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CONTROL ID: 2487222
TITLE: Quantifying Cardiac Fibrosis in Renal Failure Patients Using Gadolinium-Free Molecular MRI
PRESENTER: Tori Stromp
ABSTRACT BODY: 
Abstract Body: BACKGROUND: Patients with renal failure (RF) on routine hemodialysis suffer high rates of arrhythmia
and sudden cardiac death, yet are contraindicated to standard gadolinium-based MRI fibrosis imaging. Consequently,
detection of cardiac fibrosis relies on indirect measures including ventricular hypertrophy or reduced longitudinal or
diastolic function. Magnetization transfer (MT) weighting in balanced steady state free precession (bSSFP) images
can be used as an endogenous contrast mechanism to identify fibrotic and edematous tissue in close agreement with
the clinical standard late gadolinium enhancement1 (Fig S1). We hypothesized that using MT-weighted MRI, RF
patients would demonstrate increased cardiac fibrosis compared to healthy controls, despite similar contractile
function.
 
METHODS: 19 RF patients and 11 healthy controls have completed MT-fibrosis imaging as described in1.
Prospectively gated cine bSSFP images were obtained on a 1.5T Siemens Aera scanner at flip angles of 5° and 45°
covering the left ventricle. Maps of cardiac ΔS/So were generated as ΔS/So=(S45-S5)/S5*100(%), where Si is voxel
signal intensity at flip angle i (Fig S2). A feature tracking algorithm measured longitudinal strain and mid ventricular
diastolic strain rate2 (Fig S3). To assess diffuse fibrosis (Figure 1) we used statistical comparison of the distribution of
myocardial ΔS/So values per individual against a control distribution (Fig S4). The average ΔS/So distribution over all
control hearts served as a reference healthy standard. To account for heart size variation, the standard was
dynamically resized to simulate a cumulative distribution function of ΔS/So for a healthy heart matching the number of
voxels for each individual. A one-sided Kolmogorov-Smirnov test compared each ΔS/So distribution to the
appropriately sized healthy standard and quantified the divergence, which was used to assess fibrotic burden (Fig S4).
 
RESULTS: RF patients had thicker septa (1.2 ± 0.3cm) and elevated ejection fraction (62.9 ± 7.0%) compared to
healthy controls (0.9 ± 0.1cm, 56.4 ± 4.7% respectively, p<0.05). No difference was observed between RF patients
and controls in longitudinal strain (21.7 ± 3.2% vs 21.5 ± 3.2%, NS) or mid-ventricular diastolic strain rate (185.5 ±
51.5%/s vs 174.7 ± 34.7%/s, NS). Fibrotic burden, assessed by divergence, was significantly higher in RF patients
(13.4 ± 10.8% vs 5.4 ± 4.6%, p<0.05, Fig S5), and uncorrelated to hypertrophy (Fig S6). Patterns of elevated ΔS/So
values were consistent with thinned scar tissue, diffuse myocardial fibrosis, or focal reactive fibrosis at the ventricular
insertion point (Fig S7). In three patients who returned for 1 year follow up scans, divergence increased from 7.1% to
16.8% (Fig S8).
 
DISCUSSION: Molecular MRI using endogenous MT contrast quantifies fibrotic burden in a population contraindicated
to standard gadolinium-MRI. The ability to longitudinally and non-invasively monitor changes in cardiac fibrosis can
establish new risk stratification paradigms for RF patients and assess the efficacy of novel therapies to treat fibrosis.
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Figure 1. Magnetization Transfer Weighted Fibrosis Images. Representative anatomical images of [A] a healthy
control participant and [B] RF patient on routine hemodialysis for 3.6 years. Corresponding ΔS/So maps from these
slice positions reveal [C] uniformly low signal (dark) in the left ventricle of the healthy individual and [D] diffuse
elevation (bright) in the RF patient.
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CONTROL ID: 2490302
TITLE: In vivo MR mapping of vascular permeability in atherosclerotic mice predicts impaired infarct healing
PRESENTER: Katrien Vandoorne
ABSTRACT BODY: 
Abstract Body: Purpose: The purpose of this study was to test whether mapping vascular permeability by albumin-
based dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) could predict impaired infarct healing in
atherosclerotic ApoE-/- mice on a High Fat Diet (HFD) after induction of a myocardial infarction (MI) and to investigate
the effect of statins, known to improve endothelial function, on vascular permeability in infarct healing of ApoE-/- mice
on a HFD.
 
Methods:
In vivo cardiac magnetic resonance imaging (MRI) was performed on a 9.4T scanner using a volume transmit coil with
a phased-array receiver coil (Bruker, Ettlingen, Germany) before and at day 1, 3, 7 and 21 after MI induction for wild
type C57BL/6, untreated ApoE-/- mice fed a HFD and statin-treated ApoE-/- mice on a HFD (n=8 per group;
pravastatin: 40mg/kg/day). In vivo DCE-MRI to map vascular permeability was done at baseline (before) and at 3 and
7 days after a MI. Delayed enhanced and cine MRI were performed at day 1 post-MI to measure infarct size and initial
structure and function. At day 21 post-MI, MRI volumetry was performed to measure outcome and animals were
sacrificed for histological analysis. Additional animals (n=5 per group) were sacrificed for ex vivo analyses at day 3
(qPCR and flow cytometry) and day 7 (histology) post-MI.
Results: At baseline, MR-based permeability in all groups was similar and close to zero. At Day 1 post-MI, infarct size
and initial functional measurements such as ejection fraction (EF) appeared similar among the groups (Figure). At Day
3 and 7 after MI, permeability was significantly increased in untreated ApoE-/- mice compared to wild type mice and
ApoE-/- mice treated with statins (Figure). At Day 21 post-MI, ApoE-/- mice showed reduced outcome with a reduced
EF and increased difference in end-diastolic volume between day 21 and day 1 post-MI compared to wild type and
statin-treated mice (Figure). Upon histological analysis of hearts at day 21 an elevated amount of collagen was seen
in ApoE-/- hearts. Ex vivo analyses of the infarcted region of ApoE-/- at Day 3 post-MI revealed an increased amount
of CD45+ leukocytes, an increased expression of VEGFA, known to elevate permeability and a reduced expression of
Ang-1, known to restore vascular function compared to wild type and statin-treated infarcts. Histological analysis at
Day 7 showed an increased amount of macrophages shown on a Mac3 staining along with an elevated amount of
collagen and extravasation of the MR-based contrast agent ApoE-/- infarcts compared to wild type and statin-treated
infarcts.
Conclusion: MR imaging–based permeability mapping allowed detection of impaired infarct healing by detecting early
increased vascular permeability in atherosclerotic mice compared to wild type mice. Statin-treated mice, were
surprisingly rescued from an adverse outcome in parallel with a reduced permeability early post-MI. Albumin-based
DCE MRI could be an early marker for in vivo evaluation of myocardial endothelial integrity after MI predicting adverse
infarct healing.
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CONTROL ID: 2493406
TITLE: A novel tracer targeting oxidation-specific epitopes (OSE) for non-invasive atherosclerotic plaque phenotyping
by PET/MR imaging in experimental models of atherosclerosis
PRESENTER: Max Senders
ABSTRACT BODY: 
Abstract Body: Atherosclerosis is the major underlying cause of cardiovascular disease. OSE are well defined danger-
associated molecular patterns that activate inflammatory pathways leading to initiation and progression of
atherosclerotic plaques.1 To detect (sub)clinical atherosclerosis, a variety of imaging techniques are available.
However, current clinical techniques do not characterize the atherosclerotic plaque well, but merely detect the level of
stenosis. In the past decade, molecular imaging has provided new insights in pathophysiology at a cellular and
molecular level. It therefore allows phenotyping and identifying features of plaque progression that precede a possible
plaque rupture.2 
We have developed a new OSE-specific PET imaging probe and evaluated this tracer using a multimodality imaging
approach.
 
Methods 
Human monoclonal antibody Fab LA25 was generated from a phage display library screened for OSE binding. LA25
was modified with the chelator deferoxamine B and radiolabeled with Zirconium-89 (89Zr-LA25). Pharmacokinetics,
biodistribution and plaque specificity were extensively assessed in cholesterol-fed apoE-/- mice and a rabbit model of
atherosclerosis. For in vivo imaging, a clinical positron emission tomography with magnetic resonance imaging
(PET/MRI) system was used. First, the level of vessel wall inflammation was determined by a 18F-FDG PET/MR scan.
The next day, after i.v. injection with 89Zr-LA25 or 89Zr-LA24, a non-specific Fab, rabbits were scanned in a dynamic
fashion for 1 hour (fig.1A) with simultaneous acquisition of dynamic contrast enhanced MRI (DCE-MRI) to evaluate
neovascularization. An additional scan was performed 24 hours post injection, after which the animals were sacrificed
to assess macrophage content by ex vivo near infrared fluorescence (NIRF).
 
Results 
Dynamic PET imaging data revealed an increase in renal signal over time (fig.1B) indicative of renal clearance. The
weighted half-life in atherosclerotic rabbits was 2.14h for 89Zr-LA25, 1.20h for 89Zr-LA24 (fig.1C) and 1.31h for 89Zr-
LA25 in healthy control rabbits. After 24 hours, PET/MR imaging (fig.1D) showed a significant higher uptake of 89Zr-
LA25 in the abdominal aorta of atherosclerotic rabbits compared with control (P=0.0003, fig.1E), confirmed by gamma
counting (P<0.0001, fig.1F) and autoradiography (fig.1G). 18F-FDG PET/MR imaging, DCE-MRI and NIRF showed
significant higher uptake in atherosclerotic rabbits (suppl info, SI). Similar results were obtained in mice (SI). Uptake of
89Zr-LA24, was significantly lower than that of 89Zr-LA25 (P<0.0001 fig.1F, G).
 
Conclusion 
89Zr-LA25, a novel radiotracer targeting OSE, enables phenotyping of atherosclerosis using PET/MRI. In combination
with previously validated techniques we are now able to visualize and quantify inflammation (18F-FDG),
neovascularization (DCE-MRI) and OSE, which are key features of a vulnerable plaque. Moreover, this radiotracer
could further help characterize the process of atherosclerosis and ultimately serve as a biomarker in a clinical setting
to evaluate therapeutic interventions.
 
1. Briley-Saebo KC et al. J Am Coll Cardiol 2011, 57, 337–347
2. Mulder WJM et al. Sci Transl Med 2014, 6, 239sr1
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Figure 1. Summation PET/MR fusion images at 20, 40 and 60 min (A), and radioactivity quantification in major organs
after injection with 89Zr-LA25 in atherosclerotic rabbits based on PET/MR imaging (B). Pharmacokinetics in
atherosclerotic rabbits of 89Zr-LA25 and 89Zr-LA24 (C). PET/MR fusion image 24 hours post-injection (p.i.) (D) and
in vivo quantification of aortic uptake in atherosclerotic and control rabbits 24 hours p.i. of 89Zr-LA25 (E). Ex vivo
radioactivity quantification concentration by gamma counting (F) autoradiography of aortas from rabbits with
atherosclerosis (black), and controls (white) injected with 89Zr-LA25, and from atherosclerotic rabbits injected with 89

Zr-LA24 (grey) at 28 h p.i. (G).*** P < 0.0001.



CONTROL ID: 2489800
TITLE: 125I-FITI, an isatin-derived caspase-3 selective SPECT tracer for quantifying cell death in experimental
myocardial infarction.
PRESENTER: Daniel Stuckey
ABSTRACT BODY: 
Abstract Body: Myocardial cell death is implicit in heart disease and a major underlying cause of heart failure (1).
Despite rapid advances in diagnostic technology there is still no reliable method for directly quantifying cardiac cell
death in vivo (2). Here we report a novel isatin-derived 125I-FITI SPECT radiotracer selective for the caspase-3
activity that underlies cell death.
 
Using ICMT-11 as a scaffold, 125I-FITI was synthesised using a modified one-pot radiochemical reaction (3,4) with a
bathophenanthroline catalyst (5-7). Myocardial infarction (40 min ischemia followed by reperfusion) was induced in 16
male C57Bl6 mice with 8 control mice undergoing sham surgery. Eighteen hours after surgery, cardiac function and
viability were assessed in vivo using high frequency ultrasound and late gadolinium enhanced cardiac MRI (8). At 24
hours all animals underwent tail vein infusion of 0.5MBq of 125I-FITI or a non-functional 125I-FITI derivative. Animals
were sacrificed after 15, 30, 60 and 120 minutes. Organs were collected and gamma counted for bio-distribution of
tracer. Hearts immediately underwent sectioning, staining with cell viability dye TTC, followed by plating for
autoradiography for high resolution ex vivo assessment of localisation of FITI within the infarcted hearts.
 
Ex vivo bio-distribution studies showed FITI uptake was highest in the stomach, thyroid, salivary glands and small
intestine. Uptake of tracer within the hearts of control animals was low at all time points and reduced further by one
and two hours after infusion. Ultrasound and MRI showed that all infarcted hearts had impaired contraction and small
to medium infarct sizes of 17-38% (FIG). TTC staining concurred with this result (FIG). Autoradiographic assessment
of radiotracer distribution within tissues showed high FITI accumulation within anterolateral regions of the myocardium
(FigC). Comparison of FITI distribution with the in vivo MRI and in vitro TTC staining performed on the same hearts
confirmed that these regions of tracer uptake corresponded with the location of the infarct. Importantly, the non-
functional FITI derivative did not accumulate within the infarct region, indicating specificity of FITI binding. Sensitivity
and specificity analysis confirmed accumulation of FITI within infarcted segments of the myocardium and that non-
functional FITI had much lower sensitivity for myocardial cell death than the active compound.
 
These data suggest that FITI accumulation is greatest at the site where cell death is maximal at 24 hours after
myocardial infarction and that FITI is specifically binding the activated caspase3 present acuity after myocardial
infarction. FITI may offer a novel imaging biomarker for quantification of cardiac cell death in vivo.
 
(1) L. R. Fiedler et al. Curr Top Dev Biol 2014, 109, 171
(2) A. Niu et al. J Nucl Med 2010, 51, 1659
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CONTROL ID: 2494826
TITLE: In vivo immune cell screening of a nanoparticle library improves atherosclerosis therapy
PRESENTER: Jun Tang
ABSTRACT BODY: 
Abstract Body: Background: Immunological complexity in atherosclerosis warrants targeted treatment of specific
inflammatory cells that aggravate the disease. With the initiation of large phase III trials investigating
immunomodulatory drugs for atherosclerosis, cardiovascular disease treatment enters a new era. Accordingly,
numerous small molecules have been developed to modulate immune cell function, many of which are promising
immunotherapy candidates. However, effective immunotherapies require precise effects only on pathological immune
cells without causing side effects on the healthy tissues or other immune cells.
 
Results: We here propose a radically different approach that implement and evaluate in vivo a combinatorial library of
nanoparticles with distinct physiochemical properties and differential immune cell specificities. The library’s
nanoparticles are based on endogenous high-density lipoprotein (HDL), which can preferentially deliver therapeutic
compounds to pathological immune cells in atherosclerotic plaques1, 2. Using the Apoe - / - mouse model of
atherosclerosis, we quantitatively evaluated the library’s immune cell specificity by combining nanomaterial
characterization, in vitro assays, optical imaging, and immunological techniques (a). These distinct physiochemical
properties among the library nanoparticles resulted in an approximate 6-fold difference in promoting cholesterol efflux
from macrophages, 10-fold difference among blood half-lives, 3.35-fold difference in relative aorta-to-liver
accumulation, and 3.84-fold difference in relative aortic-to-splenic macrophage accumulation.
 
In a proof-of-concept study, we identified an ideal drug-delivery nanoparticle with a long blood half-life, low liver
retention, and high specificity to atherosclerotic macrophages. We formulated into the nanoparticle (Rx-HDL) a liver
receptor X agonist (GW3965), whose high liver toxicity failed its clinical translation. Compared to an undesirable
nanoparticle with poor properties for drug delivery (Rx-PLGA-HDL), Rx-HDL minimally retained in the liver while still
efficiently delivered GW3965 to atherosclerotic plaques, revealed by in vivo PET imaging and ex vivo flow cytometry.
In a one-week intensive treatment regimen in atherosclerotic mice, Rx-HDL totally abolished GW3965’s liver toxicity (b
). Finally, a 6-week long-term treatment with Rx-HDL produced significant therapeutic effects on atherosclerotic
plaques (c).
 
Conclusion: In this study, for the first time, we demonstrate a systemic in vivo immune cell screening of a nanoparticle
library can produce effective immunotherapy for atherosclerosis. Screening the immune cell specificity of
nanoparticles can be employed to develop tailored therapies for atherosclerosis and other inflammatory diseases.
 
Reference: 
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CONTROL ID: 2493302
TITLE: Altered sympathetic cardiac function in a rodent model of early sepsis: noninvasive evaluation with in vivo [123

I]-MIBG SPECT imaging
PRESENTER: Laurent Riou
ABSTRACT BODY: 
Abstract Body: INTRODUCTION - Inflammatory responses triggered by pathogens and their derivatives may induce
organ dysfunction with life-threatening conditions. Accordingly, sepsis represents the leading cause for admission in
intensive care units worldwide. Sympathetic system abnormalities have been reported in septic patients and in sepsis-
related cardiac dysfunction [1]. Iodine-123 radiolabelled meta-iodobenzylguanidine (123I-MIBG) is an iodinated
analogue of norepinephrine with similar uptake, storage, and release mechanisms which has been previously used for
the study of cardiac adrenergic activity. The objective of the present study was to evaluate the potential of in vivo 123I-
MIBG SPECT imaging for the assessment of modifications in cardiac sympathetic activity occurring in the setting of
LPS-induced experimental acute sepsis.
METHODS - Sepsis was induced in male Wistar rats by intraperitoneal injection of 10 mg/kg lipopolysaccharide from
Escherichia coli (O55:B5) (n = 16) whereas control animals (n = 7) were injected with vehicle (NaCl 0.9 %). Cardiac
function was assessed by conventional and strain echocardiography (n=8). In vivo 123I-MIBG was injected 1hr after
LPS administration and SPECT imaging was performed early (20 min) and late (3 hrs) after tracer injection prior to
animal euthanasia and ex vivo assessment of 123I-MIBG biodistribution (Figure 1 from the persuasive data file).
RESULTS –Sepsis-induced systolic and diastolic cardiac dysfunction was demonstrated by both conventional and
strain echographic parameters with significant decreases in cardiac output (-25%), stroke volume (-35%), left
ventricular ejection fraction (-8%), fractional shortening (-12%), E/A ratio (-45%) and positive mean radial peak systolic
strain (-40%) at 4 hrs following LPS injection (Table 1 from the persuasive data file). Both global and 17-segment
SPECT image analysis indicated that early 123I-MIBG activity was not affected by LPS treatment whereas late tracer
cardiac activity was significantly decreased in LPS-treated animals (Figure 1A) independently of heart rate changes
(Figure 2 from the persuasive data file). Such results were confirmed by ex vivo biodistribution (1.0±0.2 vs.
0.8±0.1%ID/g, P<0.05). Consequently, the cardiac washout of 123I-MIBG was significantly higher in LPS-treated (63.3
± 4.0%) than in control animals (56.7 ± 5.8%) (P<0.05) (Figure 1B).
CONCLUSIONS – Sepsis-induced modifications in cardiac sympathetic nervous system activity were readily
evidenced by non invasive in vivo 123I-MIBG SPECT imaging indicating increased tracer washout and decreased late
tracer activity in an experimental model of LPS-induced sepsis. These results are in accordance with the molecular
consequences of sepsis pathophysiology [2, 3]. While the therapeutic potential of adrenergic modulation has been
recently suggested for sepsis, 123I-MIBG imaging appears a suitable tool for the assessment of septic cardiac
sympathetic activity.
 
[1] Schmidt H, et al. Crit Care Med 2005;33:1994-2002.
[2] Schömig A, et al. Circ Res 1987;60:194-205.
[3] Das P, et al. Mol Cell Biochem 2009;323:61-8.
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FIGURE 1. A, Representative short-axis (left) and 17-segment polar display (right) of early (20 min, top) and late (180
min, bottom) 123I-MIBG cardiac activity from in vivo SPECT imaging of a representative LPS-treated animal. Short-
axis image scale, from 0.1 to 0.4 KBq; B, Mean cardiac 123I-MIBG activity in control and LPS-treated animals from
noninvasive in vivo SPECT imaging of tracer activity at early (20 min) and late (180 min) time points following tracer
injection (in vivo) and by ex vivo gamma-well counting of tracer activity at 180 min following tracer injection and animal
euthanasia (ex vivo). *, P < 0.05 vs. Control.
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TITLE: DVT Inflammation measured by FDG-PET/CT predicts subsequent vein wall scarring that is attenuated by
statin therapy
PRESENTER: Chase Kessinger
ABSTRACT BODY: 
Abstract Body: Introduction:
Deep vein thrombosis (DVT) is associated with the post-thrombotic syndrome (PTS) as a consequence of impaired
thrombus resolution and vein wall injury. Inflammation mediates early DVT resolution but can also induce vein wall
injury and scarring leading to vein stiffness over time. Recently, statins have shown to decrease thrombus burden
while also reducing DVT inflammatory components. In this study, we hypothesized that early DVT inflammation
detected by 18F-fludeoxyglucose (FDG) positron emission tomography (PET/CT) could predict subsequent late stage
vein wall scarring and would be attenuated by statin therapy.
 
Methods:
Stasis venous thrombosis (VT) was induced in 12-14 week old male C57BL/6J mice (n=37) in either the right jugular
vein (n=13) or infrarenal inferior vena cava (IVC, n=24). Animals in the IVC DVT cohort were randomized to statin or
control treatment groups. Statin, rosuvastatin (5mg/kg), was administered by oral gavage starting 24 hours prior to
DVT induction; control mice received saline. All mice underwent survival FDG-PET/CT venography imaging on day 2.
FDG inflammation signals (standard uptake value=SUV) were measured in the thrombosed vein and compared to the
sham-operated venous segments or treatment control. On day 14, mice were sacrificed and DVT tissue was resected.
Picrosirius red staining of VT sections allowed measurement of collagen and vein wall thickness in DVT sections. A
small cohort of mice from each group was sacrificed on day 2 and neutrophils were enumerated in VT sections using
immunohistochemical techniques and the NIMPR-14 neutrophil marker.
 
Results:
FDG-PET/CT at day 2 revealed increased inflammation signal activity in jugular venous thrombosis (SUV 1.43 ± 0.3
VT vs. 0.81 ± 0.3 contralateral vein, p<0.0001). Statin-treated mice showed a decrease in VT-resident neutrophils
compared to control mice (p=0.001) as well as a trend of decreased inflammation signal at day 2 in the IVC VT models
(SUV 1.02 ± 0.1 statin VT vs. 1.42 ± 0.2 control DVT, p=0.07). Importantly, day 14 histological analysis revealed
significantly reduced vein wall injury in statin-treated animals (thickness, 32±9.4 µm statin; vs. 56.2±14.7 µm control,
p=0.02). Day 2 FDG-PET inflammation signal activity in VT correlated positively with the magnitude of day 14 VWS
(jugular VT, Spearman r=0.62, p=0.02; IVC VT r=0.74, p<0.001, respectively).
 
Conclusions:
Quantitative FDG-PET/CT imaging demonstrates that early in vivo VT inflammation predicts subsequent VWS, a
driver of post-thrombotic syndrome. The overall findings strengthen: (i) the link between inflammation and PTS; (ii) the
translational potential of FDG-PET inflammation to predict VWS and PTS; and (iii) the concept that statins and other
anti-inflammatory therapies could reduce VWS and PTS.
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CONTROL ID: 2493705
TITLE: Hybrid FMT-MRI applied for the study of Apolipoprotein A-I proteolytic degradation in atherosclerotic mice
PRESENTER: Foued Maafi
ABSTRACT BODY: 
Abstract Body: Background and Aims- Atherosclerosis-related cardiovascular disease is the leading cause of death
worldwide. The potential benefits of high-density lipoproteins (HDL) against atherosclerosis are attributed to its major
protein component, apolipoprotein A-I (apoA-I). However, numerous studies indicated that poorly lipidated apoA-I can
be degraded by proteases localized in atherosclerotic plaques. This can negatively impact apoA-I’s function.
Therefore, imaging of apoA-I proteolytic degradation in vivo could provide new tools to advance assessment of
atherosclerosis progression and HDL-based therapies efficacy. Protease activities can be monitored with activatable
imaging probes and quantified in vivo by fluorescent molecular tomography (FMT). Also, the combination of FMT with
anatomical imaging (e.g. MRI) as well as heterogeneous model for light propagation facilitates interpreting functional
information.
This study report the development, characterization and use of a new bioactivatable near-infrared full-length apoA-I-
Cy5.5 fluorescent probe for in vivo assessment of proteolytic activities that degrade apoA-I in atherosclerosis by
Hybrid FMT-MRI imaging system.
Methods and Results- The probe fluorescence is quenched by saturation of Cy5.5 fluorophore molecules on the apoA-
I protein and increased near-infrared fluorescence occurs after apoA-I cleavage. In vitro proteolysis of the apoA-I
probe showed 11-fold increase of near-infrared fluorescence (n=5, P ≤ 0.05). Otherwise, it was possible to quantify
proteolytic activities from a variety of proteases including serine, cysteine, and metalloproteases. In situ zymography
technique was used to detect activation of the probe on atherosclerotic mice aorta sections. Furthermore, the
combination with broad-spectrum protease inhibitors protected the probe from degradation and resulted in decreased
fluorescence (-54%, n= 6 mice, P ≤ 0.0001). 24h post injection of the apoA-I-Cy5.5 probe, in vivo Hybrid FMT-MRI
imaging showed increased fluorescence in the aorta of infused Ldlr-/- transgenic (for human apoB) atherosclerotic
mice (ATX) compared to C57BL/6J wild-type mice. The in vivo measurements were also confirmed by ex vivo optical
imaging of the aorta with IVIS Lumina II imaging system. The latter showed up to 10-fold increase in fluorescent signal
in ATX mice compared to wild type mice (P ≤ 0.05).
Conclusion- The use of this probe in different molecular imaging modality could be helpful to reveal new molecular
mechanisms of atherosclerosis and improve HDL-based therapies.
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TITLE: A Photoacoustic-based Tool for Monitoring Heparin Anticoagulation Therapy in Real Time in Live Mice.
PRESENTER: Jesse Jokerst
ABSTRACT BODY: 
Abstract Body: Heparin anticoagulation therapy has a narrow therapeutic window and is the second most common
medication error. The partial thromboplastin time (PTT) monitors heparin, but suffers from long turnaround times, a
variable reference range, and limited utility with low molecular weight heparin (LMWH). Here, we describe a
photoacoustic imaging technique to monitor heparin anticoagulation therapy in real time as well as a device with utility
as a wearable heparin sensor.
 
Methods. We first surveyed five phenothiazinium dyes at five concentrations for their sensitivity to heparin and found
that 0.4 mM methylene blue offered the highest signal to background ratio. In vitro experiments used fresh human
blood stabilized with sodium citrate. First, 10 uL of 0.1 to 230 U/mL heparin was added to 90 μL of fresh human blood
followed by 20 µL of 2 mM methylene blue. Samples were loaded into capillary tubes and imaged with a Visualsonics
LAZR photoacoustic scanner from 680 – 900 nm. For in vivo experiments, mice (n=3) were injected with 100 µL of 0 or
200 U/mL of heparin dissolved in sterile PBS by tail vein. Thirty minutes later, the animals were injected with 100 µL of
50 mM methylene blue via tail vein. Blood was collected via cardiac puncture and imaged within 4 hours. The
implantable device is a hybrid material containing 492 nm -38 mV silica nanoparticles embedded in 5% agarose and
coated onto the exterior of a 25 gauge catheter.
 
Results. Initial experiments showed strong correlation between heparin concentration and signal (R2>0.90) with
stability for at least 15 minutes (Fig. 1A); a peak near 710 nm is characteristic of the heparin/methylene blue complex (
Fig. 1B) and can discriminate specific signal from background signal via background correction. We showed that
heparin concentrations as low as 1 U/mL in blood produced statistically significant signal increases versus heparin-
free samples (p<0.02; Fig. 1C). This approach also has utility with LMWH (Fig. 1D) with a detection limit of 0.1 mg/ml.
The in vivo experiments showed a 2.8-fold photoacoustic signal increase in animals treated with MB versus PBS
(P<0.0001). The order of addition was important—animals injected with MB first followed by heparin showed little
signal (Fig. 1E).
 
Data Validation. The data was validated by comparison to the PTT and protamine sulfate treatment. Mice without
heparin treatment had PTT values of 30.1 ± 8.9 s and photoacoustic signal of 16,870 ± 1200 a.u. Mice treated with
200 U/mL (100 µL) heparin had PTT values over 400 s and photoacoustic signal of 40,320 ± 7460. This shows that
the signal is indicative of a functional response. Next, we showed that the photoacoustic signal decreased when
animals were treated with protamine sulfate—a known heparin antagonist. Mass analysis showed that 10 μg of
protamine were needed to neutralize 1 U of heparin, which is the clinically used dose (see Supplementary).
 
Conclusion. To the best of our knowledge, this is the first report to image anticoagulation therapy. These findings may
be used to construct a wearable sensor in tandem with a smart intravenous catheter to monitor anticoagulation in real
time (see Supplementary).
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Figure 1. A) Increasing concentrations of heparin were added to whole blood in capillary tubes and imaged with
photoacoustic imaging at 710 nm. MB: methylene blue; area shaded in blue is 0.33 mM MB in whole blood with
increasing heparin concentrations. B) Spectral behavior of the MB-heparin complex shows a characteristic peak at
710 nm. C) A repeat dose curve in blood shows that 1 U/mL produces a statistically significant (p<0.02) increase
versus baseline (MB in blood) or blood only (B.O.). D) This approach is also sensitive to low molecular weight heparin.
E) In vivo studies used mice (n=3) that were treated with heparin and MB via tail vein injection. There were obvious
photoacoustic signal changes in blood collected via cardiac puncture.
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TITLE: Molecular In Vivo Magnetic Resonance Imaging of Inflammation: Implications for Imaging of the Vulnerable
Plaque in Apolipoprotein E Knockout Mice
PRESENTER: Alexander Sigalov
ABSTRACT BODY: 
Abstract Body: Non-invasive molecular imaging of inflammation, specifically imaging of macrophages that are reliable
indicators of any inflamed tissue, is of particular clinical importance in atherosclerosis, cancer, rheumatoid arthritis and
other inflammation-associated diseases. Targeted macrophage imaging including Magnetic Resonance Imaging
(MRI), can be used for diagnostic imaging of these diseases and monitoring drug efficacy.
In atherosclerosis, the intraplaque macrophage content is a distinctive feature and a specific marker of the vulnerable
plaques, which are prone to rupture and cause life-threatening cardiovascular events including stroke and myocardial
infarction without any prior symptoms. Thus, MRI of macrophages using targeted contrast-enhancing agents can help
to discriminate between these and non-dangerous stable plaques.1 Recently, synthetic particles that mimic human
high density lipoproteins (HDL) were proposed as a delivery vehicle for Gd-based contrast agents (GBCA) for MRI.2,3

 However, native HDL are not normally uptaken by macrophages, leading to the need for targeting moieties to image
plaques.4 To avoid the pitfalls and complications associated with these moieties, new approaches are needed.
In this study, self-assembling lipopeptide nanoparticles that mimic HDL but contain a naturally occurring oxidative
modification in the synthetic peptide fragments of the major protein of HDL, apolipoprotein (apo) A-I, were exploited as
a physiological way to efficiently deliver GBCA to macrophages. The study shows that specific oxidation of apo A-I
peptides does not affect the size, composition, and relaxivity properties of GBCA-HDL but increases the in vitro
macrophage uptake of GBCA by 2-3 times and significantly improves atherosclerotic plaque detection in apo E
knockout (KO) mice (Fig. 1). Immunohistology and confocal fluorescence microscopy demonstrate the intracellular
uptake of GBCA-HDL containing oxidized apo A-I peptides by J774 macrophages in vitro and colocalization of GBCA-
HDL with intraplaque macrophages in vivo (Fig. 1). Targeted delivery of GBCA minimizes the Gd dose and thus
reduces the adverse effects of Gd.
Optimization of GBCA-HDL particle shape and composition not only further enhances atherosclerotic plaque detection
with NER up to 160% and higher but also controls organ clearance of these contrast agents. In contrast to discoidal,
spherical GBCA-HDL exhibit hepatic clearance, which could further diminish adverse renal effects of Gd.
In summary, the method reported can substantially improve diagnosis, prognosis and treatment efficacy evaluation in
atherosclerosis. Targeted macrophage imaging described in this study can be also used in other inflammation-
associated areas of unmet clinical need.
[1] R.P. Choudhury, et al., Arterioscler Thromb Vasc Biol 2009, 29: 983.
[2] M. Rui, et al., Int J Nanomedicine 2012, 7: 3751.
[3] J.C. Frias, et al., Contrast Media Mol Imaging 2007, 2: 16.
[4] W. Chen, et al., Contrast Media Mol Imaging 2008, 3: 233.
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Fig. 1.  Pre- and 24 h post-contrast images (A,B) of the aorta of an apo E KO mouse show the improved plaque
detection using GBCA-HDL with oxidized apo A-I peptides. (C) The merged confocal image demonstrates intracellular
uptake of these GBCA-HDL by J774 macrophages in vitro. Red and green – lipid and peptide components of GBCA-
HDL, blue – nucleus. (D) The merged confocal image demonstrates colocalization of these GBCA-HDL (red) with
intraplaque macrophages (green) in vivo.



CONTROL ID: 2493263
TITLE: Non-invasive multispectral optoacoustic imaging tomography in Crohn's disease
PRESENTER: Maximilian Waldner
ABSTRACT BODY: 
Abstract Body: Introduction 
Multispectral Optoacoustic Tomography (MSOT) is a physical imaging approach to examine tissue by utilizing the
photoacoustic effect to detect molecules based on their characteristic absorption spectra. The aim of the study was to
non-invasively assess human intestinal perfusion and oxygenation status of hemoglobin in patients with Crohn’s
disease (CD) and compare the results to clinical parameters of disease activity.
 
Methods 
The clinical trial was registered (ClinicalTrails.gov Identifier: NCT02622139), ethical board approval was provided, and
informed consent was obtained. n=60 patients (32♀/28♂) were included, mean age: 34.2±13.5; n=27 in remission,
n=15 with mild, and n=13 with moderate disease according to HBI. The used device (MSOT Acuity, iThera Medical
GmbH, Munich, probe: 3-4MHz, 256 elements) comprises as handheld detector that was positioned on the skin above
the area of the abdominal wall (Figure 1a). MSOT spectra were acquired at 700, 730, 760, 800, 850, and 900nm.
Spectral ROI analysis was done within the colon and the abdominal wall. From all patients Harvey Bradshaw Index
(HBI) for disease activity, B-mode&Doppler ultrasound, C-reactive protein, total hemoglobin and total leukocyte count
was assessed; in a subset endoscopic/histologic scoring was performed and all were compared to MSOT signals (
Figure 1b).
 
Results 
Using B-Mode imaging, inflamed parts of the intestine in the terminal ileum and sigma were defined and MSOT
signals were acquired for a maximum of only about 5 minutes per patient. Mean bowel wall thickness was 4.9±2.7mm,
imaged at a depth of 19.1±7.2mm (terminal ileum) or 18.9mm±6.9mm (sigma). The MSOT system was able to derive
signals from the intestinal walls and to visualize human intestinal perfusion together with oxygenation status of
hemoglobin (Figure 1c). A significant increase of oxygenated (grade 0: 15.5±3.8 vs. grade 3: 26.7±5.1; P=.004) and
deoxygenated hemoglobin (grade 0: 19.9±5.0 vs. grade 3: 26.3±4.5; P=.02) was observed (Table 1). Total
hemoglobin increased significantly from grade 0 (35.4±6.6) to grade 2 (51.3±9.1, P=.005) and 3 (53.0±9.0, P=.001).
Hemoglobin saturation shows a trend towards increase in highest inflammation (P = 0.18). Ultrasonic assessment or
blood analysis did not show significant correlation with disease activity (Figure 1d).
 
Conclusion 
MSOT is a promising clinical translatable real-time, non-invasive modality to visualize inflammation in patients with
CD. Low/mild grade inflammation is marked by increased deoxygenation hemoglobin, increased oxygenated
hemoglobin, and high total hemoglobin. Highest levels of oxygenated hemoglobin in cases with extensive
inflammation might hint to inadequate oxygenation extraction. In contrast to currently available imaging techniques,
MSOT might enable for the first time non-invasive evaluation of subtle differences of disease activity in Crohn's
disease patients. The ongoing trial will confirm cut-off parameters for assessment of intestinal inflammation.
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Figure 1: MSOT imaging and results />
A Imaging approach: Overview of imaging procedure. Transabdominal B-Mode ultrasound imaging was performed to
localize the inflamed intestine in the colon or sigma. Then, MSOT spectra were acquired at 700, 730, 760, 800, 850,
and 900nm and intestinal perfusion and oxygenation status of hemoglobin was calculated.<br />
B Exemplary images: Representative results from endoscopy, Doppler ultrasound, and MSOT images (left to right).
MSOT images show the delineated ROI at baseline B-Mode ultrasound, MSOT signals, and calculated levels of total
hemoglobin.<br />
C MSOT signals: Microscopic score vs. oxygenated hemoglobin (HbO2, red), deoxygenated hemoglobin (HbR, blue),
and total hemoglobin (Hbtotal, black)<br />
D Microscopic score vs. Laboratory assessment: Hemoglobin (Hb), CrP (C-reactive protein), leuko (total leukocyte
count), did not reveal any significant differences in the histologic subgroups.
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TITLE: Optical detection of matrix metalloproteinases in pulmonary fibroproliferative disease using optical
endomicroscopy in the distal lung. 
PRESENTER: Bethany Mills
ABSTRACT BODY: 
Abstract Body: Introduction: Pulmonary fibroproliferation is a common feature of a range of acute and chronic lung
diseases; including adult respiratory distress syndrome (ARDS), chronic obstructive pulmonary disease (COPD) and
interstitial lung diseases such as idiopathic pulmonary fibrosis (IPF) [1]. Monitoring disease progression is often based
on blood biomarkers with poor specificity or on static x-ray images, neither of which are specific for the dynamic
disease process. Advances in optical endomicroscopy (OEM) platforms such as fibred confocal fluorescent
microscopy (FCFM) enable the structure of the distal lung to be imaged in situ at the bedside by detection of
autofluorescence from collagen and elastin [2]. Despite this technological advance, little functional information can be
determined with this technique.
 
Aim: To develop Optical Smart Probes for use with OEM in order to gain dynamic molecular insight into disease
processes; such as pulmonary fibroproliferation. Fib One is a novel FRET (Forster Resonance Energy Transfer) -
based Smart Probe designed to detect markers of active fibroproliferation, specifically being activated by matrix
metalloproteinase cleavage (MMP -2, -9 and -13). These MMPs are secreted from active immune cells and are highly
abundant at sites of active fibrogenesis (Figure 1).
 
Results: Fib One was rapidly cleaved by recombinant human MMP -2, -9, and -13 in vitro; with fluorescence signals
increasing by 2, 3 and 40 fold respectively within 10 minutes. Fib One was cleaved by activated neutrophils and
detectable on human ex vivo lung tissue by OEM. Moreover, Fib One was found to be stable and non-toxic in whole
animal models. The probe reached all pre-requisites for a first-in-man phase 0/1 clinical study, which are due to begin
Q2/2016 . Fib One will be delivered locally within the distal lung of patients with pulmonary fibrogenesis, followed
immediately by fluorescence imaging with an optical fibre.
 
Conclusions: We aim to address the unmet clinical need for rapid insight into molecular pathways involved in
fibroproliferation. Smart Probes, such as Fib One allow a functional ‘optical molecular biopsy’ of the distal lung to be
performed via OEM. Using this approach we hope to improve understanding of the causative agents of disease,
predict disease outcomes and to guide tailored treatment plans (stratification). Our ex vivo data suggests that Fib One
should act as an indicator of active pulmonary fibroproliferation and be detectable above the levels of lung
autofluorescence by OEM; both of which will be evaluated in our first-in-man clinical studies.
 
1. Demedts M, Costabel U: ATS/ERS international multidisciplinary consensus classification of the idiopathic
interstitial pneumonias. European Respiratory Journal 2002, 19(5):794-796.
2. Thiberville L, Moreno-Swirc S, Vercauteren T, Peltier E, Cave C, Bourg Heckly G: In vivo imaging of the bronchial
wall microstructure using fibered confocal fluorescence microscopy. Am J Respir Crit Care Med 2007, 175(1):22-31.
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Figure 1. Structure of Optical Smart Probe Fib One. The probe is silent due to horizontal and vertical quenching until
cleavage of the MMP peptide sequence by the target enzymes MMP-2, -9 and -13. Loss of the quencher from the
probe results in large increases of fluorescence.
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TITLE: Lymphatic Imaging in the Pediatric Population
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ABSTRACT BODY: 
Abstract Body: Lymphatic malformation or trauma can cause serious complications, including reduced immune
response, malnutrition, disfiguration, and death. However, the role of the lymphatics in health and disease remains
poorly understood in part to the limited ability to safely and routinely image the lymphatic system using common
clinical imaging modalities, especially in the pediatric population where the risks of ionizing radiation and sedation are
considered significant. We recently demonstrated the use of near-infrared fluorescence lymphatic imaging (NIRFLI) in
the pediatric population in young subjects with primary lymphedema or postoperative chylothorax.
After informed consent of parents, subjects were enrolled into an IRB and FDA approved protocol. Following
intradermal injection of indocyanine green (ICG) for uptake in the lymphatic plexus, the children were illuminated with
diffuse light for excitation of ICG-laden lymph. The resulting fluorescent signal was captured using a custom imaging
system with night vision technology. Exposure times of 200 ms allowed visualization of lymphatic anatomy and
function without the use of harmful ionizing radiation or sedation. Images were assessed for abnormal lymphatic
anatomy and active contractile propulsion.
In one case, a 21 month old male presented with unilateral right arm and hand lymphedema at birth. NIRFLI visualized
linear, well-defined lymphatics in the legs and arms (Fig. 1A-1B) with no abnormal anatomy as typically seen in
lymphedematous adults. However, a noted lack of active propulsion events, <0.4 events/min in the right, affected arm
compared to 1.8 events/min the left, asymptomatic arm, indicates that poor lymphatic propulsion may cause the
lymphedema not malformed anatomy.[1] Throughout the study, the subject was conscious and held on his mother’s
lap.
To date we have imaged 6 infants with postoperative chylothorax following open heart surgery. Chylothorax is
manifest by the accumulation of chyle in the pleural space and is thought to result from trauma to the thoracic duct.
We observed three distinct drainage patterns in these subjects including normal appearing lymphatics, abnormal
lymphatic drainage into the peritoneum (Fig. 1C)and abnormal drainage directly from the left axilla into the pleural
space (Fig. 1D) [2].
In conclusion, we successfully demonstrate the use of NIRFLI to safely assess the lymphatics in the pediatric patient
population without the use of ionizing radiation or sedation. Continued experience using NIRFLI for point-of-care
diagnostics may help advance the understanding of the lymphatics and may provide opportunities for individualized
management of lymphatic dysfunction in the pediatric population.
This work was supported in parts by the Children’s Heart Foundation, the NIH, and the University of Texas Health
Science Medical School Dean’s Support.
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NIRFLI images of the (A) unaffected legs and (B) lymphedematous right arm of a 21 month old male with primary
lymphedema, (C) lymphatic drainage into the peritoneum of a 23 day old male, with chylothorax 8 days after open
heart surgery, and (D) lymphatic drainage from the left axilla into the pleural space of a 43 day old male, with
chylothorax 38 days after open heart surgery. The inset color images provide anatomical reference while the red
circles outline the field of view of the NIRFLI images.
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ABSTRACT BODY: 
Abstract Body: Introduction: Necrosis tissues usually arise along with the serious diseases and the acute phase of
disease, such as tumor, ulceration and abscess. However, it is a challenging problem to precisely confirm the
malignant degree, therapeutic effect or the complete removal of necrotic tissue. Currently, medical imaging methods
such as ultrasound, computed tomography (CT), magnetic resonance imaging (MRI) and positron emission
tomography (PET) have been applied for necrotic lesions diagnosis. However, these methods identified necrotic
tissues based on blood supply scarcity principle. The observation time window and accurate real-time evaluation
should be further considered especially for small necrosis lesion precision detection.
 
Methods: We used a home-built surgical navigation system to collect near-infrared (NIR) fluorescence images. The
fluorescence filter (wavelength 850/50nm) was fixed in front of CCD camera (MVC1500MF-M00, Microview, China)
and C-mount lens (12.5mm, f/1.4, Pentax) was chosen. We use laser (MW-GX-785, Feimiao Technology Co., Ltd.
China) to provide NIR light source. According to the Chinese Food and Drug Administration (CFDA) approved max
usage of 0.5 mg kg-1, indocyanine green (ICG, Liaoning TianYi Biological Pharmaceutical Co., Ltd., China) was
intermittent injection for 4 times with interval of 3 hours.
 
Results: For the precise detection of necrotic tumor tissues with ICG, 6 nude mice with 4T1-luc breast cancer cell line
for 15 days implantation were used in this study. After 12 hours of the ICG injection, we found the breast tumor
showed high fluorescence signal-to-background ratio (SBR). As the sensitivity of fluorescence imaging is satisfactory,
our methods can precisely be used to find even 0.6 mm diameters early stage gastrointestinal ulcers. The
subcutaneous abscesses mice achieved image-guided surgery under our system guidance and the results showed
that even a small amount of pus, which cannot be recognized by the professional surgeons, can be diagnosed and
cleaned up. Finally, we applied this method to 10 patients. A patient preclinical diagnosis (CT, MRI and PET) showed
space occupying lesion located in liver IV segment. During surgery, we found that a 3.5×3.0 cm fluorescence signal
located in liver IV segment. At the border of segment V and VI a series of 1.4×1.0 cm area were also showed
fluorescence signal in the left liver. Based on our previous results, necrosis tissues were suggested during surgery.
And intraoperative quick frozen section and postoperative paraffin section confirmed that the fluorescent tissues were
chronic suppurative inflammation with small abscess formation.
 
Conclusions: In conclusion, our study found a new necrosis specific targeting property of ICG, which shows great
potential in clinical applications. Due to our methods, we believe it will improve the precision of necrosis associated
disease treatment and can be directly applied to the current clinics.
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Necrosis associated clinical application. (A-C) The computed tomography, magnetic resonance imaging, and positron
emission tomography-computed tomography scans of the patient. All images indicated the same space-occupying
lesion located in the left medial liver lobe Segment IV (red arrows), but there was no indication of other lesions. (D)
The fluorescent image acquired intraoperatively by the portable FMI system indicated two distinguishable necrotic
lesions in the left (red arrow) and right (white arrow) liver lobes, respectively. The smaller lesion (white arrow) was not
detected by the previous multimodality imaging scans. Scale bar, 5 cm. (E) The smaller lesion (white arrow) was
unrecognizable with the naked eye. Scale bar, 5 cm. (F and G) The hematoxylin and eosin staining of these two
lesions confirmed that they were both caused by chronic inflammation with small abscess formation. Scale bar, 50 μm.
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ABSTRACT BODY: 
Abstract Body:  
Introduction 
Millions of patients worldwide suffer from chronical kidney disease (CKD). Biopsies are still the golden standard for
diagnosis and staging of progressive kidney fibrosis, but they are highly invasive and moderately informative. Renal
fibrosis refers to the excessive deposition of extracellular matrix (ECM) components, such as collagen and elastin, and
results in pathological obliteration of organ architecture and function [1]. The continuous synthesis and turnover of the
ECM during fibrogenesis is characterized by disease state-specific changes in the qualitative and quantitative
composition of the ECM. Based on these notions, we employed two recently developed molecular imaging agents, i.e.
ESMA [2] and CNA35 [3], which specifically target elastin and collagen, for the diagnosis and staging of renal fibrosis.
 
Methods 
The elastin- and collagen-specific agents were evaluated using magnetic resonance imaging (MRI) [4] and hybrid
computer tomography - fluorescence molecular tomography (CT-FMT) [5]. This was done in three different animal
models for renal fibrosis: unilateral ureteral obstruction (UUO), unilateral ischemia/reperfusion injury (IR) and adenine-
containing diet (Fig. 1A [6]). In vivo findings were verified by laser ablation inductively coupled mass spectrometry (LA-
ICP-MS) [7] and two-photon laser scanning microscopy (TPLSM).
 
Results 
Both in human and in mouse tissue specimens, western blotting and immunohistochemistry confirmed the gradual
deposition of elastin during disease progression (Fig. 1B). For the elastin-specific contrast agent ESMA, T1-weighted
MRI revealed a significant difference in the medulla of fibrotic vs. healthy kidneys 24 hours after i.v. injection, which
was clearly stronger than the difference observed for unspecific Gd-DTPA (Fig. 1C). These findings were confirmed by
LA-ICP-MS. For the collagen-specific agent CNA35, which was labeled with the NIR fluorophore Cy-7 and with the
standard fluorophore Alexa-488, in vivo CT-FMT imaging revealed a 3-fold higher accumulation in fibrotic kidneys than
in contralateral control kidneys (Fig. 1D, E). TPLSM confirmed these findings, showing highly specific binding of FITC-
CNA35 to perivascular collagen fibers (Fig. 1F).
 
Conclusions 
We established probes and protocols for molecular imaging of CKD using MRI and CT-FMT. Our findings lay the basis
for the establishment of elastin- and collagen-based imaging biomarkers for the diagnosis and staging of kidney
fibrosis.
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Figure 1: Imaging biomarkers for diagnosis and staging of kidney fibrosis<br />
Three different murine models for kidney fibrosis were employed (A). Interstitial elastin deposition was confirmed by
immunohistochemical stainings of human samples and western blotting of murine I/R and UUO samples (B). Elastin-
based molecular MRI of kidney fibrosis, showing strong and specific contrast agent localization in diseased kidneys for
ESMA (C). In vivo (D, E) and ex vivo (F) optical imaging of collagen deposition in a fibrotic kidney using fluorophore-
labeled CNA35.
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ABSTRACT BODY: 
Abstract Body: Purpose: Most patients with inflammatory bowel disease (IBD) undergo anatomical computed
tomography (CT) and magnetic resonance imaging (MRI) to assess the location and extent of inflammation as part of
their routine clinical workup; however, both techniques are limited in terms of quantification of inflammation which is
critically needed for proper patient management. Molecular imaging including ultrasound molecular imaging using
targeted contrast agents is currently explored to quantify inflammation in IBD at the molecular level (1). However,
localizing the inflamed bowel segment and imaging the entire bowel with ultrasound can be time consuming. The
purpose of this study was to explore feasibility of real-time image fusion of CT and MRI data sets with ultrasound
molecular imaging in an acute terminal ileitis model in pigs.
Materials and Methods: Acute terminal ileitis was induced in 8 female pigs by intraluminal exposure of a 10-cm
segment of terminal ileum with 2,4,6-trinitrobenzene sulfonic acid (TNBS in ethanol). All pigs were imaged at 48 h
after acute ileitis induction. Pigs were imaged either with a clinical CT (Zeego, Siemens) or MR (Discovery MR750w;
32-channel torso coil, GE) enterography protocol and data sets were uploaded onto a clinical ultrasound machine
(Acuson S3000; Siemens) using two transducers (9L4; 6.5 MHz; and 6C2; 4MHz). Using an anatomical landmark-
based approach, inflamed bowel segments were localized in real-time on subsequent ultrasound molecular imaging of
the bowel using eSie Fusion auto registration software (Siemens). Imaging times to locate the site of ileitis were
compared with a standard of care US imaging approach without anatomical road mapping. The extent of inflammation
was then quantified in the localized bowel segment with ultrasound molecular imaging using dual P- and E-selectin-
targeted microbubbles and non-targeted control microbubbles, using histology as reference standard.
Results: Real-time image fusion with CT or MRI was successful in all 8 animals by using both transducers. Imaging
time without anatomical road mapping (9.7±4.1 min), was significantly longer than the time it took to localize the site of
bowel inflammation using real-time fused cross-sectional imaging data (3.7±1.7 min; P=0.002). Dual-selectin-targeted
ultrasound molecular imaging signal was significantly (P<0.001) higher compared to control conditions. Histology
confirmed acute inflammation and overexpression of P- and E-selectin in the bowel wall (Fig.1).
Conclusions: Real-time automatic fusion of volumetric CT and MRI datasets with ultrasound imaging is feasible and
improves the work flow of ultrasound molecular imaging for grading inflammation in IBD.
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Fig 1. (A) Transverse contrast-enhanced T1-weighted MR image (TR: 4.6ms; TE: 1.2ms) shows thickened loop of
terminal ileum with increased enhancement of the mucosa (arrow) consistent with acute ileitis in a pig with chemically
induced terminal ileitis. The same loop of bowel (arrow) was visualized on anatomical B-mode ultrasound images with
a 6.5 MHz transducer, following real-time automatic fusion of ultrasound images with MRI data set, allowing rapid
identification of the inflamed loop of bowel. (B) Dual-selectin targeted ultrasound image of the terminal ileum shows
strong signal in the bowel wall consistent with severe acute inflammation while injection of non-targeted control
microbubbles resulted in background signal only in the same bowel segment (C). (D) Histology confirmed severe
inflammation of the bowel wall with infiltration of innumerable immune cells.



CONTROL ID: 2491784
TITLE: Dynamic Assessment of the Effect of Antifungal Treatment on Lesion Development in a Mouse Model of
Invasive Pulmonary Aspergillosis.
PRESENTER: Jennifer Poelmans
ABSTRACT BODY: 
Abstract Body: Aspergillus fumigatus is the most important Aspergillus species causing invasive pulmonary
aspergillosis (IPA) in humans. Immunocompromised patients are at serious risk for developing IPA, which is
associated with high morbidity and mortality1. Especially due to the emergence of azole resistance in Europe, it
becomes increasingly important to have profound understanding of the efficacy of antifungal therapies2,3. In vivo
preclinical studies play an important role in testing antifungals, but standard techniques lack the ability to provide any
dynamic information. Therefore, non-invasive imaging techniques are gaining more importance in the field. In this
study, we combined magnetic resonance imaging (MRI) and bioluminescence imaging (BLI) to investigate dynamic
changes within the lung following infection and the effect of antifungal drugs on lesions development and composition.
 
BALB/c mice (n=25) were rendered neutropenic by IP injections of cyclophosphamide (150 mg/kg) on day -4 and -1
prior to intranasal instillation with the triazole susceptible A. fumigatus strain 2/7/1 (5.105 spores). One group of
animals (n=5) was not treated, the other animals received daily injections of voriconazole (20 mg/kg) starting from day
0, +1, +2 or +3 post infection. Non-treated animals were imaged daily from day +1 to +4, treated animals from day +1
to +5 and day +14 with MRI (9.4 T, Bruker Biospin) and BLI (IVIS Spectrum, Perkin Elmer). Lung parameters were
quantified from MR images to evaluate time-related changes. After 4 (non-treated animals) or 14 (treated animals)
days, the lungs were isolated for validation by CFU counts and histology.
 
All non-treated mice had to be sacrificed within 4 days after infection due to the development of extensive lesions
within the lung, appearing as hyper-intense areas on the MR images. Strong BLI signals originated from the lungs
starting from day 3, indicating that lesions observed by MRI are composed of viable fungal cells. Comparable
observations were made in animals treated from day +3 post infection. Five animals receiving treatment from day 0
developed modest pulmonary lesions detectable by MRI, but none of the animals showed any BLI signal. On the other
hand, animals in which treatment was initiated from day +2 showed detectable lesions on MRI and clear BLI signal,
which steadily decreased over time reflecting treatment success. However, hyper-intense signals remained present on
the MR images, indicating that lesions do not disappear following treatment but rather change in composition.
 
By combining MRI and BLI, valuable information can be obtained about composition of lesions and the effect of
antifungal therapy. This information is valuable when testing novel treatment approaches against azole-resistant
Aspergillus strains.
 
Acknowledgement: Af strain 2/7/1 was provided by Dr. Matthias Brock (Hans-Knöll-Institut, Jena, Germany).
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TITLE: Multimodal Imaging of Murine Cryptococcosis Models for the In Vivo Assessment of the Brain Fungal Burden 
PRESENTER: Liesbeth Vanherp
ABSTRACT BODY: 
Abstract Body: Cryptococcosis is a fungal infection that initially presents as an (often asymptomatic) lung infection.
However, via the bloodstream the yeast cells can also spread to the brain, which is potentially fatal. Both
Cryptococcus gattii (CG) and C. neoformans (CN) can cause cryptococcosis, but CN infections have been reported to
more commonly present as cerebral disease (1). The standard techniques used for quantification of the fungal burden,
such as colony-forming unit (CFU) counts, require sacrificing the animal and hence, do not allow longitudinal studies
of the same animal. The aim of this study was to use magnetic resonance imaging (MRI), MR spectroscopy (MRS)
and fibered confocal fluorescence microscopy (FCFM) to find in vivo parameters that can give a quantitative read-out
of the fungal load in living animals at an anatomical, metabolic or cellular level. Furthermore, this approach was used
to identify potential differences in pathogenesis between CN and CG infections.
 
Experiments were performed in animals infected with either CN H99 or CG R265 (both GFP+). BALB/c mice were
infected via stereotactic injection in the right striatum (104 fungal cells). MR images (T2-weighted) and 1H-MRS
spectra were acquired (9.4T Bruker BioSpin) at day 5, 8, 10 or 13 post infection. On the same days, FCFM (Cellvizio,
Mauna Kea) was performed to study the lesion at a cellular level. After image acquisitions, animals were sacrificed to
determine fungal load via CFU counts. Additionally, a longitudinal MRI/MRS study was performed. Secondly, mice
were infected intravenously (5.104 cells) to mimic disseminated disease. These animals were scanned longitudinally
via MRI (3-4 times/week).
 
An increased fungal load was found over time with a higher fungal burden in CN infection compared to CG. By use of
MRI, a progressive increase in lesion size could be documented and the lesion size corresponded with the fungal
load. MRS showed the presence of fungal metabolites inside the lesions, whereby trehalose concentrations were a
predictive marker for the fungal burden. FCFM indicated differences in fungal cell density between CN and CG
lesions. Quantified FCFM signals correlated with fungal load. Results obtained by the 3 different methods could also
be cross-correlated. Finally, MRI was applied to study infection in a disseminated disease model. Hereby, a
significantly higher amount of brain lesions was detected for CN infected animals compared to CG infected animals.
 
In this work we present 3 in vivo parameters that can be used for longitudinal assessment of the brain fungal burden in
Cryptococcus infections: lesion size (MRI), trehalose concentration (MRS) and fungal density quantification (FCFM).
This non-invasive approach can potentially be applied to study the effect of treatment on fungal load. Additionally, we
could detect differences in the pathogenesis of brain infection between both Cryptococcus species in the intravenous
model. We will further validate whether this approach can be used to non-invasively assess the virulence of different
cryptococcal strains.
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TITLE: Novel Preclinical Model of Implant Related Spine Infection Using Bioluminescent and Fluorescent Imaging
PRESENTER: Nicholas Bernthal
ABSTRACT BODY: 
Abstract Body: Post-operative spine infections are challenging to treat, as hardware must often be retained to prevent
destabilization of the spine, and bacteria form biofilm on implants, rendering them inaccessible to antibiotic therapy
and immune cells. A preclinical model of posterior-approach spinal surgery was created in which a stainless steel
Kirschner-wire was transfixed into the L4 spinous process of 12-week-old C57BL/6 mice. Mice were then randomized
to receive one of three concentrations (1x102, 1x103, and 1x104 CFUs) of a stable engineered bioluminescent strain
of Staphylococcus aureus (Xen36) or normal saline as a control at the time of surgery. The mice were then
longitudinally imaged for bacterial bioluminescence to quantify infection. The 1x102 CFU group had a decrease in
signal down to control levels by POD 25, while the 1x103 and 1x104 CFU groups maintained a 10-fold higher
bioluminescent signal compared to the uninfected control mice through POD 35 (p<0.05). All mice in the 1x104 CFU
group experienced significant wound breakdown, while no mice in the other groups had this complication. Once an
optimal bacterial concentration was determined, mice expressing enhanced green fluorescent protein in their myeloid
cells (Lys-EGFP) were utilized to contemporaneously quantify both bacterial burden and immune response. Spine
implants placed in Lys-EGFP mice were inoculated with 1x103 CFUs of S. aureus (Xen36) or a saline control.
Neutrophil fluorescence peaked for the infected and control groups on POD 3 (3.5x108 and 2.5x108

[photons/s]/[μW/cm2], respectively), and then gradually declined. The infected group continued to have a significant
neutrophil response above the control group through POD 35 (1.3x108 and 8.4x107 [photons/s]/[μW/cm2],
respectively) (p<0.05). This study successfully establishes a noninvasive in vivo mouse model of spine implant
infection that is able to quantify bacterial burden and host inflammation longitudinally in real time without requiring
animal sacrifice.
AUTHORS (LAST NAME, FIRST NAME): Johansen, Daniel1; Dworsky, Erik1; Hegde, Vishal1; Stavrakis, Alexandra1

; Loftin, Amanda1; Richman, Sherif1; Hu, Yan1; Lord, Elizabeth1; Francis, Kevin P.1, 2; Miller, Lloyd S.3; Wang,
Jeffrey4; Scaduto, Anthony A.1; Bernthal, Nicholas1

INSTITUTIONS (ALL): 
1. Department of Orthopaedic Surgery, David Geffen School of Medicine at UCLA, Los Angeles, CA, United States.
2. Life Sciences, PerkinElmer, Hopkinton, MA, United States.
3. Department of Dermatology, Johns Hopkins School of Medicine, Baltimore, MD, United States.
4. Department of Orthopaedic Surgery, Keck School of Medicine at University of Southern California, Los Angeles,
CA, United States.





CONTROL ID: 2501283
TITLE: PET imaging of infection using metabolic labeling of the bacterial cell
PRESENTER: Javier Villanueva-Meyer
ABSTRACT BODY: 
Abstract Body: Objective: Current methods of imaging bacterial infection rely on detecting morphologic changes or
host immune response.1 These strategies are often nonspecific and a reliable imaging technique to detect living
bacteria in vivo is needed. Most bacteria produce and incorporate D-amino acids (DAA) into the peptidoglycan cell
wall.2 The central hypothesis of our study was that radiolabeled DAAs could be used as specific markers of bacterial
infection in vivo. In this report, we describe the screening of candidate DAAs for bacterial incorporation, radiosynthesis
of 11C D-methionine, evaluation in a bacterial cell culture, and PET imaging in a murine abscess model.
 
Methods: DAA retention in bacterial cultures was studied with 14C-enriched D-alanine, D-methionine, and D-
phenylalanine, quantified using liquid scintillation. Using an analogous method to that employed for 11C L-methionine,
a mirror image D-homocysteine thiolactone precursor was used to generate 11C D-methionine and conditions
optimized to minimize racemization.3 Uptake of 11C D-methionine was assessed in Escherichia coli culture studies.
Subsequently, a murine abscess model, similar to that recently described in the literature, was prepared and PET
imaging was performed on a micro PET/CT system with dynamic imaging over 60 minutes.4 
 
Results: 14C-enriched DAA studies revealed that D-methionine had the highest uptake of the DAAs studied, with
fourfold higher accumulation than D-alanine. Therefore, D-methionine was selected as the lead candidate for PET
radiotracer synthesis. Radiosynthesis of 11C D-methionine was optimized with greater than 95% D enantiomer by
chiral HPLC. E. coli culture studies performed with 11C D-methionine recapitulated results from 14C liquid scintillation
studies including significant cell uptake that could be blocked with cold D-methionine and was attenuated in heat-killed
bacteria. In vivo PET imaging in a murine abscess model demonstrated greater than 2-fold tracer accumulation within
the flanks for live versus heat-killed E. coli by ROI analysis.
 
Conclusions: We have demonstrated the radiosynthesis, in vitro evaluation, and initial PET imaging evaluation of 11C
D-methionine in a murine abscess model. This, along with other DAAs, represent a promising class of compounds for
imaging bacterial infection in vivo.
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A) Liquid scintillation studies of 14C DAAs incubated with E. coli for 2 hours. D-methionine showed the greatest cell-
associated activity. B) Synthesis of 11C D-met from cyclic D-homocysteine thiolactone precursor yielded >95% D
enantiomer that was separated using chiral stationary phase HPLC. C) Uptake of 11C D-met in E. coli cultures
demonstrating blocking with cold D-met and attenuated accumulation in heat-killed E. coli. Cell-associated activity was
quantified with a gamma counter. D) MicroPET/CT after intravenous injection of 700 uCi 11C D-met in a mouse E. coli
abscess model. Significantly increased tracer accumulation is seen in the live bacteria-inoculated flank versus heat-
killed control flank. E) Dynamic curves of 11C D-met uptake in mouse abscess model. F) 60 minutes after injection,
greater than 2-fold uptake is seen in the flank with live bacteria as compared to heat killed.
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ABSTRACT BODY: 
Abstract Body: Introduction: The immediate point-of-care detection of pathogens in the distal lungs of patients with
suspected ventilator-associated pneumonia (VAP) has the potential to allow immediate treatment making decisions
and guide antimicrobial stewardship. Current strategies, such as bronchoalveolar lavage have a varied sensitivity and
specificity [1], are prone to contamination and take up to 3 days to provide a result. These diagnostic hurdles could be
overcome with an in situ optical molecular imaging strategy involving the direct endobronchial administration of
bacterial specific Smartprobes and distal lung imaging. The aims of this study were to fluorescently label anti-microbial
peptides to image bacteria in situ in the lung using optical endomicroscopy (OEM).
 
Methods: We synthesised two Smartprobes for the detection of i) all bacteria and ii) gram-negative bacteria, following
iterative peptide development to ensure bacterial specificity, avidity and peptide stability in the pulmonary
environment. NBD-UBIdend utilises the bacterial binding portion of the innate antimicrobial peptide (AMP) Ubiquicidin
(UBI29-41) on a dendrimeric scaffold and conjugated to an environmentally sensitive fluorophore called NBD. NBD-
PMX utilises the gram-negative selective AMP Polymyxin conjugated to the NBD fluorophore. These are combined
with OEM to allow distal alveolar imaging at micron resolution in an ex vivo ovine model of bacterial infection and in
explanted human cystic fibrosis lungs to allow the direct imaging of bacteria.
 
Results: NBD-UBIdend and NBD-PMX demonstrate binding affinity in a concentration dependent manner and labels a
diverse panel of bacteria, including a panel consisting of >70% of ventilator-associated pneumonia causing
organisms, for all bacteria and gram-negative bacteria respectively. Both compounds retain selectivity for bacteria
over mammalian inflammatory cells, demonstrate no toxicity and demonstrate peptide stability. NBD-UBIdend can
label E. coli, K. pneumoniae, P. aeruginosa and MSSA in situ in an ex vivo ovine model when instilled endobronchially
and imaged with OEM by utilising a bespoke image analysis algorithm when compared to control segments
(AUC=0.926, SE: 0.056, p=0.000128) and with a relevant limit of detection of 1x105 CFU/ml on lavage. Similarly,
NBD-PMX labels gram-negative, but not control or gram-positive bacterial segments (AUC 0.9945, SE: 0.014,
p<0.0001 and AUC 1.0, SE: 0, p=0.000259 respectively) in situ in an ex vivo ovine model. Finally, in explanted human
lungs with cystic fibrosis, NBD-UBIdend labels bacteria over peptide/fluorophore control segments (p=0.0027).
 
Conclusions: A Smartprobe/OEM strategy to immediately detect bacteria with gram-selectivity in size relevant pre-
clinical models is described and has the potential to allow immediate treatment decisions of initiating/discontinuing
anti-microbial therapy in critically ill patients. These are currently being assessed in Phase 1 human studies.
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ABSTRACT BODY: 
Abstract Body: Introduction 
The imminent need to investigate and monitor immune and cancer processes has motivated the imaging community
to develop new strategies for longitudinal mapping of both inflammation and tumors. The phosphorylated nucleosides
and their respective deoxyribonucleosides including cytidine, adenosine, guanosine, thymidine, and uridine are
required molecules for the synthesis of RNA and DNA. In mammalian cells, there are three pyrimidine nucleoside
salvage enzymes with the capacity to phosphorylate all four deoxynucleosides, namely, thymidine kinase isoenzymes,
and the deoxycytidine kinase, (dCK) [1]. Phosphorylation of (deoxy)ribonucleosides is required for cellular DNA
replication and repair in general, and more specifically in activated and proliferating cells [2, 3]. Previous studies have
shown that dCK is highly expressed in proliferating lymphoid cells/tissues and in malignancies [2]. Capitalizing on the
accumulation of nucleoside-mono phosphate in cells expressing high levels of nucleoside kinases [4, 5] we propose a
non-invasive and non-radioactive approach for longitudinal imaging of nucleosides uptake in immunized lymphoid
organ by CEST (Chemical Exchange Saturation Transfer) MRI.
 
