls showed no impairments 
(tg: 159±19 mL/min/100g, co: 196±19 mL/min/100g; n=5, p<0.05). Cerebral perfusion decreased further with age in transgenic mice in 
sharp contrast to controls where rCBF remained unaltered (tg: 135±19 mL/min/100g, co: 193±33 mL/min/100g; n=5, p<0.01, 18 months 
old). Furthermore, [11C]PIB binding corresponded to hypointense spots in gre3D T1 anatomical images, T2- and T2*- maps which 
could be histologically identified as vascular amyloid. Accumulation of vascular amyloid may lead to a complete degeneration of 
affected vessels, directly connecting increased [11C]PIB-binding with reduced rCBF. These findings are also supported by tof-
angiography, as impaired vessels, resulting in reduced rCBF, are in direct connection with hypointense areas in T2*/T1 weighted 
images. Thus, in our multiparametrical PET/MR approach, we could connect direct measures of amyloid deposition, [11C]PIB, with 
second order physiological effects such as reduced perfusion as result of amyloid induced vessel impairment. 
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Göttingen Minipig Brain 
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Electroconvulsive therapy (ECT) is one of the most effective therapies for depression and has beneficial motor effects in parkinsonian 
patients. However, little is known of the mechanisms of therapeutic action of ECT for either condition. The aim of this work was to 
explore the impact of ECT on dopaminergic and noradrenergic function in the Göttingen minipig brain. We established a novel model of 
brain stimulation in minipigs based on an ECT human treatment protocol. Using positron emission tomography we assessed 
noradrenergic transmission using the alpha2 adrenoceptor antagonist [11C]yohimbine as a surrogate marker of noradrenaline release, 
and dopaminergic neurotransmission using the dopamine D1 receptor antagonist [11C]SCH23390. Seven female adult minipigs were 
anesthetized with isoflurane and scanned at baseline prior to the onset of ECT treatment, and at 24-48 hours and 8-10 days after the 
end of a clinical course of ECT, which consisted of 10 ECT sessions in anesthetized animals over a 3.5 week period. Six of the seven 
pigs in the study demonstrated decreases in [11C]yohimbine volume of distribution and increases in [11C]SCH2339 binding, whereas 
one pig was resistant to these effects. In the six responsive pigs, we found an average of 18-24% decrease in [11C]yohimbine volume 
of distribution in the different cortical, striatal and thalamic brain regions under investigation at the 24-48 hour post-ECT timepoint 
compared to baseline, and a 12-20% decrease from baseline after one additional week. Furthermore, there was a 109% increase in the 
striatal binding of [11C]SCH23390 at 24-48 hours, and 50% at 8-10 days after ECT treatment compared to baseline. In the frontal 
cortex, [11C]SCH23390 binding was increased by 67% at 24-48 hours and by 25% at 8-10 days after the final ECT treatment, and in 
the temporal cortex, by 38% at 24-48 hours and by 4% at 8-10 days. The decrease in alpha2 adrenoceptor binding after cessation of 
ECT treatment may suggest increased noradrenaline release and/or receptor downregulation. Increased dopamine D1 binding after 
ECT is consistently reported in animal models and suggests facilitation of dopamine neurotransmission. We have found similar 
increases in D1 binding in non-human primates (Landau et al., 2011). The increase in dopaminergic and noradrenergic 
neurotransmission suggested by our results may account in part for the therapeutic effect of ECT in mood disorders and Parkinson’s 
disease. Reference A.M. Landau, M.M. Chakravarty, C. Clark, A.P. Zis, and D.J. Doudet. Electroconvulsive therapy alters dopamine 
signaling in the striatum of non-human primates. Neuropsychopharmacology, 36(2): 511-8, 2011. 
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Introduction Imaging plays a vital role in brain research for assessing function and disease, yet each modality comes with particular 
strengths and limitations. X-ray CT and MRI attain high spatial resolution but are limited by molecular specificity. PET and FMT have 
target specificity, but are limited by low resolution. Intravital microscopy has specificity and resolution, but is limited by shallow tissue 
penetration. Instead we examine herein a novel technology, Multispectral Optoacoustic Tomography (MSOT) that offers high resolution 
optical imaging deep inside tissues. MSOT illuminates tissue with light pulses at multiple wavelengths and detects the acoustic waves 
generated by the thermoelastic expansion following light absorption. Using spectral analysis of the data collected, MSOT can then 
differentiate the spectral signatures of oxy-/deoxy-hemoglobin and of photo-absorbing agents and quantify their concentration. By being 
able to penetrate through several millimeters to centimeters it represents an ideal modality for brain imaging, providing anatomical, 
hemodynamic, functional, and molecular information. In this work we examine the MSOT capacity in cross-sectional imaging of the 
mouse brain and contrast the in-vivo results with ex-vivo brain imaging to validate the in-vivo findings. Methods 8 week old nude CD-1 
mice were used for brain imaging and stereotactic implantation of U87 glioblastoma cells (1x105 cells in the striatum). Imaging of 
hemoglobin contrast, ICG bio-distribution, and the tumor targeting probe Integrisense680 and 750 was examined using a small-animal 
real-time imaging MSOT system previously described. Anatomical structures were verified with MRI. Results In-vivo MSOT of the intact 
mouse head yielded unprecedented performance in cross-sectional imaging of the mouse brain by visualizing the overall brain outline 
and anatomy, and imaging temporal arteries and blood vessels beneath the skull. Additionally, gold nanorods, packaged in 
fluorescently labeled liposomes, were injected into the 3rd ventricle, with an excellent correlation between MSOT and fluorescence 
imaging of cryoslices. This demonstrated the capacity of MSOT to localize NIR probes in the brain through intact skin and skull with 
high accuracy. In addition, spectral decomposition of hemoglobin confirmed the MSOT ability to visualize well perfused and ischemic 
brain conditions. Additionally, MSOT accurately visualized ICG bio-distribution injected into the tail vein, and followed in real time the 
ICG kinetics and clearance. Finally, we observed the growth of U87 tumor cells injected into the striatum to demonstrate the MSOT 
ability to be used for studying various brain pathologies in mouse and rat models. Multispectral processing allowed us to access the 
true organ distribution of Integrisense in the brain. Conclusions The application of MSOT in in-vivo brain imaging is demonstrated. 
MSOT can be used to follow changes in blood oxygenation, as well as the distribution of near-infrared probes. With the advent of new 
molecular probes, MSOT could also track molecular features of neurological disease and cancer in mouse models. 
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Objective: Molecular imaging of post-transcriptional regulation by histone deacetylases PET/MRI/CT imaging is a rapidly developing 
area in cancer research and neuroscience. Recently, we have synthesized and characterized in vitro a novel HDAC class IIa specific 
radiotracer, the 6-([18F]-trifluoroacetamido)-1-hexanoicanilide, termed [18F]TFAHA. In this study, we aimed to optimize the 
pharmacokinetic model of [18F]TFAHA-derived radioactivity accumulation in the brain in non-human primates for quantification of 
HDACs class II activity and for monitoring the pharmacodynamics of pan-HDAC inhibitor SAHA. Methods: Three PET/CT/MRI imaging 
studies were performed in anesthesized rhesus macaques (N=3): 1) baseline study with [18F]fluoroacetate ([18F]TFACE) - the major 
metabolite of [18F]TFAHA; 2) baseline study with [18F]TFAHA; and 3) repeat study with [18F]TFAHA after treatment with HDAC 
inhibitor SAHA (50 mg/kg i.v. infusion 45min prior to PET). Dynamic PET images of the brain were acquired for 30 minutes post i.v. 
injection of each radiotracer (6.73±0.31 mCi/5ml) and multiple blood samples were obtained for the analysis of metabolites 
([18F]TFACE and [18F]fluoride). The intracerebral influx rate constants (ki) were calculated for each radiotracer using Patlak graphical 
analysis with corrections for radiolabeled metabolites and subtraction of [18F]TFACE-derived radioactivity from the total brain 
radioactivity produced due to systemic catabolism of [18F]TFAHA. Results: Parametric PET images of [18F]TFAHA Ki were generated 
using PMOD (PMOD Technologies, Switzerland), which demonstrated predominant radioactivity localization in cerebellum, vermis, 
caudate-putamen, n.accumbens and amygdalae. These brain structures express high levels of class II HDACs, as demonstrated by 
immunohistochemical analyses of rhesus macaque brain tissue sections. The Ki of [18F]TFAHA in n.accumbens was 0.86 min-1 which 
was 43-fold higher than Ki of [18F]TFACE. After pre-treatment with pan-HDAC inhibitor, SAHA, a significant increase in blood input 
function of [18F]TFAHA was observed, presumably due to inhibition of HDACs-mediated degradation of [18F]TFAHA in the periphery. 
However, the Ki of [18F]TFAHA in the brain was significantly decreased (i.e., in n.accumbens 0.04 min-1), consistent with the inhibition 
of HDACs activity in CNS. Similar values for Ki and k3 of [18F]TFAHA were obtained using a three-compartmental model with 
correction for the influx and efflux rate of [18F]TFACE, which was minimal and could be ignored in 30 min imaging period. Conclusions: 
Using the optimized three-compartmental model and Patlack graphical analysis with correction for influx rate of radiolabeled 
metabolites (i.e., [18F]TFACE), the calculated Ki rate constant for [18F]TFAHA accumulation in the brain reflects the expression-activity 
of HDACs in the brain. PET/MRI/CT with [18F]TFAHA could be used reliably for non-invasive assessment of pharmacodynamics of 
novel HDAC inhibitors of HDAC class II in CNS. 
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Introduction: Abnormal fatty acid (FA) synthesis is one of the common features of human cancer. Fatty acid synthase (FASN) is the key 
enzyme responsible for the de novo FA biosynthesis and is over-expressed in several cancers such as breast, prostate and lung. 
Orlistat is a novel and rather selective inhibitor of FASN in tumor cells. This drug inhibits the thioesterase domain of FASN, interferes 
with cellular FA synthesis, can halt tumor cell proliferation and induce tumor cell apoptosis. This study was aimed to elucidate the 
pharmacodynamic effects of FASN inhibition by Orlistat using genomic and metabolomic profiling of LNCAP and PC3 prostate 
carcinoma cells in vitro. Methods: Two human prostate cancer cell lines, LNCaP (androgen dependent) and PC3 (androgen 
independent) were treated for 24 hrs with 30μM of Orlistat; controls were treated with vehicle (DMSO). To initiate in vitro cell uptake 
study, culture medium was replaced with fresh medium containing 100 μCi of [18F]FDG, 0.1 μCi/ml of [3H]Acetate and 0.01 μCi/ml of 
[14C]Fluoroacetate, in presence of Orlistat/DMSO for experimental and control groups respectively. For NMRS studies, culture medium 
contained either equal concentrations of unlabeled and 1-13C D-glucose and 64μM of 1,2-13C choline chloride or 2-13C acetate. Cells 
were extracted by dual phase method (water-soluble and lipid). 1H, 13C and 31P MRS were performed on a 600MHz NMR 
spectrometer. Metabolite levels were normalized to total cellular protein levels. Gene expression profiles determined using custom-
made PCR arrays containing 168 genes involved in several metabolic pathways such as glycolysis, FA, ketone body and lipid 
metabolism. Results: In both PC3 & LNCaP cell lines, the accumulation of [3H]Acetate was the maximum compared to of 
[14C]Fluoroacetate and [18F]FDG, in both control and Orlistat treated groups. Following Orlistat treatment, PC3 cells, the rate of uptake 
of [3H]Acetate and [14C]Fluoroacetate decreased significantly to 70% and 50% of control values, whereas [18F]FDG accumulation did 
not change significantly. In LNCaP cells, Orlistat treatment did not result in any statistically significant change in the accumulation of 
[3H]Acetate, [14C]Fluoroacetate and [18F]FDG, compared to control group. The levels of de novo synthesized FA and FA metabolites 
were inversely correlated with expression levels of genes involved in FA metabolism, ketone body metabolism, lipid metabolism, and 
regulatory subunits of AMPK, especially in androgen-independent PC3 cells. Conclusions: Several adaptive changes in cellular 
biochemistry revealed by NMRS paralleled changes in the level of expression of genes involved in regulation of energy production and 
energetic homeostasis (ATP/AMP balance) of the cell. PET/CT(MRI) with radiolabeled acetate or fluoroacetate and MRS of de novo 
synthesized fatty acids can be used as pharmacodynamic biomarkers of FASN inhibition in prostate carcinomas. 

 

The rate of accumulation (Ki) of [3H]acetate, [14C]fluoroacetate, and [18F]FDG in LNCAP and PC3 cells before and after incubation with 30 µM Orlistat 
for 24h. 
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Dynamic positron emission tomography (PET) combined with kinetic modeling has been used to study glucose metabolism in skeletal 
muscle. Using the well-established FDG model, glucose metabolic rate can be estimated as well as rate constants which have limited 
physiologic relevance. This motivates us to develop a physiologically- based kinetic model which utilizes information obtained from the 
competition between glucose and radiolabeled glucose analogs. The proposed model uniquely estimates four physiological parameters: 
a flow-extraction product (k1), the fraction of interstitial to total tissue space (fIS), and interstitial (ISg) and intracellular (ICg) glucose 
concentrations. Moreover, these four parameters can be used to determine cellular influx (CI) and efflux (CE) of glucose, 
phosphorylation rate (PR), the maximal transport (VG) and phosphorylation capacities (VH). Method: Dynamic in vivo PET scans were 
performed on rats under basal and hyperinsulinemic-euglycemic (HE) conditions. For each condition, the total scanning time was 2 h 
and a two-injection scanning began after bolus injection of 18F-labeled 6-fluoro-6-deoxy-D-glucose ([18F]6FDG) followed by injection of 
18F-labeled 2-fluoro-2-deoxy-D-glucose ([18F]2FDG) via the venous catheter at zero and 60 min. Results: Fig. 1. shows an example of 
measured time-activity curves (TACs) in skeletal muscle and model fits for basal (top) and HE (bottom) conditions. As compared to 
baseline, HE conditions show higher mean [18F]2FDG activities in skeletal muscle. In terms of parameters estimates, there was no 
significant difference between basal and HE conditions for k1 and fIS; however, ISg was significantly lower under HE conditions (5.39 
0.62 mM) than under basal conditions (3.90 0.34 mM, p<0.05). Model-based estimates of ICg tended to be approximately twice as high 
during insulin stimulation (0.75 0.44 mM) than under basal conditions (0.37 0.29 mM, p=0.09). Under insulin stimulation, the model-
predicted increases in CI, CE, PR, VG and VH are statistically significant (p<0.05) and consistent with the well-known physiologic effect 
of insulin on glucose metabolism in skeletal muscle. Conclusion: The proposed model has the ability to predict skeletal muscle glucose 
transport and phosphorylation in normal rats under basal and HE states, and the parameter estimates are consistent with the known 
physiologic response to insulin. 
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The pancreatic islet is a highly vascularized, multi-celled tissue capable of rapidly sensing changes in blood glucose. An increase in 
postprandial glucose stimulates release of insulin from granules synthesized and stored in islet β-cells. The mass of pancreatic β-cells 
in humans generally increases throughout adult life1 while the sensitivity of β-cells to high glucose tends to decline with age2 and can be 
reduced significantly before type 2 diabetes is diagnosed clinically.1-2 A noninvasive, deep-tissue imaging method capable of monitoring 
changes in β-cell mass and/or function before the onset of type 2 diabetes would be unique and of clinical value in evaluating drugs 
designed to promote β-cell growth or function. The divalent zinc ions, co-released with insulin from β-cells in response to high glucose, 
are readily detected by MRI using the Zn2+-responsive T1 agent, GdDOTA-diBPEN.3 Ex vivo studies of freshly isolated islets indicate 
the change in T1 observed is due to the GdDOTA-diBPEN-Zn2-HSA formation during this glucose stimulation (See Fig. 1). Images of 
mice are enhanced largely in regions corresponding to pancreatic tissue after i.p. injection of a bolus (200 µL of a 20% solution) of 
glucose followed by a low dose of the Zn2+ sensor using relatively low levels (25 µL of 25 mM i.v. for a 20 g mouse), but not enhanced 
at euglycemia (saline injection), consistent with detection of Zn2+ release into the extracellular space of β-cells during glucose 
stimulated insulin secretion (GSIS). Images of mice collected serially over a prolonged (12-wk) period of high-fat (60%) feeding showed 
dramatic contrast enhancement in the abdomen, consistent with the expansion of pancreatic β-cell mass during progression toward 
type II diabetes. Furthermore, the agent did not enhance the pancreas of the streptozotocin (STZ)-treated mice, consistent with an 
absence of viable β-cells in those animals. Previous studies have reported that the Zn2+ concentration in the extracellular space of 
islets may approach ~475 μM during GSIS,4 well above the detection limit of GdDOTA-biBPEN. Thus, this new MRI sensor offers the 
potential to monitor β-cell mass and/or functional mass in vivo during development of type II diabetes or after implantation of islets in 
type I diabetic patients. 1 Dhawan, S., Georgia, S. & Bhushan, A. Formation and regeneration of the endocrine pancreas. Curr Opin 
Cell Biol 19, 634-645 (2007). 2 Scheen, A. J. Diabetes mellitus in the elderly: insulin resistance and/or impaired insulin secretion? 
Diabetes & Metabolism 31, 5S27-25S34 (2005). 3 Esqueda, A. C. et al. A New Gadolinium-Based MRI Zinc Sensor. J. Am. Chem. Soc. 
131, 11387-11391 (2009). 4 Kim, B. J. et al. Zinc as a paracrine effector in pancreatic islet cell death. Diabetes 49, 367-372 (2000). 

 

Figure 1: A. Ex vivo imaging of freshly isolated islets. T1weighted fast spin-echo images of buffer layer above six wells containing ~50 islets each (TR = 
500 ms, TE = 10 ms, ave = 6; 1 mm thick; 37C, 9.4 T, w/o fat saturation). The images were collected ~20 min after exposure of islets to the components 
indicated next to each image. For those wells containing the Zn2+ sensor and albumin, the concentrations were 50 µM of GdDOTA-diBPEN and 600µM 
HSA. B. The chemical structure of GdDOTA-diBPEN. C. Representative grayscale T1-weighted MRI of the abdomen of a control (normal) adult mouse 

fed (low (10% fat) diet. The white arrows show the boundaries of the enhancement (white-to-light gray overlay) that developed only when stimulated with 
glucose before i.v. injection of ~ 0.62 µmole of GdDOTAdiBPEN. 
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Adrenergic β3-receptor agonist BRL37344 can decrease blood glucose level of diabetic mouse 
probably through activation of brown adipose tissue 

Chenxi Wu1, Zhaohui Zhu1, Wuying Cheng1, Yonghong Dang1, Tong Wang1, Fengying Gong2, Huijuan Zhu2, Fang Li1, 1Nuclear 
medicine, Peking Union Medical College Hospital, Beijing, China; 2Endocrinology, Peking Union Medical College Hospital, Beijing, 
China. Contact e-mail: cicikitten@yahoo.com.cn 

Purpose: This study aims at using 18F-FDG micorPET to evaluate the role of BRL37344, an adrenergic β3-receptor agonist, in 
activating the function of brown adipose tissue (BAT) in diabetic mouse, and its correlation with the changes of serum level of glucose 
(Glu), total cholesterol (TC), and low density lipoprotein-cholesterol (LDL-C). Methods: Male ICR mice were enrolled. They were bred 
with high fat food for 8 weeks before injection of streptozocin (STZ, 160mg/Kg) to build diabetes mellitus (DM) models. Two weeks 
later, the mice with serum glucose level >11.1mmol/L in fasting status were selected as DM mouse (n=11) and randomly divided into 
two groups: group 1 (n=6) received 2.5mg/kg BRL37344 three times per week for three weeks, and group 2 (n=5) received the same 
volume and frequency of saline injection. In addition, 4 control mice bred with normal food and injected saline each time (group 3). 
MicroPET scans were performed at baseline, post DM modeling, and three weeks after BRL intervention, respectively, 60 min after 
injection of 7.4MBq 18F-FDG with the mice pre-exposed to cold by stepping on ice for 1 h. BAT to liver uptake ratios (BAT/L) were 
calculated for semi-quantitative analysis. Serum levels of Glu, TC, and LDL-C were tested correspondingly for comparison and analysis 
of their correlation with BAT/L. Student’s t-test, ANOVA, and bivariate correlation analysis were used for statistics analysis, and P<0.05 
was considered significant. Results: There were no significant differences of BAT/L and serum Glu, TC, and LDL-C levels among the 
three groups at the baseline. After DM modeling, serum glucose levels reached to 20.30±5.88 mmol/L and were significantly higher 
than those of the controls (6.50±0.81 mmol/L), while BAT/Ls (1.97±0.68) were significantly decreased in all DM mice compared to those 
of controls (5.33±1.48, P=3.17×10-5) or of themselves before STZ treatment (5.30±2.13, P=1.24×10-3). Three weeks after BRL37344 
treatment, BAT/Ls of DM mice (5.25±1.51) were significantly higher than those in DM mice without BRL37344 stimulation (2.32±1.01, 
P=1.06×10-3), and were significantly increased than those of themselves before BRL37344 intervention (1.93±0.55, P=0.018). Serum 
Glu, TG, and LDL-C levels were significantly higher in all DM mice compared to those of controls, while DM mice with BRL37344 
intervention showed significantly lower level of Glu but similar levels of TG and LDL-C (Table 1) compared to those without BRL37344 
intervention. BAT/Ls were in negative correlation with serum Glu levels (r=-0.74, P=9.76×10-3) in DM mice, but were not correlated with 
serum TC levels (r=0.17, P =0.61) or LDL-C levels (r=-0.27, P =0.42). Conclusion: BAT function is inhibited in diabetic mouse, but can 
be re-activated by BRL37344 treatment. BRL37344 can significantly decrease the glucose level of diabetic mouse, and glucose level is 
in negative correlation with the BAT function, indicating that BAT activation, using adrenergic β3-receptor agonist as an example, may 
be a new way to control diabetes. 

Table 1. Comparison of BAT/L and serum Glu, TC, and LDL-C among the groups three weeks after BRL37344 treatment 

 

BAT/L: 18F-FDG uptake ratio of brown adipose tissue to liver; Glu: serum glucose level; TC: serum total cholesterol level; LDL-C: serum low density lipoprotein-cholesterol level 
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Vigabatrin exposure in young adult animals inhibits both methamphetamine-induced 
increases in adult brain 18FDG uptake and methamphetamine-triggered reinstatement of the 

expression of conditioned place preference 

Christina Veith, Amanda Talan, Alexandra Aarons, Stergiani Agorastos, Joseph Carrion, Sandra R. Scherrer, Stephen L. Dewey, 
Wynne K. Schiffer, Laboratory for Behavioral and Molecular Neuroimaging, Feinstein Institute for Medical Research, Manhasset, NY, 
USA. Contact e-mail: cveith@nshs.edu 

Vigabatrin is an FDA-approved anti-epileptic drug known to have potent effects on brain regions that project to areas of the brain 
associated with drug abuse. Using an animal model of methamphetamine exposure (1 mg/kg), we demonstrated that vigabatrin blocked 
the brain’s response to methamphetamine in young adult rats (PND=45). Methamphetamine triggers excessive neuronal firing and 
increases the release of intracellular dopamine pools. Vigabatrin works by irreversibly inhibiting GABA-transaminase, the primary 
catabolic enzyme responsible for regulating GABA concentrations. Positron emission tomography (PET) studies at baseline and again 
on day 45 following methamphetamine exposure demonstrated that vigabatrin inhibited excessive neuronal activity in these same 
animals. Animals exposed to methamphetamine showed increased activity bilaterally in the corpus striatum, hippocampus and mid-
brain. However, animals treated with five daily doses of vigabatrin (150 mg/kg) no longer showed increased activity in these brain 
regions during an acute methamphetamine challenge. These findings were dose-dependent, as one treatment of vigabatrin failed to 
inhibit increased glucose activity. Behavioral studies using the conditioned place preference (CPP) paradigm in adult animals 
demonstrated that animals receiving methamphetamine expressed a strong CPP (p<0.0001) on the test day. On the day following this 
initial test, the expression of the CPP response was extinguished (which took in excess of 2 weeks and was defined as 5 consecutive 
days without expressing a CPP). Interestingly, 24 hrs later when animals were treated with saline followed 2.5 hrs with an acute dose of 
methamphetamine (1.0 mg/kg), each animal reinstated their expression of a CPP response. On the following day, an acute dose of 
vigabatrin (150 mg/kg) followed 2.5 hrs later by an acute dose of methamphetamine (1.0 mg/kg) failed to reinstate the expression of a 
CPP in every animal. Vigabatrin or saline alone failed to cause any animals to reinstate. Thus, vigabatrin exposure during young 
adulthood appears to protect against some of the metabolic effects of methamphetamine observed in adult rats. In addition, an acute 
dose of vigabatrin blocks methamphetamine-triggered reinstatement of the expression of a CPP. These findings could have important 
implications for adolescents and young adults who seek treatment for methamphetamine abuse. 
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Neurons use lactate as an energy source 

Alfred Buck1, Matthias Wyss1,2, Pierre J. Magistretti3, Bruno Weber2, 1Nuclear Medicine, University Hospital, Zürich, Switzerland; 
2Instittute of Pharmacology and Toxicology, University of Zurich, Zürich, Switzerland; 3Brain Mind Institute, EPFL, Lausanne, 
Switzerland. Contact e-mail: fred.buck@usz.ch 

Over the last decade, lactate has emerged as an important energy substrate in the brain. The majority of the current evidence 
concerning lactate metabolism at the cellular level is based on in vitro data; only a few recent in vivo results have demonstrated that the 
brain metabolises lactate and even prefers it over glucose. Employing voltage-sensitive dye imaging in the anesthetized rat, we present 
here the first in vivo evidence that lactate can sustain neuronal activity in the absence of glucose. The severe hypoglycemia induced by 
insulin injection lead to an expected loss of the voltage-sensitive dye signal, which was completely prevented by lactate infusion. 
Furthermore, using dedicated novel radiotracer synthesis and kinetic beta-probe measurements, we demonstrate that the brain readily 
oxidizes lactate and that this lactate oxidation is an activity-dependent process. The kinetics of the 1-11C-L-lactate was analyzed using 
a one-tissue compartmental model (K1, k2), where K1 reflects tracer delivery and k2 is the washout rate of the 11C label. We present 
evidence that k2 is reflecting cerebral lactate oxidation. This parameter increased during brain activation induced by electrical 
infraorbital nerve stimulation from 0.077 ± 0.009 to 0.105 ± 0.007 min-1. In a last set of experiments we quantified cerebral glucose 
utilization using 18F-fluorodeoxyglucose during baseline conditions and during hyperlactemia during changing activity levels. At 
baseline conditions, the cerebral glucose utilization decreased on average 38%, and the decrease was more pronounced at higher 
blood lactate levels and during stimulation. In summary, we provide for the first time in vivo evidence that lactate can sustain neuronal 
activity in the absence of glucose and thus has a direct neuroprotective role. It is furthermore shown that the brain readily oxidizes 
lactate at normoglycemic levels and even prefers it over glucose. 
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Combination therapy with radiolabeled Gastrin Releasing Peptide Receptor antagonists and 
protein kinase inhibitors in a prostate cancer model 

Rebecca A. Dumont1, Friederike Deininger1, Melpomeni Fani1, Jean-Claude Reubi2, Sandra Borkowski3, Wolfgang A. Weber1, Helmut 
R. Maecke1, Rosalba Mansi1, 1Nuclear Medicine, Albert Ludwigs Univ, Freiburg, Germany; 2Department of Pathology, University 
Hospital Bern, Bern, Switzerland; 3Global Drug Discovery, Bayer Pharma AG, Berlin, Germany. Contact e-mail: rdumont@ucla.edu 

Introduction: The Gastrin Releasing Peptide Receptor (GRPr) is overexpressed in the majority of prostate cancers, and protein kinase 
inhibitors are known to sensitize certain malignancies to the effect of radiation. We investigate the efficacy of combination therapy with 
the lutetium-177 labeled Gastrin Releasing Peptide Receptor (GRPr) antagonist BAY 1017858 (177Lu-DOTA-4-amino-1-
carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH2 , 177Lu-RM2) and the protein kinase inhibitors (PKIs) dasatinib 
and rapamycin in the PC3 prostate cancer model. Methods: The cytostatic effect of the PKIs was confirmed in vitro by measuring 
proliferation at varying concentrations over 72h via trypan blue exclusion. 177Lu-RM2 uptake was measured before and after 24 & 48h 
of PKI treatment to determine the effect on GRPr expression and affinity. Treatment effects of 177Lu-RM2 alone and in combination 
with PKIs on cell survival/proliferation were assayed with trypan blue exclusion daily over 96h. To determine influence on in vivo RM2 
tumor uptake, biodistribution and microPET studies with 68Ga-RM2 were done following treatment with control, 4mg/kg rapamycin or 
70mg/kg dasatinib delivered daily for 3d in tumor-bearing nude mice (n=4/group). GRP receptor expression was analyzed via 
autoradiography using a GRPr-specific antibody on select tumor samples. Following treatment with either PKI, animals then received 
1mCi 177Lu-RM2 intravenously. Tumor growth was measured daily and compared with animals that had received vehicle, PKI or 
177Lu-RM2 only (n=7/group). Results: Following 72h of PKI treatment, there was a dose-dependent reduction in proliferation in vitro 
without evidence for apoptosis or downregulation of GRPr expression or RM2 binding. Combination treatment was more effective in 
vitro than either agent alone (cell viability at 96h: 64, 75, 82, 52 and 53% of control with 10nM rapamycin, 10nM dasatinib, 50μCi 
177Lu-RM2, 177Lu-RM2 + rapamycin, 177Lu-RM2 + dasatinib, p=0.001). Biodistribution and microPET studies demonstrated that RM2 
tumor uptake is maintained in PKI treated animals (Fig A), while autoradiography confirmed in vivo expression of GRPr. Treatment with 
177Lu-RM2 + rapamycin had the most pronounced effect on tumor growth and led to the longest survival (p=0.002) (Fig B). Partial 
remission was observed for 6 of 7 animals, complete remission was observed for 1 animal in this group. In contrast, 177Lu-RM2 + 
dasatinib appeared to be less effective than 177Lu-RM2 alone. Untreated tumors and tumors treated with dasatinib or rapamycin alone 
also progressed rapidly. There was no evidence of treatment-related toxicity as evaluated by animal appearance or body weight, or on 
histological examination of harvested organs among the treatment groups. Conclusions: Radiotherapy using the bombesin antagonist 
177Lu-RM2 (BAY 1017858) alone or in combination with rapamycin is a promising strategy for treatment of GRPr-expressing prostate 
cancer. 
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Quantitative analysis and parametric imaging of 18F-FPRGD and 18F-FPPRGD2 kinetics in 
breast cancer xenografts using compartment model 

Ning Guo1,3, Lixin Lang1, Haokao Gao1, Gang Niu1,2, Dale O. Kiesewetter1, Qingguo Xie3,4, Xiaoyuan (Shawn) Chen1, 1Laboratory 
of Molecular Imaging and Nanomedicine(LOMIN), National Institute of Biomedical Imaging and Bioengineering(NIBIB), National 
Institutes of Health(NIH), Bethesda, MD, USA; 2Imaging Sciences Training Program, Radiology and Imaging Sciences, Clinical Center 
and National Institute Biomedical Imaging and Bioengineering(NIBIB), National Institutes of Health(NIH), Bethesda, MD, USA; 
3Department of Biomedical Engineering, Huazhong University of Science and Technology, Wuhan, China; 4Wuhan National Laboratory 
for Optoelectronics(WNLO), Wuhan, China. Contact e-mail: ning.guo@nih.gov 

Background: Non-invasive PET imaging with radiolabeled RGD peptides for αvβ3 integrin targeting has become an important tool for 
tumor diagnosis and treatment monitoring in both pre-clinical and clinical studies. To better understand the molecular process and 
tracer pharmacokinetics, we introduced kinetic modeling in the investigation of 18F-labeled RGD peptide monomer 18F-FP-c(RGDyK) 
(denoted as 18F-FPRGD) and dimer 18F-FP-E[c(RGDyK)]2 (denoted as 18F-FPPRGD2). Kinetic parameters and parametric images 
are employed for quantitative analysis and comparison between monomer and dimer RGD peptide. Method: MDA-MB-435 tumor-
bearing mice were subjected to PET imaging. Sixty-min dynamic PET scans were acquired with tail-vein injection of ~3.7 MBq (100 
μCi) radiotracer (18F-FPRGD, 18F-FPPRGD2, or 18F-FPRAD) under isoflurane anesthesia. Monomer RGD peptide c(RGDyK) was 
injected 10-min before scanning for blocking studies. Dynamic PET images were reconstructed by 2D OSEM and the frame rates were 
10×30s, 10×90s and 10×240s. The time activity curves were obtained by superimposing the ellipsoidal volume of interest (VOI) with 
IRW 3.0 software. Blood samples were collected during the scans for image derived arterial input function correction. A reversible 
three-compartment model was applied for kinetic analysis in this study. The rates of perfusion into tissue (K1), clearance from plasma 
(k2), specific binding (k3) and dissociation (k4) were determined. Some combinations of parameters were also calculated, such as 
binding potential (Bp = k3/k4) that reflects the binding affinity and volume of distribution (Vd = K1/k2(1+k3/k4)) that reflects the tissue to 
plasma concentration ratio. Vd can be regarded as the sum of specific (Vs = K1k3/(k2k4)) and nonspecific (Vnd=K1/k2) distribution. 
Parametric maps were generated by applying the kinetic modeling at voxel level. Results: As shown in Fig.1a, dimeric RGD showed 
significantly higher Bp than the monomeric analog which is more obvious than the difference in %ID/g uptake measured from static 
images. Significant decrease in Bp was found in both blocking groups compared with the unblocking groups. At the same time, RAD 
control group showed the lowest Bp among all the test groups as the RAD peptide does not bind to integrin. Vs was dominant in the 
unblocking group and was decreased in the blocking group (Fig.1b). 18F-FPPRG2 also showed higher Vs than 18F-FPRGD, 
corroborating the Bp calculations. Little difference in Vnd was found among different groups. Moreover, parametric maps allowed 
quantitative analysis at voxel level and provided higher tumor-to-background contrast for Bp maps than the source images. 
Conclusions: The pharmacokinetics of both monomeric and dimeric RGD peptide tracers were compared and the RGD dimers showed 
significantly higher binding affinity than the monomer analogs. Kinetic parameters were demonstrated to be valuable and may allow 
more sensitive and detailed quantification than simple SUV analysis for tumor diagnosis and therapy response monitoring. Research 
Support: Intramural Research Program of the National Institute of Biomedical Imaging and Bioengineering, National Institutes of Health 

 

Fig.1 (a) Binding potential and (b) volumes of distribution of 18F-labeled RGD peptide tracers. (c, d) Representative original static PET images at 60 min 
(left), parametric maps of volume of distribution (middle) and binding potential (right) for unblocking (c) and blocking (d) groups of mice after 

administration of dimeric RGD peptide tracer 18F-FPPRGD2. (e,f) Representative original static PET images at 60 min (left), parametric maps of volume 
of distribution (middle) and binding potential (right) for unblocking (e) and blocking (f) groups of mice after administration of monomeric RGD peptide 

tracer 18F-FPRGD. 
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In vivo Real-Time Quantification of Targeted Contrast-Enhanced Ultrasound Imaging Signal in 
Cancer 

Marybeth A. Pysz1, Ismayil Guracar2, Kira Foygel1, Juergen K. Willmann1, 1Radiology, MIPS, Stanford University, Stanford, CA, USA; 
2Siemens Medical Solutions, Mountain View, CA, USA. Contact e-mail: mpysz@stanford.edu 

Targeted contrast-enhanced (molecular) ultrasound (US) imaging is an emerging non-invasive modality for quantification of molecular 
signatures in vivo. Imaging signal is traditionally quantified by a destruction/replenishment approach which involves a destructive pulse 
followed by post-processing to subtract pre-and post-destruction imaging data sets. The purpose of our study was to develop and test a 
new algorithm for real-time quantification of molecular US imaging signal in subcutaneous human colon cancer xenografts in mice. A 
new software algorithm was developed to measure the total dwell time (defined as time the pixel intensity is above a threshold level) of 
each imaging plane pixel during a molecular US imaging experiment. If the pixel intensity was measured above a threshold for a user-
defined percentage of the acquisition time, the pixel was counted as representing an attached microbubble. The algorithm was 
incorporated into the software of a clinical US scanner (Sequoia Acuson 512, Siemens). Molecular US imaging (14 MHz, MI=0.28) was 
performed on subcutaneous human colon cancer xenografts using 5E7 non-targeted (NT-MBs) or KDR-targeted microbubbles (KDR-
MBs). Preliminary experiments were performed to define the machine settings of intensity threshold (50 out of 255 grayscale); gain (-
10); time to allow microbubbles to attach (7 min); and, dwell time percent (80%). Molecular US signal (measured in linear intensity 
mode using the traditional destruction/replenishment approach, and using the new real-time software algorithm) was acquired in 18 
mice with subcutaneous human colon cancer xenografts. Using the new software algorithm for molecular US signal in tumor-bearing 
mice (n=6) showed that KDR-MB targeted signal was significantly higher (7.4±2.7-fold; P<0.001) than signal with NT-MBs. Targeted 
signal from two separate injections of KDR-MBs were not significantly different (P=0.68) demonstrating good repeatability of the 
approach (Figure). KDR-MB signal could be significantly blocked (by 41.4±29.5%; P<0.05) following administration of anti-VEGFR2 
antibody. In a second study, tumor-bearing mice (n=12) were first scanned for molecular US signal (KDR-MBs) at baseline (0 h); were 
then treated with saline (non-treated; n=6) or with anti-VEGF antibody therapy (10 mg/kg; n= 6); and, were scanned for molecular US 
signal (KDR-MBs) 24, 48, and 72 hours post-therapy. Following anti-VEGF therapy, KDR-MB signal changed significantly (27.3±7.0% 
decrease; P=0.04 for all time points) in anti-VEGF antibody treated tumors, but not in non-treated tumors (3.8±16.7%; P=0.83). 
Comparison of molecular US signal using the new algorithm with signal using the traditional linear intensity approach showed significant 
correlation (r: 0.91; P<0.01) in all studies. In conclusion, new software on a clinical US system was developed and tested to measure 
molecular US imaging signal in real-time without a destructive pulse. Quantitative results correlated well with those obtained with the 
traditional post-processing approach. This software may be useful for real-time quantification when translating molecular US imaging 
into the clinic. 

 

Figure. The software for real-time measurement of attached microbubbles (MBs) was tested and compared with the traditional measurement approach 
in linear intensity using signal acquired prior to microbubble destruction (MBD; Pre-MBD) minus signal acquired after MBD (Post-MBD). Comparison of 
non-targeted MBs (NT-MBs), and 2 separate injections (1 and 2) of KDR-targeted MBs (KDR-MBs) was performed using subcutaneous human colon 

cancer xenografts (anatomical image: B-mode) implanted in mice. Administration of KDR-MBs resulted in significantly (P<0.001) higher signal than NT-
MBs. Molecular US signal from 2 separate injections of KDR-MBs showed high agreement. 
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Calcitonin Receptor as a Target for Radionuclide Imaging and Therapy 

Levente K. Meszaros1,2, Phil Blower1, Yolanda Calle2, 1Division of Imaging Sciences, King's College London, London, United Kingdom; 
2Department of Haematological Medicine, King's College London, London, United Kingdom. Contact e-mail: 
levente.meszaros@kcl.ac.uk 

Introduction: Calcitonin is a 32 amino-acid peptide hormone produced by the C-cells of the thyroid. Receptors for the hormone are 
expressed by osteoclasts; the bone cells responsible for the resorption of the bone. The number of calcitonin binding sites on 
osteoclasts is very high (106/cell). In the normal bone osteoclast activity is counterbalanced by osteoblasts. If a bone lesion is formed as 
part of a physiological response it will be surrounded by a large number of osteoclasts and the above equilibrium will be lost. The fact 
that osteoclasts express high densities of the calcitonin receptor (CTR) makes radiolabelled calcitonin analogues a possible tool to 
image and treat osteoclastic bone diseases. Certain tumours also express CTR; among them are breast and prostate cancer and 
multiple myeloma. We especially focus on myeloma which is a disease characterised by the occurrence of malignant B-cells in the 
bone marrow. Apart from the bone, CTRs are present in the kidneys and central nervous system. We have previously synthesised and 
radiolabelled a calcitonin analogue hynic-salmon calcitonin (hynic-sCT) with Tc-99m. In this study we were aiming to evaluate the 
radiolabelled peptide in vitro on MCF-7 breast cancer cells and in vivo in C57BL/KaLwRij mice. An iodinated derivative of calcitonin (I-
125-[Tyr22]-sCT) was studied previously both in vivo and in vitro giving a good basis of comparison. Animal studies: Six weeks old 
male C57BL/KaLwRij mice (3) were purchased from Harlan Laboratories. Hynic-sCT (10 µg) was radiolabelled in presence of 10 mg of 
tricine as co-ligand. 19 MBq (1.67 µg) were injected in each animal intravenously. Animals were imaged with a SPECT/CT scanner over 
a period of 3 hours then culled by cervical dislocation. Organs were removed, weighed and counted. Results: In vitro studies: we 
proved by immunocytochemistry that MCF-7 cells express the calcitonin receptor. The cells take up the iodinated derivative of salmon 
calcitonin. They also take up Tc-99m labelled hynic-sCT and this uptake can be blocked by salmon calcitonin in a dose-dependent 
manner thus uptake of the radiopeptide is specific. In vivo studies: the biodistribution of the radiolabelled peptide is analogous to that of 
the iodinated gold standard i.e. most of the radioactivity ended up in the kidneys and bladder by 30 minutes post-injection. Cortical and 
sagittal sections suggest a specific uptake in the cortex of the kidneys (SUV 33.6±2.6) thus hynic-sCT retains its high affinity towards its 
receptor in vivo. HPLC-MS analysis of the urine suggested that the radiopeptide was degraded in the kidneys to a small hydrophilic 
radioactive species, probably pertechnetate or a Tc-tricine complex. Minor uptake was found in the stomach, small and large intestines, 
lungs and the thyroid, similarly to I-125-[Tyr22]-sCT. Conclusions: In vitro studies proved that the technetium labelled hynic-sCT is a 
ligand for CTR. In vivo studies suggest that the peptide is degraded quickly and it behaves very similarly to the iodinated derivative. An 
imaging experiment on multiple myeloma-bearing mice will be carried out to evaluate disease targeting properties of the radiopeptide. 