Methods 
SJL/JCrHsd mice (Harlan, Israel) were immunized with 150 μg PLP 139-151 emulsified in complete Freund’s adjuvant
(CFA) containing 150 μg Mycobacterium tuberculosis (Difco Laboratories). Ten days post immunization mice were
anesthetized and a series of 3 CEST data sets were obtained before,10 and 50 min following i.v. cytidine (in PBS,
500mg/kg) or PBS injection.
CEST weighted images were acquired with a modified RARE pulse sequence (TR/TE = 5000/4.8 ms), using a 150
Hz/3000 ms saturation pulse alternating between ±3 ppm frequency offsets from the water frequency. For each time
point, the MTRasym map was calculated from pairs of [S−1.8 ppm - S+1.8 ppm] /S0 using MATLAB following B0
correction made for each voxel in the image (1 mm slice, FOV=2.56Χ2.56 cm2,128×64 matrix).
 
Results 
In this study we aimed to evaluate the potential of cytidine as CEST MRI probe for the detection of inflammation
processes in vivo. The chemical structure of cytidine and its CEST MRI characteristics in PBS are shown in Fig.1a.
Fig.1b shows the MTRasym map of inflamed mouse prior the cytidine injection. The longitudinal changes in CEST
contrast in immunized lymph node are demonstrated in Fig.1 b-e. The MTRasym maps obtained at Δω=1.8 ppm
demonstrating the accumulation of injected cytidine in the lymph node, 50 min post injection (Fig.1c). This change in
the CEST contrast is depicted in the MTRasym and ΔMTRasym plot shown in Fig.1d-e, respectively. Contrary, i.v.
injection of PBS, as control, did not point on any change in CEST effect on lymph nodes when comparing pre and post
injection.
In conclusion, we demonstrate the capabilities of using cytidine, a natural occurring nucleoside, as an MRI based
probe for monitoring inflammation processes, non-invasively and longitudinally.
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Fig 1. CEST MR imaging of cytidine uptake in immunized lymph node . Molecular structure of cytidine and MTR asym
plots of cytidine (10 mM) and PBS (a). Representative in vivo MTR assym maps (1.8 ppm) of immunized mice lymph
nodes (white arrows) overlaid on T2 images, demonstrating cytidine uptake before (b) and 50 min (c) after i.v.
injection. MRI CEST effect (%) (mean ± s.d.) time course following cytidine (n=5) or PBS (n=3) i.v. injection (p<0.05)
(d). Temporal changes in ΔMTR asym (mean ± s.d.) 10 and 50 min post injection of cytidine (n=5) or PBS (n=3),
(p<0.05)( e).
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Neurovirulent Infection.
PRESENTER: Margaret Lentz
ABSTRACT BODY: 
Abstract Body: Introduction Assessment of blood–brain barrier (BBB) disruption using dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) is a well-known non-invasive technique to characterize and quantify vascular
changes in both humans and animals [1]. For characterizing pathogenesis and/or vaccine and therapeutic efficacy,
imaging is particularly useful compared to serial sacrifice studies as it allows for the efficient measurement of subtle
physiological changes within an animal over the disease course. While simple pre/post contrast imaging can be used
for therapy monitoring by providing qualitatively assessment of BBB disruption, DCE MRI is well suited for therapy
monitoring by providing reliable quantitative measurements of vascular changes [2]. To achieve reliably quantifiable
results, the temporal sampling requirements suggested in cancer clinical trials is between 2-3 seconds [3]. The goal of
this study was to increase the temporal resolution of DCE-MRI sequence in a non-human primate (NHP) model of
infection by using the Keyhole technique [4] in order to improve the vascular input function and better characterize
vascular change.
Methods The Keyhole Sensitivity Encoding (SENSE) technique was implemented using commercially available
software on a 3.0T MRI scanner (Achieva, Philips Healthcare, Andover, MA). An NHP was imaged before and after
infection with a neurovirulent virus using an 8-channel, pediatric neuro-spine array radiofrequency-receiver coil using
only the 4 head channel configuration. Imaging parameters for the T1 weighted dynamic GRE sequence included
1.5x1.5x2.0 mm3 spatial resolution, 96x96x50 mm3 field of view, and repetition time/echo time/flip angle of 5.9
ms/1.95 ms/10 degrees. The dynamic imaging time with a 1.25 SENSE factor and 0%/40%/30% keyhole resulted in
sampling times of 8.0/3.1/2.4 seconds respectively. The data was processed using the basic T1 perfusion scanner
software with the mask set at 7.1 seconds and using the “area under the curve” (AUC) function to produce the semi-
quantitative parametric map.
Results Figure 1 shows the vascular input function from the sagittal sinus in normal animal (preinfection) and two
keyhole weightings of 40% (Fig.1b) and 30% (Fig.1c). Compared to 0% weighting using 30% or 40% keyhole
weighting factors leads to a greater peak amplitude and sharper decline of the curve improving characterization of the
vascular input function by MRI DCE. Figure 2 shows the ability of the keyhole at 25% to capture perfusion changes in
an animal model of viral infection that is neurotropic in nature.
Conclusion The use of keyhole acquisition allows decreasing the sampling interval from 8 second to 2.4 seconds
which is within the recommendations cited for suitable DCE processing [3]. In addition, this technique can
demonstrate perfusion changes with semi-quantitative AUC processing in infectious based pathogenesis.
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ABSTRACT BODY: 
Abstract Body: Introduction As a non-invasive imaging tool, susceptibility weighted magnetic resonance imaging (MRI)
techniques may be of use in the characterization of vascular changes and hemorrhagic disease observed in animal
models of emerging viral infections. In this study, we optimized Principle of Echo Shifting and Train Echo (PRESTO)
technique [1] to highlight the improvement in susceptibility weighted image quality relative to previously reported echo
planar imaging (EPI) based susceptibility weight imaging (SWI) techniques [2]. Additionally, we demonstrate the ability
for this PRESTO sequence to provide a means of quantifying alterations observed in an infectious disease animal
model, when combined with proton density (PD) weighted images.
Methods Imaging phantoms were used to optimize the various SWI techniques on a 3.0T clinical MRI scanner
(Achieva, Philips Healthcare, Andover, MA). Additionally, the brain of an African green monkey (AGM) was examined
with an 8-channel, pediatric neuro-spine array radiofrequency-receiver coil using only the 4 head channel
configuration. This monkey was scanned before and 8 days after infection with Nipah virus (NiV) to assess the
susceptibility weighted image quality and sensitivity of the PRESTO sequence. Spatial imaging parameters for the PD
and PRESTO sequences included a 0.5x0.5 mm/pixel in plane resolution with 1.0 mm slice thickness and 0.5 mm
slice spacing; using a 192x192 matrix produced a 96 x 96 mm field of view. T2* contrast parameters included a 5.0
degree flip angle and 27 msec repetition time (TR) was used. The PD had an echo time (TE) of 2.7 ms while the
PRESTO had a TE of 34.7 msec. The acquisition time for each sequence was 5 min. PRESTO utilizes additional
gradients to spoil unwanted signals that arise in traditional EPI based sequences. Quantifiable susceptibility-weighted
maps (R2* maps) were generated as a simple log fit of the two TE data sets.
Results While both PRESTO and EPI based SWI techniques have good T2* contrast, there is less geometric
distortion with the PRESTO technique as is evident within the phantom (Figure 1). These geometric distortions limit
the use of EPI based SWI techniques for anything other than qualitative analysis. However, R2* maps generated from
the PRESTO and PD sequences allow for the quantification changes in susceptibility weighted contrast relative to
normal. Images of an AGM brain before and after infection with NiV, indicated changes were observed in the
vasculature within days of infection (Figure 2).
Conclusion Application of a PRESTO based SWI technique in conjunction with a previously acquired PD weighted
acquisition is an efficient strategy for detection, characterization and quantification of vascular pathophysiological
manifestations of viral infection in the brain. This application strategy will allow for the evaluation of neurologic
complications in primate models of infectious disease.
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TITLE: 18F-Albumin PET imaging of Rhesus Monkeys following Ebola Virus Infection
PRESENTER: Svetlana Chefer
ABSTRACT BODY: 
Abstract Body: Introduction 18F labeled serum albumin (FALB) is a novel blood pool imaging probe with favorable in
vivo stability and production properties that make it suitable for clinical and research PET imaging applications. One
potential application of FALB is organ blood volume and vascular leakage visualization and quantification which would
offer insight into pathophysiology and provide a biomarker for countermeasure efficacy for viral hemorrhagic fevers.
Using Ebola virus (EBOV) infection of a rhesus monkeys as a model system, blood pool dynamics, as measured by
FALB imaging, were investigated as a biomarker of disease progression.
Material and Methods FALB was synthesized via coupling of 18F-2,3,5,6-tetrafluorphenyl 6-fluornicotinate to rhesus
monkey albumin.  Study subjects were intramuscularly exposed to 3log10 PFU of EBOV Makona; met clinical
endpoint criteria on days 7, 7, and 8 post-exposure and were humanely euthanized. A series of whole body FALB-
PET and CT scans were collected (three pre-exposure scans on days -11, -7 and -4 (n=3) and on day 2 (n=3) and 8
(n=1) post-exposure) on a Gemini PET/CT scanner (Philips Healthcare) modified to operate in a biosafety level 4
environment.
 
Volumes of interests (VOIs) were drawn on the CT aligned PET images and volumes of distribution (VTs) in the
organs of interest were calculated as the ratio of organ FALB concentration to left ventricular FALB concentration.
Two-way repeated measures ANOVA determined the VT changes pre- and post- EBOV exposure.
 
Results PET images demonstrated stable FALB retention in the blood. The left ventricle and major organs including
the liver, spleen, kidneys and testes were clearly delineated on the PET and CT images. The time activity curves in
the blood and major organs plateaued 40 sec after FALB injection and did not decline up to one hour post-FALB
injection. The VT obtained from three pre- exposure scans per subject for kidneys, liver, spleen, testis and vertebral
body and humeral epiphyses were 0.54+0.03; 0.41+0.05; 0.46+0.05; 0.28+0.04 and 0.22+0.04, respectively.
Statistical analysis revealed significant difference between VTs pre- and post-exposure (p=0041; F=12.51). A trend of
decreased VTs in kidneys (0.44+0.05) and testes (0.20+0.02) on day 2 pi and an elevated VTs in the vertebral body
and humeral epiphyses (0.36) on day 8 pi was identified.  A post-hoc analysis was not performed because an
interaction between condition (pre-and post-exposure) and location (different organs) did not reach statistical
significance (p=0.0921, F=2.476). It is expected that a larger sample number in a follow-up study will increase the
statistical power, allowing confirmation of the data.
 
Conclusion: Using FALB PET detectable changes in blood pool distribution were observed as early as 2 days post-
EBOV exposure. These data suggest that FALB imaging may detect early changes in organ blood volume that could
reflect elements of the underlying pathophysiology leading to organ dysfunction and failure.  Based on these pilot
study results, further evaluation of FALB is warranted for better understanding the implications of blood pool dynamics
during viral hemorrhagic fevers.
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TITLE: Evaluating different Clostridium difficile Infection mouse models by FDG-PET
PRESENTER: Lorena Cussó
ABSTRACT BODY: 
Abstract Body: Introduction: Clostridium difficile infection (CDI) is the leading cause of hospital-acquired diarrhea. The
increase of CDI incidence, especially lethal CDI, is encouraging new treatments which require CDI animal models that
simulate patient infection [1]. The aim of this study was to evaluate different CDI mouse models that mimic clinical
scenarios, from mild to severe. Methods: CDI models were induced by preconditioning antibiotic protocols in drinking
water (A: Three days on kanamycin (0.4 mg/ml), gentamicin (0.035 mg/ml), colistin (850 U/ml), metronidazole (0.215
mg/ml), and vancomycin (0.045 mg/ml) [2]; or B: Ten days on cefoperazone 0.5 mg/ml [3]) followed by a single dose
of 10 mg/kg clindamycin intraperitoneally one day before Clostridium difficile infection (human strains 001 or 027).
Eighteen C57BL/6 mice were divided into three experimental groups: A001 (N=6, 107 CFU 001); B001 (N=6, 107CFU
001); and B027 (N=6, 106CFU 027), plus a non-infected control group (N=5). After the infection, a PET-CT (ARGUS,
SEDECAL) was acquired 45 min after intravenous administration of 17MBq of FDG, and colon uptake was measured.
Bladder FDG signal was suppressed by hydration (saline) and furosemide administration (7 mg/kg). Iopamiro (0.3 ml
intraperitoneal) and gastrolux (0.5 ml rectally) were administered to enhance abdominal organs on the CT. Weight,
animal general condition (diarrhea, posture, hair aspect, etc.) and survival were monitored daily. Results: A001 group
showed moderate colitis 24 hours post-challenge, recovered by the next day, 0- 10% loss of initial body weight and
had 0% mortality. B001 group showed symptoms during 4 days, with moderate-severe colitis with mucus, 5-18% loss
of initial body weight and had 0% mortality. Colon SUV was similar between B001 and A001groups (0.6 ± 0.1 and 0.5
± 0.02) and similar to control animals (0.4 ± 0.06). On the other hand, B027 group induced symptoms during 7 days
with hung posture, severe colitis (liquid), 10-30% weight loss, 66.7 % of mortality four days after infection, and colon
SUV of 1.1± 0.2. Discussion and Conclusion: Our results show that the election of pre-infection antibiotic protocol is
critical in the CDI animal model. Even using the same strain (001), animals developed more symptomatic infection
with B protocol than with A. As in patients, symptoms, severity and mortality depend on particular Clostridium difficile
strain. 027 strain induced more lethal infections than 001, with a higher colon FDG signal. We propose that colon FDG
uptake may by a biological marker of inflammation and tissue damage in CDI. Acknowledgement: This work is
supported by Spanish MINECO (PI13/00687). References: [1] Theriot, C.M., et al., Antimicrob Agents Chemother,
2015. [2] Chen, X., et al., Gastroenterology, 2008. [3] Longshaw, C.M., et al., ECCMID 2015
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Figure 1. Example of coronal PET-CT views. Left to right, control animal without infection; A001;  B001; and B027.
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TITLE: Evaluation of single and combinatorial antimicrobial treatments for prosthetic joint infections using
multimodality bioluminescent and CT imaging in a mouse model
PRESENTER: John Thompson
ABSTRACT BODY: 
Abstract Body: Treatment of prosthetic joint infection (PJI), which traditionally entails 2-stage surgical revision and/or
long-term intravenous (IV) antibiotics, is costly and associated with morbidity from surgery, long term IV access, and
antibiotic-specific toxicities. We wanted to explore whether a novel “all oral” antibiotic regimen would be equivalent to
the currently-recommended (vancomycin plus rifampin) intravenous-based regimen using serial bioluminescent
imaging (BLI) and micro computed tomography (µCT) to monitor antibiotic treatments in a murine PJI model (Refs
1,2). A Kirschner wire was inserted retrograde into the distal femoral canal with the distal end protruding into the joint.
A bioluminescent strain of MRSA (NRS384) was directly inoculated onto the exposed pin before surgical closure, and
the infection was allowed to incubate for 2 weeks. Thereafter, 6-week courses of single or combination antimicrobials
were administered subcutaneously (s.c.) or via gavage (p.o.): ceftaroline (100mg/kg s.c) ± rifampin (10 mg/kg p.o.),
daptomycin (50mg/kg s.c.) ± rifampin, doxycycline (100mg/kg p.o.), linezolid (80 and 200 mg/kg p.o.) ± rifampin,
vancomycin (110 mg/kg s.c.) + rifampin, or sham saline treatment. A minimum of 10 mice were used for each group
except linezolid 200mg/kg (n = 5). Mice were monitored with weekly BLI and end-point µCT prior to sacrifice.
Thereafter, residual infection was both enumerated as bacterial colony forming units (CFU) on agar and qualitatively
identified in broth cultures, from both the bone+joint tissue and implant biofilm. All rifampin combinatorial therapies
resulted in decreased BLI signals that approached background by 7 days after treatment and were significantly lower
than sham therapy. In contrast, all single-agent antibiotic therapies had detectable BLI signals for the full treatment
course at 1-2 log10 lower than sham treated mice, and also had detectable CFU and/or positive broth cultures from all
tissues and most implants. Linezolid (at 80 mg/kg and 200 mg/kg) was the most effective single agent with complete
sterilization in some cases. However, linezolid at 200 mg/kg was toxic at this dose as evidenced by significant weight
loss in 2 of 5 mice. CT demonstrated fewer reactive bone changes by volumetric analysis in antibiotic treatment
groups compared to sham treated mice, in accordance with BLI signals and CFU data. Overall, rifampin-based
combination antibiotic therapies were more effective than single-agent treatments in this mouse model of PJI and
sterilized tissue and implants in all samples obtained. This study suggests that linezolid plus rifampin could be
developed as a viable “all oral” antibiotic regimen to reduce costs and limit morbidity.
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TITLE: Probing the structural requirements of polybasic peptides for effective systemic amyloid reactivity by
SPECT/CT imaging and microautoradiography using a murine model of AA amyloidosis.
PRESENTER: Jonathan Wall
ABSTRACT BODY: 
Abstract Body: Polybasic helical peptides, such as peptide p5, bind human amyloid extracts and synthetic amyloid
fibrils (Martin et al. [2014] Peptides, 60, 63-70). When radiolabeled, peptide p5 and similar reagents, such as p5+14,
have been shown to bind peripheral amyloid specifically in vivo thereby allowing imaging of the disease. At present,
there are no FDA-approved clinical techniques for whole body imaging of systemic amyloidosis in patients with these
devastating diseases. We hypothesize that understanding the features that govern amyloid binding will result in
enhanced amyloid-targeting agents for imaging and therapy. The structural requirements for effective binding to
heparan sulfate (heparin was used as a surrogate) and amyloid fibrils, the major polyelectrolytic components of
amyloid, have been studied using in vitro analyses, SPECT/CT imaging, biodistribution and autoradiography.
Synthetic peptides based on the structure pf p5 peptide, but with disrupted helices, β-sheet propensity, or all-D
enantiomer, were evaluated. Peptide-ligand interactions were studied using CD spectroscopy and solution-phase
binding assays using radiolabeled peptides. The interaction of a subset of peptides was further studied by using
molecular dynamics simulations. In vivo reactivity with systemic amyloid was assessed by SPECT imaging, tissue
biodistribution measurements and autoradiography.
Disruption of the peptide helical structure reduced peptide binding to heparin and amyloid extracts. However, the all-D
enantiomer and the β-sheet peptide bound all amyloid substrates as well as, or better than, p5. The interaction of
helical and β-sheet structured peptides with Aβ fibrils was modeled and shown to involve both ionic and non-ionic
interactions. In vivo, the β-sheet peptide specifically bound amyloid. The all-D enantiomer of p5 exhibited amyloid
binding but also novel, intense, off-target reactivity in the renal cortex and hepatic sinusoids.
The α-helical secondary structure of peptide p5 is important for heparan/heparin and amyloid binding; however,
helicity is not an absolute requirement for these interactions as evidenced by the superior binding of a β-sheet peptide,
both in vitro and in vivo. The all-D enantiomer of p5, despite binding ligands effectively in vitro, exhibited significant off-
target reactivity in vivo and was, therefore, deemed unsuitable as an amyloid imaging agent. The polybasic β-sheet
motif is a novel model structure for developing improved amyloid targeting reagents in vivo.
AUTHORS (LAST NAME, FIRST NAME): Wall, Jonathan3; Williams, Angela4; Stuckey, Alan2; Martin, Emily B.4;
Richey, Tina5; Wooliver, Craig4; Heidel, Robert E.6; Cheng, Xiaolin7; Kennel, Stephen1

INSTITUTIONS (ALL): 
1. medicine and radiology, UTGSM, Knoxville, TN, United States.
2. University of Tennessee Graduate School of Medicine, Knoxville, TN, United States.
3. Medicine and Radiology, University of Tennessee Medical Center, Knoxville, TN, United States.
4. Medicine, University of Tennessee Medical Center, Knoxville, TN, United States.
5. Medicine, University of Tennessee Medical Center, Knoxville, TN, United States.
6. Surgery, University of Tennessee Medical Center, Knoxville, TN, United States.
7. Bioscience Division, Oak Ridge National Laboratory, Oak Ridge, TN, United States.
(No Image Selected)



CONTROL ID: 2493111
TITLE: Assessment of salicylate accumulation in LPS-treated organotypic mouse brain slices using CEST-MRI
PRESENTER: Xiaolei Song
ABSTRACT BODY: 
Abstract Body: Introduction: Nonsteroidal anti-inflammatory drugs (NSAIDs) such as the salicylates have been shown
to accumulate in inflamed body tissue1. There are limited data on the biodistribution of NSAIDs in the central nervous
system (CNS), specifically in regard to the actual concentration at the target site. It was recently described that certain
NSAIDs can be detected by Chemical Exchange Saturation Transfer (CEST) MRI2,3 at millimolar concentrations in
vivo. To quantitatively compare the specific accumulation of salicylates in neuroinflammatory CNS tissue with MRI
enhancement, we employed ex vivo organotypic cultures of mouse brain slices4, where lipopolysaccharide (LPS) was
used to induce inflammation. Sodium salicylate (NaSA) was then added to the slices and the amount accumulated
NaSA within brain tissue was measured using both CEST MRI and liquid chromatography–tandem mass spectrometry
(LC-MS/MS).
Materials and Methods: Brain slices were prepared from wild type C57BL/6 mice4 and divided into an LPS-exposed
group (inflammation group, IG) and a control group (CG). After 24 hours of LPS-incubation of the IG, both groups
were treated with NaSA for 4 hours in a range of concentrations from 100 mM to 400 mM. The treatment media were
collected for CEST measurements. NaSA was extracted from washed tissue slices with acetonitrile, followed by
centrifugation and purification of the supernatant using solid-phase-extraction. LC-MS/MS analysis was performed on
an ABSciex 3200 instrument coupled to a Shimadzu FPLC5. Following LC-MS/MS measurements, the organic
solvents were evaporated and samples were dissolved in PBS and titrated to pH ~7.2. CEST measurements were
performed on a Bruker 11.7 T vertical bore MR scanner, with acquisition and image post-processing parameters as
described in2,3.
Results: The culture media for IG slices showed a lower CEST signal than control media (Fig. 1a), indicating a higher
NaSA uptake by the brain tissue in the IG. The amounts of NaSA accumulated in the brain tissue were measured by
CEST-MRI (Fig. 1c) and validated using LC-MS/MS (Fig.1d), for both IG and CG (n=6 slices each). Fig. 1d shows the
CEST signal being significantly different between the two groups, where the saturation condition (B1_sat = 5.9 uT)
could also be used for in vivo imaging2,3. LC-MS/MS confirmed the higher accumulation of NaSA in the IG slices, with
an average pre-extraction concentration of ~1g/Kg bodyweight for the IG slices vs. ~0.4g/Kg for the CG slices (Fig. 1d
). Fig. 1e shows a plot of LC-MS/MS-determined NaSA concentration as a function of CEST signal intensity,
demonstrating a linear correlation (R2 = 0.713).
Conclusions: Using an ex vivo organotypic brain slice model, we show that NaSA accumulates in the inflamed brain
tissue. Given the linearity of CEST signals with NaSA concentrations as determined LC-MS/MS, CEST MRI has
potential for imaging and quantification of NSAID in vivo.
1 Rainsford, K.D. et al, Biochem Pharmacol 29, 1281 (1980)
2 Yang, X. & Song, X. et al. Angewandte Chemie 52, 8116(2013)
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5 Su, L., et al. RCM 28, 1265 (2014)
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Fig.1 Quantitative assessment of NaSA accumulation in inflamed mouse brain slices ex vivo. a. A cartoon illustrating
the setup of the organotypic brain slice culture model4. b. CEST spectra and images of the culture media following
addition of NaSA, showing higher signal for control media and lower signal for media of LPS-treated slices, indicating
more tissue uptake by the LPS-treated slices. c. CEST signals with B1 = 5.9 uT; d LC/MS/MS measurements of
NaSA. (pre-extraction). e. correlation of drug conc.  as measured by LC-MS/MS with the CEST signal shown in c.
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TITLE: A paramagnetic manganese-based substrate of myeloperoxidase with superoxide-dismutase activity.
PRESENTER: Alexei Bogdanov
ABSTRACT BODY: 
Abstract Body: Neutrophil myeloperoxidase (MPO) is a promising target for diagnostic imaging of inflammatory
component of many diseases (diabetes, vascular disease, and cancer). MPO has high extracellular activity, which has
been shown to correlate with the outcome of stroke and other cardiovascular diseases. MPO-catalyzed reaction leads
to the formation of reactive intermediates resulting in covalent modifiction of proteins. It has been shown that bis-5-
hydroxytryptamide-diethylenetriamine-pentaacetate gadolinium demonstrates specific binding to MPO and is able to
enhance image contrast in rat and rabbit inflammation models using clinical MRI [1,2]. Manganese (II) is a
paramagnetic cation potentially useful for detecting in vivo enzyme activity through the generation of MR contrast
while functioning as superoxide dismutase (SOD) mimetic that converts superoxide (O2

.-) anion into hydrogen
peroxide. Previous efforts to synthesize manganese based mimetics have resulted in a family of Mn(II) macrocycles
with dismutase activity exceeding that of the native SOD enzyme [3]. Importantly, these mimetics have reduced
toxicity compared to free Mn (II). In this work, a synthetic scheme was adapted to produce a Mn(II)-based,
paramagnetic SOD mimetic that also acts as a substrate for MPO (Figure A,B). We used chloro-substituted M40409, a
pentaaza-macrocylic complex of Mn, for conjugating with cysteamine in the presence of a base. The resultant amino-
functionalized macrocycle was then coupled with 5-hydroxyindole acetic acid to yield M40409-5-
hydroxyindoleacetamide (I). Measurement of relaxation time changes as a function of Mn(II) concentration at 0.47T
was performed under three conditions: (1) with no MPO present, (2) with MPO, xanthine oxidase (XO)/xanthine as a
superoxide radical producing system, and (3) with I, MPO and glucose oxidase (GOX)/glucose (source of hydrogen
peroxide) present as a positive control. Based on results (see Figure C) the presence of MPO and XO/xanthine, or
GOX/glucose displayed increased relaxivity as compared with M40409 with no enzymes present, indicating that MPO-
induced oligomerization of the enzyme imaging probe was occuring. Furthermore, all Mn(II) based macrocycles
showed higher relaxivity when compared to a Gd-DTPA controls under all three enzymatic conditions. Thus, we
synthesized and tested a Mn(II)-based macrocyclic substrate of MPO with potential theranostic properties, i.e. capable
of superoxide radicals dismutation, which in turn simultaneously provides hydrogen peroxide for MPO activation and
enables MR imaging of MPO activity. References. 1) Chen JW, et al. Radiology 2006, 240: 473-481. 2) Ronald JA, et
al. Circulation 2009, 120:592-599. 3) Salvemini D, et al. US Pat. 8,217,166. 10 Jul. 2012.
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A - macrocyclic Mn-based superoxide dismutates superoxide anion and resultant hydrogen peroxide is utilized by
myeloperoxidase to convert MR imaging probe/substrate into a reactive intermediate; B - a structure of M40409-5-
hydroxyindoleacetamide; C- r1 (relaxivity) change of Mn(II) in the presence of M40409-5-hydroxyindoleacetamide and
MPO + glucose oxidase/glucose (positive control), MPO + xanthine oxidase/xanthine compared to probe alone and
GdDTPA
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TITLE: Fluence-compensated photoacoustic image reconstruction for quantitative deep tissue imaging 
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ABSTRACT BODY: 
Abstract Body: Photoacoustic tomography (PAT) is an exciting emerging imaging modality that is well suited to
interrogating angiogenesis and blood content in highly aggressive tumors, and shows great potential for molecular
imaging. Tissues differentially absorb light and generated sound waves are measured by high-resolution ultrasound
transducers. Signal is strongly dependent on local light fluence and tissue optical properties. Though light is typically
attenuated an order of magnitude per cm in tissue, conventional PAT reconstruction techniques do not account for this
and as a result, suffer from extensive image artifacts. Here, we present the first time-domain quantitative PAT (qPAT)
reconstruction algorithm that simulates both light distribution and acoustic propagation to create quantitative images of
tissue absorption coefficient. Current methods are non-quantitative and past qPAT studies are limited to less than 3cm
depth. We demonstrate quantitative accuracy of less than 5% error in the largest 2D qPAT studies to date (6cm
diameter), making it possible to move qPAT imaging from mouse to human. Numerical simulations with synthetic data
are presented to compare the method to conventional filtered back projection (FBP).
In this qPAT algorithm, fluence is simulated using the steady-state diffusion equation. After conversion into initial
pressure, the acoustic wave equation is solved for all space over sufficient time and yields synthetic pressure data.
The final image is reconstructed using the time domain Levenburg-Marquardt formulation to iteratively minimize
model-data mismatch.
This method was evaluated versus FBP in five different scenarios that address typical image artifacts. Assigned
optical properties mimic human breast tissue and blood vessels, with maximum target to background contrast of 10x.
The qPAT algorithm was validated in a 3cm diameter circle, recovering optical absorption to within 0.42%, 1.27%, and
0.96% of the true value in three 2mm diameter targets. Performance in recovering deep objects was assessed using
5mm diameter targets placed at depths up to 4cm in a 6cm circle. The qPAT method was able to recover the target
concentration within 22% error for all depths. FBP was not able to provide quantitative estimates in any of these cases
nor was able to even locate targets deeper than 3cm.
The qPAT algorithm was superior to FBP in recovering both intrinsic contrast and exogenous dyes. Spectral unmixing
of intrinsic absorbers and AlexaFluor750 dye is demonstrated in a 3cm circle. All targets were reconstructed with a
median error of 8%. FBP is able to recover only relative concentrations with 36% median error.
The qPAT algorithm presented outperforms FBP from the standpoint of image quality, absolute, and relative
quantification. These efforts improve PAT with accurate, quantitative images from both endogenous absorbers and
exogenous dyes in the largest domains to date. This method would provide additional information at the time of
imaging, improving preclinical PAT studies and ultimately moving PAT towards clinical use through deeper imaging.
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TITLE: Fast x-space MPI DC reconstruction using matrix-free operators with code generation
PRESENTER: Ryan Orendorff
ABSTRACT BODY: 
Abstract Body: INTRODUCTION: Magnetic Particle Imaging (MPI) is a promising new modality that images only a
magnetic tracer, commonly super-paramagnetic iron oxide (SPIO) nanoparticles [1, 2]. During data acquisition,
information about the DC component of the native image is lost, and must be recovered using a priori knowledge such
as image continuity and positivity [3,4]. One method of recovery uses convex optimization techniques to determine the
DC offsets that match the a priori knowledge [5]. This method produces excellent images but significant time and
memory resources to perform.
 
This paper discusses an efficient numerical implementation of DC reconstruction by combining two
techniques—matrix free operators and code generation—for performing optimizations with greatly reduced
computational space and time for MPI DC reconstruction.
 
METHODS: Linear transformations can be represented in either a finite form (a matrix) or as a function from an input
space to an output space. We have implemented a numerical package in Python named PyOp that easily converts
operations written as manipulation of images into linear transformations which operate on vector spaces. This
package comes with a set of combinators for manipulating linear operators. Code generation, through a Selective
Embedded Just-in-time Specialization (SEJITS) implementation framework, is performed to optimize both the linear
operators and the combinators in order to create an higher abstraction framework that is more computationally
efficient than hand-optimized code.
 
With the MPI functions defined as linear transformations through PyOp, we were able to use a variety of proximal
operator based optimization methods (FISTA [5]) to reconstruct an MPI image. The solver methods are implemented
in a general manner, allowing for additional a priori information to be added easily.
 
RESULTS: Prior DC recovery on x-space MPI datasets could take over an hour and 150 GBs of memory; with the
PyOp+SEJITS package the same recovery takes under 4 minutes and bytes of space. This represents a billion times
improvement in space and a 15 times improvement in speed. The PyOp+SEJITS method will always guarantee that
the operators will take bytes of memory. These speed and space improvements are crucial to enabling real-time,
interventional MPI in the future.
 
CONCLUSION: PyOp+SEJITS defines an interface to convert functions on images into linear transformation easily,
provides a robust testing framework that enables mathematical robustness, and implements a complete set of
composition rules for ease of use. The PyOp technique is efficient and completely generalizable to other
reconstruction problems in MPI and linear algebra in general. In addition, this software framework can be used to
easily augment the image reconstruction with additions such as filtering in the Fourier domain or alternate optimization
formulations.
 
REFERENCES [1] P.W. Goodwill et al. IEEE Trans. Med. Imaging, 2010 [2] T. Knopp et al. Magnetic Particle Imaging
, 2012 [3] J. J. Konkle et al. Biomed Tech (Berl). 2013 [4] K. Lu et al. SPIE Proceedings. 2011 [5] A. Beck et al. SIAM
J. Imaging Sciences. 2009 [5] J. J. Konkle et al. PLoS ONE, 2015.
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Process for converting linear operations into an optimized form. (a) The basic structure for the PyOp package. First,
functions describing the linear operations are developed. Then the functions are validated and converted into a linear
operator form via PyOp. Finally, this form can be given directly to a solver like FISTA, if desired. (b) The SEJITS
package is then used to convert the unoptimized AST into C code by identifying certain nodes in the AST (square
nodes in the picture), interpreting the node’s children, and then generating an optimized C form. Regular Python
functions (circle nodes in the picture) with no square parent nodes are not optimized. (c) An example coronary artery
phantom image prior to performing the reconstruction procedure. (d) The reconstructed coronary artery image.
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TITLE: Evaluation and Optimisation of an Iterative Denoising/Deconvolution Method to Quantify Whole-Body Glucose
Metabolism by 18F-FDG PET in Mice 
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ABSTRACT BODY: 
Abstract Body: Introduction: Accurate PET image quantification requires image reconstruction methods capable of
minimising spillover and partial volume effects, particularly for small animal subjects. It is desirable to measure blood
plasma activity concentration Cp for kinetic model parameter estimation directly from blood pool regions of the PET
image as this avoids interference with the subject caused by blood activity sampling. Low activity concentration in
certain tissue types (such as fat or muscle) combined with the poor signal to noise ratio due to shorter frame lengths
(poor statistics) result in poor signal to noise ratio in early frames, effecting the quality of image derived input function.
 
Aims: This work aims to evaluate the quality of kinetic model parameters obtained from simulated 18F-FDG 4D PET
images of whole-body mice and reconstructed via two different image reconstruction techniques, using both image-
derived and blood-activity-derived input functions (IDIF/BADIF), for different signal to noise ratio levels.
 
Method: 2 tissue compartment parameters (k1-4, vb) were obtained for eight tissue (myocardium, vena cava, brain,
liver, lung, kidney, fat and muscle) from previously published mouse studies [1,2]. For each tissue type, noise-free
TACs were generated using a BADIF and were assigned to corresponding regions of the MOBY phantom. TACs were
scaled as a percentage of the injected dose. Total Bolus values of 5 MBq to 20 MBq F-18 (30 in total) were used.
 
Simulations were performed in PET-SORTEO using a validated model of a Siemens Inveon 5500 PET/CT scanner.
Images were reconstructed using FBP with and without 4D iterative deconvolution and denoising (IDD) [3]. The
temporal denoising was performed using either BADIF or IDIF (IDD-BADIF, IDD-IDIF). Resulting images were
segmented and TACs extracted for each region for both reconstruction methods. The signal to noise ratio was
calculated as the mean to variance ratio of each region of each frame.
Levenberg-Marquardt optimisation was used to fit model parameters to the TACs using BADIF and IDIF and the
combined irreversible forward rate constant (Ki) was calculated. These were then compared to the ground truth (GT)
or values originally used in the model.
 
Results: Initial results of 50 simulation studies have demonstrated good recovery of model parameters for most tissue
types (brain – Table 1), with significantly better results obtained with IDD in low-activity regions such as muscle. The
estimated myocardial Ki of the IDD reconstructed images using vena cava IDIF are in perfect agreement with the
ground-truth. Simulations and analysis are ongoing; quantitative comparison of IDD for and FBP performance for
different injected activities and noise conditions will be presented.
Conclusion: Preliminary data supports the use of the IDD method for accurate model parameter estimation,
particularly for noisy, low-activity regions and those effected by the partial volume effect and spill over.
References:  
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TITLE: Multi-view learning on multiparametric PET/MRI quantifies intratumoral heterogeneity and determines therapy
efficacy
PRESENTER: Prateek Katiyar
ABSTRACT BODY: 
Abstract Body: Introduction: We aimed to quantify the treatment response of an apoptosis inducing fusion protein
therapy by probing intratumoral heterogeneity using multiparametric PET/MRI and multi-view learning. The
simultaneously acquired PET/MRI data offer a multitude of functional parameters, each corresponding to a distinctive
physiological view of the tumor. Multi-view learning attempts to duly combine the complementary information from all
parameters, in order to predict early changes in the tumor microenvironment and monitor therapy efficacy.
 
Methods: NMRI nu/nu mice were subcutaneously injected with 4.5 x 106 COLO205 tumor cells and allowed to grow
for 14 days before being randomized into control (C24 = 11 and C72 = 11) and therapy groups (Th24 = 12, Th72 =
11), which were imaged at 24 and 72 hrs post therapy induction. Therapy groups were injected i.v. with 100 µg of
fusion protein 3 hrs after i.p. injection of 5 µg of Bortezomib, while the control groups received equal volumes of
vehicle. After imaging, tumors were excised into 2-3 mm thin slices and processed for several histological stainings.
The data consisted of dynamic 18F-FDG PET images as well as apparent diffusion coefficient, and pre- and post-
contrast (USPIO) T2 and T2* maps. All histological slices were manually co-registered to corresponding imaging
planes, and Caspase3 and H&E stainings were segmented to obtain apoptotic, viable, and rest (fibrosis and necrosis)
tissue fractions using K-means. Subsequently, the imaging data was divided into training and test sets. The training
set was segmented into tissue regions using multi-view spectral clustering (MSC) by minimizing the difference to
corresponding histology tissue fractions. These histologically-validated segmentation results were used to train a
random forest classifier. The trained classifier was applied on the test set in a voxel-wise manner, resulting in
parametric maps of tissue heterogeneity related to therapy efficacy.
 
Results: Although no significant size difference was found between the Th24 and control groups, a high degree of
apoptosis was present in the Th24 tumors. The Th72 tumors showed significant volume differences with the control
and Th24 groups (p<0.0167), and hence were excluded from the voxel-wise analyses. The exterior of the Th24 tumors
exhibited higher intensities in F4-80 stainings, thus indicating macrophage infiltration. As seen in H&E and Trichrome
stainings, the Th72 tumors were composed of 3 tissue types: apoptosis, fibrosis and viable. T2 pre values of the MSC
segmented apoptotic (625±68), viable (565±62), and rest (700±191) regions were most distinct. Strongest correlations
were found between (apoptosis = 0.94, viable = 0.98 and rest = -0.97) histology and MSC tissue fractions using
PET/MRI. The viable and apoptosis fractions were significantly different (p<0.05) between the test control and Th24
tumors.
 
Conclusion: Our proposed framework goes beyond the limits of volume and shape descriptors and enables a precise
estimation of therapy efficacy by measuring voxel-wise tumor heterogeneity through novel semi-supervised multi-view
learning of the multiparametric PET/MRI data.
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TITLE: Spectral Analysis for Molecular Imaging with Optical Coherence Tomography (OCT) in vivo
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ABSTRACT BODY: 
Abstract Body: Optical coherence tomography1 (OCT) is an imaging modality which detects light backscattered from a
sample and is able to create a micron resolution tomogram of structures such as the retina and tumors in vivo.
Functional imaging of the molecular processes inside tissue has not been realized with OCT yet. One way to image
molecules with OCT could be to selectively attach beacons to the molecules, for example by using antibody labeled
plasmonic nanoparticles, such as gold nanorods (GNRs). We aim to detect GNRs in tissue owing to their plasmonic
spectral peak by post-processing the OCT signal and applying novel adaptive algorithms for dispersion compensation,
chromatic aberration correction, and spectral analysis. In this report we describe the post processing algorithms that
enabled us to detect GNRs in solution, and in the blood and lymph vessels of living mice. In addition, we were able to
detect more than one type of GNR, based on the difference in the location of their spectral peak. This type of
multiplexing could be used to image more than one molecule simultaneously.
This project used a spectral domain OCT with a super luminescent diode source with a wavelength range of 800-1000
nm which provides 2.1 µm axial resolution. The lateral resolution depends on the lens and was 4.2 µm, in lymph
vessel imaging and 8 µm, in tumor imaging. The interferogram is recorded by a spectrometer and then post-
processed. To obtain the spectral contrast that allowed detection of GNRs in tissue we first divided the interferogram
by the spectrum of the source in order to compensate for spectral imbalances. Next, we separated the spectrum into 2
bands and multiplied them by Hann windows. The scans in each band were reconstructed independently. Dispersion
compensation was performed by finding the coefficient of the quadratic phase term iteratively by minimizing the
absolute difference between the reconstructed images of the two bands. The adaptive depth-dependent compensation
algorithm was an essential step for the success of our method in extracting the spectral data from in vivo OCT scans.
In samples thicker than several tens of mm, depth-dependent chromatic aberration and “roll-off” create a false spectral
signal that may dominate the signal of our contrast agent. In order to compensate for these effects, we used a
spectrally-neutral region to calibrate the depth-dependent spectral shift and then applied this calibration throughout the
image. We refer to the subtracted reconstructed bands normalized by the OCT intensity as the spectral contrast.
Finally, the OCT structure, the spectral contrast and flow detection were combined into a single image.
This approach enabled detection of large GNRs2 with 50 pM sensitivity in blood and 250 pM sensitivity (40 GNRs per
voxel) in the circulation of live mice. Multiplexed detection of spectrally-distinct GNRs was demonstrated to observe
discrete patterns of lymphatic drainage. These capabilities provide a powerful platform for molecular imaging and
characterization of tissue noninvasively at cellular resolution, called MOZART.
1D. Huang et al, Science 254(5035) (1991)
2E.D. SoRelle et al, Langmuir 31(45) (2015)
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a, OCT intensity, showing a tumor on the ear of a mouse in vivo. b, Result of flow detection. c, The recorded
interferogram (black) is divided into two bands (red and blue show the Hann windows) in order to detect gold
nanorods (GNRs) based on their spectrum. d, The spectral contrast. e, As in (d), after dispersion compensation. f, As
in (e), after depth-dependent spectral correction. g-h, OCT log intensity, flow detection, and spectral contrast create a
spectral map of the tumor blood vessels before (g) and after (h) intravenous GNR injection. Blood vessels are shown
in red and GNRs are shown in yellow. i, Absorbance spectrum of GNRs with spectral peaks at 815 and 925 nm. j,
Histograms of the spectral contrast of GNRs in capillary tubes, at concentrations of 25 pM in water and 500 pM in
blood. k-l, The spectral contrast of GNRs with a peak at 815 nm (top, black line) and 925 nm (bottom, red line) in
water, at concentrations of 5, 10 and 50 pM.
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ABSTRACT BODY: 
Abstract Body: Small animal imaging is an increasingly sophisticated process that includes modern imaging
equipment, complex animal models, as well as animal handling techniques (anesthesia, carrier gas, injection route,
and monitoring of various physiological parameters), which can modify the uptake and biodistribution of a molecular
probe and hence need to be recorded. Furthermore, current DICOM services are often focused on satisfying the
needs of the clinical radiologist and the technologist and include data for small animal imaging only as an afterthought.
With the increased attention on issues of reliable translation of research from bench to bedside, coclinical (animal plus
human) trials, multiple mouse acquisitions and analysis, complex animal models, and quantitative imaging, there are
small animal-oriented tasks that need to be supported to record, process, measure, and analyze various small animal
data in minimally labor intensive methods.
 
Roadmap: 
The DICOM WG-30 (Small Animal Imaging Group: members from industry, academia, the National Cancer Institute,
and federal national laboratories) roadmap is based upon the analysis of the small animal imaging workflow through a
standard framework, and then specifying information objects and services to fully digitize and integrate data flow from
different imaging systems within the small animal imaging community.
 
The digital platform is aimed at supporting: 
- A wide range of diverse imaging approaches and systems (PET/CT, SPECT/CT, Ultrasound, Photoacoustics, 2D
and 3D Bioluminescence, 2D and 3D Fluorescence, and Magnetic Resonance).
- Strong interactions between systems,
- Integration of “histologic processes” (anatomical and molecular pathology), “characterization of animal models”
(phenotype and genotype) and “imaging processes”
- Improved data sharing for translational research,
- Correlation of image, textual, coded, and numeric medical data
- Identification of multiple animals imaged simultaneously
- Improve database retrieval functionalities
 
The poster will present a global overview of DICOM for small animal imaging, workgroup (WG30) DICOM standards
(Supplement 187 and corresponding Change Proposal’s) approved by the Digital Imaging and Communications in
Medicine (DICOM) Standards Committee, NEMA: http://dicom.nema.org/medical/dicom/current/output/.
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ABSTRACT BODY: 
Abstract Body: Introduction: For accurate PET data quantification, both subject motion and partial volume effects have
to be accounted for. This is especially challenging when imaging dementia patients who are more prone to motion and
have severe brain atrophy. Simultaneous PET/MR data acquisition provides temporally and spatially correlated MR
data that can be used to derive motion estimates and anatomical priors. In this work, we present preliminary results
suggesting that incorporating spatiotemporally correlated MR data in the PET image reconstruction reduces the bias
and intersubject variability in cerebral glucose metabolic rate (CMRglc) estimation in dementia patients.
Methods: 5 subjects (3 logopenic primary progressive aphasia (LPPA), 2 Alzheimer’s disease; age 63.6±7.1) were
enrolled and scanned using the Siemens BrainPET-3T MR prototype [1]. ~5 mCi of FDG were administered and
dynamic PET data were acquired for 70 minutes. Dynamic PET frames and a static 20-minute frame (50-70 min) were
reconstructed using the 3D-OSEM algorithm. MR-based attenuation correction was performed as described in [2].
Motion estimates derived from the EPI-based fMRI data acquired for resting state analysis were also used to estimate
head motion and correct the PET data before image reconstruction [3]. Anatomy-aided reconstruction (AAR) of the
motion corrected data was performed for the static frame [4]. Regions of interest (ROIs) were obtained using
FreeSurfer [5] for quantification.CMRglc was calculated for each ROI using the Wu method [6] and the relative change
(RC) and coefficient of variation (CV) before and after motion correction (MC) were compared. The changes in SNR
(ratio of the mean GM uptake to the SD of the WM uptake) and GM CV were used to assess the improvement in
image quality for static PET images with and without AAR.
Results: Qualitatively, hypometabolism in the temporal lobes was observed for all subjects. Lower metabolism in the
left frontal, parietal, and lateral temporal cortices compared to their right counterparts for LPPA subjects was also
noted as reported in [7]. All subjects moved during the scans but to varying degrees. Fig. 1A shows the displacement
curves obtained by aggregating the 6 rigid motion parameters at each time point for two representative subjects.
Higher RCs in CMRglc after MC were observed in less compliant patients (Fig. 1B). MC also reduced intersubject CV
in CMRglc (Fig. 1C). Similarly, the AAR (Fig. 1D) reduced GM CV (0.28 from 0.42 in OSEM-only reconstruction) and
increased SNR (3.97 from 3.36) for all subjects.
Conclusion: CMRglc derived from dynamic PET data showed reduced CV after motion correction. Similarly, static
images showed reduced CV and increased SNR after AAR. The improved MR-based PET data quantification may
enable more accurate assessment of subtle changes in brain metabolism and allow for reduced sample sizes in
clinical trials of novel therapeutic agents.
[1] Schlemmer H et al. Radiology 2008.
[2] Izquierdo-Garcia D et al. JNM 2014.
[3] Catana C et al. JNM 2011.
[4] Wang G and Qi J. IEEE TMI 2015.
[5] Fischl B et al. Cereb Cortex 2004.
[6] Wu YG J Cereb Blood Flow Metab 2008.
[7] Madhavan A et al. PLOS ONE 2013.
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Subjects exhibited varying degrees of motion (A); less compliant subjects had greater RC in CMRglc after MC (B).
CMRglc values showed less intersubject CV in general after MC (C). Image quality further improved after AAR (D).
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ABSTRACT BODY: 
Abstract Body: OBJECTIVES: Esophageal adenocarcinoma (EAC) is a pressing clinical problem, with one of the
fastest rising cancer incidence rates worldwide. Barrett Esophagus (BE), a metaplastic change of the normal epithelial
lining, is a known precursor for EAC. The current surveillance approach, random four-quadrant biopsies along the
complete BE segment, is controversial and often considered insufficient. By incorporating molecular imaging, a
valuable complementary technique in surveillance endoscopy might arise.
 
METHODS: First of all, via immunohistochemistry we evaluated the potential of vascular endothelial growth factor
(VEGF-A) as a neoplasia-discriminating target in the esophagus. Secondly, we performed a pilot intervention study to
investigate the use of VEGF-targeted Near-infrared Molecular Fluorescence Endoscopy (NIR-MFE) in early EAC
diagnostics. In total, ten patients with established dysplasia and/or superficial EAC, scheduled for endoscopic mucosal
resection (EMR), were included: five patients received the fluorescently labeled anti-VEGF monoclonal antibody
topically (bevacizumab-800CW; 100 μg/ml) and five patients received a microdose of this tracer intravenously (4.5
mg). The presence of fluorescent signals was evaluated in real-time, directly prior to the EMR, using a custom-made
fiber-based NIR-MFE system. To objectify and semi-quantify the fluorescent signals ex vivo, we performed
macroscopic and microscopic fluorescence signal analyses on the esophageal specimens.
 
RESULTS: Firstly, we observed a high VEGF-A expression in dysplastic (85%) and EAC (81%) samples, compared to
an overall low protein expression in benign epithelial linings (incl. BE), validating VEGF-A as a discriminating target.
Our VEGF-targeted NIR-MFE approach demonstrated real-time identification of early EAC lesions (5/5 for topical
group, 4/5 for intravenous group). In addition, we were able to detect two novel dysplastic areas, which were not
identified with high-definition (HD) endoscopic inspection alone. Ex vivo fluorescence-signal analyses revealed
increased uptake of the tracer in EAC and dysplasia compared to benign mucosa.
 
CONCLUSIONS: We are the first to demonstrate that VEGF-guided NIR-MFE, following local or systemic tracer
administration, is able to detect early esophageal cancer lesions. Even dysplastic areas, which were not identified
during HD inspection, could be identified with NIR-MFE. Nevertheless, although our study illustrates the potential of
endoscopic wide-field molecular imaging, further research is required to proof the additive role of NIR-MFE in future
BE surveillance strategies.
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TITLE: Contrast-enhanced optical coherence tomography with picomolar sensitivity enables functional 3D imaging of
deep tumor microvasculature and lymphatic drainage in live animal models
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ABSTRACT BODY: 
Abstract Body: Optical Coherence Tomography (OCT) enables real-time imaging of living tissues with cellular
resolution over large 3D fields of view.1 However, functional and molecular capabilities for OCT remain elusive due to
the difficulties of distinguishing exogenous contrast agents from intrinsic tissue scattering and absorption. Previous
reports have detailed the use of magnetic probes,2 absorbent dyes,3 and gold nanoparticles4 to produce OCT
contrast enhancement through various mechanisms. In the current study, optimized large gold nanorods (LGNRs) and
a customized aberration-free spectral detection algorithm were developed to demonstrate an improved platform for
molecular imaging with OCT. LGNRs, which produce 30-fold greater backscattering than conventional GNRs,5 were
used as novel spectral domain (SD) OCT agents with near infrared plasmon peaks. LGNRs were biofunctionalized
using sequential modification with poly(sodium 4-styrenesulfonate) (PSS, MW 70 kDa) and poly(ethylene glycol)
(PEG, MW 5 kDa) reagents. Surface chemistry methods were also developed to produce LGNRs coated with any
antibody of choice for molecular specificity. While typical OCT images convey structural details of the sample, the
contrast enhancement approach developed herein provides detailed angiography and spectral information from the
sample. By implementing spectral identification methods, LGNRs were detected with 50 pM sensitivity in whole blood
and < 250 pM sensitivity (< 40 LGNRs per imaging voxel) in the circulation of live mice. Furthermore, LGNRs exhibited
> 100-fold increased spectral signal than GNRs previously used as OCT agents. A SD-OCT system operating at 30
kHz (A-scan rate) with a broadband superluminescent diode source (SLD, l = 800-1000 nm) was used to acquire
contrast-enhanced images in several live mouse models. First, LGNRs were administered intravenously to 6-8 week
old nude (nu-/nu-) mice bearing U87MG (glioblastoma) tumors. The spectral detection method achieved a 100%
imaging depth improvement for the noninvasive detection of angiogenic microvasculature with 8 mm axial and lateral
resolution. Separately, LGNRs prepared with discrete near-infrared resonances (815nm and 925nm) were
subcutaneously injected into ear pinnae of healthy nude mice to image fluid drainage in lymphatic capillaries. The
algorithm distinguished LGNRs of each resonance, which enabled the study of spatial patterns of drainage, including
unidirectional flow. Lymphatic valves in closed and open conformations were also identified with 8 mm axial and 4 mm
lateral resolution. The reported LGNR molecular targeting methods, contrast sensitivity, spectral multiplexing, and high
resolution comprise a promising approach for future OCT molecular imaging studies, which we call MOZART.
 
1A.G. Podoleanu, Brit. J. Rad. 78(935) (2005)
2R. John et al, PNAS 107(18) (2010)
3W. Kim, B.E. Applegate, Opt. Lett. 40(7) (2015)
4J.M. Tucker-Schwartz et al, Biomed. Opt. Exp. 6(6) (2015)
5E.D. SoRelle et al, Langmuir 31(45) (2015)
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<br />
Figure 1. Overview of MOZART and its in vivo imaging capabilities. a) Conventional OCT scan of the mouse pinna
shows micro-anatomic structures in 2D (B-scan), 2D en face slice, and volumetric rendering. The dashed lines on the
volumetric rendering of the OCT structure show the locations of the B-scan and en face slice. b) MOZART combines
SD-OCT with larger than usual GNRs (LGNRs) as contrast agents that are detected with custom adaptive post-
processing algorithms. This approach can be used to create images that contain additional functional information in
vivo. The MOZART image reveals subcutaneously injected LGNRs with two different spectra (green and cyan)
draining into lymph vessels as well as flow in blood vessels (overlay in red). The conventional OCT and MOZART 3D
images depict the same region (each volume is 4 mm x 4 mm x 1 mm).
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T/m Field Free Line Electromagnet
PRESENTER: Elaine Yu
ABSTRACT BODY: 
Abstract Body: Introduction Magnetic particle imaging (MPI) shows extraordinary promise for biomedical applications:
it is highly sensitive, linearly quantitative anywhere in the body, has zero signal from biological tissue, and is safe for
patients (Gleich, Nature, 2005; Goodwill, IEEE TMI, 2010, Zheng Scientific Reports 2015). There are two imaging
formats in MPI: Field Free Point (FFP) and Field Free Line (FFL). We have shown that the FFL projection format
allows for higher imaging speed, or a higher SNR in a 3D Computed Tomography format, using filtered back
projection algorithms (Konkle, IEEE TMI 2013). Our previous FFL imager’s spatial resolution was limited by the
strength of the FFL gradient (2.35 T/m). Here, we designed and constructed a laminated iron-core FFL MPI magnet
with a 6 T/m gradient strength. The improved resolution of high gradient 3D projection reconstruction will enable future
medical applications such as angiography, stem cell tracking (Zheng, Theranostics, 2016), and cancer imaging.
 
Material and Methods In our previous systems, we used permanent magnets to create a selection field gradient and
shifted it with electromagnets. Here we use water-cooled electromagnets with a laminated iron-core to create and shift
a selection field of higher gradient strength. The iron-core consists of C5-coated and epoxy-bonded 16-gauge cold-
rolled steel laminations to maximize power efficiency. The electromagnets are “racetrack coils” with parallel water
cooling circuits. The full assembly weighing 1100 kg (~2500 lbs) is shown in Figure 1(a).
 
A water-cooled solenoid generates a drive field at 20.225 kHz. To minimize direct feed-through, a receiver coil was
wound with Litz wire on a 3D printed former in a gradiometer configuration (30 dB). First harmonic rejection is
achieved with a passive notch filter (90 dB) at 20.225 kHz. MATLAB is used with a National Instruments DAQ module
for signal generation, acquisition, and image reconstruction. To demonstrate 3D projection reconstruction capabilities
of our new imager, we imaged a spiral phantom filled with LodeSpin SPIO tracer at 35 projections. To demonstrate in
vivo imaging capabilities of this new system, long circulating Lodespin SPIO tracer (15 mg Fe/kg) was injected via the
tail vein into an anesthetized rat.
 
Results  Our new FFL MPI scanner currently achieves a 6 T/m continuous magnetic field gradient. This gradient
improves resolution ~3-fold over our prior FFL scanner. A 3D projection reconstruction image is shown in Figure 1(b).
In vivo projection MPI images are shown in Figure 1(c). The superb contrast inherent to MPI and the improved
resolution allows for clear visualization and quantification of the anatomic vasculature and perfusion in the rat head.
Preliminary results also indicate an excellent sensitivity of <40 ng/voxel.
 
Conclusion We designed and constructed the world’s highest resolution FFL MPI scanner. Our early images
demonstrate nearly 3-fold improved resolution and excellent sensitivity, as expected since resolution in MPI scales
inversely with gradient strength. We plan to increase the SNR to 10 ng/voxel (200 nM) using noise-matched JFET
preamplifiers.
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Figure 1: (a) High-resolution water-cooled FFL MPI electromagnet. Magnet free bore: 13 cm; FFL selection field
gradient: 6 T/m; continuous power: 14 kW. (b) Spiral phantom containing LodeSpin SPIOs (0.344 mg Fe/mL) with
corresponding 3D projection reconstruction image; FOV: 5 x 5 x 4 cm, 35 projections, 10 seconds per projection. (c)
Coronal MPI projection image of rat head with 15 mg/kg long circulating LodeSpin SPIOs injected through tail vein;
FOV: 5cm x 5cm, cropped; Scan time: 45 seconds.
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ABSTRACT BODY: 
Abstract Body: The lack of axial resolution in most fluorescence molecular imaging techniques severely limits its
applicability in biomedical applications. In practice, the detection of fluorescent lesions is possible from approximately
a centimeter deep sub-surface layer. Imaging beyond this range is prohibited due to strong nonlinear dependence of
detectable fluorescence signals on depth and on surrounding optical tissue properties. This drawback is further
augmented by the same nonlinear transport of excitation photons from an external source to the fluorescent lesions.
We aim to shift this paradigm by making the sub-surface tissue itself a localized excitation light source.
 
When a tissue is exposed to energetic X-ray photons, the secondary electron interactions lead to emission of
polychromatic Cherenkov radiation. Due to the very short diffusion path of the secondary particles and Cherenkov
photons, the Cherenkov light emission is strongly confined to the irradiated tissue volume. By shaping the X-ray beam
into a thin sheet and observing the Cherenkov-excited luminescence emitted orthogonally to the sheet beam, we are
able to capture a luminescence image from a single plane within the tissue. Analogous to light sheet microscopy, a
series of luminescence images is taken for varied axial positions (depths) of the Cherenkov light sheet in sample. In
fact, the knowledge of the excitation plane position is the main figure-of-merit of the presented Cherenkov-excited
luminescence scanning imaging (CELSI), as it allows 3D image stack deconvolution and depth-variant attenuation
correction. The post-processed 3D image represents a true spatial density distribution of luminescent agent located
deep within the tissue. Currently, CELSI is capable of resolving a 3D shape of few-millimeter objects located deeper
than 3 centimeters under the tissue’s surface with sensitivity down to 100 micron capillaries of test solution.
 
For the first time, sheet beam CELSI methodology has the potential to extend the range of fluorescence-based
molecular imaging to larger animals with a recovery that is not highly distorted by scattering. The wide field of view
can enhance the imaging throughput of large animal group studies. More importantly, we identify a great potential of
CELSI in multi-modality cancer theranostics. A fluorescent contrast agent administered before the radiotherapy
treatment may provide information on the local environment of a tumor. We demonstrate that CELSI provides not only
enhanced topological information but also functional information in the form of a spatially resolved oxygen
concentration map of deep lying targets. Other functional probes may also be readily employed.
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a) Experimental setup of 3D sheet beam Cherenkov-excited luminescence scanning imaging (CELSI); b) recovered
three-dimensional image of PtG4-labeled luminescent lesions inside a 4 centimeter thick tissue-like phantom.
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ABSTRACT BODY: 
Abstract Body: Introduction: Fluorescence lifetime imaging (FLI) is a powerful imaging modality to retrieve bio-related
parameters such as pH values1 and oxygen concentration2 in tissues and monitor drug delivery in live animals
through FRET (Förster resonance energy transfer) based FLI3. The developments in FLI desire spectral multiplexing
capacity for the situations where multiple labels are involved, but this leads to lengthy acquisition times in current CCD
based techniques.
Method: In this work, we propose an instrumentation design that implements the compressive single-pixel imaging
concept4 for efficient spectral multiplexing in FLI (Fig.1 a). The system features two built-in modes to account for the
optical properties of different samples: transmission mode (for less scattering samples) and reflectance mode (for
highly scattering samples) which are achieved by three DMDs (Digital micro-mirror devices): DMD I and II for
transmission mode while DMD III and II for reflectance mode. In both modes, light undergoes the modulation of optical
patterns from an orthogonal basis (Hadamard matrix) in either DMD. The emission light is delivered to a multi-anode
PMT (photomultiplier tube) based time-resolved spectrophotometer to acquire 4D data cubes (x,y,λ,t) in 16
wavelength channels. In vitro and in vivo FRET-FLI experiments with FRET pair: Alexa Fluor 700 and Alexa Fluor 750
conjugated with antibodies and transferrins are conducted to validate the system performance.
Results: In both the in vitro and in vivo studies, the fluorescence intensity and lifetime distribution of FRET pairs are
mapped and unmixed with the dense 4D data cubes acquired using the single-pixel system. The FRETing donor
fractions are quantitatively retrieved from reconstructions (See Fig.1 b-e for in vivo study results at 4 hours after
injection of NIR FRET labeled-transferrin).
Conclusion: To the best of our knowledge, this is the first demonstration of the compressive hyperspectral single-pixel
imaging concept in FLI. This technique will pave a road for a more comprehensive investigation of fluorescence signal
in animal studies for drug delivery monitoring.
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Fig.1  The system design and in vivo study results at 4 hours after injection of NIR FRET labeled-Tfn. a) The system
scheme.  b) Fluorescence signals of the animal as captured using the NIR CCD. c) Mean FRETing donor fraction over
the two organs as retrieved by bi-exponential fitting. The reconstructed fluorescence d) intensity and e) lifetime
distributions from 720 nm to 793 nm over 15 spectral channels.
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ABSTRACT BODY: 
Abstract Body: Radionuclides have long been used in biomedicine for highly sensitive and specific detection of small
molecules, both in vivo and in vitro. Recently, radioluminescence microscopy [1,2] extended the application of
radionuclide detection from bulk samples to single cells. However, low throughput and lack of sorting capabilities limit
the applicability of this technique. Here we propose to use flow cytometry-like technologies for high-throughput
analysis and sorting of single cells on the basis of radioactive molecular markers. This approach solves a long-
standing issue with flow cytometry, which is that it requires bulky fluorophores to track small molecules.
In our design, radioisotopic detection is achieved by introducing a chemical radiofluorogenic sensor in the flow
cytometry workflow. This type of sensor undergoes proportional and irreversible fluorescence activation upon
exposure to ionizing radiation. The sensor can be incorporated directly within the cell cytoplasm (direct approach), or it
can be co-encapsulated with radiolabeled single-cell into double-emulsion (water/oil/water) droplets (droplet approach,
Figure 1).
We tested different radiofluorogenic probes and selected DHRh123, a reactive oxygen sensor, to be the best
compromise between sensitivity, brightness and stability. Bulk concentration studies were conducted to establish the
best formulation for both X-ray dosimetry and radionuclide detection. Activation of the fluorescence signal was found
to increase linearly with the amount of radioactivity per volume (ΔI/I0 = 5.6 mCi-1 ml for DHRh123 200 µM) and X-ray
dose (ΔI/I0 = 6 Gy-1), intensity variations were stable over a period of 20 hours. Next, we performed Monte Carlo
simulations and showed that cross-talk could be avoided by maintaining a distance of at least 150 µm between
cells/droplets. We used 2D droplet anchor arrays to satisfy this requirement. Successful generation of water droplets
(d = 100 µm) dispersed in oil revealed the appearance of a strong fluorescent signal in the presence of 18F-
fludeoxyglucose (FDG, 500 µCi/ml) or after X-ray exposure. No leakage of the sensor was observed from anchored
droplets. Fluorescence activation was also verified by direct approach incubating cells with DHRh123. Activation of the
sensor was observed only following FDG cellular uptake.
Further investigations are directed towards single-cell encapsulation in double emulsion droplets. We expect this
technology to constitute an unprecedented toolbox in the fields of medicine and drug discovery.
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Figure 1. Single-cell encapsulation and double-emulsion droplets’ generation by microfluidic cross-sections.
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TITLE: Cost-efficient hyperpolarization of nitrogen-15 on diverse molecular motifs, including versatile molecular tags
that enable hour-long molecular tracking.
PRESENTER: Thomas Theis
ABSTRACT BODY: 
Abstract Body: Hyperpolarization, particularly with dissolution dynamic nuclear polarization (d-DNP) is opening
unprecedented opportunities in biomolecular MRI. However, d-DNP has high costs (>$3M for the commercial, GE
SpinLabTM), lengthy hyperpolarization times (~20 min – 3h), and serious scalability challenges. An alternative, cost-
effective, simple and fast source of hyperpolarization is “Signal Amplification By Reversible Exchange” (SABRE). This
hyperpolarization works simply by bubbling readily available para-H2 gas through a solution containing a polarization
transfer catalyst and a substrate. Until now, the main limitations of SABRE have been that it only hyperpolarized
protons efficiently (associated with few-second T1 lifetimes), and that it was limited to a relatively small class of
molecules. Here it is shown that both of these limitations can be overcome by performing SABRE in a magnetic shield
hyperpolarizing nitrogen-15 molecular groups.
This new method was first introduced as SABRE-SHEATH [1-3] (SABRE in Shield Enables Alignment Transfer To
Heteronuclei). In the first SABRE-SHEATH paper [1] we hyperpolarized 15N-pyridine and 15N-nicotineamide (Vitamin
B3 amide) to about 10 and 7 % polarization respectively. More recent results show 15N T1 of above 3 min on these
compounds. Still, pyridine and nicotineamide are also good substrates for traditional 1H-SABRE which is mostly
limited to pyridine-like substrates. Here it is now shown, that SABRE-SHEATH removes this restriction and much
wider classes of molecules become amenable as illustrated in the Table. For example, we demonstrate >5%
polarization on a wide range of nitriles with T1's exceeding 10 min. More demonstrations of the substrate scope
generalization also include Schiff-Bases with central roles in enzymatic reactions and T1>2 min. Further,
demonstrations include pyradizines and azobenzene, but the final entry is possibly the most interesting: On 15N spin
pairs in diazirine (N=N bound to one C, forming a three membered ring, see Figure) it is possible to establish
hyperpolarized long-lived singlet states with lifetimes in excess of 20 min. enabling hour-long signal detection. [4] On
the 15N2 diazirines we find >5% polarization even though the molecule displays no signal enhancement on protons at
all. Diazirines are particularly intriguing also because they can be incorporated into a wide range of biomolecules as
small molecular tags that are perfectly stable under in vivo conditions. Diazirines can easily replace CH2 groups in a
plethora of biomolecules without drastically altering biological function. Moving forward, the reportaed finding will
enable cost-efficient and general hyperpolarization of many other substrates and the drastically extended signal
lifetimes (from seconds to many minutes) will enable hour-long molecular tracking in in vitro and in vivo hyperpolarized
experiments.
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Hyperpolarized long-lived singlet signal with a lifetime in excess of 20 min generated directly by SABRE at low fields.
The diazirine functional group protects the hyperpolarization from relaxation. Such diazirine groups can be installed in
a wide variety of biomolecules and are stable under invivo conditions.
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ABSTRACT BODY: 
Abstract Body: We describe a novel device for hybrid simultaneous in vivo imaging with Positron Emission
Tomography (PET) and Ultrafast Ultrasound Imaging (UUI). UUI is a rapidly evolving technology from which novel
imaging modes emerge on a regular basis. The unique capability of UUI of acquiring images in a large field of view
within a millisecond can be leveraged to study rapidly evolving phenomena or to compound a large amount of data to
achieve very high contrast-to-noise ratios. Applications include the imaging of brain activation, the quantification of
stiffness for cancer staging, and the mapping of cardiac electrophysiology in vivo. UUI has recently been extended to
3D images, allowing for the acquisition of thousands of imaging volumes per second. Most recently, a novel
superlocalization mode revealed, for the first time, the anatomy and fully-quantified function of resolved capillaries in
vivo in the entire rat brain.
The objective of this study was to demonstrate the feasibility and the potential of simultaneous PET/UUI imaging in
small animals for pre-clinical studies.
 
Methods 
 
A PET/UUI prototype was built by combining an Aixplorer system (Supersonic Imagine, France) with a PET/CT Nano-
PET scanner (Mediso, Hungary). Marker-less, rigid-body co-registration was achieved between the two modalities by
controlling the position of the ultrasound probe using a six-degree-of-freedom motorization system (Hexapod H811,
Physik Instrumente, Germany). A 15-MHz ultrasound probe (Vermon, France) was used to map blood vessels at a
resolution of approximately 100 μm with UUI performed in the Ultrafast Doppler Imaging mode within a 2×1.5×1.3 cm3

 volume of interest. PET was acquired during 60 min after 2-[18F]fluoro-2-deoxy-D-glucose (FDG) IV injection. The
quality of the co-registration and the effect of presence of the ultrasound probe were assessed in phantoms and the
PET/UUI sequence was applied in vivo in tumors implanted subcutaneously in nude mice.
 
Results  
The phantom study demonstrated that both Ultrafast Doppler Imaging and PET imaging could be performed
simultaneously with a co-registration accuracy of 95 ± 28 µm (mean ± SD, n = 10). The attenuation of the PET signal
by the presence of an ultrasound probe inside the PET field-of-view quality was visible near the probe and led to a
maximal error in radiotracer concentration measurements of 4,38 ± 7.55 % (n=3), a value that is within the limit of
variation of standard radioactivity measurements. In a proof-of-concept in vivo study in tumor-bearing nude mice, two
different image volumes of the tumors were acquired simultaneously and displayed in 3D with full coregistration:
dynamic FDG accumulation and the Ultrafast Power Doppler image of the vasculature in the tumor (see Figure),
allowing to image the relationship between angiogenesis and glucose metabolism in tumors.
 
Conclusion 
These initial results demonstrate the feasibility of simultaneous PET and Ultrafast Doppler Imaging for preclinical
studies. The PET/UUI approach will be extended to other organs and translated into clinical PET scanners for clinical
applications.
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Simultaneously acquired, coregistered in vivo images of vascularity and metabolism of a tumor in a mouse. All panels
are Maximal Intensity Projection views of 3D acquisitions.<br />
Left panel: tumor vasculature obtained using Ultrafast ultrasensitive Doppler imaging. Grey scale proportional to
vessel diameter estimates as indicated.<br />
Right panel: PET image of radioactivity concentration taken up by tumor tissue 45-60 min after IV injection of 10 MBq
of FDG. Color scale proportional to percent of injected dose per gram of tissue (%ID/g) as indicated.<br />
Middle panel: fusion of Right and Left panel. Note how PET/UUI hybrid imaging   exquisitely depicts the spatial
relationship between tumor vascularization and metabolism. Size bar is 10 mm.
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ABSTRACT BODY: 
Abstract Body: A major contributing factor to drug failures in cancer therapy is intra-tumor heterogeneity1. The
conventionally used molecular imaging approaches like single photon emission tomography (SPECT) or positron
emission tomography (PET) have promising results in mapping molecular heterogeneity of tumors in vivo2. But, they
are not only expensive but also require ionizing radiations and are accompanied by problems which limit their use for
understanding drug binding and target heterogeneity on the micron-scale at which it occurs. On the other hand, ex
vivo tumor tissue immunostaining, is time-consuming and tissue prep can significantly alter in vivo conditions, and
applying conventional optical approaches to larger tissues result in poor spatial resolution owing to the high scattering
nature of light in tissue. Time-resolved optical detection, however, can be employed to isolate “early-arriving” photons
that have traversed the most direct path through the tissue3,4. Thus, early photon tomography has the potential to
reach very high spatial resolution, which can give new insights in testing molecular therapies. This abstract
demonstrates a novel approach of significantly enhancing detection of “early” photons by running the detector in
saturation mode.  
Monte Carlo eXtreme GPU-based algorithm5 was used to produce realistic data of time-domain transmittance
propagation in biological media. Further validation was done experimentally using a 685 nm laser and a state-of-the-
art time-correlated single photon counting (TCSPC) single photon avalanche diode (SPAD) solid-state detectors.
In conventional TCSPC, the count rate is limited by the pulse rate of the light source, the dead time and the
robustness of the detector. In this system, SPAD detectors were used because they are robust at high power, so
essentially cannot be damaged by high photon counts. Thus the laser was driven at a detection count rate that will far
exceed the pile-up effect limit so that many photons arrive at the detector within a single laser pulse period. Only one
of these photons can be detected and it will always be the first photon that arrives. The resolution enhancement
achievable by this approach is demonstrated using a transparency on which the USAF-1951 pattern (fig. 1a) was
printed, sandwiched between 2 mm of tissue mimicking diffuse media on both sides. Fig 1b shows the highly resolved
image of fig. 1a obtained using the saturation mode approach of collection of rare early photons compared to an
image in fig 1b, which was reconstructed based on “conventional” early photons (those collected below the deadtime
effects of the detector). In conclusion, this paper demonstrates how the pile up effect in detectors can be used in a low
cost system to achieve significant improvements in spatial resolution.
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Fig 1. Resolution obtained using different approaches. (a) A part of the USAF-1951 pattern used. (b) The pattern in (a)
reconstructed from the late arriving photons (c) The same pattern in (a) reconstructed with the discussed saturation
mode collection of early arriving photon approach.
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ABSTRACT BODY: 
Abstract Body: Nanoparticles are used extensively as biomedical imaging probes and potential therapeutic agents. It
is critical to characterize their biodistribution profiles to better understand their targeting specificity, clearance routes,
and circulation times. However, conventional methods for characterizing biodistribution, such as inductively-coupled
plasma1 or electron microscopy2, are limited by detection sensitivity, sample destruction, poor spatial resolution or
small fields of view. Fluorescence and radioactivity detection can also be used, however these techniques require pre-
labeling and may suffer from label detachment and alteration of pharmacokinetics.
Here we demonstrate Automated Biodistribution Detection (ABIDE) imaging, which is based on hyperspectral dark-
field microscopy (HSM) with the addition of adaptive machine learning algorithms, as a superior alternative to current
techniques for characterizing biodistribution. HSM records the light spectrum scattered from a sample and therefore, it
is capable of identifying plasmonic nanoparticles by their intrinsic scattering spectra without the addition of a labeling
molecule. Unlike current methods, HSM simultaneously achieves diffraction-limited spatial resolution and excellent
detection sensitivity without destroying the sample. In order to automatically detect gold nanorods (GNRs) in tissue
sections, we developed a novel machine-learning approach, which is capable of adapting to changes in the GNR
spectrum. Current approaches such as spectral angle mapping3 are not adaptive and may yield high error rates.
ABIDE detected GNRs with sensitivity of 99.4% and specificity of 99.7%. Furthermore, ABIDE is capable of imaging
millimeter-scale fields of view and identifying single GNRs.
In this study, we used ABIDE to identify GNRs in tissue sections of intravenously injected mice. ABIDE enabled to
quantitatively determine the GNR biodistribution in whole organs along with detailed observations of sub-organ
accumulation patterns, which were consistent with organ-specific clearance mechanisms and particle size. For
example, we observed 13-fold greater amount of GNRs within the kidney glomeruli compared to the downstream
tubules. These results can be explained by the larger size of the GNRs compared to the narrow width of cellular
junctions in glomerular capillaries. 
Furthermore, ABIDE showed different molecular binding patterns of GNRs with and without a targeting moiety in
tumor tissue. Mice with U87MG (human glioblastoma cells, avb3

+) tumor xenografts were injected with GNRS either
with anti-avb3 or isotype antibody in their coating. We observed 7.4-fold greater uptake of anti-avb3 GNRs compared
to isotype GNRs in the tumor. We also observed that anti-avb3 GNRs accumulated around the edges of blood vessels
within the tumor while isotype GNRs showed no such association. The prevalence of anti-avb3 GNRs around the
edges of tumor capillaries is consistent with the high expression of avb3 in angiogenic vessels4.
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a, Photograph of a kidney section. b, Millimeter-scale field of view of kidney section, acquired with a hyperspectral
dark-field microscope at 40x and analyzed by ABIDE to reveal gold nanorod (GNR) uptake (shown in orange). c,
ABIDE image of a renal glomerulus at 100x shows that most GNRS are in glomerular capillaries. d, Quantification of
sub-organ distribution of GNRs detected by ABIDE reveals correlation with tissue functionality in the kidney and liver.
e, ABIDE image of liver section at 100x. A Kupffer cell (white line) and its nucleus (red line) are observed in a
sinusoidal vessel. Most of the GNRs are within the Kupffer cell compared to its nucleus and surrounding hepatocytes.
f, ABIDE analysis of different tissue sections reveals GNR uptake that matches conventional biodistribution methods.
g-h, ABIDE images of tumors from mice injected with GNRs show 7.5-fold greater accumulation of anti-aVb3 GNRs
(g) compared to GNRs coated with a non-specific antibody (h).
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ABSTRACT BODY: 
Abstract Body: Melanomas of the female genital tract present unique clinical challenges. Not only are they the second
most common type of malignancy afflicting that organ [1], but they also carry poor prognosis, and show tendencies to
recur locally and develop distant metastases [2]. Further, there exists significant clinical overlap between early-stage
melanomas and other benign melanocytic lesions, such as melanotic macules which are believed to develop in about
10% of the general female population [3]. This work applies an emerging nonlinear optical method, pump-probe
microscopy, to quantitatively analyze female genitalia tract melanocytic lesions. Pump-probe microscopy provides
molecular information of endogenous pigments by probing their electronic excited state dynamics, with subcellular
resolution [4, 5].
Using unstained biopsy sections from 31 patients, results show significant differences between melanin type and
structure in tissue regions with invasive melanoma, melanoma in-situ and non-malignant melanocytic proliferations
(e.g., nevi, melanotic macules). Molecular images of non-malignant lesion have a well-organized structure, with
relatively homogenous pigment chemistry, most often consistent with that of eumelanin with large aggregate size or
void of metals, such iron. On the other hand, pigment in melanomas in-situ and invasive melanomas is typically much
more heterogeneous, with larger contributions from pheomelanin, melanins with larger metal content, and/or melanins
with smaller aggregate size. Of significance, clear differences can be observed between melanocytic macules and
vulvar melanoma in-situ, which, as discussed above, can be difficult to clinically distinguish. Unique pump-probe
signatures (dominated by ground sate bleaching) are found in atypical genital nevi, whose genetic make up are
predominantly characterized by a single BRAF V600 mutation [6]—this provides the first potential link between pump-
probe signals and a lesion’s genetic composition. Significant biochemical differences are also found in the melanin
composition of metastatic and non-metastatic melanomas. This initial study demonstrates pump-probe microscopy’s
potential as an adjuvant diagnostic tool by revealing systematic chemical and morphological differences in melanin
pigmentation among invasive melanoma, melanoma in-situ and non-malignant melanocytic lesions. The results point
towards new strategies for histopathological evaluation, as well as potential in vivo detection using pump-probe
microscopy and other optical methods, some of which are already in clinical use. The application of pump-probe
microscopy to help identify melanoma in other special sites where morphology and molecular composition differs from
that of cutaneous melanoma will also be discussed.
 
[1] Irvin et al., Gynecologic Oncology, vol. 83, no. 3, 2001
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Representative vulvar melanoma. (A-E) Pump-probe images from an unstained tissue section superposed with a
photomicrograph of the adjacent H&E stained tissue section. (F) Principal components used to analyze the data. (G)
Two-dimensional histogram of the principal components’ angular distribution. The color map at the bottom of the figure
illustrates the false coloring scheme used for the pump-probe images.



CONTROL ID: 2491848
TITLE: De Novo Design and Functional Mammalian Expression of a Far-Red Fluorescent Protein
PRESENTER: Molly Sheehan
ABSTRACT BODY: 
Abstract Body: Over the past decade, de novo four-helix bundles have matched a wide variety of natural photoactive
and redox protein functions in vitro without importing natural structures or sequences1,2. This work indicates these
highly modifiable, small, monomeric proteins offer a fundamentally new way to build optogenetic tools and sensors.
However, expression has been confined to prokaryotes3 and function to the test tube. Here, de novo proteins are
used for the first time in mammalian cells. This work defines parameters for expression of de novo bundles in
mammalian cells. Then, this platform was made useful through the development of a far-red fluorescent protein (frFP)
functionally similar to natural phytochromes without any structural or sequence homology. Not only is this de novo
protein functional as a stable, low-stress tag for deep-tissue imaging, it serves as a test for correct assembly, cofactor
binding and function in vivo.
These structures are robust and modular because they avoid independencies and randomness of evolution. So, they
can be rapidly developed to alternate functions as independent domains2. Here, the exterior surface was developed to
improve mammalian expression. Factors such as surface charge and patterning motifs were assessed through a
series of designed bundles across each property spectrum. The interior was shown to be irrelevant to expression
among differing cores in identical exterior scaffolds. It was found binary patterning motifs rich in polar residues with
mild-to-moderate negative charge are ideal for expression.
Then a frFP was developed by engineering a biliverdin(BV)-binding site and pocket into a four-helix bundle. A library
of rationally-designed bundles was screened for covalent BV binding to single placed cysteines and fluorescence. The
best sequence features were engineered into bundles with covalent BV attachment to develop a FP with a quantum
yield of 1.8% (λex 646nm, λem 660nm) in the same range as previously reported iFPs (6-8%) based on natural
phytochromes4,5. This protein expresses across cell lines, functioning in HEK cells and HC neurons as a fusion tag,
and can be trafficked throughout the cell, fluorescing in the cytosol, membrane and nucleus even at endogenous BV
levels.
As proof of modularity of these proteins, the core of a design with similar FP properties to that reported above but in a
poorly expressing scaffold was transposed into a well expressing exterior scaffold. The direct transposition functioned
identically to the original and expressed well. Such modularity allows for previously designed functions to now be
easily translated into mammalian systems and new functions to be developed independently of expression
constraints. Additionally, the modularity extends to helical pairs and lengthwise sections, so reporter and sensor
domains can easily be combined to form a whole new class of de novo FP reporters.
1. Koder, R. L. et al. Nature 458, 305–309 (2009).
2. Farid, T. A. et al. Nature Chemical Biology 9, 826–833 (2013).
3. Anderson, J. L. R. et al. Chem. Sci. 5, 507 (2013).
4. Shu, X. et al. Science 324, 804–807 (2009).
5. Filonov, G. S. et al. Nature biotechnology 29, 759–763 (2011).
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TITLE: In vivo photoacoustic imaging of a photoswitchable phytochrome-based reporter protein
PRESENTER: Jan Laufer
ABSTRACT BODY: 
Abstract Body: Photoacoustic (PA) imaging, which uses optically generated ultrasound to produce high resolution 3-D
images of tissue chromophore distributions, has been used to visualise genetically expressed reporters, such as
fluorescent proteins1 and tyrosinase-induced melanin2. However, their unambiguous detection in vivo - a prerequisite
for molecular PA imaging - remains a challenge due to the overwhelming contrast of endogenous chromophores, such
as blood. Typical approaches to recovering reporter distributions include multiwavelength PA imaging and some form
of spectral unmixing. Apart from the computational expense of these approaches, there is a lack of validated and
generally applicable methods3. Also, fluorescent proteins often exhibit ground state depopulation and photobleaching
4, which adversely affect the specificity of spectral unmixing methods as they are reliant on accurate prior information.
 
To overcome these problems, a non-fluorescent phytochrome-based reporter protein and a dual-wavelength excitation
method have been developed. Phytochromes exhibit two isomeric states, Pr and Pfr, with different absorption spectra.
Using excitation pulses in the red and near-infrared wavelength region, these states can be photoswitched to
modulate the total absorption, and hence PA signal amplitude. Since this is not observed in endogenous
chromophores, images acquired using simultaneous and separate excitation pulses can be subtracted to yield
difference images that show reporter-specific contrast while the endogenous image background is eliminated.
 
The PA signal generation in solutions of purified phytochrome AGP1 was optimised with respect to the excitation
wavelengths. Signals generated using separate and simultaneous excitation at 670 nm and 755 nm showed a five-fold
difference in amplitude. No evidence of photobleaching was found. To demonstrate PA imaging of phytochromes in
vivo, a human colorectal cell line (HT29) was transduced lentivirally to express AGP1. The cells were injected
subcutaneously into nude mice and the resulting tumours were imaged several times over 28 days using an all-optical
PA scanner. Tissue phantoms were also imaged to demonstrate proof-of-principle. The acquired difference images
clearly show the location of AGP1 expressing tumours while endogenous image contrast is suppressed (see
persuasive data). The imaging results were confirmed by histology.
 
This study has demonstrated PA imaging of a novel phytochrome-based reporter protein and dual-wavelength
excitation. This is largely due to the combination of highly advantageous properties of phytochromes: 1) near-infrared
absorption for deep tissue imaging, 2) photostability, 3) reversibly photoswitchable absorption to provide specific and
unambiguous PA contrast, and 4) expression in mammalian cells. This study represents a major step forward in the
development of methods for molecular PA imaging and is expected open up a broad range of potential applications in
the life sciences.
 
1. Razansky et al, Nat Phot, 3 (2009)
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TITLE: Multispectral optoacoustic vascular imaging in the lower extremities: a comparison to ultrasound
PRESENTER: Neal Burton
ABSTRACT BODY: 
Abstract Body: Introduction 
The clinical assessment of vascular disease often relies on noninvasive imaging in the outpatient setting. Visualization
of blood vessels in these cases is commonly performed with duplex ultrasonography, which characterizes blood flow
and the structure of blood vessels. However, the morbidity associated with vascular disease often arises from the lack
of blood supply on a microvascular level.
 
Multispectral optoacoustic tomography (MSOT) is capable of resolving multiple endogenous tissue chromophores,
including hemoglobin. However, ultrasound detection by MSOT offers high resolution at depth as compared to purely
optical methods. As such, the method can visualize blood vessels and therefore potentially offers a tool for clinical
vascular imaging. Utilizing a real-time multispectral optoacoustic imaging system with a handheld imaging probe, we
investigated vascular imaging in the lower extremities in human volunteers. We compared the optoacoustic imaging
performance to clinical duplex ultrasound.
Methods 
10 healthy volunteers were imaged in this study. MSOT was utilized to image major arteries of the lower extremities:
the Arteria Tibialis Posterior (ATP) and Arteria Dorsalis Pedis (ADP). In addition, microvascular landmarks on the toes
were imaged. Duplex ultrasonography was performed on the same landmarks for comparison.
Results 
MSOT visualized the ATP and ADP with mean contrast-to-noise ratios of 22.4 and 14.3 respectively, providing
qualitatively similar images of these arteries to duplex ultrasound. Furthermore, MSOT was able to image oxygenated
hemoglobin in small blood vessels invisible to ultrasonography, down to diameters of approximately 100 microns.
Arteries and veins in the images were distinguishable based on hemoglobin oxygenation and pulsation.
Conclusions 
MSOT is feasible for clinical real-time handheld vascular imaging in the lower extremities, visualizing hemoglobin and
its oxygenation in major arteries as well as small blood vessels, which are invisible to duplex ultrasound. The results
point to a role for MSOT imaging in clinical vascular workups as well as other applications where visualization of small
blood vessels is required.
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TITLE: F18 Choline PET-CT: an accurate diagnostic tool for the detection of parathyroid adenoma?
PRESENTER: Larisa Imamovic
ABSTRACT BODY: 
Abstract Body: Aim:
In this prospective multicentre study we assessed the value of 18F-Choline (FCH) PET-CT comparing 99mTc-
Sestamibi SPECT-CT in the detection of parathyroid adenoma in patients with primary hyperparathyroidism.
METHODS:
Both 99mTc-Sestamibi SPECT-CT and FCH PET-CT were performed in 87 consecutive patients with biochemical
evidence of primary hyperparathyroidism. At least one abnormal 99mTc-Sestamibi and/or FCH focus corresponding to
a parathyroid gland or ectopic parathyroid tissue was considered as positive finding. Surgical exploration and
resection was performed in 41 patients with positive findings in at least one imaging modality. The results of imaging
modalities were verified with histopathologic findings as the standard of truth.
RESULTS:
In patients who underwent surgery, mean serum calcium and parathormone (PTH) level was 2.69 ± 0.41mmol/l and
158.19 ± 144.15pg/ml, respectively. Intraoperative PTH monitoring showed significant drop in PTH level in all patients.
In patient-based analysis, FCH PET-CT was able to detect parathyroid adenoma in 95% of patients (39/41) while
99mTC-Sestamibi SPECT-CT was positive in 66 % of patients (27/41). The mean serum calcium and PTH levels of
patients with negative imaging modalities were 2.68 ± 0.16 mmol/l and 100.91 ± 77.71 pg/ml, respectively. The size
and weight of parathyroid adenomas in patients with only FCH PET-CT positive imaging were 15.4 mm and 2.4 g,
respectively. Both imaging modalities were negative in 8 patients with evidence of primary hyperparathyroidism.
 
CONCLUSION:
In this prospective multicentre study, FCH PET-CT showed promising results - clearly superior to 99mTC-Sestamibi
SPECT-CT - in the localization of parathyroid adenoma in patients with primary hyperparathyroidism.
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TITLE: Role of the Brown Adipose Tissue Activity in Mice Devoid of the Receptor for Advanced Glycation Endproducts
(RAGE)
PRESENTER: Noeen Malik
ABSTRACT BODY: 
Abstract Body: Introduction 
Brown adipose tissue (BAT) is one of the primary tissues responsible for adaptive non-shivering thermogenesis,
mediated by mitochondria uncoupling protein-1 (Ucp1), and contributes to energy expenditure. BAT has been shown
to play a role in adiposity, insulin resistance and hyperlipidaemia. We and others1-2 have shown that genetic
deficiency of RAGE (receptor for advanced glycation end products) prevented the effects of a high-fat diet (HFD) on
energy expenditure, weight gain, adipose tissue inflammation, and insulin resistance. The aim of this study is to
compare and quantitate the BAT activity and BAT volume in RAGE null (Ager - / -) and wild type (WT) mice in response
to HFD and low-fat diets (LFD) using in vivo PET imaging and ex vivo autoradiography (ARG) studies with [18F]FDG.
Since BAT is not readily visible with [18F]FDG at room temperature based on our previous BAT imaging study3, all
comparative studies were conducted under identical mild- cold stimulation conditions with [18F]FDG.
Methods 
PET/CT imaging (Siemens, Inveon) of 4 groups of male C57/BL6 mice were compared (Ager - / --LFD, Ager - / --HFD,
WT-LFD and WT-HFD). Before each scan, all mice were fasted for at least 4 h and then exposed to a cold-pack (0-
4°C) for 30 min. For each study, a dynamic PET scan was carried out for 1 h, followed by a CT scan (6 min) for the
purpose of attenuation correction and co-registration. SUVmean (mean standard uptake values), SUVR (ratio of SUV
BAT/muscle), and %ID/g for the interscapular BAT were determined. Mice were dissected after the scan to obtain the
BAT tissue for further quantification of BAT via ex-vivo autoradiography (ARG) study.
Results 
Preliminary results are summarized here: 1) For LFD mice, the uptake was significantly higher in WT-LFD (SUVR:
11.7) than that in Ager - / --LFD (SUVR: 2.63); 2) The SUVR were similar for both WT-HFD and Ager - / --HFD (2.53 and
2.44, respectively) (Fig.1). 3) Among Ager - / - types, the uptake was similar in both Ager - / --HFD (SUVR: 2.44) and Ager
- / --LFD (SUVR: 2.63), and the %ID/g values were similar in both as well (Fig.1). These findings corroborate our
previous findings on Ucp12; that is, (1) Ucp1-mRNA transcripts in BAT are almost halved in Ager - / --LFD than in WT-
LFD; (2) in HFD, Ucp1-mRNA transcripts did not differ in BAT between WT and Ager - / - mice; (3) a bigger change was
observed in Ucp1 between WT-LFD and WT-HFD, while a smaller change was seen between Ager - / --LFD and Ager - / -

-HFD. Results from ex vivo ARG studies were consistent with the PET imaging data.
Conclusion  
In WT mice, BAT activity was significantly reduced after HFD as compared to LFD; however, BAT activity was not
affected by HFD in Ager - / - mice. The consistent findings between the current in vivo PET imaging study of BAT and
our previous study of Ucp1 further support our hypothesis that RAGE may contribute to altered energy expenditure,
and provide a protective effect against HFD by Ager deletion.
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Fig. 1: SUVR (ratio of SUV BAT/muscle) values for WT and RAGE null (Ager - / -) mice with low-fat diet (LFD) and high-
fat diet (HFD) after exposure to 0°C for 30 min
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TITLE: Glucose is Crystal Meth for β-cells of the Endocrine Pancreas
PRESENTER: Paul Harris
ABSTRACT BODY: 
Abstract Body: Our goal is to quantitatively image dopaminergic circuitry used by insulin secreting cells of the
endocrine pancreas. β-cells co-secrete dopamine (DA) as well as insulin in response to glucose challenge. In addition,
β-cells express dopamine 2-like receptors (D2R), dopamine active transporter (DAT) and the Large Neutral Amino
Acid Transporter LAT1, responsible for the import of L-DOPA for conversion to dopamine (DA). This circuitry may
represent an additional level of glucose homeostasis responsive to L-DOPA and DA originating in the gut. The
experimental paradigm we applied was adopted from imaging studies of neurotransmission. In the CNS, D2R
occupancy by DA can be measured using the moderate affinity D2R PET ligand 18F-Fallypride. When volunteers are
imaged with 18F-Fallypride at baseline and then a second time following amphetamine challenge, there is a significant
loss of bound PET ligand. Losses in tracer binding are atributed to increased competition for D2R binding between
tracer and endogenous DA. The action of amphetamine here is inhibition of DAT and enhancing DA release, resulting
in increased extracellular DA. Glucose stimulated insulin secretion (GSIS) in vitro results in increased extracellular DA
concentrations in a manner analogous to amphetamine challenge in the CNS. 
 
3 hour long dynamic PET scans were performed in overnight fasted, anesthetized swine given bolus injections of 18F-
Fallypride. Time versus activity information in each region of interest was obtained from the list mode data following
reconstruction and manual abdominal organ segmentation. From time activity curve data, the D2R-like binding
potential (BPND) or distribution volume ratio (DVR) of 18F-Fallypride in the pancreas was estimated using PMOD
software (V 3.0). PET scans with and without haloperidol, a D2R antagonist, revealed that haloperidol reduced the
baseline DVR by > 50%. Next, we imaged swine pancreata for a baseline measurements and again after intravenous
glucose challenge (0.5 g/Kg) and calculated BPND. A comparison of the outcome measure for these studies is given
in Table 1 and the average time activity curves in the pancreas region of interest and the spleen reference region are
given in Figure 1. An axial summed PET image fused with its corresponding CT image showing the pancreaas is
shown in "persuasive data".
 
Relative to amphetamine challenge-experiments in the CNS, we find much larger % changes in BPND in the pancreas
following glucose administration, perhaps due to 1000 fold difference in challenge drug dose. Because our ROIs
encompass large volumes (5-10 cc) there were minimal partial volume effects influencing the accuracy of our
activity/cc data. Together our data suggest that dopamine receptor occupancy can be measured in the endocrine
pancreas after provocation of glucose stimulated insulin and dopamine release.
AUTHORS (LAST NAME, FIRST NAME): Milosavic, Nenad1; Maffei, Antonella1, 2; Harris, Paul E.1

INSTITUTIONS (ALL): 
1. Medicine/Endocrinology, Columbia University, New York City, NY, United States.
2. International Institute of Genetics and Biophysics, Naples, Campagnia, Italy.





CONTROL ID: 2493377
TITLE: In vivo SPECT imaging of liver inflammation in a murine model of nonalcoholic steatohepatitis.
PRESENTER: Alexis Broisat
ABSTRACT BODY: 
Abstract Body: Introduction. There is a wide spectrum of nonalcoholic fatty liver diseases (NAFLD), from simple
benign steatosis to nonalcoholic steatohepatitis (NASH), characterized by chronic inflammation leading to fibrosis and
cirrhosis. Despite the pivotal role of NASH in the evolution of NAFLD, diagnostic and therapeutic tools are still lacking
[1]. 99mTc-cAbVCAM1-5, a single-domain antibody fragment (sdab) directed against the inflammatory marker
vascular cell adhesion molecule 1 (VCAM-1) has recently been validated for the SPECT imaging of atherosclerosis
[2]. The objective of the present study was to evaluate the potency of this new imaging agent for liver inflammation
imaging in a nutritional mouse model of NASH.
Methods. Thirty 12-wks old male C57Bl/6J mice were used (n=10/group). Mice were either fed a standard diet (STD)
or methionine and choline deficient diet (MCD) to induce NASH. Longitudinal SPECT imaging was performed at
baseline and at 4 wks and 8 wks following diet onset using either the anti VCAM-1 (V) or an irrelevant control sdab
(C). Results were expressed as standardized uptake values (SUV). Blood was sampled prior to each acquisition.
Following the 8 wks time point mice were euthanized and post mortem analysis were performed including
biodistribution analysis, histology, VCAM-1 ELISA and serum alanine transaminase (ALT) assay.
Results. MCD diet induced a 10-fold increase in plasma ALT levels both at 4 and 8 wks in comparison to STD diet
(p<0.001). Moreover Oil Red O staining showed large lipid vacuoles in the liver of MCD fed mice. Finally, as
demonstrated by ELISA, a significant 5-fold increase in the level of hepatic VCAM-1 expression was observed in MCD
in comparison to STD fed group (MCD: 5.6±1.7 vs STD: 1.1±0.5 ng/mg, P<0.001).
Robust 99mTc-cAbVCAM1-5 uptake in the liver of MCD fed mice (V-MCD) was readily observable by SPECT at 4 wks
and remained unchanged at 8 wks. In comparison, modest liver uptake was found in control group fed a standard diet
(V-STD) and in control group injected with the irrelevant control sdab (C-MCD) at all investigated time points. Image
quantification further confirmed these results. Indeed 99mTc-cAbVCAM1-5 hepatic uptake significantly increased in
MCD fed mice between baseline and 4 wks, and then remained unchanged at 8 wks (SUV = 0.25±0.04; 0.48±0.11
and 0.45±0.10 respectively, p<0.001 vs baseline at 4 and 8 wks), whereas no significant change was found in control
groups. Moreover, SPECT imaging quantification performed at 8 wks significantly correlated with ex vivo
biodistribution and with the level of VCAM-1 expression (p<0.001 for both).
Conclusions. The present data demonstrate that MCD diet increases VCAM-1 hepatic levels in mice. Robust and
specific uptake of 99mTc-cAbVCAM1-5 was visible as early as 4 wks following MCD diet onset. 99mTc-cAbVCAM1-5
can therefore be employed for the non-invasive longitudinal imaging of NASH in mice, and further studies are ongoing
in order to evaluate the sensitivity of this technique for the monitoring of NASH therapy.
[1] World J. Gastroenterol. 20:8377 (2014)
[2] Circ. Res. 110:927 (2012)
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Representative transversal sections obtained at the level of the liver at baseline, 4 wks and 8 wks together with image
quantifications. No change in hepatic uptake was found in control diet nor in control sdab groups (V-STD and C-MCD)
whereas robust 99mTc-cAbVCAM1-5 uptake was found in MCD fed mice at 4 and 8 wks (V-MCD). * p<0.05 and ***
p<0.001 vs V-STD; ### p<0.001 vs basal.
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multimodal imaging
PRESENTER: Andrea Galisova
ABSTRACT BODY: 
Abstract Body: Purpose: Transplantation of pancreatic islets (PI) is an alternative cure for type 1 diabetes; however
the intrahepatic site provides a non-optimal environment for the transplanted mass. A subcutaneously implanted
polymeric scaffold might serve as an artificial site for PI transplantation [1]. For a proper engraftment and long-term
graft function, adequate vascularization is crucial and could be enhanced by mesenchymal stem cells (MSCs) [2].
Previous experiments revealed that an accurate timing of transplantation steps is necessary and the best engraftment
period was found between 4 to 7 days after MSCs transplantation. In this study, we compared the vascularization and
engraftment of suboptimal number of PIs co-transplanted with or without MSCs into the scaffold in diabetic rats at
various time points by magnetic resonance (MR) and optical imaging.
 
Methods: Polymeric scaffolds with small polytetrafluoroethylene rods were implanted subcutaneously into diabetic
Lewis rats (n=24) (Figure). The rods were removed after one week and the cavity was left to heal spontaneously
(n=12) or with 10 mil. of MSCs (n=12). After 4 (n=6+6) or 7 (n=6+6) days, 1000 PIs isolated from transgenic rats with
ubiquital expression for Luciferase were co-transplanted into all scaffolds. MR examination was performed at a 4.7T
scanner during 2 months and served for scaffold imaging (T2-weighted turbo spin-echo sequence;
TR/TE=3000/36ms) and perfusion measurement (DCE-MR: 3D gradient-echo sequence measured before and after
intravenous gadobenate dimeglumine administration; TR/TE=10/3.1ms, temporal resolution 40s, 24 cycles). MR signal
enhancement was calculated as a percentage difference between pre- and post-contrast mean signal intensity from
the internal scaffold area (Figure). Localization of viable PIs was monitored for 4 months by bioluminescence imaging
(Figure). Glycaemia was monitored during the whole 4-month experiment.
 
Results/Discussion: Optical signal originating from the viable PIs reached its maximum within the first post-transplant
week in all experimental groups and after partial decrease it stayed stable for 120 days. PIs transplanted 4 days after
the rod removal showed higher optical signal compared to transplantation after 7 days (p<0.01); however the
perfusion was similar in both experimental groups (Fig.1/Persuasive Data (PD)). No difference in perfusion was
observed in the scaffolds with MSCs compared to the scaffolds without MSCs after PIs transplantation (Fig.2/PD).
Glycaemia was normalized in all animals without MSCs and in 5 animals with MSCs.
 
Conclusion: Optical imaging confirmed the long-term survival of PIs in the implanted devices and better results with
earlier transplantation. MSCs have no substantial effect on the graft vascularization and function. Normalization of
glycaemia in diabetic animals after transplantation of suboptimal number of PIs confirmed the model and timing
feasibility.
 
Acknowledgement: Charles University Grant Agency, project No. 253215 and MH CR-DRO (Institute for Clinical and
Experimental Medicine IKEM, IN00023001).
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Figure: A photography of an artificial scaffold supplemented with a rod (A), the representative optical images of the
transplanted pancreatic islets inside the scaffolds (B), T2-weighted MR images of the scaffolds (C) and a perfusion
enhancement map (D) of a scaffold containing the transplanted islets with mesenchymal stem cells (right) and without
the transplanted cells (left) overlaid on a reference MR image.



CONTROL ID: 2494865
TITLE: Clinicopathologic association of inflammatory activity in abdominal fat tissue on FDG PET
PRESENTER: Hyunjong Lee
ABSTRACT BODY: 
Abstract Body: Objective: Visceral fat inflammation is a key triggering factor of metabolic diseases such as diabetes.
F-18 fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) has been proposed to
be a potential tool to evaluate inflammatory activity in fat tissue. However, direct association between FDG uptake in
abdominal fat tissue and inflammatory activity has not been elucidated yet. The purpose of the study was to
demonstrate direct association between intensity of inflammation and FDG uptake in abdominal fat tissue, and to
evaluate association between FDG uptake in abdominal fat tissue and clinical factors.
Methods: Twelve obese mice were produced and divided into two groups; control group and intraperitoneal
lipopolysaccharide injected group (LPS group). FDG PET/CT was performed in the twelve mice. Forty-nine human
subjects who underwent FDG PET/CT were retrospectively enrolled, and clinical, anthropometric, metabolic variables
were collected. FDG uptakes in visceral fat (VF) and subcutaneous fat (SF) tissues were measured and expressed as
mean standardized uptake value (SUVmean) in both images of mice and human subjects. In mice, the association
between number of infiltrated macrophages and FDG uptake in fat tissue was assessed. In human subjects,
association between FDG uptake and volume of VF and clinical, anthropometric, metabolic variables were evaluated.
Results: In mice, SUVmean of VF was higher than that of SF in both of LPS group and control group (P = 0.002,
0.016; respectively). SUVmean of VF in LPS group was significantly higher than that in control group (P = 0.039). In
histologic analysis, numbers of macrophages in VF of LPS injected group were significantly higher than that of control
group (P = 0.003). Moreover, a close correlation was found between SUVmean and numbers of macrophages in fat
tissues (r2 = 0.605, P < 0.001). In human subjects, SUVmean of VF was higher than that of SF in both of type 2
diabetes (T2DM) group and normal group (P < 0.001 for all). SUVmean of VF in T2DM group was significantly than
that in normal group (P = 0.018). In addition, SUVmean of VF was independently associated with type 2 diabetes
(T2DM) (R = 0.555, P < 0.001), while volume of VF was independently associated with body mass index (BMI), active
smoking and glomerular filtration rate (GFR).
Conclusion: We revealed direct association between FDG uptake and degree of inflammation in obese mouse model.
Also, in human subjects, higher FDG uptake of VF was associated with T2DM. It suggests usefulness of FDG PET to
quantify inflammation activity in VF which could be further utilized in stratifying risks of metabolic diseases in obese
subjects.
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CONTROL ID: 2497807
TITLE: Validation of a PET – ME-MRI method for the in vivo evaluation of transplanted islets of β-cells
PRESENTER: Filippo Michelotti
ABSTRACT BODY: 
Abstract Body: In this study, combined [64Cu]Ex-4 PET and Manganese-Enhanced-MRI (ME-MRI) was performed to
noninvasively evaluate the viability and function of islets in a transplantation mouse model. Uptake of [64Cu]Ex-4 is
mediated by GLP-1 receptor binding and reflects β-cell mass, while manganese (Mn) uptake is regulated by the Ca2+-
channels' opening and insulin secretion representing cell function. A diazoxide treatment was used as Ca2+ blocker in
order to suppress the accumulation of Mn into the islets and simulate impaired cell function.
Furthermore, we investigated on the co-localization of [64Cu]Ex-4 and Mn within the pancreas and the transplanted
islets using, respectively, autoradiography and LA-ICP-MS imaging techniques.
 
600 isolated islets were transplanted into the calf muscle of the right leg of recipient C3H mice (n=7). Each mouse was
intravenously (I.V.) injected with ~3.7 MBq/kg of [64Cu]Ex-4 in combination with MnCl2 solution (75 µmol/kg) and
glucose stimulation (1.5 g/kg) after 30 min. One group of mice (n=4) was treated I.V. with diazoxide (1 mmol/kg) 5 min
before the tracer injection. Static PET images were measured 1h p.i. followed by MRI measurements for T1 maps
(TR/TE=10, 1.2ms; α1/α2=4, 22°). PET and MRI data were co-registered and the regions for transplanted islets,
pancreas and muscle were drawn on the T1w images. For ex-vivo validation, autoradiography was performed to verify
[64Cu]Ex-4 uptake in β-cells, followed by LA-ICP-MS imaging to quantify the content of 44Ca, 55Mn, and 64Zn.
 
PET images of [64Cu]Ex-4 showed similar results between the control and the treated group for the transplanted islets
(1.6±0.4; 2.9±1.9 %ID/mL) and for the pancreas (5.2±0.7; 6.5±1.2 %ID/mL).
In control animals, increased contrast between islets and muscle was found for T1 maps (1113±172; 1666±130 ms)
when compared with the signals from T1w (5.5±0.6; 4.8±0.2 a.u.). However, the results from the treated group yielded
T1 values (1081±137; 1787±202 ms) and T1w image signal intensities (6.7±0.8; 4.6±0.5 a.u.) for islets and muscle
similar to the control group. Autoradiography showed a specific uptake of [64Cu]Ex-4 from the islets. Co-localization of
44Ca, 64Zn and 55Mn images with [64Cu]Ex-4 signal was found in pancreatic and the transplanted islets. Notably, 64

Zn images showed the higher signal-to-noise between the islets and the surrounding tissue.
 
We could show that quantification of β-cell mass and function is feasible in this mouse model using a combined
PET/MR imaging approach. [64Cu]Ex-4 uptake was comparable for both groups. The small differences in T1 maps
between the two groups may be explained by the role of glucose stimulation, which may have competed with
diazoxide for the opening of Ca2+-channels. Furthermore, we present promising results on the spatial accumulation of
55Mn using LA-ICP-MS imaging technique, which showed a clear spatial correlation with the [64Cu]Ex-4
autoradiography. For the first time, [64Cu]Ex-4 uptake and manganese were used to visualize the pancreatic and
transplanted islets with the intracellular levels of Ca2+ and Zn2+, which are two main regulators of insulin secretion,
synthesis and storage in pancreatic β-cells.
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TITLE: Magnetic particle imaging of transplanted islets in liver and under kidney capsule 
PRESENTER: Ping Wang
ABSTRACT BODY: 
Abstract Body: OBJECTIVE— The selective and progressive destruction of pancreatic beta cells leads to type 1
diabetes (T1D). Islet transplantation (Tx) has lifesaving potential in curing T1D patients. Unfortunately, even with the
success of the Edmonton immunosuppressive protocol, only 20% of patients remain insulin independent 3 years after
Tx (1). The major reason for this limited success is drastic graft loss after Tx. Monitoring of transplanted pancreatic
islets in vivo is a crucial step toward successful evaluation of grafts outcome. Magnetic particle imaging (MPI) is a
novel molecular imaging technique capable of nanomolar sensitivity, depth independent resolution and absolute
quantitation. In this study, we present quantitative assessment of superparamagnetic iron oxide (SPIO) labeled islets
transplanted in the liver and under the kidney capsule of a mouse using quantitative MPI. To the best of our
knowledge, this is the first demonstration of MPI utilization in the context of islet Tx.
 
METHODS— Donor baboon islets were incubated with Ferucarbotran at a concentration of 280 μg Fe/mL in CMRL
1066 culture media for 48 hr (2) prior to Tx. 12-week-old female NOD. scid mice were used as recipients (n = 6). For
islet Tx, 800 labeled IEQs suspended in 0.15ml of PBS solution were injected into recipient animals via the portal vein
or under the left kidney capsule. Control animals did not receive the graft. Animals were imaged in vivo using MRI 1
day after Tx and ex vivo using MPI on days 1 and 14 post-Tx. MPI was performed using a 5.5 T/m FFL MPI scanner.
Postmortem MPI scans were conducted using a 5 ×5 × 6.66 cm FOV in a 20 minute acquisition using projection
reconstruction. Anatomic X-ray reference images were also acquired, and MPI-X-ray 3D images were co-registered
with Osirix Imaging Software visually using SPIO fiducial markers. In vivo MRI was performed using a 9.4T Bruker
horizontal bore scanner equipped with a Rat Array MRI CryoProbes coil using ParaVision 5.1 Software. T2 maps of
mouse abdomen were acquired using a Multi-Slice Multi Echo sequence (3).
 
RESULTS— Ex-vivo MPI performed on the first day after Tx showed high signal contrast in the liver and under the
kidney capsule with a detectable signal from the bowels (Fig. 1). This correlated with in vivo MRI that revealed the
presence of SPIOs labeled islets grafts in the liver or under kidney capsule, confirming MPI results (Supplemental Fig.
1). Ex-vivo MPI performed on the 14th day post Tx showed the decreased signal in the liver or under the kidney
capsule (Fig. 1), indicating islet grafts loss during these two weeks, which was also confirmed by iron quantification.
Control animal that did not receive SPIO labeled islets showed no detectable MPI signal.
 
CONCLUSIONS—Our data showed high image specificity of MPI for SPIOs that enabled visualization of islet grafts.
We believe that these first results demonstrate that direct detection of SPIO label by MPI permits longitudinal
quantification of islet grafts.
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Fig. 1: Color-coded MPI image showed high signal contrast in the liver (left) and under the kidney capsule (right) of a
mouse on day 1st and 14th post islet transplantation. (Green arrow: SPIO fiducial marker of 1μg Fe; red arrows: islet
grafts in the liver; brown arrows: islet grafts under the kidney capsule)
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TITLE: A Nano-Optical Reporter for Measuring Lipoprotein-Derived Cholesterol Accumulation in Live Cells
PRESENTER: Prakrit Jena
ABSTRACT BODY: 
Abstract Body: Lipid accumulation within the lumen of endolysosomal vesicles is observed in various pathologies
including atherosclerosis1, cancer2 and neurological disorders3. Current methods cannot measure lipid flux
specifically within the lysosomal lumen of live cells4. The highly photostable near-infrared emission of single-walled
carbon nanotubes, which is sensitive to the local environment, was used to develop a biocompatible fluorescent
reporter for lipids in the endolysosomal lumen. DNA-nanotube complexes have previously been used to detect
conformational polymorphism5 and damage to DNA bases in live cells6. The optical reporter developed presents a
new class of photoluminescent reporters which produce quantifiable optical responses to lipid accumulation
specifically within the endolysosomal lumen of live cells.
 
A combination of visible and near-infrared deconvolution microscopy determined that the reporter localized exclusively
to the lysosomal lumen7. The reporter emission wavelength was spatially resolved to generate quantitative
endolysosomal lipid maps using near-infrared hyperspectral microscopy8. Measurements of reporter emission in
patient-derived Niemann-Pick type C fibroblasts identified lipid accumulation and phenotypic reversal of this lysosomal
storage disease, validating the ability of the reporter to detect lipid accumulation in the lysosomal lumen.
 
Accumulation of modified lipoproteins is causal to the development of atherosclerosis in macrophages. Single-cell
kinetics of low-density lipoprotein accumulation within macrophages revealed accumulation rates that differed among
cells by an order of magnitude. Drug induced lysosomal lipid accumulation was successfully detected in
macrophages, indicating the general applicability of this reporter to monitor lipoprotein-associated lipid content within
the lysosomes.
 
Near-infrared microscopy of the reporter is currently the only technique capable of monitoring lipid accumulation in the
lysosomal lumen of live cells. Use of the reporter to study in vitro model systems of atherosclerosis, and neurological
disorders associated with lysosomal lipid accumulation, is a potentially powerful approach to dissecting the role of
lysosomes in disease-related lipid biology.
 
1 Jerome, W. G Clin. Lipidol. 5, 853-865 (2010).
2 Kirkegaard, T. & Jäättelä, M. Biochim Biophys Acta. 1793, 746-754 (2009).
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4 Maxfield, F. R. & Wüstner, D. Methods in cell biology 108, 367-393 (2012).
5 Heller, D. A. et al. Science 311, 508-511 (2006).
6 Heller, D. A. et al. Nat. Nano. 4, 114-120 (2009).
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TITLE: Dual Modal MR/Fluorescent Zinc Sensing probes for Imaging Beta Cell Mass in Diabetes
PRESENTER: Nicholas Long
ABSTRACT BODY: 
Abstract Body: Magnetic Resonance (MR) imaging compared with other imaging modalities has excellent anatomical
resolution; however, it suffers at the molecular scale due to its intrinsic low sensitivity. To produce a detectable change
in water signal intensity, a relatively high concentration of contrast agent (0.01 - 0.1 mM) is required.[1] This creates
problems when imaging at the molecular level, as the most interesting targets are present at much lower
concentrations, typically in the nano- or pico-molar range. In order to overcome the inherent sensitivity problems of the
NMR phenomenon, [2] dual modal contrast agents is an area of research that shows great promise. This is the
attachment of a secondary imaging agent for e.g. PET, SPECT or fluorescence imaging to an MRI contrast agent. The
goal is to overlay images from the different techniques, giving better image resolution and co-validation of the
accumulation of targeted MR contrast agents at a specific site.
 
Despite the contribution of changes in pancreatic β-cell mass to the development of all forms of diabetes mellitus, few
robust approaches currently exist to monitor these changes prospectively in vivo. Although MRI provides a potentially
useful technique, targeting MRI-active probes to the β cell has proved challenging. Zinc ions are highly concentrated
in the secretory granule, but they are relatively less abundant in the exocrine pancreas and in other tissues. We have
therefore developed functional dual-modal probes based on transition-metal chelates capable of binding zinc. The first
of these, Gd.1, based upon DOTA (1,4,7,10-tetraazacyclododecane -1,4,7,10-teraacetic acid) is proven to be an
excellent chelate that can be functionalised for many biological imaging purposes.[3] Gd.1 binds Zn(II) directly by
means of an amidoquinoline moiety (AQA), thus causing a large ratiometric Stokes shift in the fluorescence from λem
= 410 to 500 nm with an increase in relaxivity from r1 = 4.2 up to 4.9 mM-1s-1. The probe is efficiently accumulated
into secretory granules in β-cell-derived lines and isolated islets, but more poorly by non-endocrine cells, and leads to
a reduction in T1 in human islets. In vivo murine studies of Gd.1 have shown accumulation of the probe in the
pancreas with increased signal intensity over 140 minutes [4] (Fig. 1).
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Figure 1 A) MRI image of abdomen of a mouse 40 mins after injection with Gd.1 (0.1 mmol/Kg, pancreas is outlined in
red). B) MRI image of abdomen of a mouse 40 mins after injection with Gd.1 (0.1 mmol/Kg, pancreas is outlined in
blue). C) Time course plot of relative signal intensity change in pancreas after administration of Gd.1 (red) or
Gd.DOTA (blue) (0.1mmol/kg). D) Structures of Gd.1 (red) or Gd.DOTA (blue) (n = 10).
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TITLE: Comparison of White Matter Microstructure Based on Cerebral Amyloid Deposition in Healthy Aging and Mild
Cognitive Impairment: a multimodal PET/MR study
PRESENTER: Els Fieremans
ABSTRACT BODY: 
Abstract Body: Besides amyloid deposition, white matter (WM) changes are involved in the early pathogenesis of
Alzheimer's Disease (AD), including inflammation, demyelination and axonal loss. Using simultaneous PET and MRI,
we investigated differences in WM microstructural integrity, measured with Diffusion Kurtosis Imaging (DKI), with
respect to beta amyloid (Aβ) deposition as measured with18F-Florbetapir PET. DKI is a clinically feasible diffusion
MRI method that extends beyond Diffusion Tensor Imaging and probes non-Gaussian diffusion properties of nervous
tissue, and allows for quantifying the microstructural index for the axonal water fraction (AWF), a specific marker for
axonal degeneration and demyelination.
 
Methods: 34 subjects were scanned on a 3T integrated PET-MRI system (Siemens Biograph mMR, VB20). 18F-
Florbetapir (9 mCi, Eli Lilly) was injected intravenously and a static 20-minute PET image was reconstructed starting
at 40 min post-injection using a UTE-based attenuation map. An anatomical MP-RAGE was acquired for cortical and
sub-cortical segmentation using Freesurfer. Hippocampal volume was normalized to the estimated total intracranial
volume. The standardized uptake values (SUV) in 5 cortical regions known for pathological uptake of Florbetapir
(anterior and posterior cingulate, medial orbito-frontal, parietal and temporal), normalized to the cerebellum, yielded
mean cortical relative SUV (SUVr). DKI provided parametric maps for the radial diffusivity (RD), radial kurtosis (RK),
and the AWF.
Using a lower and higher mean SUVr threshold of 1.0 and 1.1, age- and gender-controlled subjects were categorized
into Aβ negative (Aβ-) (n = 13, 5 females, age = 69.8 ± 5.1 yrs), Aβ intermediate (Aβi) (n = 13, 8 females, age = 68.9 ±
4.8 yrs), or Aβ positive (Aβ+) (n = 8, 4 females, age = 70.6 ± 5.3 yrs). Using Tract-Based Spatial Statistics (TBSS),
skeletonized voxel-wise analysis was performed to identify areas of differences in the diffusion metrics while co-
varying for age. Separately, WM regions of interests (ROIs) were automatically segmented using atlas registration
over which mean values were extracted. Analysis of covariance covarying for age was used to compare diffusion
metrics and hippocampal volume among groups.
 
Results: See figure. Results from both TBSS and ROI analysis demonstrated changes in the fornix and the genu of
the corpus callosum. Between the Aβ- and Aβi groups, RD decreased while RK and AWF increased. Conversely,
between the Aβi and Aβ+ groups, RD increased RD while RK and AWF decreased. A trend towards significantly
higher hippocampal volume in the Aβi group was observed.
 
Conclusions: We report changes in RD, RK and AWF in opposite directions between Aβ- and Aβ~, and between Aβ~
and Aβ+, respectively, suggesting that different mechanisms affect the microstructure during different stages of AD.
Early on, mechanisms including microglial activation may restrict diffusion, resulting in the observed decrease in RD
and increase in RK and AWF. Later on, neurodegenerative effects such as demyelination and axonal loss may
outweigh inflammation, resulting in the observed increase in RD and decrease in RK and AWF.
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TITLE: Imaging Fluctuating Acetylcholine Levels with (-)-[18F]Flubatine PET Imaging of α4β2*-Nicotinic Acetylcholine
Receptors in Humans 
PRESENTER: Ansel Hillmer
ABSTRACT BODY: 
Abstract Body: Background: The acetylcholine system is implicated in neuropsychiatric illnesses including substance
abuse disorders, schizophrenia, and Alzheimer’s disease. Developing PET imaging techniques to measure fluctuating
acetylcholine levels can provide new tools to study the acetylcholine system in vivo. The goal of this work was to
assess the binding sensitivity of the PET radioligand (-)-[18F]flubatine (also called (-)-[18F]NCFHEB), which is specific
to α4β2*-nicotinic acetylcholine receptors, to changes in acetylcholine levels induced by the acetylcholinesterase
inhibitor physostigmine.
Methods: Healthy human subjects (n=7) were imaged with (-)-[18F]flubatine PET. Radiotracer was administered as a
bolus plus constant infusion, giving 244±58 MBq (-)-[18F]flubatine with Kbol=360 min. PET data were acquired with an
HRRT for 210-240 min. A 1.5 mg physostigmine dose was administered over 60 min, starting 125 min after the
initiation of radiotracer administration. Arterial blood sampling was acquired to measure the metabolite-corrected
parent input function. Time-activity curves were extracted from cerebellum, striatum, hippocampus, and frontal,
occipital, parietal, and temporal cortices for analysis. Free-fraction corrected total distribution volumes (VT/fP) were
evaluated with equilibrium analysis from 90-120 min (baseline) and 210 min (post-drug) to estimate VT/fP.
Physostigmine-induced changes in VT/fP were estimated as ΔVT/fP=[VT/fP(Baseline)-VT/fP(Physo)]/VT/fP(Baseline).
Results: Small reductions in (-)-[18F]flubatine binding were found, with ΔVT/fP ranging from 0.0±5.3% in hippocampus
to 6.5±5.0% in frontal cortex (see Table). This effect was significant in parietal cortex (p=0.048) with trends in frontal
and occipital cortices (p<0.1).
Conclusion: We observed small decreases in (-)-[18F]flubatine VT/fP after physostigmine administration in regions of
cortex. This finding suggests that (-)-[18F]flubatine binding is sensitive to fluctuating acetylcholine levels and could be
extended to study neuropsychiatric disorders.
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TITLE: Neuronal PirB upregulated in cerebral ischemia acts as a novel potential theranostic target for ischemic stroke
PRESENTER: Ying Zhang
ABSTRACT BODY: 
Abstract Body: Mouse paired immunoglobulin-like receptor B (PirB) originally thought to function exclusively in the
immune system, is now also known to be expressed by neurons and plays an inhibitory role in neurite outgrowth and
neuronal plasticity. The aim of this study was to investigate the expression and roles of neuronal PirB in ischemic
stroke and develop anti-PirB vectorized stealth immunoliposomes containing imaging probes for real-time monitoring
of ischemic stroke.
Our results showed that the expression of neuronal PirB was significantly up-regulated in the ischemic hemisphere via
photothrombosis compared to the undamaged contralateral side from 1 to 14d after ischemia (Figure A). With the
increase of ischemic injury in ipsilateral side, the upregulation of neuronal PirB was more obvious when compared
with contralateral side (Figure B). The in vitro oxygen glucose deprivation (OGD) model showed that at 24h after OGD
injury, expression of PirB and its ligands in the OGD group was remarkably higher than that in the control (Figure C).
Soluble PirB ectodomains blocked PirB binding to endogenous ligands, and alleviated neuronal apoptosis after
exposed to OGD (Figure D). Upregulation of PirB in neurons may play important roles in the pathogenesis of stroke,
and selectively block PirB protein may not only be promising for treatment of stroke but also be as a targeting moiety
for molecular imaging to stroke tissue.
We have successfully developed anti-PirB vectorized stealth immunoliposomes containing near-infrared fluorophore
DiR to make them traceable by fluorescence. TEM microscopy of the immunoliposomes verified the formation of
homogeneous unilamellar liposomes of a mean diameter consistent with that obtained with dynamic light scattering
around 160nm (Figure E). The binding specificity of anti-PirB immunoliposomes was firstly demonstrated in the PirB-
positive spleen cells. The signal intensities of the cells on NIRF images were significantly higher in the anti-PirB
liposomes group compared with the control groups. The majority of the signal intensity in the anti-PirB liposomes
group was blocked by pre-treatment with free anti-PirB antibody (6C1) (Figure F). To investigate the targeting
specificity of nanoprobes in vivo, anti-PirB immunoliposomes (LP-6C1) or rat-IgG vectorized stealth immunoliposomes
(LP-IgG) were administered intravenously in cerebral ischemic stroke mice on day 1. The signal intensities of the
ischemic hemispheres on the NIRF images were significantly higher in the LP-6C1 group compared with the LP-IgG
group at 24h after injection (Figure G and H). The results indicated that liposomal delivery system may be potentially
useful as a theranostic nanocarrier that specifically targets the peri-infarct tissue in cerebral ischemia.
On the basis of PirB targeting moiety and PirB ectodomain, we will consturct a novel theranostic nano-liposomes that
specifically target the peri-infarct tissue in cerebral ischemia and ameliorate ischemic injury. We believe that our work
will lay the foundation for adjutant diagnosis, treatment and real-time monitoring of ischemic stroke.
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Figure (A) The expression of PirB in cerebral ischemic model at different time points (n≥3). C:contralateral,
I:ipsilateral. (B) PirB mRNA expression was compared under different light strength (n≥3). (C) Expression of PirB and
its ligands in cultured cerebral cortical neuron exposed to OGD. (D) Effect of soluble PirB ectodomains (sPirB) on
cleaved caspase-3 in neurons exposed to OGD.sPirB ectodomains alleviated apoptosis of neurons exposed to OGD
in a dose-dependent manner. (E) TEM micrograph and hydrodynamic diameter for the Liposomes. (F) Near-infrared
fluorescence images of the spleen cells in different groups showed a remarkable fluorescence signal in the LP-6C1
group, which indicated a higher cellular binding efficacy of LP-6C1 compared with the control nanoprobes in cells. (G)
The corresponding infarct areas on the T2-weighted images. (H) Representative NIRF images showed a significantly
higher signal intensity of the stroke area in the LP-6C1 group compared with the LP-IgG group in vivo.
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TITLE: Real Time MRI-guided convection-enhanced delivery of gliotoxin in pig brain to induce focal demyelination as
a model of multiple sclerosis
PRESENTER: Lukasz Kalkowski
ABSTRACT BODY: 
Abstract Body: Introduction: Multiple sclerosis (MS) is one of the most widespread neurological disorders with no
effective therapy. Vast majority of preclinical research on MS is based on rodent models and while these models are
very useful and cost effective for initial stages of discovery, more clinically relevant models are needed to validate
therapeutic strategies prior to clinical translation. Pig has a brain that is gyrencephalic, only 10 times smaller
compared to human (mouse is 1000 times smaller) and white matter content is similar to human brain. Accordingly,
the main goal of this study was to establish the model of focal demyelination in domestic pig brain with lesion
placement performed using ClearPoint® system and gliotoxin distribution monitored in real-time during convection-
enhanced delivery (CED) based on gadolinium MRI contrast.
Materials and methods: Eight juvenile female pigs of 25-30 kg were anesthetized by sevoflurane (0.5-1%) and
propofol (3-5mg/kg/h i.v.) and following head skin incision a burr hole was placed. The SmartFrame® and trajectory
device (MRI Interventions, Inc.) was fixed to the skull using titanium screws (Fig. 1A). Gliotoxin, either 1-3%
lysolecithin or 0.0125-0.2 mg/ml ethidium bromide in PBS was mixed with gadoteridol (2 mM). MRI compatible
SmartFlow® catheter was filled with gliotoxin, injection needle was inserted beneath the dura mater and animals were
placed in a 3 T MRI scanner (Magnetom Trio, Siemens). Dynamic Haste sequence was used to adjust injection
trajectory to target corona radiata. Gliotoxin was infused at 250 µl/h rate over one hour with repeated T1 scans to
monitor the process of CED. MRI follow up was performed one day and one week post injection. MRI protocol
included T2 (TR/TE= 6440/83 ms) and T1 without and with contrast (TR/TE= 1900/2,5 ms). After last imaging session
animals were transcardially perfused and brains were harvested for histological analysis including eriochrome cyanine
R and Hematoxylin/Eosin.
Results: ClearPoint system facilitated convenient adjusting injection trajectory under real-time MRI to navigate the
needle to selected target. CED of gliotoxin/gadolinium was successfully visualized on T1w scans acquired during
injection. Fig.1B shows the brain before injection and Figs. 1B1-B4 are from boxed area in B acquired after 15, 30, 45
and 60 min show gradual expansion of the hyperintense region. MRI at one week show small region of blood brain
barrier disruption on T1+gad scan (Fig. 1C, green arrowhead) and lesion appears as hyperintense on T2w MRI (Fig.
1D). Histological staining for myelin (Eriochrome; Fig.1E) confirmed localization of demyelination, which spatially
matched with gliotoxin distribution detected on dynamic T1w and one week T2w weighted MRI (red arrowheads).
Correlational analysis revealed strong correlation between the lesion size on T2w MRI and histopathology.
Conclusion: Interventional MRI-guidance was instrumental for precise induction of focal demyelination in pig. MRI and
histopathological features of lesions resemble those observed in MS.
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Fig. 1. Picture of ClearPoint device mounted on porcine head (1A). 1B shows T1-weighted coronal scan before
infusion of gliotoxin/gadolinium and 1B1-1B4 show boxed area in B after 15, 30, 45 and 60min of infusion. 1C is a
gadolinium enhanced T1 scan showing BBB disruption. 1D shows  hyperintense lesion on T2w scan seven days post
injection. 1E Coronal section of the brain lesioned with 3% lysolecithin stained for Eriochrome. Red arrowheads shown
lesion area.
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TITLE: Bioengineered Pigment Clustering Sensors for dynamic Optoacoustic Imaging
PRESENTER: ANTONELLA LAURI
ABSTRACT BODY: 
Abstract Body: INTRODUCTION
Optoacoustic Imaging can extract critical molecular information with deeper tissue penetrance than physically possible
by conventional microscopy techniques (Ntziachristos, Nature 2010). However, there is currently a lack of sufficiently
strong genetically controlled contrast agents and molecular sensors that can dynamically sense analytes of interest. In
this biomimetic approach, we took inspiration from certain cold blooded organisms such as the cattlefish that can
change their color by relocalizing pigment-filled bodies in dedicated chromatophore cells under neurohumoral control.
Analogously, we genetically modified melanphore cells containing compartments (melanosomes) filled with melanin -
a strong optoacoustic contrast agent - such that the entire melanosome agglomeration and dispersion process is
dependent on a specific ligand of interest binding to a G protein–coupled receptor (GPCR). On the example of frog
melanophore cells and zebrafish models, we demonstrate this novel and generalizable contrast mechanism for high
resolution optoacoustic imaging of GPCR-mediated signaling molecules.
METHODS
We genetically modified frog melanophores by overexpressing GPCRs for different ligands of interest, FACS sorted
them and xenografted them into juvenile zebrafish. We then embedded the live fish in agar and performed imaging
using raster-scan optoacoustic mesoscopy (RSOM), which detects acoustic signals generated in the sample by light
absorption, achieving 18 µm lateral and 4 µm axial resolution up to several millimeters of depth (Omar et al., Optic
letters 2014).
RESULTS
First, to test whether the GPCR-controlled pigment aggregation could provide sufficient dynamic contrast for
optoacoustic mesoscopy of adult fish, we overexpressed the designer receptor hMD4i-2A-eGFP (DREADD,
Armbruster et al, PNAS 2007) in the Xenopus melanophores; a receptor that, when activated, reduces the level of
intracellular cAMP. The response of the modified cells to the orthogonal agonist clozapin N-oxide (CNO) via
microscopy revealed a strong re-localization of the melanosomes(fig.1B). After transplantation of the cells into the
midbrain of adult fish, the sensor cells could be detected with high contrast via RSOM. We also observed a substantial
aggregation of the melanosomes after CNO delivery (fig.1C-D). Next, we investigated whether the pigment-clustering
optoacoustic sensor could detect the natural signaling molecule melatonin. As shown in fig1C-F we could resolve the
transplanted cell sensor cells by RSOM and could clearly detect melanosome aggregation by amplitude as well as
frequency changes,fig.1H. In summary, we demonstrate a new biomimetic sensor mechanism for in vivo optoacoustic
imaging based on dynamic pigment clustering of bioengineered sensor cells. The dynamic cell sensors provide high
contrast due to the strong absorbance of melanin and high sensitivity thanks to the cellular amplification of the GPCR
signaling. We will present how the sensor mechanism can be generalized to other ligands, stimulation paradigms and
different cell systems with dynamically actuated biosynthetic pigments.
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CONTROL ID: 2493178
TITLE: Optical neuronal MHC-I targeting peptide for early diagnosis of ischemic stroke in vivo
PRESENTER: Fengqin Miao
ABSTRACT BODY: 
Abstract Body: Over the past few decades, increasing evidence has demonstrated that major histocompatibility
complex class I (MHC-I) molecules can be expressed in subsets of mammalian brain neurons, and play an important
role in synaptic plasticity, brain development and axonal regeneration (Cullheim S and Thams S 2010; Cebrián C, et
al. 2014)
Firstly, we found that in C57/BL6J mice middle cerebral artery occlusion (MCAO) model and photothrombotic ischemia
model, the protein expression of MHC-I in the ischemic hemisphere was markedly increased and reached its peak
within 3 hours. Protein expression pattern after stroke and close association with ischemic brain injury make MHC-I a
promising target for acute phase diagnosis of ischemic stroke (Adelson JD, et al. 2012). Secondly, we designed a
fluorescence or NIR dyer modified mouse MHC-I ligand, named H2BP. In vitro ischemic stroke model- cultured mouse
cortex neurons subjecting to Oxygen Glucose Deprivation (OGD) well tested that ischemic neuron not only expressed
MHC-I but also present foreign protein antigen FITC-H2BP by MHC-I. However, a scrambled control peptide showed
a lack of the binding abilities. Photothrombotic mice were applied to investigate the effectivity of Cy5.5-conjugated
H2BP imaging ischemia of brain in vivo. The results showed that compared with the contralateral side, the ischemic
hemisphere had higher fluorescence intensities in photothrombotic mice injected with the Cy5.5-control probe
(scrambled amino-acid residue of H2BP) by both the in vivo NIRF image (Figure 1A,Left) and the ex vivo NIRF image
24 hour after injection (Figure 1B, Right). Strong fluorescence was observed over the ipsilateral side of MCAO mice
injected with Cy5.5-H2BP on the in vivo NIRF image (Figure 1B,Left) and the ex vivo NIRF image at the same
time(Figure 1B, Right). The corresponding ex vivo NIRF images showed equally low fluorescence intensities over both
hemispheres in brains of sham-operated mice injected with Cy5.5-H2BP.
In mice imaged with NIRF, since 1 hour to 5 hours after injection of Cy5.5-H2BP, there was no significant difference
between the fluorescence intensities measured over the ipsilateral, ischemic hemisphere compared with the
contralateral side. In contrast, significantly higher fluorescence signals were detected over the ipsilateral hemisphere
compared with the contralateral side in mice imaged with NIRF at 6 hours, 8 hours, 10 hours, 12 hours, 24 hours, after
injection (Figure 1C). Significant TBRs changes were clearly detected initially at 6 hours after injection of Cy5.5-H2BP,
and it showed time-dependent slow decrease until 24 hours.
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Figure. Representative NIRF imaging of different groups 24 h after infusion of the fluorescent probe and time courses
of Cy5.5-H2BP in vivo NIRF imaging. MR images of Cy5.5-control peptide injected group(A, Left) and Cy5.5-H2BP
peptide injected group(B, Left) depicted the ischemia of mice.<br />
A.In vivo NIRF imaging (A, Middle) or ex vivo NIRF imaging of the mouse brains removed from the skull (A, Right)
showed slight increase of fluorescence intensities in the ischemic hemisphere compared with the contralateral side in
mice injected with Cy5.5-control peptide probe.<br />
B.Strong fluorescence was seen over the ipsilateral side of mice injected with Cy5.5-H2BP peptide shown by in vivo
NIRF imaging (B, Middle) or ex vivo NIRF imaging (B, Right). The images were normalized on the color scaling
bar.<br />
C.Time courses of in vivo NIRF imaging of ischemic mice injected with Cy5.5-H2BP from 1h to 24 h.
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TITLE: In vivo imaging of a human invasively growing glioma mouse model using TSPO-PET and diffusion MRI
PRESENTER: Hayet Pigeon
ABSTRACT BODY: 
Abstract Body: Introduction 
Glioblastoma multiforme is the most common and aggressive form of primary human brain tumors, characterized by
its invasive growth. Imaging glioma cell infiltration remains challenging but advanced MR and PET imaging might help
in visualizing activity of the tumor. In order to non-invasively assess glioma infiltration, we set up a human invasive
glioma mouse model. We chose to combine PET imaging of the 18 kDa translocator protein (TSPO), a suggested
biomarker for glioma imaging, with diffusion-weighted MRI (dMRI) which probes tissue microstructure through
changes in water mobility.
Methods 
P3 human glioma cells were stereotactically implanted in the striatum of nude mice (n=12). Tumor growth was
monitored using 18F-DPA-714 PET, T2w and dMRI at 1, 3, 5, 7 and 9 weeks post-inoculation. PET and MR images
were manually coregistered. A VOI analysis was performed around the cell implantation site and in the contralateral
brain to calculate SUVs and tumor-to-contralateral brain ratios (TBR). Diffusion MRI were acquired at multiple b values
and processed to estimate non-Gaussian quantitative diffusion parameters (Apparent Diffusion Coefficient (ADC0)
and Kurtosis (K)) on a voxel-by-voxel basis and in selected ROIs by fitting the signal to an “IVIM + non Gaussian”
diffusion model. Furthermore, a newly developed diffusion composite marker, S-index, aimed at directly detecting
minute changes in the dMRI signals acquired at key b values without calculating any model parameter was also
estimated. PET and MRI findings were validated using autoradiography and immunohistochemistry (IHC).
Results 
[18F]DPA-714 TBRs ranged from 1.2 to 2.0, with a significantly higher uptake in the tumor 7 and 9 weeks post
implantation (p<0.01). Ex-vivo autoradiography and IHC confirmed increased 18F-DPA-714 binding (p< 0.001) and
TSPO expression within the tumor as well as glioma cell invasion into the contralateral hemisphere. T2w-anatomical
MR images showed hyperintense areas at tumor location only 9 weeks after implantation but the precise boundaries
of the tumor were difficult to observe. In contrast, ADC0 and K were found higher (p<0.0001) in ipsilateral hemisphere
relative to contralateral as soon as 7 weeks post-implantation. S-index quantification led to an early detection of
glioma invasion, showing also tumor heterogeneity. Interestingly, S-index maps revealed tumor infiltrative areas along
white matter tracts, especially near the corpus callosum and anterior commissure.
Conclusions 
We found significantly higher tumor-to-contralateral 18F-DPA-714 uptake ratios starting 7 weeks after glioma cell
implantation and could visualize glioma infiltration into the contralateral hemisphere. Diffusion MRI was found more
sensitive than standard T2w MRI to detect invasive glioma at 7 weeks, and also to probe tissue infiltration. These
results suggest that advanced PET and MR imaging methods, such as 18F-DPA-714 and dMRI, and especially the
composite S-index, may be suitable to visualize glioma and tumor infiltration at an early stage, potentially improving
grading of invasive glioma and patient management.
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CONTROL ID: 2496360
TITLE: [18F]3F4AP: a novel PET tracer for demyelinating diseases
PRESENTER: Pedro Brugarolas
ABSTRACT BODY: 
Abstract Body: Central nervous system (CNS) demyelination represents the pathological hallmark of multiple sclerosis
(MS) and is thought to contribute to a variety of other neurological conditions including traumatic brain injury, stroke
and Alzheimer's disease. The ability to quickly and quantitatively assess demyelination is crucial for the diagnoses and
treatment of these diseases. As current imaging approaches for demyelination rely on magnetic resonance imaging
(MRI), which is neither quantitative nor specific for demyelination, we have explored the possibility of targeting axonal
potassium (K+) channels to image changes in myelination using positron emission tomography (PET). These
channels, which normally reside beneath the myelin sheath, become exposed upon demyelination, resulting in
leakage of intracellular K+ ions and disruption of action potentials. Consequently, the K+ channel blocker 4-
aminopyridine (4-AP) is used clinically to enhance axonal conduction in MS patients. Here, we demonstrate that an F-
18 labeled derivative of 4-AP can serve as a PET tracer for imaging changes in myelination. More specifically:
- We show using ex vivo autoradiography that 4-AP has higher uptake in non-myelinated and demyelinated versus
well-myelinated CNS regions in 3 mouse models of demyelination (Fig. 1).
- We developed several fluorinated derivatives of 4-AP and following a thorough in vitro and in vivo characterization,
we found a compound, named 3-F-4-AP, that has similar binding affinity as 4-AP, is metabolically stable and
permeable to the blood-brain-barrier.
- We validated that [14C]3-F-4-AP can also distinguish demyelinated and control mice by autoradiography.
- We developed a novel radiochemical method to produce [18F]3-F-4-AP in high yield and high specific activity (Fig.
2).
- We conducted PET imaging experiments in rats, which showed high uptake of the drug on the brain and no
defluorination of the tracer. Additionally, autoradiography experiments with [18F]3-F-4-AP confirmed the C-14
autoradiography findings (Fig. 3).
In summary, in this project we have shown that K+ channels although ubiquitously expressed in the brain, can serve
as targets to detect demyelination by PET. This novel approach resulted in the first PET tracer whose signal positively
correlates with demyelination (as opposed to tracers that bind to myelin). Therefore, 3-F-4-AP is promising PET tracer
for diagnosing demyelinating diseases and monitoring new remyelinating therapies; a major challenge for the
development of new therapeutics for MS.
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TITLE: Quantitative Imaging of Sodium During Migraine Progression
PRESENTER: Nastaren Abad
ABSTRACT BODY: 
Abstract Body: Introduction 
The brain allocates over 50% of its energy reserves on a cellular basis to the regulation of sodium concentrations;
therefore, the alteration of sodium concentrations and fluxes related to these distributions are critical [1;2]. The
purpose of this study was to evaluate in vivo (23Na) fluxes in the brain using rat models of migraine induced by
intraperitoneal nitroglycerin injection. The ultra-high field of 21.1 T was employed to quantify alterations in intra- and
extracellular sodium during and following the onset of migraine. Three dimensional MRI scans and 2D chemical shift
images of sodium distribution were acquired longitudinally to identify localized alterations in sodium concentrations
during a 3-hr time period following nitroglycerin injection.
 