 

Maximum intensity projection (top left), coronal (top right), sagittal (bottom left) and transaxial (bottom right) images acquired 150 minutes post-injection 
of Tc-99m-labelled hynic-sCT 
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Molecular Imaging of breast tumors with PET-MRI: proof of concept 
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Introduction To proof that that molecular imaging of breast tumors with proton MR spectroscopy (3D-1H-MRSI), diffusion-weighted 
imaging (DWI), contrast-enhanced magnetic resonance imaging (CE-MRI) and positron-emission tomography (PET) improves 
diagnostic accuracy, sensitivity and specificity. Methods 28 patients with breast tumors detected by mammography or ultrasound and 
classified as BIRADS 3-5 were included in this IRB approved prospective study. All patients were examined with 18FDG-PET-CT and 
3T MRI of the breast. Examinations were scheduled on the same day. MRI protocol included: 3D-1H-magnetic spectroscopic imaging 
(MRSI) before application of contrast agent to avoid contamination of spectra, a diffusion-weighted sequence (DWI), a T2-weighted 
sequence and a combined contrast-enhanced high temporal and spatial resolution 3D-T1-weighted sequence before and after 
application of a standard dose Gd-DOTA. For PET-CT patients fasted at least 6 h before injection of approximately 300 MBq 18F-FDG 
based on the patients weight. Scanning was started 45 min after injection. Blood glucose levels were <150 mg/dl. A prone PET dataset 
over the breasts was acquired using a positioning device allowing the same patient geometry as the breast MRI coil. CT data was used 
for attenuation correction. Co-registration of imaging data and image fusion were performed. PET-MRI was assessed for tumor 
morphology and EH-kinetics according to BIRADS, restricted diffusivity, increased Choline (Cho)-levels and 18FDG -avidity. An ADC 
threshold 1.25 x10-3mm2/s and a signal-to-noise ratio of the Cho resonance peak >2.55 were defined as a marker of malignancy. 
Tumors were classified as positive when 18F-FDG-uptake was greater than blood-pool activity. All tumors were histopathologically 
verified. Results There were 19 malignant and 9 benign tumors. CE-MRI had a sensitivity of 100% and a specificity of 56%. The PPV 
was 0.83 (95% CI 0.63-0.93) and the NPV was 1 (95% CI 0.57-1). Diagnostic accuracy was 86%. DWI had a sensitivity of 84% and a 
specificity of 78%. The PPV was 0.89 (95% CI 0.67-0.97) and the NPV was 0.7 (95% CI 0.4-0.9). Diagnostic accuracy was 82%. MRSI 
had a sensitivity of 79% and a specificity of 100%. The PPV was 1 (95% CI 0.8-0.1) and the NPV was 0.69 (95% CI 0.42-0.87). 
Diagnostic accuracy was 86%. PET had a sensitivity of 89% and a specificity of 67%. The PPV was 0.95 (95% CI 0.64-0.95) and the 
NPV was 0.75 (95% CI 0.41-0.93). Diagnostic accuracy was 82%. The combined use of all modalities achieved an excellent sensitivity 
of 95% and good specificity of 78% in the diagnosis of breast cancer. Diagnostic accuracy was 89%. The PPV was 0.9 (95% CI 0.7-
0.97) and the NPV was 0.88 (95% CI 0.53-0.98). Conclusions Molecular imaging with PET-MRI of breast tumors enables an accurate 
breast cancer diagnosis with improved sensitivity, specificity and diagnostic accuracy and breast biopsies would have been obviated in 
more than one third of benign breast lesions. 

 

Multimodality breast imaging: Axial fused high field (3T) high resolution PET-MRI shows rapidly enhancing highly FDG avid tumors centrally in the right 
breast indicating malignancy. PET-MRI demonstrates 3 suspicious FDG-avid lymphnodes, which were confirmed to be lymphnode metastasis by 

histopathology. 
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Molecular Imaging of Human Bladder Cancer With Confocal Laser Endomicroscopy 
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Introduction and Objectives: A key diagnostic challenge of bladder cancer is the suboptimal specificity of white light cystoscopy(WLC) to 
visualize non-papillary tumors and differentiate them from inflammation. There is significant interest in developing optical imaging 
technologies that can improve the diagnostic accuracy of WLC, as well as improve the quality of surgical resection and reduce local 
recurrence. Probe-based confocal laser endomicroscopy (CLE) provides dynamic in vivo microscopy of the mucosal surface and is 
compatible with standard endoscopes. CLE is typically performed with fluorescein for real time cellular imaging with image resolution 
comparable to histology. Combining CLE with fluorescently labeled antibodies or peptides against tumor surface markers enables real 
time molecular imaging of tumors. Recent evidence suggests that CD47 is over-expressed in bladder cancer, but absent in the 
superficial layer of normal urothelium, making it an attractive target for cancer-specific molecular imaging. We report our preliminarily 
efforts to image bladder tumors ex vivo with CLE using FITC-labeled mouse monoclonal antibody against human CD47 (anti-CD47-
FITC) as a contrast agent. METHODS: Fresh human bladder specimens(n=5) were iinstilled with anti-CD47-FITC, or mouse IgG 
isotype control (mouse IgG-FITC) via a urinary catheter and incubated at 37°C for 30 min. Excess antibody/mouse IgG was drained. 
Specimens were opened and CLE (Mauna Kea Technologies, Paris, France) was performed on tumor, suspicious and normal 
appearing mucosa, followed by excision of imaged tissue for histopathologic comparison. One bladder was stained with mouse IgG-
FITC and imaged as a negative control, followed by anti-CD47-FITC staining and CLE (Figure 1). Frozen tissue sections of normal and 
tumor tissue from one bladder were further analyzed for tumor-bound CD47 antibody by immunofluorescence. The normal urothelium of 
the renal pelvis from a kidney specimen removed for renal cell carcinoma was stained with anti-CD47-FITC via the ureter as another 
negative control. RESULTS: All bladders had high-grade urothelial carcinoma on pathology. Greater fluorescent intensity on CLE in 
areas of tumor, compared to normal urothelium was observed with anti-CD47-FITC in all 5 bladders. Imaging of a red lesion with CD47 
antibody showed no signal, and was confirmed to be inflammation by H&E. Immunostaining showed anti-CD47-FITC on the surface of 
tumor but not on normal urothelium. The isotype control showed minimal fluorescent signal on both the normal and tumor areas 
imaged, and subsequent imaging of the same areas with anti-CD47-FITC showed abundant fluorescent signal in tumor areas only. The 
renal pelvis stained with anti-CD47-FITC did not show any fluorescent signal. Subsequent H&E staining confirmed that it was normal 
urothelium. CONCLUSIONS: CD47 antibody is a promising molecular contrast agent for targeted imaging of bladder cancer using CLE. 
Ongoing studies are underway to evaluate CLE with CD47 antibody in vivo in a mouse orthotopic model of bladder cancer to establish 
the foundation for in vivo targeted endoscopic imaging of bladder cancer in humans. 
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Metabolic and Physiological Imaging of Cancer 
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With the availability of 3T and higher field strength whole body MR scanners, in vivo studies of cancer patients are increasingly 
integrating anatomic with physiological and metabolic imaging. When combined with the development of multi-channel radiofrequency 
coils, this has provided 2 to 10-fold increases in sensitivity and spectral resolution of the MR data being acquired. This has been used 
to either decrease the acquisition time for routine 3T scans by a factor of 4 or to improve the coverage and/or spatial resolution of the 
data being acquired. This is critical for predicting whether patients are likely to respond to therapy, for planning focal therapy and for 
evaluating the effectiveness of new treatments. The application of a multi-parametric examination with readouts of diffusion, perfusion 
and metabolic signatures has produced data from patients with brain and prostate cancer that shows the value of these methods for 
assessing prognosis and distinguishing between treatment effect and recurrent disease. Preliminary results using high resolution 
imaging of patients with brain tumors using a 7T whole body scanner have underlined the potential for improved assessment of 
metabolic lesions, evaluation of vascular and anatomic lesions and for assessing the effects of radiation and chemotherapy on 
neurological function. The use of hyperpolarized C-13 agents is a further new and extremely promising method for improving the 
sensitivity and specificity of metabolic imaging. DNP polarization can provide a >10,000 fold signal enhancement for detecting 13C 
probes of endogenous, nontoxic substances and have the potential for monitoring fluxes through multiple biochemical pathways such 
as glycolysis, the citric acid cycle and fatty acid synthesis. An increasing number of studies performed using a whole body MR scanner 
in pre-clinical models of prostate, liver and brain cancers have provided promising results in terms of using this technology to assess 
disease severity and response to therapy. The first human data obtained with this technology has been in patients with prostate cancer 
who have biopsy proven cancers and are on watchful waiting. This dose escalation study used 13C pyruvate as the hyperpolarized 
agent and has shown the safety of the agent and the ability to highlight regions of tumor using the lactate/pyruvate ratio. 
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Sensitive Imaging of H5N2 Virus by Self-Assembly Aggregation Molecular Switches 
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I. Objectives Sensitive detection of virus, especially the ability to quantify virus concentrations, signifies in both medical development 
and clinical applications. With high spatial and temporal resolution, deep penetration, and non-invasive applicability, magnetic 
resonance molecular imaging (MRMI) stands out among various molecular-imaging modalities. Enhanced by contrast agents and spin-
engineering, MRMI serves as a strong candidate for virus detection. In this work, we formed self-assembly aggregates, which were 
structured by virus particles and superparamagnetic iron oxide (SPIO) nanoparticles, and acquired MR images of samples with different 
virus concentrations under rotating-frame spin-locking fields, to achieve sensitive detection of virus and identification between different 
concentrations. II. Methods The detection principle grounds on the following observations: (i) Spin-locking efficiency is sensitive to the 
field fluctuations induced by SPIOs, (ii) Different virus concentrations resulted in virus-SPIO aggregates with different sizes but similar 
inter-particle distance; (iii) Spin-locking fields cannot suppress the dephasing of proton spins embedded in rapidly fluctuating magnetic 
fields induced by small-sized virus-SPIO aggregates, but they are able to lock the dephasing induced by large-sized virus-SPIO 
aggregates. (See Supplemental Data for details) III. Results & Discussions 1) Computer simulations. To better understand the detection 
principle underneath, we first investigated different SPIO aggregates with changing inter-particle distance using computer simulations. 
Such understanding can help further study with various virus species. Calculation results indicated that: (i) for aggregates formed by 
SPIO nanoparticles larger than ~30 nm radius, a more compact aggregate was unable to enhance the proton relaxivity under spin-
locking fields, while a looser aggregate could still accelerate the proton relaxation rate; (ii) for aggregates formed by SPIO nanoparticles 
smaller than ~30 nm radius, the enhanced proton relaxivity due to the presence of SPIO aggregates remained unchanged under 
increasing spin-locking fields, and were easily distinguished from the background relaxation. The simulation results also help choose 
appropriate size of SPIO nanoparticles in the sequent experiments and real-life applications. 2) In vitro experiments. With better 
theoretical understanding from computer simulations, we then carried out in vitro experiments. We conjugated SPIO with HA-specific 
antibodies and then mixed them with H5N2 virus solutions of different concentrations (Fig.1A). Under spin-locking fields, the three 
solutions exhibit different relaxivities (Fig.1C), due to distinct SPIO-virus aggregates produced in different solutions (Fig.1B). In addition, 
we carried out simulations with estimated experimental parameters and reproduced consistent results (Fig.1D). (See Supplemental 
Data for details) IV. Conclusion In vitro virus experiments and computer simulations demonstrated the applicability of SPIO-based 
aggregation-triggered molecular switches and sensitive detection of SPIO aggregates by rotating-frame spin-locking. 

 

Fig. 1 (A) Formation of self-assembly SPIO-virus aggregates and (B) the effect of increasing concentration of virus solution (from left to right). (C) In vitro 
experimental results of relaxivity as a function of the locking field strengths, compared with (D) simulation results, calculated using estimated 

experimental parameters. 

Disclosure of author financial interest or relationships: 
Z. Li, None; T. Chou, None; C. Hsu, None; L. Hwang, None; J. Fang, None; Y. Lin, None.  

Proceedings of the 2011 World Molecular Imaging Congress S905



Presentation Number T144 
Scientific Session 16: Nano- and Micro-Materials for Molecular Imaging 

September 9, 2011 / 13:15-13:30 / Room: 20A 

Contrast-Enhanced MR Molecular Imaging Detection of Pancreatic Cancer with Anti-CA 19-9 
Conjugated Magnetic Nanoparticles and Rotating-Frame Spin-Locking 
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Go4, Yung-Ya Lin1, 1Chemistry and Biochemistry, UCLA, Los Angeles, CA, USA; 2Crump Molecular Imaging Institute, UCLA, Los 
Angeles, CA, USA; 3Surgery, UCLA, Los Angeles, CA, USA; 4Center for Excellence in Pancreatic Diseases, UCLA, Los Angeles, CA, 
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I. Objectives & Importance Cancer is now the leading cause of death worldwide, with pancreatic cancer (PC) being the hardest to 
diagnose and treat. Nonetheless, hope for mitigating pancreatic cancer arises from the early detection of small, resectable tumors 
through molecular imaging modalities like magnetic resonance imaging (MRI). Since late-stage pancreatic cancer exhibits chemo- and 
radiotherapy resistance, early detection of this malignancy using enhanced MRI imaging techniques increases not only the treatment 
options available, but also the patients’ survival rate. This can be realized with antibody-conjugated superparamagnetic iron oxide 
(SPIO) nanoparticles capable of binding to early stage pancreatic cancer cells. The enhanced contrast from SPIO can then be used to 
visually assess the distribution and magnitude of SPIO-targeted tumor cells. Therefore, the objectives of this work are: (i) to enhance 
detection specificity through effective targeting of PC biomarkers, (ii) to enhance detection sensitivity through effective imaging of 
magnetic nanoparticles. II. Methods & Procedures 1) To enhance detection specificity. Anti-CA 19-9 antibodies were conjugated to 
NH2-PEG-coated SPIO nanoparticles utilizing reductive amination chemistry. Conjugation was verified using dynamic light scattering 
(DLS) for particle size determination, and the Bradford protein assay. The antigen binding capacity to CA 19-9 over-expressing cell 
lines (BxPC3) was witnessed with in vitro MR cellular images to additionally confirm specific, reliable binding. 2) To enhance detection 
sensitivity. The very unique feature of SPIO nanoparticles are: (i) super-paramagnetic; (ii) enormously strong magnetic field gradients 
near SPIO surface along the radial direction. Our theoretical, numerical, and in vitro cellular imaging studies show that rotating-frame 
spin-locking efficiency is sensitive to magnetic field fluctuations arising from diffusion motion within strong magnetic field gradients and 
thus can be applied to sensitively imaging magnetic naoparticles. III. Results & Conclusion To test the viability and applicability of this 
modality, in vivo images of human pancreatic tumors (BxPC3 and CA 19-9 negative MiaPaca cell lines) from nude mouse xenografts 
were taken utilizing rotating-frame spin-locking MR detection to anti-CA 19-9 conjugated SPIO (Fig. 1A). The mice in these studies 
were pre-injected with IgG in order to saturate liver macrophages that were initially sequestering the nanoparticles and weakening their 
biodistribution. While T2-weighted image cannot clearly locate the SPIOs (Fig. 1B), the R1rho parameter mapping form the rotating-
frame spin locking (Fig. 1C) successfully highlights the SPIO distribution with a close correlation with iron-stained histopathology (Fig. 
1D). Statistical studies, alternative rotating-frame spin-locking pulse sequences with further improved performance for early PC 
detection, and a new R1/R2-weighted MR molecular imaging with new kind of synthesized dual-mode R1/R2 superparamagnetic 
nanoparticles to identify and image pancreatic cancer will also be presented. 

 
Fig. 1. (A) Stage-2 human pancreatic tumors (BxPC3 cell lines) in nude mouse xenografts. (B) T2-weighted image by spin echo. (C) R1rho parameter 

mapping by rotating-frame spin-locking. (D) Histopathology with iron stain. 
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An Activatable Nanocarrier-Based Probe for In Vivo Near-Infrared Fluorescence Imaging of 
Tumor Biomolecules 

Yoichi Shimizu1, Takashi Temma1, Isao Hara2, Akira Makino1, Ryo Yamahara2, Eiichi Ozeki2, Masahiro Ono1, Hideo Saji1, 
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Objectives:Lactosome, an amphiphilic polydepsipeptide micelle, is an effective nanocarrier for drug delivery to tumors and has 
relatively low uptake in non-target regions such as reticuloendothelial systems. Previously, we developed IC7-1, a lipophilic near-
infrared (NIR) fluorophore, formed lactosome encapsulating it (IC7-1 lactosome) as a molecular probe, and achieved in vivo tumor 
imaging by virtue of its enhanced permeability and retention (EPR) effect. Although IC7-1 lactosome enabled tumor detection, the 
development of a probe with greater specificity and higher uptake by tumors was desired. Thus, we have designed an active targeting 
probe based on the IC7-1 lactosome in combination with a target-specific signal activation system to reduce non-specific background 
signals. In this study, we chose human epidermal growth factor receptor 2 (HER2) as the targeted biomolecule due to its close 
relationship with malignancy. Methods:IC7-1 conjugated poly L-lactic acid was encapsulated in lactosome at varying IC7-1 
concentrations (1-20 mol%) using a film rehydration technique. The emission spectra of IC7-1 lactosomes were evaluated in PBS and 
5% sodium dodecyl sulfate (SDS). To provide the anti-HER2 IC7-1 lactosome, maleimide was introduced to the hydrophilic end of the 
constituent polymer followed by lactosome preparation and reaction of the anti HER2 single chain Fv (scFv) to the hydrophilic surface. 
The dissociation constant (Kd) of the probe for HER2 was measured by surface plasmon resonance. After addition of the anti-HER2 
IC7-1 lactosome or IC7-1 lactosome to HER2 positive NCI-N87 cells, fluorescence images were obtained for 24 hr. Furthermore, the 
probes were administered by i.v. to NCI-N87 cell xenograft mice, and fluorescence images were acquired with the Clairvivo OPT for 24 
hr. Results:The fluorescence intensity of IC7-1 lactosome decreased as the IC7-1 concentration used for lactosome preparation 
increased. The fluorescence intensity of 20 mol% IC7-1 lactosome was about 30 times higher in SDS than in PBS, suggesting that 
denaturation of the probe can activate its optical signal. The concentration of IC7-1 was thus set at 1 mol% as an always-on type probe 
and at 20 mol% as a signal activatable type probe for the following study. The Kd value of the anti-HER2 IC7-1 lactosome was 0.02 nM. 
Cells treated with 20 mol% anti-HER2 IC7-1 lactosome showed significantly higher fluorescence than with the 20 mol% IC7-1 
lactosome, and the fluorescence sharply increased during the early phase. The ratio of cell fluorescence at 6 hr to 1 hr was 5.4, while 
the ratio from cells treated with 1 mol% anti-HER2 IC7-1 lactosome was 1.3. In an in vivo study, tumors were clearly visualized 9 hr 
after the administration of 20 mol% anti-HER2 IC7-1 lactosome, but not with the 20 mol% IC7-1 lactosome, and the difference of 
fluorescence intensities was significant. On the other hand, the always-on type 1 mol% probes provided similar tumor images 
regardless of surface modification with the anti HER2 scFv. Conclusion:20 mol% anti-HER2 IC7-1 lactosome achieved effective NIR 
fluorescence imaging for HER2 in combination with a target-specific signal activation system. 

 
Figure 1. Fluorescence images of mice administered anti-HER2 IC7-1 lactosome (A) and IC7-1 lactosome (B) at 9 hr after intravenous injection. The 

yellow arrow points the tumor. 
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In Vivo Activation of Iron Oxide Loaded PerfluoroHexane Emulsion by Ultrasound Triggering 
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UCSD, San Diego, CA, USA. Contact e-mail: zhewu@ucsd.edu 

Nanosize perfluorocarbon (PFC) emulsions have advantages in targeting pathologic tissues because of their long circulation time 
(hours), higher particle count and their small size allows them to enter the extracellular space and to interact with potential 
extravascular targets. Unfortunately, at these low concentrations PFC droplets are invisible on ultrasound (US) imaging. We have 
developed a novel perfluorohexane (PFH) emulsion that can be converted into microbubbles (MBs) by US pulses in situ to become 
visible on US imaging. We incorporated iron oxide nano-particles (IONPs) within the PFH droplets to act as nucleation sites to facilitate 
PFH vaporization and to reduce the required US pressure that could be delivered by diagnostic US systems. The minimum required US 
threshold to vaporize PFH droplets into MBs was determined in vitro. The vaporization threshold decreased as ambient temperature 
increased and as the amount of IONP content within the droplet increased. At 37 C and 5% IONP (w/v) incorporated within the droplet, 
PFH droplet vaporization was achieved with a 400µs US pulse at 3.5MPa peak negative pressure. 5% w/v IONP was incorporated in 
PFH (boils at 56 C) or PFOB (boils at 155 C) emulsions and administered IV to rats. 30 minutes later when droplets accumulated within 
the liver, the upper abdomen of the rats was depilated and partially submerged in a water tank for US droplet vaporization using a 
focused US transducer capable of delivering a 400µs pulse over a range of peak negative pressures up to 8 MPa. A Sequoia 512 
clinical US scanner equipped with CPS, a MB-specific imaging technique, was used to monitor the droplet vaporization process. 
Instantaneously upon the delivery of the US pulse, an echogenic focus developed in vivo within the liver of rats given PFH/IONP 
emulsion. The few mm-sized echogenicity was visible on both standard B-mode and CPS that occurred at the focal zone of the 
activation US pulse. The echogenic focus lasted from 30 seconds to 2 minutes. No echogenic foci were observed in the liver of rats 
given PFOB/IONP emulsion despite raising the US pressure to 8MPa confirming that the echogenicity observed with PFH is due to 
droplet vaporization. 

 

 
In vivo activated micro gas bubbles in rat liver. Left: bubble specific imaging; right: conventional B mode imaging 
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Fluorescent Magnetic Microbubbles as Novel Ultrasound-Based Trimodal Imaging Contrast 
Agents 
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Introduction: Multimodality molecular imaging is highly desirable by using a single imaging probe to non-invasively provide biomedical 
information at cellular level. In particular, to design a nano-in-micro composite structure as ultrasound (US)-based contrast agents for 
magnetic resonance (MR) and fluorescence (FL) imaging will enable physiochemical and biological processes to be detected more 
precisely and conveniently, and pave the way to effective multifunctional applications such as US-mediated gene delivery, image-
guided drug release and simultaneous therapy. Methods: Fluorescent PBCA (poly-butylcyanoacrylate)-based USPIO (ultrasmall 
superparamagnetic iron oxide) nanoparticle-containing microbubbles were fabricated via a one-pot in-situ polymerization of 
butylcyanoacrylate as well as the oil-in-water (O/W) encapsulation of magnetic nanoparticles and Rhodamine B dyes in the shell 
structure. The concentrations of iron and Rhodamine B were determined by ICP-MS and UPLC-MS, respectively. Polymerized bubble 
structure could be chemically validated with nuclear magnetic resonance (NMR) and infrared (IR) measurement. Their size distribution 
and zeta potential were measured by particle sizing and dynamic light scattering (DLS), and the embedding structure was characterized 
by scanning electron microscopy (SEM), transmission electron microscopy (TEM) and two-photon laser scanning microscopy (TPLSM). 
High-frequency ultrasound imaging was performed using a VEVO770 (VisualSonics), and the relaxation rates were determined at room 
temperature using a clinical 3.0-Tesla MR scanner. Results: These hybrid microbubbles exhibited a narrow size distribution of 2.2 µm in 
diameter, and zeta potential of approximately -24.8 to -41.8 mV indicated a strong electrostatic repulsion between microbubbles leading 
to a good stability for long-term storage. These hybrid imaging agents exhibited strong contrast in US and high relaxivities (r2 and r2*) 
in MR. Interestingly, a significant increase in longitudinal and transversal relaxivities was observed after US-induced bubble destruction, 
which demonstrated triggerable MR imaging properties. Proof-of-principle in vivo experiments confirmed that the tumor kinetics of these 
nanoparticle-embedded microbubble composites can be recorded with MRI and US. Conclusions: Our fluorescent magnetic nano-in-
micro hybrid materials are highly interesting systems for trimodal MR-US-FLU imaging, and their enhanced relaxation rates upon US-
induced destruction recommend them as potential vehicles for MR-guided US-mediated drug and gene delivery. They may be further 
functionalized with targeting moieties to generate molecular probes and their changing MR-imaging characteristics recommend them as 
vehicles for US-mediated/image-guided drug delivery in cancer and other diseases. Acknowledgment: This work was financially 
supported by German Federal Ministry of Education and Research (BMBF research grant No. 0315481) and the DFG (grant KI 1072/4-
1). We are grateful to Mr. Felix Fuge and Ms. Nadine Meyer for their kind help with IR measurements. 
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Macrophage detection in atherosclerosis using targeted gold nanoparticles and computed 
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Introduction Atherosclerosis is characterized by the accumulation of low density lipoprotein (LDL) and recruited macrophages within 
arterial walls. High macrophage burden is an indicator of greater risk of atherosclerotic tissue rupture and heart attack. As computed 
tomography (CT) imaging is the best technique for imaging plaque in the coronary arteries, a CT contrast agent able to detect 
macrophages in the arteries could help identify patients at higher risk. This study investigated whether in vivo macrophage imaging 
using clinical scanners could be performed with gold core high density lipoprotein (Au-HDL), a macrophage targeted agent (A). 
Additionally, lowest effective dose and ideal imaging timeframe of AuHDL was probed. Methods & Results Dodecanethiol coated gold 
cores were prepared following Brust’s method and subsequently coated with the phospholipid myristoyl hydroxy phosphocholine 
(MHPC). The nanoparticles were then purified through centrifugation to remove gold core aggregates and empty MHPC micelles. 
Negative stain transmission electron microscopy (TEM) images verified removal of empty MHPC micelles from solution after 
ultracentrifugation (B). Apolipoprotein AI (ApoAI) was added to form the final AuHDL nanoparticle. CT imaging was used to calculate 
gold concentrations of the samples in mg/ml. To induce atherosclerosis, male New Zealand white rabbits were fed a high fat, high 
cholesterol diet (4.7% coconut oil and 0.3% cholesterol enriched diet) and underwent a double balloon injury of the aorta. AuHDL was 
prepared such that five atherosclerotic rabbits were injected with 75 (n=2), 150 (n=2), or 300 (n=1) mg Au/kg. CT images of rabbit 
aortas were taken at the following three time points: pre-injection, 24 hours post-injection, and 48 hours post-injection. A custom made 
MATLAB program was created to measure various regions of and around the aorta. CT images of aorta walls after injection exhibited 
greater radiodensity compared to pre-injection images. For example, CT images taken of one rabbit injected with 150 mg Au/kg showed 
the radiodensity of the aorta on average to be 38 HU (Hounsfield Units) ± 1.99 preinjection and 59 HU ± 1.59 24 hours postinjection 
(C). The lowest effective dose tested was 75 mg Au/kg and best imaging timeframe tested was 24 hours postinjection. TEM images of 
rabbit aorta sections confirmed localization of AuHDL nanoparticles in macrophages (D). Conclusion AuHDL increased radiodensity in 
CT images of aortas 24 and 48 hours post-injection compared to pre-injection images. Electron microscopy showed the nanoparticles 
to target macrophages. Hence this agent can image macrophages using CT, and has the potential for doing so in patients. Clinical 
Relevance If translated clinically, AuHDL can be used to image plaques in human aortas with high macrophage burden, thus allowing 
identification of patients at high risk of a heart attack. In addition, the agent could be of use in studying atherosclerosis and the effect of 
interventions. 
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Multimodal targeted in vivo imaging of brain tumors 
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Johanna M Niers, John W Chen, Mariam Kerami, Ralph Weissleder and Bakhos A. Tannous Multimodal targeted in vivo imaging of 
brain tumors We have developed a multifaceted highly specific platform for targeting and multimodal imaging of tumors. A metabolically 
biotinylated, membrane-bound form of Gaussia luciferase (Gluc) was synthesized by fusing a biotin acceptor peptide followed by a 
transmembrane domain of PDGFR to the C-terminus of Gluc, termed mbGluc-biotin. Upon synthesis, biotin ligase tags the BAP 
sequence with a single biotin moiety which is then displayed together with Gluc on the cell surface. We engineered glioma cells ex vivo 
to express this reporter and showed that brain tumors formation can be temporally imaged by bioluminescence following i.v. 
administration of coelenterazine. Brain tumors expressing this reporter had high sensitivity for detection by magnetic resonance (MR) 
and fluorescence tomographic imaging upon injection of streptavidin conjugated to magnetic nanoparticles or Alexa750 fluorophore 
respectively. Moreover, single photon emission computed tomography (SPECT) showed enhanced imaging of these tumors upon 
injection with streptavidin complexed to 111In-DTPA-biotin. This work shows for the first time a single small reporter ( 20 kDa) which 
can be monitored with most available molecular imaging modalities including bioluminescence, fluorescence, MR and radionuclide 
imaging such as SPECT and can be extended for single cell imaging such as intravital microscopy, allowing real-time tracking of any 
cells transduced to express it in vivo. Additional figures: 1) Schematic overview of the multimodal imaging of the mbGluc-biotin reporter 
system. 2) A) Bioluminescence imaging of mice bearing intracranial tumors. B) Fluorescence imaging of mice bearing intracranial 
tumors. C) In vivo radionuclide imaging of mbGluc-biotin-expressing brain tumors D) Magnetic resonance imaging of intracranial brain 
tumors expressing mbGluc-biotin. 
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In vivo fluorescence detection of lymph node metastases in murine models of cancer using 
activatable cell-penetrating peptides 
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Nguyen5,6, 1School of Medicine, University of California San Diego, San Diego, CA, USA; 2Pharmacology, University of California San 
Diego, San Diego, CA, USA; 3Pathology, University of California San Diego, San Diego, CA, USA; 4Howard Hughes Medical Institute, 
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Cancer staging depends on whether or not lymphatic metastasis is present or absent. Currently, sentinel lymph node dissection during 
surgery for cancer resection is an anatomical study to identify the first tier of draining nodes and does not provide any information to 
whether or not the sentinel node is positive for cancer cells. The determination of whether or not cancer is present in the sentinel node 
depends on pathological analysis of the node following surgical resection by a pathologist and is typically not performed in the operating 
room. The ability for the operating surgeon to identify whether or not the sentinel lymph nodes, as well as any other downstream nodes, 
contain cancer cells during surgery would present a significant advancement in cancer surgery. Here we show that the use of 
fluorescently-labeled activatable cell-penetrating peptides (ACPP) can enhance visualization and assessment of lymph node metastasis 
in murine models of melanoma and breast cancer. Murine B16F10 melanoma cells expressing GFP or 8119 breast cancer cells derived 
from Polyoma middle T (PyMT) transgenic mice were injected between the skin and cartilage on the ventral auricular concha of adult 
albino C57BL/6 mice and allowed to grow for a predetermined period of time. This model reliably generated a primary tumor at the 
injection site and ipsilateral cervical lymphatic metastases. Following confirmation of primary tumor growth, animals were injected 
systemically via tail vein with either matrix-metalloproteinase (MMP)-cleavable activatable cell penetrating peptides attached to 
dendrimers (ACPPD) or an ACPP quenched by fluorescence resonance energy transfer (qACPP, see WMIC abstract by Savariar et al). 
In vivo and ex-vivo fluorescent optical imaging of the primary tumor and lymph nodes were obtained using Maestro small animal 
imaging system (CRI) and a customized fluorescent dissecting microscope (Olympus MVX10). Metastatic status of individual nodes 
were performed with hematoxylin/eosin staining and immunohistochemistry. We found that ACPPD and qACPP were preferentially 
cleaved and accumulated in metastatic lymph nodes of mice with B16F10 melanomas or 8119 mammary carcinomas, allowing useful 
fluorescent contrast against background cervical tissue. The use of fluorescently labeled ACPPD and qACPP resulted in improved pre- 
and intra-operative identification of lymph nodes that contain metastases. In conclusion, we show proof of concept for a method of pre 
operative and intraoperative identification of lymph nodes that contained metastatic disease in murine models of melanoma and breast 
cancer. Work to identify metastatic lymph nodes using dual-modality ACPPD with magnetic resonance imaging (MRI) are ongoing. The 
ability to identify metastatic lymphatic spread with MRI and fluorescence may eventually improve accuracy of preoperative cancer 
staging and surgical outcome following lymph node dissection. 

 

Melanoma B16F10 cells orthotopic primary tumor (arrow) in the right auricle seen with A)reflectance and B) overlay with ACPPD-Cy5 fluorescence. C) 
Reflectance image showing ipsilateral cervical lymph nodes (yellow arrows) and contralateral cervical lymph nodes (white arrows). D) Overlay of 

ACPPD-Cy5 fluorescence on the reflectance image. Note increased Cy5 fluorescence of inferior ipsilateral node (red arrow) indicating increased MMP 
activity. The presence of cancer cells in this node was confirmed with GFP fluorescence and H&E analysis. There were no evidence of cancer in any 

other cervical lymph nodes, suggesting that high ACPPD fluorescence uptake is specific for lymph node metastatic disease. 
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Early Pancreatic Cancer Imaging by Cathepsin E Activatable Probe 
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Research Institute, Weill Cornell Medical College, Houston, TX, USA; 2Cancer Biology and GI Medical Oncology, UT M.D. Anderson 
Cancer Center, Houston, TX, USA. Contact e-mail: wrabdel-galiel@tmhs.org 

Objectives: Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal cancers because there is no reliable noninvasive 
imaging technique to detect early preneoplastic lesions (PanINs) in pancreas. Cathepsin E (Cath E) protease was not seen in normal 
pancreas, but highly expressed in PDAC and preneoplastic-lesions, thus a novel Cath E sensitive molecular probe was developed, and 
tested for early imaging of preneoplastic-lesions and PDAC using clinically resembled orthotopic and transgenic animal models. 
Procedures: Cath E expression was assessed using real time-PCR. Cath E-selective fluorogenic probe with Cy5.5-Ala-Gly-Phe-Ser-
Leu-Pro-Ala-Gly-Cys-CONH2 as the substrate sequence was synthesized and its protease selectivity was validated with pure 
proteases. Imaging probe was then injected IV to tumor bearing nude mice and KRas transgenic mice which developed early 
preneoplastic-lesions at ~2 months and PDAC by ~6 months. Near infrared (NIR) fluorescent imaging of animal models were performed 
using IVIS optical imaging systems. Negative control probes and tumors were imaged in parallel. Organs and tissues of interest were 
imaged ex vivo for their associated Cath E expression. Results: About 117 folds higher Cath E expression was found in PDAC 
comparing to normal pancreas. Upon specific Cath E cleavage, the imaging probe was able to detect noninvasive preneoplastic-lesions 
and PDAC as early as 24 hr post-injection (PI). The signal continued to increase and the boundaries of tumors were much clearer at 48 
and 72 hr PI. Ex vivo image revealed that probe fluorescence signal was mainly originated from pancreas preneoplastic-lesions and 
tumors. Histological data verified the pancreas preneoplastic-lesions and tumors morphology. Significantly high tumor-to-nontumor 
fluorescence ratio was achieved in most of the investigated tissues and especially in muscle and heart (~ 16 and 23 respectively). Both 
in vivo and ex vivo data confirmed that Cath E is an excellent biomarker for preneoplastic-lesions and pancreatic cancer detection. 
Conclusions: Results substantiate the novel utilization of the specific elevation in Cath E expression not only in pancreatic cancer 
imaging but most importantly in early detection of preneoplastic-lesions. The study demonstrates the developed Cath E probe is 
sensitive for this application. 

 
Figure 1: Cath E-Selective Fluorescence Probe Allows: (A) In vivo NIR Imaging of Cath E-Positive Pancreatic Tumors; (B) Ex Vivo Early Detection of 

Noninvasive Preneoplastic-Lesions. 
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Endoscopic Detection of Dysplasia in Barrett’s Esophagus using a Targeted Fluorescent 
Probe 
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Fitzgerald2, 1Cambridge Research Institute, Cancer Research UK, Cambridge, United Kingdom; 2MRC Cancer Cell Unit/Hutchison 
Research Centre, Medical Research Council, Cambridge, United Kingdom; 3Department of Biochemistry, University of Cambridge, 
Cambridge, United Kingdom; 4Department of Pathology, Addenbrooke's Hospital, Cambridge, United Kingdom; 5Department of 
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Molecular imaging of fluorescent probes in vivo has been hampered by a lack of inexpensive non-toxic, structurally stable probes, 
which can tolerate labelling without loss of activity, and be applied clinically using wide field-of-view fluorescence-capable endoscopes. 
We have hypothesised that specific alterations in glycosylation, in the sequence from normal esophagus (ESO) to adenocarcinoma 
(AC), could provide a progression biomarker, detectable by lectin-based fluorescence imaging. We have previously shown that glycan 
pathways undergo coordinated changes in expression, and that lectin microarrays could be used to identify probes that can detect 
some of those glycosylation changes in the progression sequence. Wheat germ agglutinin (WGA), a normal dietary constituent, is one 
of the lectins identified. Molecular imaging has been undertaken in Barrett’s esophagus (BE) because it is endoscopically accessible 
and has a dysplastic pre-cancerous stage, which if identified and treated, can prevent progression to AC. Methods: Human biopsies 
(n=33) were incubated at the bedside with WGA-Alexa Fluor™ 680. The biopsy fluorescence was then measured using a Caliper IVIS 
200 system. Esophagectomy specimens, stapled shut along the gastric junction, were examined through the intact oesophageal lumen 
with an Olympus IVIS Lucera endoscope. WGA-Alexa Fluor™ 488 was applied through the endoscope instrument channel. The 
esophagus was then opened longitudinally and re-imaged on the IVIS 200 system. Following imaging, the specimens were fixed and 
processed for histology. Specificity was confirmed using a N-acetyl-glucosamine competition assay and by preincubation with 
neuraminidase. Statistics: Bonferroni correction applied to ANOVA calculations and a one-sided paired t-test were used to test for a 
decrease in signal in specificity assays. For ex vivo experiments a two-tailed t-test with a Mann-Whitney correction was applied for 
small sample size. Spearmen-rank correlation was used to measure correlation. Results: Whole-biopsy WGA binding diminished 
(P<0.0001) in biopsies containing dysplasia and was due to specific binding (competition assay P=0.03, neuraminidase assay P=0.01). 
Whole organ imaging was performed following endoscopic application of WGA via the instrument channel and allowed imaging of 
otherwise undetectable dysplasia (P=0.0002). WGA binding was reduced in advanced cancer. The signal-to-background ratio (SBR) 
obtained was >5, where the signal from areas of high-grade dysplasia was >5-fold lower than the surrounding normal tissue. The mean 
SBR was 5.2±3.9 with a signal-to-noise ratio (SNR) of 30.3±15.1. Conclusion: We have identified a molecular imaging probe for the 
clinical detection of dysplasia in the esophagus. This probe generated a considerably greater SBR, compared to other large targeted 
molecular imaging agents in the literature, and could be imaged with high sensitivity and specificity, using clinically available 
fluorescence endoscopes. The next step is to use the technique for real-time guidance of histological sampling in vivo. 
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Targeted Molecular Imaging with Fluorescent Targeting Agents for Confocal Laproscopy in 
Ovarian Cancer 
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Sciences, University of Arizona, Tucson, AZ, USA. Contact e-mail: barton2@email.arizona.edu 

Detection of Ovarian Cancer (OC) and micrometastases of OC in the peritoneal cavity is challenging. The degree of cytoreduction 
following surgery is a critical prognostic indicator in women with advanced stage OC. We have developed a confocal microlaparoscope 
(CFML) with sub-cellular resolution to image ovarian and peritoneal tissues. Fluorescence contrast agents are required for imaging with 
the CFML. We have obtained excellent quality images that allow OC detection with acridine orange (AO) as a fluorescent contrast 
agent both with ex vivo human tissue and during in vivo human imaging. AO is a potent DNA chelator and highlights cell nuclei. 
Unfortunately due to interaction with DNA there are safety concerns about use of AO as a contrast agent in humans. We are working to 
develop targeted contrast agents for OC that are sufficiently bright to detect with the CFML, provide improved cancer detection 
specificity, and are safe for human use. OC is known to express lectins, specifically as the beta-D galactose receptor (ASGR2), which 
bind and endocytose certain sugar residues. The only other ASGR2 receptors are in the liver, so apart from liver there should be 
relatively little background binding in other tissues. We have prepared D-galactosamine conjugates of human serum albumin (GSA) 
using the two-step EDC method to specifically target ASGR2. Results in the OC cell lines HEY and SKOV3 using 5-fluoroscein 
isothiocyanate (5-FITC) and 5-fluoroscein (5-FAM) conjugated to GSA yielded images showing cellular internalization of contrast agent 
and high signal levels. As shown in the Fig. 1, the contrast agent (GSA-FITC in this case) is internalized and compartmentalized. Co-
staining with LysoTracker shows co-localization of fluorescence signal suggesting the GSA contrast agent is taken up in the lysosomes. 
It was observed that GSA-FITC showed a substantial signal increase after internalization possible due to conjugate dissociation and 
reduction of partial fluorescence self-quenching. These results suggest that 5-FITC or other thiourea-linked fluorophores conjugated to 
GSA may allow visualization of OC. 
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Towards Optical Image-Guided Head and Neck Cancer Surgery: Multi-Targeted Dual 
Wavelength Detection Using Near-Infrared Fluorescence Probes 

Stijn Keereweer1,2, Isabel M. Mol2, Alexander Vahrmeijer3, Pieter V. Driel2, Robert Jan Baatenburg de Jong1, Jeroen D. Kerrebijn1, 
Clemens Lowik3, 1Otorhinolaryngology Head and Neck Surgery, Erasmus Medical Center, Rotterdam, Netherlands; 2Molecular 
Imaging, Leiden University Medical Center, Leiden, Netherlands; 3Surgery, Leiden University Medical Center, Leiden, Netherlands. 
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Introduction: Complete removal of the primary tumor is the quintessence of oral cancer surgery. Near-infrared (NIR) fluorescence 
optical imaging is a promising new technique to help assess the tumor margins intraoperatively. Specific targeting by NIR fluorescence 
agents is essential to differentiate tumor from normal surrounding tissue. Various agents are available for tumor detection, each having 
their specific targeting strategy. These include upregulation of the epidermal growth factor (EGF) receptor, GLUT-1 receptor and αvβ3 
integrins. In addition, tumor-free margins can be imaged using NIR fluorescence agents that detect increased activity of enzymes that 
are mainly found in the invasive tumor front. Furthermore, non-specific fluorophores can be used to detect defective architecture of 
tumor angiogenesis and the lack of adequate lymphatic drainage, which lead to the enhanced permeability and retention (EPR) effect. 
Finally, tumor detection can be improved by targeting multiple tumor-specific characteristics simultaneously with fluorophores that emit 
light at different wavelengths. We explored the use of optical imaging for in vivo detection of head and neck cancer (HNC) in different 
animal models. NIR fluorescence agents were used that each target one of the aforementioned characteristics. Methods: In vitro, 
specificity of the targeted agents was assessed with competition studies for the targeted tumor characteristic. In vivo, HNC with cervical 
lymph node metastasis was induced in BALB/c nu/nu mice by submucosal inoculation of human OSC19-luc cells into the tongue 
(orthotopic oral cancer). In the second animal model, FaDu-luc cells were inoculated subcutaneously on the back of the animals 
(hypopharyngeal cancer). Tumor growth was followed with bioluminescence imaging. Various experiments were performed, including 
injection of combinations of agents that emit fluorescence signal at different wavelengths (ProSense680 combined with 800CW 2-DG; 
MMPSense680 combined with 800CW EGF; and IntegriSense680 combined with 800CW PEG). Mice without tumor were injected with 
the agents to determine background signal. After in vivo fluorescence imaging, tumors were removed and ex vivo imaging on 
histological sections and immunohistochemistry were performed. Results: Specificity of the targeted agents was demonstrated in vitro. 
Whole-body imaging revealed clear demarcation of the tumors using all NIR fluorescence agents in both animal models. Most agents 
also showed tumor-specific signal in the cervical lymph node metastases. Fluorescence signal corresponded with histopathology and 
immunohistochemistry, demonstrating signal of ProSense680, MMPSense680, and 800CW PEG in the invasive tumor front, and signal 
of 800CW 2-DG, 800CW EGF, and IntegriSense680 in the tumor tissue. Conclusions: We demonstrated the feasibility of in vivo NIR 
fluorescence optical imaging of HNC based on the combined use of different targeting strategies simultaneously in animal models. The 
current technique has the potential to be translated into the clinic in order to improve the complete removal of HNC by real-time image-
guided surgery. 
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Use of CEST MRI and BLI to Simultaneously Monitor Dynamic Changes in Hydrogel Scaffolds 
and Viability of Encapsulated Stem Cells 

Yajie Liang1,2, Amnon Bar-Shir1,2, Xiaolei Song1,2, Assaf A. Gilad1,2, Jeff W. Bulte1,2, Piotr Walczak1,2, 1Division of MR Research, 
Russell H. Morgan Dept. of Radiology, The Johns Hopkins University School of Medicine, Baltimore, MD, USA; 2Cellular Imaging 
Section, Institute for Cell Engineering, The Johns Hopkins University School of Medicine, Baltimore, MD, USA. Contact e-mail: 
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One critical issue in stem cell transplantation is the substantial loss of stem cells following transplantation and methods for improving 
cell survival are actively pursued. Hydrogels hold great promise for delivery of stem cells due to their unique physical properties with 
potential to support cellular grafts. In this study, we evaluated the properties of an injectable hyaluronic acid (HA)-based hydrogel in the 
context of cell transplantation. To obtain information about the local microenvironment of encapsulated neural stem cells, we monitored 
changes in hydrogel scaffold by CEST (Chemical Exchange Saturation Transfer) MR imaging, which is a new powerful tool for the non-
invasive acquisition of molecular information in living tissue. We first assessed the effect of hydrogel on cell migration and survival. In 
vitro, mouse C17.2 cells encapsulated in hydrogel were found to be able to gradually migrate out of the scaffold within six days in 
culture. In vivo, the encapsulated cells, implanted into immunodeficient mice brain, showed substantial migration into the brain 
parenchyma at one week after implantation. Bioluminescent imaging (BLI) of luciferase-expressing cells demonstrated that, in 
immunocompetent rats, hydrogel-encapsulation led to significant increased survival at least up to two weeks post-transplantation. To 
assess the fate of the hydrogel itself, CEST MRI was first performed in vitro on separate samples of the hydrogel components (i.e., 
thiol-modified HA, thiol-modified gelatin, and PEGDA, see Fig. 1a). We found that gelatin exhibited the highest CEST-MRI contrast with 
high MTR asymmetry values at 1.8 and 3.6 ppm (see Fig. 1b). In vivo, following intracerebral implantation, CEST signals at 1.8 and 3.6 
ppm were also easily identified immediately after injection. Surprisingly, a dramatic drop in CEST signal was detected one week after 
transplantation in hydrogel area, though the physical structure of the scaffold was maintained as determined histologically. Since the 
CEST contrast is primarily due to gelatin, we hypothesize that the decrease in CEST signal can be attributed to degradation and loss of 
gelatin within the scaffold. Thus, HA-based injectable hydrogels enhance the migration and survival of stem cells, and CEST imaging is 
a novel non-invasive technique to monitor dynamic changes of implanted scaffolds in vivo. 
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In Vivo Molecular Imaging of Rosuvastatin on Adipose-derived Stem Cells’ Survival in post-
Infarcted Mice Hearts: Role of PI3K-Akt pathway 

Zheng Zhang, Shuang Li, Weiwei Fan, Dong Liang, Feng Cao, Cardiology, Xijing Hospital, Xian, China. Contact e-mail: 
zhangzheng123456@gmail.com 

Background: Adipose-derived stem cells (ASCs) have been investigated for their therapeutic potential for myocardial infarction (MI). 
However, the inflammation and ischemia mivroenvironment led to substantial apoptosis of transplanted ASCs in infarted heart tissue. 
Statins have been shown to suppress inflammation and promote survival of stem cells. This study was to investigate the machenism of 
Rosuvastatin on ASCs survival via molecular imaging. Methods ASCs were isolated from Fluc-eGFP transgenic FVB mice, which 
constitutively expressed firefly luciferase and enhanced green fluorescence protein. Myocardial infarction was created by coronary LAD 
ligation. ASCs were transplanted into the ischemic hearts of MI mice with or without Rosuvastatin pretreatment. Transplanted ASCs 
were tracked by longitudinal bioluminescence imaging. Hypoxia injury (94% N2-5% CO2-1% O2 for 6h) was performed to mimic the 
ischemic environment of ACSs in vitro. LY294002, the inhibitor of PI3K, was administrated to block the PI3K signal. Apoptosis of ASCs 
after hypoxia injury was measured by Tunel assay and the expressions of Phosphorylation Akt(pAkt) and PI3K were detected by 
Western blot. Results The bioluminescence signals of ASCs decreased gradually from day 1 to day 21 after transplantation. On day 14 
after transplantation, the ASCs signals in Rosuvastatin group were significant higher than that in ASCs group (2.6±0.25×106 vs. 
4.7±0.6×105 photons/s/cm2/sr,P<0.05), which indicated Rosuvastatin promoted the survival and proliferation of ASCs in post-infarct 
hearts. The administration of Rosuvastatin also significantly inhibited ASCs apoptosis, increased the expressions of PI3K and pAkt in 
vitro. In contrast, administration of LY294002 could block the anti-apoptosis effect of Rosuvastatin. Conclusion Noninvasive imaging 
could be a valuable tool for monitoring stem cell treatment. Rosuvastatin treatment may improve the survival of implanted ASCs in post-
infarct hearts by PI3K-Akt signal pathway. 

 
Rosuvastatin promotes survival of ASCs implanted in infarcted hearts by PI3K-Akt pathway A: Survival of transplanted ASCs (1×106) in the infarcted 
region 3 weeks after transplantation in the ASC transplanted alone group (upper row) and Ad-MSC plus Rosuvastatin treatment group (lower row). B: 

Tunel assay was performed to detect the apoptotic cells. C: pAkt expression of ASC after 6h hypoxia with or without Rosuvastatin pretreatment. D: Fluc 
activity of ASCs after 6h hypoxia with different treatments. R-tin: Rosuvastatin, con: control, H: hypoxia (94% N2-5% CO2-1% O2 for 6h). *P<0.05 vs. 

Control, **P<0.05 vs. H. 
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MRI tracking of SPIO labelled stem cells in a true regenerative environment, the regenerating 
limb of the axolotl 
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Introduction: Regeneration is a widespread phenomenon functioning to maintain and restore normal form and function of cells, tissues, 
and in some cases organs or appendages. While mammals like mice and rats are typically employed as experimental models in 
regenerative research, these animals are generally restricted by their limited regenerative potential. Conversely, excellent animal 
models for regenerative studies exist in lower vertebrates such as the urodele amphibians (salamanders and newts), exemplified in the 
iconic Mexican axolotl (Ambystoma mexicanum) capable of regenerating whole limbs, tail, jaw, etc. Regeneration in this species is 
taking place by dedifferentiation of cells to form a collection of stem cells, the blastema, that proliferate and regenerate lost tissue 
without scar formation. The objective of this study was to non-invasively evaluate regeneration over time in a regenerating axolotl limb 
model. Superparamagnetic iron oxide particles (SPIOs) sensitive to MRI were used to track cells, and cell viability and regenerative 
capacity was investigated. Materials and Methods: Limb regeneration was induced by amputation of one hind limb of anaesthetised 
axolotls. The potential effect on cell viability of two commercially available SPIOs, Resovist (Bayer Schering Pharma, Hydrodynamic 
diameter 62 nm) and VSOP-C200 (Ferropharm, Hydrodynamic diameter 7 nm) and Resovist in conjugation with the transfection agent 
poly-L-lysin (PLL) was tested on cultures of axolotl blastema cells from 7 animals in vitro. Cell viability was quantified by PicoGreen-
DNA quantification following 3 weeks of culturing. In vivo T1-weighted MRI-tracking of SPIO labelled blastema cells in the regenerating 
limb of 5 labelled axolotls was tested against 6 sham-operated animals for 84 days, using a clinically available 1.5 T system (Siemens), 
with a small radiofrequency loop-coil. Image data was processed by ImageJ and comparison of tissue signal intensity and rate of 
regeneration was conducted using SAS JMP8. Results: SPIO labelling with neither VSOP-C200, Resovist nor Resovist/PLL had any 
significant effect on blastema cell viability in vitro. MRI revealed that labelled tissue was clearly visibly in vivo 49 days after amputation 
and a significant decline in signal intensity of labelled limbs versus sham-operated limbs was evident throughout the complete 
regeneration period of 84 days (Figure 1). SPIO labelling displayed no significant effect on the rate of regeneration. Discussion: SPIO 
labelling for MRI cell tracking has shown promising results for regenerative therapies using stem cells. This study contributes to 
broaden the potential of SPIOs to track regenerating tissue in an inherently regenerative model, facilitating the use of SPIOs in future 
chemically or genetically induced regenerative therapies. In addition, this study concludes that SPIO labelling and MRI tracking of 
axolotl stem cells allow for non-invasive longitudinal studies in this model, increasing the potential to draw knowledge from the 
regenerative capacities of this species. 
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Stem cells are an exciting new tool for treatment of cardiovascular disease, but techniques for their longitudinal assessment in humans 
are needed to ensure safety and efficacy. Reporter gene imaging enables quantitative evaluation of stem cell engraftment and 
proliferation. However, one of the chief limitations of reporter gene imaging is the need for genomic modification of human stem cells, 
usually using lentiviral random integration techniques. Any such genomic modification carries the concomitant risk of inadvertent 
mutations, including the unacceptable risk of malignant transformation due to proto-oncogene activation. To enable future clinical 
implementation of reporter gene imaging, facile methods for site-specific genomic modification need to be implemented. To this end, we 
have developed a safe, clinically applicable method for site-specific reporter gene imaging of human cardiac progenitor cell (hCPC) 
transplantation. A PET reporter gene was integrated specifically into target genomic loci on chromosomes 19, 21, and X of hCPCs 
using the ΦC31 integrase. These “safe” hCPCs were characterized in vitro, then transplanted into ischemic murine myocardium (n=40), 
and subsequently monitored longitudinally using PET, cardiac MRI, and echocardiography for four weeks. Serial imaging revealed a 
substantial decline in PET signal intensity, reflecting death of the transplanted cells. Normalized to day 1, the signal was 67.2 ± 1.9% on 
day 7 and had dropped to 11.2 ± 0.5% on day 28. Despite this, hCPC-treated hearts demonstrated a statistically significant 
improvement in fractional shortening (27.2± 2.3% vs. 21.5 ± 1.4%; P=0.0407) as well as ejection fraction (48.3 ± 2.6% vs. 42.2 ± 1.7%; 
P=0.0284) at day 14 post-transplant, as assessed by echocardiography and cardiac MRI, respectively. These results were confirmed 
by invasive hemodynamic monitoring of pressure-volume loops. Since a high degree of inter-individual variability is evident in our 
current study as well as in recent clinical trials of stem cell therapy for heart disease, we sought to determine whether early PET 
imaging could provide prognostic information about the ultimate success of cell therapy in a given patient. Indeed, we found that initial 
PET signal intensity at day 1, as a surrogate marker of cellular engraftment, directly correlated with the degree of functional 
improvement at week 2 (R2=0.73) in a “dose-effect” relationship. These results indicate that an imaging component of future clinical 
trials of cell therapy can yield significant insight into the determinants of successful treatment, and that reporter gene imaging can be 
safely applied in humans. Early assessment of engraftment success using these safe, clinically-applicable imaging techniques could 
significantly and positively influence the course of care, potentially identifying which patients are candidates for additional rounds of cell 
therapy administration due to poor cell delivery or retention. Given the rapid pace of clinical implementation of cardiac progenitor cell 
therapy for heart disease, including two ongoing clinical trials, our results add valuable and novel insight into this exciting field. 

 

PET-CT fusion image of human cardiac progenitor cells (hCPCs) located intramyocardially on day 1 after transplantation. 
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Background The fatal and prevalence of Ischemic Heart Disease (I.H.D) have been increased about 6.8% in both developing and 
developed counties in the last decade. Mesenchymal stem cells may be a promising candidate for cell-based therapy for the ischemic 
heart disease. In the present study, we elucidated the angiogenesis by multimodality imaging approaches when the present of adipose-
derived mesenchymal stem cells (AD-MSCs) after transplantation in mice with induced hindlimb ischemia. This study also aimed to 
answer critical questions regarding cell survival and homing patterns to the affected leg, as well as functional consequences of 
transplantation strategies. Materials and Methods BALB/c mice (n=30) underwent distal femoral artery ligation, followed by adductor 
muscle injection of AD-MSCs which isolated from transgenic mice with luciferase reporter genes 24 hours later. The animals models 
were randomly assigned into transplant (n=20) and control (n=10) groups. In the transplant group the AD-MSCs (1×106 cells in 250ul 
volume; n=20), phosphate buffered saline (PBS) (in 250ul volume; n=20) were injected in 3 sites in the right adductor muscle adjacent 
to and within 1mm proximal or distal to the ligation site. All the animals of cells treated group were performed AD-MSCs tracking 
through bioluminescence tomography until day 28, and contrast-enhanced (AuroVist-15nm, Nanoprobes, NY) micro-CT noninvasive 
imaging method can provide a meaningful estimate of vascular to localize sites of angiogenesis for Microvascular network. 
Furthermore, in order to verify the results of micro-CT imaging and dissect the morphology and function features of the 
microvasculature, cross-sectional animals were shown the vascular network of hind limb mice models through vascular casting. 
Subsequently, scanning electron microscopic (SEM) imaging of vascular casting of normal microvasculature was to show simple, 
organized arrangement of arterioles and some vascular sprouting. The combination of microscopic and traditional approaches is 
providing remarkably detailed story about the peculiarities of angiogenic blood vessels and is beginning to yield some clues of 
angiogenesis of the cell treatment. Conclusion Our data suggests that implantation of AD-MSCs into a murine hindlimb ischemia model 
could stimulate venules sprouting and significantly enhance the intensity of vascular in ischemia region as compared with controls. 
Multimodality imaging approaches provide tremendous potential for the research of ischemic heart disease. 

 
Figure 1. micro-CT contrast enhanced imaging for vascular network with AuroVist contrast agent (a) result of day 1 after AD-MSCs treatment, (b) result 

of day 14 after AD-MSCs treatment 
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Introduction: Vertebral compression fractures (VCFs), the most common osteoporosis fragility fractures, account for approximately 
700,000 injuries per year. Since open surgery involves morbidity and implant failure in the osteoporotic patient population, new 
minimally invasive treatments are desirable. One such method includes injection of a synthetic nonbiological material, which cannot be 
resorbed and remains a permanent foreign-body fixture. Therefore, there is a clear clinical need for a biological solution to vertebral 
bone repair. Previously, we showed that adipose-derived stem cells (ASCs) overexpressing a BMP gene are capable of inducing spinal 
fusion in vivo. We hypothesized that a direct injection of ASCs, designed to transiently overexpress rhBMP6, into a vertebral bone void 
defect would accelerate bone regeneration. In order to evaluate the role of ASCs in the regeneration process we utilized functional 
reporter genes and bioluminescence imaging (BLI) to monitor cell survival and differentiation in vivo. Methods: Porcine ASCs were 
isolated and labeled with lentiviral vectors encoding for the Luciferase (Luc) reporter gene driven by constitutive (ubiquitin) or inductive 
(osteocalcin) promoters. Labeled ASCs were then transfected with an rhBMP6-encoding plasmid. Twenty-four hours later, bone void 
defects were created in the coccygeal vertebrae of nude rats by using a surgical drill. The ASC-BMP6 cells were suspended in fibrin gel 
(FG) and injected into the bone void. A control group was injected with FG alone. The regenerative process was monitored in vivo using 
microCT, and cell survival and differentiation were monitored using tissue specific reporter genes and bioluminescence imaging (BLI). 
The surgically treated vertebrae were harvested after 12 weeks and imaging data was validated using histological and 
immunohistochemical (against porcine vimentin) analyses. Results: In vivo BLI detected Luc-expressing cells at the implantation site 
over a 12-week period. Decay in the Luc signal during the first 2 weeks probably indicated cell death and growth arrest due to stem cell 
differentiation. Noninvasive imaging of osteocalcin expression detected a peek on week 2 post operation. Beginning at 2 weeks 
postoperatively, considerable defect repair was observed in the group treated with ASC-BMP6 cells according to the microCT analysis. 
The rate of bone formation in the stem cell-treated group was two times faster than that in the FG-treated group, and bone volume at 
the endpoint was twofold compared to the control group. Complete repair was achieved 12 weeks after cell injection. Immunostaining 
against porcine vimentin indicated that the ASC-BMP6 cells differentiated to osteoblasts contributing to new bone formation. 
Conclusions: In this study we show the potential of gene-modified ASCs to repair vertebral bone defects. Furthermore, using 
bioluminescence imaging and functional reporter genes, we demonstrated that the implanted cells survive at the defect site for many 
weeks and differentiate to bone forming cells. Our results could pave the way to a novel approach for treatment of traumatic and 
osteoporosis-related vertebral bone injuries. 
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MPI is an emerging magnetic molecular imaging technique that directly detects iron oxide tracers [1]. The magnetic moment of iron 
oxide tracers is over one-million times larger than the nuclear paramagnetism detected by MRI at 7 Tesla, which could give MPI the 
exceptional sensitivity needed in a molecular imaging technique. MPI was first published in 2005 [1] and is still evolving. Notably, there 
is no universally accepted theory to translate the received signal into a tomographic image. We recently introduced x-space analysis 
that may fill this void [2,3]. X-space has many advantages over prior techniques including the acquisition of an intrinsic MPI image with 
no noise gain, experimentally demonstrated linearity and shift invariance (LSI), and real-time reconstruction speed. Without x-space, 
MPI is not guaranteed to be LSI—which complicates quantitative molecular imaging experiments such as stem cell tracking. X-space: A 
strong magnetic field gradient produces a Field Free Point (FFP) in real-space. Rapidly scanning the FFP across a SPIO causes its 
magnetization to flip and induce a signal in a receive coil. If we grid the instantaneous signal to the known location of the FFP, we can 
reconstruct a tomographic image. X-space requires three assumptions, (1) SPIO nanoparticles respond instantly and adiabatically to an 
applied magnetic field, (2) the instantaneous location of the field free point is unique and known, and (3) the loss of low frequency 
information is recoverable. Results: Compared to our earlier work on Narrowband MPI [4], X-space has simplified the design and 
construction of our latest imagers (see Fig. 1) as well as improved the quality of our images. Images have a well-behaved point spread 
function similar to a Lorentizan. MPI has high SNR and ideal contrast for molecular imaging since tissue gives no MPI signal; although 
at present MPI resolution still requires needs significant work. Our current resolution using a commercially available SPIO tracer gives 
an intrinsic FWHM of ~1.6 mm in a 6000 mT/m gradient. Fortunately, tailored MPI gradients, magnetic nanoparticles and MPI pulse 
sequences offer the promise for dramatically improved spatial resolution. Conclusion: X-space theory and hardware are important 
milestones as we develop MPI into a molecular imaging modality. X-space acquires an intrinsic MPI image that we have experimentally 
shown is linear and shift invariant. X-space theory motivates the development of new MPI hardware for small animal imaging. [1] Gleich 
et al, Nature, 2005. [2] Goodwill et al, IEEE TMI, 2010 [3] Goodwill et al, IEEE TMI, 2011 [4] Goodwill et al, IEEE TMI, 2009 

 
Fig 1: We have completed construction of two x-space MPI scanners, and 3D x-space imager (6000 mT/m, 8 cm), and a 2D tomographic mouse imager 

(2500 mT/m, 10 cm). We are currently constructing a rat scanner (8000 mT/m, 13 cm) that should achieve 1 mm resolution. All magnets built with 5% 
accuracy. 
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Delta relaxation enhanced Magnetic Resonance (dreMR) imaging is a unique form of image contrast based upon the strong magnetic 
field dependence of the relaxivity of slowly tumbling paramagnetic contrast agents. Background tissue and fast tumbling paramagnetic 
species (e.g. unbound probe) show little relaxation rate dependence on B0. By acquiring two T1 weighted images taken with a B0 
modulated preparation period and performing a subtraction, signal from background tissue and fast tumbling probe are suppressed. 
The result, in theory, is an image of the quantity of slow tumbling (e.g. bound) contrast agent alone1,2. The benefits of this approach 
are: 1) elimination of baseline imaging since dreMR enables unambiguous detection of the contrast agent; 2) direct detection of the 
protein being targeted; and 3) quantitative imaging methods. FDA-approved examples of dreMR active contrast agents are 
nanoparticles like ferumoxytol or small molecules bound to proteins, such as gadofosveset (MS-325, Ablavar) binding to serum 
albumin3. Work has been ongoing to fully understand and quantify this technique at both the University of Western Ontario in Canada, 
Massachusetts General Hospital and in the University of Wuerzburg5. In this paper we will report upon the progress being made. This 
will include improvements in system design, data acquisition, and results of early investigations using nanoparticles (ferumoxytol) and 
targeted small molecule approaches (gadofosveset and EP-2104R4). These early results have demonstrated the ability of this 
technique to directly detect slow tumbling probes without the need for baseline scanning and to provide a quantitative measure of 
bound contrast agent levels in phantoms. This work has been extended to in vivo dreMR imaging to directly image elevated albumin 
content in tumors in a mouse model, and to image albumin leakage into inflamed tissue associated with a fracture in a human finger. 
We note that the dreMR technique is generalizable to any targeted contrast agent which has shows a strong field dependance for 
relaxivity. Thus dreMR is a potentially powerful tool for imaging targeted contrast agents specifically and quantitatively. The status of 
this research will be presented along with future directions. References 1. Alford J.K et al. Magnetic Resonance Engineering 
2009;35B(1):1-10. 2. Alford J.K., et al. Magn Reson Med 2009;61(4):796-802. 3. Caravan P, et al. J Am Chem Soc. 2002;124:3152-
3162. 4. Overoye-Chan K., et al. J Am Chem Soc. 2008;130:6025-6039. 5. Proc. Intl. Soc. Mag. Reson. Med. 19 (2011), 2734 

 

dreMR imaging in a mouse tumor model. T1w imaging pre- (A) and post (B) 0.03 mmol/kg MS-325 (arrows indicate tumors). (C) is a subtraction of 
image A from image B to show the signal enhancement provided by MS-325. D) Shows dreMR SNR at full scale. E) T2 weighted image, TE=30ms. F) 

Albumin distribution map: dreMR image in false color with Gaussian blur to reduce noise. 
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Endogenous magnetic resonance (MR) contrast based on the localized composition of fat in vivo can provide functional information. 
Using intermolecular multiple quantum coherences (iMQCs), fat can be used to image absolute temperature in vivo [1] and detect 
brown adipose tissue (an important goal for obesity research) [2]. We have shown that the unequal pulse timings of the Uhrig’s 
Dynamical Decoupling (UDD) [3] multiple echo sequence can improve the signal and sensitivity of iMQCs over the conventional, equal-
spaced Carr-Purcell-Meiboom-Gill (CPMG) sequence [4]. However, these improvements depend on the tissue and sequence 
parameters, as well as on the interpulse spacings; particularly strong enhancements were observed in fatty tissues, which have a highly 
structured morphology and a wide range of chemical shifts and J-couplings. We found that the predominant mechanism for fat 
refocusing under multipulse echo sequences is the chemical structure. As a result, specialized pulse sequences can be designed to 
optimize refocusing of the chemical shifts and J-couplings in fat, where the degree of refocusing can be tailored to specific types of fats. 
To determine the optimal time delays, we developed a 10-spin NMR simulator capable of testing various UDD and CPMG pulse 
sequence timings; these simulation results are compared to experimental results obtained on excised and in vivo fatty tissue. Fatty 
tissue has a wide range of chemical shifts and J-couplings [5] (Fig. 1A), which generally are not properly refocused by multipulse echo 
sequences, and is a highly structured tissue. Oil, on the other hand, has similar spectral characteristics but lacks the microstructure of 
fat. Figure 1B compares the UDD and CPMG images for oil and fat and shows that the optimal sequence depends little on the 
microstructure, while the chemical shifts and J-couplings likely play a large role. The optimal echo time for fat is different for CPMG8 
and UDD8, where UDD8 outperforms CPMG8 at shorter echo times (less than 35 ms) and CPMG8 outperforms UDD8 at intermediate 
echo times (40 - 80 ms), with about equal signals for UDD8 and CPMG8 at longer echo times (longer than 80 ms). The refocusing of fat 
depends strongly on the echo time and thus on the interpulse delays, which results predominantly from chemical structure effects (with 
some contribution from tissue microstructure). Careful timing of the interpulse delays should provide a mechanism to refocus more of 
these chemical shifts and J-couplings and thereby increase the signal. Here, computer simulations of a fat-like molecule will be used to 
explore the UDD and CPMG timings (by changing the echo time or number of π pulses) for a 10-spin system. These theoretical 
investigations will further be compared to experimental results, both localized spectroscopy and imaging, of excised fatty tissue. 1. G. 
Galiana et al., Science 322 (5900), 421 (2008); E. Jenista et al., JMR 204 (2), 208 (2010). 2. R. T. Branca et al., MRM 65 (2), 313 
(2010); R. T. Branca et al., JLR 52, 833 (2011). 3. G. S. Uhrig, PRL 98 (10), 100504 (2007). 4. E. R. Jenista et al., JCP 131 (20) (2009). 
5. J. M. Ren et al., JLR 49 (9), 2055 (2008). 

 
Figure 1. A: Fat and oil spectra with the corresponding peaks labeled according to the chemical structure of a typical fat molecule (top). B: Normalized 

subtraction images ((UDD8-CPMG8)/CPMG8) of oil and fat for a range of echo times. 

Disclosure of author financial interest or relationships: 
A.M. Stokes, None; T. Mitropoulos, None; W.S. Warren, None.  

Proceedings of the 2011 World Molecular Imaging Congress S925



Presentation Number T164 
Scientific Session 19: Novel MRI Methodology (Co-organized with ISMRM) 

September 9, 2011 / 13:45-14:00 / Room: 32 

Dynamic Spectroscopy and Modeling of Hyperpolarized [1-13C]-Pyruvate in an Orthotopic 
Model of Thyroid Cancer 

James A. Bankson1, Matthew E. Merritt2, Andrew Eliott1, Marc S. Ramirez1, Yunyun Chen3, Stephen Y. Lai3, 1Imaging Physics, The 
University of Texas M.D. Anderson Cancer Center, Houston, TX, USA; 2Advanced Imaging Research Center, The University of Texas 
Southwestern Medical Center, Dallas, TX, USA; 3Head and Neck Surgery, The University of Texas M.D. Anderson Cancer Center, 
Houston, TX, USA. Contact e-mail: jbankson@mdanderson.org 

Introduction: Focal adhesion kinase (FAK) is overexpressed in papillary thyroid cancer (PTC) and anaplastic thyroid carcinoma (ATC). 
In vitro and in vivo preclinical studies indicate that inhibition of FAK reduces cell viability, increases apoptosis, inhibits 
migration/invasion, and reduces tumor growth rates, suggesting this as a useful therapeutic strategy for treatment of thyroid cancers. 
Though no direct modulation of metabolism is expected due to this therapy, downstream metabolic changes are plausible given the 
significant effects of FAK inhibition on PTC. We dynamically monitored the chemical fate of hyperpolarized (HP) [1-13C]-pyruvate to 
search for an early indication of response to FAK inhibition in PTC, and employed quantitative and semi-quantitative analyses to test for 
differences between control and treated animals, and between tumor and normal tissue. Methods: 2.5x10^5 K2 PTC cells were 
implanted orthotopically into athymic nude mice on Day 0. Treatment by FAK inhibitor (75 mg/kg, twice daily) or sham vehicle began on 
Day 4. Interrogation of metabolic differences by dynamic MR of HP-pyruvate in three animals per group began on Day 12. Localizing 
and anatomic reference scans were collected using the 1H channel of a dual-tuned 13C/1H volume coil. For 13C acquisition, signal 
was excited through the 13C channel of the volume coil and detected using a surface coil. 200 uL of 80mM HP sodium pyruvate was 
injected via tail-vein catheter. A slice-localized pulse-acquire sequence with a 5 kHz spectral bandwidth over 2048 points was repeated 
every three seconds for three minutes. The integral of peaks in the absorbance spectrum corresponding to pyruvate and lactate were 
calculated to construct time/intensity curves. These curves were normalized by total area under both curves for semi-quantitative 
analysis. Curves were also fit to a kinetic model accounting for flux between physical and chemical pools, by extending recent models 
for quantitative HP-MRI with techniques borrowed from dynamic contrast-enhanced MRI. Results: No statistically significant differences 
were detected between groups receiving FAK inhibitor or sham therapy. Significant differences in the total normalized area under the 
lactate curve were observed between both animals with tumor and normal controls. Among kinetic parameters, significant differences 
between normal and tumor tissue were noted in the rate of pyruvate extravasation and the relative contributions of intravascular and 
extravascular compartments to the overall pyruvate signal. Conclusions: Biomarkers based on the physical and chemical distribution of 
HP-pyruvate provided no detectable early indication of response to FAK inhibition in this murine model of PTC. Results of this pilot 
study suggest that the rate of extravasation of hyperpolarized tracers may play an important role that must be considered when 
interpreting their activity in vivo. This has important implications in the choice of acquisition and reconstruction strategies that may be 
necessary to accurately elucidate these interactions. 
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Cell encapsulation provides immunoprotection for transplanted cells and allows inclusion of MR-visible contrast agents. A new class of 
MR contrast, DIACEST (Diamagnetic CEST) can potentially be used to sense the cell fate through pH changes in their 
microenvironment. In vivo DIACEST-MRI is challenging due to (i) proximity of exchangeable protons to the water resonance creating 
direct saturation (DS) contamination; (ii) low contrast-to-noise ratio (CNR); (iii) sensitivity to B0 field inhomogeneity. Current methods 
remove i, iii by collecting saturation images over a range of irradiation offsets and using these to calculating the asymmetry in the MT 
ratio (MTRasym) after fitting the frequency dependence, which results in long scan time and image artifacts due to incomplete 
correction of field inhomogeneity and motion, especially in the abdomen with bowel peristalsis and respiratory motion. CEST contrast 
has a characteristic build-up with saturation length (tsat), provided the saturation pulse is not completely off-resonance with respect to 
exchangeable protons of the Contrast Agent (CA). Here we develop a Length VARied Saturation (LVARS) method for correcting the 
CEST images. This involves acquiring images with several tsat values and only one offset (resonance frequency of contrast agent, 
+∆ωCA). Then, Principal Component Analysis (PCA), a data-driven multivariate technique used in both PET and fMRI, is employed to 
process the raw images obtained as a function of tsat, with the second principal components (PC2) reflecting the contribution from CEST 
contrast. To test this, 2000-2500 hepatocyte-containing alginate microcapsules were transplanted subcutaneously in the lower 
abdomen of Balb/c mice, with the DIACEST contrast agents: protamine sulfate and L-arginine liposomes integrated into the capsules. 
MR images were acquired on a Bruker 9.4T scanner over multiple days post-transplantation, with a representive anatomical image(a) 
on Day 14 post transplantation. Due to field inhomogeneity(b) and organ motion, the conventional CEST map(c) shows numerous 
artifacts. d) is an illustration of LVARS acquisition and conventional CEST, for LVARS(+), S(+2.4ppm)/S0 is examined at a single 
frequency (2.4ppm) as a function of tsat(e) instead of the many frequencies used conventionally(circles). In the PC2 map(f), only 
microcapsules are highlighted, which also show a drop in contrast for the capsules from Day 1(g) to Day 14(f) post transplantation. 
Longitudinal imaging for either HepG2 containing(h) or empty(i) capsules correspond well between PC2 and the conventional 
MTRasym. The CEST signal decrease is associated with a change in cell viability, as validated by Bioluminescent imaging. The control 
mouse transplanted with the same microcapsules but without cells shows a more stable contrast over time. The scan time of LVARS is 
less than 1/3 of the conventional method and the contrast generated by this method(PC2) corresponds well with the conventional 
MTRasym. This method can also be adapted for other endogenous or exogenous DIACEST imaging and allow combination with other 
MRI pulse sequences to further decrease scan time. 
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PURPOSES: The aim of this study was to develop a novel nanoparticle-based magnetic resonance (MR) colonography technique, 
which enabled us to generate contrast-enhanced molecular MRI of the colonic walls via transrectal administration of MR-visible 
nanoparticles. METHODS: We produced two types of colonic-absorbable solid lipid nanoparticles (SLNs) by loading the SLNs with (a) 
gadolinium diethylenetriaminepenta acetic acid (Gd-DTPA for MRI) to construct Gd-SLNs; and (b) otcadecylamine-fluorescein 
isothiocyanate (ODA-FITC for histologic confirmation) to construct Gd-FITC-SLNs. Via a series of in vitro experiments, we first 
evaluated the size distribution and Gd-DTPA entrapment efficiency of these SLNs. For in vivo validation, thirty mice were randomly 
divided into different study groups based on transrectal enema with various SLNs and control agents, including (i) Gd-SLNs (40 mg/ml, 
n=6); (ii) Gd-FITC-SLNs (40 mg/ml, n=6); (iii) blank SLNs (40 mg/ml, n=6); (iv) Gd-DTPA (10 mg/ml, n=6); and (v) water (n=6). MR 
colonographies using T1-weighted fluid-attenuated inversion-recovery (FLAIR) sequence (TR/TE/TI, 3000/20/800) were then performed 
before and 20 minutes after the intracolonic enema to detect various SLNs, compared to different control agents, in the colonic walls. A 
custom-programmed Functool Plugin software package was used to calculate the T1 map to measure colorectal T1 relaxation times of 
the colonic walls. MRI findings were correlated with subsequent histological confirmation. RESULTS: In vitro studies showed that all two 
types of SLNs exhibited bimodal particle size distribution at a range from 50 to 300 nm with their sizes slightly increased when ODA-
FITC was added to SLNs. The Gd-DTPA entrapment efficiencies of the Gd-SLNs and the Gd-FITC-SLNs were 55.8% and 55.0%, 
respectively. Of the in vivo studies, MRI demonstrated that significant homogeneous enhancement of the colonic walls was seen in all 
mice treated with either Gd-SLNs (n=6) or Gd-FITC-SLNs (n=6), which was not visualized in the three control animal groups treated 
with Gd-DTPA-only, blank SLNs, or water (Figure). T1 map showed that T1 relaxation times on colorectal walls in both Gd-FITC-SLN 
and Gd-SLN groups significantly decreased from 549.3±29.6 ms to 439.1±45.2 ms (P<.001), and from 539.3±25.1 ms to 432.4±63.3 ms 
(P<.005), respectively. Fluorescent microscopy localized the delivered Gd-FITC-SLNs in both extracelluar spaces and cytoplasms, 
appearing as highly-concentrated green fluorescent spots distributed through all layers of the colonic walls (Figure). There was no such 
fluorescence observed in the colorectal walls of control mice. CONCLUSIONS: This study establishes the “proofs-of-principle” of a new 
imaging technique, nanoparticle-based molecular MR colonography, by combining the advantages of both MR technology and 
nanotechnology. Nanoparticle-based molecular MR colonography may open new avenues for efficient management of colorectal 
diseases. Acknowledgement: This study was supported by National Natural Science Foundation of China (30670610), Zhejiang 
Provincial Natural Science Foundation of China (Y2090093), and NIH R01 HL078672 grant. 
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Bioluminescence imaging of tumor specific immunoresponses following intra-tumoral 
injection of LTX-315 (Oncopore®) in a tumor stem cell rat model 

Mengyu Wang1, Oystein Rekdal3,4, Ketil A. Camilio3,4, Baldur Sveinbjornsson3,4, Severin Zinocker2, Bent Rolstad2, Torunn Elisabeth 
Tjelle2, Gunnar Kvalheim1, 1Cell Therapy, Oslo University Radium Hospital, Oslo, Norway; 2Basic Medicine, Oslo University, Oslo, 
Norway; 3Deapartment of Biochemistry, Faculty Medicine, Tromso, Norway; 4Lytix Biopharma AS, Tromso, Norway. Contact e-mail: 
Meng.Yu.Wang@rr-research.no 

Cancer cells with stemness characteristics have been found in many solid tumors. Such cells are resistant to chemotherapy and 
radiotherapy and currently no therapy is available to eradicate these types of tumor cells. Previously it has been shown that intra-
tumoral (i.t.) injection of the lytic peptide LTX-315 (Oncopore®) induce immunresponses which leads to systemic and specific killing of 
tumor cells. However, if such therapy can be effective against cancer stem cells is currently not known. To investigate if that could be 
the case, we initiated an in vivo study on rats using a tumor stem cell model and the lytic peptide LTX-315. Rat transformed 
mesenchymal cells with stem cell properties were transduced with GFP-Luciferase fusion reporter gene by retrovirus infection. 
Following injection of the tumor cells to the animals and the treatment with the lytic peptides, dynamic living imaging was performed by 
giving ip substrates D-Luciferin Firefly, potassium salt, 150mg/kg. The animals were scanned twice each week. RTMSCs (2x105 cells) 
were subcutaneously inoculated into PVG rats and established tumors were treated i.t. with LTX-315 (50 ul of 20mg/ml). Following the 
treatment with LTX-315 all animals (n=6) were cured. Six weeks later the tumor-free rats were re- challenged with rTMSCs 
administered either s.c. or i.p. and no tumor recurrence could be observed. We conclude that bioluminescense imagining is a valuable 
method to assess the efficacy of the LTX-315 therapy and this approach is a unique method for investigating the mechanism underlying 
the impressive specific immunresponses obtained against tumor stem cells in the animals. 
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Novel Functional Fluorescent Imaging of PTH-Allograft Combined Therapy for Bone Repair 

Ilan Kallai1, Dmitriy Sheyn2, Doron Cohn Yakubovich1, Shabtai Or1, Wafa Tawackoli2, Susan Su2, Anthony Oh2, Gadi Pelled1,2, Edward 
M. Schwarz3, Zulma Gazit1,2, Dan Gazit1,2, 1Skeletal Biotech Laboratory, The Hebrew University of Jerusalem, Jerusalem, Israel; 
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Introduction: The establishment of new therapeutic approaches for tissue repair and regeneration could be accelerated if adequate 
technologies for repair process monitoring are developed. In cranio-maxillofacial surgery, 96,000 bone graft procedures are performed 
each year in order to treat bone loss due to trauma or disease. Alas, autologous bone grafts are not always available and necessitates 
additional surgery for its harvest. Alternatively, there is a large potential supply of craniofacial allografts, which are composed of non-
vital bone. Yet, these grafts often fail to integrate due to the formation of scar tissue around them. Recently, it was shown that daily 
teriparatide (recombinant human parathyroid hormone, PTH) treatment enhanced integration of devitalized allograft in long bones and 
inhibited scar formation. We hypothesized that PTH treatment would enhance allograft also in cranial membranous bones and that this 
process could be monitored using functional fluorescence imaging (FLI) in vivo. Methods: Circular calvaria bone defects were created in 
FVB/n mice. Mice were implanted with either allografts, with and without daily PTH treatment (40ug/kg/day), or autografts. In vivo FLI of 
bone remodeling was performed on days 7, 14, and 21 post-implantation following systemic administration of the fluorescent imaging 
agent OsteoSense, an hydroxyapatite-directed bone imaging probe. Bone formation was also analyzed using micro-computed 
tomography (microCT) imaging and histology. In order to further validate the imaging data, RNA was isolated from another set of mice 
calvariae, reverse transcription was performed and expression of several osteogenic genes was evaluated using qPCR. In addition, 
cranial bones were harvested after 3 weeks and subjected to histological analysis. Results: FLI of bone remodeling in the PTH/allograft-
treated group showed significantly higher fluorescent signal on day 7 and day 21 when compared to the allograft group not treated with 
PTH, and on day 14 when compared to the autograft group. MicroCT analysis showed that the healing process was not completed by 
day 21-post implantation, yet significantly more bone was formed in the PTH/allograft group. In addition, significantly higher expression 
levels of osteocalcin (day 14) and bone sialoprotein (days 10 and 14) genes were found in the PTH/allograft group in comparison with 
the non-PTH treated allograft group. Finally, histological analysis revealed less vascularization in the PTH/allograft group compared to 
the allograft group. Conclusions: The effect of PTH treatment on the repair process of calvarial bone defects was clearly demonstrated 
using FLI. The effect of PTH may be mediated by inhibition of vasculogenesis. In order to investigate this hypothesis a longer period of 
monitoring is required using additional fluorescent probes for monitoring angiogenesis and bone resorption activity. Finally, the imaging 
process described in this work could be beneficial for the analysis of bone repair in other sites as well. 