Methods 
All scans were performed using the 21.1-T, 900-MHz ultra-wide bore at the National High Magnetic Field Laboratory,
Tallahassee, FL. Animal procedures were approved by the Institutional Animal Care and Use Committee at the Florida
State University and the Huntington Medical Research Institutes (HMRI) in Pasadena, CA. After baseline scans, 14
anesthetized Sprague-Dawley male rats were administered in situ an intra-peritoneal injection of either nitroglycerine
(NTG, N=7) to induce migraine or saline (N=7) to serve as a control. 3D sodium scans were acquired with a scan time
of 30 min using a fast low angle shot (3D FLASH) sequence at an isotropic resolution of 1 mm for pre-injection and
post-injection late time points. Chemical Shift Imaging (CSI) with a 3-mm slice thickness also was acquired in 4 min
using a 16x16 sampling. Four time points including Pre Injection were acquired up to 3-h post injection.Slice selective,
2D sodium CSI were acquired using a 2048-point phase encoded free induction decay from a 16x16 grid of voxels
over a 3-mm slice thickness to yield an acquisition resolution of 1.875x1.875x3.0 mm. A repetition time of 250 ms
yielded an acquisition time of 4 min for each CSI dataset. Four CSI slices were acquired in coronal orientations to
cover selected regions of the rat brain.
 
Results and Discussion 
Focusing on detecting sodium changes from pre-injection baseline levels, preliminary analysis has identified
significant changes of sodium signal in the brainstem with the onset of migraine compared to the controls. In addition,
increasing trends in sodium signal are evident in the ventricles of the migraine induced brains. The current study could
be indicative of an earlier integration of nociceptive stimulation. Alternatively, the alterations could indicate increasing
brainstem dysfunction as a secondary response to migraine onset.
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Fig 1. A) 23Na 3D FLASH (TE/TR=1/50 ms) acquired at 1-mm isotropic resolution at pre- and post-injection (~2.5-h
post injection) points.B) Representative of 23Na CSI data overlaid on reference proton images, for the time points
investigated. Post Injection 1 is ~1-h post inject; Post Injection 2 is representative of ~2-h after injection and Post
Injection 3 is representative of ~3-h post injection.
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TITLE: Metabolic Assessments of Migraine using 1H Spectroscopy at Ultra-High Field
PRESENTER: Nastaren Abad
ABSTRACT BODY: 
Abstract Body: Background 
High-field MR spectroscopy provides the opportunity to interrogate metabolites dynamically and in vivo during the
progression of neurological disorders, such as migraine, that have rapid onset but potentially longer impacts. It thus
follows that identification of specific metabolic changes, potentially influenced by excitatory and inhibitory
neurotransmitters, may improve understanding of the onset and progression of migraine and open up new avenues for
therapy development. This study, therefore, evaluates biochemical and metabolic imbalances that may result in a
collection of dysfunctional pathways that are distinct in migraineurs. To enhance sensitivity while reducing individual
experiment acquisitions times, relaxation-enhanced MR spectroscopy (RE-MRS) was utilized to analyze quantitative
changes in brain metabolites during migraine progression. In the present study, the high sensitivity and spectral
dispersion available to 1H MRS at 21.1 T expands metabolic profiling of migraine to include Lactate (Lac), Taurine
(Tau), Aspartate (Asp) and Gly, which was identified as a mixture of Glycine, Glutamine and Glutamate.
 
Methods 
All scans were performed using the 21.1-T, 900-MHz ultra-wide bore using a 1H birdcage coil at the National High
Magnetic Field Laboratory, Tallahassee, FL. After baseline scans, 17 anesthetized Sprague-Dawley male rats were
administered in situ an intra-peritoneal injection of either nitroglycerine (NTG, N=11) to induce migraine or saline
(N=6) to serve as a control. A highly selective RE-MRS [1] sequence was utilized to target upfield metabolites from a
(4-mm)3 voxel, without water suppression. A total of 14 scans (10 min/scan) were acquired from pre-injection to 2.5-h
post injection.
 
Results and Discussion 
The RE-MRS sequence allowed for high quality spectra for the endogenous metabolites. Significant increases
between pre-injection baseline and post-injection time points was evident for Taurine and Lactate while total Creatine
and total Choline demonstrated significant decreases from baseline. In addition, elevated levels of Glycine also were
present in migraine animals compared to controls. These metabolic changes (decreased Creatines and increased
Lactate) support an alteration in metabolic profile from aerobic to anaerobic conditions, potentially due to an enhanced
energetic requirement and imbalance in migraine. Furthermore, the elevated levels of Taurine and Glycine may be
evidence of neuroprotective and osmoregulatory mechanisms that become progressively active during migraine onset.
These metabolic substrates may be targets for future studies of therapies direct towards the interruption of the
physiological cascade involved in migraine.
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Figure 1. A)  Representative 1D RE-MRS from in vivo rodent model. A TR = 2.5 s with 256 averages was used to
achieve a total scan time of 10 minutes. B) Representative signal intensities for induced migraine vs control levels of
Taurine, total Creatine and Lactate, normalized to the pre-injection values.
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TITLE: Transverse Relaxation of Selectively Excited Metabolites in Stroke at 21.1T
PRESENTER: Jens Rosenberg
ABSTRACT BODY: 
Abstract Body: Introduction: In this study a 21.1 T magnet, the highest magnetic field currently available for MRI/S in
animals, is employed to investigate the apparent transverse relaxation (T2) [1] of metabolites in stroke. In light of a
recent report of Relaxation Enhancement (RE) phenomena to measure longitudinal relaxation (T1) [2-3], this study
utilizes a similar technique to measure T2 relaxation of selectively excited metabolites relevant to stroke in
combination with high field MRS to investigate their potential to serve as stroke biomarkers.
Methods: Cerebral ischemia was initiated by a 1.5 hr middle cerebral artery occlusion using Sprague-Dawley rats [1]
followed by in vivo MRI 24 hr post-surgery. The sequence used, is based on a previously reported RE sequence [2],
which utilizes frequency selective excitation and refocusing pulses together with a 3D LASER module. The sequence
was modified to increment echo times (TE) and implemented on the 21.1-T magnet. A 33-mm quadrature coil was
used to image all stroked animals. The spectrally selective pulses are based on the Shinnar-Le Roux (SLR) algorithm
and were used to target 4 metabolites: Lactate (Lac), N-acetyl aspartate (NAA), Creatine (Cre) and Choline (Cho).
Two 5-mm isotropic voxels were located in each hemisphere. For measuring metabolic T2, 14 TEs were varied
between 58-254 ms, TR was set to 7.2 s. All scans were acquired with 16 averages. Following apodization, each peak
was fitted to a single exponential decay function.
Results: Fig. 1a shows the placement of each voxel and a representable spectrum from the shortest TE (Fig 1b) with
corresponding SNR measurements. At only 16 averages, high quality spectra were acquired with no water
contamination showing the increased sensitivity of using this sequence at ultra-high field. SNR reveals significant
changes for all metabolites and the apparent T2 proved to be longer than expected (Fig 1c). Significant different
metabolic T2 was seen for Lac only when comparing the ipsilateral and the contralateral side. These long T2s are
interestingly accompanied by rather short T1s (~0.8 – 1.8 seconds) [2], and are suggestive of high fidelity MRS in such
high fields.
Conclusions: These findings suggest that the modified RE sequence at high field increases the MRS sensitivity and
can potentially be used as biomarkers for stroke recovery. The slow dephasing of the transverse spins will facilitate
other quantitative studies of selectively excited metabolites (such as diffusion) as a result of the preserved signal;
furthermore, these long T2s may offer the possibility of imaging metabolites with very good sensitivity. These results
strongly suggest that apparent T2s at ultrahigh fields could provide unique insights into the complex chemistry and
dynamic interactions of metabolites with their host tissues under ischemic processes.
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Fig 1a: Shows placement of the two voxels overlaid on a T2W spin echo image. Fig 1b shows the corresponding clean
and undistorted spectra in the stroke region. * indicate SNR measurements that are significantly different compared to
the contralateral side. Fig 1c shows the extracted metabolic T2 in the stroke region. Lac in stroke is significantly
different compared to Lac on the contralateral side as indicated with *. Brackets show significantly different T2
between metabolites.
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TITLE: Prevention of Oxaliplatin-induced Neuropathy by using Minocycline as a Chemoprotectant: Demonstration by
Imaging and Behavioral Assessment
PRESENTER: Lucia Le Roux
ABSTRACT BODY: 
Abstract Body: Goal: In this study we evaluate the relationship between Oxaliplatin-induced reductions in retrograde
transport and the development of symptoms of peripheral neuropathy symptoms in a murine model, using molecular
imaging and neurobehavioral testing as readouts. We also determine if Minocycline, a promising chemo-protectant
can be used for preventing chemo-induced neuropathies.
Materials and Methods: Female BALB/c mice received one of four treatments vehicle/vehicle, vehicle/minocycline,
Oxaliplatin/vehicle, or Oxaliplatin/minocycline (n=8/group). A 30 mg/kg cumulative dose of Oxaliplatin or dextrose
vehicle was given in 10 divided intra-peritoneal doses across 3 weeks using a 5 days of treatment, 5 day rest, 5 day
treatment administration paradigm. Animals were treated daily with 50 mg/kg minocycline or 0.9% saline vehicle by
oral gavage beginning 48 h prior to the first Oxaliplatin treatment. Both imaging and behavioral data were collected at
baseline and weekly for 3 weeks. For each imaging session, animals received fluorescently labeled TTc-Alexa790 (15
ug/20 uL) via intramuscular injection into the calf muscles. Fluorescent imaging (Xenogen IVIS 200) was used to
image the distribution of TTc over 60 minutes, with ROI measurements taken over the lumbo-thoracic junction of the
spine to quantitate fluorescent uptake. Neurobehavioral assessment for mechanical sensitivity was assessed through
the use of Von Frey nylon filaments to exert calibrated force on the footpads. The 50% hind paw withdrawal threshold
was calculated. At the end of the study tissue was harvested for fluorescent immuno-histological analysis.
Results: Oxaliplatin/vehicle treated animals showed a significant decrease in transport of TTc during the second week
of treatment (F (1,12)=39.604, p<0.001), while the TTc transport of the vehicle/vehicle and oxaliplatin/minocycline
remained stable across the experiment. The vehicle/minocycline group saw an increase in transport of TTc during the
second week of treatments (F (1,12)=42.533, p<0.001). Behavioral data indicated that Oxaliplatin treatment resulted in
increased mechanical sensitivity, while minocycline treatment abrogated this effect, such that animals in the
Oxaliplatin/vehicle group showed increased sensitivity compared to all other groups. This effect emerged within the
first week of treatment and remained throughout the study. A linear correlation between paw withdrawal threshold and
TTc transport at week 3 was found, with r = 0.7939, p<0.01, such that subjects with reduced TTc transport also
displayed reduced mechanical thresholds. Immuno-histology confirmed the imaging data.
Conclusion: Oxaliplatin causes a decrease in retrograde axonal transport, and this reduction in transport correlates
with neurobehavioral impairment due to neuropathy. We show that this effect can be attenuated by a chemo-
protectant, minocycline, and that the protectant effect was apparent with both behavioral and imaging readouts. This
suggests that minocycline can prevent the neuropathy induced by Oxaliplatin, and that the mechanism of both the
pathological effect and its prevention are related to retrograde axonal transport.
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CONTROL ID: 2493770
TITLE: Identification of epileptic foci in an acute mouse model of focal epilepsy using high spatio-temporal resolution
optoacoustic tomography 
PRESENTER: Sven Gottschalk
ABSTRACT BODY: 
Abstract Body: Functional imaging of epileptic seizures with high spatio-temporal resolution is of great importance for
both fundamental research of the pathophysiological mechanisms of epilepsy and for the development of efficient
therapeutic strategies. However, functional studies of neuronal activity deep in the brain with conventional optical
imaging methods are hampered by insufficient imaging depths and consequent lack of depth-resolving ability. In
contrast, by transforming pulsed light energy into ultrasonic waves, optoacoustic imaging allows for optical imaging
with high spatial resolution not affected by light scattering in deep tissues [1]. Here, we present a functional
optoacoustic tomography system for real-time volumetric imaging of brain activity in a mouse model of focal epilepsy.
To induce epileptic seizures, the potassium channel blocker 4-aminopyridine (4-AP) was intracranially injected into the
neocortex of mice anesthetized with isoflurane. 4-AP is known to induce focal seizures lasting up to hundreds of
seconds with interictal periods of minutes for a total duration of several hours [2]. Electroencephalograms (EEG) were
recorded via screw electrodes placed in the skull and synchronized with optoacoustic data acquisition.
In order to accurately localize seizure-associated hemodynamic changes, thus revealing neuronal activity inside the
brain during epileptiform events, a new data processing paradigm similar to data processing pipelines commonly
applied for functional MRI data was developed. Briefly, after reconstruction, motion artifacts were minimized by
implementation of a motion correction framework, followed by linear unmixing for absorption signatures of oxygenized
(HbO) and deoxygenized (HbR) hemoglobin. Next, the unmixed oxygenation maps were coregistered to standard
mouse brain vasculature and brain atlases. Finally, active brain areas were identified by a Gaussian approximation of
the optoacoustic hemodynamic responses.
The experimental setup is shown schematically in Fig. 1A. Combined functional optoacoustic tomography and EEG
readily allows tracking oxygenation variations in single voxels. Seizure-associated hemodynamic changes can be
observed in voxels inside the main epileptic focus (i.e. around the 4-AP injection site), showing concomitant increases
and decreases in HbO and HbR, respectively. No signal changes are observed in the contralateral side of the brain
(Fig. 1B, red and green circle, respectively), confirming the ability of the newly introduced data processing paradigm to
accurately identify active brain regions during epileptiform events (Fig. 1C). Activity can be observed around the 4-AP
injection site, spreading into the parietal-temporal cortex and the frontal lobe as well as into the major veins and the
superior sagittal sinus.
In conclusion, our approach of simultaneous EEG and optoacoustic recordings allowed for in vivo 3D mapping of brain
activity associated with epileptic seizures with high spatial and temporal resolution, thus accurately locating epileptic
foci.
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AUTHORS (LAST NAME, FIRST NAME): Gottschalk, Sven2; Dean-Ben, Xose Luis2; Fehm, Thomas F.2, 1;
Tsytsarev, Vassiliy3; Razansky, Daniel2, 1

INSTITUTIONS (ALL): 
1. School of Medicine and School of Bioengineering, Technical University of Munich, Munich, Germany.
2. Institute for Biological and Medical Imaging, Helmholtz Zentrum München, Neuherberg, Germany.
3. Department of Anatomy and Neurobiology, University of Maryland School of Medicine, Baltimore, MD, United
States.



Figure 1:<br />
(A) Imaging setup. Focal epilepsy was induced by 4-aminopyridine injection into the neocortex. (B) Maximum intensity
projections of optoacoustic data, showing major veins in the brain (left: top view, right: side view). Single voxel
analysis of seizure-associated hemodynamic changes (HbO/HbR: oxygenized/deoxygenized hemoglobin). (C)
Seizure-activity map overlaid on brain regions, vasculature is indicated in the background (PC: Parietal-temporal
cortex, FL: Frontal Lobe, TA: Thalamus).



CONTROL ID: 2487057
TITLE: Glutamate Chemical Exchange Saturation Transfer (GluCEST) MRI as a Biomarker to Study Localized Glial
Function Derangements in MPTP Mouse Model
PRESENTER: Puneet Bagga
ABSTRACT BODY: 
Abstract Body: Introduction: Glutamate is the most abundant excitatory neurotransmitter in the mature brain. Astroglia
contribute to ~15% of total glutamate in brain which is highly regulated in the brain1. Sub-acute administration of 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) in mice causes selective dopaminergic cell death in the substantia
nigra and striatum leading to inflammation and astrogliosis2. GluCEST MRI is used to map changes in regional
cerebral glutamate homeostasis3,4,5. The objective of the current study is to measure regional glutamate alterations
in the brain of mice treated with MPTP using GluCEST MRI and determine the correlation with motor function loss.
Methods: Male C57BL6 mice were treated with MPTP/Saline for 7 days. Loss of motor function due to MPTP
administration was assessed by performing the four limb endurance test. For MR studies, anesthetized mice were
positioned in a 9.4T Horizontal bore MR spectrometer. GluCEST imaging of 2 mm thick axial slices containing striatum
and thalamus was performed with a saturation pulse of 250 Hz. The B0 inhomogeneity corrected images were used
for computing the percent GluCEST contrast. ROIs were manually segmented from T2-weighted images. Fixed mouse
brain sections were used for immunohistochmeical analysis.
Results and Discussion: MPTP treatment in mice led to a significant loss in motor function measured by the four limb
hanging test. GluCEST contrast maps show a higher contrast in the striatum of MPTP treated mice compared to
controls (26.3±1.1% vs 23.3±1.5%; p<0.001) (Fig. 1A,B,C). GFAP staining in the brain slices containing striatum show
a drastic elevation of in the astroglial reactivity (~350% higher than control) in the region (Fig 1 H,I). The neuronal
count and vesicular glutamate transporter-1 was not found to be changed in the striatum pointing toward glial
proliferation as the cause of elevated glutamate. Interestingly, GluCEST contrast was also found to be elevated in the
motor cortex of mice treated with MPTP significantly (26.3±1.5% vs 23.9±1.3%; p=0.0003) (Fig 1D,E). Both GluCEST
contrast and GFAP reactivity were found to be unchanged in the thalamus region of the brain (Fig 1F,G,J,K).
GluCEST contrast elevation in the striatum and motor cortex was also found to be negatively associated with the
motor function of the MPTP treated mice (Fig 1 L,M). This implies that with higher glutamate in striatum and motor
cortex leads to lower motor control in mice. GluCEST MRI demonstrates elevated glutamate with high spatial
resolution and can potentially provide a biomarker for the detection of neuroinflammation and regional perturbation in
the glial function in human brain at early disease stages. Additionally, GluCEST MRI may be applied to assess the
efficacy of novel therapeutic interventions and treatment modalities for PD and related neurodegenerative disorders in
humans.
References: 1. Tiwari et al. (2013) J Cereb Blood Flow Metab 33:1523-31; 2. Tristao FM et al (2014) Neurotox Res 25
:24-32; 3. Cai K et al (2012) Nat Med 18:302-6; 4. Haris M et al (2012) NMR Biomed 26:386-91; 5. Crescennzi R et al
(2014) Neuroimage 101:185-92
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Fig 1. GluCEST maps of brain slices from control (above) and MPTP treated mice (lower) (A) showing changes in the
striatum (B,C), motor cortex (D,E) and thalamus (F,G). GFAP immunostaining results in brain slice containing striatum
(H,I) and thalamus (J,K). Correlation of GluCEST Contrast in striatum (L) and motor cortex (M) with motor function<br
/>
<br />



CONTROL ID: 2488096
TITLE: Nanoparticle-Based CT Imaging Technique for Stem Cell Tracking within the brain: Application in
Neuropsychiatric Disorders
PRESENTER: Oshra Betzer
ABSTRACT BODY: 
Abstract Body: Stem cell-based therapy has emerged as a novel approach for the treatment of various pathologies,
due to its inherent biological properties. Mesenchymal stem cells (MSCs) in particular, can be used as effective
targeted therapy, as they exhibit homing capabilities to sites of injury and inflammation, exert anti-inflammatory
effects, and can differentiate in order to regenerate damaged tissue. A recent meta-analysis of preclinical research
revealed that despite the potential efficacy of cell therapy for treating neurological disorders, applying cell-based
therapy in clinical practice is very challenging; no consensus exists regarding cell dosage, optimal route of delivery,
cell migration and mechanisms underlying success or failure of treatment. A critical problem in the development and
implementation of cell-based therapy is the lack of reliable, non-invasive means to image and trace the cells post-
transplantation and evaluate their bio-distribution, final fate and functionality. There are several conservative
approaches for tracking stem cells in-vivo; however, the majority of these are destructive, necessitating scarification of
the animals and others are not suitable for deep brain structures.
Therefore, in this study, we developed a gold nanoparticle-based CT imaging technique for longitudinal in-vivo
mesenchymal stem cell tracking within the brain1. A second direction of this research was to suggest cell-therapy as a
new direction in the development of neuropsychiatric disorders' therapy2. Neuropsychiatric disorders such as
depression and addiction are highly prevalent and disabling psychiatric condition associated with significant morbidity
and a lifetime prevalence approaching 20%. Despite recent therapeutic advancement, effective treatment that
provides long term therapeutics is unavailable.
Hence, we applied our technique for non-invasive imaging of MSCs transplanted in rat models for depression and
drug addiction. Our results, which demonstrate that cell migration could be detected up to one month post-
transplantation, revealed that MSCs specifically navigated and homed to distinct depression/addiction related brain
regions. This work demonstrates a novel, noninvasive imaging technique for labeling and real-time, prolonged tracking
of stem cells. Our research further reveals that cell therapy is a beneficial approach for treating neuropsychiatric
disorders; Behavioral manifestations of core symptoms of depressive behavior (i.e., lack of motivation and anhedonia)
and addiction behavior (incubation of cocaine craving), were significantly attenuated following treatment.
Future research utilizing the suggested technique can provide quantitative information regarding the effect of MSCs on
neuropsychiatric disorders behavior, concurrently with elucidation of the mechanisms underlying the beneficial effect
of these cells. We expect This CT-based technique to lead to a significant improvement in cellular therapy both for
basic research and clinical applications. 
 
1. Betzer, O. & Meir, R. et al. Sci. Rep. 2015, 5, 15400.
2. Betzer, O. et al. ACS Nano 2014, 8, 9274–9285.
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a: Cells tracking; 3D in vivo volume rendering micro-CT scan obtained one month post GNP-labeled-cells injection into
the left ventricle b: Cells localization; representative ex vivo coronal CT image, obtained one month post cells
transplantation  c: Cells therapy; behavioral forced swim test scores, 21 days post-transplantation, for "depressed"
FSL rats that received cells treatment and for naïve SD, naïve FSL, and FSL with GNPs only as control groups.
Treated rats showed significantly reduced immobility time (p < 0.05).
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TITLE: Monitoring Disease Progression in Amyotrophic Lateral Sclerosis Using Manganese-Enhanced and
Glutamate-Sensitive CEST MRI 
PRESENTER: Amit Srivastava
ABSTRACT BODY: 
Abstract Body: Introduction: Amyotrophic lateral sclerosis (ALS) is an incurable, progressive and fatal neurological
disorder. Early stage detection and prediction of disease progression is difficult at present. We evaluated whether
manganese-enhanced MRI (MEMRI) and glutamate (glu)-sensitive CEST MRI1 can serve as novel biomarkers for
probing cellular ALS pathophysiology at different disease stages.
 
Methods: Five male SOD1G93A transgenic ALS mice and 5 male normal wild type (WT) littermates were used in this
study. MRI was performed using a horizontal bore Bruker Biospin 11.7T scanner. A 72 mm volume resonator and a
4x1 phased array spinal cord coil were used for transmission and image acquisition. For glu-sensitive CEST of the
spinal cord, we used an on-resonance variable delay multi-pulse (VDMP) sequence2. Animals were imaged pre- and
24 hours post-MnCl2 i.p. injection (0.4 mmol/kg bw) at the pre- and post-symptomatic stage of the disease (67 and
125 days, respectively. For in vitro MEMRI cell activation studies, glial restricted progenitor (GRP)-derived astrocytes,
undifferentiated GRPs, and fibroblasts were treated with/without a cytokine activation cocktail and with/without 2 μM of
the voltage-gated Ca2+ channel blocker verapamil.
 
Results: MEMRI demonstrated a significantly higher contrast in both white and grey matter of ALS mice at the post-
symptomatic stage (p<0.001), which corresponded to anti-GFAP immunostaining for activated astrocytes (Fig. 1). In
vitro manganese cellular uptake studies showed a significant increase of T1-w signal only in activated astrocytes,
which was blocked by the addition of verapamil indicating calcium channels as mechanism of Mn2+ intracellular
transport.
Fast-exchange sensitized VDMP MRI of the lumbar spinal cord showed a significantly higher signal in the grey matter
of ALS spinal cord compared to wild type controls (p< 0.05) only at the pre-symptomatic stage of the disease. We
interpreted this to be due predominantly to an increased level of glutamate, which contains rapidly exchanging amine
protons with an exchange rate ~ 5000 s-1.
 
Conclusions: Increased MEMRI signal during the post-symptomatic stage of ALS corresponds to activated astrocytes,
known to exhibit changes in calcium metabolism3. This agreed with in vitro MEMRI where activated astrocytes without
Ca2+ blocker showed the highest signal. Glu-sensitive CEST MRI has potential to predict when and where ALS
pathology develops. The two MRI modalities open up new avenues to study glial cell activation and to detect early
ALS pathophysiology, and may be further used in drug development aimed to reduce glutamate excitoxicity.
 
Acknowledgements: Supported by ALS Association 16-IIP-252, 2R01 NS045062, P41EB015909, and MSCRFII-1706.
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Figure 1. (A) MEMRI of ALS and age-matched WT controls at different disease stages. (B) MEMRI contrast
corresponds to anti-GFAP immunostaining for activated astrocytes. (C) Quantification of T1-weighted signal
intensities. ***p<0.001.
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TITLE: Analysis of multiparametric MRI using a semi-supervised random forest framework allows the detection of
therapy response in ischemic stroke.
PRESENTER: Salvador Castaneda Vega
ABSTRACT BODY: 
Abstract Body: Ischemic Stroke (IS) is the third leading cause of death worldwide. Independent analyses of imaging
parameters such as apparent diffusion coefficient (ADC), MRI-perfusion (PWI) and T2-weighted images (T2WI)
provide deep insights into different biological components of the IS lesion. ADC at 24 h has shown to be a robust
imaging predictor of final IS volume [1-2]. However, the evaluation of therapy response by inspecting each MRI
parameter independently not only produces highly variable IS volumes, but also disregards the complex interactions
among the parameters, failing to precisely evaluate the effects produced by potential therapies. We have used a novel
semi-supervised random forest based framework to perform voxel-wise segmentation using interactions among ADC,
PWI and T2WI at 24 hours after IS induction. Additionally we evaluated how these clusters are affected by therapeutic
hypothermia (HT) and a novel therapeutic approach: HT combined with normobaric hyperoxygenation (HT+NBO).
 
IS was induced in rats using the tMCAO stroke model (n=32). Laser doppler flow was measured throughout the
induction to provide stable occlusions. The rats were randomized and treated with HT, HT+NBO or no treatment
(Control). MRI scans were performed at 24 h and 1-week post IS to acquire using ADC maps, PWI and T2WI.
Controls were used for the identification of clusters using a Gaussian Mixture Model approach. Cluster results were
used to train a Random Forest Classifier. The trained classifier was applied on HT and HT+NBO datasets to obtain a
voxel wise classification. Animals were sacrificed 1 week post IS, at which time histology and immunohistochemistry
was acquired. MANOVA was used for statistical analysis.
 
The algorithm identified a cluster with reduced ADC and increased T2WI, consistent with known IS features at 24 h on
all of the animals (see supplementary). MANOVA showed a statistically significant difference between the animal
groups using the cluster derived volumes (p=0.008). HT+NBO animals presented significant differences in comparison
to control animals (p=0.02). We further compared our approach of cluster-derived stroke volumes to optimized
threshold-derived volumes (< 600 x10-6 mm2/s ADC, >125% T2WI signal intensity). Histological analysis confirmed a
reduction of the size of the lesions for the HT+NBO group.
 
HT+NBO therapy did not significantly reduce T2WI volumes, indicating that vasogenic edema formation is not
modified by therapy. Reduction of multifaceted affected voxels in the HT+NBO animals, with concurring histological
evaluation, emphasizes the necessity for multiparametric analyses to be precisely detect treatment response. The
specific mechanisms by which combined HT+NBO modifies ADC, PWI and vasogenic edema will require further
investigation.
 
[1] Wang et al. Comparing diffusion-weighted and T2-weighted MR imaging for the quantification of infarct size in a
neonatal rat hypoxic–ischemic model at 24 h post-injury. Int. J. Devl. Neuroscience. 2007, Vol. 25, Issue 1, pp.1-5.
[2] Wu et al. Predicting tissue outcome in acute human cerebral ischemia using combined diffusion- and perfusion-
weighted MR imaging. Stroke. 2001 Apr; 32(4):933-42.
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TITLE: Changes in serotonin transporters and glucose metabolism with associated disrupted functional and metabolic
connectivity in the rat brain after pharmacological stimulation revealed by simultaneous PET/MRI
PRESENTER: Mario Amend
ABSTRACT BODY: 
Abstract Body: Introduction: Combined positron emission tomography (PET) and functional magnetic resonance
imaging (fMRI) is an ideal tool to study functional and metabolic processes in the brain. Here, we studied the effects
on the serotonin transporter (SERT), glucose metabolism, and functional connectivity of the rat brain after a
pharmacological stimulation using 3,4-Methylenedioxymethamphetamine (MDMA). To use PET/MR to its full potential,
we applied a newly developed constant infusion protocol of PET tracers simultaneously to the fMRI scans in order to
detect the changes between baseline and stimulation period in a single session.
 
Methods: Simultaneous PET/MRI was performed on a 7 T small animal scanner and a 2x2 rat brain receive coil
combined with small animal PET insert. Male lewis rats (n=4, 295±16g) were anesthetized (1.5% isoflurane in air) and
body temperature was stabilized at 37°C. Blood glucose levels were measured before and after the scan. Besides
anatomical images, an EPI BOLD Sequence (TE: 18ms, TR: 2000ms) was acquired over 100min. Simultaneously,
PET acquisitions were performed with bolus and constant infusion of [11C]DASB (bolus 64 ± 18 MBq/0.48ml +
15µl/min, specific radioactivity = 49 ± 18 GBq/µmol) and with constant infusion of [18F]FDG (total: 117 ± 4.6
MBq/0.8ml) two days later. MDMA (3.2mg/kg) was i.v. injected after 40min. Data were analyzed using statistical
parametric mapping (SPM 12, GLM) as well as a region of interest analysis (PMOD). Functional connectivity was
evaluated using fMRI and PET information by correlation maps.
 
Results: [18F]FDG uptake was significantly increased in the whole brain (SUV: 1.24± 0.12 at baseline and 1.48±0.05
in the late phase, p=0.019). Time activity curves of [18F]FDG showed an increased trend after MDMA stimulation
especially in the striatum and the insular cortex (1.31 and 1.39 times higher uptake in the late phase compared to
baseline). BPND of [11C]DASB revealed significant decrease in the whole brain (0.34±0.27 at baseline compared to
0.19±0.10 in the late phase, p=0.046). A large significant decrease of BPND (p<0.05) was observed in the thalamus
(0.80±0.54 at baseline, 0.40±0.18 in the late phase), the hypothalamus (0.76±0.43, 0.35±0.17), the superior colliculus
(0.90±0.23, 0.43±0.07), the inferior colliculus (0.64±0.12, 0.31 ± 0.09), the midbrain (1.05±0.36, 0.42±0.10), and the
pons (0.78±0.53, 0.22±0.21). Correlation maps of the BOLD signal showed disruption in brain connectivity after
MDMA administration compared to the baseline. Here detailed networks could be identified using functional and
molecular/metabolic connectivity information (Cometomics).
 
Conclusions: Pharmacological stimulation using MDMA leads to increased brain glucose consumption, decreased [11

C]DASB binding due to the competitive effect of MDMA, and changes of functional und metabolic connectivity in the
rat brain. Simultaneous PET/MR using constant infusion of PET tracers is a promising method to evaluate the
combination of functional (fMRI) with metabolic (PET) connectivity mapping, which allows new insights into brain
function not only in the field of drug addiction research.
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CONTROL ID: 2501092
TITLE: First in vivo Brain Perfusion Imaging using Magnetic Particle Imaging
PRESENTER: Ryan Orendorff
ABSTRACT BODY: 
Abstract Body: INTRODUCTION: In order to diagnose stroke and other related diseases, doctors use Computed
Tomography (CT), CT Perfusion (CTP), and CT Angiography (CTA) to determine blood flow rate and volume through
the cerebral vasculature. While these techniques work well for determining large scale deficits like hemorrhagic stroke,
they are fundamentally ill-equipped to track blood changes over time due to high background signal from the tissue
surrounding the vasculature. Additionally, CTP and CTA have high radiation dose and use an iodinated contrast agent
that is toxic for patients with Chronic Kidney Disease (CKD); the majority of those who have a stroke have some form
of CKD [1].
MPI is a promising new modality that images only a safe magnetic tracer, commonly SPIO nanoparticles [2, 3]. MPI
contains no signal from tissue, and thus can see the cerebral vascular clearly as iron nanoparticles flow through the
brain. Here we present perfusion imaging using magnetic particle imaging (MPI).
MATERIAL AND METHODS: MPI was performed on a Fisher-344 rat; a brief description follows. The rat was
anesthetized using 3% isoflurane and a catheter was inserted into a tail vein. The rat was then placed in a MPI
scanner with access to the catheter from outside the scanner. 0.2 mL of 5.7 mg Fe/mL Resovist iron nanoparticle
solution was injected into tail vein over a period of six seconds.
Imaging was performed using a custom Berkeley field free point (FFP) scanner. This MPI scanner has a gradient
strength of 7 T/m by 3.5 T/m by 3.5 T/m in the x, y, and z directions, respectively. A single transverse plane through
the rat's brain was captured at a rate of one frame every 1.5 seconds for one minute. The field of view was 3.25 cm by
3.25 cm.
The time series images were processed to produce a map of the relative cerebral blood flow (rCBF) in the image. This
calculation was done by finding the maximum rate of change of the iron signal through each pixel in the image, which
was plotted to produce an rCBF map.
RESULTS AND CONCLUSION: Here we present the world's first MPI perfusion imaging. We have calculated, for the
first time, physiologically relevant parameters (rCBF) from an MPI time course. This information is vital for the
diagnosis and treatment of stroke and other diseases involving the cerebral vasculature. We have shown that MPI
shows great promise to provide a safe, effective, and fast way in which to acquire this information.
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First in-vivo perfusion maps created by Magnetic Particle Imaging (MPI). (a) Image of the Berkeley field free point
(FFP) MPI scanner, named Gertrude. (b) A Fisher-344 rat was placed in the MPI scanner and imaged over a period of
two and a half minutes. During this time, Resovist iron nanoparticles were injected via tail vein into the animal. The
time course plot shows a marked peak increase in signal as the particles first pass through the brain, followed by a
slow decay as the particles recirculate in the bloodstream and are filtered out by the liver. (c) A measure of the relative
Cerebral Blood Flow (rCBF) for each pixel in the image, clearly showing high perfusion rates inside the brain. 2.6 cm
by 2.6 cm FOV, 1.28 FPS. (d) A measure of the relative Cerebral Blood Volume (rCBV) for each pixel in the image.
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TITLE: Monitoring HDAC class IIa activity in the brain after traumatic brain injury using noninvasive PET imaging with
18F-TFAHA
PRESENTER: Juri Gelovani
ABSTRACT BODY: 
Abstract Body: Traumatic brain injury is a severe complex injury which is a growing public health concern around the
world. In U.S over 150,000 military personnel are diagnosed with a form of mild traumatic brain injury resulting in wide
range of neurological and psychological symptoms followed by long term cognitive disabilities. Trauma-induced
neurodegeneration is associated with several epigenetic changes in histones, including aberrant acetylation,
methylation, and phosphorylation. Several HDAC inhibitors, such as valporic acid (VPA), have shown neuroprotection
in from TBI by decreasing the blood brain barrier permeability, reduction in neural damage, improving motor function
and spatial memory [1]. However, the spatial and temporal dynamics of expression-activity of different HDAC classes
and isotypes in the brain at baseline, after TBI, and after therapy with HDAC inhibitors is largely unknown due to the
lack of studies using non-invasive molecular imaging. Previously, we developed the HDAC class IIa specific substrate-
type radiotracer 6-([18F]trifluoroacetamido)-1-hexanoicanilide (18F-TFAHA), with high substrate affinity and specificity
to HDACs 4 and 5. In the current study, we assessed the spatial and temporal dynamics of HDACs class IIa activity in
the rat brain using positron PET/CT with 18F-TFAHA in a model of diffuse traumatic brain injury (TBI; Marmarou
model [3]). PET/CT imaging with 18F-TFAHA was performed before TBI, and 24-48 hours and 7 post TBI. Studies
were conducted in 5 rats with TBI (2 rats at baseline, 1-2 and 7 days post TBI; and 3 rats at baseline and 7 days post
TBI). A significant decrease in 18F-TFAHA accumulation was observed at 24-48 hours post TBI in the hippocampus,
n. accumbens and periaqueductal grey, as compared to baseline levels. At day 7 post TBI, the levels of 18F-TFAHA
accumulation in the hippocampus, n. accumbens and periaqueductal grey were similar to those at baseline. The
results of non-invasive imaging using PET/CT with 18F-TFAHA were validated by immunohistochemical analyses of
rat brains obtained in a separate group of animals at baseline, at 24-48 hours and 7 days post TBI. A significant
increase in acetylation of H3K9, H2AK5, and H2BK5, were observed in hippocampal CA2 neurons at 24-48 hours post
TBI, which was consistent with down-regulation of HDACs class IIa activity observed with 18F-TFAHA PET/CT. These
results differ from previous reports that demonstrated hyperacetylation of H2 and H3 histones at 24-48 hours post TBI.
Although previously the therapeutic effect of valproic acid has been demonstrated in similar TBI models in rats and
swine, the mechanism of action may involve class I HDACs that are more susceptible to inhibition by valproate. These
results demonstrate the need for isotype-specific HDAC inhibitors for therapy of TBI, clinical translation of which can
be facilitated by repetitive non-invasive molecular imaging with HDAC class and isotype specific PET radiotracers.
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Figure 1: Repetitive PET/CT images of the rat brain obtained with 18F-TFAHA at: A) baseline, B) 24-48 hours post
TBI; and C) 7 days post TBI; and D) corresponding quantitative measures of 18F-TFAHA accumulation (distribution
volumes) in periaqueductal grey (PAG), n. accumbens (NA), hippocampus (Hippo), and temporal-parietal cortex
(Cortex). Bars – average ± standard error values. E) Immunohistochemical staining for HDACs 4 and 5 in the dentate
gyrus (DG) before and 24-48h post TBI.
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TITLE: Targeted and noninvasive neuromodulation enabled by focused ultrasound gated release of small molecule
neuromodulatory agents
PRESENTER: Raag Airan
ABSTRACT BODY: 
Abstract Body: Purpose 
Targeted noninvasive neuromodulation of brain regions defined by image guidance in an awake subject is a long
sought after goal of neuroscience. We hypothesized that this could be accomplished with nanoparticles that allow
gated drug release via focused ultrasound (FUS). This would capitalize on recent clinical successes of MR-guided
FUS (MRgFUS) including deep brain target ablation for essential tremor [1] and blood-brain barrier opening [2]. We
made biodegradable nanoparticles that allow focused ultrasound gated release of the small molecule anesthetic
propofol, and validated our technique in vitro and in vivo.
 
Methods 
Micelles of biodegradable block copolymer (polyethylene glycol/poly-caprolactone) and propofol were made by
dissolving 1:10 w/w propofol:polymer into anhydrous tetrohydrofuran (THF), mixing with PBS, and vacuum
evaporation of THF. Micelles were mixed with perfluoropentane (PFP) at 1:4 polymer:PFP w/v and tip sonicated at 20
kHz at 30% max. amplitude for 30 sec. Particles were washed twice via centrifugation/resuspension, and once via
hexane extraction. Particle were sized with a ZetaSizer.
 
In vitro the particles underwent pulsed sonication with focused ultrasound (1 MHz transducer) with varied burst lengths
and in situ pressures. Free propofol was extracted with hexane and quantified via UV fluorescence. In vivo, rats
(Fischer 344 males, 150-190 gm, n=3) were anesthetized under ketamine/xylazine, had subdermal EEG electrodes
placed, and administered the chemoconvulsant agent pentylenetetrazol intraperitoneally. Particles were administered
intravenously (propofol dose ~1.2 mg/kg) and following 10 min of EEG baseline, focused ultrasound was administered
to the brain (1 MHz transducer, 50 ms bursts, 1 Hz burst frequency, 60 sec; 1-1.5 MPa estimated in situ pressure).
 
Results 
The pre-sonication particle diameter was 400-450 nm. Upon sonication particles undergo a phase transition,
increasing their diameter 5-6x and inducing drug release [3] (Figure, top), yielding a maximal particle diameter post-
release of <3 μm, indicating no substantial risk of intravascular embolization.
 
Focused ultrasound was sufficient to induce release of free propofol in vitro, with a dose response found with
sonication pressure, but not with burst length (Figure, middle). During in vivo validation, spike rate decreases were
seen following particle administration and focused ultrasound application, indicating gated propofol release (Figure,
bottom).
 
Conclusions 
We have developed and validated in vitro and in vivo biodegradable nanoparticles that permit release of
neuromodulatory agents with focused ultrasound, in a sonication dose dependent manner, with components that are
individually FDA-approved for clinical use. When combined with existent clinical MRgFUS systems, this technology
may enable image-guided, targeted, safe, and focal delivery of neuromodulatory agents to the brain, enabling
noninvasive focal neuromodulation of an awake patient.
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Schematic (top), in vitro (middle) and in vivo (bottom) validation of focused ultrasound gated propofol release.
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ABSTRACT BODY: 
Abstract Body: Fluctuations in extracellular calcium ions (Ca2+) are closely locked to neural activity because of the
influx of Ca2+ into presynaptic neurons during synaptic transmission in the brain. An extracellular calcium sensor for
MRI could therefore become a useful tool for resolving spatiotemporal patterns of neural activity in animal models,
while bypassing limitations of conventional functional MRI readouts based on blood flow. Several MRI Ca2+ sensors
have been developed, but none has been shown to detect calcium fluctuations in brain. Here we present a novel
extracellular Ca2+ sensor design and report its validation in brain. The extracellular calcium sensor was developed
using superparamagnetic iron oxide nanoparticles (SPIOs), which can be detected at nanomolar levels by T2-
weighted MRI. To sense extracellular calcium levels, we combined SPIOs with a low-affinity calcium sensing protein
partner capable of inducing calcium-dependent nanoparticle clustering (Fig. 1a), an effect that causes substantial T2
relaxation rate (R2) changes. A titration curve of R2 vs. [Ca2+] shows responses in the high micromolar range most
relevant to extracellular Ca2+ fluctuations during neural signaling (Fig. 1b). Dynamic light scattering and R2
measurements also indicate that the sensor can detect changes in [Ca2+] quickly and reversibly (Fig. 1c). To validate
the sensors in vivo, intracranial injections were performed in conjunction with manipulations designed to test calcium
sensitivity. Chemically-induced brain stimulation in the presence of the sensor produced increases in MRI intensity,
consistent with the results obtained in vitro (Fig. 1d). Signal around the stimulated region increased to nearly 20%
during stimulation and went back to baseline in 5 min after stopping stimulation (Fig. 1e). Signal changes were not
observed in the presence of non-functional sensor analogs or mock stimulation conditions. These results constitute
the first demonstration of calcium-dependent molecular MRI in the living brain, and establish a precedent for
application of SPIO-based MRI sensors to functional neuroimaging more generally.
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Fig. 1. (a) Atomic force microscopy images of the sensor with 0 or 1 mM Ca2+. The scale bar represents 500 nm. (b)
R2 change as a function of [Ca2+], showing responsiveness of the sensor to extracellular calcium concentrations in
the brain (means ± s.e.m., n = 3). (c) Relative R2 over two cycles of [Ca2+] fluctuation between 0 and 1 mM caused
by alternate addition of CaCl2 and equivalent EDTA. (d) A functional image of a rat brain intracranially injected with
the sensor. Red and blue dashed circles represent the injection sites of a chemical stimulant or control solution
respectively. Signal change was calculated as a difference between baseline images for 2 min and images for the last
2 min during stimulation. (e) Time course of signal change in the injection sites. Gray shading denotes the 5 min
injection period.
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ABSTRACT BODY: 
Abstract Body: Main Text 
Schizophrenia (SZ) is a common and severe psychiatric disorder characterized by abnormal cognition and perception.
Despite its public health impact and a century of biological research, the pathophysiology of SZ remains poorly
understood. A growing body of evidence suggests that an “immuno-oxidative” pathway including oxidative stress,
mitochondrial dysfunction, and neuroinflammation may contribute to disruptions in brain activity in schizophrenia (SZ)
(1-3). Nicotinamide adenine dinucleotide (NAD+) and its reduced form NADH have long been implicated in energy
metabolism, reductive biosynthesis, and antioxidant activity. While the major biological function of NAD+ is to
modulate cellular energy metabolism, mounting evidence indicates that NAD+ is also involved in biological activities
such as cell death, calcium homeostasis, gene expression, aging, and immunological functions (4). Despite the crucial
roles of NAD+ and NADH in cellular metabolism and physiology, its noninvasive in vivo detection is extremely
challenging. Here we demonstrate the feasibility of 31P MRS-based NAD quantification at 4 Tesla MRI scanner and
apply this novel method in patients with SZ. We investigate the brain’s redox state (i.e., NAD+/NADH ratio, Rx) in SZ
patients with chronic, well-established illness as well as first-episode SZ patients who have not been exposed to the
confounding effects of chronic medication treatment and chronic psychosis. We also present data from a first-episode
bipolar disorder (BD) cohort, as a psychiatric control group. The participants included 40 healthy controls, 21 chronic
SZ, 13 first-episode SZ, and 18 first-episode BD patients. All participants initially underwent structural imaging at a 3 T
and 31P MRS measurements were performed on a 4 T MR scanner. NAD+ and NADH concentrations were
determined by nonlinear least-square fitting of the model simulated spectra incorporating prior chemical shift and
coupling constant information to in vivo resonances obtained from 31P MRS experiments (5). We validated 31P-MRS
based NAD detection method at 4 T with phantom experiments as well as Monte-Carlo simulations (See Persuasive
Data). By applying this novel method to patients with SZ, we found a significant reduction in the NAD+/NADH ratio
(Rx) in chronically ill SZ patients compared to a matched healthy control group, and in first-episode SZ patients
compared to both a matched first-episode BD patient group and a matched healthy control group. In summary, using a
noninvasive MR-based in vivo NAD assay, we have provided direct evidence of redox abnormalities in patients with
SZ. Intracellular Rx is influenced by multiple cellular signaling events and may constitute a metabolic integrator for
local metabolic status within cells. Therefore, our work provides new insights into the pathophysiology of SZ, as well
as a biomarker for tracking the impact of treatment interventions.
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ABSTRACT BODY: 
Abstract Body: Objectives: Diaryliodonium salts are convenient precursors for the preparation of 18F-fluorinated
imaging agents for positron emission tomography (PET).1 One potential limitation of diaryliodonium salt chemistry is
the difficulty of preparing and fluorinating I(III) species that feature extremely electron-rich rings and/or reducing
functional groups, such as in anilines. Moreover, regiochemistry of 18F-fluorination is generally dictated by electronic
effects;2 the C-I bond in the electron-poor aryl substituent is cleaved preferentially.3 These two considerations
conspire to make functionalization of anilines using diaryliodonium salts difficult. Here we demonstrate this synthetic
hurdle can be overcome by installing electron withdrawing protective groups on the aniline nitrogen. This simple
approach opens another route to radiolabeling aniline rings in relatively complex molecules, such as flutemetamol.
 
Methods: Aniline-derived diaryliodonium salts were synthesized using literature methods.4 In model studies,
successful fluorination of simple ortho- and para-substituted anilines was found to be critically dependent the amine
protective group. Boc proved excellent for this purpose; its steric demand effectively rotated the aniline nitrogen out of
conjugation, leading to a facile fluorination. To illustrate the radiofluorination of an ortho-substituted aniline we chose
to investigate the preparation of flutemetamol (Vizamyl™), which is used for imaging β-amyloid plaques to monitor
Alzheimer's disease.6 Automated radiofluorination (IBA SyntheraÒ V1) was performed (120 °C, 10 min,
MeCN/toluene), and product analysis was carried out by TLC and HPLC. Similarly, Ro 05-4865, a diazepam analogue
that may be useful for imaging benzodiazepine receptors,5 was prepared from its corresponding diaryliodonium
triflate. Automated radiofluorination (140 °C, 10 min, MeCN/toluene) provided [18F]Ro 05-4865 in good yield after
HPLC purification.
 
Results: [18F]-Ro 05-4865 was prepared in good yield, 32.1±4.0% (n=3), and very good radiochemical purity (97%).
Protected flutemetamol was produced in excellent radiochemical yield 51.7±1.9% (n=3), suggesting that
diaryliodonium salt fluorination could improve upon current radiosynthesis methods (15-25% RCY7) for this
compound.
 
Conclusions: Suitable amine protection permits aniline-derived diaryliodonium salts to be radiofluorinated in good to
excellent yield, opening a convenient route into difficult-to-access radiotracers.
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TITLE: Disaggregation of Aβ plaques and oligomers in the Alzheimer Brain
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ABSTRACT BODY: 
Abstract Body: Alzheimer disease (AD) is characterized by the transition of amyloid-β (Aβ) monomers into toxic
oligomers and plaques. Given that Aβ abnormality typically precedes the development of clinical symptoms, an agent
capable of disaggregating existing Aβ aggregates may be advantageous. Here, we report that a small molecule, 4-(2-
hydroxyethyl)-1-piperazinepropanesulphonic acid (EPPS), binds to Aβ aggregates and converts them into monomers.
The oral administration of EPPS substantially reduces hippocampus-dependent behavioral deficits, brain Aβ oligomer
and plaque deposits, glial γ-aminobutyric acid release and brain inflammation in an Aβ-overexpressing, APP/PS1
transgenic mouse model when initiated after the development of severe AD-like phenotypes. The ability of EPPS to
rescue Aβ aggregation and behavioral deficits provides strong support for the view that the accumulation of Aβ is an
important mechanism underlying AD.
An ever-increasing number of publications have claimed that complete clearance of total Aβ from AD brains by
antibodies is the key for fundamental therapeutics. This became more evident after failures in clinical trials for drugs
that mainly target de novo production of Aβ. However, recent disappointments from immunotherapy revealed that
indiscriminate elimination of total Aβ in AD brain causes serious side effects and non-significant symptomatic
amelioration. Latest studies that unveil the normal functions of Aβ monomers in brain have reminded us that certain
level of monomers must be maintained after the clearance therapy. Here we propose an effective method for tackling
both issues. To the best of our knowledge, our work is the first to discover that a small molecule EPPS selectively
dissolves pre-existing neurotoxic oligomers and plaques into inert monomers. In this poster, we will also introduce
radiolabeled derivatives of EPPS targeting Aβ oligomers and protofibrils in the brain of Alzheimer mice.
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APP/PS1 and WT mice from the aforementioned behavioural tests were killed and subjected to brain analyses. (a)
Western blotting of phosphorylation of cyclic AMP response element-binding protein (pCREB), pJNK, GFAP and Iba-
1. (b–e) Histochemical analyses of Aβ deposition, GFAP, Iba-1 and GABA. (b) Aβ plaques stained with ThS (first row):
blue; GFAP (second row): green; Iba-1 (third row): red; and 4,6-diamidino-2-phenylindole (DAPI; fourth row): blue (as
a location indicator). The bottom row shows merged images of plaques, GFAP and Iba-1 with DAPI staining. (c) Aβ
plaques stained with ThS (first row): green; GFAP (second row): blue; and GABA (third row): violet. Scale bars, 50
μm. (d) Quantification of GABA in confocal images25. Each dot represents the number of GFAP-positive cells with
GABA; a.u., arbitrary unit. (e) GABA average from the previous panel
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ABSTRACT BODY: 
Abstract Body: Background: Treatment of head and neck cancer is usually based on surgical resection. To improve
outcome it is mandatory to resect as much tumor as possible. However, a microscopically margin-negative resection
is not always possible without resecting healthy tissue or causing cosmetic damage. Thus, it is necessary to improve
signal to noise ratio tremendously. Real-time fluorescence-imaging offers the potential to enhance intraoperative
imaging for guided surgery. This technique enables to locate precisely the tumor margin and aid surgeons in the
complete resection of cancer. Panatimumab is a well-tested an FDA approved antibody targeting epidermal growth
factor receptor (EGFR) that is being used to treat patients suffering from recurrent and/or metastatic head and neck
squamous cell cancers (HNSCC).The FDA approved near infrared (NIR) dye, IRDye800, has shown strong
capabilities in in vivo and in human studies as a fluorescent imaging agent. We are here showing the results of the
combination of those two molecules as a real-time optical cancer-imaging probe.
 
Methods: Patients (n=3) with HNSCC were injected intravenously 1-day prior surgery with a low dose of
Panitumumab-IREDye800 (dose of 0.06 mg/kg). Subsequently after tumor resection samples were assessed through
fluorescence on both Pearl (LI-COR Biosciences) and Luna (NOVADAQ) imaging systems. Standard histological
procedure was performed and both frozen and paraffin-embedded histologic slides were analyzed using fluorescent
scanner (Odyssey CLx, LI-COR Biosciences) and fluorescence intensities were compared with pathologic report of
the tissues as well as immunohistological analyses.
 
Results: The resected specimens showed differentiation in tumor from normal tissue with average tumor-to-
background ratios (TBR) of 3.35±0.81 from Pearl system and 2.36±0.39 from Luna system as shown in Figure 1
(Persuasive Data). According to histology and immunohistochemistry, positive tissue biopsy samples could be
matched with areas of high fluorescent intensity. On the other hand, locations with low fluorescent intensity were
confirmed to be negative for cancer. There were no grade-1 adverse reactions occurred observed among all 3
patients after 15-day post-surgery. The findings have been confirmed using fluorescent gel analyses of lysed tissue.
 
Conclusion: Panitumumab-IRDye800 is safe and feasible in real-time detection and surgical resection of HNSCC and
could be used to improve resection procedure for cancer treatment.
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TITLE: Improving therapeutic assessment of Yttrium-90 radioembolization using hybrid PET/MR imaging enabled with
next-generation digital photon counting PET technology
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ABSTRACT BODY: 
Abstract Body: Objective: 
The selection of targeted intra-arterial delivery of Yttrium-90 (90Y) microspheres into unresectable liver tumors is
complex but allows for the embolization of tumor-induced vascularity and deposition of therapeutic radioactivity (i.e.,
radioembolization) when external radiation therapy is deemed impractical. Although bremsstrahlung approaches are
the current imaging standard for 90Y assessment, it has limited image quality and limited quantitative capabilities. In
addition to its emission of high-energy therapeutic electrons, 90Y produces a small fraction of discrete annihilation
photons which can be imaged using PET technology, but long image acquisition times limit its clinical use. A
fundamental PET technology innovation has replaced conventional photomultiplier-based PET detectors with new
solid-state digital photon counting PET detectors (dPET). The purpose of this study is to generate the clinical
feasibility data that dPET detector technology can be used to precisely image 90Y microsphere biodistribution and
then fused with pre-radioembolization MR imaging for improved therapeutic assessment.
Methods: 
We are using a next-generation dPET/CT to image and assess 90Y microsphere biodistribution in post-
radioembolization patients treated for malignant/ metastatic liver lesions. Standard bremsstrahlung or bSPECT/CT
imaging of the liver was performed immediately following interventional radioembolization. Digital PET imaging was
performed within 64 hours following radioembolization. In patients with standard pre-radioembolization imaging using
MRI, we then fused dPET images with MRI and assessed the 90Y PET/MR image characteristics, by matched
comparison, with standard bSPECT/CT images.
Results: 
When compared to bSPECT/CT approaches, dPET/MR images allow for better assessment of 90Y microsphere
deposition within the liver relative to discrete target lesions identified on the pre-radioembolization MRI. Such targeted
lesions are often not visualized on the non-contrast enhanced CT images obtained post-radioembolization. These
images demonstrate consistent 90Y activity distribution within the liver with more precise delineation of the 90Y
activity as well as greatly improved 90Y-to-background contrast using dPET detector technology as opposed to
bSPECT/CT.
Conclusion: 
There exists an unmet clinical need for improved detection, quantification and verification of therapeutic 90Y-labeled
microsphere deposition into liver lesions following targeted radioembolization by interventional physicians. Prior to
radioembolization, MR imaging identifies discrete liver tumors and these MR images can then be fused with dPET
images of intra-hepatic 90Y radioactivity for rapid assessment and verification of adequate 90Y microsphere
deposition to the targeted liver lesion(s). This study suggests new theranostic dPET/MR approaches which may
enable faster imaging with improved quality and quantification of 90Y radioactivity when compared to existing
approaches as well as more accurate lesion-specific dosimetry and more predictive response assessment.
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TITLE: Hyperpolarized 13C Metabolic Imaging of Patients with Brain Tumors
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ABSTRACT BODY: 
Abstract Body: Introduction: A recent first-in-human study using hyperpolarized (HP) 13C metabolic imaging showed
the safety and feasibility of this technology for evaluating real-time metabolism in the prostate1. The purpose of this
study was to develop and implement HP 13C metabolic imaging with [1-13C]-pyruvate for evaluating in vivo
metabolism in human brain. 13C coils and pulse sequences that were designed for this application were first tested in
phantoms and rats. Dynamic 13C data were then obtained from 2 patients with a prior diagnosis of glioma.
Methods: All experiments were performed using a whole-body GE 3T MR scanner with a clamshell volumetric 13C
transmit coil and bi-lateral phased array receive coils that each had 4 elements (see Persuasive Data 1). For pre-
clinical studies the HP [1-13C]-pyruvate was produced using a Hypersense® (Oxford Instruments, Abingdon, UK) and
for patient studies using a SpinLabTM (General Electric, Niskayuna, NY) system. 13C spectroscopic imaging data
were acquired from a 20~30 mm slice through a human head-shaped phantom containing ethylene glycol, from
healthy rats and from the brain of patients with the following sequence: a variable flip angle multiband RF excitation
(TE/TR=6.1/130ms, 3s temporal resolution, 10 total time frames), 10 phase encodes in the RL direction and a
symmetric echo-planar readout in the AP direction (20x20mm in-plane resolution)2. Animal data were acquired
following a 12s injection of 2.7mL [1-13C]-pyruvate (80mM) through the tail vein. For patient exams, the dissolved
pyruvate solution underwent QC testing to determine the pH, temperature, polarization level, and pyruvate and
electron paramagnetic agent (EPA) concentration. Following an approval from a pharmacist, the pyruvate solution was
delivered to the MRI scanning room so that a 0.43mL/kg pyruvate solution (~250mM) and a 20mL saline could be
administered to the patient through the antecubital vein using a power injector at a rate of 5mL/s. Data acquisition
started 5s from the end of saline flush.
Results: The 13C coils provided excellent detection of metabolites from phantom (see Persuasive Data 2) and animals
(Persuasive Data 3). The maximum SNR measured from the rat was 23 for lactate and 103 for pyruvate. Figure 1
shows an example of patient HP 13C data. The flip angle- and intensity-corrected dynamic pyruvate and lactate signal
demonstrated the spatial and temporal evolution of 13C-labeled pyruvate and lactate resonances throughout the
brain. The maximum SNR of pyruvate and lactate were 320 and 180, respectively.
Conclusions: An experimental strategy was developed for using HP 13C metabolic imaging to study the brain of
patients with glioma. The preliminary results from this study have demonstrated the feasibility of using HP [1-13C]-
pyruvate for assessing in vivo metabolism from the brain and are promising for future applications in a wide range of
neurological diseases.
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Figure 1. 2D-localized dynamic 13C spectroscopic data from a patient with a prior diagnosis of glioblastoma, who had
been treated with surgery, radiation and temozolomide. High pyruvate and lactate signal were observed throughout
normal appearing brain but relatively low signal in the enhancing lesion. Analysis of tissue obtained from the lesion at
a subsequent resection confirmed the diagnosis of treatment effect. The pyruvate and lactate signal were corrected for
variable flip angles and coil sensitivity, and overlaid on T1 post-Gd images and T2 Flair images, respectively.
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TITLE: Metabolic dynamics of hyperpolarized [1-13C] pyruvate in human breast cancer
PRESENTER: Kristin Granlund
ABSTRACT BODY: 
Abstract Body: Background Changes in cancer metabolism have been implicated in a wide range of oncogenic
transformations, including breast cancer, though methods to characterize glycolytic metabolism non-invasively in
patients have been limited. Hyperpolarized (HP) MRI enables acquisition of high SNR data of infused metabolic
substrates with very little background signal by increasing the polarization far above the thermal equilibrium
achievable in the body in a clinical MRI. HP pyruvate has been used to study metabolism of in vitro human breast
cancer cells, demonstrating conversion of pyruvate to lactate. Additionally, the safety and feasibility of using HP
pyruvate to study in vivo metabolism was demonstrated in prostate cancer patients. In this first-in-woman study, we
demonstrate the feasibility of acquiring dynamic 2D HP 13C spectra in breast cancer patients.
 