Disclosure of author financial interest or relationships: 
I. Kallai, None; D. Sheyn, None; D. Cohn Yakubovich, None; S. Or, None; W. Tawackoli, None; S. Su, None; A. Oh, None; G. 
Pelled, None; E.M. Schwarz, None; Z. Gazit, None; D. Gazit, None. 

  

S930 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number T169 
Scientific Session 20: Monitoring Therapy 

September 9, 2011 / 13:30-13:45 / Room: 31 

Erufosine (ErPC3) Treatment induces Tumour Regression and Apoptosis in a Rat Model of 
Malignant Glioma 
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Background Glioblastoma multiforme is the most malignant type of primary human brain tumour and current median survival for 
patients is less than one year. Thus, there is a strong need of improved anti-glioblastoma treatment strategies. The 
Alkylphosphocholine erufosine (ErPC3) has been shown to induce apoptosis in otherwise highly apoptosis-resistant glioma cell lines. In 
addition, the mitochondrial 18 kDa Translocator Protein (TSPO) seems to be required for apoptosis induction by ErPC3 [1]. The 
recently developed TSPO radioligand [18F]DPA-714 can be used in positron emission tomography (PET) to non-invasively image 
glioma. Objectives To explore 1) ErPC3 effect on 9L glioma cell growth in vitro and in vivo and 2) the use of [18F]DPA-714 as a 
radiotracer to monitor ErPC3 treatment. Methods Western Blot analysis was used to measure the TSPO expression level in 9L glioma 
cells. Cells were incubated with ErPC3 (0-100µM) and treatment efficacy was characterised by cell viability, cell death and apoptosis 
assays (DNA degradation and cleavage of caspase-3). In vivo, an orthotopic rat glioma model was established; 9L rat glioma cells 
(2x105 cells) were stereotactically implanted into the striatum of Fischer rats. Glioma growth was monitored by [18F]DPA-714 PET 
before and after one and two weeks of therapeutic intervention. Rats received either ErPC3 (40mg/kg body weight, n=6) or sham-
treatment (n=5) at 48h intervals and for a maximum of 2 weeks 11 days after tumour implantation. Validation of imaging was done by 
histology (hematoxylin/eosin), TUNEL staining and immunohistochemistry (anti-TSPO, anti-CD11b, anti-GFAP). Results In vitro, 
Western Blot results demonstrated high TSPO expression in 9L cells. Furthermore, ErPC3 treatment resulted in decreased cell viability 
(40.0 ± 7.6 % of controls), a 4-fold increase in apoptosis and a 5-fold augmentation of caspase-3 cleavage. In vivo, [18F]DPA-714 PET-
imaging showed a significant difference (p < 0.001) between treated versus mock-treated animals after one-week of ErPC3 
administration (region of interest analysis of tumour to contralateral brain (ratio) of 2.7 ± 0.6 and 4.9 ± 1.0, respectively). Histological 
analysis (hematoxylin/eosin) determined a mean tumour volume of 185 ± 134 mm3 for mock-treated animals in contrast to 107 ± 71 
mm3 in ErPC3-treated animals. Furthermore, TUNEL staining showed an increased apoptotic effect after ErPC3 treatment with a ratio 
(TUNEL-positive cells/tumour area) of 21.6 ± 8.2 in the treated group compared to 0.5 ± 0.1 in sham-treated animals. 
Immunohistochemistry revealed enrichment in CD11b-positive microglia/macrophages and astrocytes (GFAP+) in the tumour area 
under ErPC3 medication. However, ErPC3 treatment resulted in a) 7-14% loss of body weight whereas that of control animals was 
stable and b) did not improve animal survival. Conclusion This study confirms the apoptotic effect of ErPC3 in rat glioma, both in vitro 
and in vivo and demonstrates the feasibility of employing [18F]DPA-714 PET to monitor ErPC3 treatment. References 1.Kugler W et al., 
Cell Oncol. 2008;30(5):435-50. 
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Advances in the treatment of acute leukemia have resulted in significantly improved remission rates, although disease relapse poses a 
significant risk. We demonstrate marked survival benefit and therapeutic efficacy of a new generation vascular disrupting agent, 
combretastatin-A1-diphosphate (OXi4503), using reporter gene imaging technologies and mice systemically administered luc+ and 
GFP+ human leukemic (HL-60) cells. Prior to treatment, mice were intravenously inoculated with luc+/GFP+ HL-60 cells (1.0x10^7 
cells/200µL vehicle) 5-hrs post-irradiation, and homing of whole-body cellular distributions were serially monitored with bioluminescence 
imaging(BLI). Six to 13 days post-inoculation, BLI flux values dramatically increased throughout the body to ~10^7 photons/sec, notably 
in the femur, spine, lung, and liver. Correlative ex vivo BLI of ex vivo organs/tissues demonstrated luminescence in these specimens, 
and tissue immunofluorescence revealed GFP-expressing cells within these organs and co-localization with endothelial markers. Using 
the metabolically active form of OXi4503(50-500 nM), in vitro dose-response studies demonstrated 70-80% decreases in viability and 
corresponding BLI flux values. In non-transduced HL-60(TB) hindlimb HL-60 xenografts treated with OXi4503, CA4P (combrestatin 
A4P), or Ara-C, maximum therapeutic efficacy was shown with OXi4503. OXi4503-treated mice showed statistically significant 
differences in tumor volumes on days 16 and 23 (p<0.001) relative to tumors treated with CA4P, Ara-C, or administered 0.9% saline 
vehicle. Essentially a constant volume reduction, by at least a factor of 200, was observed in mice treated with OXi4503 relative to 
controls at day 23. A statistically significant survival benefit was found for OXi4503-treated mice (p<0.001) relative to other agents. In 
addition, significant improvements in survival were observed in cohorts administered 10, 25, or 75 mg/kg/injection OXi4503 (p<0.001), 
as compared with 2.5 mg/kg/injection or no treatment. Based on this survival data, a dose of 25 mg/kg/inj OXi4503 was used to treat 
disease in luc+/GFP+ HL-60 systemic models. Serial BLI response monitoring was performed over a two week period following 
systemic inoculation of mice (n=14) with luc+/GFP+ HL-60 cells(Figure 1). Up to factor of ten signal reductions were observed over the 
femur, lungs, liver, and spine on ventral and dorsal views on days 7 and 10 following double-dose OXi4503, as compared with findings 
on ventral and dorsal views in untreated mice (controls). Statistically significant differences in BLI flux values were found between the 
untreated and treated groups of mice (p<0.001) at day 13 post-inoculation for all analyzed tissues. Imaging findings strongly correlated 
with quantitative GFP expression levels in solid organs/tissues, suggesting that measured BLI signal provides a highly sensitive and 
reliable biomarker of tumor tissue burden in systemic leukemic models. GFP+ HL-60 cells were found to reside in close proximity to VE-
cadherin-expressing endothelial cells, suggesting that the perivascular niche may play a critical role in the maintenance and survival of 
leukemic cells. 
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Monitoring the Effects of Anti-angiogenesis and Re-oxygenation on Radiotherapy in 
Pancreatic Cancer Xenografts 
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Purpose: The objectives are to longitudinally monitor: 1)the physiology and oxygenation status of pancreatic tumors after treatment with 
an anti-angiogenic drug (DC101, anti-VEGFR2 monoclonal antibody); and 2)oxygen production within the tumor using a novel 
Implantable Micro Oxygen Generator (IMOG) device. Molecular and dynamic imaging of the intra-tumor hemodynamics is being used to 
evaluate the effects of DC101 and IMOG on radiotherapy and identify key prognostic factors of therapeutic efficacy in pancreatic 
cancer. Introduction: Extreme hypoxia observed in pancreatic cancer significantly contributes to metastasis and the ineffectiveness of 
radiotherapy and chemotherapy. The dominant factor contributing to and upregulated by hypoxia is VEGF, which promotes 
angiogenesis and enhances tumor growth and metastasis. We propose two methods of modulating tumor hypoxia, thereby sensitizing 
pancreatic cancer to radiation. The first method is vascular normalization; an alternative and complementary technique is using IMOG 
for in-situ tumor oxygenation. After implantation, IMOG receives ultrasound power wirelessly, produing 2.5V DC voltage required for 
water electrolysis. To achieve an optimal outcome for either combined IMOG or DC101 and radiotherapy, it is essential to non-
invasively track factors associated with tumor angiogenesis and oxygenation pre- and post treatment. Dynamic Contrast-Enhanced CT 
(DCE-CT) is used to assess tumor angiogenesis by concurrently quantifying changes in tumor physiological parameters (perfusion, 
permeability-surface area product, fraction plasma volume, and fractional interstitial volume); while Photoacoustic Computed 
Tomographic Spectroscopy (PCT-S) non-invasively measures the hemoglobin status (hemoglobin concentration and oxygen saturation) 
with high temporal and spatial fidelity. Material and Methods: A cohort of athymic mice (n=40) bearing human BxPC-3 pancreatic 
tumors was divided into six groups: control, DC101 therapy, radiotherapy (RT, 5Gy x-ray), DC101 plus RT, IMOG, and IMOG plus RT. 
For control and DC101 groups, DCE-CT and PCT-S scans were acquired at baseline, 2 days, 1 week, and 2 weeks post treatment. 
Based on preliminary data, radiotherapy was applied at 1 week post DC101. In-vivo oxygenation by IMOG was monitored by NeoFox 
Phase Measurement system and 3-D monitored by PCT-S. Radiotherapy will be applied during IMOG stimulation period. Results: The 
preliminary DCE-CT and PCT-S results showed that by week 1, DC101 treatment created a vascular normalization period with 
increased oxygenation within the tumors. The addition of radiotherapy one week post DC101 treatment further delayed tumor growth by 
nearly two weeks compared to DC101 or RT alone. IMOG significantly increased tumor pO2 levels (6-20mmHg) above baseline 
measurements 20 minutes upon stimulation. Conclusions: DCE-CT and PCT-S uniquely monitor tumor physiology and oxygenation 
level changes in response to DC101. We believe that applying radiotherapy in the “normalization window” after DC101 or during IMOG 
excitation period will greatly augment treatment outcomes for pancreatic tumor. Key words: hypoxia, implantable-microdevice, 
angiogenesis 
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Introduction [18F]-FDG PET was evaluated as an early marker of therapeutic response for the combination of ridaforolimus, an mTOR 
inhibitor, and dalotuzumab, an insulin-growth factor-like receptor type 1 antibody. Changes in [18F]-FDG PET uptake measures were 
compared to time on study as a proxy for time to progression. Methods Seventeen patients randomly treated with ridaforolimus and 
dalotuzumab were imaged (NCI clinical trial NCT00730379). PET ROIs (regions of interest) were drawn on tumors identified as target 
lesions on contrast-enhanced CT images. ROIs were drawn around each lesion, excluding areas of high PET signal originating outside 
the tumor. Also, an ROI was drawn in the liver, away from any lesions. PET measures were modified from PERCIST (PET Response 
Criteria in Solid Tumors) version 1.0 recommendations. The voxel within target regions with the highest SUV was recorded as the 
SUVmax, and the voxel region (0.65 cm x 0.65 cm x 1.1 cm) within target regions containing the highest average value was recorded as 
the SUVpeak. A value of two standard deviations above the mean SUV in the liver was used as an inclusion threshold. The volume of 
voxels within target lesion ROIs above the inclusion threshold was recorded as the MV (Metabolic Volume). The average SUV value of 
voxels included in the MV was recorded as the SUVmean. TLG (Total lesion glycolysis) was calculated by multiplying the MV by the 
SUVmean. The number of treatment cycles that the patient remained as a participant in the study was used as an estimate of time to 
progression. For each PET measure, the response parameter was defined as the percent change between the baseline PET 
measurement and the measurement from the PET scan following the first treatment cycle. Cox proportional hazard and regression 
models were used to examine the relationship between each response parameter and the number of treatment cycles, and to 
determine the optimal threshold for each response parameter. Results Cox proportional hazard analysis showed that early TLG (p = 
0.0038, 2-sided) and MV (p = 0.0070, 2-sided) changes could differentiate between responsive and non-responsive patients, as 
measured by number of treatment cycles. TLG and MV had optimal thresholds of -30% and -10%, respectively. For SUVmax, SUVpeak, 
and SUVmean, no threshold was found that allowed differentiation between responsive and non-responsive patients. Cox regression 
model hazard analysis indicated close relationships between TLG (p = 0.053, 2-sided) and MV (p = 0.049, 2-sided) with number of 
treatment cycles. All other Cox regressions were not statistically significant at a 0.1 two-sided level. Conclusions Extensive [18F]-FDG 
PET measures (TLG, MV) were more predictive of patient time on study than intensive measures (SUVpeak, SUVmean, and SUVmean). 
TLG and MV are more time consuming than intensive measures, but these results indicate that they deserve to be considered in future 
[18F]-FDG PET studies. 
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A fundamentally different approach to MRI has recently been described called SWIFT (sweep imaging with Fourier transformation) (1). 
SWIFT exploits time-shared excitation and acquisition to capture signals from spins with extremely short transverse relaxation times, T2 
and T2*. T1-weighting can be produced by appropriately setting the flip angle and repetition time (TR), like in gradient-recalled echo 
(GRE) imaging; but SWIFT avoids bias from T2*-weighting because there is no echo time (TE). The latter can be exploited in dynamic 
contrast-enhanced (DCE) MRI studies to eliminate T2*-bias in the time-intensity curve and thus improve estimates of perfusion 
parameters when using pharmacokinetic models that neglect T2*-effects (a potentially poor assumption (2)). Furthermore, broadband 
frequency-swept excitation, together with short acquisition delay, make it possible to excite and preserve frequency-shifted signals in 
the vicinity of paramagnetic objects. For example, SPIOs which cause signal voids in GRE images, give rise to positive contrast in 
SWIFT images. In SWIFT, a susceptibility difference causes a frequency shift which manifests as a phase in the complex image. This 
phase can be seen in the imaginary component image, without post-processing. The signal can be further enhanced via T1-shortening 
due to steep field gradients around the magnetic perturbers. This latter type of signal enhancement from SPIOs is again difficult to 
attain with GRE sequences due to finite TE. Finally, depending on the magnetic perturber, the frequency-shifted signals can “pile up” in 
image space. The pile-up artifact manifests as a bright rim around the object and thus can reveal the object itself. With spherical 
objects, the pile-up artifact outlines the dipole field profile. Examples of objects that produce this effect include calcified crystals and 
clusters of SPIOs (3). SWIFT is a new tool that is likely to expand the role for MRI in molecular imaging. References: 1. Idiyatullin et al. 
J Magn Reson, 2006 2. de Bazelaire et al. Eur Radiol, 2006 3. Zhou et al. Magn Reson Med, 2010 

 

Shown are images of 5 tubes containing different concentrations of iron nanoparticles (Ferrotec EMG-308; diameter ~10 nm) in 1% agarose gel, placed 
in a beaker of pure saline. Images were acquired with gradient-recalled echo (GRE), spin-echo (SE), and sweep imaging with Fourier transformation 

(SWIFT). With GRE and SE, there is a decrease in tube signal (the water signal in tubes normalized to the saline water signal in the beaker) with 
nanoparticle concentration, whereas with SWIFT the signal increases with concentration until reaching a plateau near 1 mg/ml. 
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Near-infrared fluorescence sentinel lymph node detection in breast cancer patients: the 
GREEN LIGHT studies 

Joost van der Vorst1, Bob Schaafsma1, Merlijn Hutteman1,2, Floris Verbeek1, Sven Mieog1, Gerrit-Jan Liefers1, Clemens Lowik1, John 
V. Frangioni2, Cornelis J. van de Velde1, Alexander Vahrmeijer1, 1Surgery, Leiden University Medical Center, LEIDEN, Netherlands; 
2Department of Radiology, Division of Hematology/Oncology, Department of Medicine, Beth Israel Deaconess Medical Center, Boston, 
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Introduction: Detection of the sentinel lymph node is important in the staging and treatment of breast cancer. Near-infrared (NIR) 
fluorescence imaging is a technique that can be used to visualize lymph nodes during surgery, several centimeters into the living tissue, 
in real-time. Currently, indocyanine green (ICG) is the only clinical approved NIR fluorescent contrast agent. Premixing of ICG with 
human serum albumin (HSA) improved the fluorescence and sentinel lymph node retention in preclinical experiments. The current 
studies focus on optimizing the use of NIR fluorescence imaging for the sentinel lymph node procedure in 3 clinical trials with a total of 
64 patients. Material and methods: In all studies, the Mini-FLARE intraoperative imaging system (Frangioni Lab, Boston, USA) was 
used. First (study 1), the optimal dose of ICG:HSA was studied in 24 consecutive patients. These patients received the standard of care 
sentinel lymph node procedure (blue dye and 99mTc-nanocoll) and were injected with 1.6 mL of ICG:HSA (dose groups 50 to 1000 
µM). The potential advantage of premixing of ICG with HSA was then studied in a randomized, double-blind study (study 2), with 18 
consecutive patients. Patients were injected with 1.6 mL of 500 µM ICG alone or ICG:HSA. Subsequently, sentinel lymph node 
mapping was performed using 500 µM ICG in 24 patients, with randomization between the use or omission of patent blue (study 3). 
Results: The sentinel lymph node was successfully detected in all patients. In the dose finding study (study 1), a total of 35 lymph 
nodes were detected (average 1.45), all of which were radioactive, 30 nodes were blue. The optimal dose was between 400 and 800 
µM. No differences were observed when premixing ICG with HSA (study 2), in the number of sentinel lymph nodes identified (average 
of 1.4 per patient), nor in fluorescence intensity (P = 0.18). No difference in fluorescence was observed when the patent blue dye was 
used or omitted (study 3). The sentinel lymph node was detected in all patients using NIR fluorescence before the blue dye could be 
observed. Conclusion: These studies demonstrate the successful use of NIR fluorescence and ICG in sentinel lymph node mapping of 
breast cancer patients. The optimal parameters are a dose of 500 µM ICG that is not premixed with HSA, and the use of patent blue 
can be omitted. 
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F-18-FDG-PET has prognostic value for patients with Neuroendocrine tumors - regardless of 
WHO tumor grade 

Tina Binderup1,2, Ulrich Knigge3,1, Birgitte Federspiel4, Carsten Palnaes Hansen3, Annika Loft2, Andreas Kjaer1,2, 1Cluster for 
Molecular Imaging, University of Copenhagen, Copenhagen N, Denmark; 2Clinic of Clinical Physiology, Nuclear Medicine & PET, 
Copenhagen University Hospital, Rigshospitalet, Copenhagen O, Denmark; 3Dept. of Surgical Gastroenterology, Copenhagen 
University Hospital, Rigshospitalet, Copenhagen O, Denmark; 4Dept. of Pathology, Copenhagen University Hospital, Rigshospitalet, 
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Background: The majority of patients with neuroendocrine (NE) tumors are slow growing and accordingly, FDG-PET seems of limited 
value for diagnostic imaging of these patients. However, we have recently shown, with a relatively short follow-up, that FDG-PET has 
prognostic value for NE tumors. Since the proliferation-index value (Ki67 index) has prognostic value, with highly proliferating (WHO 
grade III) tumors being associated with poorer prognosis, the prognostic value of FDG-PET may be better for WHO grade III NE tumors 
than grade I and II. The aim of this study was to investigate, with a longer follow-up, the prognostic value of FDG-PET in patients with 
NE tumors and whether there was a difference in this prognostic value based on the WHO grade of the NE tumors. Methods: Ninety-
eight prospectively enrolled patients with NE tumors underwent FDG-PET imaging. The prognostic value of the FDG-PET scan and the 
proliferation index as determined by immuno-histochemical staining for Ki67 was evaluated. There were 47 grade I tumors (Ki67 index 
< 2), 29 grade II tumors (Ki67 index > 2 < 20) and 12 grade III tumors (Ki67 index > 20) and 10 patients with no Ki67 determination. 
Follow-up time after the FDG-PET scan was 31 ± 12.6 months (mean ± SD). Results: The overall diagnostic sensitivity of FDG-PET 
was 58 % (n = 57). The sensitivity of FDG was significantly higher for tumors with proliferation index above 20% (92% vs. 53%, χ2 test, 
p < 0.012). During the 3 year follow-up 35 of the 98 patients died. Overall, a positive FDG-PET scan was associated with a significantly 
higher risk of death with a hazard ratio (HR) of 7.6 (95 % confidence interval (CI), 2.7 - 21.7). In the FDG-positive group, 31 of 57 (54%) 
died compared to 4 of 41 (9.8%) in the FDG-negative group. For WHO grade I and II patients (n = 76) 22 patients died. Of these, 19 
were FDG-PET positive and 3 were FDG-PET negative, and a positive FDG-PET scan was associated with a significantly higher risk of 
death (p < 0.001) with a HR of 7.1 (95% CI: 2.1 - 24.1) in the low-grade tumors. Conclusion: Despite a modest diagnostic sensitivity of 
FDG-PET for patients with NE tumors and especially the grade I and II tumors, FDG-PET is a strong prognostic marker even for the 
low-grade tumors. We therefore propose that FDG-PET can be a valuable prognostic tool in patients with NE tumors regardless of the 
aggressiveness of the tumors. 

 

Figure 1. Overall survival based on FDG-PET result for a) all patients (WHO grade I, II and III NE tumors, n = 98) and b) low-malignant (WHO grade I 
and II NE tumors, n = 76). The FDG-PET positive group (purple line) had significantly poorer overall survival than the FDG-PET negative group (black 

line). 
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Real time imaging of eosinophil or neutrophil migration in non asthmatic, atopic volunteers 

Joanna J. Lukawska1,2, Lefteris Livieratos2, Barbara M. Sawyer1, Tak Lee1, Michael O'Doherty3, Martin Kofi3, James Ballinger3, 
Gopinath Gnanasegeran3, Christopher Corrigan1, Greg Mullen2, 1Asthma, Allergy and Respiratory Science, King's College London 
School of Medicine, London, United Kingdom; 2Imaging Sciences, King's College London School of Medicine, London, United Kingdom; 
3Nuclear Medicine, Guys & St Thomas Hospital NHS Trust, London, United Kingdom. Contact e-mail: joanna.lukawska@kcl.ac.uk 

We present a pilot study testing the feasibility of isolating either pure eosinophils or neutrophils from whole blood, radiolabelling with Tc-
99m HMPAO and their in vivo tracking in human atopic, non asthmatic lung using real time gamma camera imaging. Methods: On two 
separate occasions 100mL of blood was obtained from two non asthmatic, atopic volunteers (atopy defined as positive skin prick test 
results to at least one common aeroallergen). Granulocytes were first separated from whole blood using gradient Ficoll-Paque PLUS 
1.084 centrifugation. Superparamagnetic particles coupled to a monoclonal antibody against CD16 (CliniMACS CD16 reagent), a 
surface marker present in neutrophils but not eosinophils, were incubated with the granulocytes (containing eosinophils and 
neutrophils). CliniMACS system (Miltenyi biotec, Bergisch-Gladbach, Germany) was used to obtain highly purified human blood 
eosinophils (negative selection) or human neutrophils (positive selection). Purified cells were analysed by flow cytometry to determine 
% of eosinophils/neutrophils, the presence of mononuclear cells and activation markers CD11b and CD69 for neutrophils and 
eosinophils, respectively. Isolated cells were then labelled with Tc-99m HMPAO (Ceretec, GE Healthcare) under aseptic cGMP 
conditions and ~100 MBq of labelled cells were administered intravenously. Dynamic lung images were acquired for the first 30 
minutes. Further static scans of 5 minutes each were acquired at 1, 2 and 3 hours. Results: Granulocytes were separated with high 
purity (eosinophils were >95% pure of neutrophils and neutrophils were 100% pure of eosinophils). There was no change in activation 
of cells as a result of isolation and radiolabelling. Initial dynamic lung images revealed a significant difference in the time activity curves 
for eosinophils and neutrophils. The eosinophil curve appeared biexponential with a fast component T1/2 = 8.6 min and a slow 
exponential component T1/2 = 62 min. The neutrophil curve had one exponential component with T1/2 = 22.5 min. There was no 
statistically significant difference in the biodistribution of either eosinophils or neutrophils in between left and right lung. Delayed imaging 
revealed reduction of uptake to 35.5 %, 26.6% and 19.6% (geometric mean values) of baseline for eosinophils, and 12.9%, 5.5%, 4.1% 
for neutrophils at 1hr, 2hr and 3hr respectively. In conclusion, this pilot study demonstrates distinct patterns of neutrophil and eosinophil 
migration through lung in non asthmatic atopics. Eosinophil egress had an initial rapid component but with persistence of cells up to 3 
hours, whereas neutrophil egress was more uniform and virtually complete within this time frame. In our future work we plan to study 
atopic asthmatics. We hope this will pave the way to further understanding of asthma phenotypes and hence improvement in targeting 
of established and novel anti-asthma drugs to specific phenotypes. To our knowledge this is the first reported use of high enriched 
eosinophils or neutrophils for non-invasive imaging. 
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Assessment of Therapeutic Response of Breast Cancer Patients by Longitudinal MR imaging, 
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Purpose: To determine the clinical utility of changes in the total choline (tCho) concentration, apparent diffusion coefficient (ADC) and 
tumor volume in the early prediction of tumor response in breast cancer patients undergoing neo-adjuvant chemotherapy (NACT). 
Methods: A total of forty-one breast cancer patients (n=41; mean age 42.77 ± 8.49 yrs; range 28 - 58 yrs) were recruited and 
Institutional ethics committee approved the study. Sequential MRI, in vivo MRS and diffusion weighted (DW) imaging were carried out 
at four time points: prior to NACT and within a week of administration of first, second and third cycles of NACT using a phased array 
breast matrix coil at 1.5 T (AVANTO, Siemens). T1-and T2-weighted images in sagittal plane and fat suppressed images in axial and 
coronal planes were acquired to identify the full extent of tumor. In vivo single-voxel proton MRS was carried using PRESS sequence 
with water + lipid suppression (see Figure 1). DW images were acquired in the transverse plane using a single-shot echo planar 
imaging. The responses of patients to therapy were determined clinically after III NACT. Generalized estimating equation and Mann-
Whitney (non-parametric) test were used for data analysis using STATA 9. Results: Two patients were excluded from analysis due to 
motion artifacts. Of the 39 patients, 28 were clinical responders and 11 were non-responders. In responders, the concentration of tCho 
and ADC before therapy was 4.80±2.9 mmol/kg and 0.95±0.15x10-3 mm2/s, respectively. The reduction in tCho concentration in 
responders after I, II and III NACT compared to pre-therapy value were 40.4±31.9%, 66.9±27.4% and 86.0± 17.9%, respectively. In 
tumor volume, the reduction in responders was 18.5±16.6%, 48.5±26.1% and 67.7±20.1% after I, II and III NACT, respectively. Tumor 
ADC in responders showed an increase of 20.8±15.8%, 33.7±16.9% and 61.1±21.2% after I, II and III NACT, respectively. In non-
responders, either an increase or no significant change in tCho concentration, ADC and volume was observed after each cycle of 
NACT. Interestingly, the pre-therapy ADC and the tumor volume were significantly lower in responders compared to non-responders. 
However, pre-therapy tCho concentration was significantly higher in responders compared to non-responders. Combining all the three 
MR parameters, a sensitivity of 92%, specificity of 100% and an accuracy of 94.3% was achieved. Conclusions: In responders, the 
larger reduction in tCho concentration compared to tumor volume and ADC after first cycle of NACT indicates the potential of tCho 
concentration as a useful parameter for early prediction of the tumor response. The combination of the three MR parameters provided 
higher sensitivity and specificity than the individual one. ADC appeared to be a better indicator in identifying non-responders. Changes 
in tumor volume are observed only after II NACT indicating the late manifestation of morphological changes. Further, the differences in 
the tCho concentration, ADC and tumor volume at pre-therapy between responders and non-responders suggest that MR parameters 
might be valuable in predicting the tumor response at pre-therapy. 

 

Figure 1: Proton in vivo MR spectra of a responder and a non-responder as a function of chemotherapy cycle. (a,e) shows the MR image with voxel from 
which spectra were obtained; (b,f) shows the pre-theray MR spectra; (c,g) spectra obtained after I NACT; and (d,h) spectra obtained after III NACT 
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Can molecular imaging of breast tumors with high field mutliparametric MRI obviate 
unnecessary breast biopsies? 
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Introduction To evaluate if molecular imaging of breast tumors with proton MR spectroscopy (3D-1H-MRSI), diffusion-weighted MR 
Imaging (DWI) and , contrast enhanced (CE-MRI) at 3T obviates unnecessary breast biopsies. Methods 66 patients with breast lesions 
detected by mammography or ultrasound and classified as BIRADS 3-5 were included in this IRB approved prospective study. All 
patients were examined multiparametric MRI of the breast at 3T. MRI protocol included: 3D-1H-MRSI before application of contrast 
agent to avoid contamination of spectra, a DWI, a T2-weighted sequence and a combined contrast-enhanced high temporal and spatial 
resolution 3D-T1-w sequence before and after application of a standard dose Gd-DOTA. MRI was assessed for tumor morphology and 
EH-kinetics according to the BIRADS classification, restricted diffusivity and increased Choline (Cho)-levels. An ADC threshold 1.25 
x10-3mm2/s and a signal-to-noise ratio of the Cho resonance peak >2.55 were defined as a marker of malignancy. A predefined 
evaluation algorithm was used for assignment of a final BIRADS classification. All tumors were histopathologically verified. Results 
There were 47 malignant and 19 benign breast tumors. 3D-1H-MRSI had a sensitivity of 87% and a specificity of 89%. DWI had a 
sensitivity of 89% and a specificity of 79%. CE-MRI demonstrated a sensitivity of 100% and a specificity of 59%. Multiparametric MRI 
had an excellent sensitivity of 98%, a good specificity to 89% and had a very good diagnostic accuracy of 95%. In 36% of benign 
tumors an unnecessary breast biopsy could have been avoided. Conclusions Molecular imaging with multiparametric MRI of the breast 
at 3T improves differentiation between benign and malignant breast tumors obviating unnecessary breast biopsies in more than one 
third of benign tumors. 
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Optimizing BOLD MRI for assessing oxygenation in cervical cancer 
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INTRODUCTION Since the classic work by Höckel et al. [Cancer Res. 56, 4509-15 (1996)] and Fyles et al. [Radiother. Oncol. 80, 132-
137 (2006)] hypoxia has been regarded as an important factor and potential prognostic biomarker for cervical tumor response to 
therapy. Historically, polarographic electrodes which are invasive and inconvenient have been required to measure tumor oxygenation. 
An imaging approach could be valuable and BOLD (Blood Oxygen Level Dependant) MRI promises alternate noninvasive insight into 
tumor oxygenation. BOLD MRI studies have been reported for assessing tumor oxygenation at various disease sites in patients, but 
hitherto little, if any, application has been reported for cervical cancers. Here, we seek to evaluate the feasibility of measuring 
oxygenation in cervical tumors using BOLD MRI with two different MRI acquisition sequences and axial or sagittal views. METHODS 
Three healthy volunteers and nine patients with stage IIB - IVA cervical cancer underwent BOLD MRI following IRB approved consent. 
In the four initial patients semi quantitative dynamic T2*-weighted MR images were acquired in the transaxial plane, while subjects 
breathed air followed by an 8 minute oxygen challenge. More recently, Multiple-Echo Gradient Echo (GRE) imaging was applied to 
acquire R2* relaxation maps in the sagittal plane. RESULTS AND DISCUSSION BOLD MRI provided good data quality for eight 
cervical cancer patients and three healthy volunteers. Data were unevaluable in one patient due to the presence of surgical clips. In one 
patient bladder filling caused the tumor to move out of the selected transaxial position and we therefore favor acquisition in the sagittal 
plane. T2*-weighted signal intensity (SI) was compared for iliacus muscle, normal uterus, normal cervix, and cervical tumor. In each 
case baseline images showed quite stable SI. Muscle showed minimal response (∆SI) to oxygen for both patients and healthy 
volunteers, whereas normal cervix and uterus showed larger changes in SI. Tumor T2*-weighted signal showed variable responses 
(∆SI 0 to 20%) upon O2 breathing. However, observed changes are somewhat subjective depending on T2* values and choice of TE. 
Thus, we have implemented quantitative T2* mapping approaches. In the latter 4 patients oxygen challenge yielded significant changes 
in R2* (=1/T2*) and T2*-weighted images for uterine tissues, but changes were much smaller in tumors (see Figure). In the cervical 
tumors T2* ranged from 30 to 65 ms. For a single echo experiment TE is normally chosen to be close to T2*. This is sub optimal if 
several tissues are to be compared with a range of T2* values. There is a tradeoff between sensitivity and signal to noise ratio (SNR) at 
different echo times (TE), and using an echo train allows comparison post hoc without a priori bias as to choice of TE. The ability to 
detect change in T2* is increased at longer TE. CONCLUSION This preliminary study demonstrates the feasibility of BOLD MRI for 
non-invasively examining cervical tumor response to hyperoxic gas breathing and we are seeking correlation with therapeutic outcome. 
Supported in part by The Mary Kay Ash Charitable Foundation. 

 

BOLD response to oxygen challenge based on changes in SI and R2* a: High resolution T2-w image showing cervical tumor. b: T2*-w image obtained 
as part of a dynamic data set with ROIs for tumor (blue) and normal uterus (green). c: Uterus showed a large signal response to oxygen breathing 

(∆SI=8.3% ± 1.3%), compared to tumor (∆SI=1.1%± 1.7%). 
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Synthesis of Fluorinated Benzylguanidine Derivatives as Substrates for the cardiac 
Norepinephrine Transporter: Discovery of LMI1195 
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The cardiac sympathetic nervous system is known to play an important role within the complex pathophysiology of myriad degenerative 
processes in congestive heart failure (CHF). CHF progression itself features a marked down-regulation of active norepinephrine 
transporters (NET), those responsible for managing neurotransmitter concentration among sympathetic neurons. Accordingly, one 
strategy for detection and stratification of diseased patients entails functional NET imaging using [123I] meta-iodobenzylguanidine 
([123I]MIBG), a pharmacological analog of norepinephrine and a tracer based on single photon emission computed tomography 
(SPECT). Research in our laboratories has therefore focused on development of positron emission (PET) based small molecule NET 
substrates in order to take advantage of the high spatial/temporal resolution and improved attenuation correction characteristics of the 
imaging modality. In this regard we have recently completed an extensive structure activity study of more than 50 MIBG analogs, where 
all regions of the molecule were explored, including broad substitution of the aromatic and linker regions, with an extensive evaluation 
of guanidine functional mimetics. Several in-vitro assays were then utilized to demonstrate the NET mediated cellular uptake, parallel 
uptake profile and comparable NET affinity (Ki <1-20 μM) of our derivatives to norepinephrine itself and thereby stratify compound 
selection. Notable compounds, including our lead candidate structure [18F]-3-bromo-4-(3-fluoropropoxy) benzylguanidine (LMI1195), 
are summarized in Table 1. An exhaustive series of in vivo distribution studies (both dissection and imaging) revealed high cardiac 
uptake, decreased non-target accumulation and overall excellent image quality for several of these advanced derivatives. In normal 
rats, LMI1195 maintained not only the highest myocardial uptake (2.26 +/-0.2 %ID/g), but also the most favorable non-target distribution 
profile (Table 1). The myocardium was clearly visible within 10 min of LMI1195 administration, and was retained in the heart tissue for 
at least 1 h, while activity in the liver steadily cleared (Figure 1). In addition, imaging studies in non-human primates demonstrated the 
heart to liver ratio of LMI1195 was indeed superior to MIBG (3.5 vs. 1.1). Subsequent in-vivo blocking studies confirmed NET mediated 
cardiac uptake of these fluorinated pharmacophores, where in rabbits, desipramine at 1 mg/kg effectively blocked cardiac uptake of 
LMI1195 (82%), compared to MIBG (53%), at 1 h post injection. Likewise, quantitative image analysis in non-human primates showed 
approximately 66% inhibition (desipramine; 0.5 mg/kg). Notably, sympathetic dennervation using 6-hydroxydopamine in a rabbit model 
resulted in a marked decrease (79%) in the cardiac uptake of LMI1195. The presentation described herein will detail our overall 
synthetic strategy, the complete structure activity matrix, and the primary pharmacological development program leading to the 
discovery of LMI1195 as a promising tracer, currently under clinical evaluation for imaging the NET. 