Methods Three breast cancer patients (48±15yrs), with biopsy-confirmed invasive ductal carcinoma, were imaged
(IRB14-205/IND125947). The HP MRI study was completed >24 hours after a contrast-enhanced clinical MRI study
and before treatment. The HP MRI protocol consists of a T1-weighted sequence acquired with the body coil (for
comparison with clinical MRI acquired with a 1H breast coil) and 2D dynamic spectra acquired with an 8-ch 13C
receive coil in a custom setup. 13C spectra were acquired using dynamic 2D echo planar spectroscopy imaging
(EPSI) with 1cm2 and 4.3s resolution. Each subject was injected twice, ≥1hr apart, to test reproducibility of delivery.
The doses passed through a QC system to ensure patient safety. QC results were 241.3±8.8mM pyruvate, pH
7.3±0.5, 1.8±1.6µM EPA radical, 31.8±3.1°C, 19.9±10.5% polarization; 0.43cc/mg doses were injected 64.8±4.2s
following dissolution. HP acquisition was initiated immediately following the injection to capture pyruvate dynamics.
 
Results We have injected 3 patients, 2x each, with no adverse effects. Representative data shows lactate signal with
high SNR in the tumor (Fig). Total carbon signal, analogous to perfusion, shows greater heterogeneity than the post-
contrast MRI. The ratio of lactate to total carbon demonstrates the metabolic heterogeneity of the tumor, normalized
for perfusion. Peripheral regions demonstrate higher levels of lactate production (lac/total=0.49) than more central
regions (lac/total=0.37). (It is notable that the metal biopsy marker was not detrimental to MRSI, either in the form of a
signal void or noticeable broadening of the peaks.)
 
Discussion We have acquired the first in vivo breast cancer data using HP MRI. We observed pyruvate delivery
spatially and temporally to the breast and its conversion to lactate in the tumor. Tumor heterogeneity is observable as
different amounts of delivered pyruvate are converted to lactate. With the ability to observe tumor heterogeneity, it
may be possible to non-invasively assess tumor aggressiveness and predict treatment response. With a larger cohort,
we can study the input function of pyruvate to breast lesions, which will enable acquisition of high-res images that will
allow us to better understand tumor heterogeneity. Future work aims to correlate MRI findings with histology.
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TITLE: Sensitivity and specificity of cetuximab-IRDye800CW to identify regional metastatic disease in patients with
head and neck cancer
PRESENTER: Jason Warram
ABSTRACT BODY: 
Abstract Body: The current standard of care for treatment of the neck in patients with advance stage head and neck
cancer remains removal of relevant nodal basins during neck dissection. Unfortunately, lymphadenectomy is
consistently associated with high morbidity rates and poor quality of life outcomes. This study assessed the sensitivity
and specificity of cetuximab-IRDye800CW to fluorescently identify regional metastatic disease in patients with head
and neck cancer. Consenting patients (n=12) scheduled for curative resection were enrolled in a phase 1 clinical trial
to evaluate the safety and specificity of cetuximab-IRDye800CW. Patients received 2.5mg/m2 (microdose) (n=3),
25mg/m2 (n=6), or 62.5mg/m2 (n=3) of the study drug. Neck dissections were performed according to the standard of
care. When indicated, surgical resection of lymph nodes accompanied resection of the primary tumor 3-7 days
following intravenous infusion of cetuximab-IRDye800CW. All dissected lymph nodes were imaged with a closed-field,
near infrared imaging device (Pearl Impulse, LI-COR Biosciences) during gross processing of the fresh specimen.
Blinded assessments of the fluorescence data were compared to the gold-standard of histopathology to calculate
sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV). A total of 451 nodes were
examined using fluorescence and histopathology. Of the 32 nodes diagnosed pathologically positive, 31 were
correctly identified using fluorescence assessment, yielding a sensitivity of 96.8%. Of the 419 pathology-proven
negative nodes, 383 were correctly assessed using fluorescence imaging, yielding a specificity of 91.4%. The NPV
was determined to be 99.7%, and the PPV was 46.3%. When 36 fluorescence false-positive nodes were sectioned
deeper (1mm) into their respective blocks, metastatic cancer was found in 8.3% of the recut nodes, which reversed
the diagnosis in those cases. In one patient, accurate disease assessment of an additional positive node, originally
scored pathologically negative, upstaged the patient’s disease status and altered the management to include adjuvant
treatment. Closed-field near infrared fluorescence imaging of patients given systemic cetuximab-IRDye800CW was
shown to assess lymph node disease with a high sensitivity and specificity, suggesting a role for this technology for
real-time assessment of regional disease.
AUTHORS (LAST NAME, FIRST NAME): Warram, Jason2; Moore, Lindsay S.4; de Boer, Esther5; Carroll, William R.1

; Zinn, Kurt R.3; Rosenthal, Eben6

INSTITUTIONS (ALL): 
1. Surgery, University of Alabama - Birmingham, Birmingham, AL, United States.
2. Otolaryngology, University of Alabama at Birmingham, Birmingham, AL, United States.
3. Radiology, University of Alabama at Birmingham, Birmingham , AL, United States.
4. Surgery, University of Alabama at Birmingham, Birmingham, AL, United States.
5. University of Groningen, Groningen, Netherlands.
6. Stanford University, Stanford, CA, United States.
(No Image Selected)



CONTROL ID: 2490583
TITLE: Can [18F]fludarabine-PET be more accurate than [18F]FDG in lymphoma imaging? Evaluation of this
innovative tool from bench to bedside.
PRESENTER: Narinée Hovhannisyan
ABSTRACT BODY: 
Abstract Body: Introduction: [18F]Fludarabine is a PET radiotracer which has been developed for lymphoma imaging (
Guillouet et al. 2014). Its usefulness has previously been studied in several murine models and under various
conditions (Dhilly et al. 2014; Hovhannisyan et al. 2015). The robustness of [18F]fludarabine was also questioned in
benign process such as inflammation (submitted), the results of which were compared with those of [18F]FDG. Finally,
a pilot clinical study was investigated on two groups of lymphoid malignancies.
 
Methods: The preclinical studies have been conducted on Swiss, SCID and on Immunodeficient mice bearing human
follicular lymphoma (cell lines RL7 and DOHH-2). [18F]Fludarabine and [18F]FDG were intravenously injected with a
similar activity (~10MBq) and the PET scans (µPET/CT, Inveon, Siemens) were performed 40-60 and 70-90min after
radiotracer administration, respectively. Comparisons were made between these 18F-labeled tracers with regard to
their biodistribution, dosimetry and specificity, as well as their behaviour in turpentine-induced inflammatory process.
In the phase I clinical study, [18F]fludarabine PET/CT (Discovery VCT 64, GE Healthcare) was undertaken, for an
initial diagnosis, in 10 treatment-naïve patients with either B-cell Chronic Lymphocytic Leukemia (B-CLL) or Diffuse
Large B-Cell Lymphoma (DLBCL). Successive partial body scans (skull vertex to mid-thigh) were acquired for 250min
after i.v. injection of [18F]fludarabine with an activity of 4MBq/kg. The results with conventional modalities (CT and/or [
18F]FDG-PET) have also been investigated.
 
Results: In the preclinical studies, a stronger correlation was demonstrated between quantitative values extracted from
[18F]fludarabine-PET and histology (r2=0.91, p<0.001) when compared to [18F]FDG-PET (r2=0.55, p=0.03).
Furthermore, [18F]fludarabine showed significantly weaker uptake in inflammation when compared to [18F]FDG
(p<0.01). In addition, [18F]fludarabine shows a great washout from physiological tissues which, in turn, results in a
pronounced contrast between tumoural and normal tissues (Fig. 1b). In the clinical study, in all CLL patients, the
uptake of [18F]fludarabine coincided with sites expected to be involved following conventional clinical and CT scan
staging (i.e. lymph nodes, spleen, tonsils; Fig. 1c) and displayed a significant uptake in hematopoietic bone marrow,
with unexpected uptake in the medulla of some bones (femur, humerus, sphenoid, calvarium). In DLBCL patients, the
uptake of [18F]fludarabine-PET concurred with the findings by conventional staging with CT and [18F]FDG-PET.
Nonetheless, the comparison of [18F]fludarabine- and [18F]FDG-PET showed discrepancies in two patients.
 
Conclusion: These preclinical and clinical studies revealed a clear specificity of this radiotracer for lymphoma tissues. [
18F]Fludarabine-PET might well be a robust tool for correctly quantifying the disease, even with inflammatory
processes, thus avoiding the false-positive results while providing additional information to conventional staging
methods. [18F]Fludarabine-PET is also an innovative approach for imaging lymphoid neoplasms with low mitotic
activity.
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TITLE: Evaluation of a Cu-64 labeled CD19 specific antibody for PET Imaging of B-cell lymphomas
PRESENTER: Julia Schmitt
ABSTRACT BODY: 
Abstract Body: Currently, CD19 is a promising target in research regarding B-cell lymphomas or leukemia. While
major new approaches focus on immunotherapy, radiolabeled anti-CD19 antibodies may constitute specific
radiopharmaceuticals for imaging or therapy in nuclear medicine. In this work, we established Cu-64 conjugation for
the CD19 specific antibody 4G7SDIE, tested the radioimmunoconjugate in vitro and evaluated the biodistribution of
the new tracer in vivo. Furthermore, first translation to clinical imaging was performed.
4G7SDIE was labeled with Cu-64 using DOTA-NHS as well as NOTA-NCS. The stability of the radioconjugations was
evaluated over 48 h in PBS, serum and EDTA. The impact of the conjugation procedure on the immunoreactivity of
the antibodies was studied in vitro on CD19+ B-cells (Daudi, Raji) using FACS and gamma counter studies. Small
animal PET was used to assess the biodistribution of 64Cu-DOTA-4G7SDIE in vivo. After injection of the tracer to
healthy immunodeficient mice, in vivo PET and MR images were acquired at 3 h, 24 h and 48 h (n = 16). Ex vivo
biodistribution was performed after the last scan. To reduce unspecific uptake in the spleen, preloading was
conducted by injection of a control antibody 24 h prior to tracer administration (n = 4). Clinical PET/MR was performed
in three patients 24 h p.i. of 40-76 MBq (children) and 300 MBq (adult) Cu-64-4G7SDIE.
Radiolabeling of 4G7SDIE reached high radiochemical yields (> 90 %) and purity (> 95 %). The radioconjugation was
shown to be stable over time for DOTA-NHS labeled antibodies, whereas labeling efficiency of NOTA-NCS labeled
4G7SDIE was reduced by around 50 % in all buffers. In vitro FACS and gamma counter studies approved specificity
of the radioimmunoconjugates after Cu-64 labeling. FACS studies revealed a reduction of antibody reactivity after
chelator conjugation and radiolabeling (DOTA -20 %, NOTA -5 %, 64Cu-DOTA -35 %, 64Cu-NOTA -27 %). Preclinical
in vivo PET showed 64Cu accumulation mainly in liver. The maximum uptake of 12.6±1.6 %ID/cc was reached after 3
h and was reduced afterwards to a value of 7.3±.1.3 %ID/cc 48 h p.i.. Ex vivo studies identified high uptake in the
spleen (44.0±12.8 %ID/g). Splenic uptake could be significantly reduced by preloading lowering uptake to 28.5±4.0
%ID/g. First clinical images showed low liver and spleen accumulation with a promising uptake of the tracer identifying
hotspots.
For the first time, the CD19 specific antibody 4G7SDIE was Cu-64 labeled and the in vivo biodistribution of this new
tracer was evaluated in PET. Our in vitro studies demonstrated a stable Cu-64 conjugation for a DOTA conjugated
antibody and specific binding of the radioimmunoconjugates after chelator conjugation and radiolabeling. Preclinical
studies showed unspecific accumulation mainly in liver and spleen, which was reduced by preloading. A favourable
imaging timepoint was determined at 24 h. First clinical applications revealed target accumulation and low organ
retention.
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TITLE: Investigation of optoacoustic imaging fitted with 2D vs. 3D handheld probes for mapping of non-melanoma skin
cancers
PRESENTER: Chris Jun Hui Ho
ABSTRACT BODY: 
Abstract Body: Aim: Surgical removal of non-melanoma skin cancers is challenging due to difficulties in defining lesion
boundaries, especially beneath the skin surface. Excision currently involves iteratively resecting layers of the lesion. In
this pilot proof of concept study, Multispectral Optoacoustic Tomography (MSOT) was exploited to accurately map
non-melanoma carcinomas for the first time with the objective to determine lesion dimensions to aide in surgical
removal. Two- and three-dimensional handheld MSOT probes were compared in terms of their performance in
mapping the non-melanoma lesions.
Methods: Eighteen patients diagnosed with or presented with lesions suspicious of non-melanoma carcinomas were
imaged with MSOT before excision of the lesion. Clinical pathological features and histological findings of excised
lesions were correlated with MSOT characteristics. Raw datasets acquired from both probes were reconstructed using
a back-projection image reconstruction algorithm and spectrally unmixed to resolve tissue melanin, oxygenated and
deoxygenated hemoglobin contributions.
Results and Discussion: Both probes successfully resolved the lesions due to high melanin expression and provided a
qualitative estimation of lesion boundaries. The 2D probe offered a larger imaging field-of-view (FOV, 25 mm length
and depth) whereas the 3D probe had a smaller FOV of 8×8×10 mm (length, width and depth). However, the 3D
probe conferred a higher resolution of 80 µm compared to that of the 2D probe (200 µm). In one patient exhibiting
well-defined lesion boundaries on the forehead (Figure 1A), the measured lesion size on the acquired MSOT image
was estimated to be 5.4×5.6 mm laterally and 1.8 mm depth based on the melanin signals (Figure 1C). This was in
good correlation with the histology results (Figure 1B) where the lesion size measured to be 5 mm in length and 1.8
mm in depth. Imaging via the 2D probe (Figure 1D) required longer data acquisition times as at least two image sets
have to be acquired while perpendicularly repositioning the probe between scans. Images acquired from the 2D probe
granted sufficient resolution at depths deeper than the 3D probe, giving extensive vasculature information below the
lesions. Also, the 2D probe can be exploited for lesions bigger than 8 mm in length.
Conclusion: Clinical translation of MSOT was successfully demonstrated with the 2D probe providing accuracy at
greater depths while the 3D probe granted 3D visualization and reduced acquisition times. Overall, MSOT data
provides structural information of non-melanoma lesions which correlate well with clinical features in non-melanoma
lesions.
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TITLE: uPAR-PET as a non-invasive method for preoperative staging with detection of lymph node metastases in
breast cancer patients
PRESENTER: Andreas Kjaer
ABSTRACT BODY: 
Abstract Body:  
Introduction 
Breast cancer is the most common cancer worldwide. About 1 in 8 (12%) women in the United States will develop
invasive breast cancer. Axillary lymph node status is the most important prognostic factor in early-stage breast cancer.
Sentinel lymph node biopsy (SLN) is used to determine the need for axillary node dissection either as an independent
operative procedure or during the operative procedure with lumpectomy/mastectomy. The purpose of the present
study was to apply uPAR PET using a uPAR targeting peptide-based radioligand (68Ga-NOTA-AE105) in the initial
staging of breast cancer with the potential of circumventing invasive sentinel node procedures.
Method 
Two patients with newly diagnosed breast cancer scheduled for lumpectomy/mastectomy and axillary lymph node
dissection were included in the study. Both patients were PET/CT scanned following injection of 68Ga-NOTA-AE105
(200 MBq). The PET/CT scans were evaluated for 68Ga-NOTA-AE105 uptake in primary tumors and number of 68

Ga-NOTA-AE105-avid axillary lymph nodes suspected for metastases. The reference test was histopathological
examination of lymph nodes obtained by operative lymph node dissection.
Results 
Patient 1: a 51-year old female with newly diagnosed invasive ductal carcinoma (ER+, HER2-). Preoperative
ultrasound and fine needle biopsy showed no signs of metastatic spread to axillary lymph nodes. uPAR PET showed
68Ga-NOTA-AE105 uptake in the primary tumor and two 68Ga-NOTA-AE105-avid lymph nodes, suspected for
metastatic spread. Metastastic spread was confirmed by operative findings with final histopathological examination
showing metastases in 2 out 19 lymph nodes.
Patient 2: a 28-year old female with newly diagnosed invasive ductal carcinoma (ER+, HER2+). Ultrasound and fine
needle biopsy showed metastatic spread to axillary lymph node at the preoperative evaluation. uPAR PET found 68

Ga-NOTA-AE105 uptake in primary tumor and two lymph nodes with significant 68Ga-NOTA-AE105 uptake. The
metastatic spread was confirmed by the histopathological evaluation of surgically removed lymph nodes (2 out of 15
lymph nodes had metastases).
Conclusion 
Here, we present the first experience using uPAR PET as a non-invasive method for preoperative lymph node staging
of patients with early breast cancer. In both patients uPAR PET succeeded in determining metastatic spread to
ipsilateral lymph nodes. One of these patients was positive on the preoperative routine examination with ultrasound
and fine needle biopsies, while in the other patient the metastastic spread was found only during the final operation
and thus was overlooked by routine examination with ultrasound and fine needle biopsy.
In conclusion, our preliminary data are encouraging for the use of uPAR PET for staging. Accordingly, we just initiated
a phase II clinical trial (NCT02681640) where the potential of replacing the sentinel node procedure by uPAR PET is
studied in 50 breast cancer patients. These data will be available within the next 6 months.
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uPAR-PET using 68Ga-NOTA-AE105 in breast cancer patients. Note the uptake in the primary tumor (left panel) as
well as in a lymph node metastasis (right panel). The uPAR-PET avid lymph node was later confirmed to be
mestastatic by histopathology.
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TITLE: Effect of Neoadjuvant Chemotherapy on tCho levels and the Expression of β-catenin and CyclinD1 in Breast
Cancer
PRESENTER: Naranamangalam Jagannathan
ABSTRACT BODY: 
Abstract Body: Neoadjuvant chemotherapy (NACT) is given to downsize tumor in locally advanced breast cancer
(LABC) patients. Total choline (tCho) was reported as a biomarker for differentiation of malignant, benign and normal
breast tissues and for therapeutic response monitoring in breast cancer using in vivo proton (1H) magnetic resonance
spectroscopy (MRS)1. Significant role of β-catenin and cyclin D1 proteins involved in Wnt signalling pathway in breast
cancer proliferation was reported. Present study investigated an association, if any, between tCho levels and
expression of β-catenin and cyclin D1 in LABC patients prior to and after III NACT. Institute ethical committee
approved the study and written informed consent obtained from all patients. In vivo 1H MRS was performed in 20
LABC patients (mean age 43.8±11.6 yrs) at 1.5 T and concentration of tCho was determined2. Expression levels of β-
catenin and cyclin D1 was determined using immunohistochemistry on biopsy and surgical specimen after NACT from
same patients. Immunoreactive scores (IRS) was calculated by multiplying percentage of protein positive cells and
intensity scores. Patients with IRS=3-8 were categorized as Grade 1 while IRS=9-21 as Grade 2. Prior to therapy,
90% patients showed membranous while 50% showed cytoplasmic immunoreactivity to β-catenin while, nuclear
cyclinD1 expression was seen in 70% patients. After III NACT, both membranous and cytoplasmic β-catenin
expression reduced significantly while there was no reduction in nuclear cyclin D1 expression. A significant reduction
in tCho levels following NACT in tumors with Grade 1 and Grade 2 membranous β-catenin expression and with IRS 0
and Grade 1 cytoplasmic β-catenin expression was observed (Table 1). Further significant reduction in tCho of tumors
exhibiting Grade 1 and Grade 2 cyclin D1 expressions after III NACT, was seen. Decreased tCho may pertain to
cytotoxic drug effect which reduces activity of enzymes choline kinase, phospholipase D (PLD) and phospholipase A2
3 involved in choline biosynthesis. Pre-therapy, a positive correlation between tCho and cytoplasmic β-catenin (r=0.6;
p<0.05) while negative correlation with membranous β-catenin was seen indicating translocation of β-catenin from
membrane to cytoplasm. It was reported that increased β-catenin levels in cytoplasm increases PLD activity4, which in
turn enhance the tCho levels as observed prior to therapy. However, post-therapy a negative association of tCho with
both cytoplasmic and membranous β-catenin was seen. There was no significant association between tCho
concentration and cyclinD1 expression prior to therapy. While post-therapy, a weak positive association between the
tCho concentration and cyclinD1 expression (r=0.2; p<0.01) was evident. The results obtained emphasize the
possibility that both tCho and β-catenin influence breast cancer progression. While their decrease following NACT
reflects antiproliferative effect of chemotherapy drugs on these molecular pathways in these LABC patients.
References: (1) Sharma U et al. NMR Biomed 2011;24 (2) Sah RG et al. MRM 2012;13 (3) Glunde K et al. NMR
Biomed 2011;24 (4) Kang DW et al. J Biol Chem 2008;283.
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TITLE: A circumferentially scanning Raman imaging device for early cancer detection
Introduction
PRESENTER: Stephan Rogalla
ABSTRACT BODY: 
Abstract Body: Introduction 
Colorectal cancer (CRC) remains the third most deadly disease in Western countries. Conventional (e.g., “white-light”)
endoscopy, currently the most widely-used and sensitive diagnostic method, can fail to detect these cases up to 20%
the time. The majority of currently available non-conventional imaging techniques allow for structural assessment of
the colon wall only and provide no functional information. The specificity of early colorectal cancer detection using
white-light endoscopy could be improved with the addition of molecular-based techniques. Albeit currently viable
molecular-based options like fluorescence-based techniques exists that have the potential to improve endoscopic
detection, they do not offer multiplexing capabilities to interrogate several pathological markers simultaneously.
Surface-enhanced-Raman-scattering (SERS) nanoparticles have complex spectra that enable instantaneous
deconvolution of multiple signatures enabling multiplexed Raman-based endoscopy with sensitivity and specificity
over white-light endoscopy.
Methods 
A mixture of different SERS nanoparticle flavors has been injected endoscopically into the submucosa of the swine
esophagus. Subsequently, the circumferential Raman scanning microendoscope has been inserted into the working
channel of a standard endoscope and used to locate the injection sites by two independent endoscopists. In a second
experiment the system has been tested in a first in human study to map human colon topology using back scattered
light to provide a guide to the endoscopist.
Results 
In the swine model location of SERS nanoparticles were precisely detected in real-time with perfect correlation
between both endoscopists. In human the surface topology of the human colon could be mapped with correlation with
the white-light endoscopic image.
Conclusions 
Raman imaging in combination with SERS nanoparticles comprise a highly precise multiplexed approach that could
be used to improve the sensitivity and specificity in endoscopy with a minimal extension of the procedure time
(approximately 10 min). In combination with targeted SERS nanoparticles, Raman imaging would enable a
tremendous advantage for the detection of early stage colorectal cancer in high-risk patients or may have expanded
uses in patients with progressive diseases, which initially manifest with subtle dysplastic lesions of hollow organs.
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TITLE:  
 
Inhibiting macrophage infiltration normalizes tumor blood vessels and improves tumor-targeted drug delivery 
 
PRESENTER: Twan Lammers
ABSTRACT BODY: 
Abstract Body:  
 
Introduction: Many different systems and strategies have been evaluated for drug targeting to tumors. Taking into
account that tumor blood vessels are inefficiently perfused and heterogeneously distributed, and that this chaotic
vascular network compromises tumor-targeted drug delivery, we normalized the tumor vasculature by blocking the
infiltration of CCL2-dependent pro-angiogenic macrophages (Ehling et al, Gut 2014), and we visualized and quantified
the effect of vascular normalization on the tumor accumulation of fluorophore-labeled drugs and drug delivery
systems.
 
Methods: Balb/c mice bearing orthotopic and syngeneic 4T1 breast cancer tumors were treated with 2 different doses
of a CCL2-inhibiting RNA aptamer (5 and 20 mg/kg; thrice weekly for 3 weeks; n=5 per group). Contrast-enhanced
micro-computed tomography was performed to monitor the impact of vascular normalization on the relative blood
volume in tumors and on anatomical properties of tumor blood vessels (Ehling et al, Am J Pathol 2014). The effect of
anti-CCL2-treatment on drug delivery was evaluated by assessing the tumor accumulation and the intratumoral
distribution of a 1 nm-sized fluorescent model drug, and of 10 nm- and 100 nm-sized polymeric and liposomal drug
delivery systems. This was done in vivo and ex vivo, using hybrid micro-computed tomography - fluorescence
molecular tomography (Kunjachan et al, ACS Nano 2013), fluorescence reflectance imaging, fluorescence microscopy
and two-photon microscopy. Macrophage infiltration and polarization were evaluated using microscopy and
fluorescence-activated cell sorting.
 
Results: Blocking CCL2-dependent macrophage infiltration potently inhibited angiogenesis, as exemplified by a >50%
reduction in the relative blood volume in tumors (Fig. 1a-c), by an increase in vessel perfusion (Fig. 1d) and by an
increase in vessel maturation (Fig. 1e). Both the total number (i.e. F4/80+) and the number of M2-like (i.e. Mrc-1+ and
MHClow) tumor-associated macrophages were found to be reduced in anti-CCL2-pretreated tumors, while the number
of M1-like MHChigh macrophages was not affected (Fig. 1f-g). These findings demonstrate that inhibiting macrophage
infiltration by blocking CCL2-CCR2 signaling results in vascular normalization. In line with this, Fig. 1h-k shows that
anti-CCL2-pretreatment enhances drug delivery to tumors. For the 1 nm-sized model drug, tumor concentrations
increased from 0.2 %ID to 0.5 %ID (at 4 h p.i.), while for the 10 nm-sized polymeric drug carrier, levels localizing to
tumors increased from 9 %ID to 15 %ID (at 72 h p.i.; Fig. 1h-i). Standard and two-photon microscopy confirmed these
findings, demonstrating improved tumor accumulation and intratumoral distribution of drugs and drug delivery systems
upon vascular normalization (Fig. 1j-k).
 
Conclusions: Using several different types of in vivo and ex vivo imaging, we show that blocking CCL2-dependent
macrophage infiltration inhibits angiogenesis, normalizes tumor blood vessels and improves tumor-targeted drug
delivery. These findings enhance our understanding of the tumor-targeted drug delivery process, and they may help to
establish more efficient combination treatments.
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Figure 1: Blocking CCL2-dependent macrophage infiltration normalizes the tumor vasculature and improves drug
delivery. In vivo (a) and ex vivo (b) micro-computed tomography imaging shows that the inhibition of CCL2-dependent
macrophage infiltration reduces the relative blood volume in tumors (c). Post-mortem fluorescence microscopy
analysis demonstrates that blood vessels in anti-CCL2 pretreated tumors are more efficiently perfused (d: CD31-
Lectin-costaining) and more mature (e: CD31-αSMA-costaining). Fluorescence microscopy (f) and FACS analysis (g)
indicate that anti-CCL2 pretreatment reduces the number of M2-like (i.e. MRC-1-positive and MHCIIlow) macrophages
in tumors. In vivo CT-FMT imaging (h) shows that the inhibition of macrophage infiltration increases the tumor
accumulation of 10 nm-size fluorophore-labeled polymeric drug carriers (i). Ex vivo two-photon microscopy (j) confirms
the improved tumor accumulation the polymeric drug carriers (k).
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ABSTRACT BODY: 
Abstract Body: Background: Treatment options for hepatocellular carcinoma (HCC), the most common primary liver
malignancy is limited and new strategies to combat this deadly disease are critically needed1. microRNA (miRNA)
modulation is emerging as a novel therapeutic strategy that can potentially address limitations in current treatment
options available to HCC patients. The aim of this study was to evaluate treatment effects of two miRNAs of
complementary function [microRNA-122 (miRNA-122, sense) and antimicroRNA-21 (antimiR-21, antisense)]
encapsulated in biodegradable poly (lactic-co-glycolic acid) nanoparticles (PLGA-NP), co-administered by an
ultrasound (US) guided and microbubble (MB)-enhanced localized delivery approach in doxorubicin resistant and non-
resistant HCC.
Methods: An US-guided drug delivery apparatus optimized for PLGA-NP delivery in cancers was used for the
experiments2. Clinical grade lipid-shelled perfluorobutane-and-nitrogen-filled MB (BR38; Bracco Research, Geneva,
Switzerland) were used. For US-guided drug delivery, 1.8 MHz US pulses were used, generated by an array
transducer (P4-1, Philips Healthcare, Andover, MA) connected to a research platform (V1, Verasonics, Redmond,
WA). Proliferation and invasiveness of human HCC cells after miRNA-122/antimiR-21 and doxorubicin treatment were
assessed in vitro. Confocal microscopy and qRT-PCR were used to visualize and quantitate successful intracellular
miRNA-loaded PLGA-NP delivery. Up and down-regulation of miRNA downstream targets and multidrug resistance
proteins and extent of apoptosis were assessed in vivo in treated human HCC xenografts in mice.
Results: Compared to single miRNA therapy, co-treatment of complementary miRNAs resulted in significantly
(P<0.05) stronger effect in cell proliferation, invasion, and migration of HCC cells, and higher resensitization to
doxorubicin. US-guided delivery significantly increased (>5-fold) in vivo miRNA-122/antimiR-21 delivery in human
HCC xenografts compared to control (no US treatment). TEM confirmed the internalization of miRNA/antimiR-loaded
PLGA-NP into HCC cells in vivo. In both resistant and non-resistant HCC, quantitative western blot analysis
established down-regulation of anti-apoptotic proteins after complementary miRNA/antimiR co-treatment while ex vivo
assays confirmed that the delivered complementary miRNAs could significantly improve sensitivity of HCC to
doxorubicin (Figure 1).
Conclusion: Ultrasound-guided delivery of complementary miRNAs is highly efficient in doxorubicin-resistant and non-
resistant HCC. Further development of this new treatment approach could aid in better treatment of patients with
HCC.
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TITLE: Uncoupling The Oxidative Stress Response in LKB1 Mutant Non-Small Cell Lung Cancer Using In Vivo
Imaging of Reactive Oxygen Species.
PRESENTER: David Shackelford
ABSTRACT BODY: 
Abstract Body: Loss-of-function mutations in the tumor suppressor LKB1 are a frequent event in non-small cell lung
cancers (NSCLC) that induce elevated cellular metabolic and oxidative stress phenotypes as a result of
hypermetabolic growth and deregulation of energy homeostasis(1, 2). Comprehensive genomic analysis of NSCLC by
The Cancer Genome Atlas has revealed significant alterations and activation of the KEAP1-NRF2 pathway, a central
regulator of the oxidative stress response thus highlighting the importance tumor cells place on clearance of reactive
oxygen species (ROS)(4). Recent studies have identified that LKB1 and KEAP1 frequently co-mutate leading to an
upregulation of the oxidative stress response(3). Strategies attempting to characterize redox stress and the
contribution of ROS to lung tumors have been limited to cell culture underscoring the need to develop in vivo tools to
examine ROS in lung tumors(5). This study characterized a novel hydrogen peroxide-sensitive bioluminescence
imaging (BLI) probe, PeroxyTrace, which is able to functionally measure oxidative stress in LKB1-mutant NSCLC(4).
PeroxyTrace detected ROS in vivo in mouse xenografts and K-RasG12D driven genetically engineered mouse models
(GEMMs) of NSCLC(5) (see Persuasive data). PeroxyTrace BLI was used to dissect the NRF2-mediated oxidative
stress response pathway in vivo, guide the identification of clinically relevant biomarkers and validate ROS inducing
small molecules to target LKB1-mutant lung tumors. Lastly, PeroxyTrace BLI in tandem with [18F]-fluorodeoxyglucose
(18F-FDG) positron emission tomography (PET) identified how both metabolic and oxidative stress phenotypes are
coordinately regulated in vivo in lung tumors (see Persuasive data). This PET and BLI image analysis identify that
hypermetabolic LKB1 mutant lung tumors upregulate both the pentose phosphate pathway arm of glycolysis and the
NRF2 pathway to buffer against cytotoxic oxidative stress that results from accelerated tumor growth (see Image).
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Multi-modality imaging of glycolytic metabolism and oxidative stress using 18F-FDG PET and PeroxyTrace
bioluminescence.
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microautoradiography and SPECT/CT imaging in a mouse model.
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ABSTRACT BODY: 
Abstract Body: Light chain amyloidosis (AL) is the most common form of systemic amyloid disease, with an estimated
4,000 new cases each year in the US. Despite decades of active research and increased understanding of
pathological mechanisms, AL remains incurable, and the prognosis for patients is poor with a median survival of less
than 3 years.
Effective clinical management of patients with AL requires, in addition to chemotherapy, removal of destructive tissue
amyloid to allow organ recovery. A proven method of amyloid removal is opsonization of the deposits with amyloid-
reactive antibodies. Although promising, preliminary results from two ongoing clinical trials of anti-AL amyloid
antibodies indicate that they may be effective only in a subset of AL patients. To address this deficiency, we have
developed a strategy that uses a novel bifunctional peptide for pre-targeting immunotherapy. The polybasic peptide,
p5+14, binds most visceral amyloids, and the bifunctional “peptope” combines the amyloid binding sequence of p5+14
with a linear amino acid epitope recognized by a murine mAb, 11-1F4. The feasibility of this approach has been
evaluated in vitro and by using SPETC/CT imaging and autoradiography in a mouse model.
The peptope, containing p5+14 (Wall, J.S., et al. (2015) Molecules, 20(5): p. 7657-82) and a 12-amino acid high
affinity epitope for the 11-1F4 mAb (O'Nuallain, B., et al. (2007) Biochemistry, 46(45): p. 13049-58), was chemically
synthesized and purified by reverse phase HPLC. Binding of the 11-1F4 mAb with the peptope was demonstrated by
ELISA and SPR. Peptope reactivity with AL amyloid extracts and synthetic fibrils was measured in a pull-down assay
using 125I-peptope. Peptope-amyloid binding in vivo was tested by SPECT/CT imaging and autoradiography using an
AA mouse model. Furthermore, 125I-11-1F4 binding to AA amyloid mediated by peptope in vivo was confirmed by
autoradiography.
The peptope bound synthetic amyloid fibrils in vitro and was reactive with mAb 11-1F4 with an EC50 of 0.5 nM. The
125I-labeled peptope bound AL fibrils and amyloid extracts in vitro as effectively as the unconjugated p5+14 peptide.
In mice with systemic AA amyloidosis, 125I- peptope co-localized with amyloid in all tissues as evidenced by SPECT
imaging, tissue radioactivity measurements (~ 8 %ID/g in the liver at 1 h pi) and microautoradiography. The peptope
remained radiolabeled and bound to the amyloid in mice for >72 h. In pre-targeting studies, 125I-11-1F4 bound to
murine AA amyloid in vivo only following peptope pretreatment.
This research seeks to generalize and complement opsonization-based therapy of systemic amyloidoses. We have
demonstrated that the peptope works as a pre-targeting agent in a mouse model system. Evaluation of therapy with
this combination is ongoing.
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TITLE: High-volume, high-throughput preclinical 99mTc SPECT imaging for compound screening
PRESENTER: Sven Macholl
ABSTRACT BODY: 
Abstract Body: This study describes feasibility and application of preclinical high-volume, high-throughput SPECT/CT
imaging with automated analysis to screen drug candidates, here 25 tumor-targeting proteins (14 to 86 kDa) including
controls.
Radiochemistry: Per study day, 2 proteins were radiolabeled starting with 2.5 GBq 99mTc-pertechnetate and 1 IsoLink
kit (tricarbonyl technology), followed by NAP-5 column purification. Quality control (QC) was by iTLC and HPLC.
Animal model: Patient derived tumor tissue was injected interscapularly into mice in staggered batches. For each
radiotracer, 3 mice with tumors of 0.1–0.4 mL were injected iv (20 nmol/kg; 100 MBq).
Imaging: 3 mice per compound were imaged simultaneously under isoflurane on a Bioscan NanoSPECT/CT scanner
with multi-bed holder. Whole-body, single-frame SPECT scans of 30 or 50 min were acquired at 1, 4, 24, and for 13
compounds also at 48 h post radiotracer injection. For 10 compounds, the 1 h scan was replaced by dynamic SPECT
at 0–2 h p.i. in 10 frames. A whole-body CT scan accompanied each SPECT scan making it 291 scans in total.
Reconstructed SPECT and CT images were preprocessed, split into single animals, analysed in VivoQuant (inviCRO).
All data were stored on an iPACS study management system. Absolute radiotracer uptake in Bq was measured in
tumor, skeletal muscle, heart, blood (left ventricle), liver and kidneys by manual and semi-automated segmentation.
%ID, %ID/mL, SUV and %ID/mL ratio data were automatically generated and various plots of all study data created by
a Matlab script. QC images were generated automatically and inspected to verify injection quality, ROI placements,
inter-subject reproducibility.
Ex vivo: Animals were dissected after their last image acquisition. Tissues were weighed with balance data
automatically saved digitally, then counted on a LKB-Wallac 1282 to give absolute radiotracer uptake in Bq. %ID,
%ID/g, SUV and %ID/g ratio data were calculated and plotted automatically with a Matlab script reading in weight and
count data files of all compounds. QC included outlier detection.
Results: A total of 507 single animal SPECT images were acquired for the 25 proteins in 5 weeks. Labeling quality
was excellent and consistent for all compounds: radiochemical purity was (98.0±1.6)%. The analysis workflow was
applied within hours to every incoming dataset and an updated set of plots generated comprising finally >3500 ROI
and >1000 tissue data. SPECT/CT images clearly visualized uptake in tissues such as tumor (except controls),
kidneys and liver, even at 48 h p.i. Tumor uptake was 0.5 to 13 %ID/mL. Inter-subject variability for any compound
was typically 10% COV.
Conclusion: The large data set of tumor, blood, background and systemic uptake/clearance data from 75 mice and for
25 compounds allowed identification and ranking of lead compounds, with all experiments and analysis taking 3
months. QC results and a high level of automation throughout provide confidence in the data set. The streamlined
process proved efficient and robust. For even larger compound libraries, radiolabeling could be expedited and the
number of imaging time points reduced to increase weekly throughput.
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From compound library to lead compound selection via established radiochemistry, high-throughput preclinical
SPECT/CT imaging, automated analyses and several quality control steps.



CONTROL ID: 2490784
TITLE: Quantitative Molecular MRI Assessment of Fibrosis in an Orthotopic Mouse Model of Pancreatic Cancer
PRESENTER: Miloslav Polasek
ABSTRACT BODY: 
Abstract Body: Introduction. Fibrosis is a hallmark of many solid tumors including pancreatic cancer. It is characterized
by overexpression of collagen in the stroma. Tumor fibrosis correlates with poor prognosis and its non-invasive
assessment would be a valuable tool in drug development and therapy.[1] We hypothesize that molecular magnetic
resonance (MR) imaging with a collagen-targeted probe could provide such measure. However, obtaining specific
molecular information in tumors is complicated by variable perfusion (probe delivery) and by leaky vasculature (non-
specific uptake). This work describes a simple method to quantify specific binding of a molecular MR probe using
dynamic information from the MR images. The method allows visualization and quantification of fibrosis in tumor
tissue.
Methods. Pancreatic cancer cells from Ptf1-Cre; LSL-KRAS-G12D; p53 Lox/+ mice on an inbred FVB/n strain
background were implanted (10^6 cells) into the pancreas of wild type FVB mice. Tumors were grown for 1-2 weeks.
MR imaging was performed at 4.7T. A peptide-based gadolinium probe targeted to type I collagen (EP-3533) and its
non-binding control (EP-3612) [2] were i.v. injected at 10 or 20 μmol/kg doses. Hydroxyproline (collagen surrogate)
and gadolinium (probe) were quantified in excised tissue. Analysis of T1-weighted MR images was performed in
Octave software.
Results. The animal model provided fibrotic tumors with 2.3-fold increase in collagen compared to healthy pancreas (p
 < 0.00001) at 14 days from implantation. Molecular MRI of collagen was first tested by comparing the collagen-
targeted and control probes (10 μmol/kg) within the same animal. Both probes showed similar tumor signal
enhancement in T1-weighted MR images at 5 min post-injection (Panels A, B, C). The signal decreased over time with
control probe and continued increasing with collagen probe, indicating that signal increase for the latter is related to
specific binding. The specific component of uptake was approximated by calculating the area under the curve (AUC),
with the enhancement at 5 min as the origin. The sign of AUC indicated presence (AUC>0) or absence (AUC<0) of
specific binding (Panels A, B). Maps of AUC values revealed distinct tumor areas of positive AUC with the collagen
probe, but not with the control probe (Panel C). The mean AUC values (Panel D) confidently distinguished collagen
probe from control probe in tumor (p = 0.0001, difference in collagen content not significant), as well as healthy
pancreas from tumor using the collagen probe (p = 0.02). These results indicate that the AUC values reflect the
specific binding of the collagen probe. An extended data set showed positive correlation of AUC with collagen content
(r = 0.59, Panel E). Single time-point MR signal enhancement (55 min post-injection) showed no such correlation (r =
0.03).
Conclusion. Area under the curve obtained with a collagen-targeted MR probe is a robust biomarker of fibrosis
suitable for visualization and quantification of fibrosis in tumor tissue.
[1] Olive K. P. et al.; Science, 2009, 324, 1457-1461.
[2] Caravan P. et al.; Angew. Chem. Int. Ed., 2007, 46, 8171-8173.
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(A) Area under the curve (AUC) in a tumor imaged with the control MR probe (data from T1-weighted MR images).
The signal enhancement at 5 min post probe injection is taken as the reference point and the AUC value is negative.
(B) Same tumor as in panel A imaged with collagen-targeted probe. The AUC value is positive. (C) T1-weighted MR
images at 5 minutes post injection with collagen and control probe show comparable signal enhancement (left
column). The corresponding maps of AUC values calculated from the signal enhancement time-course reveal distinct
tumor areas of positive AUC with the collagen probe, but not with the control probe (right column). All images show
the same animal and comparable tumor cross-section. (D) Box plot showing the distribution of AUC values for
collagen and control probe in tumor tissue, and for collagen probe in healthy pancreas. (E) AUC values obtained with
collagen probe show positive correlation with hydroxyproline (collagen) level in tissue (tumor and healthy pancreas).
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Abstract Body: Yin Jin,MD,Feng Zhang,MD,PhD,Jun Gao,MD,PhD,Xiaoming Yang,MD,PhD*
Image-Guided Bio-Molecular Interventions Research,Department of Radiology,University of Washington School of
Medicine,Seattle,Washington,USA
Purpose:To investigate the possibility of using optical imaging to monitor radiofrequency heating(RFH)-enhanced
herpes simplex virus thymidine kinase(HSV-TK)/ganciclovir(GCV)-mediated suicide gene therapy of
cholangiocarcinomas.
Materials and Methods:Human cholangiocarcinoma cells(Mz-Cha-1)were first transfected with
Luciferase/mCherry/lentivirus, and then used for creation of subcutaneous tumor model on mice.For in vitro
experiments,Luciferase/mCherry-labeled cells were treated by:(i)combination therapy(GFP/HSV-TK/plasmid gene
transfection followed by RFH at 42°C for 30minutes and ganciclovir administration for 72 hours);(ii)gene therapy
alone;(iii) RFH alone;and(iv)phosphate-buffered saline(PBS).Cell viabilities were subsequently quantified by MTS
assay.For in vivo experiments,twelve mice with subcutaneous cholangiocarcinomas were divided into four groups and
received the same treatments as those of in vitro experiments respectively.For the animal groups with gene
therapy,direct intratumoral injection of GFP/HSV-TK/plasmid was followed by a 7-day course of intraperitoneal
administration of GCV.GFP optical imaging was first performed to confirm the success on expression of intratumorally
injected GFP/HSV-TK genes.Then,bioluminescent optical imaging and ultrasound imaging were used to follow up
bioluminescence signal and size changes of tumors among different groups with various treatments over two
weeks,which were correlated with subsequent histologic confirmation.
Results:Of in-vitro experiments,MTS assay demonstrated the lowest cell proliferation in the combination therapy group
compared with other three groups(24.1±7.2% vs 41.6±4.9% vs 72.3±7.9% vs 100%, P<0.05).Of in-vivo
experiments,GFP optical imaging detected greater green fluorescent signal from the tumors transfected by GFP/HSV-
TK/plasmid than that from the non-gene transfected tumors(200.73±37.85 VS 52.80±17.36, p<0.05),which indicated
the successful expression of GFP/HSV-TK genes from the tumors.Bioluminescent optical imaging demonstrated a
significant decrease of bioluminescence signal in the combination therapy group,compared with three control
groups(0.68±0.11 VS 1.47±0.19 VS 2.01±0.33 VS 2.33±0.41, p<0.05).Ultrasound imaging further showed the smallest
tumor volume of the combination therapy group,in comparison to other control groups(1.09±0.14 VS 1.73±0.15 VS
2.19±0.20 VS 2.47±0.26, p<0.05).Both imaging findings were confirmed by histologic correlation(Figure).
Conclusion:We have established the“proof-of-principle”of using optical imaging to monitor RFH-enhanced GFP/HSV-
TK/plasmid gene expression and HSV-TK/GCV gene therapy of cholangiocarcinoma.This concept may pave a new
avenue for management of pancreatobiliary malignancies by simultaneous integration of radiofrequency
technology,interventional oncology,and direct intratumoral gene therapy(instead of systemic gene therapy).
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Figure. A. Confocal microscopy shows the lowest number of viable cells in the group treated with the combination
treatment (gene therapy+RFH), compared with other three control groups. B. MTS assay further demonstrates the
lowest cell viability in combination therapy (* P<0.05). C. Optical imaging indicated a significantly increased GFP
fluorescence signal of the tumor (left arrow), 2 days after GFP/HSV-TK/plasmid transfection, which is not detected of
the tumor without gene transfection (right arrow). D&E. Optical/x-ray imaging is used to follow tumor growth and
responses to the treatments at days 0, 7 and 14. There is significant decrease in both fluorescent signal intensity (red-
yellow color) and tumor size with combination therapy, compared to other control groups (* P<0.05). F. Ultrasound
imaging further shows the smallest relative tumor volumes of the combination therapy group, in comparison to those
of other control groups. (* P<0.05).
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ABSTRACT BODY: 
Abstract Body: Introduction: The C6 rat model is a well-established glioma model with increased glycolysis and
changes in perfusion [1]. [18F]fluorodeoxyglucose (FDG-PET) shows increased glucose uptake, but doesn't
distinguish different types of glycolysis [2]. Conversely, hyperpolarized [1-13C]pyruvate during MRI can measure the
increased lactate to pyruvate ratios (Lac/Pyr) characteristic of aerobic glycolysis [3]. CT can be used to accurately
derive perfusion maps of blood volume, blood flow, and permeability surface area [4]. Finally, chemical exchange
saturation transfer (CEST) when acquired before and after an infusion of glucose reveals changing contrast related to
both perfusion and uptake of glucose [5]. In this experiment, the interplay of perfusion and glycolysis was investigated
in vivo in the C6 rat model of glioma with FDG-PET, CT perfusion, CEST, and hyperpolarized [1-13C]pyruvate MRSI.
 
Methods: C6 cells (1 x 106) were implanted into the brains of Wistar rats (n=6) using stereotactic surgery. Starting at 7
days post-surgery, tumors were actively monitored with CT (GE Discovery VCT). Contrast (Isovue) was injected after
the start of a cine CT acquisition spanning the brain. CT perfusion maps were generated using signal in the carotid
artery as an input function (GE CT Perfusion 5). At 11-15 days after C6 surgery, dynamic PET data was acquired
(Siemens Inveon) with a bolus of FDG (30 ± 2 MBq) followed immediately by CT. Standardized uptake values (SUV)
were calculated using the last 15 minutes of FDG-PET data. CEST spectra were acquired the next day (9.4T Agilent
MRI) using a continuous wave presaturation pulse (TS = 5s, B1 = 1.6 μT, -5 to 5 ppm offset frequencies with 0.2 ppm
steps) preceding a series of fast spin-echo images. CEST spectra were acquired prior to a 0.3 g/kg bolus and during a
60 minute constant infusion of 0.025 g/kg/min glucose. Magnetization transfer ratio (MTR) asymmetry maps were
calculated using CEST images at ±1.2 ppm and the relative change after glucose infusion was calculated (% CEST).
Rats were transported to a GE Healthcare Discovery MR750 3.0 T MRI under anesthesia and injected with 3 ml of 80-
mM hyperpolarized [1-13C]pyruvate. Regional in vivo metabolism of pyruvate was rapidly collected using MRSI to
calculate Lac/Pyr maps. The animal was euthanized immediately after the experiment. All experiments were approved
by the local animal care committee.
 
Results and Discussion: Our results reflect several features previously reported in brain tumors, including: increased
SUV, Lac/Pyr, % CEST, blood volume and permeability surface area (see Figure). Spearman’s rank correlation
coefficients suggest varying interplay between the techniques, with some showing moderate to strong correlation (see
Table). This study represents an initial effort to connect different aspects of glycolysis and perfusion with a variety of
in vivo imaging technologies.
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Representative images centred on the tumour from the same rat acquired at 11 and 12 days after C6 inoculation: A.
FDG-PET SUV map, B. CT perfusion maps of blood flow, blood volume, and permeability surface area, C. MTR
asymmetry maps @ 1.2 ppm before and during a constant infusion of glucose, D. lactate:pyruvate ratio map
calculated from MRSI data acquired immediately after injection of hyperpolarized 13C-pyruvate, E. mean values from
all modalities in regions of interest defined on the tumour and contralateral sides of the brain (n=6). Error bars are ±
standard error of the mean.



CONTROL ID: 2499111
TITLE: Imaging oncogenesis in 3D: A novel multi-transgenic vector for in vivo delivery of a radionuclide reporter to
tumor initiating cells.
PRESENTER: David Lewis
ABSTRACT BODY: 
Abstract Body: Oncogenesis, the transformation of normal cells into premalignant lesions and cancer, is optimally
modelled using genetically engineered mouse models. The best of these recapitulate the genetic and
microenvironmental heterogeneity, which is often found in clinical cancer patients. However it is frequently difficult to
visualise oncogenesis as tumors develop at autochthonous sites with varying latency [1].
 
Oncogenesis can be imaged by using reporter genes, but this has so far been limited to optical reporters such as
eGFP and luciferase [2]. Measurements are often planar and surfaced weighted, and photon scatter and absorbance
make quantitative tomographic measurements challenging. These limitations could be removed by the use of
radionuclide imaging reporters, which to date have been employed extensively for imaging of cell trafficking following
transduction of adoptively transferred cells [2]. Through the in vivo transduction of somatic cells, we present here the
first tomographic radionuclide images of spontaneous oncogenesis in a mouse model.
 
Two novel lentiviral vectors (LV-PGKCre-EF1NIS and LV-PGKCre-EF1LS; Figure 1A) were used to stably deliver
multiple transgenic elements to somatic cells of adult mice with conditional (floxed) oncogenic KRAS (LSL-KRAS
G12D/+) and p53fl/fl alleles (KP mice). The vectors deliver both stable expression of Cre recombinase, to induce
tumor development, and stable reporter gene expression for in vivo imaging (luciferase/mStrawberry or sodium iodide
symporter(hNIS)/mStrawberry).
 
Components of the new vector were validated in vitro by infecting transformed epithelial cells. Protein expression
(mStrawberry) was confirmed using fluorescence microscopy and western blotting, NIS mRNA was detected using
PCR and NIS function confirmed by measuring 99mTcO4− cell uptake (16x higher in NIS+ versus NIS- cells; p =
0.003).
 
For lung tumor initiation, KP mice were infected intranasally with 70 μL of either luciferase or hNIS containing
lentiviruses. Tumor initiation and development were observed by bioluminescence measurements, following LV-
PGKCre-EF1LS vector administration (Figure 1B), and using [18F]TFB PET (Figure 1C) and 99mTcO4

− SPECT
(Figure 1D) following infection with the LV-PGKCre-EF1NIS. Increasing signals coincided with decreased normal lung
volumes measured by CT (Figure 1E). Median survival of LV-PGKCre-EF1NIS mice was not significantly different
from LV-PGKCre-EF1LS mice (23.9 v 23.4 weeks; p=0.4; n = 7-10). Endpoint histological analysis revealed extensive
adenocarcinomas with varying grades throughout the lung fields (Figure 1F). Tumors stained positively with RFP and
Ki67 immunohistochemistry.
 
This vector comprises a new platform technology and in this instance, a quantitative and 3D readout of cell viability,
useful for monitoring therapeutic efficacy and real-time in vivo measurements of gene expression.
 
1. Lyons SK (2015). Imaging Mouse Models of Cancer. Cancer journal 21(3): 152-164.
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Figure 1. Imaging oncogenesis in 3D. (A) LV-PGKCre-EF1NIS and LV-PGKCre-EF1LS vector design. (B)
bioluminescence in a KRASG12D/+; p53-/- (KP) mouse 22 weeks after LV-PGKCre-EF1LS infection. (C) [18

F]tetrafuoroborate (TFB) PET/CT of a KP mouse 31 weeks after LV-PGKCre-EF1NIS infection showing isolated lung
tumor lesions. (D) [99mTc]TcO4

- SPECT/CT imaging of a KP mouse 23 weeks after LV-PGKCre-EF1NIS infection
showing isolated lung tumor lesions. (E) Progressive loss of normal lung tissue in KP mice following LV-PGKCre-
EF1NIS infection. (F) Hematoxylin and eosin (H&E) stain with multiple high grade tumor lesions throughout the lung
field in KP mice 17 weeks after LV-PGKCre-EF1NIS infection.
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TITLE: Detection of Melanoma Lymph Node Micro- and In-Transit-Metastasis by Multispectral Optoacoustic Imaging
(MSOT) in a Mouse Model in vivo
PRESENTER: Volker Neuschmelting
ABSTRACT BODY: 
Abstract Body: OBJECTIVE 
The poor outcome of a significant proportion of melanoma patients is caused by the lack of highly sensitive and
specific means of diagnostic imaging to detect and survey melanoma lymph metastases.1 We aimed at studying the
capabilities of multispectral optoacoustic tomography (MSOT) to serve as a label-free imaging modality for the
detection of melanoma lymph metastases based on the intrinsic contrast of melanin, and compared it to 18F-
Fluorodeoxyglucose (FDG-) PET/CT as a reference standard. We hypothesized that MSOT was superior to FDG-
PET/CT in detecting melanoma lymph node micrometastases with regard to both sensitivity and specificity in vivo and
intended to test whether it was also capable of detecting in-transit melanoma metastases in vivo.
 
METHODS 
Sequential static 2D MSOT imaging was performed in a B16F10 melanoma limb lymph node metastasis model (n=10)
to survey the development of macro-, micro- and in-transit metastases in vivo. The in vitro limit of detection was
assessed in a B16F10 cell tissue mimicking phantom. The signal specificity was determined based on a simultaneous
lymphadenitis (n=4) and a 4T1 breast cancer lymph metastasis model (n=2). The MSOT imaging results were
intraindividually compared to intravenous FDG-PET/CT as a reference standard. The diagnosis was assessed by
histology. Differences in the signal ratio (metastatic / contralateral limb) between the two modalities were determined
by the two-tailed paired t-test. In order to assess the feasibility for potential clinical translation three mice with a
micrometastasis were additionally imaged with the use of a 3D handheld MSOT probe that has recently been
developed for clinical use.2 
 
RESULTS 
We found MSOT to be able to detect melanoma lymph node micro- and in-transit-metastases in vivo, an ability that
was shown to be far superior to FDG-PET/CT: The signal ratios acquired by MSOT in micrometastases (2.5±0.3, n=6)
and in in-transit metastases (8.3±5.8, n=4) were higher than the corresponding ratios in FDG-PET/CT (1.1±0.5,
p<0.01 and 1.3±0.6, p<0.05, respectively). In vitro, the MSOT limit of detection was determined to be approximately
five cells per μl (p<0.01) [Fig.1-3]. With regard to the disease specificity of the signal, MSOT was found to be able to
differentiate even small melanoma lymph node metastases from lymphadenitis and breast cancer metastases (both
p<0.05), while FDG-PET/CT was not (both p>0.1) [Fig.4]. The 3D handheld MSOT system was found suitable in
detecting the micro- and in-transit metastases [Fig.5].
 
CONCLUSION 
As a readily-translatable imaging modality MSOT was found to be superior to FDG-PET/CT in detecting melanoma
lymph node micro- and in-transit-metastases in vivo and in differentiating melanoma from other cancerous or
inflammatory lymph node involvement. MSOT may, thus, fill in the diagnostic gap in detecting not only melanoma
lymph node metastases with high sensitivity and specificity in vivo, but may also enable detecting early stage in-transit
melanoma metastases that are missed in the current standard of care.
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TITLE: Targeted Imaging of Translocated Calreticulin for Early Prediction of Therapeutic Response of Cancer in Small
Animal Models
PRESENTER: Misun  Yun
ABSTRACT BODY: 
Abstract Body: Introduction : Calreticulin (CRT) is a multi-functional protein in endoplasmic reticulum, involved in a
spectrum of cellular processes. It has been shown that certain anti-cancer agents, such as pro-apoptotic
anthracyclines, induce immunogenic cell death of tumor cells characterized by surface translocation of CRT (ecto-
CRT) within 24 h before any sign of apoptosis is shown. The ecto-CRT facilitates tumor antigen presentation (eat-me
signal) and tumor-specific cytotoxic T-lymphocyte responses. The aim of this study was to evaluate whether or not
targeted imaging of ecto-CRT may be useful for early prediction of therapeutic response to doxorubicin chemotherapy.
Methods : In an attempt to target ecto-CRT, we used a synthetic CRT binding peptide, KLGFFKR (named CRT-pep).
We treated cultured mouse colon carcinoma cancer cell (CT26) with doxorubicin (25Μm), and verified translocation of
CRT and CRT-pep binding after treatment by Western blot analysis, FACS and immunofluorescence staining. In vivo
treatment of concer xenograft (CT26) was performed by three times injection of doxorubicin (10 mg/kg) via mouse tail
vein in two days interval. In vivo imaging of ecto-CRT exposure was performed in CT26-bearing mouse models (n =
10) with or without treatment using 18F-labeled CRT-pep (18F-CRT-pep, 7.4 MBq).
Results : Treatment efficacy of doxorubicin was verified by reduction of tumor mass. Translocation of ecto-CRT on the
cell surface was successfully imaged by microPET using 18F-CRT-pep 2 days after doxorubicin treatment. CRT-pep
accumulation increased significantly on day 3 after treatment of doxorubicin. MicroPET imaging showed 29.7 ± 2.8 -
and 42.4 ± 4.6 -fold (p < 0.005, p < 0.001) increase of 18F-CRT-pep uptake in tumor of treated group compared to
that of non-treated group on day 2 and day 3, respectively. All animals with treatment response showed significant
uptake of 18F-CRT-pep, whereas animals without treatment response showed no significant tracer uptake. Same
experiments were performed in tumor-bearing mice using 18F-FDG PET. The imaging signal of 18F-FDG PET was
not significantly different between day 2 and day 3 after treatment, thus failed to predict therapeutic outcome.
Conclusions : Taken together, the current study clearly demonstrated a potential usefulness of CRT-pep for prediction
of chemotherapeutic effect early after starting of chemotherapy. Consequently, it would be possible to determine
whether or not certain chemotherapy should be continued or terminated within a few days after the treatment, thus
improve the outcome significantly.
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Figure. Early detection of tumor response in CT26-tumor bearing mice with radiolabeled CRT-pep. (A) The
representative PET images by 18F-CRT-pep in DOX-treated CT26 mice. 18F-CRT-pep (7.4 MBq) was i.v injected into
the mice two and three days after the last DOX treatment. 18F-CRT-pep binding to the ecto-CRT in mouse tumor
model after DOX was monitored by PET imaging using a high resolution small animal PET-SPECT-CT scanner.
Arrows indicate tumors. (B) The representative PET images by 18F-FDG in DOX-treated CT26 mice. 18F-CRT-pep 18

F-FDG was i.v injected into the same mice used in (A) 8 h after 18F-CRT-pep experiments (C) The quantification of
PET imaging signals of (A). (D) The quantification of PET imaging signals of (B).<br />
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TITLE: Histidine-rich glycoprotein (HRG) induces vascular normalization and improves the accumulation and
penetration of polymeric drug delivery systems in tumors
PRESENTER: Diana Moeckel
ABSTRACT BODY: 
Abstract Body:  
Introduction 
Tumor vasculature is different from healthy blood vessels in structure and function. These pathological characteristics
account for the enhanced permeability and retention (EPR) effect, the underlying mechanism for tumor-targeted drug
delivery. Pathological angiogenesis, however, also results in inefficient perfusion and heterogeneous vessel
distribution within tumors. We evaluated if “vascular normalization” can be used to improve the accumulation,
penetration and intratumoral distribution of 10 nm-sized polymeric drug carriers. Histidine-rich glycoprotein (HRG), one
of the most abundant plasma proteins, has been shown to induce vessel normalization by changing the polarization of
tumor-associated macrophages towards a more M1-like phenotype [1]. Taking this into account, we employed wild
type (WT) and HRG knockout (KO) mice to evaluate the impact of vascular normalization on the tumor accumulation
and penetration of polymeric drug delivery systems.
 
Methods 
Tumor growth was induced by injecting normal and HRG-overexpressing T241 cells into WT and HRG KO C57BL/6J
mice. After the tumors reached a size of 8 mm in diameter, the tumor accumulation of fluorophore-labeled polymers
(pHPMA-488/750) was assessed using hybrid CT-FMT imaging [2]. Functional and molecular ultrasound (US) imaging
was employed to quantify the relative blood volume (rBV), perfusion and VEGFR2 expression in tumors.
Immunohistochemistry, standard fluorescence microscopy and two-photon laser scanning microscopy (TPLSM) were
employed to confirm vascular normalization and its impact on tumor-targeted drug delivery.
 
Results 
In vivo and ex vivo optical imaging, as well as functional and molecular US imaging, showed that HRG expression
induces vascular normalization. Molecular US revealed a decreased VEGFR-2 expression with increased HRG
presence (Fig.1 A-B). The overall number of tumor blood vessels (CD31) was reduced in HRG-expressing mice, while
the number of functional (i.e. lectin-positive) and mature (i.e. αSMA-positive) vessels was increased. Fluorescence
microscopy indicated that HRG expression reduced the number of MRC-1-positive (M2-like) tumor-associated
macrophages (Fig.1 C-D). This more normalized vascular network resulted in improved drug delivery to tumors in WT
vs. HRG KO mice. As shown by CT-FMT imaging and TPLSM, both the overall tumor accumulation and the
intratumoral distribution of the fluorophore-labeled polymeric drug delivery systems were found to be improved (Fig.1
E-H).
 
Conclusion 
Our results show that the plasma protein HRG mediates vascular normalization and that vascular normalization leads
to more efficient polymeric drug delivery to tumors. Additional analyses, looking at remodeling of the
microenvironment upon vascular normalization, are currently ongoing to verify and extend these findings.
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Figure 1: HRG induces vascular normalization and improves drug delivery to tumors.<br />
Molecular US revealed a decreased VEGFR-2 expression with increased HRG presence (A-B). Fluorescence
microscopy showed that HRG overexpression reduces the number of Mrc-1-positive (i.e. M2-like) tumor-associated
macrophages (C-D). Hybrid CT-FMT imaging of 10 nm-sized polymeric drug delivery systems shows that increased
levels of HRG expression results in improved drug delivery to tumors (E-F). Two-photon laser scanning microscopy
images (G) verifying the improved accumulation and penetration of polymeric drug delivery systems in tumors (H).
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TITLE: Paired-agent fluorescence imaging of sentinel lymph node metastases in breast cancer with indocyanine green
as a paired control agent
PRESENTER: Chengyue Li
ABSTRACT BODY: 
Abstract Body: The involvement of axillary lymph node is recognized as a prognostic factor for determining the stage
and guiding adjuvant treatment of breast cancer1. Currently, sentinel lymph node dissection, the removal of the
primary tumor-draining lymph node, is commonly performed to assess node metastases. However, dissection is
associated with overtreatment concerns and considerable morbidity, including lymphedema, pain and restricted arm
mobility2, and majority of cases(74%)result in metastases-free nodes3. Molecular imaging has great potential to
noninvasively assess tumor burden; nonetheless, variable delivery and nonspecific uptake of imaging agents in lymph
nodes can significantly confound sensitivity and specificity4.
In response, a novel approach, “paired-agent imaging of sentinel lymph node”(PAISLY), was developed to non-
invasively estimate the presence of cancer cells in tumor-draining lymph (see supplementary data). To test the
PAISLY approach, metastatic human breast cancer cells(MDA-MB-luc-D3H2LN, Perkin Elmer), known to overexpress
epidermal growth factor receptor(EGFR), were implanted into the mammary fat pad of female athymic mice. Ten mice
with confirmed lymph node metastasis by bioluminescent imaging, were studied along with six tumor-free controls.
Erbitux, an EGFR specific antibody was selected to label with IRDye-800CW(LICOR) as the targeted imaging agent
and IRDye-700DX(LICOR) was labelled to mouse IgG(a negative control antibody of erbitux) as a control agent. The
agents were injected into the front footpad of the mice, the uptake and retention dynamics of both agents were imaged
in the sentinel lymph node every 5 min for 3h using a two-wavelength fluorescence imaging system(Pearl Imager,
LICOR). Fig.1 demonstrates uptake of both agents in control and tumor-bearing mice. The presence or absence of
tumor was not discernable from either imaging agent alone; however, the PAISLY approach yielding an estimation of
EGFR concentration distribution demonstrated a clear difference between controls and tumor-bearing mice: 0.65±0.59
nM and 0.05±0.03 nM in tumor-bearing and control mice, respectively. Moreover, the measured EGFR concentration
correlated with the number of tumor cells in lymph node with sensitivity of less than 200 cells.
To accelerate the clinical translation of this approach, indocyanine green (ICG), a FDA approved dye was tested as
the paired control agent. The kinetics of an antibody-based agent was compared to ICG in the absence of binding in
lymph node and demonstrated a strong correlation with each other over 2h imaging (r=0.987) and the measured
binding potential of the antibody agent was found to be -0.09±0.02 after 20 min injection. To provide a more adaptive
way towards clinical approach, PAISLY could acquire the binding potential with single time point image at 2h post-
injection by correcting the fluorescence ratio of both agents at the injection site. These indicated that ICG indeed could
fill the role of a control for PAISLY approach to assess lymph node metastases.
1. Kissin MW, et al, Lancet, 1982
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TITLE: First demonstration of in vivo Cancer Magnetic Particle Imaging with IV-administered Passive Long-circulating
SPIOs
PRESENTER: Elaine Yu
ABSTRACT BODY: 
Abstract Body: Introduction Magnetic Particle Imaging (MPI) (Gleich, Nature, 2005; Goodwill, IEEE TMI, 2010; Zheng,
Scientific Reports, 2015, Zheng Theranostics 2016) is a novel, high-contrast, and quantitative imaging modality with
zero depth attenuation and exquisite tracer sensitivity (200 nM). Moreover, MPI uses no ionizing radiation, and the
SPIO tracers are FDA approved even for patients with Chronic Kidney Disease (Lu, Am J. Hematol., 2010). Due to its
high sensitivity and contrast, MPI is uniquely poised as a clinically translatable cancer detection platform. Here we
demonstrate, for the first time, in vivo cancer imaging with MPI.
 
Material and Methods Three athymic nude rats were injected with 7 million MDA-MB-231-luc tumor cells in the
mammary fat pad and monitored for 4 weeks. To confirm the presence of the tumor, the rats were injected with
Luciferin for Bioluminescence imaging (images shown in persuasive data file). For MPI, the rats were injected with
long circulating LodeSpin SPIO tracer (15 mg Fe/kg) via the tail vein under anesthesia. The animals were then
scanned at multiple time-points post-injection: 10 and 30 minutes, 1, 2, 4, 6, 24, 48 and 96 hours. A Field Free Point
(FFP) MPI scanner was used (Resolution: 1.2 mm, FOV: 4 cm × 4 cm × 8 cm, Scan Time: 5 minutes). MATLAB is
used with a National Instruments DAQ module for signal generation, acquisition, and image reconstruction. See
Figure 1(a) for a photo of the custom FFP MPI scanner. For anatomical reference, micro-CT (General Electric EVS
RS-09) scans of two of the animals were acquired (Resolution: 93μm, FOV: of 4 cm × 4.7 cm × 16.5 cm, Scan Time:
25 minutes).
 