 
Cardiac PET images of LMI1195 in rats 

In vivo competition and in vivo biodistribution of select compounds 

 
* Data expressed as %ID/g +/- SD; one to four Sd rats per point. 
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The BRAF oncogene is constitutively activated by a point mutation in approximately 50% of melanomas. It leads to abnormal cell 
proliferation and survival, resulting in tumorigenesis in vivo. PLX4032, a potent inhibitor of mutant BRAF, has achieved a remarkable 
81% response rate in Phase I/II trials of patients with BRAF-mutant metastatic melanoma. Applying molecular imaging to identify BRAF 
mutant tumors in vivo using 18F-labeled PET probes could provide efficient means to indentify tumor locations precisely and evaluate 
their oncogene expression level non-invasively. We have utilized a divergent, fragment-based probe discovery strategy to construct an 
18F-labeled library in situ, and applied it to screen against drug-sensitive and -resistant melanoma cells, aiming for rapid discovery of 
high-affinity PET imaging probes toward specific phenotypes. A radiolabeled, small-molecule-based, library was constructed based on 
a combinatorial approach using a common 18F-tag, N-succinimidyl-4-[18F]fluorobenzoate ([18F]SFB) synthesized by our one-pot 
microwave-assisted procedure (Figure A). [18F]SFB reacts with amines via amidation reactions under neutral to slightly basic pH at low 
temperature (<50°C) to produce the corresponding 18F-labeled compounds. To identify high-affinity hits toward specific phenotypic 
cells from the library, in vitro screening assays using human melanoma cell lines derived from patient biopsy at UCLA (M-series, M202) 
and control cell lines [B16 (mouse melanoma) and U87MG (human glioblastoma)] were conducted (Figure B). Since the amount of 
chemicals used in creating each probe candidate is so small (ca. 2 μg) and labeling yields are generally high (>80%), after direct buffer 
dilution (at least 4000 times, depending on total radioactivity), the reaction mixture was used directly in cell screening without further 
purification (total amount of reaction chemicals is < 0.5 ng in each well). Our preliminary data indeed showed similar cell uptake results 
with purified or non-purified probes (data not shown). By applying tracer amount of chemicals and probes for in vitro cell screening, we 
successfully eliminated the need of parallel purifications of multiple short-lived 18F-labeled compounds. Three probe candidates (90, 
96, 101) were identified after eliminating false positives. Our preliminary data also showed differential uptake of these three 18F-labeled 
probe candidates (90, 96, 101) in a panel of oncogene-characterized melanoma cells as well as in PLX4032 sensitive and resistant 
isogenic human melanoma pairs (Figure C & D). These results further suggests phenotypic specificity of the probes and possible 
interactions with certain pathways that are key to PLX4032 treatment, such as the MAPK pathway12 downstream of the BRAFV600E 
mutation or metabolic pathways influenced by MAPK status. Currently we are applying system biology approaches to elucidate the 
probe interaction and integrate knowledge from imaging probes with oncogenic and metabolic pathways. 

 
(A) The divergent generation of a 18F-labeled small-molecule library via optimized amidation reactions using [18F]SFB and various amines; (B) In vitro 
screening of a 64-compound probe library using a human melanoma cell (M202). [18F]FBZA {N-[2-(diethylamino)ethyl]-4-[18F]fluorobenzamide} is a 
known melanin-specific PET probe which served as base line for probe uptake comparison. Using hits from the first screen, the second cell uptake 

validation experiments were then carried out in triplicate to eliminate false positives (*). Compound 90, 96 and 101 are currently prioritized for further in 
vitro and vivo evaluation; Two plots of percentage cell uptake of 18F-labeled 90, 96, 101 and [18F]FBZA (n=3) with (C) a wide spectrum of cell lines [7 in 

total, including 6 human melanoma cells (M-series) derived from patient biopsy] and (D) a pair of isogenic human melanoma cells, M229 (PLX4032-
sensitive) and M229AR (PLX4032-resistance), and a negative control cell, U87. 
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Tetrazine trans-cyclooctene ligation, an ultra-efficient 18F labeling method for positron 
emission tomography probe construction 
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1Radiology, University of Southern California, Los Angeles, CA, USA; 2Chemistry and Biochemistry, University of Delaware, Newark, 
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F-18 PET has a number of attributes that make it clinically attractive. However, incorporating 18F into biomolecules generally requires 
several time-consuming radio-synthetic steps that would result in low labeling yield. In this study, we introduced a new method of 
labeling RGD peptides through the Diels-Alder reaction: tetrazine trans-cyclooctene ligation. Method: 18F-labeled trans-cyclooctene 
(18F-TCO) was obtained through one step 18F-fluorination of cyclooctene nosylate precursor. After high-performance liquid 
chromatography purification, 18F-TCO was mixed with 3,6-dibenzyle-s-tetrazine-RGD (tetrazine-RGD) to provide the final product 18F-
TCO-tetrazine-RGD. Small-animal PET imaging of 18F-TCO-tetrazine-RGD was performed in U87MG tumor-bearing nude mice to 
evaluate its in vivo targeting efficiency. Receptor-binding assay and blocking experiment was also performed to validate the target 
binding affinity and specificity. Results: Conjugation of tetrazine-RGD (10 µg) with 18F-TCO was achieved in high yields after 5 min 
incubation. The labeling reaction was still extremely efficient with 0.4 µg tetrazine-RGD loading and the yield was not compromised 
(more than 95% labeling yield was obtained when calculated from 18F-TCO). When tetrazine-RGD was further lowered to 0.08 µg, the 
product was obtained in about 60% radiochemical yield. The radiochemical purity of the 18F-labeled peptides was >98% with 3.0 ± 1.0 
Ci/µmol specific activity. Small animal PET demonstrated that 18F-TCO-tetrazine-RGD had prominent tumor uptake in subcutaneous 
U87MG glioma. Target specificity was confirmed with a blocking study. Conclusion: In this study, we have demonstrated that tetrazine 
trans-cyclooctene ligation proceeds with exceptionally fast rates, making it an effective 18F labeling method within minutes at low 
micromolar concentrations. The resulted 18F-TCO-tetrazine-RGD demonstrated good U87MG tumor targeting ability in vivo. We 
anticipate that the tetrazine trans-cyclooctene ligation could be widely used in 18F-labeling of biomolecules for PET applications. 

 

 
18F cycloaddition reaction with different tetrazine-RGD loading: (A) 10 µg; (B) 2 µg; (C) 0.4 µg; (D) 0.08 µg; (E) 0.016 µg; (F) The quality control (QC) of 

18F-TCO. 
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MicroPET Imaging of an In Vivo Biorthogonal Click Chemistry Reaction between a Novel 
Radiolabeled Probe and Nanoparticles 
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Introduction: Nanoparticles are a promising new class of therapeutic that is able to concentrate within solid tumors via the enhanced 
permeability and retention (EPR) phenomenon. In this study we explore the ability to use a novel radiolabeled small molecule probe to 
covalently react in vivo with chemically modified nanoparticles which have already localized to the tumor via EPR. Methods: 
Supraparamagnetic iron oxide nanoparticles (SPIO) were chemically modified to display trans-cyclooctyne (TCO) on its surface. A 
tetrazine derivative probe was developed and conjugated to 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA) for 
copper-64 (64Cu) radiolabeling. The TCO-modified-SPIO was reacted with 64Cu-tetrazine derived probe in PBS and monitored by 
radioHPLC for conjugation to confirm fast reaction kinetics (Figure A). The 64Cu-tetrazine probe was evaluated for its ability to locate 
and covalently bind to TCO-modified-SPIO in vivo by utlizing a mouse xenograft model with U87 (glioblastoma multiforme) tumors. 
Three mice were injected via the tail vein with TCO-modified-SPIO. It was allowed to circulate for 24 hours and subsequently the mice 
were injected with 64Cu-tetrazine. Four mice were injected with only the 64Cu-tetrazine probe. MicroPET/CT was performed at 
successive time intervals after tail vein injection of the probe. Radioactivity was measured in blood and tumor to provide objective 
confirmation of the microPET images. Results: The in vitro characterization of the reaction between the 64Cu-tetrazine probe and TCO-
modified SPIO demonstrated 90% coupling at 15min and showed great stability after 2 hours. The percent of coupling with the 
unmodified SPIO was 1%. Percent of injected dose/gram of tissue (%ID/g) for tumors and blood in mice injected with TCO-modified-
SPIO and subsequently with the radiolabeled tetrazine probe was 1.56 and 0.42, respectively (Figure B). Mice injected only with 
radiolabeled probe demonstrated a %ID/g of 0.67 and 0.28 in tumors and blood, respectively (Figure C). The relative 2.2 fold increase 
in radioactivity within the tumor containing the previously injected TCO-modified-SPIO provides evidence that the click chemistry 
reaction with the subsequently injected 64Cu-tetrazine probe has occurred. Conclusions: Our work represents the first use of microPET 
to confirm an in vivo biorthogonal click chemistry reaction between a novel radiolabeled probe, 64Cu-tetrazine, with a TCO-modified-
nanoparticle. This strategy can be utilized to perform in vivo delivery of functional agents for imaging or therapy to the surface of 
nanoparticles that have accumulated in tumors through EPR or other tumor targeting methods. 
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Development of NIR light emitting bioluminogenic substrates based on intramolecular BRET 
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Chemistry and Biology, The University of Tokyo, Tokyo, Japan; 2Graduate School of Medicine, laboratory of Chemical Biology and 
Molecular Imaging, The University of Tokyo, Tokyo, Japan; 3Graduate School of Science, laboratory of Analytical Chemistry, The 
University of Tokyo, Tokyo, Japan. Contact e-mail: ff117008@mail.ecc.u-tokyo.ac.jp 

[Objective] Bioluminescence is widely used as an analytical tool in many fields because it doesn’t need any excitation light, which 
enables highly sensitive detection of the target signals. However, most of the spectra of typical bioluminescence are restricted in the 
visible region, overlapping with the absorption spectra of many body’s constituents such as hemoglobin, which makes it difficult to 
detect the events in deep tissue. Thus, bioluminogenic substrates beyond the visible range especially in the near-infrared region are 
highly desired. With this background, we decided to develop new NIR light emitting bioluminogenic substrates. [Methods] We adopt 
intramolecular BRET (Bioluminescence Resonance Energy Transfer) as a method to control the emission spectra of the substrates. 
Focusing on the fact that aminoluciferin doesn’t lose its luminescence property even if its amino group is alkylated, we developed 
several kinds of aminoluciferin derivatives bearing various fluorophores as BRET acceptors connected by alkyl linkers from the amino 
group, and investigated their properties as bioluminogenic substrates of firefly luciferase. [Results and Discussion] Although their 
properties as bioluminogenic substrates of firefly luciferase are significantly influenced by their molecular structure such as size, 
electrical charges and orientation, we succeed to develop Cy7 Me COOH-AL with its maximal emission wavelength at 800 nm, which 
has Cy7 as a BRET acceptor, by optimizing the structure. The NIR bioluminescence emitted from Cy7 Me COOH-AL is proved to have 
better tissue penetration than that of conventional bioluminogenic substrates such as D-luciferin and aminoluciferin by phantom 
experiments, and as such, it would enable highly sensitive detection of signals from deep tissue in vivo. 
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Surface displayed CLIP-tag as a novel tool for study of staphylococcal infection 
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Specific probe design is one of the greatest hurdles which needs to be overcome to allow useful functional information to be gathered 
from in vivo imaging. One way of probe design which appears to be increasingly popular is to express a ligand-binding protein which 
once expressed, can be covalently linked to a specific synthetic ligand with an attached imaging moiety. One such system, the CLIP-
tag, (NEB), based on a mutated version of the human O6-alkylguanine-DNA alkyltransferase (hAGT), specifically and covalently binds 
O2-benzylcytosine (BC) compounds. These BC compounds are able to have different groups such as fluorophores substituted at the 4’ 
position of their benzyl ring. To date, CLIP-tag has only been used in eukaryotic studies, primarily to target and identify tumour cells. 
Here, for the first time, we report the surface display of CLIP-tag on Staphylococcus aureus and show that the expressed protein is 
functional by labelling with red fluorescent BC ligands. The CLIP-tag was codon optimised for expression in the Gram-positive 
bacterium Staphylococcus aureus as an N-terminal translational fusion with the S. aureus Protein A (spa) Sec leader. C-terminal fusion 
to the spa cell-wall anchoring domain enabled covalent linkage of the CLIP-tag to the Staphylococcus cell wall via sortase A. We have 
demonstrated that the CLIP-tag can be expressed, exported from the cell, and specifically anchored to the cell wall via sortase A in S. 
aureus 8235-4. Once anchored to the cell wall, the CLIP-tag was functional and can be targeted by fluorescent probes which label the 
outside of the bacterial cell. Probe binding to the S. aureus was shown to be CLIP-tag dependent by the blocking of labelling by pre-
treatment with non-fluorescent CLIP-cell block ligand. Fluorescent labelling was not observed in S. aureus 8325-4 ∆srtA cells, indicating 
that sortase A is indeed vital for surface display of the CLIP-tag, and that binding to the cell wall is specific. This was also supported by 
cell fractionation studies, where CLIP-tag localisation was determined by western blot. For wild type S. aureus 8325-4 cells, CLIP-tag 
was mostly observed in the cell wall fraction, with a small amount in the cell membrane fraction. In S. aureus 8325-4 ∆srtA cells, the 
majority of the CLIP-tag could be observed in the membrane fraction and the cell supernatant fraction. This work holds great promise 
for in vivo studies of staphylococcal infection and treatment using appropriately labelled BC ligands to detect the bacterial cells. 

Disclosure of author financial interest or relationships: 
B. Mills, None; J. Wright, None; J. Luckett, None; V. Steele, None; A. Cockayne, None; P. Williams, None; P. Hill, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S947



Presentation Number T186 
Scientific Session 23: Imaging Apoptosis 

September 10, 2011 / 09:00-09:15 / Room: 33 

Protective Effect of the Apoptosis Sensing Nanoparticle AnxCLIO-Cy5.5 
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Molecular imaging of apoptosis often involves Annexin V binding to the outer surface of apoptotic cells. The AnxCLIO-Cy5.5 
nanoparticle, developed in our group, consists of Annexin V (Anx) conjugated to the magnetofluorescent nanoparticle CLIO-Cy5.5 
(CLIO=cross-linked iron oxide). The diagnostic utility and accuracy of AnxCLIO-Cy5.5 has been shown in both ischemic heart disease 
and heart failure. The purpose of this study was thus to characterize the effects of AnxCLIO-Cy5.5 on early apoptotic cells, and to 
determine whether the use of AnxCLIO-Cy5.5 would facilitate their salvage or accelerate their demise. We tested the 
pathophysiological impact of AnxCLIO-Cy5.5 in Rat myocyte (H9C2) and Human epithelial (786-0) lines. After apoptosis induction with 
Camptothecin (CPT), half of the cells were exposed to AnxCLIO-Cy5.5, while the other half received annexin-binding buffer alone. The 
treated cells were then co-stained with Anx-FITC and propidium iodide (PI). The dual-staining facilitated quantitative measures of cell 
membrane integrity via flow cytometry (FACS), and distinguished unaffected healthy (Anx-, PI-) from early apoptotic (Anx+, PI-) and late 
apoptotic/necrotic (Anx+, PI+) cells. AnxCLIO-Cy5.5 was also injected into C57BL/6 mice exposed to ischemia-reperfusion injury. The 
left coronary artery (LCA) was occluded for 1 hour, and either the AnxCLIO-Cy5.5 nanoparticle or annexin-binding buffer was injected 
intravenously upon reperfusion. After 24 hours, the artery was re-occluded and fluorescent microspheres were injected to mark the area 
at risk (AAR). The heart was then sliced and stained with tetrazolium salt (TTC) to delineate the area of infarction (MI) from healthy 
myocardium. AnxCLIO-Cy5.5 exposure decreased the frequency of membrane rupture in early apoptotic cells (A). The protective effect 
was greater in cells with longer probe exposure (B). The protective effect did not correlate with caspase-3 activity (C). Similarly, in mice 
exposed to 1 hour ischemia-reperfusion, AnxCLIO-Cy5.5 injected at the onset of reperfusion reduced infarct size/AAR by 16.2% (D-E). 
Our findings suggest that AnxCLIO-Cy5.5 binds to early apoptotic cell membranes and protects apoptotic cells from rupture. 
Interestingly, the protective effect is not mediated via the apoptotic signaling cascade. Given Annexin V’s unique property of forming a 
3-D lattice crystal structure when bound to apoptotic membranes, we hypothesize that AnxCLIO-Cy5.5 may have a direct membrane 
stabilizing effect by mechanically exerting physical restraint and preventing outward membrane bulging and rupture. The AnxCLIO-
Cy5.5 nanoparticle is thus not only well tolerated, but may actually have a membrane stabilizing protective effect on apoptotic cells. 

 

Protective effect of AnxCLIO-Cy5.5. (A)AnxCLIO-Cy5.5 reduced the proportion of apoptotic cells undergoing membrane rupture. (B)The protective effect 
was greater with longer probe exposure. (C)No significant changes in caspase-3 activity. (D)Representative heart sections show the AAR (absence of 

fluorescence, left) and MI (pale area, right). (E)AnxCLIO-Cy5.5 reduced MI/AAR by 16.2% (p=0.12). *p<0.05; **p<0.01; NS=not significant, p>0.05. 
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Characterization of Apoptosis In RGC-5 Cells Using Novel Caspase-Activated Cell-Penetrating 
Probes As a Model For Monitoring Retinal Neurodegeneration In Vivo 
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Caspase-activatable cell-penetrating peptide (CPP) probes show promise for characterizing retinal ganglion cell (RGC) apoptosis in 
vivo. These probes incorporate a CPP sequence (kkkrkv), and a fluorophore-quencher pair linked by a caspase-labile peptide 
sequence (DEVD). This scaffold allows efficient cell uptake and renders the probe optically silent until cleavage by executioner 
caspases. Here, we applied our probes to an in vivo rat model of retinal degeneration to determine their performance using in vivo 
fluorescence imaging techniques. Concurrently, probes were characterized in an RGC-5 cell culture model to correlate with in vivo 
models of RGC degeneration. To monitor cellular uptake and study internalization mechanisms, nonquenched probes Kcap488, 
Kcap488TR, and Kcap647 (green, dual green/red and red fluorescence, respectively) were synthesized and incubated with RGC-5 cells 
for analysis using high-throughput fluorescence microscopy and flow cytometry. For cell death detection, caspase-activatable probes 
KcapQ488 and KcapQ647 were synthesized and tested using an ionomycin cytotoxicity model. RGC-5 cells showed distinct uptake of 
nonquenched probes with a punctate distribution within the interior of the cells. Using small molecule inhibitors of endocytosis, the 
principle mechanisms responsible for probe uptake were determined to depend on clathrine-, caveolin- and pinocytosis-mediated 
mechanisms. KcapQ488 exposure to RGC-5 cells followed by ionomycin treatment produced distinct probe activation. Cells were 
monitored for 1 hour in real time using fluorescence microscopy and distinct probe activation was observed within 15 minutes. This 
imaging procedure facilitated generation of real-time movies showing both morphological changes of cells undergoing apoptosis and 
concurrent probe activation. CPP probes distinctly labeled apoptotic cells in rat retinal degeneration models and facilitated longitudinal 
imaging of cell death in vivo. Analysis of ex vivo retinal flat mounts showed concurrent CPP labeling of apoptotic RGC cells consistent 
with in vivo imaging results. These experiments provide validation of self-quenched, caspase-activatable probes as apoptosis 
biosensors in RGC-5 cell culture models and in vivo retinal degeneration models. The availability of KcapQ probes in various emission 
windows may facilitate multispectral analysis when imaged in the presence of other probes and antibody labeling techniques. 
KcapQ488 and KcapQ647 facilitate detection of cells undergoing apoptosis using high-throughput imaging methods and allow for 
apoptosis detection on populational and single cell levels in real-time. 

 
Figure 1: Fluorescence microscopy images taken from a time lapse movie of KcapQ488 activation in RGC-5 cells following ionomycin (20 µM) exposure 

(200 x total magnification). Times correspond to movie acquisition time. Imaging was started 1 minute following ionomycin exposure. 
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MR discrimination of dead and live iron-labeled cells by b-SSFP in vitro and in vivo 
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Introduction Cell tracking using MRI allows for the detection and monitoring of cells of interest in vivo non-invasively. For this purpose, 
cells are usually labeled with iron-based contrast agents. Intracellular iron causes signal loss in MR images when performing 
sequences sensitive to local inhomogeneities in the magnetic field. A current limitation of this technique is the inability to detect cell 
death. This is a major issue for tracking the fate of cells after their transplantation. Some previous studies have demonstrated the 
potential for MRI to discriminate between live and dead labeled-cells, but so far, there have been no in vivo investigations. In this paper, 
we show the potential for discriminating between dead and viable iron-labeled cancer cells with the balanced steady state free 
precession (b-SSFP) imaging sequence. Materials and Methods Human cancer cells (MDA-MB-231BR) were labeled with 100μg/mL 
USPIO (Molday, Biopal, Worcester, MA, USA) by incubation for 24 hours. After harvesting, some labeled cells were lysed using 
ultrasonication. Increasing numbers of viable or lysed iron-labeled cells (5, 2, 1 and 0.5 million) were suspended in agarose gel and 
placed in glass NMR tubes. For in vivo studies, viable or lysed cells were suspended in either agarose or matrigel and nude mice 
received implantations of 1 million viable or lysed cells on the right and left flanks. MR images were acquired on a 3T GE whole-body 
MR scanner equipped with a high performance custom-built gradient coil. For in vitro experiments, the b-SSFP sequence was 
performed using the following parameters: TR/TE=7/3.5, 16/8 or 26/13ms, flip angle=35°, rBW=±21kHz, resolution= 200x200x500 μm 
and 4 RF phase cycles. For in vivo experiments, the same parameters were used but resolution was 200x200x200μm and 8 phase 
cycles were used. Mice were imaged at day 1, 5 and 13 post cell injection. Results Viable and lysed iron-labeled cells had significantly 
different SNR values in b-SSFP images (Fig 1). The SNR of viable iron-labeled cells decreased significantly with increasing TR/TE (Fig 
1). The same effect is observed for the SNR of lysed cells. However, the decrease in SNR is more pronounced for viable cells. At the 
lowest TR tested (6ms), there was no significant difference in the SNR between viable and lysed cells. These data illustrate the 
importance of choice of timing parameters for the detection of live iron-labeled cells and for the differentiation of viable versus lysed 
cells. As the number of iron-labeled cells suspended in agarose gel is increased, the SNR in b-SSFP images (TR=16ms) of both viable 
and lysed cells decreased significantly (see Suppl. Fig 1). Dead and live labeled-cells could also be discriminated in vivo when co-
injected with matrigel (see Suppl. Fig 2). The contrast generated by viable iron labeled-cells (fractional signal loss) decreased over time 
for both viable and lysed cell populations. This was more pronounced for dead cells most likely because they are expected to be 
cleared from the implantation site more readily. Conclusion This study demonstrated that dead and live cells can be discriminated in 
vivo using b-SSFP. 

 

In vitro SNR and CNR measurements on 1 million of Live and US-treated cells in function of different values of TR (6, 16 and 26 ms) set in the b-SSFP 
sequence. The Live labeled-cell SNRs are significantly different for every TR used (p<0.05). The same result was measured for US-treated cells. 

Furthermore, the SNR difference between Live and US-treated cells is significant at TR=16 and 26ms (p<0.05). 
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In vivo imaging the correlation between I-131 therapy and Apoptosis using Apoptosis-
targeting peptide-1 (ApoPep-1) 
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Purpose: Radionuclide therapy using I-131 induces apoptosis in Sodium Iodide symporter (NIS) expressing tumor through the NIS 
system. In this study, the correlation between the amount of I-uptake and apoptosis was monitored to evaluate the therapeutic efficacy 
of radio-iodide therapy using fluorescent dye conjugated Apoptosis-targeting peptide-1 (ApoPep-1). Methods: Human hepatocarcinoma 
Hep3B was used to establish NIS expressing cell line with different promoter strengths. Hep3B-CMV-NIS (HCN, higher NIS expression) 
and Hep3B-5mmTERT-NIS (H5TN, lower NIS expression) cells were established using retro-viral system. Iodide accumulation was 
observed by I-uptake assay. RT-PCR and Western Blot were performed to detect NIS mRNA and protein, respectively. ApoPep-1 was 
conjugated with fluorescent dyes (Apoflamma, BioActs , Seoul, Korea). For inducing apoptosis, I-131 was treated in the HCN and H5TN 
cells. After I-131 treatment, Immunofluorescence staining was performed using Apoflamma. The induction of apoptosis was examined 
by confocal microscopy and the fluorescent signals were also analyzed by the MetaMorph® Software. xenograft models using HCN and 
H5TN were established and evaluated using the micro PET/CT and gamma camera. I-131 was administered for radio-iodine treatment 
and whole-body images were obtained using an in vivo optical imaging system (Maestro®, Caliper, Hopkinton, MA). NIS activity from 
tissue samples were visualized by autoradiography. Results: Higher NIS mRNA and protein expression were observed in HCN cells. 
The Iodide uptake of HCN cells was significantly ~3.3 fold higher than that of H5TN cells. I-131 treated cells showed high Apoflamma 
signals in HCN cells compare to H5TN cells. The fluorescent signals of Apoflamma in I-131 treated HCN cells were ~2.4 fold higher 
than that in non-treated cells (P < 0.05). In xenograft model, HCN tumor showed significantly higher Tc-99m uptake than H5TN tumor. 
After I-131 treatment, HCN tumor was observed higher Apoflamma fluorescence signals than H5TN tumor. Conclusion: These results 
demonstrated that we established a model system of tumor heterogeneity with differential protein expression, which induces different 
therapeutic response. In this study, we could successfully evaluate the correlation between the iodide uptake and apoptosis using 
Apoflamma, which is a good tool for evaluation of apoptosis in vitro and in vivo. 
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Near-infrared optical imaging visualizes tumor killing induced by cytotoxic T cells in vivo 
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Cytotoxic T lymphocytes induce death of their specific target cells. Their cytotoxic functions are regulated by various positive and 
negative regulators in vivo. In order to visualize the tumor killing effects of cytotoxic T cells, optical imaging of phosphatidylserine 
exposed on tumor cells targeted by tumor specific cytotoxic T cells was employed in an adoptive immune therapy model. CD8 T cells 
specific for ovalbumin (OVA) were purified from OT-1 T cell receptor transgenic mice. After labeling OT-1 CD8 T cells with a cell-
permeable dye (CMTMR, Em 565nm, or DDAO, Em 655nm) for tracking purpose, T cells were transferred to recipient mice bearing an 
intramuscular OVA-expressing thymoma (EG.7) and the parental OVA-non-expressing thymoma (EL4) in the thigh. Twelve hours later, 
PSVue 794 (Em 810 nm, 4mg/kg) that has phosphatidylserine binding capacity was injected intravenously and optical images were 
acquired up to 5 days after the injection. In some mice, fluorescein (FITC)-annexin V was also injected intravenously 12hr after the 
PSVue 794 injection. Binding of PSVue 794 to apoptotic tumor cells was confirmed by double staining of the cells with FITC-annexin V 
analyzed by flow cytometry. Whole-body optical imaging demonstrated an accumulation of PSVue 794 in OVA expressing EG.7 tumor, 
the target of OT-1 CD8 T cells, at 24hr and at later time points. Imaging of tumor sections revealed co-localization of PSVue 794 and 
annexin V. Migration of OT-1 T cells to the EG.7 tumor was observed at the same sites. Collectively, a near-infrared optical probe 
targeting phosphatidylserine enabled visualization of tumor cell death induced by cytotoxic T cells in vivo in an immune cell therapy 
model. Monitoring functionality and therapeutic effect of cytotoxic T cells would provide useful information for further understanding of 
regulatory factors of T cells, which is crucial for the improvements of immune therapies. 

 

PSVue 794 visualized death of EG.7 tumor expressing OT-1 CD8 T cell target OVA, but not OVA negative EL4 tumor (2.5 days after OT-1 T cell transfer 
and 2 days after PSVue794 injection). 
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Evaluation of tumor treatment with docetaxel in mice using [18F]FLT- and [18F]FDG-PET and 
Diffusion Weighted Magnetic Resonance Imaging 

Valerie S. Honndorf1, Sally-Ann Ricketts2, Hans F. Wehrl1, Stefan Wiehr1, Damaris Kukuk1, Julia G. Mannheim1, Gerald Reischl1, 
Bernd J. Pichler1, 1Dept. of preclinical imaging and radiopharmacy, Lab for preclinical imaging and imaging technology of the Werner 
Siemens-Foundation, Tuebingen, Germany; 2Imaging, Personalized Healthcare and Biomarkers, AstraZeneca, Alderley Park, 
Macclesfield, Cheshire, United Kingdom. Contact e-mail: Valerie.Honndorf@googlemail.com 

Introduction: We investigated tumor proliferation, functional status and growth of a human colon adenocarcinoma cell line (HCT116) in 
mice by [18F]FLT/[18F]FDG-PET and Diffusion-weighted magnetic resonance imaging (DWI) using the cytostatic drug docetaxel as 
treatment over a period of seven days. Methods: Measurements were performed on a microPET scanner and a 7T small animal MRI 
system. 10 mio. HCT116 cells were inoculated into female SWISS nude mice (n=16). A visible tumor appeared after ten days. After 
baseline imaging, docetaxel (15mg/kg) was injected intravenously the following day. Further PET and MR imaging was performed on 
day 2, 5 and 7 after administration of docetaxel. For the PET scans mice were administered with ~13MBq [18F]FLT or [18F]FDG. The 
uptake times for the 10min static PET scans were 90min for [18F]FLT and 55min for [18F]FDG. DWI was performed in sagittal direction 
(b=150, 250, 400, 600, 800, 1000s/mm2, TE=112ms, TR=5000ms, ∆=41ms, δ=20ms). Coregistration and analysis of the MR and PET 
images were performed using Inveon Research Workplace. Results: On the baseline imaging day, mean tumor size for both, control 
and docetaxel treated groups, was 0.29±0.15cm3. Tumors in the control group grew throughout the study (1.10±0.37cm3 on day 7) 
whereas tumors in the docetaxel treated group showed growth arrest (0.40±0.22cm3 on day 7). The PET measurements of the 
[18F]FLT control group showed a slightly increased tumor uptake over the measurement period (from 4.73±0.61%ID/cc to 
5.09±2.02%ID/cc on day 7). In contrast, the docetaxel treatment group showed a significantly (p=0.02) increased [18F]FLT uptake (from 
4.68±0.60%ID/cc to 6.07±0.36%ID/cc on day 7). The [18F]FDG control group showed a decreased tumor uptake (from 
3.80±1.34%ID/cc to 3.26±0.28%ID/cc on day 7) after an increase in tumor uptake on day 2 (4.29±0.62%ID/cc) revealing a significant 
(p=0.03) decrease between day 2 and day 7. The docetaxel treatment group showed also a decreased tumor uptake (from 
3.63±0.80%ID/cc to 3.04±0.84%ID/cc on day 7). The DWI revealed a mean baseline apparent diffusion coefficient (ADC) value of 
0.69±0.10*10^-3mm2/s with the control group showing no significant change in ADC values over the measurement period. In contrast 
the ADC values of the treated animals increased significantly (p=0.02) after administration of docetaxel (from 0.66±0.1*10^-3mm2/s to 
0.82±0.12*10^-3mm2/s on day 7). Conclusions: Docetaxel treatment causes the polimerization of microtubules leading to cell cycle 
arrest in the G1-phase that could explain the increased [18F]FLT uptake. It also causes apoptosis and necrosis which could lead to the 
increased ADC and the decreased [18F]FDG uptake. Here, we show the correlation between the [18F]FLT/[18F]FDG PET imaging and 
ADC in a HCT116 colon cancer mouse model. ADC maps revealed an inverse spatial correlation to the [18F]FLT uptake demonstrating 
the relationship between water diffusion in necrotic regions and the thymidine kinase activity in proliferating cells (Fig.1). Such 
complementarities can also be shown for the glucose analogon [18F]FDG. These findings are strengthened by the performed 
immunohistochemistry. 

 

Figure 1: Sagittal section of a subcutaneous HCT116 tumor in a mouse. Corresponding ADC-MRI and FLT-PET images clearly reveal an inverse 
correlation between diffusivity and highly proliferating regions. 
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A quantitative high throughput molecular imaging based drug screening identifies an anti-
protozoal drug as an anti-cancer agent for its inhibitory effect on the c-Myc oncoprotein 

Hua Fan-Minogue1, Carmel T. Chan1, Dean W. Felsher3, Sanjiv S. Gambhir1,2, 1Radiology, Stanford University, Stanford, CA, USA; 
2Bioengineering, Stanford University, Stanford, CA, USA; 3Oncology, Stanford University, Stanford, CA, USA. Contact e-mail: 
fminogue@stanford.edu 

Current de novo drug discovery has significant costs and often yields very few successes. Using high throughput screening (HTS) to 
systematically profile approved drugs for new uses has emerged as a rapid and cost effective strategy to discover new therapeutic 
agents. To facilitate development of oncoprotein inhibitors, we developed a c-Myc activation reporter sensor based cell assay for 
quantitative HTS (qHTS) of drugs with known activity. This imaging reporter sensor specifically detects and monitors activity of c-Myc, 
which is a central regulator of cancer development yet has no targeted therapy. We engineered a cell line with stable expression of the 
sensor and developed it into an imaging assay providing rapid and real-time readout of c-Myc activity upon drug addition and optimized 
it for qHTS. 4,846 known drugs from five different libraries, the NIH Clinical Collection (NCC), Sigma LOPAC, MS Spectrum, BM_ICB 
and BM_FDA, were screened at seven different concentrations for c-Myc inhibitors. The preliminary screen revealed 337 potential hits. 
After systematic analysis using MDL Assay Explorer database, 39 were identified specific for c-Myc signaling. Several specific hits with 
IC50 less than 1μM were further validated in MIC inhibition assay and western blot (WB) analysis for c-Myc inhibition. Among these, 
Nitazoxanide (NTZ), an anti-protozoal drug, showed the most potency in c-Myc inhibition with IC50 as low as 100nM. In the MTS 
viability assay, we found the IC50 for cell growth was 5μM, 50-fold higher, thus the inhibitory effect of NTZ is uncoupled from its killing 
effect. Using the same sensor cell line, we established a mouse tumor xenograft model, which allowed us to non-invasively monitor and 
validate the tumor response to NTZ therapy. Ten days after oral NTZ 250mg/kg bid, the sensor signals in the treatment group were 
already lower than those in the PBS control group (N=5, P<0.05) and significantly lower (P<0.01) after 30 days of treatment. 
Meanwhile, the tumor size in the treatment group was also smaller than the control group since 15 days of treatment (N=10, P<0.05). 
These results indicated a previously unrecognized anti-neoplastic activity of NTZ and provided a basis for advancing it into clinical trials 
as a c-Myc targeted cancer therapeutic. This study also demonstrated that molecular imaging coupled with systematic profiling of 
approved drugs accelerates identification of new therapeutic agents and their in vivo validation in preclinical models. 
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A novel high-density lipoprotein based nanotherapy for atherosclerosis 

Jun Tang1, Raphael Duivenvoorden1,2, David Izquierdo-Garcia1, David P. Cormode1, Erik S. Stroes2, Mark E. Lobatto1,2, Emma L. 
Kuan3, Gwendalyn J. Randolph3, Valentin Fuster4,5, Edward A. Fisher6, Zahi A. Fayad1, Willem J. Mulder1, 1Translational and Molecular 
Imaging Institute, Mount Sinai School of Medicine, New York, NY, USA; 2Department of Vascular Medicine, Academic Medical Center, 
Amsterdam, Netherlands; 3Department of Gene and Cell Medicine, Mount Sinai School of Medicine, New York, NY, USA; 4Department 
of Cardiology, Zena and Michael A. Weiner Cardiovascular Institute and Marie-Josee and Henry R. Kravis Cardiovascular Health 
Center, Mount Sinai School of Medicine, New York, NY, USA; 5Centro Nacional de Investigaciones Cardiovasculares (CNIC),, CNIC, 
Madrid, Spain; 6Department of Medicine (Cardiology) and Cell Biology, NYU School of Medicine, New York, NY, USA. Contact e-mail: 
jun.tang@mssm.edu 

Rationale: Inflammation drives progression and destabilization of atherosclerotic plaques. Statins constitute the backbone for strategies 
to lower cardiovascular risk because of their potent cholesterol lowering capability. Whereas preclinical studies have shown that statins 
also have anti-inflammatory effects, the clinical relevance is hampered by the limited bioavailability of orally administered statins. To 
enhance the anti-inflammatory effects we developed statin-loaded reconstituted high-density lipoprotein nanoparticle ([s]-rHDL). The 
advantages of [s]-rHDL comprise its long half-life in plasma and the targeting to macrophages in atherosclerotic plaques. Methods& 
Results: To focus on anti-inflammatory effects, we used ApoE KO mice, whose cholesterol level is unaffected by statins. First, to 
evaluate macrophage targeting by [s]-rHDL, Gd-DTPA labeled [s]-rHDL was administered intravenously to ApoE KO mice (n=3). In vivo 
T1-weighted MR imaging (9.4 T Bruker MRI scanner) revealed strong signal enhancement in the abdominal aortic wall (Suppl. Fig a-d). 
Moreover, accumulation of [s]-rHDL was observed in the aortic valve and branching areas in the mice administered with Cy5.5 labeled 
[s]-rHDL by NIRF imaging (Suppl. Fig e, f) and specific uptake of [s]-rHDL by macrophages was revealed by fluorescence microscopy 
(Suppl. Fig g-l). Furthermore, flow cytometry confirmed that macrophages robustly took up rHDL in plaques, and the more differentiated 
macrophages took up more rHDL than less differentiated macrophages (Suppl. Fig m-r). Second, to assess the anti-inflammatory 
effects of [s]-rHDL, mice (n=62) were put on a high fat diet from 4 weeks of age onwards. At 14 weeks after diet initiation, mice were 
randomized to receive either placebo (n=15), oral simvastatin (10 mg/kg per day; n=15), intravenous rHDL (10 mg/kg ApoAI twice per 
week; n=16), or intravenous [s]-rHDL (15 mg/kg simvastatin with 10 mg/kg ApoAI twice a week; n=16) for 12 weeks. In vivo MR imaging 
of abdominal aorta was performed in 8 mice of each group at baseline, 6, and 12 weeks after randomization. Progression of vessel wall 
thickness was significantly inhibited in [s]-rHDL-treated animals compared to oral simvastatin, rHDL, and placebo groups (panel a). To 
objectively and quantitatively analyze histological sections (n≈4000), we built an automated Matlab procedure. Histology results at 
termination showed that plaque size (hematoxylin phloxine saffron staining) in the [s]-rHDL treated group was significantly reduced 
compared to rHDL and placebo groups (panel b). Importantly, the macrophage positive area (anti-CD68 immunostaining) in the [s]-
rHDL treated group was profoundly reduced compared to all other groups (panel c). Conclusion: [s]-rHDL successfully delivers 
simvastatin to macrophages in atherosclerotic plaques as revealed by in vivo MRI imaging, ex vivo imaging, and histology. As a 
consequence, the [s]-rHDL formulation improves the anti-inflammatory effects of statins, which can be expected to improve its 
atheroprotective effects compared to oral statin therapy. These data warrant further studies in patients at increased cardiovascular risk. 