Results The tumor was highlighted with a peak tumor-to-background ratio of roughly 50-to-1 seen in Figure 1(c).
Slices taken from the 3D MPI/CT datasets at different time points are shown in Figure 1(e). The tumor is well
appreciated, with initial wash-in on the tumor rim, peak uptake at 6 hours, and washout beyond 48 hours. The
particles used in this study had no active targeting moieties and were systemically administered. The unprecedented
contrast allows clear visualization of the tumor. In addition, MPI enables quantitative analysis of tracer dynamics –
blood pool and tumor iron content were successfully fit to a two compartment model as shown in Figure 1(d).
 
Discussion and Conclusion Here we present preliminary results showing the potential of MPI as a sensitive and
quantitative cancer imaging platform. Even with passively targeted particles, we were able to see a superb tumor-to-
background ratio of ~50. The particles passively targeted the tumor likely due to the enhanced permeability and
retention (EPR) effect (Maeda, J. Control Release, 2000). MPI directly detects the intense electronic magnetization of
SPIOs, unlike the much weaker nuclear paramagnetism of water detected in MRI. The high sensitivity of 200 nM and
superb contrast inherent to MPI allows for dose-limited sensitivity approaching that of PET and SPECT. With continual
development, we anticipate MPI to emerge as a robust imaging platform for evaluating cancer targeting moieties,
tumor perfusion, detecting small metastases, and monitoring cell migration.
AUTHORS (LAST NAME, FIRST NAME): Yu, Elaine4; Bishop, Mindy4; Zheng, Bo4; Ferguson, R M.1; Khandhar,
Amit3; Kemp, Scott1; Krishnan, Kannan5; Goodwill, Patrick6; Conolly, Steven2

INSTITUTIONS (ALL): 
1. LodeSpin Labs, Seattle, WA, United States.
2. Bioengineering & EECS, UC Berkeley, Berkeley, CA, United States.
3. Lodespin Labs, Seattle, WA, United States.
4. Bioengineering, UC Berkeley, Berkeley, CA, United States.
5. Material Science and Engineering, University of Washington, Seattle, WA, United States.
6. Magnetic Insight, Newark, CA, United States.



Figure 1: (a) Field Free Point MPI Imager. Magnet free bore: 13 cm; FFP selection field gradient strength: 7 × 3.5 ×
3.5 T/m; Imaging bore: 5 cm. (b & c) Coronal and sagittal co-registered MPI/CT images 6 hours post injection. Athymic
rats were implanted with MDA-MB-231-luc and injected with long circulating SPIOs through the tail vein. MPI signal
snows no attenuation with depth and shows tumor-to-background ratio of ~50. (d) MPI image is quantitative and
enables pharmacokinetic compartment modeling of the tracer dynamics. (e) Representative MPI perfusion slices co-
registered onto CT slices for anatomical reference. The tumor is clearly visualized, with initial wash-in on the tumor
rim, peak uptake at 24 hours, and washout beyond 48 hours.<br />
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TITLE: Quantitative Evaluation of RAGE Targeted Strategy for the Molecular Imaging of Prostate Cancer
PRESENTER: Christian Konopka
ABSTRACT BODY: 
Abstract Body:  
Introduction: Despite prostate cancer (PCa) being one of the leading causes of cancer related death in men, the
majority of newly diagnosed PCa is low-grade. Therefore, many patients are opting for active surveillance, which
utilizes routine tests that are often insufficient in producing accurate diagnoses. Consequently, a new method of
monitoring PCa is needed to accurately assess when to begin aggressive therapy. The receptor for advanced
glycation end-products (RAGE) is associated with all the signature characteristics of PCa development and increased
RAGE expression levels predict poor patient outcome. Therefore, a RAGE-targeted noninvasive imaging strategy has
been developed to detect PCa and assess it biology. In this study, we evaluated RAGE-targeted nanoparticle for in
vivo imaging of PCa in combination with in vivo imaging of angiogenesis (with 64Cu-cRGD2 peptide), glucose
metabolism (with 18FDG), and quantitative textural and colocalization analysis.
Materials and Methods: PAMAM dendrimer (G4) was functionalized with Nε-carboxy-methyl-lysine modified human
serum albumin targeted at RAGE and rendered multimodal by labeling with 64Cu (for PET imaging) and AlexaFluor
647 (for fluorescence imaging). The cellular binding of targeted probe was evaluated in androgen-dependent (LNCaP)
and independent (DU145) PCa cells. The probe’s in vivo pharmacokinetics was assessed by dynamic PET-CT
imaging with dedicated Siemens Inveon scanner. Serial angiogenesis, metabolism and RAGE imaging of PCa tumors
at different time-points was performed in DU145 (n=12) and LNCaP (n=4) xenografts. CT images were used to define
irregular VOIs superimposed on PET images to calculate %ID/g and to examine 108 heterogeneity parameters. After
the last imaging session, animals were euthanized, and tumors excised for colocalization analysis between the probe
and RAGE epitope using immunofluorescence (IF) and autoradiography (AR).
Results and Discussion: In vitro studies confirmed high affinity (KD ~500 nM) and specificity for RAGE in PCa. The
analysis of PET-CT images revealed favorable kinetics, rapid blood clearance, hepatobiliary excretion route, and a
non-homogenous uptake in PCa tumors. Mean uptake values 0.5 %ID/g (DU145) and 1.4 %ID/g (LNCaP) varied with
tumor size. Tumor heterogeneity analysis yielded significant size-dependent differences (p<.05) between LNCaP and
DU145 xenografts, as well as between 64Cu-cRGD2, 18FDG and RAGE-targeted probes. Postmortem colocalization
analysis using AR and IF of tumor sections confirmed high probe’s specificity to RAGE epitope (Pearson’s R = 0.62
and Manders’ overlap coefficients = 0.995 and 0.967 for AR and IF, respectively).
Conclusion: Targeted imaging with the PAMAM-based probe is capable of quantitatively assessing RAGE in PCa
tumors which exhibit varying degrees of expression and heterogeneity. It is likely that this RAGE-targeted strategy, will
have a significant impact on methods for monitoring and managing therapies for PCa patients.
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Representative in vivo PET-CT image receptor for advanced glycation end-products (RAGE) targeted, PAMAM-based
probe in LNCaP xenograft in a mouse. Yellow solid line defines the contours of tumors drawn on CT image. PET-CT
images were then used for analysis.<br />
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ABSTRACT BODY: 
Abstract Body: Ovarian cancer is the fifth-leading cause of cancer-related deaths among females in the United States.
Over 22,000 new cases will be diagnosed and 14,000 deaths will result from this disease in 20161. Diagnosis after
metastasis occurs in 61% of patients, higher than any other form of cancer2. Late detection hinders prognosis, though
91% five-year survival rates are seen with earlier detection3. Detection of ovarian cancer in high-risk populations,
patient response to treatment, and disease relapse is necessary to increase survival rates4.
 
The unique optical properties of single-walled carbon nanotubes (SWCNT) confer ideal imaging and sensing
properties for biological applications. SWCNT near-infrared photoluminescence exhibits photostability, penetration
through biological tissue, and environmental sensitivity5, 6. Nanotube emission can undergo modulation of the optical
bandgap, causing a shift in emission wavelength7. These characteristics allow for consistent rapid and long-term
analyte detection and quantification in complex ex vivo and in vivo environments7, 8.
 
To address the necessity of early detection for ovarian cancer, we have developed a biomarker-specific sensor using
non-covalently functionalized SWCNT. This sensor exhibits sensitivity in the low-nanomolar range and significant
selectivity for individual biomarkers through a 2 nm shift in its fluorescence center wavelength. A near-infrared
fluorescence hyperspectral imaging technique9 was used with this sensor to detect biomarkers secreted from ovarian
cancer cells in vitro and in patient-derived fluids. These results were validated by standard ELISA biomarker
quantification techniques. Previously-developed near-infrared fluorescence hyperspectral imaging9 was applied to in
vivo SWCNT imaging coupled with fluorescence probe spectroscopy to detect the presence of 100 nM of the
biomarker in the peritoneal cavity of live mice through a 2 nm shift in the sensor’s fluorescence center wavelength .
Future work will further monitor the longitudinal progression of ovarian tumors in vivo towards clinical translation. We
expect this optical biomarker sensor to aid in early ovarian cancer detection, thereby reducing patient burden and
mortality.
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CONTROL ID: 2501017
TITLE: Novel Prostate-Specific Membrane Antigen (PSMA)-Targeted Near-Infrared Agent: Bench to Clinic
PRESENTER: Pravin Gagare
ABSTRACT BODY: 
Abstract Body: Prostate cancer (PCa) is the most common male malignancy in western society leading to >30,000
deaths/year in the US. Over 230,000 new cases of PCa identify in the US each year. While surgery constitutes one of
the best methods for treatment of PCa (~90,000 surgeries/year in the US), disease reoccur locally in 30% of cases
due to inability to remove the primary malignant mass with entirely negative tumor margins. Moreover, current surgical
techniques may not be able to recognize all lymph nodes harboring metastatic cancer cells and to identify all satellite
disease. In an effort to improve PCa surgeries, we have recently developed a novel PSMA-targeted NIR fluorescence
probe (OTL78) with enhanced fluorescence intensity and photo-stability for use in image-guided tumor surgery. In this
study, we summarize: (1) scale-up synthesis, (2) in vitro binding affinity and specificity using PSMA–(positive) or
PSMA–(negative) cell lines, (3) in vivo tumor accumulation, retention, and tissue clearance using time dependent (2,
4, 8, 24, and 48 h time points) whole body imaging and biodistribution (BiOD) studies in mice with PSMA–(positive)
tumor xenografts, (4) tumor-to-background ratios (TBR) using ex vivo BioD studies and ImageJ analysis in mice with
PSMA–(positive) tumor xenografts, (5) dose escalation studies using ex vivo BioD in mice with PSMA–(positive) tumor
xenografts, and (6) in vivo specificity using mice with PSMA–(negative) tumor xenografts. We conclude that OTL78
not only offers a robust chemistry (efficient synthesis in milligram to multi-gram scale with high purity and high yield,
high water solubility, stability during synthesis and storage), but also exhibits excellent pharmacological properties.
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CONTROL ID: 2501032
TITLE: The specificity of visualization of caspase 3 in vivo using FLIM-FRET and genetically encoded fluorescent
proteins’ based sensor
PRESENTER: Victoria Zherdeva
ABSTRACT BODY: 
Abstract Body: The aim of our study was to demonstrate the usefulness of fluorescent proteins‘ based sensor
combined with FLIM-FRET in imaging of caspase 3 activated by different antitumor drugs. Caspase-3 is famous for its
role in apoptosis and programmed cell death regulation.
We used the FRET-pair containing the TagRFP as a donor and KFP as acceptor linked by 23a.a. linker including the
caspase site specific motif DEVD (TR23K sensor [1, 2]) for imaging of caspase 3 in intact tumor xenografts and in
tumor xenografts after the treatment. The shift in lifetime distribution from 1.6-1.9 ns to 2.1-2.4 ns after injection of
paclitaxel to A549 lung adenocarcinoma xenograft, etoposide and cisplatin to HEp-2 pharynx adenocarcinoma
xenograft was observed. That corresponded to the shift of non-cleaved (1.8 ns) and cleaved (2.5 ns) sensor obtained
earlier in vitro. The different depth of tumor invasion, heterogeneity in tumor response as well as spontaneous
apoptosis in tumors could explain such kind of deviation of lifetimes in vivo from the value of ones in vitro. Thus, the
processing of fluorescent images with time resolution noninvasively in real-time mode allows detection not only non-
cleaved and cleaved state of TR23K but taking into account the special characteristics of a living organism.
In summary, we firstly demonstrated the possibility of visualization caspase-3 activity via FRET-biosensor TR23K
based on the pair of red fluorescent proteins noninvasively in vivo in fluorescence subcutaneous xenografts on mice
by FLIM-FRET method.
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CONTROL ID: 2501086
TITLE: Enhancing release of biomarker-containing extracellular vesicles from tumors into blood using ultrasound and
nanodroplets
PRESENTER: Robert Paproski
ABSTRACT BODY: 
Abstract Body: The feasibility of personalized medicine approaches will be greatly improved by the development of
non-invasive methods to interrogate tumor biology. Extracellular vesicles shed by solid tumors into the bloodstream
have recently shown great promise for early cancer detection (1). The current study tested if high-pressure ultrasound
and an ultrasound contrast agent called nanodroplets could increase the amount of tumor-derived extracellular
vesicles in the blood which would allow better biological characterization of solid tumors using blood samples.
 
Methods: Chicken embryos bearing fibrosarcoma HT1080-GFP tumors were given intravenous injections of
nanodroplets and had tumors exposed to ultrasound (1.15 MHz, 30 MPa (pk-pk), 1,000 cycles/burst, 1 burst/s, 30 s).
Blood was collected and GFP+ particles in the serum were enumerated and characterized with micro-flow cytometry.
Ultrasound and nanodroplets were assessed for their ability to enhance metastasis by analyzing 1) circulating tumors
cells, and 2) HT1080-luciferase-GFP metastases post sonication. Serum samples from embryos post tumor sonication
were also assessed for tumor-specific mutations as well as circulating tumor DNA.
 
Results: Only in the presence of nanodroplets could ultrasound significantly increase the amount of tumor-derived
vesicles into the blood. After optimizing ultrasound parameters for vesicles release, ultrasound and nanodroplets
increased tumor-derived vesicles in the blood by >140-fold. Sonication of HT1080 tumors did not increase the number
of circulating tumor cells or the metastatic burden in tumor-bearing embryos. A variety of biological molecules were
successfully detected in tumor-derived extracellular vesicles, including cancer-associated proteins, mRNAs and
miRNAs. Sonication of xenograft HT1080 tumors released extracellular vesicles containing RNA with 14 detectable
mutations known to exist in HT1080 cells including the highly tumorigenic N92I RAC1 mutation. Applying ultrasound to
HT1080 tumors increased circulating tumor-derived DNA by >100-fold.
 
Conclusion: This work is the first demonstration of enhanced extracellular vesicle release into the blood by ultrasound
stimulation and suggests that ultrasound / nanodroplets offers promise for genetic profiling of solid tumor phenotype
and aggressiveness by easily acquired blood samples.
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Overview of ultrasound-mediated tumor extracellular vesicle release. Before tumor sonication, nanodroplets are
injected intravenously. High pressure ultrasound is applied to tumor cells which phase-changes nanodroplets into
microbubbles which are subsequently destroyed in highly energetic reactions that increases vascular permeability and
stimulates EV release from tumor cells. Some tumor-derived EVs enter the vasculature and are acquired from the
blood and characterized to profile the sonicated tumor for biomarkers.
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TITLE: Photoacoustic Monitoring of Tumor Response to Radiation: Prognostic Impact
PRESENTER: Laurie Rich
ABSTRACT BODY: 
Abstract Body: Hypoxia is a widely recognized hallmark of tumors which negatively impacts the efficacy of
radiotherapy (RT). Development of a cheap, reliable and easy to use imaging method to image tumor oxygenation
could enable longitudinal non-invasive assessment of tumor oxygenation in vivo. Photoacoustic imaging (PAI) is a
hybrid optical/ultrasound imaging technique which exploits the unique optical properties of oxy and deoxyhemoglobin
to measure tissue hemoglobin and oxygenation. In this study, we examined the prognostic impact of PAI-based
monitoring of tumor response to fractionated RT (fRT) in patient-derived xenografts of head and neck squamous cell
carcinoma (PDX-HNSCC). Severe combined immunodeficient mice bearing PDX-HNSCC (350-500 mm3) underwent
5 daily fractions of 3 Gy radiation for a total dose of 15 Gy (n=11). Tumors were imaged with PAI before, during and
after treatment to assess dynamic fluctuations in tumor oxygen saturation (%sO2). PAI-based %sO2 measurements
were correlated with tumor response to fRT. fRT resulted in significant growth inhibition in treated tumors compared to
control tumors at 2 weeks following fRT (p = 0.0039). A significant increase in %sO2 was observed in treated tumors
following 9 Gy compared to baseline measurements (Fig. 1a left and middle, p<0.05). Surprisingly, no correlation was
observed between the change in oxygenation post 9 Gy and the change in tumor volume at 2 weeks following fRT
(Fig. 1b). By 24 hours post 15 Gy, a majority of the tumors showed decreased tumor %sO2 levels compared to
pretreatment levels (Fig. 1a, bottom right), although some remained elevated (Fig. 1a, top right). Interestingly, tumors
with elevated oxygen saturation levels 24 hours post 15 Gy responded more favorably than tumors which showed no
change or a reduction in %sO2 (Fig. 1c, p<0.05). Even more striking, tumors with sustained or increased %sO2 levels
in the second half of treatment (post 9 Gy to post 15 Gy) were more significantly correlated with an overall favorable
response (Fig. 1d, p<0.01). These studies highlight the potential of PAI for performing serial %sO2 measurements in
HNSCC, and show, for the first time, that PAI can be used to monitor early response of tumors to fRT prior to any
detectable change in tumor volume.
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Figure 1. PAI allows for early monitoring of tumor response to fRT. (a) The panel of images represent pseudo-
colorized tumor oxygen saturation maps overlaid on B-mode ultrasound at baseline, post 9 Gy, and 15 Gy radiation.
(b) Correlation analysis revealed no signficant correlation between the change in %sO2 from baseline to post 9 Gy,
and the change in volume at 2 weeks following fRT. Increases in %sO2 from baseline to post 15 Gy (c), and from post
9 Gy to post 15 Gy (d) were significantly correlated with a smaller change in tumor volume 2 weeks following fRT.
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TITLE: Evaluation of Excitation Angle Error Effect on Quantification of Hyperpolarized Pyruvat
PRESENTER: Christopher Walker
ABSTRACT BODY: 
Abstract Body: Imaging hyperpolarized (HP) pyruvate and its downstream product, lactate, by magnetic resonance
spectroscopy (MRS) allows characterization of tumor metabolism with sensitivity not previously possible in vivo[1].
The detection of hyperpolarized agents has unique challenges due to dynamic signal evolutions and sensitivity to data
acquisition parameters such as the excitation angle. While simple small angle excitation schemes are sufficient for
hyperpolarized studies, more advanced schemes have been proposed that utilize multiband excitation [2] or variable
excitation angles [3]. In practice a uniform precise excitation angle is difficult to achieve in vivo, with slice profiles, field
inhomogeneity and coil loading all contributing to errors. This work explored how errors in excitation angle could affect
the quantitative accuracy of HP-Pyruvate MRS.
Synthetic magnetic resonance spectroscopic studies of hyperpolarized pyruvate were generated in Matlab [4].
Pyruvate delivery was modeled with a gamma variate vascular input and subsequent conversion to lactate was
modeled as a two pool exchange process. Gaussian noise was added and an exchange rate was fit to the noisy data
using a least squares algorithm. This processes was repeated 64 times and the fit average and standard deviation
were calculated. Three excitation angle schemes were evaluated; a broad band excitation using 20o excitation
(broadband); a variable excitation angle scheme that attempts to maintain a constant lactate signal during the entire
acquisition (variable); and a multiband excitation scheme with an excitation angle of 17o for pyruvate and 39o for
lactate (multi-band).
Fitting results show that all excitation angle schemes investigated were relatively insensitive to moderate errors in
excitation. If errors in the excitation angle were excessive, fit accuracy deteriorated. The constant excitation angle
schemes were more accurate than the variable excitation schemes when excitation angles were under-estimated.
Additionally, the standard deviation of the fits was lowest for the multi-band excitations, suggesting that such an
excitation scheme might yield the most accurate fit results. Overall this work suggests that reasonable flip angle errors
might not significantly impact the quantitative analysis of hyperpolarized pyruvate by magnetic resonance
spectroscopy.
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TITLE: Patchy Polymeric Particles as Natural Photoacoustic Contrast Agents 
PRESENTER: Carolina Salvador-Morales
ABSTRACT BODY: 
Abstract Body: Patchy particles are a class of anisotropic particles that have one or more surface-exposed domains
with different surface chemistry relative to the rest of the particle. Our patchy particles are made of poly-lactic-co-
glycolic acid (PLGA), a biocompatible, biodegradable and FDA-approved polymer, and lipid-polymer functional groups
(LPFGs). These particles have unique patch-core-shell structural features: hollow or solid hydrophobic polymeric
cores and patchy surfaces made of single, dual, or multiple lipid-polymer based patches distributed on the shell’s
surface. The patches can be functionalized with inorganic and organic molecules, depending on the research or
medical need. One of the greatest advantages of patchy particles is their proclivity to cluster, and thereby enhance the
signal produced by the organic or inorganic molecules that chemically modify the LPFGs.
Currently, several challenges prevent PLGA particles to reach clinical settings. Among these limitations, there is a lack
of understanding of the mechanisms involved in the formation of these particles at the molecular level. We aim to
synthesize patchy polymeric particles by addressing in depth these fundamental problems. Recently, we reported that
the shear stress the polymer blend undergoes during the emulsification step in the particle’s synthesis is the most
important parameter for the formation of particles with single patches 1. Here we further investigated the role of the
shear stress in the formation of the internal and external morphology of lipid-polymeric patchy particles using an
integrative experimental and computational approach. We crossed section the multi-patch particles with the Focused-
Ion Beam technique to investigate their internal structure. We found lipid-based structures embedded in the entire
PLGA matrix. This is a unique finding because as of now such internal structure has not been observed in other types
of polymeric particles. By developing novel both Computational Fluid Dynamics (CFD) and Molecular Dynamics (MD)
simulations we found that the shear stress determines the internal structure of patchy particles. Equally important, we
discovered that these particles emit a photoacoustic (PA) signal in the optical clinical imaging window (i.e., 700 to 900
nm wavelength) using a Multispectral Optical Tomography instrument. The natural PA properties of patchy particles
are derived from their internal structure. Our results show that particles with multiple patches emit a higher PA signal
than particles with single patches. This phenomenon is likely due to the formation of lipid-based structures in their
multi-patch particle’s core. Also, MD revealed the formation of a lipid-bilayer in the particle’s surface. Knowing the
exact arrangement of the LPFG in the particle’s surface is very helpful to acquire high control on patchy particles’
surface chemistry. These fundamental studies will help us to design more effective carriers for imaging applications,
as well as will help us to accelerate the medical translational aspect of PLGA particles.
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Schematic of the formation of patchy polymeric particles and their intrinsic photoacoustic properties
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TITLE: Testing the Efficacy of GdDO3NI: A Novel Hypoxia-Targeting T1 Contrast Agent
PRESENTER: Shubhangi Agarwal
ABSTRACT BODY: 
Abstract Body: Purpose: Hypoxia is one of the important hallmarks of cancer which causes genomic and metabolic
changes in the tumors, giving rise to abnormal pathways promoting metastasis, proliferation, resistance to chemo and
radiotherapy and resulting in poor prognosis [1-2]. MRI provides a powerful platform for generating 3-D spatial maps
of hypoxia and targeted, non-invasive in vivo imaging with the use of a novel hypoxia binding contrast agent [3-4]
which could impact the therapeutic choices. Here we report in-vitro and in-vivo analysis of a hypoxia targeted
Gadolinium (Gd3+) based MRI contrast agent at 7T.
Materials & Methods: GdDO3NI was prepared as previously described [4]. Nu\nu mice were implanted
subcutaneously with NCI-H1975 (NSCLC) or A431 (epidermoid carcinoma) tumor cell line. 1 mm thick T1-weighted
images were acquired pre and post injection of 0.3 mmole\kg body weight contrast agent for every 5 minutes up to
120 minutes post injection to a total time of 150 minutes. Pimonidazole was used as an ex-vivo marker for hypoxia.
Custom Matlab code was used to assess the degree of correlation for MR enhancement and IHC images. Post
contrast GdDO3NI (2h time point) were thresholded at 20% (over baseline) and co-registered for comparison with
pimonidazole based IHC.
Results: The r1 and r2 relaxivity of GdDO3NI was measured to be 4.75 ± 0.04 mM-1 s-1 and 7.52 ± 0.07 mM-1 s-1,
respectively. Comparing the tumor boundaries of GdDO3NI and pimonidazole images yielded R2 values of 0.9034
and 0.9347 for the H1975 and A431 tumors, respectively, (figure 1) while comparing the the hypoxic locations yielded
0.4752 and 0.3057, respectively. The hypoxic fractions of the H1975 tumors were estimated to be 41% and 54% by
IHC and MRI, respectively. For the A431 tumor these were 58% and 40%, respectively.
Discussion: The goal of this study is to investigate GdDO3NI as a potential MR-based hypoxia mapping contrast agent
to aid in individualized assessment of patient’s tumor and its response to treatment and help direct future treatment
decisions. Visually, the IHC studies using pimonidazole correlate with the GdDO3NI contrast enhancement maps
obtained and showcase the agent’s ability to effectively report regions of hypoxia. The hypoxic thresholds calculated
from the two techniques were also comparable. However, the R2 values for comparing hypoxic locations within the
two are smaller than expected. This is hypothesized to be a result of the difference in slice thickness between the
modalities (1 mm for MRI, 20 µm for IHC) as well as any local mismatches in co-registration. This leads to some
discrepancies in tissue content between the two modalities, leading to reduction in voxel-by-voxel match. Future work
will involve staining of serial tumor sections to reconstruct an image of comparable thickness as the MR data for a
more accurate correlation.
References: [1] Wilson, W. R. & Hay, M. P. Nature reviews. Cancer 11, 393-410, (2011). [2] Hockel, M. & Vaupel, P.
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TITLE: Quantification of Small Molecule Kinetics Following Release from a Thermosensitive Drug Delivery System in
MR 
PRESENTER: Amanda Aleong
ABSTRACT BODY: 
Abstract Body: Introduction: There is an unmet need for clinically implementable non-invasive imaging tools for
quantifying spatio-temporal drug release and distribution during hyperthermia-induced destabilization of
thermosensitive drug delivery systems. Magnetic resonance (MR) imaging offers a viable option for quantifying small
molecule release kinetics via imaging of a contrast agent co-encapsulated with the drug. Here we present a method
for quantifying small molecule release and diffusion in the presence of hyperthermia in a tissue-equivalent gel
phantom following release from a thermosensitive drug carrier using T1-weighted imaging. This method offers a
means for pre-treatment quality assurance of effective heat-induced release with potential translation for in situ
evaluation.
Method: A 1.5% agar phantom (permeable to small molecules but not to liposomes) was imaged with 200µl
thermosensitive liposomes encapsulating the MR imaging agent gadoteridol (Gad) (TSL; Tm 42.5°C) injected into a
pre-cast air void in the gel, 30s following scan initiation (Fig. 1). A 30min DCE-GRE sequence was used
(TE/TR=3.2/54, FA=90°, FOV=30mm, voxel=0.23x0.23x1mm, 120 reps). This was done at room temperature (22°C)
and under hyperthermia conditions (43°C) using a closed-bore 1-Tesla MR (Aspect Imaging). Hyperthermia was
induced by heating the phantom in a 48°C water bath for 20min prior to scanning and in-bore temperature was
maintained by a custom-made recirculating water chamber surrounding the gel phantom (Fig.1). This procedure was
repeated with non-thermosensitive liposomes encapsulating Gad (NTSL; Tm=70°C; negative control) and free Gad
(positive control). Images (Fig. 2) were analyzed in Matlab to measure signal changes along contours radiating from
the edge of the injection site (air void). Spatial and temporal signal data was fit to determine diffusion coefficients
based on Fick’s Law.
Results: The MR imaging sequence was optimized to detect diffusion of Gad into the gel from the injection site (Fig.
3). No detectable signal enhancement in the gel was observed for NTSL at both temperatures indicating no diffusion
of the intact liposomes away from the injection site. Thus, the signal enhancement measured for TSL at 43°C was
attributed to the diffusion of the small molecule Gad into the gel following release from the TLS liposomes. Small
molecule kinetics quantified as diffusion coefficients indicated complete destabilization of the heated TSL liposomes
(Fig. 4). In fact, the diffusion coefficient measured for TSL at 43°C was (2.90±0.52) x10-4 mm2/s, which is not
statistically different from that measured for the free drug surrogate Gad in our gel phantom (2.72±0.87) x10-4 mm2/s
and in tumor tissue (2.08±0.88) x10-4 mm2/s.
Conclusion: Results confirmed the suitability of our phantom for assessment of temperature-dependent small
molecule kinetics in MR. Our approach enables MR-based quantification of small molecule diffusion. This method may
be used in conjunction with complementary techniques such as MR thermometry to achieve comprehensive spatio-
temporal in situ evaluation of non-invasive heat (e.g. HIFU, RF) induced drug release from thermosensitive carriers.
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TITLE: Imaging the Impact of Germline Tumor Micro-environment Variation on Triple Negative Breast Cancer
PRESENTER: Jaidip Jagtap
ABSTRACT BODY: 
Abstract Body: Objectives 
Most hereditary factors underlying breast cancer are considered tumor cell-autonomous, with far less emphasis
placed on testing germline variants that impact the tumor microenvironment, which is expected to play a major role
both in tumor cell proliferation but also in chemo or radiotherapy delivery and response. Herein, we report for the first
time a rapid and inexpensive dynamic near-infrared fluorescence (DyNF) imaging for identifying and characterizing the
impact of germline microenvironment variation on vascular function in orthotopic MDA-MB-231 xenografts.
 
Methods 
An immune compromised (IL2Ry mutant) parental salt sensitive rat strain (SS-IL2Ry) was generated and
characterized, and selectively bred onto the SS.BN3 consomic background (SS.BN3-IL2Ry), essentially substituting
the 3rd chromosome in SS strain by the Brown normal (BN) strain (CXM: a new tool for mapping breast cancer risk in
the tumor microenvironment. Cancer Res. 74, 6419–6429 (2014)). MDA-MB-231 cells were orthotopically implanted in
these strains and tumor growth and morphology measured. The data demonstrated that vascular density and structure
was altered in SS.BN3-IL2Ry rats, with an increase in vascular disorganization, and reduction in growth and
metastasis. The DyNF imaging of rats were performed using a deep-cooled intensified charge-coupled device
(PiMAX, Princeton Instruments) at 50 ms temporal resolution for 6 minute following a 1 mL bolus injection of 400 µM
indocyanine green (ICG) delivered via a tail vein cathetar (λex/λem=785nm/830nm).The kinetic data was decomposed
by principal components to generate anatomical maps, and pharmacokinetics analyzed by the two compartment
model in whole-body, liver, lungs, and tumors.
Results 
Principal component analysis was sufficient to segment and identify organs; lung, liver and tumor, etc. Fig 1(a-d) in
~200 gm rats (following the methods reported for nude mice by Hillman et.al. Nature Photonics, 2007). The uptake
and release of ICG biodistribution in these regions were analyzed by two compartmental pharmacokinetics (PK)
models. The uptake significantly differs based on germline variation in the tumor microenvironment (Fig 1e). Lower
uptake (wash-in) rate and higher release (wash-out) rate for SS as compared SS.BN3 rat was observed, which
verifies the more aberrant vessel structure reported for SS strain. PK model (I(t)=Α*eαt+B*eβt , where A, α and B, β
describes the uptake (wash-in) and release (wash-out) and t denotes time) was applied to normalized fluorescent
intensity time series (Supplementary data). The PK parameters extracted from pre and post-tumor ICG fluorescence
data demonstrated significant differences in wash-out rate from lung, liver, whole-body and tumor. These observations
confirmed the impact of change in the tumor microenvironment on vascular function with implications for therapy
efficacy.
Conclusions 
In this study, we have developed a new non-invasive imaging method for quantitatively characterizing the whole body
circulation in rat models of cancer, and demonstrated its sensitivity in discriminating vascular differences and tumor
growth in consomic rats differing by a single chromosome.
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Fig. 1 The ROI’s mask generated from (a) PC1, (b) PC123(T), (c) PC2(P) and (d) PC3(N)  principal components to
segment the whole body, tumor, liver and lungs to study the biodistributions dynamics. (e) Time courses of ICG
fluorescence after correcting for motion artifacts, averaged over target organs in SS and SS.BN3  rat strains.
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ABSTRACT BODY: 
Abstract Body: Fluorescent Molecular Imaging (FMI) has been established as a powerful modality in elucidating
disease states in invivo preclinical settings with a potential for clinical translation using far red dyes as labels for
targeting or as activatable probes. To date all the dyes used are derived from the cyanine family which are
spectroscopically handicapped by poor photostabilty. A series of far red and near infrared dyes based on the silicon
rhodamines developed by Nagano and Urano (1) have been adapted for preclinical imaging of oncology and
inflammation states in rodent models using activatable as well as reactive oxygen species detection. These probes
have excellent selectivity, fluorogenicity, brightness and low cell cytotoxicty and when coupled with easy to use
portable instrumentation for data acquisition and analysis provide an excellent alternative to the cyanine analogs used
with larger instrumentation. Comparative data with cyanine analogs and IVIS instrumentation will be presented to
show utility in laboratories looking to add fluorescent imaging as an adjunct with the flexibility of a portable instrument.
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CONTROL ID: 2485927
TITLE: Biodistribution and Radiation Dosimetry of the PET Radiotracer Folate-PEG12-NOTA-Al18F in Rhesus
Monkey
PRESENTER: Daniel Rubins
ABSTRACT BODY: 
Abstract Body: Introduction 
Imaging of the folate receptor (FR) may be valuable for assessing treatment options of patients with FR-expressing
cancers, and has been primarily accomplished with the FR-targeting SPECT tracer 99mTc-EC20 (Fisher, et al., 2008).
However, clinical PET provides superior spatial resolution, shorter scan times, and greater dynamic imaging
capabilities than SPECT. Recently, the FR-targeting PET tracer folate-PEG12-NOTA-Al18F has been developed and
shown to successfully target FR in vivo in mice, with reduced liver uptake than the previously reported PET tracer
folate-NOTA-Al18F. In this study, the in vivo biodistribution of folate-PEG12-NOTA-Al18F was compared to 99mTc-
EC20 in Rhesus monkeys, and radiation dosimetry estimates for humans were obtained.
 
Methods 
Rhesus monkeys (N=3) were scanned with each radiotracer. Monkeys were fasted and maintained under anesthesia
with propofol. Following a CT scan, PET data were acquired for 180 minutes following IV administration of folate-PEG

12-NOTA-Al18F (120-164 MBq, 3.9-7.5 μg), while SPECT data were acquired for 150 min, starting 60 min after
administration of 99mTc-EC20 (390-399 MBq, 39-48 μg). Venous blood samples were taken throughout each study
and metabolite-corrected blood levels of radiotracer were calculated. Regions of interest (ROI) were drawn for liver,
kidney cortex, lumbar spine, lung, small intestine, spleen, bladder, and heart muscle, and average radiotracer uptake
from ~60-150 minutes for each ROI was calculated. For folate-PEG12-NOTA-Al18F, absorbed radiation doses were
calculated using OLINDA/EXM v1 (Organ Level Internal Dose Assessment) with adult human model inputs.
 
Results 
PET and SPECT images revealed similar biodistribution for the two radiotracers. Based on a mixed-effect model
analysis, significantly higher accumulation of folate-PEG12-NOTA-Al18F than 99mTc-EC20 was measured in bladder
(p = 0.04), lumbar spine (p = 0.04), and heart muscle (p=0.05), while a significantly lower accumulation of folate-PEG

12-NOTA-Al18F than 99mTc-EC20 was measured in small intestine (p = 0.002) and lung (p = 0.02). Liver
accumulation of folate-PEG12-NOTA-Al18F was lower than that of 99mTc-EC20 in all three individual monkeys, but
the difference did not reach statistical significance (p = 0.07). Dosimetry analysis of folate-PEG12-NOTA-Al18F found
that the critical organ for males was the testes, while for females the urinary bladder wall was the critical organ. A
conservative estimate of the recommended maximum allowable dose of folate-PEG12-NOTA-Al18F for clinical
research subjects (U.S) is 174 MBq per dose and 291 MBq per year for males, and 144 MBq per dose and 432 MBq
per year for females.
 
Conclusions 
Folate-PEG12-NOTA-Al18F showed similar biodistribution to 99mTc-EC20 in Rhesus monkey, and an analysis of
radiation dosimetry indicated that human studies will be feasible. These results add support for the PET radiotracer
Folate-PEG12-NOTA-Al18F as a viable alternative to 99mTc-EC20 for FR imaging.
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Maximum Intensity Projection (MIP) PET/CT Images are shown for the same Rhesus monkey scanned with 99mTc-
EC20 and folate-PEG12-NOTA-Al18F (data summed from ~60-150 min post-administration).



CONTROL ID: 2487632
TITLE: New Dienophiles for the Inverse-Electron-Demand Diels-Alder Reaction and for Pretargeted PET Imaging.
PRESENTER: Emilie Billaud
ABSTRACT BODY: 
Abstract Body: Introduction In cancer research, pretargeted PET imaging has emerged as an effective two-step
approach that combines the affinity and selectivity of antibodies with the rapid pharmacokinetics and favorable
dosimetry of smaller molecules radiolabeled with short-lived radionuclides. This approach can be based on the
bioorthogonal inverse-electron-demand Diels-Alder (IEDDA) “click” reaction between tetrazines and trans-cyclooctene
(TCO) derivatives. Our project aims to develop new [18F]TCO-dienophiles with high reactivity for the IEDDA reaction,
improved in vivo stability and favorable pharmacokinetics. New dienophiles were synthesized using an innovative
continuous-flow micro-photochemistry process, and their reaction kinetics with a tetrazine were determined. In vivo
stability studies of the most promising 18F-radiolabeled-TCO-derivative ([18F]trans-EB-70) was investigated, and its
potential for pretargeted PET imaging was assessed on a tumor-bearing mice model.
Materials and Methods Organic chemistry Fluoro-cis-cyclooctene derivatives and mesylate precursors for
radiofluorination were synthesized in 5-8 steps. Photochemistry Trans-for-cis isomerization was performed using a
microfluidic setup. Kinetics Reactions between dienophiles and 3,6-di(pyridin-2-yl)-1,2,4,5-tetrazine in MeOH at 25°C
were monitored by UV spectrophotometry at 290 nm (pseudo-first order conditions). 1 8F-radiolabeling (semi-
automated) Nucleophilic substitution of mesylate trans-EB-77 using [18F]KF,K222 was achieved in MeCN at 90°C for
15 min. [18F]trans-EB-70 was purified by HPLC. In vivo stability [18F]trans-EB-70 was evaluated in healthy NMRI
mice, by ex vivo biodistribution (2, 10, 30, 60 min p.i.). In vivo pretargeted PET imaging To prove the concept, a
prostate-specific membrane antigen (PSMA) inhibitor modified with 3-(4-(trifluoromethyl)phenyl)-6-phenyl-1,2,4,5-
tetrazine was injected intratumorally 10 min before i.v. injection of [18F]trans-EB-70, in LNCaP prostate tumor-bearing
nude mice. Whole-body dynamic PET scans (0-60 min p.i.) and static scans (2 h p.i.) were performed, as well as non-
specific experiments.
Results Fluoro-cis-cyclooctene derivatives and mesylate precursors were synthesized in 3-35% overall yields. The
trans-for-cis micro-photoisomerization yields reached 76%. Reaction kinetics of the new dienophiles are fast, with k2
ranging from 475.6±32.8 to 1913.0±195.9 M-1.s-1. Radiosynthesis of [18F]trans-EB-70 was achieved in 60 min, with
12% radiochemical yield (decay-corrected), a radiochemical purity >99% (for at least 2h), and 70-188 GBq.µmol-1

specific activity. Biodistribution of [18F]trans-EB-70 in mice demonstrated absence of in vivo defluorination and a fast
clearance via urinary and hepatobiliary systems. Pretargeted PET imaging with [18F]trans-EB-70 led to PSMA-specific
tumor uptake, significantly higher than muscle uptake, as early as 30 min p.i. and up to 2 h p.i.
Conclusion We demonstrated that [18F]trans-EB-70 is a suitable dienophile for the IEDDA “click” reaction and for
pretargeted PET imaging. Therefore, [18F]trans-EB-70 will be investigated further for pretargeting experiments using
an antibody.
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CONTROL ID: 2490597
TITLE: Bridging multiparametric imaging and image guided omics in colon tumor xenographts
PRESENTER: Marcel Krueger
ABSTRACT BODY: 
Abstract Body: Introduction 
At present, biopsies in combination with diverse omics techniques are the gold standard for tumor characterization
and therapy planning. Due to intratumoral heterogeneity, biopsies bear the risk of gaining an incomplete picture of the
tumor. Imaging, in contrast, offers the possibility to gain information from the whole tumor and from all metastases
within the body. Currently there is a gap between imaging phenotypes and the underlying molecular mechanisms. We
have developed an image guided CNC milling machine that extracts tissue for metabolomic and proteomic analysis
from treated colon cancer xenografts after multiparametric imaging. We aimed to link imaging to omics techniques and
to gain a deeper understanding of the underlying molecular processes of imaging data.
Methods 
Nude mice were implanted s.c. with patient derived CR-IC-0002P colon tumor xenografts and treated with vehicle or
22mg/kg irinotecan 1, 4 and 7 days before imaging. Animals were imaged with either [18F]FDG- or [18F]FLT-PET.
After the last PET scan ADC-MRI was performed, the mice were killed and frozen in cooled isopropanol (-55°C).
Additional PET and CT scans were performed with the frozen animals. A volume of interest (VOI) was drawn over the
whole tumor in the alive scans to determine the mean ADC values and the %ID/cc for both tracers. Small VOIs were
placed in the tumors determined in the frozen scans and milled by the CNC machine, which was guided by the
imaging data. The samples were collected and analyzed with metabolomics and proteomics and the accuracy of the
milling machine was examined.
Results 
The accuracy of the CNC milling machine was determined to be ≤ 0.25mm in X, Y and Z direction. The analysis of the
%ID/cc of [18F]FDG and [18F]FLT showed no significant difference between treated and control mice (2.4±0.6 vs.
2.4±0.3 and 1.1±0.2 vs 1.3±0.2 %ID/cc respectively). The ADC values were significantly different in treated and
control mice (639±63 vs. 585±73 106mm2/s). PLS-DA of NMR spectra allowed separation of treated and control
animals. Proteomics showed an on/off regulation of seven proteins. Investigations linking the %ID/cc in the samples
taken for proteomic and metabolomic analysis with the NMR spectra and proteomic analysis are currently ongoing.
Conclusion 
We show here that in the CR-IC-0002P model, irinotecan had no effect on PET tracer uptake. In contrast, the mean
ADC values of the tumors were significantly increased after treatment. Furthermore, we can show differences in the
metabolic and proteomic profile of the tumors after treatment. We are currently analyzing the correlation of the %ID/cc
to the metabolomic and proteomic profile of the milled tissue samples. This will enable us to connect tracer uptake to
proteomic and metabolomic data. To our knowledge this is the first preclinical study that uses image guided sampling
for subsequent metabolomic and proteomic analysis, linking imaging data to omics. Therefore this study is an
important step towards a deeper understanding of the molecular mechanisms of imaging phenotypes.
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CONTROL ID: 2491188
TITLE: Imaging of Metabolic Status of Cancer Cells in 3D Culture with an Improved AMPK FRET Sensor for FLIM.
PRESENTER: George Chennell
ABSTRACT BODY: 
Abstract Body: Non-invasive measurements of energetic status of cells and tissues is a long sought goal which can be
achieved by imaging of genetically expressed FRET biosensors providing high spatio-temporal resolution. AMP
activated protein kinase (AMPK) is a key regulator of energy homeostasis, for which a FRET biosensor was recently
reported (1). An improved biosensor for AMPK, referred to as T2AMPKAR, is reported. This biosensor has been
modified by replacing the original FRET donor, eCFP, with mTurquoise2, which has a higher quantum yield, reduced
photo-bleaching rate and a lower pKa than eCFP, as well as a mono-exponential fluorescence decay profile. The
performance of this new biosensor has been studied in response to pharmacological activation of AMPK in 2-D and 3-
D cell cultures using fluorescence lifetime imaging (FLIM). A larger change in lifetime is observed upon activation
(D387ps), compared to the original AMPK biosensor (D187ps). For studying cell-cell interactions, 3D culture of cancer
cells more accurately reproduces the tumour microenvironment, for example allowing metabolite gradients to form. In
order to produce multi-cellular tumour spheroids, clones of cancer cell expressing T2AMPKAR were created and
selected for homogenous expression. Spheroids were then formed using the liquid overlay technique. These
spheroids were imaged using multiphoton fluorescence excitation and the fluorescence lifetime of the donor was
recorded using time-correlated single photon counting (TCSPC) FLIM. A dose-dependent response of AMPK to the
direct activator, 991 (2), reported by T2AMPKAR is measured for both 2D and 3D culture. As a negative control, an
inactive form of the biosensor (harbouring an alanine residue in place of the phosphorylatable threonine in the active
version) was used to verify that the FLIM readout did not vary with 991 concentration or with imaging depth in the
spheroid. The fluorescence lifetime of the inactive biosensor is invariant at imaging depths of over 100 µm in 3D
culture (figure 1a) and the same as measured in 2D monolayer cell cultures. The metabolic status of spheroids
consisting of co-cultures of prostate cancer cell lines, such as DU145 and PC3, and a bone marrow stromal cell line,
HS-5, as a model of tumour-stromal interactions in the microenvironment of bone marrow metastases will be
assessed (figure 1b).
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CONTROL ID: 2491827
TITLE: Comparison of FMT/Micro-CT with Micro-PET/MRI for Monitoring Pharmacokinetics and Biodistribution of
Different Antibody Formats in a Human Skin Cancer Xenograft Model
PRESENTER: Carina Hage
ABSTRACT BODY: 
Abstract Body: Introduction 
Information about pharmacokinetics (PK) and biodistribution of therapeutic compounds is an important part of
preclinical drug research. Here, non-invasive fluorescence molecular tomography combined with micro-computed
tomography (FMT/micro-CT) is used to assess the 3D biodistribution of near-infrared fluorescence-labeled
compounds in organ tissues and tumors. Quantitative results obtained from a tumor xenograft model were compared
to micro-PET/MRI and validated ex vivo.
 
Methods 
Different formats of Alexa750-labeled anti-EGFR antibody (mAb, F(ab’)2 and Fab) were injected intravenously into
athymic nude mice bearing a subcutaneous A-431 tumor. After two and 24 hours, mice were measured consecutively
by micro-CT and FMT, respectively. Hybrid FMT/micro-CT reconstruction was performed to calculate three-
dimensional maps of the drug distribution [1]. Antibody distribution maps were co-registered with anatomical micro-CT
datasets and tissue-specific drug uptake was quantified. For validation, consecutive micro-PET/MRI was performed
with 64Cu-NODAGA-labeled anti-EGFR antibody formats and compared with FMT/micro-CT. In vivo results were
verified ex vivo by using gamma counter and 2D fluorescence measurements as well as immunohistochemistry of
explanted tumor tissue and organs. Blood drug levels were analyzed by ELISA and gamma counter measurement.
 
Results 
The intact antibody (mAb) showed a significantly higher uptake by the tumor tissue compared to its fragments F(ab’)2
and Fab. After 24 hours more than 15% ID/cm3 of mAb was detected by FMT/micro-CT measurement in the tumor,
whereas the levels of both, F(ab’)2 and Fab, were below 5% ID/cm3. In contrast, antibody fragments were rapidly
cleared by renal excretion. After two hours, about 25% ID/cm3 of the F(ab’)2 fragment and more than 50% ID/cm3 of
Fab was observed in the kidneys. Less than 10% ID/cm3 of mAb was found in the kidneys after two hours. Because of
the rapid clearance of the antibody fragments through the kidneys, the delivery of these compounds to the tumor was
diminished. The prolonged body retention of mAb leads to a higher accumulation in the tumor. All results generated by
micro-PET/MRI show a strong correlation with FMT/micro-CT data. In addition, ex vivo validation data of 2D
fluorescence measurement, gamma counter analysis and immunohistochemistry agree well with in vivo imaging
results. Blood sampling data of different time points revealed that mAb is still circulating after 24 hours, whereas the
fragments are cleared from the blood within two hours. This indicates the dependence of the clearance rates from the
molecular weight of the compound and corresponds to renal excretion of the different antibody formats observed by
FMT/micro-CT as well as micro-PET/MRI.
 
Conclusions 
This study addressed for the first time the detailed side-by-side evaluation of small animal hybrid FMT/micro-CT with
well established micro-PET/MRI for preclinical evaluation of drug biodistribution. Our findings demonstrate FMT/micro-
CT as a promising alternative to classical PET analysis with potential application in routine preclinical drug research.
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Figure 1: Biodistribution of different antibody formats 24 hours after compound administration using FMT/micro-CT
analysis. A Fusion of micro-CT and FMT datasets illustrating the biodistribution of mAb in tumor and different organs.
B Quantitative uptake [% ID/cm3] of the antibody formats (mAb, F(ab’)2 and Fab) in the target tissues liver, kidneys,
muscle and tumor after 24 hours (n=6), (* = p<0.05, ** = p<0.01, *** = p<0.001). C Correlation between the single
uptake values in the tumor (%ID/cm3) obtained from all animals of each group by FMT/Micro-CT and Micro-PET/MRI.



CONTROL ID: 2491979
TITLE: A new device for multi-scale and multi-modality imaging  
of tumor microenvironment in vivo.
PRESENTER: Valerie Rouffiac
ABSTRACT BODY: 
Abstract Body: Introduction 
High resolution photon imaging of tumor development in vivo is achievable through implantable dorsal window in mice.
However, current systems are poorly tolerated over time by animal and do not allow multimodality imaging. Here, we
developed a new optical chamber for: 1- long-term micro and macroscopic visualization of the tumor (vascular and
cellular compartments) and its microenvironment; and 2- multimodality imaging (Photonics, MRI and Ultrasound).
Materials & Methods 
Our device was patented in March 2014 after evaluation on more than 70 mice transplanted with the 4T1 and 4T1-Luc
Dendra2 tumor cell lines. The evaluation of the device was first carried out in macroscopic fluorescence and confocal /
multiphoton microscopy after vasculature staining (injection of dextran-TRITC 155KDa or 2000kDa-FITC). A new
dedicated support for stabilizing the optical chamber during the acquisitions was also developed in the laboratory and
can be adapted to any microscope stage. Then tumor graft and growth were monitored using a whole body
luminometer. Anatomical MRI imaging was performed with a 7-Tesla scanner after definition of new sequences and
development of a dedicated surface coil and holder. Finally, ultrasonic imaging was performed in B-mode, Doppler
and DCE-US after Sonovue injection for vascular network enhancement.
Results & Discussion 
Data on mice survival reported: 1- a reduced surgical mortality with our new device (9% vs 23% for the commercial
device); 2- improved longitudinal studies (35 days on average vs. 12).
In photonics (confocal, multiphoton, and SHG imaging), our device allowed the characterization at sub-cellular level of
early and late vascular/tissue damages due to tumor development. Then, the absence of artifacts on MRI and
ultrasound images confirmed the compatibility of our new device for multimodal imaging.
Our next priorities are: 1- the implementation of multi-staining procedures of cell and tissue compartments for photonic
imaging; 2- the monitoring of isolated tumor cells migration in pseudo-orthotopic engraftments model, using
photoconversion procedures already validated in vivo on the 4T1-Dendra2 cell line; 3- the optimization of MRI and
ultrasound procedures and correlation of information from these different modalities.
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CONTROL ID: 2492292
TITLE: Engineering of Intrinsically Zirconium-89 Radiolabeled Self-Destructing Mesoporous Silica Nanostructures for
In Vivo Tumor Vasculature Targeting
PRESENTER: Shreya Goel
ABSTRACT BODY: 
Abstract Body: Objective: We present a systematic study of in vitro and in vivo behavior of biodegradable mesoporous
silica nanoparticles (bMSN), designed to carry multiple cargos (both small and macro-molecular drugs) and
subsequently self-destruct over time after release of their payload. Chelator-free labeling of bMSNs with 89Zr (t1/2 =
72. 8 h) was used to track their in vivo pharmacokinetics and CD105 targeting ability via positron emission
tomography (PET) imaging.
Methods: Multi-generational bMSNs with tunable pore diameters, were synthesized using a biphase stratification
approach and characterized systematically. In vitro degradation and dual drug loading and release studies were
carried out in simulated body fluid (SBF) for 14 days and assessed using standard techniques. bMSNs were
intrinsically chelated with oxophilic radionuclide 89Zr, followed by conjugation with polyethylene glycol (PEG) and
TRC105 antibody to form (89Zr)bMSN-PEG-TRC05 for in vivo PET imaging in 4T1 metastatic murine breast tumor
model. Extensive in vitro, in vivo and ex vivo experiments were carried out to evaluate the stability, pharmacokinetics
and tumor vasculature targeting of the as prepared radiotracers.
Results: Degradation of nanocarriers into biocompatible and non-toxic byproducts presents a favorable prospect for
their clinical translation. We engineered dendritic biodegradable silica nanoparticles (bMSNs) with spoke-like radiating
bimodal mesoporous channels. The hierarchically structured large pore size (5.4 nm and 12 nm) of bMSNs resulted in
rapid and complete degradation in SBF within 21 days, while the solid silica and mesoporous silica (with smaller pore
size) controls showed marginal fragmentation. The mesostructure further allowed greater co-encapsulation and
gradual pH-dependent release of small and large biomolecular drugs. Excellent 89Zr labeling yield (~ 98 % within 2 h
at 75 °C) and radiostability (> 95% upto 72 h) were observed. CD105 specificity of (89Zr)bMSN-PEG-TRC05 was
confirmed in vivo with PET images showing significantly enhanced tumor uptake (4.5±0.6, 11.2±2.1, 11.5±1.3 and
11.2±0.9 %ID/g at 0.5, 6, 24 and 48 h post injection), compared to non-targeting and blocking controls. The specificity
was further confirmed with systematic ex vivo biodistribution and histological examination.
Conclusion: We report the first systematic in vivo study of intrinsically 89Zr labeled biodegradable silica nanoparticles
(bMSNs), targeted for CD105 marker specificity in murine metastatic breast cancer model. The simple, versatile and
easily tunable approach shows great potential for bench-to-bedside transition of personalized nanomedicine. By
simple modifications, the nanoparticles can be tailored to (i) label a wide plethora of clinically relevant diagnostic and
even therapeutic radioisotopes without the need for tiresome specific chelator chemistries, (ii) carry small-molecule
and large biomolecular drugs concurrently for combination therapy, (iii) specifically target any tumor type by simply
modifying the targeting ligand, and, (iv) auto-destruct and excrete from the body within a reasonable time period.
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CONTROL ID: 2492572
TITLE: Real-time Fused Hyperpolarized MRS/PET/Ultrasound Molecular Imaging for Improved Diagnosis of Prostate
Cancer
PRESENTER: Keerthi Valluru
ABSTRACT BODY: 
Abstract Body: Background: In patients with positive prostate specific antigen (PSA) blood test, blinded transrectal
ultrasound (TRUS) biopsy is the standard procedure to diagnose prostate cancer (PCa). However, TRUS biopsy can
fail to identify PCa in 10-25% of patients [1]. Also, many men without PCa undergo unnecessary biopsies, with
attendant morbidity [2]. Accurate prostate imaging could help eliminate unnecessary biopsies or improve their yield.
Hyperpolarized 13C Magnetic Resonance Spectroscopy (HMRS) provides metabolic MR imaging of cancer with
substantially enhanced signal-to-noise ratios, with 13C-pyruvate reported as safe and effective in PCa patients [3].
Furthermore, ultrasound molecular imaging (USMI) with vascular endothelial growth factor receptor type-2 (VEGFR2)-
targeted microbubbles (MBVEGFR2) [4], and PET imaging with gastrin-releasing peptide receptor-targeted tracer [5]
reported promising results. In this study, we investigated the clinical translational feasibility of real-time
HMRS/PET/USMI fusion and TRUS biopsy in canine PCa in vivo.
Methods: 60x106 Ace-1 (canine prostatic adenocarcinoma) cells [6] were orthotopically-transplanted in the prostate of
dogs (n=3, 10-12Kg) undergoing immunosuppressive (cyclosporine) therapy. Tumors were confirmed by TRUS one-
week post-implantation. Two weeks later, simultaneous prostatic HMRS/PET/MRI (GE 3T SIGNA PET/MR) was
performed: time-of-flight dynamic PET was performed with 68Ga-NODAGA-RM1 (1.35mCi, half-life=68minutes) in all
the dogs, with an additional 18F-FDG (2.1mCi, half-life=110minutes) scan in dogs 2 and 3. Proton MRI (T2-weighted
and contrast-enhanced T1-weighted) and HMRS (250mM pyruvate, 0.8mL/Kg) images were acquired using 13C/1H
dual-tuned endorectal receive and 13C clamshell transmit coils. Two days later, USMI (Philips EPIQ7, C10-4ec) was
performed with MBVEGFR2 followed by real-time image fusion with TRUS (dog 1:HMRS/MRI, dog 2:HMRS/PET/MRI,
dog 3:HMRS/PET/MRI+biopsy). Histological analysis (H&E) of biopsy samples and the resected prostate was
performed.
Results: In all dogs, Ace-1 tumors were seen on TRUS and T2-weighted MRI, while USMI revealed peripheral BR55
binding in tumors, associated with rapid clearance (~2 minutes). In dog 1, 68Ga PET showed no specific uptake but
HMRS showed increased 13C-lactate production in tumor (lactate/pyruvate=0.5). H&E confirmed PCa with ~1 mm
heterogenic nests surrounded by inflammatory cells. In dog 2, FDG-PET and HMRS showed elevated metabolic
activity with lactate/pyruvate=0.64 in tumor, with no 68Ga-tracer uptake. On H&E, extracapsular growth of PCa was
confirmed. In dog 3, in addition to 18F-FDG uptake, 68Ga showed specific uptake in tumor with little signal observed
on HMRS. Overall, in each dog the tumors were confirmed to be viable at least by one physiological imaging modality
showing the benefit of multimodality imaging in improving the diagnosis of PCa (Fig. 1).
Conclusion: Real-time fusion of HMRS/PET/MR images with TRUS is feasible and allows guided biopsy of focal PCa
in a novel canine PCa model. Our study lays the foundation for clinical translation of this approach for improved
guided biopsy results in patients.
AUTHORS (LAST NAME, FIRST NAME): Valluru, Keerthi S.2; Park, Jae Mo2; Bachawal, Sunitha2; Liu, Changhao2;
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Figure 1. (A-D) Prostate cancer (PCa) cells implanted in the prostate of dog 2. (A) Transrectal ultrasound (TRUS) and
(B) Molecular ultrasound image acquired after injecting VEGFR2-targeted microbubbles. (C) PET/MRI image showing
18F-FDG uptake in PCa. (D) 13C Hyperpolarized MRS/MRI image showing high lactate/pyruvate ratio in PCa. (E-H)
PCa cells were implanted in the prostate of dog 3. TRUS-guided biopsy was performed by fusing with PET/MRI
images in real-time. PET image shows uptake of (E) PCa-specific tracer 68Ga-NODAGA-RM1 and (F) 18F-FDG in the
tumor. (G) T2-weighted MRI image with biopsy-assist (red-dotted) line passing through the tumor. (H) TRUS biopsy
(needle-yellow arrow). (I) Cross-section and (J) Photomicrograph of dog 1 prostate showing nests of cancer cells
surrounded by inflammatory cells (arrow). (K) Cross-section and (L) Photomicrograph of dog 2 prostate showing
extracapsular tumor.



CONTROL ID: 2492804
TITLE: 131I-labeled Anti-HER2 Nanobody as a Theranostic Tool in Cancer Treatment
PRESENTER: Matthias D'Huyvetter
ABSTRACT BODY: 
Abstract Body: Introduction: Nanobodies (Nbs) are small (15 kDa) antibody fragments with beneficial pharmacokinetic
properties, and those targeted to HER2 can be used for imaging of HER2 overexpressing cancer. Labeled with a
therapeutic radionuclide, they may be used for HER2-targeted therapy. Our 68Ga-labeled lead anti-HER2 2Rs15d Nb
was successfully evaluated in a first clinical study in breast cancer patients to non-invasively detect HER2 expression
using PET. In this study we aim to develop 131I-labeled 2Rs15d Nb to allow both (1) screening patients for the
presence of HER2 overexpression using SPECT, and (2) HER2-targeted therapy, using the identical compound.
Materials & Methods: Anti-HER2 Nb 2Rs15d was labeled with 131I using the residualizing prosthetic group N-
succinimidyl 4-guanidinomethyl-3-iodobenzoate [*I]SGMIB, after which stability and binding to BT474/M1 HER2-
overexpressing tumor cells was checked. Blood clearance was assessed in mice up to 2h after i.v. injection.
Biodistribution and tumor uptake were evaluated in mice bearing subcutaneous BT474/M1 HER2-overexpressing
tumor xenografts until 120h p.i., through micro-SPECT/CT imaging and dissections. These values were used for
dosimetric calculations using the trapezoid integration method. Targeting of 131I-labeled 2Rs15d was evaluated after
pretreatment with anti-HER2 mAbs Trastuzumab and Pertuzumab. Finally, the therapeutic effectiveness of 131I-
labeled 2Rs15d was measured in the same BT474/M1 model. Tumors were grown subcutaneously until 50±30 mm3,
determined by caliper. Groups of animals (n=6-7) were treated with 5 doses of 131I-labeled 2Rs15d or control Nb
(250±50 mCi/injection), or vehicle solution. Animal weight and tumor volume (caliper) were monitored weekly.
Results: 131I-labeled 2Rs15d was stable up to 120h. 131I-labeled 2Rs15d bound to BT474/M1 cells with an affinity of
4.74±0.4nM. Clearance from blood was biphasic, with less than 2% remaining in the blood pool after 60min. In
BT474/M1 tumor xenografted mice, high and specific tumor uptake was observed, especially at early time points.
Tumor accumulation exceeded kidneys by 3h. Extremely low uptake values were observed in healthy tissues at all
time points. This was confirmed with imaging using micro-SPECT/CT. A dose of 1188 cGy/mCi was delivered to tumor
versus 836 cGy/mCi to kidney with considerably lower doses calculated for liver, spleen, lungs, stomach and blood.
131I-labeled 2Rs15d did not compete with Trastuzumab and Pertuzumab for binding to HER2. Animals treated with
131I-labeled 2Rs15d had a median survival of 137.5 days versus 93.5 and 78 days for animals receiving 131I-labeled
control Nb and vehicle solution respectively. After 150 days, half of the animals receiving 131I-labeled 2Rs15d
showed complete absence of tumor.
Conclusion: 131I-labeled 2Rs15d binds specifically to HER2, and when injected i.v. in mice, >95% was cleared rapidly
through kidneys. The non-competing HER2 character allows administration as add-on to ongoing Trastuzumab and/or
Pertuzumab treatment. Its low toxicity profile and proven therapeutic efficacy warrant future clinical translation.
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TITLE: In Vivo and In Vitro Characterization of PARP Inhibitors Using a Recently Developed PET and Fluorescent
Imaging Agents in Small Cell Lung Cancer
PRESENTER: Brandon Carney
ABSTRACT BODY: 
Abstract Body: Objectives: PARP1 is an DNA repair enzyme that is overexpressed in several cancer types. This has
lead to the development of several inhibitors designed for therapeutic purposes. Utilizing [18F]PARPi, a recently
developed 18F-labeled PET imaging agent (1), This study evaluates if a recently developed PARP1 imaging agent [18

F]PARPi can be used to monitor non-invasively the interaction of PARP inhibitors with their target in vivo and can
determine the duration of the drug target interaction in the tumor tissue. The in vivo data with 18F]PARPi were further
validated by in vitro data obtained with PARPi-FL, a fluorescent PARP1 targeted imaging probe (2).
Methods: The imaging compounds were synthesized according to previous reports (1, 3). Mouse models were
generated using patient derived xenografts (PDX) of small cell lung cancer. For in vivo time on target measurements,
mice were first injected with either talazoparib or olaparib, and then [18F]PARPi up to 48 hours later. PET/CT was
then performed and the imaging data quantified. Similarly, for in vitro determination of target engagement of the drugs,
cells were first incubated with either talazoparib or olaparib, and then with PARPi-FL up to 48 hours later. Analysis of
the cells was performed via flow cytometry. In vitro data was also collected for the PARP1 inhibitors olaparib,
rucaparib, niraparib, talazoparib, iniparib and veliparib.
Results: [18F]PARPi signal was reduced by up to 76% for talazoparib and 85% for olaparib after one hour.
Subsequent time points show that the PET signal gradually returns over the course of 48 hours. A two phase decay
curve fitted over the data suggests that talazoparib was retained at the binding site modestly longer than olaparib, with
an area under the curve ratio of 1.0 : 1.17, talazoparib : olaparib. In vitro data corroborates this dataset and showed
that these two compounds exhibit similar time on target values and further shows that, among the inhibitors studied,
rucaparib remains at the biding site the longest while niriparib clears the fastest.
Conclusions: PARPi-FL and [18F]PARPi were able to characterize in vivo and in vitro the time on target properties of
not only olaparib, upon which the two imaging agents are based, but also several other clinically relevant PARP
inhibitors. These tools might one day be critical for assessing the efficacy of PARP inhibitor therapy in the clinic which
is important for the transition into more personalized treatment protocols.
Acknowledgement: The authors thank the NIH (K25 EB016673 and R21 CA191679 for T.R.), the Center for Molecular
Imaging and Nanotechnology (for T.R.), the Tow Foundation (for B.C. and S.K.), as well as the National Science
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TITLE: PARP1 as a novel biomarker for in vivo delineation of Diffuse Intrinsic Pontine Glioma
PRESENTER: Susanne Kossatz
ABSTRACT BODY: 
Abstract Body: Introduction 
Inhibition of the DNA repair enzyme Poly(ADP-ribose)Polymerase 1 (PARP1) has entered clinical practice after FDA
approval of Olaparib in 2014. PARP1 overexpression has been shown in many tumor types, including diffuse intrinsic
pontine glioma (DIPG) patients1. DIPG is a highly lethal pediatric tumor with currently no effective therapeutic strategy
beyond irradiation, which increases mean survival by not more than 3 months. Tumor monitoring has proven difficult
owing to the non-contrast enhancing and infiltrative nature of these tumors. Enhanced tumor imaging and new drugs
are urgently needed. Here, we evaluate how PARP1 targeting agents can be used for DIPG imaging and in a
transgenic mouse model.
Methods 
We developed a 18F-labelled (“[18F]PARPi”) and fluorescent (“PARPi-FL”) PARP1 targeted small molecule, based on
Olaparib2-4. For DIPG tumor development, DF1 cells expressing RCAS-Cre and RCAS-PDGF-B were injected into
the brain stem of 2-4 days old ntv-a; p53fl/fl mice. Mouse and human PARP1 are orthologs, therefore PARP1 inhbitors
bind to both with the same affinity. PET/CT and autoradiographic imaging of [18F]PARPi was conducted 2 h post i.v.
injection. We determined the cellular localization of PARPi-FL in brain tissue and its relation to Ki67 (proliferation),
CD31 (endothelial cells), PARP1 protein expression and H&E morphology using confocal microscopy .
Results 
The employed mouse model showed infiltrative, diffuse growth comparable to the clinical presentation of DIPG.
Tumors could be distinguished from normal brain tissue by Ki67 staining and we found overexpression of PARP1 in
the tumor areas. PET/CT tumor imaging of [18F]PARPi revealed a strong uptake (up to 25% ID/g) in mice that showed
symptoms of DIPG, such as weight loss, gait instability and hunched bodies, and not in healthy mice. This could be
confirmed by autoradiography, where [18F]PARPi associated radioactivity concentrated in tumor foci, identified by
H&E. The radioactive signal from tumor infiltrated brain was up to 15-fold higher than in adjacent brain tissue. At the
cellular level, PARPi-FL was detected in nuclei of tumor cells, but not in cell plasma or surrounding brain tissue. The
PARPi-FL signal co-localized with PARP1 antibody staining and both corresponded to the tumor mass by H&E
staining (Figure 1). PARPi-FL accumulation was confined to areas of active proliferation (Ki67) and abnormal vessels
structures (CD31).
Conclusions 
Our data show successful PARP1 imaging in a murine DIPG model on the whole body ([18F]PARPi) and cellular
(PARPi-FL) level. Overlay of probe accumulation with tumor biomarkers indicate accurate tumor delineation. This
method may serve as novel method to longitudinally monitor disease progression and therapeutic response in
preclinical studies and could ultimately help an informed patient selection for PARP1 Inhibitor treatment or the delivery
of therapeutic radionuclides via PARP1 targeted molecules.
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Figure 1: Brain sections of DIPG carrying mice. Animals were sacrificed and brains were extracted 2 hours after i.v.
injection of PARPi-FL. The PARPi-FL signal was examined using confocal microscopy and adjacent sections were
stained with H&E for morphological evaluation or with an anti-PARP1 antibody to colocalize the PARPi-FL signal to
PARP1 expression.
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TITLE: Sensing Molecular Biomarkers In Vivo
PRESENTER: John Weaver
ABSTRACT BODY: 
Abstract Body: We are developing technology that uses microscopic probes filled with magnetic nanoparticles (mNPs)
to measure the localized in vivo concentration of molecular biomarkers longitudinally over time. We term the method
in vivo ELISA because the nanoparticles are coated so they form a sandwich around biomarker molecules. The
probes are formed of porous shells filled with mNPs. They are interrogated using low frequency magnetic fields.
 