 
Efficacy of [s]-rHDL on halting the progression of atherosclerosis 
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Temperature-Controlled Ultrasound-Mediated Intracellular Delivery of Cell-Impermeant 
Molecules: In Vivo Study 

Anna Yudina1, Matthieu Lepetit-Coiffe1, Mariska de Smet2, Sander Langereis3, Cyril Lorenzato1, Holger Gruell2,3, Chrit Moonen1, 1IMF, 
Bordeaux, France; 2Eindhoven University of Technology, Eindhoven, Netherlands; 3Phillips Research Eindhoven, Eindhoven, 
Netherlands. Contact e-mail: anna@imf.u-bordeaux2.fr 

Many drugs are characterized by high systemic toxicity and/or suffer from limited bioavailability [1]. Thermosensitive liposomes (TSLs) 
demonstrate great potential for local delivery and release of the payload, for example doxorubicin [2]. On the other hand, ultrasound 
(US) is known to locally break biological barriers thus enabling internalization of molecules that are not readily bioavailable [3]. Here, we 
report on a novel drug delivery system to tumors comprising of local cell permeabilization by US followed by in situ release of the drug 
payload from thermosensitive liposomes resulting in internalization of a cell-impermeant fluorescent model drug as monitored by optical 
imaging. Materials and Methods: TSLs incorporating 50μM TO-PRO-3 (a dye that exhibits fluorescence enhancement upon binding to 
DNA, Ex/Em = 642/661 nm) were prepared with a phase transition temperature of 42°C. Nu/Nu mice were implanted 2x106 U87 cells 
s.c. bilaterally and were enrolled in the study when the tumor size reached 4-6 mm. Experimental protocol (n=12) comprised of i.v. 
injection of TSLs and, in 20 minutes, microbubbles (SONOVUE®) followed by Step 1 - 5-minutes sonication and Step 2 - 20-minutes 
heating to 42°C of one tumor. Additional experiments with no US (Step 2 only, n=8) and no heating (Step 1 only, n=5) were performed 
with identical timing. Fluorescence imaging took place after each step; follow-up images were taken every 1h during 7h. 2 animals from 
each group were sacrificed at 1h for histology (study is ongoing). Results and Discussion: Tumors that were US-sonicated and heated 
consistently demonstrated the highest signal intensity starting from ‘after heating’ time point (Fig.1, 1196 +/-150 after heating, 775 +/-
146 at 7h). It was statistically significant with respect to all other tumors and time points (p<0.05). Step 2 (Heating only) group was 
significantly (p<0.05) different from other groups except at 7h (with values 857+/-143 after heating and 356+/-134 at 7h). Step 1 (US 
only) group did not show significant difference with the controls (360+/-131 and 256+/-173 after sham heating and at 7h respectively). 
US permeabilizes some tumor cells to cell-impermeant TO-PRO-3. But when the fluorophore is not released from the lumen of 
liposomes (Step 1 only, no heating) it is unable to cross the cell membranes (no signal enhancement). On the other hand, if TO-PRO-3 
is released without US (Step 2 only) the observed signal elevation may be explained by activity of immune cells and/or higher liposome 
concentration due to enhanced extravasation. Conclusion: Feasibility of novel drug delivery system to tumors comprising of local cell 
permeabilization by US followed by in situ release of the payload from thermosensitive liposomes has been demonstrated in vivo using 
optical imaging. Possible applications include local and controlled intracellular delivery of molecules with otherwise limited 
bioavailability. References: 1) Jain RK, Science 1996 2) de Smet et al, J Contr. Release 2010 3) Yudina et al, Mol Im Biol 2011 
Acknowledgement: This work is supported by the EC-project FP7-NMP-2008-1-213706 SonoDrugs and Foundation InNaBioSanté-
project ULTRAFITT. 
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Sorafenib Inhibits Radiation-Induced Radioresistance via Suppression of NF-κB and Its 
Regulated Down-Stream Gene Products in Human Hepatocellular Carcinoma 

Fei-Ting Hsu1, I-Tsang Chiang1, Yu-Cheng Kuo1,2, Chia-Wen Chen2, Jeng-Jong Hwang1, 1Dept. of Biomedical Imaging and 
Radiological Sciences, National Yang-Ming University, Taipei, Taiwan; 2Dept of Radiation Oncology, China Medical University, 
Taichung, Taiwan. Contact e-mail: sakiro920@hotmail.com 

Purpose: Radiotherapy is one of the treatments for patients with unresectable hepatocellular carcinoma (HCC), however, some studies 
showed the disappointing outcome due to the developed radioresistance of the tumor. Although HCC develops radioresistance is not 
fully understood, some studies reported that the transcription factor nuclear factor-κB (NF-κB) plays an important role. Sorafenib 
(Nexavar, BAY 43-9006), a multikinase inhibitor, has been proposed to suppress the cell growth of HCC through enhancement of 
apoptosis and inhibition of tumor angiogenesis. The aim of this study is to investigate whether sorafenib can be used as a 
radiosensitizer for HCC cells and the possible underlie mechanism. Methods: Human HCC Huh7/NF-κB-luc2 cells (NF-κB was 
constructed as the promoter, luc2 as the reporter) were used in this study. Both sorafenib and radiation survival curves were measured 
with MTT assay and the therapeutic effects were evaluated. Cells were divided into four groups: control (0.1% DMSO), sorafenib alone 
(20 μM), radiation alone (single dose 6 Gy), and combination (sorafenib 20 μM + 6 Gy). The effect of sorafenib on NF-κB activity was 
evaluated with EMSA and bioluminescence imaging. In addition, the protein levels of p-ERK, XIAP and Bcl-2 (apoptosis), VEGF 
(angiogenesis), and MMP-9 (metastasis) in Huh7/NF-κB-luc2 cells were assayed with Western blot. Results: The survival curves 
showed the synergistic effects of the combination as compared with radiation alone or sorafenib alone (p<0.01). Radiation induced the 
expression of NF-κB and its regulated down-steam gene products, p-ERK, XIAP, Bcl-2, VEGF and MMP-9 up to 1.5 folds or more as 
compared to those of the control. Sorafenib, on the contrary, inhibited the expression of NF-κB and the related proteins with 1.5-2 folds 
as compared to those of the control. Combination of sorafenib and radiation enables the former to inhibit the NF-κB and the down-
stream proteins induced by radiation. Conclusion: Our results suggest that sorafenib is a potential radiosensitizer, and can be used for 
the treatment of human HCC in the combination with radiation. (This study was partly supported by a NRPGM grant NSC 99-3112-B-
010-015 from National Science Council, Taiwan, and partly by a grant CMUH DMR-100-061 awarded to Drs. Yu-Cheng Kuo and Chia-
Wen Chen from China Medical University Hospital.) 
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Tumor pretargeting with retro-Diels-Alder reaction: biodistribution and mouse dosimetry 
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Radioimmunotherapy (RIT) holds potential for the treatment of cancer due to the high affinity and specificity of mAbs for their antigen 
and to the toxicity of β and α particles on tumor cells. However, radiolabeled mAbs circulate in blood for a long time while slowly 
accumulating in tumors, leading to dose-limiting toxic side effects in healthy organs that preclude their use in patients with solid tumors. 
This drawback can be circumvented by coupling the radionuclide to the mAb on the tumor in a 2-step targeting (pretargeting) approach, 
therefore taking advantage of the tumor seeking properties of long circulating mAbs and of the fast clearance of small radiolabeled 
probes. We have designed a novel pretargeting system based on the chemical inverse-electron-demand Diels Alder reaction, 
employing a trans-cyclooctene (TCO)-conjugated anti-TAG72 mAb CC49 and a radiolabeled DOTA-tetrazine, and we have shown that 
this bio-orthogonal chemical reaction can be used to image tumors with SPECT in a mouse model of colon carcinoma [1]. Further 
optimization of CC49-TCO construct, probe dosing and timing and the introduction of a chase have lead to ca. 100-fold increase in 
target to non-target ratios for the radiolabeled tetrazine compared to our initial results. Here we present the comparison between 177Lu-
DOTA-CC49 and CC49-pretargeted 177Lu-tetrazine in mice bearing LS174T xenografts. As expected, 177Lu-DOTA-CC49 exhibited high 
tumor uptake (up to 73.3±27.7 %ID/g three days post-injection), a long blood circulation (T1/2,β: 30.4 hours) and long retention in 
excretory organs such as liver and spleen. Pronounced radioactivity uptake in tumors was observed also in mice pre-treated with 
CC49-TCO followed by the 177Lu-labeled tetrazine derivative (5.4±0.5 %ID/g three hours post-injection) with no wash-out in a 7-day 
period. However, contrary to the directly labeled mAb, the radiolabeled tetrazine exhibited also very fast elimination from blood (11 min 
half-life) and from all the non-target tissues via the urinary system. The %ID/organ values in the two series of mice were used for a 
mouse dosimetry evaluation following the MIRD methodology. According to the estimates, at marrow doses below the lethal dose (2 
Gy), we project that only 1.8 MBq 177Lu-DOTA-CC49 could be administered to a mouse which would deliver a sub-therapeutic 17 Gy 
dose to the LS174T tumor. On the contrary, at equal marrow doses, we project that a much higher amount of pretargeted 177Lu-
tetrazine (167 MBq) could be administered which would deliver a 80 Gy dose to the tumor while being well tolerated by the other 
tissues including kidneys (11 Gy) and bladder wall (30 Gy). The delivery a therapeutic dose to the tumor while sparing other organs has 
the chance of boosting efficacy of tumor pretargeting via the retro-Diels-Alder reaction. This will be tested soon in a RIT study in mice. 
[1] Rossin et al., Angew Chem Int Ed, 2010, 49, 3375-3378 
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Multi-modal imaging of Pi3K and mTOR selective inhibitors shows modulation of tumor 
vascular structure and function 
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OBJECTIVES. The Pi3K-mTOR pathway is an oncology target with both direct tumor and vascular effects. It has been shown to 
mediate VEGF-driven endothelial cell survival and vascular permeability [1,2]. Using in-house pan-Pi3K and dual Pi3K/mTOR inhibitors 
(Pi3Ki, Pi3Ki/mTORi), the goals of this study were to evaluate tumor vascular structure and functional effects, and assess the relative 
contributions of Pi3K and mTOR suppression. METHODS. Animal Model: Animal procedures were approved by the institutional 
AAALAC-accredited review board. Athymic nude mice were inoculated with HM-7 (human colorectal) xenografts. Ex vivo micro-CT 
angiography [3]: Vascular contrast was achieved by perfusion with a lead-based contrast agent (MICROFIL). Tumors were fixed and 
imaged at 0.016 mm resolution in a SCANCO μCT40. Tumor volume (TV), vascular volume (VV), and vascular density (VV/TV) were 
calculated. Multispectral dynamic contrast-enhanced MRI (MS DCE-MRI): A Varian 9.4T system with a volume transmit/surface receive 
coil was used. ADC, T2, and M0 maps were acquired using previous protocols [4]. Volume transfer constant (Ktrans), fractional plasma 
volume (vp), and fractional extracellular-extravascular volume (ve) within viable tumor volume were calculated [4]. DCE-ultrasound 
(DCE-US): A Siemens Acuson Sequoia C512 system was used to perform harmonic imaging with DEFINITY microbubbles. Following 
bubble destruction from a high-intensity pulse, the reflow kinetics were calculated [5]. Experimental details: DCE-MRI, DCE-US, and 
micro-CT were performed pre- and 24 h post-tx with Pi3Ki, Pi3K/mTORi, or MCT vehicle control (n=6-10). P-values <0.05 were 
considered significant by t-test. RESULTS AND DISCUSSION. Micro-CT angiography (Fig. 1) showed a significant reductions in 
vascular density from Pi3Ki (-43%) and Pi3Ki/mTORi (-55%) at 24 h vs. MCT (drug vehicle). There were no differences between the 
vascular density responses for Pi3Ki and. Pi3Ki/mTORi. A separate study was performed with an mTORC1 inhibitor Rapamycin (Rapa). 
Both Pi3Ki and Pi3Ki+Rapa significantly reduced VV/TV vs. MCT, but Rapa did not (in Supp. Data). There was no difference between 
Pi3Ki and Pi3Ki+Rapa. MS DCE-MRI showed that Pi3Ki/mTORi had broad effects relative to control: reduced Ktrans and vp (Fig. 2), and 
increased ve (in Supp. Data). Pi3Ki resulted in Ktrans reduction only. There were no significant differences between Pi3Ki and 
Pi3Ki/mTORi. DCE-US showed a decrease in enhancement factor (EF, or perfused area) and flow due to Pi3Ki/mTORi (Fig. 4). Tumor 
growth inhibition was seen across all modalities (in Supp. Data). The reductions in EF and vp are consistent with vessel loss and the 
micro-CT results. These data suggest that mTOR plays a lesser role in tumor vascular structure, but is possibly more prominent in 
vessel physiology (permeability and vasoreactivity). These results help elucidate the effects of Pi3Ki and mTORi, and advocate the use 
of these imaging techniques as quantitative biomarkers. [1] Fukumura et al., PNAS. 2001. [2] Schnell et al., Cancer Res. 2008. [3] 
Shojaei et al., Nature. 2007. [4] Berry et al., MRM. 2008. [5] Wei et al., Circulation. 1998. 

 

FIG. 1. Left: Representative 3D vascular cast renderings of MCT (A), Pi3Ki (B), or Pi3Ki/mTORi (C) treated HM-7 tumors. Right: Mean VV/TV 24 h post-
tx with MCT, Pi3Ki, or Pi3Ki/mTORi (mean+/-SEM). */**/***= p<0.05/0.01/0.001 t-test vs. MCT. FIG. 2. % change in Ktrans and vp 24 h post-tx with MCT, 

Pi3Ki, or Pi3Ki/mTORi. #/##/###=p<0.05/0.01/0.005 paired t-test vs. pre-tx. FIG. 3. Representative blood flow maps overlaid onto their anatomical 
images pre-tx and 24 h post-tx with MCT. FIG. 4. % change in enhancement factor (EF) and flow 24 h post-tx with MCT or Pi3Ki/mTORi. 
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In-vivo Imaging of Mycobacterium Infected Mice Using Beta-lactamase Reporter Enzyme 
Fluorescence 

Ying Kong1, Hexin Xie2, Jianghong Rao2, Jeffrey D. Cirillo1, 1MMPA, Texas A&M Health Science Center, Bryan, TX, USA; 2Radiology 
and Chemistry, Stanford University, Stanford, CA, USA. Contact e-mail: ykong@medicine.tamhsc.edu 

The slow growth of Mycobacterium tuberculosis, the causative agent of tuberculosis, impedes the pace of virulence studies, evaluation 
of therapeutics and development of vaccines for tuberculosis. Non-invasive real-time imaging technologies could facilitate tuberculosis 
research progress by allowing investigators to directly monitor M. tuberculosis infection and quantify bacterial viability in live animals. 
We have developed a beta-lactamase reporter enzyme fluorescence (REF) system for real-time imaging Mycobacterium infections in 
live mice. We now report an improved long wavelength beta-lactamase substrate, CNIR800, that carries a fluorescent dye (excitation: 
774nm; emission: 789nm) connected to a quencher through the beta-lactam ring. Once the beta-lactam ring is hydrolyzed by BlaC, an 
enzyme naturally expressed by tubercle bacilli but not by their eukaryotic hosts, the fluorescent dye is freed from the quencher 
producing fluorescence that allows real-time imaging of pulmonary infections and rapid quantification of bacteria both in-vitro and in 
living animals. We found that we can detect 10^2 colony-forming units (CFU) of bacteria in vitro using this method. Whole body imaging 
can detect 1.6X10^5 CFU in the lungs of living mice. The fluorescent signal correlates well with the CFU both in vitro and in animals, 
with R^2=0.91 and 0.96, respectively. Our results suggest whole animal imaging can be used to rapidly quantify bacteria within tissues 
of a living host, facilitating tuberculosis virulence studies, evaluation of therapeutics and determination of candidate vaccine efficacy. 

 
Fig. 1. In-vivo imaging mice intratracheally infected with M. bovis BCG and CNIR800 substrate delivered i.v. A. Different CFU doses of M. bovis BCG 

were used to intratracheally infect mice and 2.5μl/g of 20 µM CNIR800 was i.v. injected in the tail vein at the same time point and images were taken at 
24 h post-infection, using transillumination excitation in the IVIS imaging system. B. Quantification of fluorescent signal and the correlation between 

fluorescence and CFU determined. 
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Therapeutic evaluation of cucumin combined with adoptive therapy in a tumor-bearing animal 
model via in vivo imaging of CD8+ T-cell function 

Hui-Yen Chuang, Ya-Fang Chang, Chien-Hui Hsu, Jeng-Jong Hwang, Department of Biomedical Imaging and Radiological Sciences, 
National Yang-Ming University, Taipei, Taiwan. Contact e-mail: vandal4013@hotmail.com 

Adoptive therapy using tumor-specific T cells may eventually play an important role in cancer treatment. With this strategy, tumor-
specific CD8+ cytolytic T lymphocytes are isolated from tumor lesions, activated and expanded to a large cell population, then 
transferred back into the patients. After recognizing tumor-associated peptides, T cell activation results in not only the production of 
cytokines such as IFN-gamma, but also the release of granzyme B to induce tumor cell apoptosis. The therapeutic efficacy, however, is 
limited, likely due to the immune suppression of tumor microenvironment. Curcumin, a natural compound derived from the plant 
Curcuma longa, shows anti-cancer, anti-inflammation, and anti-angiogenesis properties, suggesting that curcumin engages in the 
immune system on multiple levels. Here, we examined the immunomodulatory effect of curcumin on immune cells both in vitro and in 
vivo. In order to access the function of immune cells in living subjects, CD8+ T cells were genetically modified to express firefly 
luciferase (Fluc) gene driven by the granzyme B promoter (pGBeLT) to follow localization and activation of T cells using lentiviral 
transduction. We found that CD8+ T cell accumulation and function in tumors were increased in combined treatment due to the 
blockade of different immunosuppressors, including TGF-beta, indoleamine 2,3-dioxygenase (IDO), and Tregs as compared with those 
of curcumin alone and adoptive immunotherapy alone. In addition, bioluminescent imaging also confirmed the improved cytotoxicity of 
antigen-specific CD8+ T cells in a tumor-bearing mice during the treatment. In conclusion, our results suggest that drugs with 
immunomodulatory effect, such as curcumin, may facilitate the adoptive immunotherapy for the treatment of cancers. The system 
developed in this study may also be a promising tool for tracking T-cell function in living subjects. (This study was supported by a grant 
NSC 99-3112-B-010-015 from National Science Council, Taipei, Taiwan. We thank Molecular and Genetic Imaging Core (MAGIC) of 
National Research Program for Genomic Medicine, Taiwan, for imaging services.) 

 
Imaging of CD8+ T cell function in tumor-bearing mice on day 2 after adoptive transfer. E.G7 tumor-bearing mice were divided into 3 groups: 10x106 T 

cells, 5x106 T cells, and Comb (5x106 T cells + curcumin 70 mg/kg/d). 
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Extracellular [64Cu]DOTA-antibody labeling of specific Th1 cells yields longer in vivo tracking 
and higher contrast compared to intracellular [64Cu]PTSM labeling in an animal model for 

airway hyperresponsiveness 

Christoph M. Griessinger1, Stefan Wiehr1, Daniel Bukala1, Ivana Glocova2, Christian Kesenheimer1, Walter Ehrlichmann1, Gerald 
Reischl1, Martin Röcken2, Bernd J. Pichler1, Manfred Kneilling2, 1Department of Preclinical Imaging and Radiopharmacy, University of 
Tübingen, Tübingen, Germany; 2Department of Dermatology, University of Tübingen, Tübingen, Germany. Contact e-mail: 
christoph.griessinger@med.uni-tuebingen.de 

So far only few studies consider a role of IFN-γ producing CD4+ T cells (Th1) in ovalbumin (OVA)-induced airway hyperresponsiveness 
(AHR). High sensitive non-invasive imaging modalities, such as small animal positron emission tomography (PET) are capable to 
investigate basic migration properties of radiolabeled Th1 cells in vivo. We recently have shown that the main drawback of intracellular 
[64Cu]PTSM labeling is an impaired Th1 cell viability and functioning. Nevertheless we could follow [64Cu]PTSM-labeled Th1 cells in 
OVA-induced AHR for up to 24h. Aim of our study was now to improve murine T cell labeling. We labeled Th1 cells extracellular with a 
specific [64Cu]DOTA-linked monoclonal antibody (mAb) and compared this new approach with our established labeling method. 
Freshly isolated OVA-T cell receptor transgenic CD4+ cells were specifically cultured for 12-14 days to generate a Th1 phenotype. We 
labeled 1E+06 OVA-Th1 cells/ml with 0.7-2.1MBq (approx. 15µg-45µg) of an OVA-TCR-specific mAb (KJ1-26) which was linked to 
64Cu via the chelator DOTA. We analyzed OVA-Th1 cell viability by trypan blue staining and supernatants of OVA-peptide stimulated 
OVA-Th1 cells by IFN-γ ELISA 3h, 24h and 48h after labeling. We induced OVA-AHR by two intranasal OVA-challenges in BALB/c 
mice which were OVA-immunized two weeks earlier. 1E+07 viable [64Cu]DOTA-mAb-labeled OVA-Th1 cells were administered i.p. into 
diseased and healthy mice and monitored by PET and CT 3h, 24h and 48h after cell transfer. Finally we performed ex vivo 
biodistribution. In vitro evaluation of [64Cu]DOTA-mAb-labeled OVA-Th1 cells revealed a similar impaired viability as observed for 
[64Cu]PTSM labeling. Accompanied to increasing activity of the radiolabel we observed an increase in unviable OVA-Th1 cells 24h, 
48h and 72h after labeling. In sharp contrast to [64Cu]PTSM labeling we detected no impairment of specific T cell functioning due to 
[64Cu]DOTA-mAb until 24h after labeling. Even after 48h we detected only a slight reduction in specific IFN-γ production. In vivo using 
PET, we detected [64Cu]DOTA-mAb-OVA-Th1 cells already 3h after i.p. transfer in the perithymic lymph nodes (LNs) of diseased and 
healthy mice and lung LNs of diseased mice. Compared to [64Cu]PTSM labeling we could follow specific OVA-Th1 migration for up to 
48h. Noticeable, we detected high-contrast signals within single LNs. Analysis of the PET scans confirmed these findings, as we 
detected higher organ to muscle ratios in the lung and the perithymic LNs. We could confirm PET data ex vivo by biodistribution. 
Accordingly, mAb-labeling minimizes the background activity as it deals with a much lower 64Cu efflux compared to [64Cu]PTSM 
labeling. Extracellular [64Cu]DOTA-mAb-labeling of T cells seems to be very stable and less harmful than intracellular [64Cu]PTSM 
labeling and provides a higher contrast and a longer observation time. Using this approach we could follow the dynamics of OVA-Th1 
migration in perithymic and lung LNs of AHR-diseased mice for up to 48h. It is a valuable method for in vivo cell trafficking studies in the 
realm of T cell immunology and can replace and refine invasive FACS analysis of organs. 
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In Vivo Evaluation of Recombinant Complement Receptor 2 Radiolabeled with [99mTc(CO)3]+ 
: A Potential New Radiopharmaceutical for Imaging Activated Complement 

Adam Badar1,2, Sarah de Freitas2, James Clark3, Reza Razavi1, Richard A. Smith2, Steven H. Sacks2, Greg Mullen1, 1Division of 
Imaging Sciences, King's College London, London, United Kingdom; 2Medical Research Council Centre for Transplantation, King's 
College London, London, United Kingdom; 3BHF Centre, Cardiovascular Division, King's College London, London, United Kingdom. 
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Activated complement is a major factor contributing to the pathogenesis of ischemia reperfusion injury(IRI), and may serve as an early 
biomarker providing insight into the extent of tissue damage. Targeted molecular imaging of activated complement would potentially 
hold great clinical value and serve as a powerful diagnostic and disease monitoring tool, as well as advance the understanding of the 
pathophysiology of conditions affected by IRI (such as transplantation, myocardial infarction, and stroke). We have recently reported the 
design, synthesis, and in vitro characterisation of the first radiotracer targeting activated complement. The SPECT tracer termed 
recombinant CR2 (rCR2), is based on the N-terminal binding domain of the endogenous complement receptor 2 (CR2). CR2 binds to 
C3d, the stable end-product of C3 conversion which is deposited on tissue during IRI. Here we describe the first in vivo pilot imaging 
studies evaluating the radiotracer in the setting of IRI using a mouse myocardial IRI (MIRI) model. Methods: As we have previously 
described, rCR2 was expressed in E.coli and radiolabeled with [99mTc(CO)3]+ via the engineered C-terminus hexahistidine tag. 
Stability of the conjugate was assessed at 37°C in human and mouse serum, as well as in competition with high concentrations 
(500mM) of histidine and cysteine amino acids, and in PBS as a control. Serial samples were taken over a period of 8hrs and analysed 
using instant thin layer chromatography (ITLC) followed by gamma detection via radio TLC scanner. Serum stability was calculated as 
the area under the protein peak (Rf=0) versus the area under the curve of the remainder of the chromatogram. Samples were further 
analyzed using SDS-PAGE followed by autoradiography. Radioactivity associated with rCR2 was measured as the ratio of the area 
under the peaks extracted via densitometry of the protein bands. Induction of MIRI was achieved by occluding the left anterior 
descending coronary artery for 30min followed by reperfusion. After 24hr, 100µL of 1mg/mL rCR2-[99mTc(CO)3]+ at 7MBq/µg was 
injected IV and mice imaged 1hr later using a nanoSPECT/CT system. Controls included sham operated mice, and injection of a 
radiolabeled inactive mutant of rCR2 (K41E rCR2). Heart slices were sectioned for autoradiography and histology (H&E and C3d 
immuno-staining). Results: In the presence of serum and amino acid challenges, >94% of radioactivity was still associated with rCR2 
after 8hrs. SPECT imaging revealed significant uptake in the hearts of mice(n=3) induced with MIRI compared with controls. 
Autoradiography of heart sections suggested this was localised to the left ventricle, the expected site of injury. No activity was detected 
in control hearts. Histology confirmed that C3d was present in areas of tissue damage on heart sections, and absent in hearts of control 
mice. Conclusion: Initial in vivo evaluation of the recently developed rCR2 SPECT tracer indicates that the conjugate’s stability and 
specificity warrants further investigation. Radiolabeled rCR2 has potential as an imaging ligand for delineating the footprint of 
complement activation in vivo and to control anti-complement therapy. 

 

nanoSPECT/CT imaging of rCR2-[99mTc(CO)3]+ in sham operated mice and mice with induced myocardial IRI. Mice were injected in the tail vein with 
∼15 MBq of rCR2-[99mTc(CO)3]+ and imaged 1 hour later. A: Representative image of sham operated mice. Some signal is observed around the rib 
cage area (green arrows) suggesting binding of rCR2-[99mTc(CO)3] to C3d associated with inflammatory tissue at the wound site. B: Representative 

image of mice with induced myocardial IRI. Signal is observed in the area of the left side of the heart (white arrows). Respiratory and cardiac gating was 
not employed. 
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In vivo analysis of the migration properties of [64Cu]PTSM- and Cy5-labelled mast cells which 
depend on the phenotype, mode of administration and mouse strain - a PET and optical 

imaging study 

Kerstin Fuchs1,2, Christoph M. Griessinger1, Daniel Bukala1, Martin Koberle2, Susanne Kaesler2, Tilo Biedermann2, Martin Röcken2, 
Bernd J. Pichler1, Manfred Kneilling2, 1Department of Preclinical Imaging and Radiopharmacy, Eberhard Karls Univsersity of 
Tuebingen, Laboratory for Preclinical Imaging and Imaging Technology of the Werner Siemens-Foundation, Tuebingen, Germany; 
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tuebingen.de 

Mast cells (MC) play an important role in anti-cancer immune responses as well as autoimmune diseases. Local or systemic MC-
engraftment of genetically MC deficient mice (KitW-sh or Kit w/w-v) or knockout mice (e.g. TNF-/-) is a powerful tool to analyze the 
specific impact of MC or MC-derived mediators. The aim of our study was to analyse differences in MC migration patterns due to the 
phenotype, mouse strains and mode of administration (intra-peritoneal (i.p.), intra-venous (i.v.), intra-articular (i.a.), sub-cutaneously 
(s.c.), or intra-cutaneous (i.c.)) non-invasive in vivo small animal PET and optical imaging OI. Bone marrow derived MC (BMMC) or fetal 
skin MC (FSMC) were labeled with 0.7 MBq [64Cu]PTSM or Cy5 vibrant dye solution. [64Cu]PTSM-BMMC were tracked in vivo for up 
to 48 hours and Cy5-BMMC or FSMC for up to 4 weeks. We injected 5x106 [64Cu]PTSM- or Cy5-BMMC (i.p., i.v., i.c., s.c. or i.a.) in 
C57BL/6 (Bl/6), KitW-sh or Kit w/w-v mice and performed PET/CT and OI investigations. Additionally, we analyzed biodistribution of 
[64Cu]PTSM-BMMC, Cy5-labeled BMMC and FSMC ex vivo by γ-counting, autoradiography and OI . We detected impressive 
differences between the various local and systemic routes of MC-reconstitution in BL/6 and MC-deficient mice. Locally i.a. (ankle and 
paw) reconstituted Cy5-BMMC as well as Cy5-FSMC resided at the site of administration but did not migrate into the draining lymph 
nodes (LN) or any other organ, while s.c. (shoulder) or i.c. (ear) reconstituted Cy5-BMMC resided in the skin and migrated exclusively 
into the draining LN. Examination of systemically i.p. reconstituted Cy5-BMMC revealed predominant accumulation into the perithymic 
LN, peripancratic LN, liver and all other LN in BL/6, KitW-sh, and Kit w/w-v mice. Systemically i.v. engrafted Cy5-BMMC accumulated 
mainly in the liver, spleen, lung, pancreatic- and mesenteric LN of BL/6 mice while they migrated in Kitw-sh and Kitw/wv mice 
predominantly into inguinal and axillary LN, liver, spleen and slightly into the lung but not into mesenteric LN. Interestingly, after i.v. but 
not, or only slightly after i.p. administration we detected migration of Cy5-BMMC into the bone marrow in all examined mouse strains 
four weeks after MC-engraftment. Systemically i.v. engrafted Cy5-FSMC migrated into the spleen and only marginally into the liver but 
in contrast to BMMC additionally into the lung. Using [64Cu]PTSM-labelling and PET imaging we detected homing of i.p. engrafted 
BMMC mainly into the perithymic LN and the liver within 30 minutes. Systemically i.v. engrafted [64Cu]PTSM-BMMC were 
predominantly detectable in the spleen, lung and the liver but not in the perithymic LN. [64Cu]PTSM-labelling and PET-imaging is most 
suitable for quantitative high resolution imaging up to 48 hours due to 64Cu and impairment of MC viability while Cy5-labelling and OI is 
very well suitable for long time investigations of MC migration for up to four weeks. Our data clearly exhibit significant differences in MC 
homing patterns due to the mode of MC engraftment, the mouse strain, and MC phenotype and are of great importance for local and 
systemic MC engraftment studies. 
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Intravenous ferumoxytol allows monitoring differential migration of bone marrow 
macrophages into viable and apoptotic stem cell transplants 

Aman Khurana1, Hossein Nejadnik1, Rosalinda Castaneda1, Rakhee Gawande1, Nikita Derugin2, Laura J. Pisani1, Heike E. Daldrup-
Link1, 1Radiology, Stanford University, Stanford, CA, USA; 2Neurology, UCSF, San Francisco, CA, USA. Contact e-mail: 
amank@stanford.edu 

PURPOSE: The role of bone marrow macrophages in the repair of osteochondral defects and tissue integration of stem cell transplants 
is poorly understood. Proteins released from apoptotic cells serve as a chemotactic factor for bone marrow macrophages, which 
migrate to and home in MASI. Purpose of our study was to develop an immediately clinically applicable imaging technique for 
monitoring the migration of bone marrow macrophages into viable and apoptotic stem cell transplants in arthritic knees. Our approach 
relies on pre-loading the bone marrow with the FDA-approved USPIO ferumoxytol, which leads to iron oxide labeling of bone marrow 
macrophages and allows detection of macrophage migration into unlabeled matrix-associated stem cell transplants (MASI). 
MATERIALS AND METHODS: Four athymic rats received a single intravenous injection of ferumoxytol (0.5mmol Fe/kg) 48 hours prior 
to matrix-associated stem cell transplants (MASI). Each rat received implants of viable adipose fat derived stem cells (ADSC) in 
agarose scaffold in an osteochondral defect of the right knee joint and Mitomycin-treated apoptotic ADSCs into an osteochondral defect 
of the left knee joint. All knees were scanned on a 7T MR scanner (GE systems) with T2-weighted FSE sequences (TR: 3000 ms, TE: 
30 ms, Slice thickness: 5 mm) directly after MASI and at 2 and 4 weeks after MASI. The MR signal effects of MASI was quantified as 
signal-to-noise ratios (SNR) and compared between viable and apoptotic MASI using a t-test. MR data were correlated with 
histopathology. RESULTS: Both viable and apoptotic ADSC transplants showed slowly decreasing SNR values over 4 weeks after 
MASI. The SNR decline between 1 and 4 weeks after MASI was significant for the apoptotic transplants (p<0.05) but not for viable 
transplants (p>0.05). At 4 weeks post MASI, SNRs of apoptotic ADSC were significantly lower compared to SNRs of viable ADSCs. 
This corresponded to differential migration of iron-loaded macrophages into MASI. CONCLUSION: Iron oxide loading of the bone 
marrow via intravenous ferumoxytol injection can be utilized to monitor the migration of bone marrow macrophages into viable and 
apoptotic MASI in arthritic knees. This technique is in principle readily clinically applicable and could facilitate assessments of therapy 
effects on stem cell engraftment outcomes. 
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Molecular imaging of cell surface phenotype: Engineered antibodies and ImmunoPET 
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Antibodies have become a cornerstone of molecularly targeted agents, due to the ease of generating high affinity binding proteins of 
any desired specificity, many with potent biological activity. In addition, antibodies can readily be adapted for molecular imaging through 
protein engineering (to optimize pharmacokinetics, reduce immunogenicity, and facilitate radiolabeling). We have focused on several 
areas in order to establish immunoPET as a broad platform for imaging cell surface biomarkers. Engineered antibody fragments, such 
as minibodies and diabodies, have been developed with accelerated pharmacokinetics suitable for next-day or even same-day imaging. 
These fragments have been further engineered to enable site-specific, stoichiometric conjugation and radiolabeling, to further preserve 
binding and targeting properties. Robust approaches have been developed for routine F-18 labeling of diabodies (the smallest, bivalent 
antibody-derived fragments). Tumors expressing CEA, HER2, or PSCA have been imaged using F-18 diabodies at 1 to 4 h post 
injection in mouse models. ImmunoPET is also highly translatable; PSCA-specific minibodies have been produced and radiolabeled 
with I-124 for upcoming clinical imaging studies in prostate cancer. In vivo imaging based on cell surface phenotype is poised to play an 
important role in the detection of disease based on molecular alterations. In addition, immunoPET can play a key role in development 
and implementation of targeted therapeutics, providing molecular information on target expression, delivery of targeted therapeutics, 
and response to therapy, with applications in oncology, immunology, and other disease areas. 
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Impact of Protein Hydrophobicity and Charge on Biodistribution and Tumor Targeting 
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Engineered proteins are emerging as affinity scaffolds for the development of molecular imaging agents. These scaffolds are capable of 
providing excellent tumor-to-background contrast and rapid imaging because of fast clearance. Yet, high renal retention plagues many 
scaffolds including the nanobody, the affibody and its two-helix derivative, the Agouti-related cystine knot peptide, the designed ankyrin 
repeat domain, and the fibronectin domain. This phenomenon could confound imaging proximal to the kidneys and limit dosage. We 
sought to reduce renal retention by exploring the impact of charge and hydrophilicity on protein biodistribution. As a model protein 
scaffold, we used the fibronectin domain, a 94 amino acid beta-sandwich. Fibronectin domains have been engineered for high affinity 
binding to a multitude of targets and have been validated for molecular imaging in murine xenograft tumor models. We screened 
rational mutants, identified by structural and phylogenetic analyses, to yield eight mutations that collectively substantially increase the 
hydrophilicity of the protein. We applied these mutations to two parental clones to yield four fibronectin domains with a range of 
hydrophilicity. These proteins were labeled with 64Cu-DOTA, injected into nu/nu mice (n=3-5 for each protein) via tail-vein injection, 
and evaluated by microPET. Renal uptake strongly correlated with hydrophilicity (Pearson’s correlation coefficient = 0.95), ranging from 
29±11 to 100±22 %ID/g at 1 h post-injection. Hepatic uptake demonstrated a strong inverse correlation with hydrophilicity (Pearson’s 
correlation coefficient = -0.91), ranging from 30±7 to 3±1% ID/g at 1 h post-injection. Thus, both renal and hepatic uptake can be 
directly tuned through hydrophilic mutation, which can be identified by simple structural and phylogenetic analyses. To investigate the 
impact of charge, we mutated acidic and basic residues that were not critical for target binding or solubility in both parental clones. 
These mutants were labeled with 64Cu-DOTA, injected into nu/nu mice (n=5-7) via tail-vein injection, and evaluated by microPET. 
Charge removal yielded statistically significant reduction in kidney signal at 1 h to 4 h post-injection: 78±13 to 51±8 %ID/g (P<0.005) for 
the hydrophilic clone and 32±10 to 21±3 (P<0.005) for the hydrophobic clone. In summary, quantitative elucidation of these protein 
parameters enabled substantial reduction of background signal thereby enhancing the utility of protein scaffolds as a robust source of 
translatable molecular imaging agents. This novel work has important implications for tuning the biodistribution of engineered proteins 
for use in molecular imaging. 

 
(A) Engineered fibronectin domains were analyzed by reversed-phase HPLC on an analytical C18 column using a 30-minute gradient of 10-90% 

acetonitrile in water with 0.1% trifluoroacetic acid. Domains of varying hydrophobicity were labeled with 64Cu-DOTA and injected via the tail vain into 
nude mice (n=3-5 each). Mice were imaged by microPET at 1 h post-injection. Coronal slices at maximal kidney and liver signal are shown. (B) Acidic 
and basic residues that were not critical for binding or solubility were mutated in the hydrophobic fibronectin domain. The proteins were labeled with 

64Cu-DOTA and injected via the tail vein into nude mice (n=5-7). Mice were imaged by microPET at 1 h post-injection. 
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Objectives: AMG 888 (U3-1287) is a mAB targeting HER3, a receptor involved in tumor growth. HER3 is a membrane-joined receptor 
tyrosine kinase belonging to a family of receptors, it is known to be targeted by therapeutic antibodies. HER3 controls signal 
transduction pathways in human malignancies and has shown involvement in tumor types of epithelial origin, including breast, lung and 
colorectal cancers. This study was chosen to characterize the radiolabeling of AMG 888 with [64]copper and to further evaluate the 
pharmacokinetics of [64]copper labeled AMG 888 using microPET imaging and biodistribution. Methods: The chelate DOTA was 
attached to AMG 888 using published procedures. Cu-64 labeling was carried out by the addition of Cu-64, purification was not required 
due to the high radiolabeling yield(> 90% without purification) obtained. The pharmacokinetics of the tracer were determined by 
performing biodistribution studies of the tracer at 1, 4, 24 and 48 hours post injection in non tumor bearing mice and mice implanted 
with BxPC3 tumors a line known to over-express HER3. Tracer excretion was also determined by the collection of urine and feces over 
the 48 hour time period. Biodistribution and microPET imaging was performed on BxPC3 tumor bearing mice at times up to 48 hours, 
differing doses of non-radioactive AMG 888 were added to determine the blocking of the tracer uptake at these various doses. 
Autoradiography (using a Packard Instant Imager, Downers Grove, IL) was performed on the tumors from both blocked and unblocked 
animals. Results: High-yield synthesis of DOTA-AMG 888 has been developed. Biodistribution in control nu/nu mice were measured 
and the %ID/gram, of all organs at the same time points were the same with high and low specific activity AMG 888. Metabolism 
studies showed 20% of the activity had been excreted in the urine and 60% in the feces over 48 hours. Biodistribution in the tumor 
bearing mice showed increased tracer blockade with increasing doses of non-radioactive AMG 888. MicroPET imaging of the tracer at 
1, 4, 24, and 48 hr post injection in tumor bearing mice showed significant contrast between the tumor and non-target tissues and 
blockage of the uptake with large amounts of non-radioactive tracers (Figure 1). Autoradiography demonstrated a heterogeneous 
distribution of the tracer in the tumors with much lower uptake with a blocking dose (Figure 2). A significant amount of [64] copper was 
retained in the blood for the first 24 hrs after injection in vivo. Blood plasma levels of [64Cu]-DOTA-AMG 888 were also shown to be 
stable 24 hrs after injection. Conclusions: The studies described demonstrate tracer biodistribution in normal animals to be statistically 
identical when both high and low specific activity tracers were administered. MicroPET imaging with tumor bearing mice showed higher 
tracer uptake when compared to the animals administered a blocking dose. Biodistribution studies in tumor bearing mice show uptake 
and retention in BxPC3 tumors at 24 and 48 hrs post injection. Radiotracer blood clearance shows blood retention within the first 24 hrs 
after injection. 
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INTRODUCTION: The role of matrix metalloproteinases (MMPs) in pathological conditions such as adverse left ventricular (LV) 
remodeling after myocardial infarction (MI) has stimulated the development of imaging probes targeting these proteases. A new class of 
these probes is the proteolytically activatable cell penetrating peptide (ACPP). In this probe, the cell penetrating property of a 
polycationic peptide is masked by a polyanionic peptide. Cleavage of the linker by MMP-2/9 releases the polycationic cell penetrating 
peptide, which will transfer its cargo across the cell membrane. Here, radiolabeled ACPPs were developed and characterized for the 
detection of active MMP-2/9 in LV remodeling after MI. METHODS: MMP-2/9 ACPP, a non-cleavable negative control (non-ACPP), and 
a cell penetrating peptide serving as positive control (CPP) were synthesized. The cell penetrating peptide domain of ACPP, non-
ACPP, and CPP was labeled with 177Lu, and the polyanionic peptide domain of ACPP and non-ACPP was labeled with 125I. 177Lu/125I-
ACPP, 177Lu/125I-non-ACPP, or 177Lu-CPP (10 nmol, N=5) were intravenously injected into mice at 10 days after MI induced by ligation 
of the left anterior descending coronary artery. In vivo biodistribution was determined 20h post-injection by autoradiography and γ-
counting. MMP-2/9 expression levels in infarct and remote areas were determined by gelatin zymography. RESULTS: In animals, which 
received 177Lu/125I-ACPP, areas of infarction showed a significantly higher 177Lu-to-125I ratio (16.7 ± 5.8) compared to remote areas (6.1 
± 0.9) (Fig. A, p<0.05). In animals injected with the negative control 177Lu/125I-non-ACPP, the 177Lu-to-125I ratio was similar in infarct and 
remote (1.5 ± 0.3 vs 1.4 ± 0.4) (Fig. A). Gelatin zymography showed that MMP expression levels correlated significantly to the observed 
177Lu-to-125I ratios for ACPP in infarct and remote heart tissue (p<0.05), while no significant correlation was found for non-ACPP. 
Absolute 177Lu uptake was significantly higher in infarct than in remote for ACPP, but this was also found for the positive control CPP. 
However, 177Lu-ACPP showed a significantly higher infarct-to-remote ratio compared to 177Lu-CPP (Fig. B, p<0.01). CONCLUSIONS: 
These data show a significant contribution of infarct-associated ACPP activation, most likely by activated MMPs in the heart, to infarct 
targeting of ACPP. To our knowledge, these are the first data in support of tissue-specific activation of the elegant ACPP concept in 
vivo[1].  ACKNOWLEDGEMENTS: This research was supported by the Center for Translational Molecular Medicine and the 
Netherlands Heart Foundation (TRIUMPH). REFERENCE: [1] van Duijnhoven et al. J Nucl Med 2011;52:279-86 
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In vivo determination of tumor EpoR status using an innovative near-infrared probe for 
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Aim: Due to the discovery of erythropoietin receptor (EpoR) in tumor and endothelial cells, the use of recombinant human erythropoietin 
(rhuEpo) for treatment of cancer-associated anemia has become matter of controversial discussions. Functional EpoR in tumors might 
promote cancer growth, probably leading to a negative clinical outcome in patients receiving rhuEpo. For elucidating the putative role of 
erythropoietin in cancer, the longitudinal in vivo-assessment of the EpoR status in tumors is of great importance. To this end, we 
developed and validated an EpoR-specific NIR-probe (Epo-Cy5.5) for in vivo-analysis of the EpoR status in subcutaneous human lung 
cancer xenografts by fluorescence molecular tomography (FMT). Methods: Epo-Cy5.5 was generated by coupling Cy5.5 hydrazide (GE 
Healthcare) to rhuEpo. In vitro-specificity of the probe was evaluated on the EpoR-positive NSCLC cell lines A549 and H838, the EpoR-
negative cell line H2030 and EpoR/EGFP-overexpressing HeLa cells. Binding specificity of Epo-Cy5.5 in vivo was analyzed by 
competition analyses in subcutaneous A549 and H838 xenografts. Data fusion of micro computed tomography (µCT, CT Imaging 
GmbH, Erlangen, Germany) and FMT (FMT, FMT2500LX, PerkinElmer) and quantification of the accumulated probe was done by 
Amide (sourceforge.net). Probe binding was additionally validated on tumor cryosections. Results: Epo-Cy5.5 was rapidly cleared from 
the circulation, as demonstrated by biodistribution analyses for 50 h post-injection. Probe accumulation in liver and kidneys was 
maximal at 7 h post-injection followed by a decline which was stronger in the kidneys, indicating renal excretion. The accumulation of 
Epo-Cy5.5 was almost constant in both, bone marrow and EpoR positive tumors, indicating specific receptor binding (Fig 1 A). 
Quantification revealed significant differences in probe accumulation between H838 with higher EpoR-expression (89.54 nM ± 15.91) 
and A549 tumors with lower EpoR-expression (60.45 nM ± 14.59, at 25 h, p < 0.05) (Fig 1 F), while bone marrow accumulation was 
similar (Fig 1 D, E white arrows: tumor, striped arrows: bone marrow). The significant reduction in probe accumulation in the tumor after 
injection of unlabelled rhuEpo in excess to Epo-Cy5.5 (p < 0.05 at 4, 7 and 24 h) demonstrated specific binding of the probe in vivo (Fig 
1 B and C). Epo-Cy5.5 binding in vitro correlated also with the EpoR expression levels of the cell lines. Histology revealed stronger 
probe binding on H838 tumor cells and comparable binding of Epo-Cy5.5 on tumor endothelial cells in both models. Furthermore, the 
microvessel densities were similar. Conclusion: Epo-Cy5.5 enables to monitor the EpoR expression in tumors longitudinally and thereby 
to investigate the putative role of erythropoietin in EpoR expression, tumor growth and angiogenesis. In addition, this probe provides 
the basis for the development of an EpoR-radiotracer that allows in vivo-analysis of the EpoR status in cancer patients. 