Biomarker concentrations can be used to diagnose pathology like infection or monitor therapy like the new cancer
immunotherapies. Measuring in vivo at a specific location allows general markers to provide more specific information;
e.g., IL-6 at a surgical site is a good indicator of surgical site infections although elevated IL-6 in the blood just means
the immune system is being up-regulated somewhere. Local measurements also allow effector molecules to be used
as biomarkers. For example, TNF levels for the effectiveness of cancer immunotherapies, VEGF for anti-angiogenic
therapies.
 
We are using the magnetization induced by mNPs in an alternating magnetic field to detect the probes remotely. The
fraction bound in biomarker complexes can be found by looking at the rotational freedom of the mNPs1-3; mNPs
sandwiched around a biomarker molecule are not able to rotate as swiftly as free mNPs4. High sensitivity is achieved
by measuring the harmonics because they are uniquely produced by the mNPs5.
 
The detectable number of mNPs has been estimated to be very small, ~103 mNPs6, allowing very small numbers of
very small probes to be used for in vivo biomarker sensing. That sensitivity suggests that high zM to low aM
concentrations can be detected in the absence of competitive binding. However, current sensitivity is not that high.
The original publication used 150mg mNPs to measure in vitro concentrations in the single digit nM range4: 100pM
ssDNA, 4nM thrombin, 150pM streptavidin and 4nM VEGF. Better sensitivity has been achieved with better
spectrometer designs7: preliminary data suggests pM and even fM concentrations can be detected.
 
We have developed numerical models of mNP dynamics8-10 to explore how spectrometers and probes can be
optimized. We are building new spectrometers to test some of the results of the simulation studies. We will report on
the current status of the technology and applications as well as planned development path.
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TITLE: An αvβ6-Targeted F-18 Peptide for PET Imaging; Evaluation In vitro, and In vivo in a Xenograft Mouse Model
and Nonhuman Primates, and Human Dose Estimates
PRESENTER: Sven Hausner
ABSTRACT BODY: 
Abstract Body: Objective: Radiotracers based on the peptide A20FMDV2 selectively target the cell surface receptor
integrin αvβ6 [1,2] which has been recognized as a prognostic indicator correlating with the severity of disease for
several challenging malignancies, including colorectal, cervical, gastric, and pancreatic [3]. Thus imaging of αvβ6 can
be expected to provide crucial information for choice of treatment and monitoring of response. Based on a fluorine-18
labeled A20FMDV2 radiotracer [2] a promising lead compound ([18F]αvβ6BP) was developed and evaluated in vitro
(ELISA, cell binding), in a murine tumor-xenograft model, and in nonhuman primates. Furthermore, in preparation for
human studies, the radiation dosimetry estimate for human subjects was calculated based on the primate data.
 
Methods: [18F]αvβ6BP was radiolabeled with 4-[18F]fluorobenzoic acid on solid phase, HPLC-purified and formulated
in saline. [19F]αvβ6BP was used in ELISAs; [18F]αvβ6BP was evaluated with paired DX3puroβ6 [αvβ6(+)] and
DX3puro [αvβ6(-)] cell lines in vitro (cell binding and internalization) and in nu/nu mice bearing paired
DX3puroβ6/DX3puro xenografts (biodistribution: 1, 2, 4 h; PET: 9.0-9.5 MBq/animal, 15-75 min 4x15-min scans,
followed by 15-min scans 2 h, 4 h). PET/CT imaging was also performed in rhesus monkeys (95-110 MBq/animal,
body weight ~3.0 kg; PET: 0-40 min 10x4-min scans, followed by 15-min scans at 2 h, 4 h). Dosimetry estimates were
calculated using the OLINDA/EXM 1.1 software with the F-18 adult male model [4].
 
Results: [18F]αvβ6BP was obtained in >95% radiochemical purity (>37 GBq/μmol). It demonstrated excellent affinity
and selectivity in vitro (IC50(αvβ6) = 1 nM, IC50(αvβ3) >10 μM; 72.5% of total radioactivity bound to DX3puroβ6 cells
at 1 h, 52.5% internalized - DX3puroβ6/DX3puro ratio = 20.7/1 and 52.5/1, respectively) and in the mouse model
(DX3puroβ6 2.5% and 2.6% ID/g at 1, 4 h, respectively; DX3puroβ6/DX3puro-tumor ratio = 7/1 and 13/1,
respectively). Excretion from tissues was rapid, primarily via the kidneys (23% ID/g at 1 h to 7.9% ID/g at 4 h).
Similarly rapid, primarily renal, excretion was observed in nonhuman primates; when extrapolated to humans, a total
effective dose of 22.25 μSv/MBq was calculated, with highest values expected for kidneys (83 μSv/MBq) and bladder
(243 μSv/MBq).
 
Conclusions: This study demonstrated that the new radiotracer [18F]αvβ6BP displays excellent targeting in vitro and in
tumor mouse models for the cancer-associated integrin αvβ6. Rapid, predominantly renal excretion was observed in
mice and nonhuman primates. Human dose estimates based on the latter predict a dosimetry profile similar to clinical
data for other [18F]peptide radiotracers [5,6], making [18F]αvβ6BP a prime candidate for clinical studies to determine
the αvβ6-status of patients.
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Biodistribution of the radiotracer [18F]αvβ6BP in nonhuman primates. Maximum intensity projections (MIPs) at 4 min,
40 min, and 4 h post injection, respectively.
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TITLE: An in vitro and in vivo metabolic analysis of mTOR inhibitor treatment in sarcoma tumors using multi-nuclear
NMR and MRI reveals early metabolic response
PRESENTER: Valentina Di Gialleonardo
ABSTRACT BODY: 
Abstract Body: Objective: Various studies have shown a hyperactivation of the phosphatidylinositol 3-Kinase (PI3K)
and mammalian target of rapamycin (mTOR) pathway in sarcoma tumors. The goal of this study is to evaluate early
metabolic changes and the biological effect of the direct inhibition of the PI3K/mTOR pathway using a Rapamycin1. A
multi-modality magnetic resonance (MR) approach was used to assess both cellular metabolism and signaling in vitro
and in vivo, combining 1H, 13C and hyperpolarized MR. Methods: In vitro cell growth measurements and [1,6-13

C]glucose NMR were performed in order to characterize biological responses and metabolic changes with 24hrs of
50nM rapamycin treatment in GIST T1, JJ012, and CS1 sarcoma cells. T2-weighted MRI imaging as well in vivo h
yperpolarized MRI (HP MRI) were performed in vehicle and rapamycin treated GIST T1, JJ012 and CS1 bearing mice
(n=24 and n=18, respectively)2. Tumor growth measurement and treatments (6% DMSO for vehicle and 15mg/kg of
rapamycin) were conducted every other day and hyperpolarized MRI treatment studies are conducted at 24 hours.
Results and Discussion: A significant inhibition of cells growth was observed in vitro in all the three sarcomas cell lines
(Fig A, 1.71, 2.73 and 4.11 fold decreased at 5 daysp<0.01). Total pool sizes of intracellular lactate and 13C lactate
derived from incubation with [1,6-13C]glucose were significantly different in all the 3 cell lines (p<o.o1) (Fig C). A
stronger effect was observed in JJ012 and CS1 rapamycin treated cells because those cells rely more in glycolysis
compare to GIST T1. Moreover, Western blots for GLUT-1 demonstrates unchanged protein expression, however
effective inhibition of pS6K, a key component of PI3K/mTOR pathway (Fig B). Lower concentrations of extracellular
lactate in all the three cell lines reflects the net inhibition of glycolysis 24 hours after treatment. In-vivo, rapamycin
treatment results in significantly reduced tumor growth of GIST-T1 and growth arrest for JJ012 and CS1 (p<0.05 for
GIST T1, p=0.0012 for JJ012 and p<0.001 for CS1 at 15 days) (right panel Fig D). An increased effect of the
rapamycin treatment was observed in JJ012 and CS1 as compared to GIST T1 xenografted mice, mirroring in vitro
study (Fig A). The middle panel of Figure D shows the T2-weighted MRI images for each tumor model at day 0 and
day 15 for vehicle and rapamycin treatment, demonstrating significant growth arrest within 15 days. HP lactate
production derived from HP 13C pyruvate decreased 38.7%, 40.9% and 35 % in GIST-T1, JJ012 and CS1 tumor,
respectively (p<0.001 for all the 3 sarcoma, Figure D right panel). In conclusion, in vitro we observed an effective
inhibition of the mTOR pathway in sarcomas with a significant change in glucose metabolism of rapamycin treated
cells compared to vehicle. Utilizing HP MRI, we were able to detect early metabolic change in glucose metabolism
(observed at 24hrs) using HP 13C pyruvate that correlate with tumor growth arrest and reduced long-term progression
in these models.
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Figure (A) In vitro cell growth curves of GIST-T1, JJ012 and CS1 cells. Rapamycin treated cells (red) shows slower
cell growth in compare to vehicle treated cells (black). Figure (B) Western Blot for the main enzymes of glycolysis and
mTOR pathway. Figure (C) 12C and 13C lactate production in both intracellular and extracellular compartments using
proton NMR. A strong decrease of lactate was observed in rapamycin treated cells compare to vehicle. Figure (D).
Left panel shows in vivo tumor growth curves of GIST-T1, JJ012 and CS1 in xenografted mice. Middle panel shows T

2-weighted MRI imaging at day 0 and day 15 of vehicle and rapamycin treated tumors. Right panel shows the bar
plots decribing the decrease of hyperpolirized lactate production derived from hyperpolirized 13C pyruvate in
rapamycin treated tumors.
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ABSTRACT BODY: 
Abstract Body: Oral squamous cell carcinoma (OSCC) consistently ranks as one of the top ten common cancers
worldwide. It is characterized by a poor prognosis and 5-year survival rate. Optical imaging and local drug release play
a key role in the future of personalized tumor diagnosis and treatment.
In this study magneto-enzymatic sensitive liposomes (MESL) are used for in vivo optical imaging and local drug
release of OSCC in a xenograft mouse model. The liposomes contain indocyaningreen for fluorescent labeling and
cisplatin as a chemotherapeutic agent for treatment of the OSCC. Ultrasound was used to evaluate the tumor size
during treatmnet study. Optical imaging was used to locate the content of liposomal nanoparticles. On the one hand
the local release is triggered by iron particles in the lipid bilayer membrane of the liposomes using an alternating
magnetic field (AMF). On the other hand acid sphingomyelinase produced in tumor tissue enzymatically leads to local
drug release. The magnetoenzymatic carrier system (MESL) described here has an imaging component that helps to
localize the carrier and to provide information about the state of the carrier. The stress related enzyme,
sphingomyelinase (SMase), and alternating magnetic field (AMF) triggered liposome combines enzymatically
activated release from sphingomyelin (SM) containing liposomes together with physically-driven release using
magnetically loaded liposomes. In this SMase-AMF triggered liposome system, AMF is used to enhance the effect
which locally secreted sphingomyelinase starts by acting on sphingomyelin in the liposomal membrane. The
synergistic effect of MESL causes stronger and more selective release than the ones achieved by SMase or AMF
alone.
 
Injected in the tailveins of the mice, liposomes accumulate in the OSCC. After 20 minutes of AMF treatment in vivo
optical imaging (NightOwl and FMT 2500) is used to localize the tumor via fluorescence. Analysis of the tumor tissue
gives conclusions about the effectiveness of liposomal cisplatin treatment. Kaplan-meier shows significant
prolongation of lifetime with MESL cisplatin treated mice versus cisplatin alone.
This liposomal drug delivery system offers advances in cancer treatment with less chemotherapeutic side effects and
a higher safety in tumor resection.
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ABSTRACT BODY: 
Abstract Body: Introduction 
Anti-CD20 radioimmunotherapy is an established tool to treat late stage and indolent B-cell lymphoma, but it still faces
limitations due to poor tumor penetration and undesirable pharmacokinetics, impacting its use in earlier disease
stages (1). Nanobodies (Nbs) are the smallest functional antigen-binding fragments, derived from heavy chain-only
camelid antibodies (Abs). These fragments bind biomarkers on cells very fast and specific, penetrate tumors and
tissues very efficiently (2), and might circumvent the limitations of radiolabeled mAbs.
Methods 
The selection of a lead anti-hCD20 Nb 9077 was based on (a) the capacity to target hCD20 receptor in vitro using flow
cytometry, and (b) after radiolabeling with Technetium-99m (99mTc), on the in vivo behavior in hCD20pos (Daudi and
B16) tumor mouse models through micro-SPECT/CT followed by dissections. Next, Nb 9077 was conjugated with p-
SCN-Bn-NOTA and labeled with Gallium-68 (68Ga). Its biodistribution was analyzed through micro-PET/CT and
dissections. Nb 9077 was radiolabeled with Lutetium-177 (177Lu) using CHX-A"-DTPA. After measuring the stability
of 177Lu-labeled Nb 9077, its in vitro specificity, affinity and internalization was evaluated. In vivo biodistribution and
tumor uptake was evaluated in the hCD20 B16 tumor model using micro-SPECT/CT and dissections. Next, the ex vivo
 biodistribution of 177Lu-labeled Nb 9077 was compared to that of 177Lu-labeled Rituximab (anti-CD20 mAb) at
different time points. Finally, its ex vivo biodistribution was confirmed in the relevant hCD20 knock-in mouse model.
Results 
Nb 9077 was selected as lead anti-CD20 Nb based on its stability and specificity towards hCD20pos cells with a
binding affinity of about 5 nM. Micro-SPECT/CT-images revealed highest tumor uptake for 99mTc-labeled Nb 9077
with high tumor-to-blood (T/B) and tumor-to-muscle (T/M) ratios already after 1h. Radiolabeled with 68Ga, Nb 9077
showed specific accumulation in tumors, without uptake in non-target organs, except kidneys.
In vitro, 177Lu-labeled Nb 9077 showed specific binding on hCD20pos cells with an affinity of 16 4.8 nM. About 40%
of 177Lu-labeled Nb 9077 was internalized inside hCD20pos cells at 1h and decreased to about 10% after 24h. In
vivo, the highest tumor uptake with 177Lu-labeled Nb 9077 was recorded after 1h (3.72 0.9%ID/g), with T/B and T/M
ratios of 11.2 1.1 and 25.67 13.46, respectively, versus 0.11 0.02 and 4.29 2.86 obtained for 177Lu-labeled Rituximab.
The highest tumor accumulation of Rituximab was obtained after 120h (27.4 5.4 %ID/g), but concomitantly with high
retention in non-target organs and poor T/B and T/M ratios (0.780.13 and 7.132.36 vs 19.77 13.83 and 14.92 8.29
obtained for 177Lu-labeled 9077 Nb). In knock-in mouse model, high uptake of 177Lu-labeled Nb 9077 in hCD20pos

organs was observed.
Conclusion 
Anti-hCD20 Nb 9077 was selected as lead Nb based on its superior preclinical characteristics. Radiolabeled with 68

Ga and 177Lu, it showed optimal targeting of hCD20pos cells, both in vitro and in vivo.
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CONTROL ID: 2500997
TITLE: PU-GBM, a novel HSP90 theranostic for brain tumors
PRESENTER: Alexander Bolaender
ABSTRACT BODY: 
Abstract Body: Background. Glioblastoma multiforme (GBM) is a highly aggressive brain tumor with poor prognosis
and few therapeutic options. Recent studies on Heat-shock protein 90 (HSP90) propose this protein as a potential
target in GBMs.(1, 2) Specifically, significant antitumor activity was noted with HSP90 inhibitors in several GBM cell
lines, subcutaneous xenografts, genetic GBM models and primary GBMs in culture, proposing HSP90 as a
therapeutic target in a subset of GBMs. A bottleneck for the implementation of these agents to clinic is the inability to
select those patients more likely to draw benefit from HSP90 therapy.
Hypothesis. We hypothesize that the introduction of non-invasive imaging based diagnostics that enable for the
detection of target-expressing and drug-accessible tumors will accelerate the rational application of HSP90 agents in
CNS tumors. This approach has been successfully applied to the non-CNS tumors using the [124I]-PU-H71
theranostic, now in clinical trials (3,4).
Methods. We discovered an agent PU-GBM that is a high affinity and specific binder of HSP90 in tumors but not in
normal tissues. This distinction is important, HSP90 being an abundant and ubiquitous cellular protein. PU-GBM is
highly brain permeant. It contains an endogenous iodine atom which can be isotopically substituted for PET with
iodine-124 without changing its affinity, selectivity or biodistribution profile. We investigated several routes for the
transformation of radiochemical precursors of PU-GBM into [124I]-PU- GBM. To investigate the ability of [124I]-PU-
GBM to image brain tumors by PET, we established primary GBM xenografts in mice. These were derived by
intracranial transplantation of patient derived glioma stem cells. Tumor establishment and size were monitored by
MRI. For PET, tumor bearing mice were imaged at different time points following tracer administration and brains were
eventually excised to verify specific tumor uptake.
Results. We successfully developed a one-step radioiodination method to obtain [124I]-PU-GBM from its precursor. In
vivo PET imaging of [124I]-PU-GBM in tumor-bearing mice provided visualization of intracranial GBMs and enabled
for the identification of target expressing tumors.
Significance. To our knowledge there are no diagnostic tools to aid in the development of HSP90 inhibitors in CNS
tumors and [124I]-PU-GBM PET could be poised to fill this gap. [124I]-PU-GBM specifically targets tumors; our
preclinical PET imaging data show malignant brain tumors are PU-GBM-avid. Because surrounding normal brain
demonstrates an utter lack of [124I]-PU-GBM uptake, PU-GBM PET provides a far superior tumor:background signal
than standard brain [18F]-FDG-PET. This suggests its additional use as a brain tumor diagnostic.
 
1. Jhaveri K, et al. (2014), Expert Opin. Investig. Drugs 23(5):611-628.
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CONTROL ID: 2501102
TITLE: Image-guided resection of medulloblastoma using an activated probe and a multimodality optical device for
wide-field fluorescence and in vivo microscope
PRESENTER: Stephan Rogalla
ABSTRACT BODY: 
Abstract Body: Introduction 
Medulloblastoma, the most common pediatric brain cancer is an undifferentiated neuroepithelial neoplasia located in
the cerebellum. Current treatment for medulloblastoma has improved significantly with enhanced survival rates,
however approximately one-third of these young patients die of their devastating disease and 20% of the survivors
suffer neurological damage due to either resection of normal functional brain tissue or subsequent radio- or
chemotherapy. Survival correlates only with the precision of surgical resection, and hence the impetus improvement
through image guidance. Sensitive and specific molecular probes would improve guided resection. Cathepsin-
targeting quenched fluorescent probes that can be activated through cleavage of a covalently bound quencher via
cathepsins B, L, S, and X have been developed with the Cy5 fluorophore. Cathepsin proteases are found in the
environment of inflamed and neoplastic areas as well as on medulloblastoma cells.
Methods 
Human medulloblastoma cells, Daoy, were labeled with GFP and luciferase to enable tumor visualization and
localization. The orhotopic xenograft model, consisted of athymic nude mice that received 106 human
medulloblastoma cells intracerebellarly just left of the frontal fissure through the bone at a depth of 2 mm using
stereotactic injection. Tumor growth was observed weekly using luciferase expressed from the target cells. After 6 to
10 weeks the cranium was removed and the probe applied either topically or intravenously. The tumors were
visualized in vivo as well as ex vivo using the IVIS Spectrum system, a dual-axis confocal (DAC) microscope, and a
standard surgical microscope offering images over a range of spatial scales.
Results 
We showed that activation of the molecular probe could be visualized with various devices and that the DAC
microscope enabled visualization of tumor margins in real-time. The cathepsin-targeting probe was able to show
precise anatomic localization of the tumor as verified by GFP expresssion. We were able to guide resection using a
DAC microscope via its ability to differentiate cancer from healthy tissue. Post-resection findings could be validated
using a FDA-approved, standardized surgical resection microscope and further confirmed by histology.
Conclusions 
Cathepsin-targeting probes in combination with a DAC microscope are able to discriminate medulloblastoma from
healthy brain tissue. This builds a foundation for image-guided resection of brain tumors in children and in adults.
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CONTROL ID: 2501116
TITLE: Glutamine Metabolism as a Target in the Evaluation of Colorectal Cancer Development and Therapeutic
Response
PRESENTER: Michael Schulte
ABSTRACT BODY: 
Abstract Body: Energy production in cancer cells is abnormally dependent on aerobic glycolysis, the Warburg effect,
and is routinely analyzed by positron emission tomography (PET) using 2-[18F]fluoro-2-deoxy-D-glucose ([18F]FDG).
Beyond a predilection for glycolysis, cancer cells have other atypical metabolic characteristics, such as increased fatty
acid synthesis and an increased dependency on the natural amino acid glutamine as a fuel source; a phenomenon
commonly described as glutamine addiction. Furthermore, emerging evidence suggests that glutamine uptake in
cancer cells is controlled by oncogenic signaling pathways, such as MYC (1) and KRAS (2). Given this, quantitative
measures of glutamine uptake may reflect critical processes in oncology that are difficult to measure using existing
imaging metrics. To address this clinical need, these studies sought to elucidate the feasibility of [18F]4-
fluoroglutamine ([18F]4-F-GLN), a reported radiolabeled derivative of glutamine (3), and PET imaging to evaluate the
inhibition and activation of oncogenic pathways in colorectal cancer (CRC).
Initially, [18F]4-F-GLN PET was evaluated in preclinical models of BRAFV600E-expressing CRC as a means of
detecting molecular response to targeted therapeutics. Simulating a clinical trial at our institution, the regimen included
an inhibitor of mutant BRAF, a PI3K/mTOR inhibitor, and a combination thereof. In human xenograft tumor bearing
mice simulating these cohorts, decreased [18F]4-F-Gln accumulation was observed in response to single agent BRAF
and combination BRAF and PI3K/mTOR inhibition in BRAFV600E mutant Colo-205 cells. This decrease was not
observed in BRAF wild type HCT-116 cells, a setting where BRAFV600E-targeted therapies are ineffective.
Interestingly, [18F]4-F-GLN PET was found to be selective to specific pathway inhibition in contrast to [18F]FDG PET
which was decreased non-specifically for all treated cohorts, including wild-type BRAF HCT-116 tumors. It has been
shown that BRAFV600E expressing cells exhibit an 80-95% down-regulation of MYC after just 2 hours of exposure to
the BRAFV600E-targeted drug PLX-4032(4). Given the increasingly reported phenomena of oncogenic MYC-
regulated glutamine addiction, it is not surprising that [18F]4-F-Gln PET acts as a measure of molecular events that
are downstream to PI3K/mTOR and BRAF pathway blockade. Interestingly, immunohistochemical staining of treated
tumors revealed that levels of the glutamine transporter ASCT2 (gene symbol SLC1A5) were decreased in treated
BRAFV600E mutant Colo-205 cells compared to wild type HCT-116 cells providing one possible explanation for the
decrease in [18F]4-F-Gln PET in cohorts responsive to this targeted therapy. These findings illuminate [18F]4-F-GLN
PET as a precision and companion imaging diagnostic for discerning critical oncogenic pathways in human CRC.
References: 1) Wise DR, et al. PNAS. 2008. 105: 18782-87. 2) Son J, et al. Nature. 2013. 496(7443):101-5. 3) Qu W,
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TITLE: Multimodality optical imaging using a fluorescence wide-field endoscope and a Dual-Axis-Confocal (DAC)
microscope for advanced screening in high-risk patients
PRESENTER: Stephan Rogalla
ABSTRACT BODY: 
Abstract Body: Introduction 
Endoscopy is the current screening standard for colorectal cancer (CRC). It has a high specificity for dysplastic or
malignant neoplasia in the colon. Removal of such lesions has both diagnostic and preventive values. Nonetheless,
up to 25% of lesions are not detected and there is nearly a 3 fold higher number missed in high-risk patients such as
those with ulcerative colitis (UC) and Crohn’s disease. This is especially important as malignant transition can occur
within months in those patients. The most commonly missed lesions are those that are difficult to image due to their
flat morphology, small size, or location (e.g., behind folds). Moreover, standard white-light endoscopy does not offer
any molecular information. Emerging fluorescence-based imaging devices, coupled with molecular probes that target
specific biomarkers of dysplasia and neoplasia, offer improved sensitivity and specificity over white-light colonoscopy
for detection of often missed lesions. For this purpose, we have created a dual modality device comprised of a
fiberscope for fluorescence imaging and a dual-axis confocal microscope (DAC) that fits into existing clinical
endoscopes. Together these tools offer wide-field macroscopic and high-resolution microscopic fluorescence imaging
capabilities and have been tested with quenched fluorescently labeled probes targeting cathepsin activity in neo- and
dysplasia.
Methods 
Human HCT116 were labeled with GFP and luciferase. 106 HCT116 cells were injected into the colonic wall of nude
mice. Tumor growth was monitored using luciferase expression and in vivo bioluminescence imaging
bioluminescence[R1] . The probes were applied intravenously, and after 4h, colon lesions were imaged with
fluorescence microendoscopy. Afterwards the bowel was removed and findings were confirmed. The multimodality
device has been tested in humans using indocyanine green (ICG) for fluorescent contrast. The system has been
inserted into the working channel of a standard Olympus endoscope after injection of ICG into the colonic wall of the
patient. Histology has been observed in real-time in the standard endoscopic procedure.
Results 
We found in the rodent model a strong fluorescent signal from CRC providing sharp contrast relative to surrounding
normal mucosal tissue. The fiberscope was able to detect polyp-specific fluorescence both in vivo and ex vivo. We
confirmed the cellular uptake of the cathepsin probe, BMV109, and excluded the possibility of noise arising from
random pooling of the probe on the surface of tissue or in mucus. The in human study using the multimodality device
has been performed successfully. Standard procedures were not affected negatively, and the physician has been able
to see histology of scanned areas in real-time.
Conclusions 
These results demonstrate that the devices can have utility for clinical fluorescence imaging and may be worked into
the current colonoscopy protocol.
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TITLE: Use of ultrasmall gadolinium based nanoparticles for the treatment of brain tumors by radiotherapy guided by
MRI
PRESENTER: François Lux
ABSTRACT BODY: 
Abstract Body: Ultrasmall nanoparticles (size < 5 nm) based on gadolinium have been developed to be used as
radiosensitizers. These nanoparticles, now synthesized in cGMP conditions, have demonstrated their capacity to be
passively accumulated in different orthotopic rodent models of brain tumors (9L glioma, U87 glioblastoma, B16F10
melanoma metastases).[i],[ii],[iii] The uptake in the tumors has been monitored by MRI and in all the cases,
accumulation in the tumor is observed as soon as a few minutes after the injection. The nanoparticles are rapidly
washed out from the healthy tissues but remain for hours in the tumor giving access to a large therapeutic window for
radiotherapy (nanoparticles can still be detected in the tumor 24 hours after intravenous administration).[iv] On 9L
glioma bearing rats, radiosensitizing properties of the nanoparticles have been compared with DOTAREM® by
performing radiotherapy 20 minutes after injection of 1.4 mL of DOTAREM® or nanoparticles at 40 mM in Gd3+.
Similar increase in lifespan (ILS) is observed when irradiation is performed in presence or in absence of gadolinium
chelates (126 and 131% respectively) while it increases drastically when done in presence of nanoparticles
(439%).[iV] Another experiment has shown that the presence of the nanoparticles did not induce adverse effect when
the irradiation is done with temozolomide, gold standard radiosensitizer for the brain tumors. For B16F10 model, an
ILS of 29 % is observed for radiotherapy in presence of nanoparticles in comparison to an ILS of 15% when irradiation
is performed alone. Due to these preclinical results combined to the absence of toxicity in regulatory tests performed
on rodents and monkeys, phase I clinical trial has been proposed for brain metastases treatment for the end of Winter
2016.
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Schematic representation of the interest of ultrasmall gadolinium based nanoparticles. Use of MRI to deliniate the
tumor before irradiation. MR imaging of the brain of a 9L gliosarcoma bearing rat before and 1, 10 and 17 minutes
after intravenous injection of the nanoparticles.
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TITLE: Facile Modular Strategies for the Formation of Multifunctional Imaging Platforms from Clinically Relevant
Building Blocks
PRESENTER: Hushan Yuan
ABSTRACT BODY: 
Abstract Body: Sensitive diagnosis is critical for the treatment of many diseases, including cancer and arthritis, based
on the judicial use of imaging platforms. Because the pharmaceutical industry has provided us with attractive
therapeutic formulations, including PEGylated drug conjugates and the iron oxide nanoparticle Feraheme, we used
these compounds as building blocks for the construction of translational multifunctional imaging platforms. We initially
used small peptide scaffolds that are selectively cleaved in a predictable and modular fashion, permitting the
attachment of different functional groups tailored towards the needs of imaging and therapy. As a proof of concept,
various polyethylene glycols were grafted on the peptide scaffolds, along with chelators, fluorophores, and/or targeting
ligands (Figure 1a, d). This approach allowed multimodal imaging with fluorescence and SPECT-CT or PET-CT, after
chelation of either 111In3+ or 89Zr4+. This modular PEGylation strategy also allowed the fine-tuning of the
macromolecular constructs’ in vivo properties, including longer circulation times, reduced non-specific binding (Figure
1b), higher renal clearance (Figure 1b, right), lower hepatic retention, enhanced tumor uptake (Figure 1c), and
improved cell membrane permeability (Figure 1e). Next, since Feraheme (FH), which is used for the treatment of
anemia, contains an iron oxide core, we used it as a multimodal MRI/PET agent. We developed a simple technique
called Heat-Induced-Radiolabeling (HIR, Figure 1f), which is a creative chelator-free method where the radiometal is
driven into the FH core through heating at 120 oC for 2 hours. 111In, 89Zr, and 64Cu have been successfully doped
into FH, and we used the radiolabeled FH for the tracking of monocytes and mapping of lymph nodes with PET. An
attractive element of this platform is its modular design, allowing surface modification and conjugation by click
chemistry, making a non-targeting clinical nanoparticle a high-affinity translational imaging agent. We demonstrated
that azide and alkyne groups withstood the HIR conditions, and were still click-reactive (Figure 1f). In order to validate
the practicality of this modular design, both fluorchromes and targeting molecules were attached via click chemistry (
Figure 1f). Through flow cytometry, we found that the targetable cRGD-Cy5.5-FH had higher uptake (Figure 1g, top)
over its control Cy5.5-FH (Figure 1g, bottom). Also, the folate-receptor-mediated internalization of 89Zr-folate-FH was
evaluated in vitro with a gamma counter, where 90% of folate-FH uptake was blocked in the presence of 1 μM free
folate (Figure 1h). Another evidence for folate receptor mediated uptake was clearly observed by its far higher uptake
than its control 89Zr-FH (Figure 1i). Lastly, the HIR approach preserved protamine’s ability to cross the cell
membrane, as demonstrated by 89Zr-protamine-FH’s ability to enter cells (Figure 1j). Overall based on these results,
we anticipate the use of these platforms and chemistry strategies for the development of translational imaging probes
that can interrogate disease processes at the molecular level, improving diagnosis and therapy.
AUTHORS (LAST NAME, FIRST NAME): Yuan, Hushan1; Wilks, Moses Q.2; El Fakhri, Georges2; Josephson, Lee2;
Kaittanis, Charalambos2

INSTITUTIONS (ALL): 
1. Radiology, MGH, Charlestown, MA, United States.
2. Massachusetts General Hospital, Charlestown, MA, United States.
(No Image Selected)



CONTROL ID: 2491491
TITLE: Gold silver alloy nanoparticles (GSAN): an imaging probe for breast cancer screening with dual energy
mammography or computed tomography
PRESENTER: Pratap Naha
ABSTRACT BODY: 
Abstract Body: Introduction:
Mammography is widely used to screen for breast cancer and is proven to reduce deaths from this disease. However,
for patients with dense breasts, conventional mammography is not very effective. Dual energy mammography (DEM)
can improve the detection of tumors for these patients by suppressing the variation in signal from healthy tissue.
Contrast agents are used with DEM to highlight tumors. Nanoparticle based imaging probes possess several
advantages over clinically available, iodinated small molecule contrast agents, such as higher payloads of contrast
producing material, longer circulation half-lives and consequently improved tumor accumulation. Silver provides
excellent DEM contrast; however there is a safety concern as silver ions can leach from silver nanoparticles. In this
study we present gold-silver alloy nanoparticles (GSAN) that produce strong DEM and CT contrast, are biocompatible,
accumulate in tumors, have long circulation half-lives and are excreted via urine and feces.
Methods and Results:
We synthesized a series of GSAN formulations we termed Ag-100, Ag-90, Ag-80, Ag-70, Ag-60 and Ag-50, that had
varying ratios of gold and silver (A, Figure S1, Table S1). The GSAN formulations were characterized using DLS,
TEM, ICP-OES and UV-visible spectroscopy (B, Figure S1, Table S1). The core and hydrodynamic diameter of all the
formulations was found to be around 5 and 16 nm, respectively (Table S1). ICP-OES results revealed that gold-silver
alloys were formed as significant amounts of silver and gold were found in each formulation (Table S1). Silver ion
release studies were performed in two different media i.e. DI water and simulated lysosomal fluid. Greater amounts of
silver ions were released from the Ag-100 and Ag-90 formulations than formulations with higher gold content (Figure
S2). The biocompatibilities of the GSAN formulations were evaluated in two cell lines (Hep G2 and J774A.1). The
results revealed that the formulations containing 20% gold or more are biocompatible (C, Figure S2). GSAN phantom
imaging experiments were performed with clinical DEM and CT scanners. The results showed that GSAN produce
strong contrast for both DEM and CT (Figure S3). In vivo imaging and biodistribution studies were performed in mice
with and without breast tumors. DEM images were acquired at two different x-ray energies, i.e. 46 keV and 26 keV.
DE subtraction images showed that GSAN produce strong DEM vascular contrast while suppressing background
signal from tissue (D).
In vivo imaging and biodistribution results revealed that GSAN produce strong vascular DEM and CT contrast (D, E,
Figure S4, S5), accumulated in tumors (F, Figure S4, S5), and are excreted via urine and feces (Figure S5, S6).
Conclusion:
In summary, GSAN produced strong DEM and CT contrast in phantoms and in vivo, accumulate in tumors, and are
biocompatible and excretable. Therefore GSAN could be used as DEM and CT contrast agents for the diagnosis of
breast cancer and could also be used as a cost-effective blood pool CT contrast agent.
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TITLE: Polymer Encapsulated Bismuth Nanoparticles Surface Engineered to Counter Dissolution.
PRESENTER: Shatadru Chakravarty
ABSTRACT BODY: 
Abstract Body: Objective: Advancements in nanoparticle (NP) design can transform Computed Tomography (CT) into
a robust molecular imaging platform.1 Various types of AuNPs have been looked at to substitute iodine based C
ontrast Agents (CAs) currently approved for clinical use. However, a compromised safety profile for AuNPs and high
market cost of gold are major deterrents towards its routine use in clinics.2 Alternatively, bismuth (Bi) has higher X-ray
attenuation coefficient (Bi 5.74 vs. Au 5.16 cm2 kg-1 at 100 keV) and is 1000-fold cheaper. Bi-based NP CT CAs
reported till date suffer from low contrast and are toxic due to rapid dissolution. Efficient packing of radiopaque
material in a confined volume is important to realize molecular imaging by CT. To achieve this goal, we report the
facile encapsulation Bi NanoCrystals (NCs) in FDA approved polymer Poly(DL-Lactic-co-Glycolic Acid) (PLGA) and
SiO2 as novel, biocompatible CAs for CT. To counter their rapid dissolution under physiological conditions, Bi NCs
were coated with Ganex® V216, a dispersant used extensively in cosmetics. Finally, these Bi nanoconstructs are
shown to be strong CT CAs.
Methods, Results and Discussion: Homogenously sized Bi NCs with a variable surface coating of Ganex (BiG NCs)
were made by a base assisted thermolysis of BiCl3, carried out in presence of varying Ganex concentrations.
Uncoated Bi NCs were made by reduction of bismuth dodecanethiolate, as reported by Son et. al.3 To counter their
hydrophobicity, BiG NCs were encapsulated in PLGA using an oil-in-water emulsion technique. Separately, SiO2
coating of BiG NCs was done using the surfactant IGEPAL-CO-520 and Tetraethyl orthosilicate (TEOS). All the NCs
and NPs were characterized using TEM, SEM, EDS, IR and TGA. The dissolution of Bi from all NC and NP types was
analyzed in Phosphate Buffer Saline (PBS, pH 7.4; mimics extracellular pH) and Sodium Citrate (NaCit, pH 5.5;
mimics post endocytosis lysosomal environment) at 37 °C for 4 weeks. Efficient Ganex coating resulted in lowered Bi
dissolution in lysosomal media from BiG NCs and NPs as compared to uncoated Bi NCs that suffered almost
complete dissolution. Optimal Ganex coating also resulted in high cell viability (up to 0.1 mg/mL) for the BiG NCs and
NPs, ascertained by MTT assay using Raw 264.7 macrophage cells following 24 h incubation. Finally to test their
potential as CT CAs, various concentrations of the different NP types dispersed in a 0.5% agarose gel (0 to 80 mM Bi)
were scanned using a GE eXplore Locus µCT scanner (80 kVp; 450 µA). For comparison, commercial CT CA
ISOVUE-300 (0 to 80 mM I) was also scanned. The high X-ray attenuation for Bi, together with efficient packing of Bi
in the NPs leads to a 3-fold contrast enhancement as compared to ISOVUE-300, with sufficient contrast even at 40
mM Bi concentration.
Conclusion: We report the synthesis and characterization of PLGA and SiO2 encapsulated Bi NPs surface engineered
to display restricted dissolution in lysosomal media and an enhanced CT contrast at low Bi concentrations.
References: 1) Acc. Chem. Res. 2012, 45, 1817; 2) Transl. Cancer Res. 2013, 2, 280; 3) Angew. Chem. Int. Ed. Engl. 
2011, 50, 1363.
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CONTROL ID: 2492925
TITLE: A modular dual labeling approach that retains agonistic properties for somatostatin receptor targeting
PRESENTER: Ali Azhdarinia
ABSTRACT BODY: 
Abstract Body:  
Objectives: Fluorescence-guided surgery is an emerging imaging technique that has been shown to enhance the
ability of surgeons to detect tumors when compared with visual observation alone [1]. To facilitate characterization and
translation, fluorescently labeled probes have been dual labeled with a radionuclide to enable cross-validation with
nuclear imaging and quantitation of tissue uptake [2]. Selecting a clinical radiotracer as a model for dual-labeling could
provide a benchmark to further support translational efforts. Here, we used a multimodality chelator (MMC) that
minimizes the steric effects of dye labeling to synthesize a dual-labeled octreotide analog, and determined its receptor
pharmacology.
 
Methods: Using conventional methods, ε-azido-norleucine and DOTA-NHS were added to the N-terminus of Tyr3-
octreotide (TOC) on solid-phase. After deprotection, DA-TOC was obtained and labeled with IRDye800 using copper-
free click chemistry to afford DA-TOC(NIR). Alternatively, resin-bound TOC was conjugated to an azide-containing
MMC (a DOTA mimetic containing different pendant arms), deprotected, and conjugated to IRDye800 to produce
MMC-TOC(NIR). 64Cu labeling methods were optimized and used to prepare cold-labeled probes. SSTR2-transfected
human embryonic kidney (HEK)-293 cells were used to measure the agonist properties of the nonradioactive probes
to inhibit cyclic adenosine monophosphate (cAMP) and to stimulate internalization of peptide-receptor complexes.
Radioactive uptake was assessed in IMR-32 neuroblastoma cells. 68Ga/Ga-DOTA-TOC was used as a positive
control for assessment of pharmacologic data.
 
Results: Both strategies produced dual-labeled peptides with appropriate HPLC profiles. Radiochemical yields of
>93% were achieved. Potency studies revealed an EC50 value of 0.08±0.03 (mean±SEM) for Cu-DA-TOC (no dye),
which was 4-fold higher than Ga-DOTA-TOC (0.02±0.01 nM). After dye conjugation, the EC50 value of Cu-DA(NIR)-
TOC increased to 1.38±0.22 nM which was 7-fold higher than Cu-MMC(NIR)-TOC (0.21±0.05 nM). This suggests a
loss of affinity following dye conjugation which may be attributed to steric effects with the conventionally synthesized
agent. Internalization studies further demonstrated the effectiveness of the MMC scaffold for retaining agonist activity
evidenced by an EC50 value of 24.6±0.3 nM for Cu-MMC(NIR)-TOC which was 2.3-fold higher than Ga-DOTA-TOC
and 21-fold lower than Cu-DA(NIR)-TOC. Similar findings were obtained in radioactive uptake studies which showed
6-fold higher uptake of 64Cu-MMC(NIR)-TOC compared to 64Cu-DA(NIR)-TOC. Competitive binding in the presence
of unlabeled octreotide caused a dose-dependent reduction in 64Cu-MMC(NIR)-TOC and 68Ga-DOTA-TOC binding,
while 64Cu-DA(NIR)-TOC binding was not affected.
 
Conclusions: Drug design affected the receptor pharmacology of the probes. The findings suggest that the loss of
agonistic properties for 64Cu-DA(NIR)-TOC may be attributed to steric effects of dye conjugation, but was mitigated
by the MMC scaffold.
 
References: 
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TITLE: Targeted Protein-based MRI Contrast Agents for Molecular Imaging of Cancer Progression and Metastasis
PRESENTER: Jingjuan Qiao
ABSTRACT BODY: 
Abstract Body: One of the major challenges in achieving precision medicine is developing our capabilities to select
patients with genetic and phenotypic heterogeneity while monitoring disease progression and/or recurrence and
treatment responses. The epidermal growth factor receptors HER2/Neu and EGFR are highly expressed as
biomarkers in various cancers and play important roles in cancer progression and survival. They are also major drug
targets with several targeted drugs have been developed. The changes of the expression and distribution of HER2
and EGFR are reported during the progression of pre-invasive ductal carcinoma in situ (DCIS) to potentially lethal
invasive breast cancer and upon drug treatment. Unfortunately, the clinical application of targeted therapy is largely
limited by current methods for assessment of these cancer biomarkers using invasive methods such as biopsy based
immunostaining (IHC) with large error. In this work, we report our success in developing contrast agents to enable
molecular imaging of EGFR/HER biomarkers by non-invasive MRI (Magnetic Resonance Image) with high resolution
without use of radiation. We have developed a novel class of protein MR imaging contrast agents (ProCA1-HER2,
ProCA2-EGFR) with targeting capability to HER2 or EGFR respectively. Our probes can differentially monitor tumors
with different expression levels of biomarkers and their changes during cancer progression using xenograft mice
models. In addition to its 100-fold higher dose efficiency compared to clinically-approved non-targeting contrast agent
DTPA, our developed agent also exhibits advantages in crossing the endothelial boundary, tissue distribution, and
tumor tissue retention over reported contrast agents as demonstrated by well distribution of the imaging probe across
the entire tumor mass. Importantly, we have achieved the detection of the small tumors (< 1 mm) metastasized at liver
and other organs from ovarian orthotopic model using MRI with our biomarker targeted contrast agent (Fig. 1). The
first direct detection of HER2 expression at metastatic tumors by MRI support the role of HER2 in liver metastasis. Our
developed contrast agents will provide a powerful tool for quantitative assessment of molecular markers in vivo,
patient stratification and selection of targeted therapy as well as monitoring disease progression and treatment effect.
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CONTROL ID: 2493274
TITLE: Targeted and Responsive Magnetic Nanoparticles as High Sensitivity MRI Contrast Agents
PRESENTER: Nicholas Long
ABSTRACT BODY: 
Abstract Body: MRI is an imaging technique perfectly suited for its application in human disease diagnosis, but a
major limitation of the technique is low sensitivity.1 A number of strategies have been evaluated to overcome this
problem, without a clear solution.
We propose here that a new strategy combining magnetic nanoparticles, copper-free click chemistry and targeting
peptides can significantly enhance the sensitivity of the MRI experiment. In this regard, 6 nm magnetic nanoparticles
were synthesised following thermal decomposition protocols. Two families of targeted particles were prepared i.e. a)
directed towards tumours via a peptide targeting the chemokine receptor CXCR4, and b) functionalised with matrix
metalloproteinases (MMPs) cleavable sequences. CXCR4 and MMP are overexpressed in many tumour cells and
play important roles in invasion and metastasis.2 One family of nanoparticles was further functionalised with an azide,
and the other with a strained alkyne.3 These two functional groups were able to react once MMPs have cleaved the
ligands on the nanoparticle surface (Fig 1). In vitro analysis demonstrated that the hydrodynamic size of the particles
had grown from 160 nm to around 1000 nm over 2h when incubated with MMP9 (supp. data, Fig. 1A). This self-
assembly process increased the contrast in T2 images because of higher local concentration of contrast agent, as well
as higher relaxivity of the aggregates compared to those of individual particles.4, 5 
The effect of the probes on MRI was further studied using model cell lines overexpressing CXCR4 (U87.CD4.CXCR4;
NIH AIDS Research and Reference Reagent Program). U87.CD4.CXCR4 cells incubated with targeted nanoparticles
showed a ΔR2/R2only cells decrease of ~160%. Only a small decrease of around 15% was observed with non-
targeted nanoparticles or the targeted particles in CXCR4 negative cells (U87.CD4). The application of targeted
nanoparticles without self-assembling capabilities decreased the contrast but in a less efficient way (ΔR2/R2only cells
~65%), showing the potential of the probes (supp. data, Fig. 1B). Initial unoptimised in vivo data from BALB/c nude
mice bearing U87.CD4.CXCR4 xenografts suggest that the targeted contrast agent is also able to decrease the T2 in
tumours (ΔR2/R2baseline ~14%). Mice implanted with U87.CD4 cells showed no reduction in R2. In vivo control
experiments using either/both a MMP enzyme inhibitor (MMP2/9 I) and a CXCR4 inhibitor (AMD3100) showed at least
a 50% decrease in Fe accumulation in the tumour area, further supporting our findings (supp. data, Fig. 9).
 
(1) Jokerst, J. V.; Gambhir, S. S. Acc. Chem. Res. 2011, 44, 1050.
(2) Balkwill, F. R. J Pathol. 2012, 226, 148.
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(4) Perez, J. M.; Josephson, L.; Weissleder, R. Chembiochem. 2004, 5, 261.
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Fig. 1. Representation of the mechanism of action of targeted and responsive nanoparticles.<br />
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TITLE: Role of 131ImIBG SPECT/CT and 68GaSst PET/CT in the management of neuroendocrine tumors
PRESENTER: Jaya Shukla
ABSTRACT BODY: 
Abstract Body: Objective: Neuroendocrine tumors (NETs) arise from neural crust. 131ImIBG is widely used for
imaging and therapy of NETs. Due to structural resemblance with norepinephrine, 131ImIBG is taken up by uptake-1
mechanism and stored in the catecholamine storing granules and has high sensitivity and specificity for these tumors.
Majority of NETs express SSTR and therefore, can be imaged with radiolabeled somatostatin analoges (Sst). Ga-68 is
a positron emitting radionuclide. 68Ga Sst, DOTATATE/NOC, plays a pivotal role in receptor imaging of NETs. Aim of
the study was selection of NET pts for appropriate therapeutic management. The treatment may be curative,
symptomatic relief, improving survival or quality of life depending on the stage of disease.
Methods: We prospectively evaluated 38 patients with the mean age 34 yrs (13-73yrs; male/female; 22/16) with
symptomatically and biochemically suspicious for NET. All patients underwent 131ImIBG whole body with SPECT/CT
and 68GaSst PET/CT imaging. Time interval between the two tests was not more than three weeks. No cytoreductive
or octreotide therapy was given. No patient preparation was required for 68GaSst PET/CT. 68GaSst was prepared in-
house using manual module and injected (1-4mCi) using cannula. The images were acquired with dedicated PET/CT
after 45- 60 minute post injection. A region of intrest (ROI) was drawn around the site of abnormal uptake on
attenuation corrected PET image and maximum standardized uptake value (SUVmax) was calculated. For 131ImIBG
imaging, patients were instructed to take five drops of Lugol’s solution (6.3mg/drop) orally twice a day for five days,
starting the night before 131ImIBG administration. Whole body images were acquired 48-72h post injection of 0.3-0.6
mCi 131ImIBG on a SPECT/CT gamma camera equipped with high energy collimator. SPECT/CT in area of abnormal
uptake was acquired. Two experienced Nuclear Medicine physicians evaluated the scan findings independently.
Clinical and imaging follow-up (12 months) and histopathology (if available) were taken as reference standard. The
sensitivity, specificity, PPV and NPV were calculated.
Results: Out of the 38 patients, 36 were pheochromocytoma and 2 paraganglioma pts. On 131ImIBG imaging, 19 pts
were true positive, 16 were true negative, no false positive and 3 false negative. While on 68GaSst PET/CT, 18 pts
were true positive, 15 true negative, one false positive and 4 false negative. The overall sensitivity, specificity, PPV
and NPV for 68GaSst PET/CT were 90%, 93%, 95%, 88% and for 131ImIBG 86%, 100%, 100%, 84%. Of 18 positive
patients, 68GaSst PET/CT identified metastatic lesions in 5 pts and contributed to change in therapeutic management.
Conclusion: Both 68GaSst PET/CT and 131ImIBG appears to be highly specific for diagnosis of pheochromocytoma
and paraganglioma pts. However, 68GaSst was prepared with generator produce radionuclide with easy and in-house
labeling procedure. Better image quality of PET/CT could detect more metastatic lesions and therefore may play an
important role in the therapeutic management of NET pts.
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a) 68GaDOTATATE image showing variably tracer avid soft tissue mass in right suprarenal region (3.6*5.2*6;
SUVmax-12.1). Few tracer avid lymph nodes were noted in preaotic and aoticavl regions (SUVmax= 10.6); size of
largest lymph node=1.7*1 cm<br />
b) No 131ImIBG avid primary tumor mass was seen and faint uptake in the lymph nodes could be observed.
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TITLE: Synthesis and Comparison of Two Classes of Small Molecules as Novel PET Tracers for In Vivo Imaging of
Tumor Senescence 
PRESENTER: Jonathan Cotton
ABSTRACT BODY: 
Abstract Body: Introduction 
Cell senescence (CS) is a stable cell cycle arrest and is now recognized to play an important role in cancer treatment
and therapy resistance. CS is often associated with increases in acidic hydrolases, such as β-galactosidase (β-Gal)
and α-fucosidase (α-Fuc)1. We have produced radiolabeled small-molecular β-Gal (1) and α-Fuc (2) substrates, which
were compared and evaluated for in vivo PET imaging of CS, using HCT116 and GEPIRshp53pWZLHras2 (Hras)
driven xenograft tumor models, both in vitro and in BALB/c nu/nu mice. No attempts to use molecular probes to test
for in vivo CS have been reported in the literature so far.
Material & Methods 
All precursors were designed, synthesized and full characterized in-house. The optimized radiosyntheses utilized a
TRACERlab FX N Pro (GE). F-18 was produced as hydrofluoric acid (HF) using a PETtrace cyclotron (GE). F-18
labeling relied on the nucleophilic substitution of aromatic nitro- or aliphatic iodo- groups.
Cells were treated with 100-200 μCi of tracer and incubated for 50 minutes. The cells were measured in a gamma-
counter, with the activity normalized to the number of cells used.
CS was induced in HCT116 xenograft tumors by intravenous (i.v.) administration of doxorubicin (10 mg/kg). CS in the
Hras xenograft is inhibited by the donation of doxycyclin (0.2 mg/ml), thus CS is induced by the cessation of
doxycyclin 14 days after tumor inoculation. Mice were given the tracer i.v. and dynamic PET scans (1 h) were
performed. Histological, enzymatic β-Gal and autoradiographic analysis were conducted in all tumors ex vivo.
Results 
The tracers were produced with high (> 98 %) radiochemical purity. The decay corrected yields were 18.6 ± 2.5%
(n=10) and 41.7 ± 16.5% (n=5) for 1 and 2 respectively.
The uptake of 1 in senescent Hras cells was a factor of 3 higher than in the control, while no significant differences
were observed in HCT116. The uptake of 2 was higher by a factor of 3 in both CS cell lines compared to the controls.
The respective tissue uptake (%ID/cc) of the senescent vs control tumors was evaluated. The uptake for 1 in HCT116
tumors was 1.7 ± 0.7 (n=7) vs 1.1 ± 0.4 (n=5) %ID/cc. In CS Hras tumors it was found to be 1.6 ± 0.3 (n=14) vs 0.7 ±
0.2 (n=6) %ID/cc.
The highest uptakes were observed with compound 2, in both senescent HCT116 and Hras tumors. The uptake value
in HCT116 tumors was 4.2 ± 1.0 (n=12) vs 2.0 ± 0.2 (n=5) %ID/cc. Finally, in senescent Hras tumors, the uptake was
found to be 3.3 ± 0.5 (n=14) vs 1.5 ± 0.2 (n=6) %ID/cc.
Tumor to muscle ratios for all CS tumors proved to be a factor of 1.3 to 1.7 higher than controls. The tracer uptakes
were evaluated and compared with autoradiography. CS was confirmed by ex vivo β-Gal staining and
immunohistochemical staining of FUCA1, Ki67, Caspase3, HP1γ, p53 and p16 further verified our in vivo results.
Conclusion 
Both tracers have higher uptake in CS vs control tumors, showing promise towards in vivo CS imaging. These data
demonstrate a powerful first approach towards an in vivo CS tracer for preclinical PET imaging, with great potential
towards clinical translation.
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TITLE: Modulating Pharmacokinetics of PET Probes via Ligand Charge Engineering
PRESENTER: Benjamin Hackel
ABSTRACT BODY: 
Abstract Body: Electrostatic charge plays an important role on the physiological delivery of molecular probes.
Anecdotal results have demonstrated impacts of charge on plasma clearance kinetics1–4, vascular permeability1,5,6,
non-specific binding2, and renal retention7–10. Yet previous results are insufficient to enable rational design of
improved molecular probes. Systematic variation of net charge, charge density, and charge distribution – and analysis
of physiological performance – are needed to improve imaging probe performance and provide deeper insight into the
role of charge on pharmacokinetics. Yet, it is challenging to manipulate – especially remove – charge on small proteins
without detriment to stability, solubility, and/or affinity.
 
The current study focuses on two protein scaffolds – three-helix affibodies and a/b Gp2 domains – for PET imaging of
epidermal growth factor receptor (EGFR) to empower patient stratification of responders versus non-responders to
EGFR-targeted therapy. We have compared three protein engineering approaches to retain biophysical integrity while
modulating charge: phylogenetically-guided consensus design, combinatorial library selection, or synthetic consensus
design. Each approach was successful in identifying mutants that neutralized six charged residues (three acidic, three
basic) in an EGFR-binding affibody. The synthetic consensus approach yielded better affinities (p=0.05) and
comparable stabilities and soluble production. The optimal mutant exhibited enhanced binding (Kd = 1.7 ± 0.5 nM) as
well as good stability (Tm = 68 C) and recombinant production (7.0 ± 0.5 mg/L). This mutant, and the original affibody,
were radiolabeled with 64Cu via a DOTA chelator and evaluated in nu/nu mice harboring subcutaneously xenografted
tumors (A431 EGFRhigh). The mutant exhibited excellent EGFR-specific tumor uptake (8.1 ± 2.5 %ID/g tumor and
17±7 tumor:muscle ratio). Notably, the non-specific renal retention was reduced by 39±10% (p=0.03) relative to the
charged parental affibody. Thus, charge engineering has been shown to be a valuable tool in molecular PET probe
development.
 
Ongoing: the collection of tolerated mutations provided a family of mutants with variations in net charge, charge
density, and charge distribution. Dynamic and longitudinal PET/CT and excised tissue analysis of these mutants will
be presented, including non-binding controls and EGFR-low tumors. The charge engineering approach has also
effectively identified mutants of an EGFR-targeted Gp2 domain with enhanced binding affinity.
 
1. Dellian, M., et al. Br. J. Cancer 82, 1513(2000).
2. Krasnici, S., et al. Int. J. Cancer 105, 561(2003).
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TITLE: Chemical Probes Targeting ASCT2 as Precision Cancer Medicines and Companion Molecular Imaging
Diagnostics
PRESENTER: Michael Schulte
ABSTRACT BODY: 
Abstract Body: Cancer cells exhibit an altered metabolic profile compared to normal cells. In addition to increased
utilization of glucose, they can become highly dependent on the amino acid glutamine. A sodium-dependent neutral
amino acid transporter, ASCT2 (gene symbol SLC1A5), is a primary transporter for glutamine import and is highly
expressed in many cancerous tissues compared to normal making it a promising target for probe development. In
cancer cells, SLC1A5 expression is associated with oncogenic MYC and KRAS(1,2). While radiolabeled glutamine
analogues have been developed and evaluated in vivo, these tracers are limited in their ability to measure ASCT2
directly due to the promiscuity of glutamine for multiple amino acid transporters. There are currently few small
molecules known to inhibit ASCT2-mediated glutamine uptake and no imaging probes are currently available that
specifically target ASCT2. Given the clinical relevance of ASCT2 in human cancer, we have undertaken the
development of ASCT2-targeted PET probes that could be ultimately deployed clinically for precision cancer imaging.
To date, most compounds that target ASCT2 are derivatives of endogenous amino acid substrates of ASCT2. In our
efforts towards novel ASCT2 inhibitors, we arrived at a series of substituted diaminobutanoic acid analogs, which
represents a novel molecular scaffold with activity at ASCT2. Modest SAR exploration afforded the most potent
compounds targeting ASCT2 reported to date with IC50s in the nanomolar range(3). A molecular modeling approach
was used to guide further medicinal chemistry and to elucidate novel structure activity relationships. Since a crystal
structure of human ASCT2 has not been reported, a homology model was generated based on the structure of the
bacterial neutral amino acid transporter GltPh in complex with an inhibitor (PDB ID 2NWW) (4). The best scoring
poses for the most potent compounds identified demonstrated a compatible fit with the human ASCT2 model.
Fruitfully, pharmacological inhibition of ASCT2 with compounds in this series have been shown to inhibit mTOR
signaling, induce autophagy, and lead to elevated levels of intracellular reactive oxygen species (ROS) in glutamine
addicted cell lines, a mechanism consistent with that reported for shRNA knockdown of the target(5). Proof-of-
principle imaging studies using a fluorine-18-labeled member of this chemical series has shown promise in imaging
orthotopic lung cancer allograft models in mice. These preliminary data and ongoing studies support this class of
ASCT2 inhibitors as a chemical scaffold for both imaging and therapy in certain recalcitrant solid tumors. References:
1) Dang, C.V., et. al Cancer Res., 2010, 70(3), 859-62. 2) Watanabe, T. et. al. Eur. J. Cancer, 2011, 47(13), 1946-54.
3) Schulte, M.L. et.al. Bioorg. Med. Chem. Lett. 2016, 26(3), 1044-1047. 4) Albers T,et al. Mol. Pharmacol. 2012.
81(3): 356-65. 5) van Geldermalsen, M. et.al. Oncogene, 2015, advance online publication.
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TITLE: Molecular imaging of iron metabolism during ferroptosis with a novel mitochondria-targeting fluorescent probe
PRESENTER: Hideko Nagasawa
ABSTRACT BODY: 
Abstract Body: Ferroptosis is a recently identified mode of regulated cell death, which was discovered by
pharmacological approach using RAS-selective lethal molecule erastin, derived from chemical library screening.1 The
cell death results from an iron-dependent accumulation of lipid reactive oxygen species (ROS). It was characterized
by aberrant morphology of mitochondria with condensed mitochondrial membrane densities and reduction of
mitochondria crista. Furthermore, the misregulated ferroptosis has been revealed to be implicated in multiple
physiological and pathological processes, including cancer cell death, neurotoxicity, neurodegenerative diseases,
acute renal failure, and so on. Therefore, analyses of cellular iron dynamics and metabolism are crucial to investigate
mechanisms of ferroptosis and its related diseases.
In this study, a novel mitochondria-targeting Fe(II)-selective fluorescent probe, MtFluNox-1 was developed by
exploiting our recently established N-oxide chemistry2 as a Fe(II)-selective switch of fluorescence response and
mitochondria-targeted triphenylphosphomium cationic moiety to examine fluctuation of iron metabolism during
ferroptosis. The probe showed significant enhancement of the fluorescence signal (lex = 490 nm, lem = 535 nm) in
Fe(II)-loaded cells. The fluorescence responses of MtFluNox-1 was highly selective for Fe(II) over other biologically
relevant metal species including Fe(III) and biologically abundant reductants such as glutathione and cysteine. From
live cell imaging and co-localization studies, MtFluNox-1 is sensitive enough to detect the mitochondrial labile iron.
After treatment of NRAS-mutant HT-1080 fibrosarcoma cells with erastin (10 µM) for the indicated time, confocal
fluorescence microscopy imaging for Fe(II) by 1 hr-treatment with MtFluNox-1 (1 µM) resulted in a time-dependent
increase in fluorescence intensity localized in mitochondria for 5 hrs (Figure). On the other hand, NRAS-wild-type
MCF-7 cells treated with erastin in a similar way showed no fluorescence emission by the treatment with MtFluNox-1.
In MTT assay on HT-1080, viability of HT-1080 cells decreased from over 90% after 6 hrs to 3% after 12 hrs of erastin
(10 µM) addition. But erastin did not show any toxicity on MCF-7 cells. Totally, these results suggested that, during
erastin-induced ferroptosis, transient elevation in mitochondrial labile iron level occurred prior to cell death, and that
the misregulation of mitochondrial labile iron level could be a trigger for the several down-stream signaling toward the
terminal stage of ferroptosis.
ref. 1) S. J. Dixon et al., Cell, 2012, 149, 1060.
2) T. Hirayama et al., Chem. Sci., 2013, 4, 1250.
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Fig. Fluorescence imaging of Fe(II) in HT-1080 and MCF-7 treated with erastin by MtFluNox-1
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ABSTRACT BODY: 
Abstract Body: Objective: Photoacoustic imaging (PAI) is an emerging noninvasive modality poised to enter the clinic.
PAI is well-suited for early, specific detection of prostate cancer (PrCr) and to guide biopsies and active surveillance.1

In most cases the ultrasound signal in PAI is generated by endogenous chromophores such as hemoglobin energized
from nanosecond pulses of a near infra-red (NIR) laser. High absorptivity exogenous agents, such as NIR dyes linked
to tumor-specific targeting molecules have been shown to enhance the sensitivity of PAI in breast cancer models.2,3

However, reports of exogenous NIR dye based targeted molecular imaging agents (TMIAs) for PAI of PrCa and for
other cancers are sparse. To meet this need we combined a new method of evaluating NIR dyes and agents by PA
spectroscopy in a novel PAI instrument1 with a new modular synthesis of TMIAs.4  For targeting purposes, prostate
specific membrane antigen (PSMA) expressed in PrCa cells, and with low expression in non-cancer tissue, is an
excellent biomarker for imaging PrCa. Two targeting agents have shown high affinity for PSMA, a nuclease-stable
RNA aptamer (A10-3.2)5 and a urea inhibitor (DCL) which has been coupled with NIR dyes to form TMIAs such as
YC-276,7  and to 18F agents for PET of PrCa.8 Our goal was to utilize these motifs and compare binding by
fluorescence and PAI signal of both the aptamer and the urea targeting systems and to confirm the PSMA binding by
confocal fluorescence microscopy (CFM). Results: To validate binding to PSMA on a cellular level a YC-27 analog
containing a Cy5.5 module and DCL was imaged by CFM. Utilizing an innovative instrument with a novel acoustic lens
we then performed multispectral PA spectroscopy3 to evaluate five NIR dyes. Of these, IRDye800CW yielded the
strongest PA signal. We then tested two different TMIAs for targeting PrCa, a novel aptamer-dye conjugate (A10.3-
IRdye800CW), and the urea YC-27 (DCL-linker-IRdye800CW). Both TMIAs were evaluated in PrCa cells expressing
the biomarker (LNCaP-C42B, PSMA+) and lacking it (PC3, PSMA-). Binding was also confirmed using the IVIS
fluorescence instrument in well plates. These same cells were transferred into matching tubes for the PAI instrument.
The average PA intensity from both TMIAs was markedly higher in the C4-2B cells than the PC3 cells, and correlated
well with fluorescence data. The urea based YC-27 showed greater signal intensity than the aptamer based TMIA.
Conclusion: The use of PSMA targeted TMIAs based on NIR dyes such as IRdye800CW is highly encouraging as a
tool for the early detection and guided treatment of PrCa by PAI.
1. Dogra, J. Clin. Imaging Sci. 2013; 3:41-47
2. Stantz, SPIE Proc. 2010; 7564: 756410-14
3. Bhattacharyya, Bioconjug Chem. 2008;19(6):1186–93
4. Schmitthenner, US Appl. 2015;0038672 A1
5. Dassie, Nature Biotech 2009;27(9): 839-49
6. Chen, Biochem Biophys Res Com; 2009; 390(3): 624–29
7. Chen, Bioconjug Chem 2012; 23(12):2377-85
8. Rowe, J Nucl Med 2015:56(7): 1003–10
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ABSTRACT BODY: 
Abstract Body: Introduction. Chitin is a unique polysaccharide with properties such as non-toxicity, biodegradability
and biocompatibility that make it useful for drug delivery and tissue engineering.  Moreover, it is a potent trigger of
innate immune responses. Chitin is a pathogen-associated molecular pattern that activates TLR-2 and regulates
macrophage function and acute innate inflammation.1 Chitin nanoparticles (NPs) encapsulating magnetic, fluorescent
and antigen payloads would be useful for imaging to track labeled cells and as vaccines adjuvants. However, its
insolubility in water and almost every organic solvent limits its use. The aim of this work was to prepare organosoluble
chitin, useful to fabricate NPs. Thus, a reversible acylation of chitin was performed to form dibutyrylchitin (DBC), an
organic soluble variant of chitin. DBC and chitin NPs were loaded with high amounts of magnetic and fluorescent
payloads or antigens, and its performance as vaccine carriers was tested.
Methods. DBC was synthetized as described before.2 FTIR and 1H-NMR showed that both -OH groups were grafted
with the butyric group. NPs were prepared by oil-in-water emulsification. Iron oxide nanocrystals (NC, 0-200% w/w
respect to DBC) and coumarin 6 (C6, 1% w/w respect to DBC) payloads were added to the DBC/DCM solution (50
mg/mL). The resultant oil phase was added to 2% PVA solution, tip-sonicated and stirred in water for 3h. For chitin
regeneration, butyric groups were removed by alkaline saponification (0.5N KOH, 15min, RT). Regeneration was
confirmed by FTIR by the loss of absorptions at 1740 cm-1.
Results and discussion. The size of DBC NPs was 300-400 nm and 500-600 nm for chitin NPs. NPs were spheroidal,
encapsulating up to 60% of NC and 99% of C6. Cytocompatibility of the NPs was assayed in Raw 264.7 macrophage
cells by MTT. NPs were biocompatible up to 0.1mg/mL after 72h of incubation. NPs labeled macrophages after 1h of
incubation, being mostly localized inside the cells. For in vivo MRI, NPs were injected into the mouse footpad and the
popliteal lymph nodes (PLN) were scanned. The NPs were able to reach PLN, especially in the case of DBC NPs,
suggesting that they could be used for dendritic cell based vaccination. The utility of these NPs as vaccine adjuvants
was tested using ovalbumin (OVA) as model protein. OVA-loaded NPs were prepared by water-oil-water
emulsification. DBC NPs were 200 nm, with low polydispersion, negative superficial charge and could encapsulate ~
10% OVA (by BCA). Chitin NPs had larger sizes, ~500 nm. NPs released the OVA in a sustained rate in phosphate
buffer pH 7.4. Cytocompatibility and immunoresponse of NPs were assayed in Raw 264.7, indicating high
biocompatibility and stimulation of CD40, CD80, CD86 and MHC-II production after 48h -even the blank NPs- and
cytokines.
Conclusions. A simple strategy for fabricating chitin and DBC NPs loaded with NC, fluorescent dyes and hydrophilic
antigens was proved. The NPs were able to reach the PLN and presented immunoactivity, establishing their utility as
vaccine adjuvants.
References. (1) J. Immunol. 181 (2008) 4279. (2) Cellulose 16 (2009) 247.
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Figure 1. SEM (1A, 2A) and TEM (1B, 2B) of chitin (1) and DBC (2) NPs, scale bar 200 nm. (3) Cellular labeling in
Raw 264.7 after 1h of incubation with DBC and chitin NP, recorded by confocal; in blue, nuclei stained with DAPI; in
pink, cytoskeleton dyed with phalloidin and in green the NPs, scale bar 25 µm. Mice popliteal lymph node scanned
with a Bruker 7T magnet before the pre-administration (4A) and 24 h and 48 h post-administration of DBC (4B, 4C)
and chitin NP (4D and 4E) (25µL, 2mg/mL). All NPs were loaded with C6 (1% respect to polymer) and NC (50%
respect to polymer). (5) CD86, CD80, CD40 and MHC II expression in Raw 264.7 after 48h of incubation with blank
DBC and chitin NPs (100 µg). Values with an asterisk were statistical significant (P<0.001, one-way ANOVA, α=0.05,
n=4).
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Abstract Body:  
Gold Nanoparticle Coated Carbon Nanotube Ring with Enhanced Photothermal Conversion Property for Raman and
Photoacoustic Imaging 
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Carbon based nanomaterials, such as carbon nanotube (CNT) and reduced graphene oxide (rGO) with light
absorption wavelength from UV to NIR region and photothermal conversion through nonradiative decay have been
widely used in photoacoustic (PA) imaging. When the carbon nanomaterials coated on the surface of plasmonic gold
nanocrystals, its optical properties, such as light absorption and photothermal conversion efficiency, will be greatly
increased. Herein, we report a new type of CNTR coated with gold nanoparticles (CNTR@AuNPs) using CNTR as a
template and surface attached redox-active polymer as a reducing agent, as displayed in Figure 1. This nanostructure
of CNTR bundle embedded in the gap of closely attached AuNPs can play multifunctional roles as a Raman probe to
detect cancer cells and a PA contrast agent or high resolution in vivo imaging of the tumor region. In vivo imaging
results demonstrate that the CNTR@AuNP could provide a highly detectable and quantitative indicator for in vivo PA
microscopy imaging. The extinction intensity of CNTR@AuNP is about 120-fold higher than CNTR at 808 nm, and the
surface-enhanced Raman spectroscopy (SERS) signal of CNTR@AuNP is about 110 times stronger than CNTR,
presumably due to the combined effects of enhanced coupling between the embedded CNTR and the plasmon mode
of the closely attached AuNPs, and the strong electromagnetic field in the cavity of the AuNP shell originated from the
intercoupling of AuNPs. The greatly enhanced PA signal and photothermal conversion property of CNTR@AuNP were
further successfully employed for imaging and imaging-guided cancer therapy in two tumor xenograft models.
 