 

 
Figure 1 
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Our lab has developed activatable cell penetrating peptides (ACPPs) for selectively delivering imaging or therapeutic agents to sites of 
high protease activity. ACPPs are polycationic cell penetrating peptides whose cellular uptake is minimized by a polyanionic inhibitory 
domain and then restored upon proteolysis of the peptide linker connecting the polyanionic and polycationic domains. Local activity of 
proteases able to cut the linker causes amplified retention of the polycation and its attached cargo, e.g. Cy5, in tissues and uptake into 
cells. ACPPs with linkers cleaved by matrix metalloproteinases-2 and -9 or by neutrophil elastase give contrast for tumors, but liver, 
kidney, and cartilage also accumulate high levels of cargo. We have now attached Cy7 to the polyanionic domain so that in the intact, 
uncleaved probe, the Cy5 and Cy7 are close enough for significant fluorescence resonance energy transfer (FRET). Such FRET 
partially quenches the Cy5 fluorescence and reduces its fluorescence lifetime from ~1.7 to ~0.7 ns while sensitizing re-emission from 
the Cy7. Upon linker cleavage to separate the polyanionic and polycationic sequences, FRET is disrupted, instantly restoring Cy5 
intensity and fluorescence lifetime and eliminating Cy7 re-emission. The loss of FRET, imaged in vivo either by multispectral analysis or 
Cy5 lifetime, in xenografted or transgenic tumor models, gives more rapid and dramatic tumor:background contrast than that obtained 
from Cy5 intensity alone in non-FRET ACPPs. FRET contrast is well developed <1 hr after intravenous injection of the ACPP, whereas 
Cy5 intensity contrast needs several hours, perhaps because it depends on differential pharmacokinetic washout. Also, Cy5:Cy7 
emission ratio and Cy5 lifetime increase much more in the tumor than in liver, kidney, or cartilage, thus reducing false positive signals. 
In control experiments in which either the linker is made MMP-resistant or MMP-2 and -9 expression are genetically reduced, FRET 
remains statistically high. These controls show that the FRET decrease in ACPPs with the normal cleavable linker is an adequately 
specific readout for MMP-2 and -9 activity. The polyanionic and polycationic domains are still essential to allow the substrate to be 
freely diffusible and yet to keep the cleavage product localized at the site of enzyme activity. 
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Rationale: Metastatic breast cancer (MBC) is incurable. The benefit/use of anti-angiogenic therapy in MBC is hotly debated, since 
several large clinical trials of unselected MBC patients did not lead to survival benefit. Positron emission tomography (PET) imaging of 
tumor angiogenesis can allow selection of MBC patients who will benefit from anti-angiogenic treatments, which can increase the 
response rate and may represent a major advance in MBC patient management. In addition, incorporation of a near-infrared fluorescent 
(NIRF) dye in the imaging probe can guide surgical resection of tumors. The clinical gold standard for assessing tumor microvessel 
density (MVD), an independent prognostic marker in MBC, is CD105 immunohistochemistry on tumor tissue. The goal of this study is to 
develop a dual-modality PET/NIRF agent for imaging of CD105 expression (i.e. non-invasive measurement of MVD). Methods: 
TRC105, a chimeric anti-human/murine CD105 monoclonal antibody, was conjugated to both a NIRF dye (IRDye 800CW; Em: 806 nm) 
and p-isothiocyanatobenzyl-desferrioxamine (Df-Bz-NCS) and labeled with 89Zr (t1/2: 3.3 d). FACS analysis was performed to compare 
the CD105 binding affinity of TRC105 and Df-TRC105-800CW. Luciferase-transfected 4T1 murine breast cancer cells were injected 
intravenously into female BALB/C mice to establish a lung MBC model. Bioluminescence imaging (BLI) was carried out to non-
invasively monitor the lung tumor burden. Mice were used for imaging studies when the BLI signal is high yet no obvious symptoms 
have developed. In vivo PET imaging, biodistribution, blocking, ex vivo BLI/PET/NIRF imaging, and histology studies were performed in 
this MBC model to evaluate the pharmacokinetics and tumor targeting efficacy of 89Zr-Df-TRC105-800CW. Another chimeric antibody, 
cetuximab, was used as an isotype-matched control. Results: FACS analysis of HUVECs revealed no difference in CD105 binding 
affinity between TRC105 and Df-TRC105-800CW. 89Zr-labeling was achieved with good yield and high specific activity. On average, 
there is less than one 89Zr and 800CW molecule (which avoids self-quenching of the dye) on each TRC105 molecule. Serial PET 
imaging revealed that the 4T1 lung tumor uptake of 89Zr-Df-TRC105-800CW was 8.8 ± 1.2, 10.8 ± 1.2, and 10.0 ± 1.0 %ID/g at 4, 24, 
and 48 h post-injection respectively (n = 4), with excellent tumor contrast. Biodistribution data as measured by gamma counting were 
consistent with the PET findings. In addition, blocking experiments, control studies with 89Zr-Df-cetuximab-800CW, ex vivo 
BLI/PET/NIRF imaging, as well as histology studies all confirmed the in vivo target specificity of 89Zr-Df-TRC105-800CW. Conclusion: 
This is the first successful dual-modality PET/NIRF imaging of CD105 expression. Rapid, persistent, and CD105-specific uptake of 89Zr-
Df-TRC105-800CW in 4T1 breast cancer experimental lung metastasis was observed. One clinical scenario where a dual-modality 
PET/NIRF agent is particularly useful is that an initial whole body PET scan can be carried out to identify the location of tumor(s), and 
NIRF imaging can subsequently help pinpointing the position of the tumor for surgical resection. 
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Silicon photomultipliers (SiPMs) are solid-state light sensors that make use of a large number of self-quenched Geiger-mode avalanche 
photodiodes (GM-APDs) connected in parallel. SiPMs are compact, exhibit excellent photon counting performance, and are insensitive 
to magnetic fields. Moreover, it has recently been shown that SiPMs enable better timing resolution than photomultiplier tubes (PMTs) 
when used as photosensors in scintillation detectors for time-of-flight (TOF) positron emission tomography (PET). Recently, a fully 
digital version of the SiPM, the so-called digital silicon photomultiplier (dSiPM), has been introduced. Each time a dSiPM detects a 
scintillation pulse, integrated digital logic outputs the total number of photons counted as well as an accurate time stamp. Here we 
present an initial evaluation of the performance of these devices in TOF-PET detectors. First measurements were performed using two 
prototype dSiPMs (Philips Digital Photon Counting demonstrator chips) having dimensions of 3.8 mm x 3.3 mm and comprising 8188 
GM-APDs each. A 3 mm x 3 mm x 5 mm LSO:Ce crystal codoped with 0.2% Ca (Scintillation Materials Research Center, University of 
Tennessee) was optically coupled to each dSiPM. A coincidence resolving time (CRT) of ~120 ps FWHM was obtained, see Fig. 1. We 
are furthermore investigating if dSiPMs can be used in monolithic scintillator PET detectors. Experiments are performed using dSiPM 
arrays with a total sensor area of 32 mm x 32 mm, consisting of 8 x 8 dSiPM pixels (DLS-6400-22-44, Philips Digital Photon Counting). 
These are tested in combination with monolithic crystals of various dimensions. At the conference, the main conclusions of these 
studies will be presented. Furthermore, the advantages and disadvantages of analog and digital SiPMs will be discussed from the 
viewpoint of achieving the best possible performance at the full system level in future TOF-PET and PET/MRI scanners. 

 

 
Fig. 1: Coincidence timing spectrum obtained with two prototype dSiPMs (Philips Digital Photon Counting) coupled to 3 mm x 3 mm x 5 mm Ca-codoped 

LSO:Ce crystals. The red curve indicates a Gaussian fit to the measured data (blue dots). Using a 0.5 mm diameter Na-22 point source placed in 
between the two detectors, a coincidence resolving time (CRT) of ~120 ps FWHM was obtained. 

Disclosure of author financial interest or relationships: 
D.R. Schaart, None; H. van Dam, None; G.J. van der Lei, None; S. Seifert, None. 

  

Proceedings of the 2011 World Molecular Imaging Congress S973



Presentation Number T212 
Scientific Session 27: PET/SPECT/CT 

September 10, 2011 / 13:15-13:30 / Room: 20CD 

Evaluation of the Benefits of Photon Depth of Interaction Compensation for Time of Flight PET 

Virginia Spanoudaki1, Jing-yu Cui2, Jung Yeol Yeom1, Craig S. Levin1,2, 1Radiology, Stanford University, Stanford, CA, USA; 
2Electrical Engineering, Stanford University, Stanford, CA, USA. Contact e-mail: v.spanoudaki@stanford.edu 

Time of flight (ToF) PET is a technique that reduces the positioning uncertainty of the emission point of 511 keV photons during PET 
data collection. The uncertainty is defined mathematically by a “kernel” or distribution of position along a system response line. Since 
more photons are positioned correctly along the system response lines, ToF information enhances PET image signal to noise ratio 
(SNR), facilitating lesion detection and reduction of patient dose. 511 keV photons interact over a range of depths in the PET system 
photon detectors (depth of interaction, DoI). We are currently developing a dual-head DoI-ToF prototype for experimental evaluation of 
the effects of DoI on ToF-PET performance. Two different DoI identification schemes, based on single ended readout of one or multiple 
crystal layers, are under evaluation. This paper studies the effect of photon DoI information on ToF photon positioning. We found using 
simulations and measurements that DoI information enables more accurate positioning of the ToF kernel and more precise estimation 
of the ToF kernel width. In this study we present a Monte Carlo simulation model of a PET ring system with DoI-encoding and ToF-
capable detectors and show phantom images reconstructed by an iterative algorithm running on a graphics processing unit (GPU) that 
uniquely incorporates the experimentally derived DoI-dependent arrival time information into the ToF kernel. We also present a series 
of experiments that show the dependence of photon arrival time information on DoI. For variations in photon DoI over a 20 mm length 
scintillation crystal with rough surfaces we experimentally observed 15% degradation of time resolution (ToF kernel width) and a 100% 
shift in the mean time difference (centroid of the ToF kernel) between coincident 511 keV photons along a given response line. These 
results were used to parameterize the ToF kernel information of every list-mode event using a second order polynomial of the DoI for 
each involved detector element. In the Monte-Carlo simulation this dependence is used to account for the DoI dependence of the 
detection time of each annihilation photon. A DoI Gaussian kernel (5 mm FWHM) is also implemented to model the limited DoI 
resolution of the detectors. The effect on image quality is assessed by simulating a water phantom containing hot and cold spheres 
placed in a warm background with a 6:1 activity concentration ratio between the spheres and background. We found that 2 iterations of 
the iterative image reconstruction algorithm optimizes reconstructed image SNR for the various sphere sizes with and without photon 
DoI compensation. We will present both simulated contrast to noise ratio and SNR results for variable time resolution (100, 300 and 500 
ps), for a DoI resolution of 5 mm FWHM, and for variable PET ring diameter (40, 50, 60, 70 and 80 cm). We will also present the effects 
of combined DoI and ToF information on reconstructed spatial resolution. 
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Introduction Quantitative molecular imaging using PET uses radioactivity concentrations in whole blood and plasma to estimate a 
behavior of an administered radioligand in target tissues. Since frequent samplings are required to trace a rapid change in the 
radioligand concentrations soon after the administration, an amount of a blood sample is limited to a few micro-liters in rodent. 
Therefore, we developed Microfluidic Mouse Plasma Counting System (μFmPC). System μFmPC had following features: an acrylic 
disc (CD-Well) with channels for a micro-liter ordered blood sampling (1−4 μL, maximally 33 samplings) centrifugation to separate 
plasma, and radioactivity and the volume measurements in whole blood and plasma. CD-Well had 36 U-shaped channels with a 
precise cross-section area (0.1 mm2) to measure accurate volumes of whole blood and plasma. The channels had hydrophilic inside 
walls and a tapered inlet that realized smooth and spontaneous entering of blood. Arterial blood was manually dropped into the inlet of 
each channel, and CD-Well was centrifuged with 10,000 rpm for 5 min. CD-Well was scanned by an ordinary flat bed scanner (GT-
X970, Seiko EPSON Corp, Japan) with 600 dpi, and was exposed to a imaging plate (IP) for 20 min. The IP was scanned by a 
phosphor imaging plate scanner (BAS-5000, Fujifilm Corp, Japan) with 100 μm/pixel. The volumes of whole blood and plasma were 
obtained from the scanner image. The radioactivity was derived from the IP image merged into the scanner image to identify 
radioactivity distributions of whole blood and plasma segments of each channel. Method An animal study was conducted using mice 
(n=5). A mouse (C57BL/6J, mean 24 g) was anesthetized with 1% isoflurane and a polyethylene catheter (PE-10) was inserted into the 
left femoral artery for blood sampling. 18F-FDG (10 MBq, 100-150 μL) was injected into the tail vain within 60 sec. The arterial blood 
was put on an inlet of CD-Well (ca. 2 μL/sample, 30 samples, minimum interval 10 sec for 60 min in total, Fig. 1(A)), and a conventional 
manual sampling was carried out (ca. 35 μL/sample, 5 samples) in parallel. The conventional samples were centrifuged with 14,000 
rpm for 5 min at 4°C. The radioactivity concentrations in whole blood and plasma were measured using a γ-counter (1480 Wizard3” 
Gamma Counter, Perkin Elmer, USA) and an electronic balance. Result and Discussion Plasma was successfully separated by 
centrifugation (Fig. 1(B)). Typical time-activity curve of plasma is shown in Fig. 1(C). A sharp peak appearing just after the bolus 
administration was captured well using μFmPC. The results of the conventional manual sampling were superimposed with blue 
diamonds. The %-difference of the radioactivity concentration obtained from CD-Well against that of conventional manual sampling was 
-2.3±8.9% for whole blood and -1.3±9.0% for plasma. Radioactivity concentrations in whole blood and plasma of CD-Well were well 
agreed to the corresponding conventional manual samples. We conclude that μFmPC is a useful tool for fully quantitative molecular 
imaging for rodent using PET. This work was supported by Grant-in-Art for Scientific Research (B) (20390333) by JSP, Japan. 

 
Fig. 1 Outline of CD-Well experiment. (A) An aliquot of blood was put into channels of the CD-Well. (B) Plasma parts were separated after centrifugation. 

(C) Radioactivity concentrations in plasma of mouse (18F-FDG). 
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Dual Isotope Imaging Using Dynamic Pinhole SPECT to Simultaneously Measure Perfusion 
and Innervation in the Rat Heart 

Rostyslav Boutchko, Kathleen M. Brennan, Grant T. Gullberg, Radiotracer Development & Imaging Technology, Lawrence Berkeley 
Natl Lab, Berkeley, CA, USA. Contact e-mail: rbuchko@lbl.gov 

A method is developed for processing data acquired using dynamic pinhole SPECT with dual isotopes for simultaneously imaging 
perfusion and innervation in the rat heart. The on-going study evaluates possible application of this approach for diagnosing heart 
failure based on the comparison between the spontaneous hypertensive rat (SHR) model and healthy controls. The ultimate goal of our 
approach is to translate the technology for patient imaging for improved diagnosis and management of therapy for patients with heart 
failure. Methods: Seven normotensive Wistar Kyoto rats (WKY) and 7 SHRs were imaged at 6 months of age using the GE Millennium 
VG SPECT camera with pinhole collimators. First, each rat was injected with 1 mCi of [201]Tl and imaged for 18 minutes. The same rat 
was then injected with 5 mCi of [123]I-MIBG and imaged for another 90 minutes. Dynamic data were acquired with slowly rotating 
detector heads obtaining 90 1-sec projections per rotation. The geometry of the imaging system was calibrated by acquiring pinhole 
projections of a hot microsphere phantom. Using the ML-EM algorithm, the data were reconstructed as a dynamic sequence of 90-sec 
3D images and as standard static SPECT images by reconstructing the sum of the dynamic projection data. Time-activity curves were 
generated for the left ventricle, for the blood sampled from the left ventricular blood pool, and for a ROI placed over the spinal cord. 
Results: At 6 months of age the SHR model showed slightly faster washout of [123]I-MIBG from the heart compared to the WKY model. 
It is interesting to note that the kinetics in the blood and the spinal cord are similar in the WKY model but manifested a faster washout 
from the blood than in spinal cord in the SHR model. Both animal models showed similar retention of [201]Tl in the heart with a slow 
washout but the fast decrease of [201]Tl in the blood for the SHR model may be indicative of a higher flow extraction product. 
Conclusion: At an early age the SHR model showed almost the same washout of [123I]MIBG as the WKY model. In a previous study it 
was shown that the washout rate of [123I]MIBG in the SHR model increased with age and was greater than that of the WKY rat model 
and the distribution volume was significantly lower than the WKY model at the time of heart failure. The [123]I-MIBG results in the SHR 
model of hypertrophic cardiomyopathy indicate that this methodology may be useful for diagnosis in early stages of heart failure 
because it mimics dopamine uptake mechanism in the presynaptic neurons. The increased washout is indicative of a failing heart 
because with age sympathetic overstimulation modulating heart rate, contractility, and conduction to maintain cardiac output results in a 
down regulation of the effectiveness of dopamine stimulation 

 

Axial and sagittal cross-sectional slices through the reconstruction of [201]Tl perfusion and [123]I-MIBG innervation pinhole SPECT projections of an 
SHR rat. 
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Automated Segmentation and Bone Volume and Thickness Measurement in Small Animal 
Whole-Body MicroCT Data 

Martin Baiker1, Thomas Snoeks2, Eric Kaijzel2, Ivo Que2, Jouke Dijkstra1, Boudewijn P. F. Lelieveldt1,3, Clemens Lowik2, 1Department 
of Radiology, Leiden University Medical Center, Leiden, Netherlands; 2Department of Endocrinology and Metabolic Diseases, Leiden 
University Medical Center, Leiden, Netherlands; 3Department of Mediamatics, Technical University Delft, Delft, Netherlands. Contact e-
mail: t.j.a.snoeks@lumc.nl 

INTRODUCTION: Quantification of osteolysis is crucial for monitoring treatment effects in preclinical research and should be based on 
MicroCT data, rather than conventional 2D radiographs. However, qualitative and quantitative assessment of the data is greatly 
complicated in case of three dimensional data. Here we present an automated method to monitor osteolytic lesions quantitatively and 
visually in whole-body follow-up MicroCT data of mice. Based on a previously published approach for automated atlas-based whole-
body registration and Volume of Interest determination for individual bones, this work presents a method for highly accurate 
segmentation of a bone of interest. This enables monitoring disease related changes in bone volume over time. In addition, a method to 
measure and visualize cortical bone thickness is presented, to localize osteolysis. METHODS: The method was evaluated using 
datasets of 15 animals, with induced bone metastases in the right tibia. The left tibia remained untreated for comparison. Scans were 
made at baseline and after 3 and 7 weeks, using a SkyScan 1076 MicroCT scanner (Kontich, Belgium). The datasets had an isotropic 
voxel size of 36.5μm. Tibial bone volumes were measured manually by two human observers and by the fully automated method. To 
assess the agreement between the presented method and the human observers, Bland-Altman plots as well as Pearson’s correlation 
coefficients are presented. A three-way repeated measures ANOVA was used for statistical analysis of the results with the bone volume 
as the dependent variable and observer, timepoint and bone, i.e. with or without osteolysis, as the independent variables. RESULTS: 
The Pearson’s correlation coefficients, including all time points, are r = 0.9996 (obs1 vs. obs2), r = 0.9939 (obs1 vs. auto) and r = 
0.9937 (obs22 vs. auto). The ANOVA yielded no significant difference between the human observers and the automated method (p > 
.05). Fig.1 shows a segmentation example. The volumes of the metastases bearing tibiae were significantly lower compared to the 
healthy tibiae at the last timepoint (p << .5). Please refer to the supplemental data for figures. CONCLUSIONS: Using our method, we 
are able to fully automatically segment bones from whole-body MicroCT data with high accuracy. There is an excellent correlation 
between the human observers and the automated method, as shown by the correlation coefficients. The Bland-Altman plots indicate 
good agreement among the two human observers and the automated method. There is no obvious relation between the difference and 
the mean. This is supported by the results of the statistical analysis that yielded no significant difference between the three methods 
(obs1, obs2 and auto). In addition, cortical thickness maps are generated, giving the user an indication, where in the bone osteolysis 
occurs. ACKNOWLEDGEMENTS: This research was supported by the Dutch Cancer Society Koningin Wilhelmina Fonds (grant 
UL2007-3801) (TS) and the European Network for Cell Imaging and Tracking Expertise (ENCITE), funded under the 7th framework 
program. 

 
Segmentation example of a human observer (left) and the automated method (right) for femur (blue), proximal tibia (red) and distal tibia (green) at 

baseline. Circles indicate differences between the segmentations. 
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PET evaluation of the Fluorine-18 Labeled Dopamine D2/D3 Receptors Agonist [18F]MCL-524 

Sjoerd J. Finnema1, Vladimir Stepanov1, Ryuji Nakao1, Anna W. Sromek2, Tangzhi Zhang2, John L. Neumeyer2, S. R. George3, Philip 
Seeman3, Lars Farde1, Christer Halldin1, 1Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden; 2Alcohol and 
Drug Abuse Research Center, McLean Hospital/ Harvard Medical School, Belmont, MA, USA; 3Department of Pharmacology, 
University of Toronto, Toronto, ON, Canada. Contact e-mail: sjoerd.finnema@ki.se 

Aims: The high affinity state of the dopamine D2 receptor has been suggested to be altered in dopamine related disorders such as 
schizophrenia [1]. Dopamine D2 and D3 (D2/D3) receptors agonist PET radioligands have therefore been developed and enabled in vivo 
imaging of the high affinity state of the receptors [2,3]. A 18F-radiolabeled D2/D3 receptors agonist would allow for studies with extended 
duration, as application of previous developed radioligands, such as [11C]MNPA, is limited by the relative short half-life of 11C. Materials 
and Methods: [18F]MCL-524, [18F]MCL-534 and [18F]MCL-538 were all prepared by 18F-fluorination from the tosylate containing 
precursor. The catechol containing [18F]MCL-524 was prepared in a two-step synthesis, including hydrolysis of the protecting acetonide 
group. Each of the three aporphine derivatives were injected into a cynomolgus monkey, and their brain radioactivity was measured 
with a PET HRRT system. Metabolism and protein binding of the radioligands was evaluated using venous blood samples. Results: All 
three radioligands were prepared with sufficient incorporation yield (5-15%, at EOS), purity (96-98%) and specific radioactivity (2080-
5090 Ci/mmol, at time of injection). After i.v. injection of the three radioligands in monkey, whole brain radioactivity peaked at 200-300 
%SUV, within 15 minutes after injection. [18F]MCL-534 and [18F]MCL-538 showed relatively low specific binding in the striatum, while 
[18F]MCL-524 showed a high amount of specific binding in the striatum. Striatal binding potentials (BPND), calculated using SRTM, were 
1.99 for [18F]MCL-524 and 1.43 for [11C]MNPA. Evaluation of radioactive plasma content indicated no significant formation of 
radiometabolites which were more lipophilic than the respective parent radioligands. Conclusions: [18F]MCL-524 was identified as a 
promising D2/D3 receptors agonist radioligand, as the striatal BPND value obtained after [18F]MCL-524 injection was higher than found 
for [11C]MNPA. [18F]MCL-524 has promising properties to be an improved tool for evaluation of the high affinity state of the D2/D3 
receptors in vivo. Research Support: This work was supported in part by a grant from the Branfman Family Foundation (JLN) and a NIH 
NIDA Training Grant (AWS) References: [1] Seeman, (2011) CNS Neurosci Ther., 17, 118-32. [2] Finnema et al., (2010), Curr. Top. 
Med. Chem., 10, 1477-1498. [3] Sromek et al., (2010) ACS Med. Chem. Lett., 2011,2,189-194. 

 

Figure 1: Chemical structure of the aporphine scaffold and PET summation images obtained after i.v. injection of [11C]MNPA and [18F]MCL-524 into a 
cynomolgus monkey. 

Table 1: In vitro D2 receptor affinity values (Ki) and in vivo binding potential values (BPND, SRTM) of derivatives of the aporphine scaffold. 

 

Disclosure of author financial interest or relationships: 
S.J. Finnema, None; V. Stepanov, None; R. Nakao, None; A.W. Sromek, None; T. Zhang, None; J.L. Neumeyer, None; S.R. 
George, None; P. Seeman, None; L. Farde, AstraZeneca, Sweden, Employment; C. Halldin, AstraZeneca, Grant/research support; 
Bayer Schering Pharma, Grant/research support . 

  

S978 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number T217 
Scientific Session 28: Close-to-Clinical Fluorescence Imaging 

September 10, 2011 / 13:00-13:15 / Room: 33 

Intraoperative Detection of Pancreatic Cancer Using Tumor Targeted Fluorescent Probes 

Amanda Shanks Huynh1, Renata Patek4, Dominique Abrahams2, Margi K. Baldwin2, Mark C. LIoyd5, Barbara A. Centeno3, Josef 
Vagner4, Robert Gillies1, David L. Morse1, 1Functional and Molecular Imaging, Moffitt Cancer Center, Tampa, FL, USA; 2Comparative 
Medicine, University of South Florida, Tampa, FL, USA; 3Anatomic Pathology, Moffitt Cancer Center, Tampa, FL, USA; 4Bio5 Institute, 
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Pancreatic cancer has less than 5% survival rate after 5 years. The surgical resection of pancreatic cancer is extremely high risk with a 
low success rate due to difficultly in clearly identifying tumor tissue from normal tissue resulting in positive resection margins (R1). A 
positive R1 is associated with poor survival. New surgical methods employing fluorescence guided tumor detection may lead to 
increased negative resection margins (R0) to improve survival rates. In an effort to develop fluorescent tumor-targeted probes specific 
to pancreatic cancer, we previously identified Toll-like receptor 2 (TLR2) as a pancreatic cancer target [1]. We then developed and 
functionally characterized a high affinity TLR2 ligand (EC50=20 nM); and are currently testing theTLR2 targeted fluorescent probe in 
vivo for specificity. In our fluorescence guided intraoperative detection study, we investigated the possibility of achieving R0 margins in 
a preclinical pancreatic cancer model using a tumor targeted fluorescent probe. Mice underwent ultrasound guided-injection (USGI) of 
1x106 tumor cells (HCT116/δOR+ expressing cells) directly into the pancreas. We previously developed the minimally invasive USGI 
method for establishing orthotopic pancreatic tumor xenografts suitable for molecular imaging [2]. Mice were imaged in vivo by 
ultrasound weekly to monitor development of the xenografts and 3D tumor volumes were quantified (Fig. 1A). Tumors were also 
detected in vivo using a highly specific fluorescent tumor targeted molecular probe (Dmt-Tic-Cy5) (Fig.1B) [3]. We previously used this 
probe for specific detection of HCT116/δOR+ cells by fluorescence imaging. Mice underwent fluorescence guided intraoperative 
surgical removal of tumor from the pancreas 24h post-injection of the probe. A Diagnostic Instruments adapted LightTools system was 
outfitted with a CY5 (ex: 640nm ±30nm; em: 670nm ±50nm) filter set, cooled CCD camera and SPOT Advanced software. Mice were 
positioned on their side and remained anesthetized during the entire procedure. While watching only the imaging station monitor, the 
fluorescently labeled tumor tissue was carefully excised from the pancreas (Fig.1C & Supplemental Fig.2). To confirm that all of the 
tumor tissue was removed and no tumor margins left behind, the excised tumor tissue and remaining normal pancreas were 
fluorescently imaged ex vivo (Fig.1D). For validation, the excised tumor tissues and normal pancreas underwent histological analysis by 
H&E staining. We anticipate that this method will help develop novel probes that will be used clinically to improve pancreatic cancer 
survival by increasing the percentage of R0 margins. 1.Morse, D.L., et al., Identification of novel pancreatic adenocarcinoma cell-
surface targets by gene expression profiling and tissue microarray. Biochem Pharmacol. 80(5): p. 748-54. 2.Huynh, A.S., et.al, 
Development of an Orthotopic Human Pancreatic Cancer Xenograft Model Using USGI of Cells. Plos One, 2011.(In Press). 3.Josan, 
J.S., et al., Solid-phase synthetic strategy and bioevaluation of a labeled delta-opioid receptor ligand Dmt-Tic-Lys for in vivo imaging. 
Org Lett, 2009. 11(12): p. 2479-82 

 

Figure 1. Representative images acquired from 1 mouse. Red arrows identify the location of the pancreatic tumor xenograft. A) Ultrasound image of the 
orthotopic pancreatic cancer tumor xenograft 2 weeks after USGI of cells directly into the pancreas. The pancreas is outlined in yellow. B) In vivo 

fluorescence image acquired at 24 h post-administration of tumor targeted molecular probe (Dmt-Tic-Cy5), where the presence of fluorescence signal 
indicates presence of tumor. C) In vivo real-time fluorescence-guided surgical removal of the fluorescently-labeled tumor tissue from the normal 

pancreas. D) Ex vivo fluorescence image of the excised tumor tissue and the remaining normal pancreas that was acquired 24 h post-administration of 
tumor targeted molecular probe. 
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Multi-modal in vivo molecular imaging of deep vein thrombosis using a new fibrin-targeted 
near-infrared fluorescence (NIRF) imaging strategy 

Tetsuya Hara1, Brijesh Bhayana2, Brian Thompson1,2, Charles P. Lin2, Guillermo Tearney2, Farouc A. Jaffer1, 1Cardiovascular 
Research Center, Massachusetts General Hospital, Boston, MA, USA; 2Wellman Center for Photomedicine, Massachusettts General 
Hospital, Boston, MA, USA. Contact e-mail: jpn3990@hotmail.com 

Objective: The development of a near-infrared fluorescence (NIRF) fibrin-targeted sensor could enable highly sensitive in vivo optical 
imaging of thrombosis syndromes. Here we synthesize and validate a new fibrin-targeted peptide that enables multimodal invasive and 
noninvasive NIRF imaging of human and murine deep vein thrombosis (DVT). Methods: We synthesized a fibrin-targeted peptide 
conjugated to an NIR fluorochrome Cy7 (Cy7-YDEChyPClYGLCYIQ, ex/em 743/767nm). The NIRF agent is based on a fibrin peptide 
(EP-2104R) that has completed phase 2 clinical MRI trials. In vitro binding of the NIRF peptide to human plasma clots was assessed by 
fluorescence reflectance imaging (FRI) system (ex/em 740/790). Next, the fibrin-targeted NIRF agent was injected in vivo in a murine 
DVT model (topical ferric chloride applied to the femoral or jugular vein). Intravital fluorescence microscopy (IVFM) of femoral vessels 
was performed in mice with acute (2 hours old, n = 5) and sub-acute (72 hours old, n = 5) thrombi, followed by fluorescence microscopy 
and Hematoxylin and Eosin staining. Noninvasive fluorescence molecular tomography (FMT)-computed tomography (CT) was next 
performed in mice with sub-acute jugular vein DVT (n = 9), followed by ex vivo imaging and histology. Results: In vitro clot-binding 
analyses showed a significantly higher NIRF clot target-to-background ratio (TBR) of fibrin-targeted peptide than free Cy7 (40.0 ± 3.1 
vs. 6.6 ± 2.4, p < 0.05 by one-way ANOVA), and its binding was significantly blocked with an excess of competitor peptide in a dose 
dependent manner (27.3 ± 2.8 for 10-fold excess, 15.1 ± 4.1 for 100-fold excess; p < 0.05 respectively when compared with fibrin-
targeted agent), indicating that the engineered NIRF peptide is fibrin specific. IVFM of femoral DVT also demonstrated a high TBR both 
in acute (mean TBR = 3.5 ± 0.3) and sub-acute (mean TBR = 2.7 ± 0.5) thrombi. Histological analysis confirmed that fibrin-targeted 
peptide specifically accumulated into thrombus. Noninvasive FMT-CT demonstrated strong focal signal in the left jugular DVT 
compared with right sham-operated jugular vein (mean TBR = 3.5 ± 0.7 vs. 1.5 ± 0.3, p < 0.05). Conclusions: A new synthesized NIRF 
fibrin-targeted peptide avidly binds human clots and enables sensitive, fast multimodal invasive and noninvasive optical imaging 
detection of acute and sub-acute DVT in vivo. 

 

Disclosure of author financial interest or relationships: 
T. Hara, None; B. Bhayana, None; B. Thompson, None; C.P. Lin, None; G. Tearney, NinePoint Medical, Grant/research support; 
NinePoint Medical, Consultant; NinePoint Medical, Other financial or material support; F.A. Jaffer, None. 

  

S980 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number T219 
Scientific Session 28: Close-to-Clinical Fluorescence Imaging 

September 10, 2011 / 13:30-13:45 / Room: 33 

Near infrared fluorescence-guided real-time endoscopic detection of peritoneal ovarian cancer 
nodules using intravenously injected indocyanine green 
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Near infrared fluoresce-guidance can be used for the detection of small cancer metastases and can aid in the endoscopic management 
of cancer. Indocyanine green (ICG) is an FDA-approved fluorescence agent. ICG behaves as both a large and small molecule in 
circulation; through avid binding of serum proteins ICG achieves EPR effects typical of macromolecules, yet demonstrates rapid 
clearance from the circulation, like a small molecule. Therefore, ICG is a potentially powerful contrast agent for fluorescence-guided 
tumor detection of even tiny metastases. To evaluate the usefulness of real-time dual fluorescence and white light endoscopic optical 
imaging to detect tumor implants using the contrast agent ICG, fluorescence-guided laparoscopic procedures were performed in mouse 
models of peritoneally disseminated ovarian cancers. Animals received intravenous ICG or a control macromolecular contrast agent, 
IR800-conjugated to albumin. The ability to detect small ovarian cancer implants was then compared. Using the dual view 
microendoscope, ICG clearly enabled visualization of peritoneal ovarian cancer metastatic nodules derived from SHIN3 and OVCAR5 
cells at 6 and 24 h after injection with significantly higher tumor-to-background ratio than the control agent, (IR800-albumin, p<0.001, 
also see Figure). In conclusion, ICG has the desirable properties of having both EPR effects and rapid clearance for the real-time 
endoscopic detection of tiny ovarian cancer peritoneal implants compared to a control macromolecular agent with theoretically better 
EPR effects but longer circulatory retention. Given that ICG is already FDA-approved and has a long track record of safety in humans, 
this method could be easily translated to the clinic as a robust tool for fluorescence-guided endoscopic procedures for the management 
and treatment of cancer. 
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Monitoring of the synovial hyperperfusion in the hands of patients with rheumatological 
disorders with optical imaging in comparison to MRI: Initial Results 

Reinhard Meier1, Peter Noel1, Klaus Thürmel2, Matti Sievert1, Carmen Ahari1, Philipp Moog2, Ernst J. Rummeny1, 1Radiology, 
Technical University Munich, Munich, Germany; 2Rheumatology, Technical University Munich, Munich, Germany. Contact e-mail: 
reinhardt.meier@gmail.com 

Purpose: To evaluate a clinically new available Indocyanine Green (ICG)-enhanced optical imaging (OI) system for therapy monitoring 
of synovitis in patients with rheumatological disorders in comparison to MRI. Methods and Materials: 10 Patients (70% female, mean 
age = 49.5) with clinically determined rheumatoid arthritis (RA) were examined at three different time points during therapy (pre, 3 and 6 
months after start). Therapy monitoring was performed with an ICG-enhanced optical imaging system (Mivenion GmbH, Germany) and 
with a magnetic resonance imaging (MRI) system (3T Verio, Siemens, Germany) as standard of reference. Dynamic scans were 
obtained with temporal resolution of 1 sec and 4 sec for OI and MRI respectively. The rate of early enhancement (REE) was calculated. 
Further both imaging modalities were statistically correlated with respect to therapy response monitoring. Results: MRI identified 
correctly, through the enhancement of the perfusion curves of arthritic joints, RA patients responding to therapy (n = 7) and not 
responding to therapy (n = 3). The REE of the responder was significantly reduced (P < 0.05), while the REE of the non-responder was 
unchanged (p > 0.05). The REE of OI was significantly correlated with MRI (P < 0.05); thus, differentiation of responders and non-
responders was feasible. Conclusion: Our initial data suggest that OI might have the potential for serial evaluation for therapy 
monitoring of patients with RA. In the future, we see this imaging method may help to determine treatment response in an early state. 
For non-responders earlier change in therapy strategy could lead to reduction of unnecessary side effects. 

 

Disclosure of author financial interest or relationships: 
R. Meier, None; P. Noel, None; K. Thürmel, None; M. Sievert, None; C. Ahari, None; P. Moog, None; E.J. Rummeny, None. 

  

S9 28 Proceedings of the 2011 World Molecular Imaging Congress



Presentation Number T221 
Scientific Session 28: Close-to-Clinical Fluorescence Imaging 

September 10, 2011 / 14:00-14:15 / Room: 33 

Near-Infrared Fluorescence Sentinel Lymph Node Mapping in Melanoma Patients 
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Cornelis J. van de Velde1, Alexander Vahrmeijer1, 1Leiden University Medical Center, Leiden, Netherlands; 2Department of Radiology, 
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Background Near-infrared fluorescence (NIRF) imaging is a promising technique to identify the sentinel lymph node (SLN) 
intraoperatively. Advantages of NIRF light (700-900nm) include high tissue penetration up to several centimeters deep and low 
autofluorescence. Indocyanine green (ICG) is currently the only FDA and EMEA approved NIRF lymphatic tracer. The fluorescent 
properties of ICG can be improved by adsorption of ICG to human serum albumine (ICG:HSA). This feasibility and dose finding study 
uses ICG:HSA for intraoperative SLN identification using NIRF light. Methods In the current study 12 consecutive melanoma patients 
planned to undergo SLN procedure were included. Patients underwent standard of care SLN procedure which implied injection with 
99Technetium-colloid and patent blue. In addition, 1,6 mL of ICG:HSA was injected directly after patent blue. Patients were allocated 
over 4 escalating ICG:HSA concentration groups with each 3 patients; 600, 800, 1000, 1200 µM. For the NIRF SLN detection, the Mini-
FLARETM (Franioni lab, Boston) imaging system was used, which is capable of displaying NIR signal and visible image simultaneously 
and can superimpose the NIR signal over the color image. Results In all 12 patients, NIRF imaging enabled visualization of the SLN. A 
total of 25 SLNs were identified. All nodes were radioactive and fluorescent and 20 nodes were blue (80%). In all patients, the NIRF 
signal in the SLN was detected considerably earlier than patent blue. The mean contrast between the NIRF signal of the lymph nodes 
and of the surrounding tissue (signal-to-background ratio; SBR) was 14.2 ± 3.84. The mean SBRs were 14.8 ± 5.2, 17.8 ± 5.5, 16.3 ± 
1.9, 17.7 ± 2.8, for the 600 µM, 800 µM, 1000 µM, 1200 µM concentration groups, respectively. Using a one-way ANOVA, no significant 
differences were found between concentration groups. However, a trend was found between the 800 and 1200 µM concentration 
groups (p = 0.093). No complications occurred during the SLN procedures. Discussion This study demonstrated feasibility to detect the 
SLN in melanoma patients using ICG:HSA and the Mini-FLARE™ imaging system. All SLNs were fluorescent and radioactive, though 
identification with patent blue was only possible in 80 % of the SLNs. These results suggest that the use of patent blue could be 
replaced by NIRF imaging using ICG:HSA. When considering safety, cost-effectiveness, and pharmacy preferences, an ICG:HSA 
concentration of 600 µM was optimal for sentinel lymph node mapping in melanoma. 
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First in-human results of tumor-specific intraoperative fluorescence imaging: folate receptor-
alpha targeting in ovarian cancer 
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Groningen, Netherlands; 2Gynaecology & Obstetrics, University Medical Center Groningen, Groningen, Netherlands; 3Pathology, 
University Medical Center Groningen, Groningen, Netherlands; 4Helmholtz Zentrum, Technical University Munich, Munich, Germany; 
5Chemistry, Purdue University, West Lafayette, IN, USA. Contact e-mail: l.m.a.crane@chir.umcg.nl 

Background The prognosis in advanced stage ovarian cancer is poor. Tumor-specific intraoperative fluorescence imaging may improve 
staging and debulking efforts in cytoreductive surgery and thereby improve prognosis. The over-expression of folate receptor-alpha 
(FR-α) in 85-90% of epithelial ovarian cancers prompted the investigation of intraoperative tumor-specific fluorescence imaging in 
ovarian cancer using a FR-α targeted fluorescent agent. Methods Ten patients with a suspected ovarian malignancy scheduled for an 
explorative laparotomy were included. Two hours prior to surgery, an intravenous single 10 ml bolus of folate-FITC (0.3 mg/kg) was 
administered. Multispectral fluorescence imaging was used for the detection of tumor tissue, using a prototype intraoperative 
fluorescence camera system (figure 1). In vivo images were correlated with histopathological analyses. The number of tumor spots 
detected by visual inspection alone was compared to the number detected by fluorescence imaging on still images (ex vivo). Results 
Four patients were diagnosed with a malignant epithelial ovarian tumor and one patient was diagnosed with a borderline tumor. Five 
patients turned out to have a benign ovarian tumor. Intraoperative fluorescence was observed in all cancer patients (figure 2; A+B), 
while no fluorescence was seen in the benign tumors. Tumor deposits as small as 0.5 mm were visualized with folate-FITC. 
Fluorescent regions showed excellent correlation with histopathological findings. Ex vivo detection of the number of malignant lesions 
by fluorescence (median 34, range 8-81) was significantly greater (p<0.001) than by visual observation alone (median 7, range 4-22) in 
stage III peritoneal carcinomatosis (figure 2; C). Conclusions This clinical study shows the technical feasibility of intraoperative tumor-
specific fluorescence imaging in humans, by using a FR-α targeted fluorescent agent in patients with ovarian cancer. This study 
showcases the potential applications in patients with ovarian cancer for improved intraoperative staging and more radical cytoreductive 
surgery. 
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Development of an Universal Anti-Polyethylene Glycol Reporter Gene for Noninvasive Imaging 
of PEGylated Probes 

Kuo-Hsiang Chuang, Tian-Lu Cheng, Department of Biomedical Science and Environmental Biology, Kaohsiung Medical University, 
Kaohsiung, Taiwan. Contact e-mail: w2890609@yahoo.com.tw 

A reporter gene can provide important information regarding the specificity and efficacy of gene or cell therapies. Although it is 
increasingly used in experimental and clinical studies, a highly specific yet non-immunogenic reporter that can track genes and cells in 
vivo by multiple imaging technologies still awaits development. In this study, we constructed a versatile and non-immunogenic reporter 
gene to noninvasively image gene expression or cell delivery by optical imaging, magnetic resonance (MR) imaging and micro-positron 
emission topography (micro-PET). Methods: We cloned and expressed a membrane-anchored anti-polyethylene glycol (αPEG) reporter 
which consists of the Fab fragment of a mouse anti-PEG antibody (AGP3) fused to the C-like extracellular-transmembrane-cytosolic 
domains of the mouse B7-1 receptor. Binding of PEGylated probes (PEG-NIR797 for optical imaging, PEG-SPIO for MR imaging and 
124I-PEG for micro-PET) were examined in vitro and in vivo. In addition, we compared the specificity, immunogenicity and probe 
toxicity of the αPEG reporter with the gold standard reporter gene, herpes simplex type 1 virus thymidine kinase (HSV-tk). Finally, we 
derived a humanized αPEG reporter (h-αPEG) and evaluated its imaging function in vivo with subcutaneous and metastatic tumor 
models in mouse. Results: The cells or tumors that stably expressed αPEG reporters selectively accumulated various PEGylated 
imaging probes and could be detected by optical imaging, MR imaging and micro-PET. Importantly, the αPEG reporter displayed an 
imaging specificity comparable to the HSV-tk reporter but did not provoke immune responses or cause toxicity to the host. Furthermore, 
the h-αPEG reporter retained high imaging specificity in vivo. Conclusion: The highly specific and non-immunogenic αPEG reporter may 
be paired with PEGylated probes to provide a valuable system to image gene expression or cell delivery in experimental and clinical 
studies. 

 
The anti-PEG reporter gene system 
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TIM2: a Reporter Gene for T1- and T2-Weighted Magnetic Resonance Imaging 
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University of Cambridge, Cambridge, United Kingdom; 2Cambridge Research Centre, Cancer Research UK, Cambridge, United 
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Introduction: Reporter genes are valuable tools for the visualisation of gene expression in organisms and cells. There are several 
effective optical reporter genes, which can be detected using fluorescence and bioluminescence imaging modalities, but few good 
reporter genes for magnetic resonance imaging (MRI) (Gilad et al. 2008). MRI has the advantage over these other imaging modalities 
of much better tissue penetration, and provides higher spatial resolution and anatomical detail in vivo. Current MRI reporter genes have 
not found widespread use due to the relatively small changes in contrast obtained and therefore there is a need to develop new and 
better reporters. The aim of this project was to develop TIM2 as a reporter gene for MRI. TIM2 is a mouse derived receptor protein that 
binds ferritin and facilitates its endocytosis. Ferritin is a spherical polymeric iron storage protein, with the capacity to hold thousands of 
iron atoms in its internal cavity in a solid super-paramagnetic core. When present in tissue, ferritin will produce negative contrast in T2 
weighted 1H MRI images. When the iron from the ferritin cavity is removed and replaced with manganese, it can shorten T1 relaxation 
times (Kálmán et al. 2010), producing positive contrast in T1 weighted images. The ferritin gene has been used previously as a reporter 
gene for MRI, where the ferritin synthesised intracellularly has been detected through enhanced T2 relaxation at relatively high field 
strengths (Cohen et al. 2005, Genove et al. 2005). Methods and results: We transduced HEK 293T cells with a lentiviral vector 
encoding TIM2 and the red fluorescent protein mStrawberry. Expression of these genes was driven by a constitutively active PGK 
promoter and their co-expression by linking them with a 2A sequence. Virally transduced cells incubated in growth media with added 
ferritin showed a large increase in transverse relaxation times (R2) (Figure 1A). When TIM2 expressing cells were incubated with 
manganese-loaded apoferritin, R1 increased significantly above that of control cells within 30 minutes (data not shown). Preliminary 
studies have confirmed the ability of TIM2 expression to produce T2 contrast in vivo. Tumours were obtained by implanting TIM2-
expressing HEK 293T cells into the right flank of SCID mice, with non-transduced cells implanted into the left flank as a control. 
Following intravenous administration of ferritin, we measured a significant decrease in the T2 of TIM2 expressing tumours after 24 hours 
(n=3, p=0.02), but not in control tumours (Figure 1B, 1C). MRI was performed at 7T. There was no effect of TIM2 expression on either 
cell growth or viability, either in normal media or in the presence of ferritin. Trypan blue dye exclusion assays showed a 12% decrease 
in viability of TIM2 expressing cells following overnight incubation with manganese-loaded apoferritin. This loss of viability was not 
observed in untransduced cells or in cells incubated with iron-loaded ferritin. Conclusion: These results suggest that TIM2 has the 
potential to make an effective reporter gene for MRI, providing T1 and T2 contrast enhancement at a high magnetic field strength. 

 

(A) R2 of TIM2 expressing cells increases following incubation in growth media containing 75 nM ferritin, while control cells showed no change in 
relaxation. After incubation, cells were washed, trypsinised, and pelleted, before being imaged at 7T. (B) T2 weighted images of a representative mouse 

before and 24 hours after iron-loaded ferritin administration. SCID mice were implanted with HEK 293T cells in the left flank, and HEK 293T cells that 
were transduced with a TIM2 encoding lentivirus in the right flank. After tumour formation mice were imaged at 7T. The TIM2 expressing tumours on the 

right hand side showed negative contrast in comparison to the control tumours on the left side at 24 hours after intravenous ferritin administration 
(0.2mL, 56mg/mL) (C) TIM2 expressing tumours showed a significant increase in R2 following ferritin injection. n=3, * indicates p<0.05, error bars show 

standard deviation. 
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Visualizing radio-sensitizing effect of chromatin remodeling factor brahma-related gene 1 
bromodomain (BRD) 
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Univercity College of Medicine, Seoul, Republic of Korea; 2Department of Life science,, Ewha Womans University, Seoul, Republic of 
Korea. Contact e-mail: najul@snu.ac.kr 

Purpose: Human brahma-related gene 1 (Brg1) is a core protein of human SWI/SNF chromatin-remodeling complex which regulates 
gene expression. Brg1 bromodomain (BRD), the catalytic core subunits of the complexes, combines with acetylated H3, and works as a 
competitive inhibitor for DNA double strand breaks (DSBs) repair mechanism. BRD inactivates the SWI/SNF complexes, results 
inefficient DSB repair and enhances radiation sensitivity. In this study, we visualized the radio-sensitizing effect of BRD by molecular 
imaging. Methods: For visualizing the size of glioma, U87MG-CMV-luciferase (U87MG-luc) cells were established using retro-viral 
system. For monitoring BRD expression, pCMV-NLS-BRD-eGFP vector was cloned, which contains nuclear localization signal (NLS), 
myc tag, BRD and enhanced green fluorescent protein (eGFP). The vector was then transfected into U87MG-luc to observe the effects 
of BRD. Cells were exposed to various doses of radiation using a 137Cs irradiator. BRD-eGFP overexpression was monitored with 
confocal microscopy (Carl Zeiss) and Maestro (CRi, Inc) system. Luciferase activity from glioma was also monitored with IVIS 100 
(Caliper, Inc.). Subcutaneous tumor bearing mouse model was established to visualize the effect of BRD expression and MRI guided 
gamma-knife was used to irradiate grafted gliomas in the brain of Sprague Dawley Rat which express differential level of BRD. Tumor 
growth retardation was visualized with IVIS 100 (Caliper, Inc.) and MRI. Results: U87MG-luc/BRD-eGFP cells were successfully 
established and BRD over-expressed cells showed radiation sensitivity. In vivo tumor model, BRD over-expressed tumor demonstrated 
significant growth retardation and increased radiation sensitivity after irradiation. Conclusion: In this study, we could successfully 
demonstrate that radio-sensitizing effect of BRD over expression in vitro and in vivo by molecular imaging. 
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Toward In Vivo PCR by miR2681 and Gene Transcript-targeting MRI 

Philip K. Liu1, Jinsheng Yang1, Jia-Qian Ren1, Charng-ming Liu1, Christina Liu1,2, 1Radiology, Mass General Hospital, Charlestown, 
MA, USA; 2NIH, Bethesda, MD, USA. Contact e-mail: philipl@nmr.mgh.harvard.edu 

Children born to drug-addicted mothers may acquire traits that mimic developmental deficits. In animal studies, drugs of abuse 
adversely affect gene expression and behavior (drug sensitization), altering genomic methylation and inducing gene transcript variants 
by alternative splicing. Chronic exposure to amphetamine decreases histone deacetylase (HDAC5) function in major brain reward 
regions. Micro RNA (miR2681) binds HDAC5 mRNA and modulates HDAC5 activity. Our hypothesis was that a change in HDAC5 
transcription could mediate the reduction in HDAC5 activities. Central to this hypothesis is to demonstrate changes in cerebral HDAC5 
mRNA by chronic exposure to drug of abuse in vivo or ex vivo. Here, we aimed to apply a novel neuro-technique to investigate the 
regulation of HDAC5 mRNA by amphetamine using targeting MR-contrast agent (SPION) linked to a micro DNA (SPION-hdac5) with 
sequence homology to miR2861. Two groups of male C57black6 mice (6-8 weeks, n>3 for each group) were administered with 
amphetamine (4mg/kg, AMPH group) or saline (Saline group) via intraperitoneal (i.p.) injection every other day for seven doses. A BBB 
bypass by cortical puncture was performed to all mice one week before SPION-hdac5 delivery. On the day of MR acquisition, both 
groups received SPION-hdac5 (4mg Fe/kg, with 12 nmol DNA per mg Fe kg, i.p.). After three hours, AMPH or Saline group received a 
challenge dose of amphetamine or saline, respectively. A series of T2*-weighted MR images with careful shimming were acquired on a 
9.4 Tesla magnet three hours after the challenge dose injection. Gradient echo sequence was used for acquisition with the following 
configuration: TR=500ms; TE=3,4,6,8,10ms; 117x117 um2 in-plane resolution and 0.5mm slice thickness. T2* map was obtained by 
fitting the series of T2*-weighted images on different TEs. Averaged R2* (1/T2* x1000, sec-1) values (R2s) on different ROIs of the 
contralateral hemisphere to the cortical puncture site were analyzed and compared. The expression of HDAC5 mRNA and antigen were 
validated by TaqMan analysis for HDAC5 mRNA quantification with actin mRNA as reference and by immunohistochemistry (Abcam 
antibodies against HDAC5 antigen) in brain samples of the same paradigms except cortical puncture and SPION-hdac5 delivery. 
SPION-DNA distributed via perivascular (Virchow-Robin) space in electron microscopy. HDAC5 antigen and mRNA activities were 
reduced in chronic AMPH group. We found a positive correlation between in vivo MR signal change and cerebral gene activity as 
measured by messenger RNA (mRNA) copy number in the striatum of mouse brains. With linear regression, r2 of 0.97 was found 
between ∆R2* and HDAC5 mRNA copy number. Such correlation advances this non-invasive neuro-method to quantitatively detect 
changes in gene transcription in living brains. Our current approach implies the efficacy of using SPION-hdac5 to assess HDAC5 
activity with sensitivity similar to that of PCR, and our data suggests that epigenetic modulation of gene activities involves gene 
transcription of HDAC5 mRNA, perhaps via miR2681. [Supported by NIH (R21AT004974, R01DA026108, R01DA029889,), AHA 
(09GRNT2060416). 
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Noninvasive imaging of microRNA-16 in human gastric carcinoma using a dual modality 
reporter gene system 
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Aims: MicroRNAs are a novel class of non-coding RNAs that participate in a variety of biological events including proliferation, 
development or apoptosis. However, current approaches for detecting microRNAs, such as real time PCR or microarray, are often 
laborious and of requiring repetitive sampling and invasive procedures. To non-invasively monitor microRNA-16 activity, we developed 
a dual modality reporter gene system containing firefly luciferase (Fluc) and human sodium iodide symporter (hNIS) for optical and 
SPECT imaging. Methods: Fluc and hNIS gene were linked to generate Fluc-hNIS fusion reporter gene. Then three tandem copies of 
23-bp sequence with perfect complementary to microRNA-16 were inserted into the 3’-untranslated region (3’-UTR) of Fluc-hNIS gene 
vector, termed as FH-3Xmir16TS, which was driven by the cytomegalovirus (CMV) promoter. Luciferase assays, 131Iodium uptake 
assays and bioluminescent imaging were performed to monitor microRNA-16 expression. Results: Luciferase gene reduction by 
exogenous or endogenous miRNA-16 was observed in reporter gene transfected SGC7901 gastric carcinomatous cells. In addition, 
radioiodide uptake in SGC7901 cells was remarkably repressed by exogenous or endogenous miRNA-16. Moreover, the 
bioluminescent imaging signals both in vitro and in vivo were also reduced in FH-3Xmir16TS transfected group compared to the FH 
control group when endogenous miRNA-16 is present. Conclusions: We successfully developed a dual modality imaging reporter gene 
construct to monitor expression of a miRNA-16 in cells both in vitro and in vivo. This dual modality reporter gene may be served as a 
novel tool for noninvasively monitoring microRNAs in various biological events. 

 

Fig. Noninvasive imaging of microRNA-16 by a dual modality reporter gene. FH-3Xmir16 construct carries three copies of target sequence perfectly 
complementary to miRNA-16 in its 3’UTR (A). This construct and control construct FH were then transfected into SGC7901 cells to perform luciferase 

assays (B) and 131I uptake assays (C). Both results showed that luciferase gene or radioiodide uptake were remarkably reduced by exogenous 
transfected miRNA-16 mimics or endogenous miRNA-16 . These results were further validated by both in vitro bioluminescence in cells (D) and in vivo 

bioluminescence imaging in mice (E), which were transfected with FH-3Xmir16TS (left) or control FH (right). 
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PET Imaging of Epigenetic Changes Mediated by HDACs in a Transgenic Mouse Model of 
Huntington Disease 
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Introduction: Histone deacetylase (HDAC) inhibitors are currently undergoing clinical trials for treatment of various neurodegenerative 
diseases, including Huntington disease. Development of disease modifying epigenetic therapies could delay or prevent the progression 
of clinical symptoms in patients diagnosed with HD. Molecular imaging of epigenetic regulation by HDACs may elucidate their 
involvement in the pathogenesis of HD. Non-invasive imaging of HDACs activity in the brain can be used as pharmacodynamic 
biomarker of HDAC inhibition. Previously, we developed 6-([18F]fluoroacetamido)-1-hexanoicanilide (18F-FAHA), which is a substrate 
radiotracer for PET imaging of HDAC expression-activity in the brain. In this study we aimed to assess the level of expression-activity of 
HDACs and glucose metabolism brain of transgenic mice with HD. Materials and Methods: Hemizygous R6/2 mice were bred and 
reared in our colony; littermates without CAG repeat expansion were used as control. The weight and motor performance of the animals 
were monitored up to 12 weeks of age. At 12 weeks microPET/CT imaging was performed with 2-[18F] fluoro-2-deoxy-D-glucose (18F-
FDG), ([18F]fluoroacetamido)-1-hexanoicanilide (18F-FAHA) or 18F-fluoroacetate (18F-FACE, 7.4 MBq/150 µl) though the tail vein. 
Whole-body dynamic PET images were acquired in 2D mode for 30 min with microPET/CT system INVEON (Siemens). The 
unidirectional influx rate (Ki) of 18F-FAHA and 18F-FACE in the brain were calculated using Patlak graphical analysis. The magnitude 
of 18F-FDG accumulation in the brain was measured from static images acquired at 60 min post radiotracer administration and 
expressed as SUV. After the last imaging session, the mice were sacrificed and their brains analyzed using conventional histopathology 
and immunohistochemistry (IHC) to assess the localization and magnitude of expression of different class I and II HDACs. Results: 
Both, the weight and motor performance in HD mice (N=9) progressively decreased over time and were significantly decreased at 12 
weeks post natal, as compared to control group of mice (N=4). The Ki of 18F-FAHA gradually increased in the cortex, midbrain and 
cerebellum of HD mice while 18F-FDG SUV significantly decreased, as compared to the same age control mice. By 12 weeks post 
natal, both 18F-FAHA and 18F-FDG accumulation were significantly decreased due to progressive brain atrophy. IHC analysis 
demonstrated that despite atrophy the level of HDAC class-II expression in some cortical neurons and Purkinje cells was increased, 
while the acetylation of histones (i.e., H3) was decreased. Conclusions: Development of HD in this transgenic mouse model is 
associated with a gradual increase in HDAC activity during the first 8 weeks post natal followed by progressive brain atrophy, which 
manifests by decreased glucose utilization, as well as the apparent decrease in HDACs activity, which is observed despite the 
upregulation of HDAC class II expression in the surviving neurons. The later suggests that longitudinal monitoring of expression-activity 
of HDACs during the development of HD may reveal the upregulation of HDACs activity preceding the neuronal loss. 

 

 
Repetitive 18F-FAHA PET/CT imaging of transgenic mice with Huntingtono disease over 12 weeks post natal. A gradual increase in 18F-FAHA 

accumulation is observed by 8 weeks, which is due to increasing HDAC activity, followed by a decrease in 18F-FAHA accumulation as the result of brain 
atrophy. 
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MRI detection of macrophages in rat focal ischemia using MPIOs 
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Introduction: In stroke, significant brain damage is caused by immune cell infiltration. Anti-inflammatory drugs are ineffective against 
stroke in clinical trials despite promising results in preclinical rodent studies. Thus, noninvasive tracking of immune cells in stroke may 
facilitate a better understanding of the infiltration time line for effective treatment. I.V. administration of USPIO after experimental stroke 
has been shown to produce focal signal intensity changes on the ischemic boundaries in MRI images, hypothesized to be caused by an 
influx of macrophages labeled with USPIOs. Micron sized iron oxide particles, MPIOs, are advantageous over USPIOs for MRI tracking 
of immune cells because they contain sufficient iron to allow for single particle detection, and its use has been well documented in 
organ rejection in rodents (1). The purpose of this study was to investigate the feasibility of using MPIOs to monitor immune cell 
infiltration into focal cortical stroke. Materials And Methods: Rats were infused with 400 pmol ET-1 into somatosensory cortex over an 
hour to produce a focal stroke (2). Laser Doppler flow was used to analyze cerebral blood flow reduction. Animals were immediately 
scanned at 11.7 T using a stroke MRI protocol consisting of ADC mapping, T2 mapping, and T2* weighted 3D gradient echo. Two hrs 
after the end of ET-1 infusion, animals were given i.v. injection of 1.63 μm green fluorescent MPIOs (Bangs Laboratories) and scanned 
again at 1 hr, 24 hr, 48 hr, and 4 and 8 days later. Animals were sacrificed on day 8 and brains were perfused with 10% formalin and 
extracted for 50 μm isotropic resolution 3D gradient echo imaging at 4.0 T. Sectioned brain slices were stained for 
microglia/macrophage markers IBA-1 and ED-1 and visualized with a confocal microscope. Results and Discussion: Ischemic tissue 
exhibited increase in T2 from 35 ms to 80 ms and decrease in ADC values from 7e-7 mm2/s to 3.5e-7 mm2/s, consistent with reports of 
ET-1 induced cortical stroke (2). T2* weighted 3D gradient echo images showed MPIO induced signal voids in the ischemic region of 
the brain starting at 4 days post-stroke, consistent with the known peak accumulation of macrophages in the ischemic region (3). 
Histological analysis showed MPIO labeled cells positive for IBA-1 and ED-1, both microglia and macrophage markers, at day 8. 
Whether these MPIOs are carried by circulating monocytes or are phagocytosed by resident microglia is difficult to answer. A recent 
report using USPIOs determined that particles were present in a stroke region by themselves (4). Furthermore, we have previously 
demonstrated that following MPIO iv injection, bone marrow monocytes were not labeled with MPIOs, despite large accumulation of 
MPIOs in the marrow (5). Regardless, the presence of MPIO induced signal voids consistent with macrophage infiltration is promising 
for using MRI-based cell tracking to specifically monitor immune cell infiltration in stroke at low cell numbers. References: 1) Wu, et al 
PNAS 2006 2) Windle, et al Exp Neurol 2006 3) Brown (Ed.) Focus on Stroke Research 2005 4) Farr et al NMR Biomed 2010 5) Tang 
et al Mol Im Bio 2010. 

 

Top row: ADC maps of a representative slice at Day 0, 1, 2, 4, and 8 following stroke. Second row: T2 map from same slice. Third and fourth rows: 
Axial and coronal slices from 3D gradient echo MRI at the same slice. Red boxes illustrate MPIO induced dark signal voids, with expansion insets at Day 

8. IHC: IBA-1 (red) and ED-1 (red) positive cells with nuclear DAPI (blue) staining. MPIOs are green. 
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MRI-CEST Imaging of the pH evolution of an acute kidney injury mouse model by means of 
Iopamidol, a pH-responsive contrast agent 
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Introduction Pathological altered renal physiology resulting from acute kidney injury (AKI) or tubular acidosis is associated with a 
perturbation of renal pH [1]. Clinical biomarker of kidney damage, like blood urea nitrogen (BUN) and serum creatinine denote kidney 
damage only after a significant loss (50%) of renal function has occurred [2]. Therefore, newer approaches able to provide reliable and 
non-invasive surrogate biomarkers of kidney injury as pH levels would have considerable clinical relevance. Magnetic Resonance 
Imaging is a primary diagnostic and imaging technique. Recently, we proposed that Iopamidol, a clinical-approved radiopaque X-Ray 
contrast agent (CA), can be used as a pH-responsive CA for MRI-CEST (Chemical Exchange Saturation Transfer) investigations [3]. In 
this study, we investigated the use of Iopamidol to monitor the disease evolution “in vivo” by imaging pH variations in glycerol-induced 
AKI model. Methods AKI model was induced in BALB/c mice (n=8, Charles River) by intramuscular injection of a 50% glycerol solution 
(8 mL/kg body weight) into the inferior hind limbs. Healthy mice (n=6) were used to assess the pH base levels. A clinical dose of 
Iopamidol (0.75 g Iodine / kg b.w.) was injected via a catheter into the tail vein. CEST images were acquired on a 7 T scanner Avance 
300 (Bruker BioSpin) using a fast spin-echo sequence preceded by a saturation pulse (3 μT, 5 sec). CEST spectra were interpolated by 
smoothing splines and the ratio of the saturation transfer effects at 4.2 and 5.5 ppm was used for the calculation of the pH values. 
Animals were imaged at the following time points: day 0 and after the glycerol injection at days 1, 3, 7, 14 and 21. Mice were then 
sacrificed and paraffin-fixed biopsy kidney samples were sectioned (5 μm); luminal hyaline casts, tubular damage and dilatation were 
assessed by light microscopy to evaluate renal histology. Results In control mice we observed, 15 min after Iopamidol injection, a mean 
pH value of 6.7. In AKI mice, pH evolution follows a slight increase in the first days (mean pH values 7.1 and 7.3 after 1 and 3 days, 
respectively). After pH values start to decrease (pH = 6.9 after 1 week, pH = 6.8 after 2 weeks) reverting to control values (pH = 6.7 
after 3 weeks) (Fig. 1). This evolution closely followed the time evolution BUN levels with a peak after 3 days, a recovery starting after 
one week and with the complete restoration at day 21. The kidney damage evolution was also observed by looking at the number of 
pixels showing a CEST effect: during the increase of the disease damage, this number reduced, to increase again with the recovery of 
the kidney functionality. Kidney regions showing no CEST contrast after the AKI onset correlated well with the lesion stage associated 
with the tubular injury. Conclusions Iopamidol, a MRI-CEST CA allows to image in vivo renal pH and to follow the kidney damage 
evolution and recovery in a glycerol-induced AKI model. Acknowledgements Economic support from NanoIGT project References [1] 
Pereira, PC et al.; Curr Genomics 2009, 10,51 [2] Paragas, N et al.; Nature Medicine 2011, 17, 216 [3] Longo, D et al; Magn Reson 
Med 2010, 65, 202 

 
a) T2w image showing ROIs on kidney regions; b) pH image before acute kidney injury onset; c) pH image at day 1 corresponding to an high level of 

damage; d) pH image after 3 weeks, corresponding to the recovery of the damage. 
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Imaging of Lymphoma Cancer Progression in a Murine Model Using a Novel Lymph Node 
Internal Window Chamber Strategy 

Ken Ito1, Bryan R. Smith1, Natesh Parashurama1, Joon-Kee Yoon1, Si Yeol Song1, Hermann Frieboes3, Vittorio Cristini4, Cornelius 
Miething2, Scott Lowe2, Sanjiv S. Gambhir1, 1Radiology, Molecular Imaging Program at Stanford, Stanford University, Stanford, CA, 
USA; 2Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, USA; 3Bioengineering, University of Louisville, Louisville, KY, USA; 
4Pathology, UNM Albuquerque, Albuquerque, NM, USA. Contact e-mail: kenito@stanford.edu 

Non-Hodgkin’s Lymphoma is a heterogeneous and malignant lymphoma. However, mechanisms of tumor progression and metastases 
are poorly understood, and elucidation of them may improve strategies of early detection and lymphoma patient management. We 
reasoned that a multi-modal intravital fluorescence and bioluminescence imaging approach could be used to assess lymphoma 
progression in mouse models. We developed a model of lymphoma in which tail vein-injected murine lymphoma cells naturally home to 
the inguinal lymph node. Eμ-myc/Arf-/- mouse lymphoma cells were transfected with lenti-virus containing EGFP and Firefly Luciferase 
sequences (EL-Arf-/- lymphoma cells). We injected 1×106 of EL-Arf-/- lymphoma cells into C57BL/6 mice (N=5). In order to perform 
chronic, sequential lymph node imaging under physiological conditions, we developed a novel lymph node internal window chamber 
(LNIWC) technique. This new technique utilizes a window chamber that resides within a mouse and not on the surface as with standard 
IVM. This strategy allows for repeated observation of biological phenomena at high spatial and temporal resolution in living subjects at 
the same lymph node site for up to two weeks which is not possible with conventional IVM. The use of this new method, combined with 
the bioluminescence approach, enabled us to determine that EL-Arf lymphoma cells proliferated in spleen and bone marrow but not in 
the inguinal lymph node (ILN) in the early stages of tumor progression; we regularly observed a huge efflux of lymphoma cells around 
day 9 from spleen and simultaneous influx of lymphoma cells into the ILN on day 9.3±0.7. Chronic, high-temporal resolution imaging 
unexpectedly showed the influx occurred rapidly, within 12 hours, which has not been previously reported in the literature. These data 
indicate that imaging lymphoma progression in an orthotropic murine lymphoma model using multimodality imaging, including our newly 
developed LNIWC approach, is a powerful tool for elucidating unprecedented detail in lymphoma development and is already leading to 
new biological insights for lymphoma progression. 

 

Figure: Efflux and Influx of Lymphoma Cells in a Murine Model with Multi-modal imaging. a, b) Intravital microscope (IVM) images. The inguinal 
lymph node of a living mouse is imaged using the internal window chamber technique at day 9.5 and 10 after tail-vein injection of 1X106 EL-Arf-/- 

lymphoma cells. The lymphoma cells are shown in green and blood vessels within the inguinal lymph node are visualized in red due to introduction of a 
long circulating dye. Note the influx of cells between day 9.5 and 10. c) Bioluminescence images in a lymphoma mouse model. 1X106 of EL-Arf-/- ells 

were injected via tail vain. The red circles show efflux of EL-Arf-/- lymphoma cells from spleen over time. The white arrows show influx of EL-Arf-/- 
lymphoma cells in the inguinal lymph node as further visualized by IVM in panels a and b. 
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Evaluation of Cold Stimulation Effects on 18F-FDG Uptake in Mouse Brown Fat Using Micro-
PET/CT 

Xukui Wang1, Laura Diaz1, Laurie J. Minze2, Kevin Phillips2, Willa A. Hsueh2, King Li1, Zheng-Zheng Shi1, 1Department of Radiology, 
The Methodist Hospital Reasearch Institute, Houston, TX, USA; 2Diabetes Research Center, The Methodist Hospital Research Institute, 
Houston, TX, USA. Contact e-mail: xwang2@tmhs.org 

Brown adipose tissue (BAT) plays an important role in thermoregulation and energy homeostasis. BAT is activated in response to cold 
exposure and produces heat to maintain body temperature (thermogenesis). BAT-mediated thermogenesis is highly regulated by 
sympathetic system, predominantly via β adrenergic receptor. Currently as many ongoing studies are attempting to stimulate BAT in 
humans for the benefit of anti-obesity and/or anti-diabetic therapy, there is essentially no reliable protocol for induction and 
quantification of BAT in small animal models such as mice. Recently we have established a robust PET/CT imaging method for 
functional assessment of BAT in mice. Adult C57/BL6 mice were singly caged and treated with cold (7-9°C) within a CLAMS (the 
comprehensive laboratory animal monitoring system, Columbus Instruments Inc.) chamber, or a Styrofoam cooler bottomed with ice for 
4 hours, and meanwhile fasted. After injected with 18F -FDG (~200 uCi per mouse, i.p.), mice were incubated in the cold condition for 
another 1 hour. Mice were then anesthetized with isoflurane and imaged with the Siemens Inveon Micro-PET/CT systems (5 min whole 
body CT followed by a 10 min static PET acquisition). PET/CT images were co-registered and reviewed with the Inveon IRW software. 
Total FDG uptake in BAT in the interscapular region (ROI) was measured as %ID/g of tissue. We found that the cold treatment 
markedly elevated 18F-FDG uptake in BAT, with a 2.24 fold increase in %ID/g as compared with that in the mice treated with room 
temperature during the same period. In histopathological assays the stimulation of BAT was evidenced by reduction of BAT cell size 
and elimination of lipid vacuoles. We further verified if this imaging method can be sensitive to measure BAT activation to a more or 
less extent. Compared with the above 5 hour cold treatment, an overnight cold treatment resulted in 33% more FDG uptake in BAT, 
whereas a single dose of β-adrenergic blocker propranolol (5 mg/kg, i.p.) given at 20 min prior to FDG injection led to a 35% reduction 
of FDG uptake. Our study suggests that Micro-PET imaging with 18F -FDG can be a valuable tool to functionally evaluate BAT in mice. 
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Quantification and Monitoring of Angiogenesis in Inflammatory Bowel Disease by KDR-
targeted Contrast-Enhanced Ultrasound Imaging in Mice 

Huaijun Wang1, Ying Ren1,2, Marybeth A. Pysz1, Nirupama Deshpande1, Kira Foygel1, Reetesh Pai3, Francois Tranquart4, Juergen K. 
Willmann1, 1Radiology, Molecular Imaging Program at Stanford, Stanford University, Stanford, CA, USA; 2Radiology, Shengjing 
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Inflammatory bowel disease (IBD) which includes Crohn’s disease and ulcerative colitis is a chronic inflammatory disease of the 
digestive tract. Since clinical scores poorly correlate with histological grades of inflammation and due to the invasiveness of the current 
gold standard colonoscopy, non-invasive approaches for monitoring the disease’s activity are critically needed. Recent studies suggest 
an important role of angiogenesis in the pathophysiology of IBD and anti-angiogenic therapy may be a promising treatment option in 
patients with IBD. The purpose of our study was to assess the potential of targeted contrast-enhanced (molecular) ultrasound (US) 
imaging using contrast microbubbles (MB) targeted to human kinase insert domain receptor (MBKDR) to quantify and monitor 
angiogenesis in a chemically-induced mouse model of colitis. US scanning (frequency of 21 MHz; transmit power, 10%; mechanical 
index, 0.2; dynamic range, 35 dB) following sequential injection of both MBKDR and non-targeted control MB (MBcontrol) was 
performed in 15 mice with chemically induced colitis (following rectal administration of TNBS) and 15 control mice without colitis. US 
perfusion scanning of the colon based on a destruction-replenishment method was also performed in all mice to calculate relative blood 
flow (rBF) in the colon wall. Software VevoCQ was used for image analysis. Binding specificity of MBKDR for KDR was further tested 
by in vivo blocking experiments. US signal from MBKDR was correlated with ex vivo expression levels of KDR and with grade of 
inflammation based on H&E stains. In an additional group of 18 mice, molecular US imaging of the colon was performed before and 1 
day after a single intravenous dose of the antiangiogenic agent bevacizumab (10mg/kg body weight) (n=9) or after injection of saline 
only (n=9). In mice with colitis, imaging signal following MBKDR injection normalized to relative blood flow was significantly higher 
compared with MBControl (p=0.017), and was significantly higher in colitis versus control normal colon (p<0.001). Imaging signal 
significantly (p=0.02) decreased following administration of blocking antibodies suggesting binding specificity of MBKDR to KDR 
overexpressed in colitis. In vivo molecular US signal correlated well with ex vivo KDR expression levels (r=0.63; p=0.01) and 
histological grade of colitis (r=0.76; p=0.01). One day after a single dose of bevacizumab, the molecular US imaging signal significantly 
(p=0.03) dropped by 30% in the colon wall while rBF (p=0.59) and MVD (p=0.22) did not change significantly. KDR-targeted US 
imaging allows quantification and monitoring of angiogenesis in a chemically-induced colitis model in mice. This study lays the 
foundation to further explore non-invasive molecular US imaging for assessing the role of angiogenesis and molecular marker 
expressions in patients with IBD. 
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In vivo multi-photon molecular imaging reveals parenchymal and interstitial cell cross-talks in 
chronic inflammatory disease 

Satoshi Nishimura, Mika Nagasaki, Department of Cardiovascular Medicine, Ther University of Tokyo, Tokyo, Japan. Contact e-mail: 
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To elucidate the underlying mechanisms of adult common diseases based on chronic inflammation, it is vital to examine the 
inflammatory multi-cellular kinetics in living animals. Therefore, we developed in vivo imaging technique based on single- and multi-
photon microscopy, and we assessed dynamic cellular interplay in diseased conditions. Metabolic syndrome is a major risk factor of 
cardiovascular events, and adipose tissue obesity based on chronic inflammation play a central role. Our imaging revealed close spatial 
and temporal interrelationships between angiogenesis and adipogenesis in obese adipose (Fig a, Nishimura S, et al. Diabetes. 
2007,56:1517.). In addition, increased leukocyte-platelet-endothelial cell interactions in the microcirculation of obese adipose were 
observed, a hallmark of inflammation (Nishimura S, et al. J Clin Invest. 2008, 118: 710.). We also found that large numbers of CD8+ 
effector T cells infiltrated into obese adipose, and these cells were essential for the initiation and development of adipose inflammation 
(Nishimura S, et al. Nature Medicine, 2009, 5;8:914.). By our in vivo molecular imaging technique, multiple cell-types were specifically 
visualized (Fig b), and thrombus formation can be induced by laser irradiation which cause ROS production inside the blood vessel (Fig 
c). By analyzing the single platelet kinetics in developing thrombus, we revealed how discoid platelet aggregations occurred onto intact 
endothelium. We also elucidated that Lnk (adapter protein) regulates integrin signaling leading to stabilization of developing thrombus in 
vivo (Nishimura S, et al. J Clin Invest., 2010,120(1): 179-190). In addition, we established the efficient production system of human iPS-
derived platelets, and we confirmed artificial platelets can circulate, and contribute to the thrombus formation in vivo, indicating the 
clinical usefulness considering the cell therapy for future (Takayam N & Nishimura S, et al. J Exp Med. 2010; 207(13):2817-2830). We 
also visualize the cell kinetics in bone marrows, and examined the reconstructive process after transplantation. We elucidated that T 
cell proliferations have pivotal roles in this process closely relating to haemtopoietic stem cell differentiation in niches (Fig d). Our 
results clearly demonstrated the power of our imaging technique to analyze complex cellular interplays in inflammatory diseases, 
especially parenchymal and stromal cell cross talks, and to evaluate new therapeutic interventions against them. 

 

 
(a) Adipose tissue remodeling in obesity including adipogenesis and angiogenesis (b) Multi-cellular kinetics visualized by novel in vivo imaging technique 

(c) Thrombus formation and single platelet kinetics revealed by in vivo imaging (d) T cell proliferations in bone marrows after transplantation 

Disclosure of author financial interest or relationships: 
S. Nishimura, None; M. Nagasaki, None. 

S996 Proceedings of the 2011 World Molecular Imaging Congress


	Untitled