Figure 1. Schematic illustration of the CNTR@AuNP for in vivo tumor two dimensional (2D) and three dimensional
(3D) imaging.
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Figure 1. Schematic illustration of the CNTR@AuNP for tumor two dimensional (2D) and three dimensional (3D)
photoacoustic imaging.<br />
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ABSTRACT BODY: 
Abstract Body: Introduction 
Chemokine receptors are involved in cell trafficking and implicated in diseases including HIV and cancer.1 There is
particular interest in imaging the CXCR4 chemokine receptor expression levels in cancers as a prognostic marker or
to inform treatment selection.2 Imaging of CXCR4 overexpression in oncology has been gaining interest in recent
years, particularly with the success of the 68Ga labelled cyclic peptide Pentixafor.3,4 Attempts have been made to
radiolabel small molecule tetraazamacrocyclic antagonists AMD3100 and AMD3465 with copper-64 in the macrocyclic
cavity. However, these attempts have so far been largely unsuccessful due to high non-specific liver uptake which
may be linked to complex instability.5,6 Targeting of the CXCR4 chemokine receptor can be improved by using
configurationally restricted tetraazamacrocyclic metal complexes with either copper(II), zinc(II) or nickel(II) which show
low nanomolar affinities, long receptor residence times and increased kinetic stability.7,8 
Aims 
Configurational restriction of the macrocycle and copper(II) complexation results in an increase in stability, in vitro
affinity and receptor residence times. The aim is to investigate if these design improvements cause a significant
improvement in in vivo characteristics as CXCR4 imaging agents with copper-64.
Results 
Copper-64 was used to directly label the compounds to form a novel complex with an affinity of 25 nM (IC50,
determined by a calcium flux assay) and shown to be stable to strong acid (1 N HClO4). In vitro cell uptake
experiments were carried out on U87-CXCR4 and U87 glioblastoma cells and showed selective accumulation in cells
overexpressing the CXCR4 receptor, U87-CXCR4 bound 28.2±0.6% of incubated dose, U87 bound 0.2±0.02%. (n=3).
In vivo 90 minute dynamic PET/CT imaging and biodistribution studies were carried out on CD1 mice bearing U87-
CXCR4 and U87 glioblastoma xenografts. The tumour-to-muscle ratio at 90 min post-injection in U87-CXCR4 tumours
(23.6 ± 2.7) was 8-fold higher than that found for U87 tumours (3.0 ± 0.5). Blocking with 10 mg/kg of a higher affinity
antagonist (IC50 = 4 nM) shows a > 92% reduction of radioactivity in the U87.CXCR4 tumour, with a similar reduction
observed in the liver.
Conclusions 
High affinity CXCR4 antagonists with long receptor residence times have been developed which have been
radiolabelled with copper-64, showing high specificity for CXCR4 expressing tumours. In contrast to previously
reported copper-64 labelled CXCR4 imaging agents, the liver uptake can be completely blocked.
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Figure. 1: A) Chemical structure of Mono 64Cu CBbicyclam and B) Representative coronal maximum intensity
projection at 90 mins of CD1 mice bearing U87-CXCR4 and U87 glioblastoma xenografts on the right flank, U87-
CXCR4 bearing animal (left panel), U87 bearing animal (middle panel), and blocking dose followed by tracer (right
panel).
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ABSTRACT BODY: 
Abstract Body: Introduction  
Theranostics is the field whereby both drug delivery and imaging are merged to promote more effective therapies1.
This is especially important in the delivery of small molecule cancer therapeutics such as doxorubicin (DOX) where
clinicians must strike a balance between administering an effective dose while limiting off-target cardiotoxicity risks2.
In this work, an engineered fluorinated protein polymer is investigated for theranostic use as a chemotherapeutic
carrier and 19F MR agent. The fluorinated protein polymer, CE2-RGD-TFL, is comprised of two functional domains: 1)
a coiled-coil domain (C), flanked by two integrin targeting domains, capable of encapsulating small hydrophobic drugs
and; 2) two elastin-like peptide domains (E) that impart concentration-dependent thermoresponsiveness. In this study,
we have characterized CE2-RGD-TFL as a promising thermally T2-dependent MRI tracer as well as
thermoresponsive to drug release for DOX delivery properties.
Materials and Methods 
Trifluoroleucine (TFL) incorporation was achieved via recombinant expression in leucine auxotrophic E. coli. Proteins
were subjected to UV-Vis spectroscopy, circular dichroism (CD), dynamic light scattering (DLS) and 19F R1 (1/T1)
and R2 (1/T2) NMR relaxometry at 11.7-Tesla (-T). Water Phantoms with and without CE2-RGD-TFL were imaged
using a 7-T Bruker micro-MRI using a homemade broadband coil tunable to 19F or 1H. DOX-bound protein was
separated from free drug by size exclusion chromatography (SEC).
Results 
Fluorination imparts interesting thermoresponsive properties upon CE2-RGD. While the CD analysis reveals that CE2-
RGD-TFL is less structured than the wild-type variant, CE2-RGD-TFL coacervates in the physiological range for
hyperthermic treatment (39-42oC). Relaxometric characterization revealed a remarkable R2 linear dependence as a
function of concentrations and temperatures and very little change in R1 (Fig. 1, plots). The predominant R2 linear
sensitivity based on relative r2/r1 ratio within physiological temperature range supports the prospect for using this
protein as a T2-nano-thermometer. MRI water Phantoms with and without CE2-RGD-TFL were expectedly visible with

1H MRI while only CE2-RGD-TFL was visualized in 19F imaging. Importantly, CE2-RGD-TFL exhibited a 2.75 times
increase in DOX loading (49.1%) compared to CE2-RGD with only 17.8% loading.
Conclusion 
Incorporation of TFL in CE2-RGD yields a drug carrier nanoparticle that can undergo temperature dependent
structural changes associated with R2 linear variation, making this compound a great potential candidate as a nano-
thermometric tracer. Furthermore, preliminary 19F MRI confirmed our ability to visualize CE2-RGD-TFL. Finally,
fluorination imparts both greater thermoresponsiveness and greater loading of doxorubicin which provides further
value to CE2-RGD-TFL as a theranostic agent. Future work includes ultra-short echo time MRI to increase sensitivity
and testing of the targeting capability to integrin +/- breast cell lines for effective DOX delivery and release upon
hyperthermic induction.
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ABSTRACT BODY: 
Abstract Body:  
Molecular ultrasound imaging is based on microbubble contrast agents targeted to endothelial biomarkers. These are
being tested in animals and clinical trials. A universal method of targeting tumor vasculature independent of specific
ligands and receptors may be desirable. We report electrostatic interaction and enhanced accumulation of positively
charged microbubbles in tumor vasculature and resulting tumor-specific ultrasound imaging.
Microbubbles were prepared by amalgamation from C4F10 gas and stabilized with a lipid monolayer shell. Main lipids
were DSPC and PEG-stearate, with a fraction of positively charged lipids, distearoyl trimethylammoniumpropane
(DSTAP) or a fully biodegradable distearoyl ethyl phospatidylcholine (DSEPC). Bubble size was assessed by Coulter,
zeta potential - by Malvern Zetasizer. As an in vivo model, murine colon adenocarcinoma was used (MC38 cells, Dr. J.
Schlom, NIH), inoculated in the hind leg of C57BL/6 mice. Ultrasound imaging was performed under isoflurane
anesthesia (Acuson Sequoia c512, 15L8 probe, CPS, 7 MHz, MI 0.2). Transducer was positioned to monitor the tumor
and contralateral leg muscle; contrast signal was monitored for up to 30 min following an iv bolus of 2.107

microbubbles. Images were exported to PC for ImageJ analysis.
Mean bubble diameter was ~1.6-2 um; 99.9% were <5 um, to avoid nonspecific particle retention in microvasculature
due to size. In the absence of positively charged lipid component, microbubbles were neutral; with positively charged
lipids present, zeta potential was positive. Following iv bolus, control neutral microbubbles, cleared bloodstream within
~10 min; they did not accumulate in the tumor or in normal contralateral leg muscle. For microbubbles containing high
DSTAP concentration and high fraction of positively charged lipid in the bubble shell, we observed high adherent
contrast signal in the tumor, but accumulation of DSTAP-microbubbles in normal muscle was also high. For these
bubbles with most positive charge, DSTAP:DSPC molar ratio 1:4, at 10 min the contrast signal difference between the
tumor and muscle was not significant (p>0.3). At 30 min tumor/muscle contrast signal ratio was 2.1. In search of the
optimal balance between accumulation in the tumor and normal vasculature, we reduced microbubble charge surface
density. For DSTAP:DSPC 1:13, tumor/muscle signal ratio exceeded 3 at 30 min. DSTAP:DSPC ratio 1:22 was
optimal for tumor targeting: at 10 min, tumor/muscle signal ratio was >7 (p=0.00015); at 20 min, >15 (p=0.0034); at 30
min, >16 (p=0.00011), assuring excellent tumor delineation. Likewise, microbubbles with DSEPC:DSPC 1:20 ratio
provided excellent delineation of tumor mass (at 10 min, p<0.001), with >5 tumor/muscle signal ratio. We hypothesize
that selective targeting is due to adhesion and retention of positively charged microbubbles on the negatively charged
endothelium in slow-flow tortuous tumor vasculature.
Conclusions: Positively charged microbubbles selectively accumulate in the tumor vasculature and can provide good
target-to-muscle contrast ratio. Therefore, these formulations are a universal ultrasound contrast agent for tumor
imaging.
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ABSTRACT BODY: 
Abstract Body: Introduction 
Stem cell therapies have enormous potential for treating debilitating disease. For maximal efficacy, these therapies
require targeted cell delivery to specific tissues followed by successful cell engraftment. However, targeted delivery
tracking with a robust, quantitative imaging method remains an open challenge. Here we show that Magnetic Particle
Imaging (MPI), a novel positive-contrast technique that directly images SPIO-tagged cells, can longitudinally monitor
and quantify cell therapies in vivo. MPI is not MRI; it uses fundamentally different physical contrast mechanisms and
requires completely new hardware [1], [2]. MPI offers near-ideal image contrast, depth penetration, and robustness;
these properties make MPI both ultra-sensitive and linearly quantitative for cell therapy tracking. Here we demonstrate
two MPI applications for longitudinal neural progenitor cell (NPC) tracking over 87 days in vivo and for systemic
monitoring of intravenously injected mesenchymal stem cells (MSC) and their dynamic localization, biodistribution,
and clearance.
Methods 
Two MPI scanners were constructed for these experiments: a 2.35 T/m field-free line (FFL) scanner for projection-
mode imaging (9.3 x 6 cm FOV, 30 s scans), and a 7 T/m field-free point (FFP) scanner for 3D imaging (4 x 3.75 x 10
cm FOV, 9 min scans).
For NPC tracking experiments, Fisher 344 rats received intracranial infusions of 0.5 M Resovist-labeled hESC-derived
NPCs at the frontal cortex, near the lateral ventricle, and Resovist-only injections as control. MPI imaging was
performed for 87 days. For validation, immunohistology was performed on fixed brain sections using mouse anti-
nestin, SC121, mouse anti-CD68.
For MSC cell tracking experiments, four groups of Fisher 344 rats (n = 3 each) received tail vein injections of 5 M to 8
M Resovist-labeled hMSCs, 100 uL Resovist, or 1 mL isotonic saline solution. The animals were imaged using MPI-
CT for up to 12 days post-injection. MPI quantification of iron was validated using ICP-OES on excised tissue.
Results  
MPI images show high contrast and signal-noise ratio deep in the body, comparable to nuclear medicine techniques.
For NPC tracking, MPI visualized the movement and clearance of grafts over 3 months, which are validated via
postmortem histology. For MSC tracking, MPI studies indicated a rapid trafficking MSCs to lung tissue and measured
liver and spleen iron clearance at 4.6 day half-life. MPI measurements were validated by gold-standard ICP data (R2 =
0.943). The combination of high image contrast and sensitivity, quantitativeness, tracer safety, and long-term imaging
(weeks to months) makes MPI uniquely well-suited for preclinical and clinical cell tracking applications.
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Magnetic Particle Imaging for cell therapy tracking.  A) Diagram of a projection MPI scanner.  A field-free region is
rastered across SPIO particles, whose particle magnetization is detected via a receiver coil.  B) Comparison of
MPI/CT, fluorescent imaging, and MRI in mouse. Two probes filled with SPIO and fluorescent probe were implanted
1.0 mm and 2.8 mm deep in a mouse.  MPI images visualize SPIO tracer with high image contrast and no signal
modulation by biological tissue, compared to MRI and optical imaging.  C) Longitudinal MPI imaging is quantitative
over 87 days for 0.5 M SPIO-labeled human NPCs implanted in the forebrain cortex and near lateral ventricle.   D)
Dynamic, whole-body MPI imaging of intravenously injected hMSCs quantifies cell localization and clearance over
time.  In vivo MPI of hMSC injections (right panel) quantifies clearance from liver tissue with half-life at 4.6 days, with
95% confidence intervals at 3.7 and 6.0 days.
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ABSTRACT BODY: 
Abstract Body: Introduction
Muscular dystrophies are a group of myopathies without any curative therapy. Vessel-associated stem cells, namely
mesoangioblasts (MABs), have been proposed as a potential regenerative source for muscular disorders. At present,
limited information on the biodistribution and cell survival in vivo is available. To improve our knowledge and to assess
the efficacy of immune suppressants, like cyclosporine A (CsA) and co-stimulation-adhesion blockade (co-stim),
noninvasive cell monitoring via bioluminescence imaging (BLI) and small-animal positron emission tomography (PET)
was performed.
Methods
Murine MABs (mMABs) were transduced with a lentiviral vector encoding firefly luciferase (Fluc) and human sodium
iodide transporter (hNIS) or with a lentiviral vector encoding Fluc alone. Non-H2 matched mMABs were injected in the
femoral artery of α-sarcoglycan null mice (Sgcα - / -) and in nude mice with cardiotoxin-damaged muscles. The Sgcα - / -

mice either received no immune suppression, chronic CsA or a short-term regimen (day 0, 2, 4 and 6 post-
transplantation) of co-stim. Follow-up was done using BLI and small-animal PET. Lymphocytes were isolated from the
spleens of Sgca - / - and analyzed via flow cytometry.
Results
In all cell-injected animals visualization of mMABs via small-animal PET and/or BLI was feasible. Based on this
noninvasive imaging data, we were able to evaluate the efficacy of both immune suppressants. Co-stim was clearly
superior to CsA in reducing cell rejection, while CsA was only slightly better than no immune suppression. Long-term
imaging could only be obtained in a nude model of acute muscle damage, hence indicating immune-mediated impact
on cell survival in Sgcα - / -  mice. In all cell-injected Sgcα - / -  mice an increase in cytotoxic (CD3+CD8+) T-cells was
demonstrated compared to sham-injected animals. Furthermore, cytotoxic T-cells were significantly reduced in co-stim
treated animals compared to CsA treated animals. Also, activated/regulatory T-cells (Tregs; CD3+CD4+CD25+ T-
cells), which are involved in graft tolerance, were upregulated in co-stim treated animals compared to CsA treated
animals.
Conclusions
We have developed a quantifiable, non-invasive, longitudinal cell monitoring technique to study the kinetics and
biodistribution of mMABs in vivo using BLI and small-animal PET. Our non-invasive imaging system indicates that
cytotoxic T-cells play a major role in mMAB survival in vivo and that co-stim is a superior immunosuppressant
compared to CsA because of downregulating cytotoxic T-cells and upregulation of Tregs, resulting in a decreased rate
of mMAB death.
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CONTROL ID: 2490696
TITLE: Quantitative In Vivo Fluorescence Endomicroscopy: Imaging of Stem Cells in a Rat Model of Radiation-
Induced Lung Damage
PRESENTER: Jessica Perez
ABSTRACT BODY: 
Abstract Body: Objective 
To develop a preclinical image analysis platform to gain quantitative insight into the fate of stem cells in the context of
lung repair.
Introduction 
Mesenchymal stem cells (MSC) have exhibited great promise in promoting repair in a variety of organs including the
lungs (O’Reilly and Thebaud, 2012). Their effect is most probably due to MSC’s immunomodulatory properties rather
than engraftment helping reducing inflammation and further damage (Sueblinvong and Weiss, 2009; Prockop, 2009).
But, the controversy is still ongoing as to their fate once injected in the body. In this work, an in vivo quantitative
fluorescence endomicroscopy technique for MSC tracking in the lungs is proposed and evaluated.
Materials & Methods 
MSC were isolated from the bone marrow of rats, expanded in culture and labeled with membrane dye DiD. Rats were
injected with labeled cells through two different routes, namely endotracheal (ET, n=5) and intravascular (IV, n=5).
MSC imaging in damaged lungs was also assessed with a rat model of radiation-induced lung injury (ET n=5, IV n=5).
The fiber optic probe of the endoscope was inserted into the lungs through a tracheotomy procedure and video
sequences were acquired in the red channel.
Quantification of large video sequences was done in Matlab. Each frame was treated as a stand-alone image and
cells were counted in each frame. First, contrast was enhanced. Then, a method called granulometry was applied to
determine objects sizes, followed by image opening with a disk structuring element to highlight round shaped bright
cells. Finally, a threshold was applied and objects were counted using connected component analysis.
Results 
On the images, labeled-MSC appear as bright spots. Cells were visible in the lungs for both administration routes but
MSC injected ET gave much brighter signal than noisier IV images. The automated cell counting algorithm was
validated on 400 random frames comparing visual (averaged between 2 independent observers) and automatic cell
counting with a concordance correlation coefficient of 0.9 for ET and 0.7 for IV (1 being perfect agreement). The
algorithm was applied to the full video sequences and the mean number of detected cells per condition was
computed. The mean number of detected cells differed significantly with 0.5 for IV and 3.6 for ET (p=0.02). Regarding
the radiation-induced lung injury rat model, we observed a higher mean number of detected cells in the radiation
group for both ET with 3.6 for control and 5.4 for irradiated (RT) and IV with 0.5 for controls and 0.8 for RT. However,
those differences did not reach statistical significance.
Conclusion 
In vivo fluorescence endomicroscopy imaging was used to detect MSC in the lungs of a rat model. An automated cell
counting algorithm was developed and validated to quantify the number of cells present in the field of view. To our
knowledge, this is the first application of fluorescence endomicroscopy for in vivo stem cells tracking in the lungs. With
this novel method, multiple experimental conditions could be explored in conjunction with different cell labeling
techniques to uncover the potential of stem cells in lung repair.
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In vivo fluorescence endomicroscopy imaging of labeled MSC in the lungs for each injection route and condition.
Representative images from video sequences. MSC appear as bright spots (examples of cells shown by red arrows).
Cells appear brighter and more numerous in ET injection compared to IV. More cells are observed in irradiated lungs
compared to controls.
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TITLE: A Genetically Encoded Reporter For Diffusion Weighted Magnetic Resonance Imaging
PRESENTER: Arnab Mukherjee
ABSTRACT BODY: 
Abstract Body: Background: The ability to image gene expression in the context of living mammalian organisms is
critical for facilitating the clinical translation of engineered genetic and cell based therapeutics. However, most
genetically encoded reporters, based on fluorescent and luminescent proteins, have limited utility in this respect due to
the poor penetration of light into deep tissues. In contrast to optical techniques, magnetic resonance imaging (MRI)
enables the acquisition of in vivo images with excellent depth penetration and high spatial and temporal resolution.
However, existing MRI reporter genes, based primarily on metal-binding proteins or chemical exchange saturation
transfer (CEST) probes, are limited by their reliance on metal ions or relatively low sensitivity. In this work, we
introduce an entirely new class of genetically encoded reporters for MRI that works by altering water diffusivity in cells
(Fig. 1a). Specifically, we show that the human water channel aquaporin 1 (AQP1) is a sensitive, nontoxic, and metal-
free reporter that produces robust contrast in diffusion weighted MRI by increasing effective water diffusivity.
Results: To evaluate AQP1 as a genetically encoded reporter for diffusion weighted MRI, we generated several
mammalian cell lines stably overexpressing this channel or GFP. AQP1-expressing CHO, U87, and Neuro2A cells
showed 187%, 82%, and 95% increases in water diffusivity, respectively, compared to GFP controls (Fig. 1b). Next,
using doxycycline-inducible AQP1 expression, we demonstrated that AQP1 can report on gene expression levels over
a broad, dynamic range (Fig. 1c). Notably, AQP1 expression at submicromolar concentrations (corresponding to 0.01
μg/mL doxycycline) was found to be sufficient for producing significant MRI contrast, thereby placing AQP1 among the
most sensitive MRI reporters. Furthermore, we developed Monte Carlo models for water diffusion in mixed cell
populations, which suggested that AQP1-based increase in water diffusion should be evident even in small subsets of
AQP1-labeled cells. Consistent with these predictions, our experiments revealed that as few as 10% AQP1 expressing
cells is sufficient to produce MRI contrast in diffusion weighted images (Fig. 1d). Finally, we demonstrated that AQP1
can be used to image induced gene expression in murine brain tumor xenografts (Fig. 1e-h), with the average
intensity in AQP1 tumors decreasing by 41% following doxycycline administration.
Scientific impact: Our results establish AQP1 as the first genetically encoded reporter for diffusion weighted MRI. As a
sensitive, metal-free, and nontoxic reporter that can be readily imaged in mixed populations and low cell-fraction
scenarios, AQP1 is well suited for dynamic imaging of gene expression in vivo. We anticipate that the wide prevalence
of diffusion weighted MRI, together with the high performance, biocompatibility, and engineering capacity of
aquaporin-based reporters will enable a multitude of applications in both preclinical research and clinical development
of genetic and cellular therapies.
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CONTROL ID: 2492597
TITLE: Reporter Gene Photoacoustic Imaging of Targeted Salmonellae Therapy in Mouse Colon Cancer
PRESENTER: Misun  Yun
ABSTRACT BODY: 
Abstract Body: Introduction: Salmonellae-mediated cancer therapy (SCT) is a novel and experimental strategy for
treatment of several cancers. Unlike current conventional cancer treatments, potential of SCT resides in selectively
targeting cancer cells and proliferative therein while leaving healthy cells unharmed. Significant challenges exist in
monitoring response to SCT, but most progression was made by optical imaging technology that is limited in small
animal experiments. Photoacoustic imaging (PAI) is attracted with either deeper penetration or higher resolution than
optical imaging technique. Here, we engineered Salmonellae producing melanin molecules by transformation with
tyrosinase-encoding plasmid and visualized the process of bacterial cancer targeting.
Methods: We engineered tyrosinase-producing Salmonella (Sal-Tyr) which converts L-tyrosine in media or tumor
environment to melanin. Tumor-bearing mice were generated by subcutaneously implanting mouse colon cancer cell
line (CT26). The mice bearing about 150 mm3 s.c. tumors were i.v. injected with 5x107 cfu bacteria resuspended in
100µl sterile PBS. Bacteria with or without plasmid were injected via tail vein. External L-tyrosine was injected in one
group from day 1 after bacterial infection. Three days after bacterial injection, PAI was acquired in live mice (Nexus
128, ENDRA, Inc). In order to calculate the deoxyhemoglobin (HbR), oxyhemoglobin (HbO2) and melanin in relative
values, we modified existing formula.
Detection of melanin, the PAI was acquired at five optical wavelengths which are 680, 750, 850, 900 and 920 nm.
HbR, HbO2 and melanin were separated each other from obtained images. The distribution of vessels and melanin
were calculated and compared using the one sample t-test.
Results: The group injected with Sal-Tyr and Tyrosine showed strongest melanin signal in the tumor compared to
other control groups. After imaging studies, mice were sacrificed and tumors were removed to confirm the existing of
melanin directly. Consistent to the photoacoustic imaging, the gross pictures of tumors showed black pigments of
melanin clearly in group injected with Sal-Tyr along with supplemented L-tyrosine.
Conclusion: The result showed that secretion of L-tyrosinase from tumor targeting Salmonellae in tumor could convert
externally administered L-tyrosine into melanin enough for PAI. This is the first time showed a possibility of imaging
tumors by PAI with tumor targeting Salmonellae expressing tyrosinase. Definitely, this strategy could be expected to
be a good candidate for a theranostic agent in near future.
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Figure. Melanin can be visualized in tumors colonized by Salmonella. CT26 tumor models were exploited. Bacteria
with or without plasmid were injected via tail vein and external L-tyrosine was injected in one group from day 1 after
bacterial infection. After 3 days, PAI was performed in live mice to visualize the melanin as well as hemoglobin in
tumors. The group injected with Sal-Tyr and Tyrosine showed strongest melanin signal in the tumor compared to other
groups.<br />



CONTROL ID: 2501287
TITLE: Tunable Thermal Bioswitches for In Vivo Control of Microbial Diagnostic or Therapeutic Agents
PRESENTER: Dan Piraner
ABSTRACT BODY: 
Abstract Body: Rapid advances in synthetic biology are driving the development of genetically engineered bacteria as
microbial therapeutic and diagnostic agents for a host of human diseases. A critical capability for many envisioned in
vivo applications is the ability to control the function of engineered bacteria in situ, as currently done using chemical
inducers or visible light. However, systemic chemicals typically lack the spatial precision needed to control activity at
specific anatomical sites, such as the gastrointestinal tract or tumor, while optical approaches suffer from poor
penetration in tissues. On the other hand, temperature can be controlled both globally and locally – at depth – using
technologies such as focused ultrasound, infrared light and magnetic particle hyperthermia. In addition, body
temperature can also serve as an indicator of bacterial entry and exit from the host organism and of the host’s
condition (e.g., fever). Given this potential, remarkably few high-performance thermal bioswitches are available to
control gene expression in engineered bacteria. To address this need, we have developed two families of high-
performance thermal bioswitches, established methods to tune their switching transitions within the biomedically
relevant range of 32 to 46 C, constructed genetic circuits that utilize orthogonal bioswitches for multiplexed thermal
logic, and demonstrated the potential utility of this technology for two microbial therapy applications in vitro and in vivo.
 
To develop this technology, we developed reporter constructs (Fig. A) to systematically compare the performance of a
library of candidate transcriptional repressors and heat shock promoters, and identified two repressors with the largest
dynamic ranges and the most switch-like induction profiles as starting points for further engineering. We then
developed a simple, high-throughput screen to mutationally tune the switching transitions of these two repressor
families within the biomedically relevant range of 32 to 46 C (Fig. B) to enable a broad range of applications.
 
We tested the utility of this technology in two important applications of in vivo microbial agents. In the first application,
focused ultrasound (FUS) is used to remotely control the activity of engineered bacterial agents. We demonstrated the
ability of FUS to locally induce thermal elevation and thereby spatially pattern microbial gene expression in vitro (Fig.
C) and in mice. In the second application, we used thermal bioswitches operated at 37 C to engineer a “kill switch”
that restricts the growth of engineered bacteria to body temperature and thereby limit contagion outside the intended
host.
 
Based on these results, we envision the use of our thermal bioswitches to control a wide variety of diagnostic and
therapeutic functions in engineered microbial agents with the ability to respond to host conditions and receive spatially
and temporally specific commands deep in the body using FUS or other thermal delivery techniques.
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A) E. coli were engineered to express a GFP reporter gene from a Temperature-Sensitive Repressor (TSR)-gated
promoter.<br />
<br />
B) Two families of repressors (indicated by dashed and solid lines) were obtained via replica screening at various
temperatures. The resulting mutants demonstrate shifted thermal transitions relative to the wild type. N=4, error bars
indicate S.E.M.<br />
<br />
C) Temperature elevation via focused ultrasound was used to spatially constrain fluorescence activation in a lawn of
E. coli (left). Real-time monitoring via MRI thermometry enabled maintenance of the activation temperature for a 30
minute duration (middle). The dual color reporter construct (TSR136-mWasabi/TSR240-mCherry) demonstrates the
expected fluorescence pattern (right).



CONTROL ID: 2498039
TITLE: Characterization of the Intact Pilosebaceous Unit and Hair Follicles by Volumetric Multispectral Optoacoustic
Tomography
PRESENTER: Steven Ford
ABSTRACT BODY: 
Abstract Body: Characterizing the structure and function of the pilosebaceous unit (PSU) is important in understanding
mechanisms of hair growth and hair loss. Furthermore, characterization of lipid content and morphometry in the PSU
is of interest for understanding the underlying mechanisms of many dermatological conditions, such as seborrheic
dermatitis. Current standards for morphometric analysis of the PSU are invasive, lack molecular specificity, or are
limited in depth of imaging for intact characterization. Therefore, we sought to develop a non-invasive technique for
image-based morphometric analysis of the structures of the hair follicle (HF) and PSU.
A novel volumetric multispectral optoacoustic tomography (vMSOT) approach was developed for painless and intact
visualization and characterization of structures in the PSU. A 3D ultrasound detector array provided high spatial
resolution (~80 um) images at 20 volumetric frames per second. Multispectral imaging was possible by illuminating
tissue using a fast-tuning laser in the range of 660-1300nm, and allowed for unmixing and visualization of key
chromophores of the PSU, including oxy- and deoxy-hemoglobin, melanin, and lipid.
Single-wavelength images provided visualization of key structures of the PSU, from which morphometric analyses
were possible. Multispectral unmixing revealed lipid structures surrounding the HF and PSU and allowed for
estimation of perfusion and relative blood oxygenation of the dermal papilla.
Advantages of vMSOT include handheld operation and label-free characterization of the structure and function of the
PSU. In addition, the non-invasiveness of vMSOT allows for longitudinal studies of the same HF and PSU over
several hair growth cycles and during the time course of therapy. Therefore, these studies suggest strong potential for
vMSOT in characterizing the PSU in health and disease and evaluating efficacy of therapeutic interventions and
cosmetic treatments for hair loss and skin disorders.
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CONTROL ID: 2501266
TITLE: First in-vivo visualization of HDAC expression in the human heart using PET/MRI with [11C]Martinostat
PRESENTER: David Izquierdo-Garcia
ABSTRACT BODY: 
Abstract Body:  
Introduction 
Acetylation and deacetylation are essential processes that contribute to the regulation of gene expression through the
action of enzyme families histone acetyltransferases (HATs) and histone deacetylases (HDACs) 1,2. The nuclear
subset of HDACs, Class I, play a key role in mediating gene expression and cellular diversity throughout the body 3.
Importantly, the regulatory impact of Class I HDACs has been shown to include cardiac development and functional
maintenance of the heart, with evidence mostly in preclinical models 4–7. We recently showed successful use of an
epigenetic imaging radiotracer, [11C]Martinostat, that targets a subset of Class I HDAC enzymes in rodent and non-
human primate 8–10 and has enabled the first maps of density and distribution of select HDAC subtypes in vivo. 
 
To bridge a translational knowledge gap in understanding cardiac HDAC expression, we show here the first images of
in vivo HDAC expression in the human heart noninvasively using simultaneous PET/MRI and [11C]Martinostat.
 
Material and Methods 
Six healthy volunteers underwent PET/MRI scanning, initiated with the injection of 150MBq of [11C]Martinostat. PET
images were acquired for 60 minutes to estimate time-activity curves in the blood pool, myocardium, lung, liver and
kidney. In addition, a 2-point Dixon scan was acquired for attenuation correction of the PET data. Cardiac anatomy
and function were assessed with a stack of short axis balanced steady state free precession (bSSFP) cines, acquired
with breath-holds in the last 15 minutes of the study.
 
Results 
Figure 1A-C shows representative multi-planar PET images demonstrating the uptake of [11C]Martinostat in the
myocardium. Fusion of the simultaneous PET and cine MR images at end of systole is shown in Figure 1D. Time
activity curves showed rapid washout of the probe from the lungs and blood pool but persistent retention of the probe
in the myocardium (see supplemental figures)
 
Conclusions 
The results of this study show that HDAC expression can be imaged in the human heart noninvasively with a novel
radiotracer [11C]Martinostat. These results serve as a proof of concept and the first-in-human study of this agent in
the myocardium. The use of simultaneous PET/MRI allowed attenuation correction and anatomical colocalization of
the PET data to be performed. In addition, functional data of the heart was acquired during the PET acquisition.
Further studies will examine the uptake of [11C]Martinostat in disease and its ability to guide the development of novel
therapies.
 
References 
1. Allfrey, V. G. et al. Proc. Natl. Acad. Sci. U. S. A. 51, 786–94 (1964).
2. Brownell, J. E. et al. Cell 84, 843–51 (1996).
3. Yang, X. J. et al. Curr. Opin. Genet. Dev. 13, 143–153 (2003).
4. Bush, E. W. et al. Expert Opin. Ther. Targets 13, 767–784 (2009).
5. Cavasin, M. A. et al. Pulm. Circ. 5, 63–72 (2015).
6. Kao, Y. H. et al. Int. J. Cardiol. 168, 4178–4183 (2013).
7. McKinsey, T. a. Mol. Med. 17, 434–441 (2011).
8. Schroeder, F. A. et al. PLoS One 8, e71323 (2013).
9. Wang, C. et al. J. Med. Chem. 57, 7999–8009 (2014).
10. Wey, H.-Y. et al. ACS Chem. Neurosci. 150313141134000 (2015).
AUTHORS (LAST NAME, FIRST NAME): Izquierdo-Garcia, David3; Sosnovik, David E.4; Schroeder, Frederick A.3;
Bhanot, Anisha3; Pedemonte, Stefano3; Fuin, Niccolo3; Catana, Ciprian2; Hooker, Jacob M.1



INSTITUTIONS (ALL): 
1. Martinos Center for Biomedical Imaging, MGH / Harvard Medical School, Charlestown, MA, United States.
2. A.A. Martinos Center, Radiology, Massachusetts General Hospital, Charlestown, MA, United States.
3. Athinoula A. Martinos Center for Biomedical Imaging, Massachusetts General Hospital / Harvard School of
Medicine, Charlestown, MA, United States.
4. Medicine, Massachusetts General Hospital, Harvard Medical School, Charlestown, MA, United States.



Fig. 1: Example of [11C]Martinostat uptake in the myocardium in a 4chamber view (A), 2 chamber view (B) short axes
(C) and short axes image fused with cine MR image at end of systole (D), showing excellent agreement of MR and
PET data.
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TITLE: Characterization of diffuse myocardial changes by texture-based analysis of delayed enhanced cardiac
computed tomography and whole heart extracellular volume quantification
PRESENTER: Anna Palmisano
ABSTRACT BODY: 
Abstract Body: Diffuse myocardial fibrosis gained clinical relevance since it was confirmed to be largely responsible of
left ventricle dysfunction and remodelling in ischemic, inflammatory, and idiopathic cardiomyopathies. Moreover,
expansion of extra cellular volume (ECV) in ischemic and non-ischemic heart diseases is strongly associated with
adverse outcomes.
 
Texture analysis (TA) performed on delayed enhanced computed tomography (CTDE) scan after intravenous injection
of iodine contrast agent (CA) may reflect diffuse fibrotic remodelling of the myocardium.
Aim of our study was to perform an analysis of texture of the myocardium, in order to detect differences in the
architectural features, which could underline the presence of diffuse fibrosis among specific cardiomyopathies.
Forty-eight consecutive patients (XX/XY: 0,08; mean age: 61 ± 15 years; BMI: 26 ± 3 kg/m2) underwent cardiac CT
including a pre-contrast scan followed by an angiographic-scan and a delayed-scan acquired about 10 minutes from
the ev injection of contrast media at 80kV in order to increase signal-to-noise ratio. The remote myocardium was
semiautomatically segmented from CTA and superimposed to CTDE scans. Histogram representing the distribution of
the voxel densities in the ROI of the CTDE scan was automatically extracted using Matlab. The 3D ECV map was
calculated on each myocardial voxel as: (ΔHUmyo/ΔHUblood)x(1-Hct)
<span style="line-height:1.6">Hct is the haematocrit, and ΔHU is the change in HU attenuation after and before iodine
injection. The ΔHU in blood pool was maintained constant for each voxel.</span>
 
Grey-level histogram analysis showed a slighter non-significant higher attenuation of left ventricle myocardial wall in
patients suffering from ischemic-cardiomyopathy (ICM) and idiopathic dilated cardiomyopathy (IDCM) with wider
dispersion of HU values in these groups of patients rather than in patients with myocarditis (MCM) and idiopathic
ventricular tachycardia without evidence of structural cardiomyopathy (IVT).
In particular, variance, standard deviation and mean absolute deviation resulted significant different between ICM and
MCM (p=0.02;p=0.008;p=0.023), between ICM and IVT patients (p=0.019;p=0.0065;p=0.016) between IDCM and
MCM (p=0.0005;p=0.0007;p=0.001), between IDCM and IVT patients (p=0.0007; p=0.0006; p=0.001). No significant
differences were found between ICM and IDCM, as in MCM and IVT. Moreover, a correlation between texture
parameters and echocardiographic parameters of left ventricle remodelling, such as left ventricle end-diastolic volume
(LVEDV) and ejection fraction (EF%), was found (p< 0.001).
3D ECV resulted directly correlated to LVEDV (p<0.05) and inversely correlated to EF% (p<0.05)
 
This is the first study in which texture analysis was used for the assessment of myocardial changes. Our results
suggest that CTDE texture analysis and 3D ECV may be promising biomarker of diffuse microstructural alteration
occurring in different classes of cardiomyopathies and may give information about different levels of remodelling.
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TITLE: Refining vagus nerve stimulation in heart failure: Selective optogenetic recruitment of c-fibre vagal efferents is
sufficient to preserve left ventricular function in a rat model
PRESENTER: Asif Machhada
ABSTRACT BODY: 
Abstract Body: Introduction: Vagus nerve stimulation has been shown to reduce the extent of myocardial infarction
(MI) and slow the progression of left ventricular (LV) dysfunction in animal models of heart failure. The precise
mechanisms underlying the beneficial effect of vagus nerve stimulation in heart failure are poorly understood. Vagus is
a complex nerve containing both sensory (80 %) and motor (20 %) fibres, which transmit information from and to the
majority of internal organs. It remains unclear whether the potential benefit of vagus nerve stimulation is due to the
recruitment of afferent (sensory) or efferent (motor) fibres by stimuli delivered via implantable stimulators. In this study
we targeted vagal preganglionic neurones of the dorsal motor nucleus of the vagus nerve (DVMN), established to
functionally innervate the heart,1,2 to express light-sensitive optogenetic proteins and determined the effect of
selective optical stimulation of vagal C-fibre efferents on LV function in a rat model of MI-induced heart failure using
high resolution ultrasound B-mode and Doppler imaging.
 
Methods and Results: Experiments were performed in accordance with the EU legislature and the UK Scientific
Procedures Act 1986 and associated guidelines. In male Sprague-Dawley rats, DVMN neurones were targeted using
viral vectors to express either the light sensitive protein - Channelrhodopsin variant ChIEF, or a control transgene
(eGFP). Four weeks later, animals underwent permanent left anterior descending (LAD) coronary artery ligation or
sham surgery. Blue light stimulation (445 nm, 10 ms pulses, 15 Hz) of the transduced neurones via a pre-implanted
optrode was performed under mild sedation (1 % isoflurane) for 15 minutes every 48 hours for 4 weeks commencing 2
days after the surgery. High-resolution Doppler recordings of mitral flow and LV pressure measurements were taken
to assess LV function. Development of MI-induced LV dysfunction in this model was found to be associated with
marked reduction of ejection fraction (33±3 vs 50±5 % in sham-operated animals expressing eGFP; p=0.01); E/A ratio
(0.99±0.09 vs 1.20±0.10 in sham-operated animals animals expressing eGFP; p=0.04) and LV deceleration slope
(3580±350 vs 2470±290 mm/s/s in sham-operated animals animals expressing eGFP; p=0.02). Optogenetic
stimulation of vagal preganglionic neurones expressing ChIEF resulted in significant improvements in ejection fraction
(49±3 vs 33±3 % in post-MI rats expressing eGFP; p=0.005), E/A ratio (1.2±0.1 vs 0.9±0.1; p=0.03) and deceleration
slope (-2670±260 vs -3580±350 mm/s/s; p=0.04). Complementary improvements were also recorded in the maximum
and minimum differentials of LV pressure.
 
Conclusion: Using optogenetics for highly selective recruitment of vagal efferent projections from the DVMN and high-
resolution ultrasound for sensitive measurements of LV function, we demonstrate that vagal C-fibre efferents exert
trophic effects on LV function that can be exploited to slow the progression of heart failure developing after MI.
 
 
1Machhada et al (2015). Heart Rhythm 12, 2285–93.
2Machhada et al (2016). The Journal of Physiology In Press.
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TITLE: Neovascularization in the infarct zone post-MI can be modulated using hornerin-targeted liposomes for
endothelial-specific delivery of VEGFR2 inhibitor
PRESENTER: Siva Sai Krishna Dasa
ABSTRACT BODY: 
Abstract Body: Introduction: Liposomes are effective particulate drug carriers because they improve the
pharmacokinetic (PK) and pharmacodynamic (PD) profiles of small molecule drugs. In a previous in vivo phage
display screen conducted in a mouse model of cardiac ischemia/reperfusion injury, we identified phage clones specific
for activated endothelial cells (B-40) and cardiomyocytes (I-1) within the infarct border zone that expressed hornerin
following reperfusion. To study the effects of cell type-specific delivery of small molecule drugs in the context of LV
remodeling after myocardial infarction (MI), we compared the delivery of a VEGFR2 inhibitor (PTK787) using
liposomes targeted by B-40 or I-1 peptides. We hypothesized that cell-type specific delivery would improve the
therapeutic index of peptide-targeted liposomes relative to non-targeted liposomes or free drug, and thus might lower
the amount of drug needed to achieve an equivalent therapeutic effect. Methods: Liposomes containing DiR (lipophilic
dye) were targeted using peptides for activated endothelial cells (B-40) and cardiomyocytes (I-1) and their PKs were
determined in post-MI mice using FMT imaging. As neovascularization is a prominent feature of wound healing in the
infarct zone post-MI, we remote loaded endothelial- and cardiomyocyte-specific liposomes with PTK787 in proof-of-
concept experiments to assess the effects of cell type-specific delivery on neovascularization post-MI. Results:
Liposomes labeled with DiR allowed us to identify peptides that were more specific for the post-infarct heart, and
enabled us to monitor the stability of the peptide-liposome conjugates in vivo. Neovascularization in post-MI mice was
significantly reduced by endothelial-specific, B-40 liposomes loaded with PTK787 at 10 mg/kg-d when compared with
animals injected with cardiomyocyte-specific, I-1 liposomes loaded with PTK787 at 10 mg/kg-d or free PTK787 (100
mg/kg-d). Endothelial-targeted liposomes loaded with PTK787 were significantly more potent than cardiomyocyte-
targeted liposomes loaded with the same dose of PTK787 (ED50 = 6.2 vs. 9 mg/kg-d, respectively) and were >10-fold
more potent than free PTK787 (ED50= 67 mg/kg-d). Further, the ED50 of endothelial-targeted liposomes displaying
the B-40 peptide was reduced by 33% in comparison to cardiomyocyte-targeted liposomes displaying the I-1 peptide
and carrying the same payload of PTK787 (6.2 vs. 9 mg/kg-d). Conclusions: The results of this study should help
expedite novel therapeutic strategies aimed at using small molecules to program cardiac regeneration, where cell-
specific delivery is prerequisite for reprogramming wound healing in the infarct and border zone without incurring
deleterious off-target effects. Further, our results suggest that the concept of “off-target” can be extended to the
cellular level, and that differential effects can be obtained by targeting one cell type versus another within the same
tissue.
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Fig. 1. Vessel volume fraction following endothelial specific delivery of PTK787. A) Using automated image analysis,
vessel volume fraction was calculated. The results indicate that B-40 liposomes (10 mg/kg-d) were significantly more
effective at preventing neovessel formation (VVF-0.008) in the infarct region as compared to any other dose or
formulation, including free PTK787 at a 10-fold higher dose (100 mg/kg-d; * denotes p < 0.05 for any comparison). B)
Using Imax modeling, ED50 values were determined for free PTK787 at doses of 20 & 100 mg/kg-d (in gray), I-1
(cardiomyocyte-targeted) liposomes with PTK787 at a dose of 10 mg/kg-d (in blue), and B-40 liposomes at doses of 6
& 10 mg/kg-d (in red). The solid lines indicate median values and the dashed lines indicate the 95th and 5th percentile
model fits obtained from 1,000 nonparametric bootstrap data sets.



CONTROL ID: 2499856
TITLE: Integrin Activation is Elevated in the Left Atrium Following Myocardial Infarction Associated with Remodeling 
PRESENTER: Stephanie Thorn
ABSTRACT BODY: 
Abstract Body: Background: Myocardial infarction (MI) is one of the major causes of heart failure and an independent
predictor for the development of atrial fibrillation in the setting of left ventricular (LV) dysfunction. Changes in the
hemodynamics and subsequent atrial pressure-volume overload in the setting of progressive ventricular remodeling
can lead to atrial remodeling directly predisposing to atrial fibrillation. 99mTc-NC100692, a SPECT tracer, binds to
αvβ3 integrin receptors that are upregulated following MI as part of the remodeling process. To date, both 99mTc-
NC100692 and the PET analogues have shown increases in the tracer uptake in the infarction area in relation to LV
remodeling and the wound healing process including inflammation and angiogenesis.
Objective: This study aimed to investigate whether 99mTc-NC100692 uptake in the atrium in addition to the LV, would
be increased following MI due to atrial remodeling.
Methods: Lewis rats (240-275 g) underwent either left coronary artery ligation (n=10) or SHAM surgery (n=16). At
either 3 weeks (MI n=5, SHAM n=8) or 13 weeks (MI n=5, SHAM n=8) animals underwent echocardiography for
measurements of LV dysfunction (VisualSonics Vevo 2100) and contrast enhanced ECG gated computed tomography
(CT) imaging (Viscover Exitron contrast, GE Explore CT 120) for determination of atrial volumes during the diastolic
and systolic phases. 99mTc-NC100692 (4-6 mCi iv) was injected 1 hr prior to 201Tl (0.5-0.7 mCi) administration for
delineation of infarcted myocardium. Rats were sacrificed 10 min following injection of 201Tl, hearts excised, and
processed for ex vivo well counting. The LV was sectioned in 3 mm slices with each slice cut into 6 transmural
segments for well counting along with the right ventricle, right atrium and left atrium. Tissue 201Tl and 99mTc-
NC100692 was measured with a gamma-well counter (Cobra Packard) using appropriate energy windows. Raw
counts were corrected for spillover, background, decay and weight. Corrected counts were converted to % injected
dose per gram of tissue (%ID/g). The infarcted region was defined 201Tl uptake <70% maximum of the %ID/g (Figure
1A).
Results: Ejection fraction was significantly reduced in the MI animals compared to SHAMs at both 3 and 13 weeks
(35.61 ± 11.83 vs 67.29 ± 7.68 at 3 weeks, p<0.0001 t-test; 31.73 ± 13.63 vs 68.25 ± 7.23 at 13 weeks, p<0.0001 t-
test). 99mTc-NC100692 was increased in the LV infarct compared to the normal perfusion zone and compared to
SHAM LV 99mTc-NC100692 uptake only at 3 weeks post-MI (p<0.05, t-test) (Figure IB). Atrial volume was increased
significantly in both the maximum and minimum phases at 3 and 13 weeks in the MI vs SHAM (p<0.05 t-test) (Figure
IC). Left atrium 99mTc-NC100692 was increased compared to SHAM at 3 weeks post-MI (p<0.01,t-test) with no
significant difference found at 13 week (Figure 1D).
Conclusions: 99mTc-NC100692 uptake was increased in both LV and left atrium early post-MI and was associated
with atrial remodeling following LV dysfunction. Therefore, 99mTc-NC100692 uptake may be predictive of atrial
remodeling and associated risk of atrial fibrillation.
AUTHORS (LAST NAME, FIRST NAME): Thorn, Stephanie L.1; Young, Lawrence H.1; Pfau, Daniel J.1; Mikush,
Nicole1; Eberle, Melissa M.2; Zhang, Jiasheng1; Madwed, Jeffrey B.3; Small, Kersten M.3; Klimas, Michael3;
Sinusas, Albert1

INSTITUTIONS (ALL): 
1. Internal Medicine, Yale University, New Haven, CT, United States.
2. Internal Medicine Cardiology, Yale University , New Haven, CT, United States.
3. Merck Research Laboratory, Kenilworth, NJ, United States.
(No Image Selected)



CONTROL ID: 2437180
TITLE: A Central Nervous Substrate that Determines Exercise Capacity
PRESENTER: Asif Machhada
ABSTRACT BODY: 
Abstract Body: Background: Higher baroreflex sensitivity, enhanced high frequency component of heart rate variability
and a faster heart rate recovery with cessation of exercise in elite athletes suggests plasticity in the central nervous
mechanisms that control the heart. This experimental study was designed to directly test the hypothesis that the
strength of parasympathetic tone determines exercise capacity. We hypothesised that vagal withdrawal should
decrease and vagal recruitment should enhance exercise capacity. We targeted vagal preganglionic neurones of the
dorsal motor nucleus of the vagus nerve (DVMN) which provide functional innervation of the left cardiac ventricle
(Machhada et al., 2015; 2016).
 
Methods: In male Sprague-Dawley rats (380-420g), DVMN neurones were transduced to express an inhibitory Gi-
protein-coupled Drosophila allatostatin receptor (AlstR) (n=8) or green fluorescent protein (GFP) as a control (n=8).
Application of the insect peptide ligand allatostatin (5µl) produces rapid, selective inhibition of targeted neurones. A
pharmacological study investigated the role of muscarinic and neuronal nitric oxide-mediated mechanisms using
systemic treatment with atropine methyl nitrate (2mg/kg, i.p., n=5) or selective neuronal NO synthase inhibitor 7-
nitroindazole (7-NI) (30mg/kg, i.p., n=8). For optogenetic activation, DVMN neurones were targeted to express an
optogenetic construct ChiEF (n=9) or control transgene GFP (n=10) and stimulated with blue laser light (445nm, 10ms
pulses, 15Hz, 15min). Exercise capacity was determined using a treadmill with a shock grid set at the minimum of
0.1mA. Rats were preselected for their compliance after a three day recruitment protocol and randomized. The
experimental protocol involved starting speeds of 20-30cm/s over 5min after 15min acclimatisation. Speeds were then
raised in 5cm/s increments every 5 min until the hind limbs made grid contact four times within a 2min period. The
calculated work (Joules, J) was used as an index of exercise capacity.
 
Results: Acute inhibition of the DVMN neurones by allatostatin resulted in a dramatic reduction in exercise capacity
(8±2 vs 202±27J; p<0.0001; ANOVA). In rats given atropine and vehicle no significant differences in exercise capacity
were observed (113±20 vs 112±22J, p=0.9; t-test). Systemic administration of 7-NI was associated with a significant
reduction in exercise capacity (33±19 vs 129±19J, p=0.0002; t-test), as did 4 h of atropine treatment (63±12 vs
116±20J, p=0.0019; t-test). Rats expressing ChIEF by the DVMN neurones displayed a significantly higher exercise
capacity 4 days following optogenetic stimulation (94±11 vs 47±6J; p=0.002; ANOVA). Improvements were similar to
that observed in naïve rats trained to exhaustion over the same period (105±16 vs 47±6J in rats expressing GFP;
p<0.0001; ANOVA).
 
Conclusion: These results suggest that the strength of parasympathetic tone determines exercise capacity.
 
Machhada et al. (2015) Control of ventricular excitability by neurons of the dorsal motor nucleus of the vagus nerve
Heart Rhythm 12, 2285-93
Machhada et al. (2016) Origins of the vagal drive controlling left ventricular contractility J Physiol In Press
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CONTROL ID: 2493315
TITLE: Preclinical in vivo and in vitro evaluation of novel [18F] radiolabelled phosphonium cations as imaging agents
for cardiac energetics and dysfunction
PRESENTER: Stuart McCluskey
ABSTRACT BODY: 
Abstract Body: Objectives: As a high energy-demanding organ, dysfunction in myocardium energy metabolism is
closely linked with cardiac pathophysiology. Mitochondria, as a central organelle in cell energetics, play a vital role in
cardiac homeostasis. Loss of the mitochondrial membrane potential is the first irreversible stage of cell death, leading
to tissue damage and cardiac remodelling. Lipophilic cations are uniquely sensitive to the mitochondrial membrane
potential and are therefore sensitive to cardiac energetics and myopathy. We compared two novel radiolabelled
phosphonium cations, [18F]Mitophos_04 and [18F]Mitophos_07, as potential tracers for imaging cardiac energetics
and dysfunction.
 
Methods: Radiotracers were synthesized through a copper-catalysed cycloaddition reaction between [18F]fluoroethyl
azide and the terminal alkyne group of the corresponding precursor.1 As a proof of mechanism, in vitro radiotracer
assays were performed using 38C13 cells treated with the mitochondrial complex 1 (MC1) inhibitor, rotenone (2 h, 1-
10 nM), to partially decrease the membrane potential. In vivo evaluations were performed using naïve SD rats (n=3-4),
which received iv administrations of [18F]Mitophos_04 or [18F]Mitophos_07 (ca. 10 MBq) prior to a dynamic PET:CT
scan (60min) to determine biodistribution and tracer kinetics. The cardiac uptake of [18F]Mitophos_07 was compared
between naïve and rotenone treated rats (1 mg/kg/hr i.v., 2 hr, n=3); cardiac-associated radioactivity was measured by
gamma counter and expressed as standardized uptake values (SUV).
 
Results: In vitro, uptake of [18F]Mitophos_07 was reduced by rotenone in a dose-dependent manner (maximum
decrease, 30 %, 10nM rotenone), whereas the more lipophilic [18F]Mitophos_04 showed no dose-associated trend.
In vivo, both tracers showed good metabolic stability with 60 % and 40 % of the [18F]Mitophos_04 and [18

F]Mitophos_07 parent compound respectively circulating in the plasma after 60 min. [18F]Mitophos_07 showed
greater uptake in the myocardium (SUV60min: 4.7 ±1.5) compared with [18F]Mitophos_04 (SUV60min: 0.6 ±0.06).
Myocardial uptake of [18F]Mitophos_07 was significantly reduced by 20 % in rotenone-treated rats compared with
naïve (mean ±SEM SUVnaive: 5.66 ±0.38 versus SUVtreated: 4.53 ±0.20, *P<0.05 unpaired t-test).
 
Conclusions: In vitro, MC1 activity was inhibited through rotenone treatment perturbing the mitochondrial membrane
potential. The reduction in uptake observed for [18F]Mitophos_07 upon rotenone treatment supports the tracers’
sensitivity to changes in membrane potential. In vivo, the greater accumulation of [18F]Mitophos_07 compare with [18

F]Mitophos_04 in rat myocardium, along with the observed response to rotenone treatment indicates this tracer may
be very applicable for imaging cardiac energetics and dysfunction and merits further investigation. In vivo dynamic
PET:CT scans evaluating the change in tracer kinetics with rotenone treatment are on-going.
 
References: 
1 Haslop, A. et al. Mol Pharm, 2014, 11, 3818–3822.
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CONTROL ID: 2490291
TITLE: Glucocorticoid-stimulated monocytes in ischemia/reperfusion: evaluating a cell-based therapy for myocardial
infarction 
PRESENTER: Lisa Honold
ABSTRACT BODY: 
Abstract Body: Introduction 
The resolution of inflammation after myocardial infarction is often insufficient, making the local induction of anti-
inflammatory processes by cell-based therapies an interesting therapeutic approach. Glucocorticoid stimulated
monocytes (GCsMS) are a potential candidate, as they develop an anti-inflammatory phenotype, which is able to
resolve inflammation1.
Here, we used GCsMs generated from Hoxb8-immortalized myeloid progenitors2 to study their potential for cell-based
therapy in a mouse model of ischemia/reperfusion (I/R). Our aims were to i) compare the spatiotemporal migration
dynamics of pro-inflammatory Hoxb8-Monocytes (MOs) and immunosuppressive GCsMs using nuclear and optical
imaging, and ii) study their long term effect on left ventricular (LV) function by serial echocardiography.
 
Methods 
To generate GCsMs and MOs, Hoxb8-immortalized progenitors were differentiated in the presence or absence of M-
CSF (50ng/ml) and dexamethasone (10-7M) as described recently1. GCsMs or MOs were dual labeled with 111In-
Oxine and VivoTrack680. 1x107 cells were injected into the tail vein of C57Bl6 mice 1 day after undergoing transient
surgical LAD ligation for 60min followed by reperfusion. Migration of cells was compared by serial SPECT imaging and
ex vivo FRI, autoradiography and histology (MOs n=5; GCsMs n=4). In a separate pilot experiment, LV function was
assessed by echocardiography 1, 6 and 10 weeks after surgery and application of either GCsMs, MOs or vehicle
(n=5).
 
Results 
GCsMs as well as MOs migrated into the infarct zone and were detectable 1 and 2 days post injection by SPECT as
well as by ex vivo FR imaging. Quantification of both, SPECT (A) and FR signal (B) in the infarct area showed no
difference in the migration dynamics of the two cell types (SPECT [SUV] day 2 GCsMs: 0.41±0.1 vs MOs: 0.49±0.7,
p=0.07; FRI [Rad.eff. (x108)] GCsMs: 1.45±0.7, vs MOs: 1.68±0.4 p=0.53). Autoradiography and histology confirmed
the localization of labeled cells in the infarct zone (C).
Treatment of I/R mice with vehicle or MOs led to a decreased ejection fraction (EF) 6w post surgery (MO: 32.6±5.6%
vs baseline: 47.1±4.9%; vehicle: 36.5±5.5% vs baseline 47.5±3.6%, p=0.02) (D). While the vehicle group partially
recovered by week 10, EF stayed significantly decreased after MO treatment. This was accompanied by poor
remodeling and cardiac hypertrophy 10w post I/R (E). Treatment with GCsMs subdued the impairment of LV function
seen in the other groups, as EF values dropped only slightly, but remained statistically unchanged from baseline at all
time points.
 
Conclusion 
GCsMs and MOs presented with similar migration dynamics post I/R. Treatment with MOs led to impaired LV function,
that, unlike in controls, did not recover and resulted in myocardial hypertrophy. GCsMs abated the initial impairment in
LV function and treated animals showed no adverse remodeling. Thus, although 10w after treatment animals did not
differ from controls, GCsMs showed a promising effect on the temporal healing process after I/R. We are currently
trying to validate these results by evaluating LV function using MRI.
 
1 Varga, G. et. al. 2008, JLB, 2 Wang, G. et. al. 2006, Nat.Meth.
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GCsMs and MOs migrated into the infarct zone post I/R and affected LV remodeling. A) Serial SPECT imaging at day
1 and 2 post cell injection, as well as B) ex vivo FRI showed myocardial infiltration of dual labeled (111In-Oxine and
VivoTrack680) immunosuppressive GCsMS and untreated MOs, with no detectable difference of signal intensity in the
infarct zone (white outlined VOI in 99mTc-Tetrofosmin scans) (** p<0.01, ns p>0.05). C) This was confirmed by
autoradiography and macrophage staining. D) Mice treated with MOs or vehicle presented with reduced EF 6 weeks
post surgery. Vehicle treated mice recoverd by week 10, whereas EF stayed decreased in the MO group. GCsMs
abated the initial impairment of LV function as EF remained unchanged from baseline at all analyzed time points (*
p<0.05 compared to baseline). (E) MO but not GCsM application resulted in poor remodeling and cardiac hypertrophy
10 weeks post surgery (* p<0.05 compared to vehicle group).



CONTROL ID: 2492411
TITLE: Magnetic Particle Imaging as a Tool for Tracking in vivo Biodistribution and Long-term Tracking of Iron Oxide
Nanoparticle Tracers and Therapeutics.
PRESENTER: Paul Keselman
ABSTRACT BODY: 
Abstract Body: Introduction: 
The past decade has seen a strong effort to develop nanoscale drug delivery vehicles [Lin, Chem Rev, 2015].
However, today it remains challenging to confirm the homing of these vehicles to their targets. All current imaging
methods (e.g., MRI, CT, Ultrasound, Nuclear Medicine, Optical) suffer fundamental limitations. Here we show that a
new imaging modality, Magnetic Particle Imaging (MPI), could be a breakthrough for researchers tracking nanoscale
drug delivery vehicles in vivo. MPI is a new imaging modality [Gleich, Nat, 2005; Saritas, J Magn Reson, 2013] with
exceptional promise for applications like cell tracking [Zheng, Nat Sci Rep, 2015; Zheng, Theranos, 2016],
angiography [Rahmer, Phys Med & Biol, 2013] and perfusion [Goodwill, IWMPI, 2014]. MPI directly images
superparamagnetic iron oxide (SPIO) particles around 25 nm in diameter. It is linear, has no tissue limitations, has
unlimited tracer magnetization half-life, and poses no radiation risk [Goodwill, Adv Mat, 2012]. These properties make
MPI an attractive tool for assessing systemic tracking of therapeutics in vivo. Any therapeutic vehicle over 200 nm
could be tagged with SPIOs with small physical changes to kinetics, as long as the tag has no immunogenic response.
In this work, we demonstrate MPI measurements of in vivo biodistribution and clearance of Ferucarbotran and
LodeSpin LS-008 SPIO tracers, respectively optimized for liver targeting and long blood circulation half-life.
Method: 
Two groups of Fischer 344 female rats (9 weeks old) were used for these experiments. The first group (n=3) received
an injection of Ferucarbotran, and the second group (n=3) received an injection with LodeSpin. Each tracer was
diluted in 0.9% saline solution, and then injected as a bolus at a dose of 5 mgFe/kg into the tail vein. The rats were
then imaged with respiratory triggering using a custom built MPI imager [Goodwill, IEEE TMI, 2010] (Fig. 1A). A total
of 11 scans were performed over a 24 hour period and then twice a week up to 70 days. A blood circulation time, liver
clearance and spleen clearance were calculated for each tracer by drawing an ROI over the jugular vein, liver and
spleen respectively. Half-life was calculated using nonlinear least-squares exponential fit of the average signal in the
each ROI.
Results: 
As expected, in animals injected with the liver-targeting agent, Ferucarbotran, most of the tracer cleared into the liver
immediately following the injection (Fig. 1C). It cleared from the liver with a half-life of 8 days (Fig. 1D). The LodeSpin
particles persisted in the blood with a half-life of 6.5 hours (Fig. 1C). The tracer was then cleared from the liver and
spleen with half-life of 9 days in the liver and 22 days in the spleen (Fig. 1D).
Discussion and Conclusion: 
In this experiment we were able to successfully track the biodistribution and clearance of both tracers with MPI. For
both tracers, clearance is consistent with the rates reported in the literature for tracers cleared by the mononuclear
phagocyte system (MPS) to the liver and spleen, as one one might expect.
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Figure 1. A) Image of a custom built MPI Imager at UC-Berkeley. B) Time series images overlayed on a projection x-
ray showing biodistribution of the LodeSpin LS-008 tracer over a 70 day period. C) Blood clearance curves of both
LodeSpin and Ferucarbotran tracers over a 24 hr period.  As expected, the LodeSpin tracer remained in circulation
(half-life: 6.5 hours), while Ferucarbotran was immediately absorbed by the liver. D) Long-term organ clearance
curves over a 70 day period.  Both tracers ended up in the liver and spleen of the animal.  LodeSpin tracer was
primarily captured by the spleen and cleared away (half-life: 22 days), while Ferucarbotran was captured by the liver
and cleared away (half-life: 8 days).



CONTROL ID: 2493062
TITLE: Platelet-targeted microbubbles for in vivo molecular ultrasound imaging: Diagnostic approach for thrombosis,
targeted drug delivery, as well as theranostic approach for thrombolysis without bleeding complications.
PRESENTER: Xiaowei Wang
ABSTRACT BODY: 
Abstract Body: Background – 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. Glycoprotein
(GP) IIb/IIIa complex, is the most abundant receptor expressed on the platelet surface, responsible for adhesion and
aggregation. We have developed conformation-specific single-chain antibodies (scFv) that bind specifically to ligand-
induced binding sites (LIBS) on activated GPIIb/IIIa. We hypothesized that contrast enhanced ultrasound with
microbubbles (MB) selectively targeted to activated platelets would offer real-time as well as high resolution molecular
imaging of evolving and dissolving arterial thrombi. We then conjugated thrombolytic drugs, such as single chain
urokinase plasminogen activator (scuPA), to form targeted theranostic MBs (TT-MB). We hypothesized that these TT-
MBs will allow imaging of thrombosis, offer potent thrombolytic efficacy without bleeding complications, and enable the
immediate monitoring of success or failure of thrombolysis.
Methods and Results – For diagnostic imaging, MB were conjugated to either a single-chain antibody (scFv) specific
for activated GPIIb/IIIa (LIBS-MB), or a non-specific scFv (control-MB). LIBS-MBs strongly adhered to immobilized
activated platelets and micro-thrombi under flow. In a ferric chloride induced carotid artery thrombi mouse model,
imaging was performed before and after MB injection. A significant increase in decibel (dB) was observed after LIBS-
MB but not after control-MB injection (9.55 ± 1.7 versus 1.46 ± 1.3 dB; p<0.01). For theranostic approach, LIBS-MBs
were also coupled with scuPA, a thrombolytic drug that breaks down the blood clots. TT-MB significantly reduced
thrombus size after 45 min, while no significant difference was noted in the MB that were targeted but without
urokinase (37 ± 6 vs. 97 ± 4, mean % change ± SEM, normalized to baseline thrombus size, p<0.001). The same
degree of efficient thrombolysis was only achievable using a high dose of urokinase (NS). The targeting and thus clot-
enrichment effect of TT-MBs results in a highly potent fibrinolysis that could only be matched using high doses of non-
targeted urokinase. However, the latter is associated with a highly prolonged bleeding time (79 ± 7 vs. 1079 ± 261,
sec ± SEM, p<0.001). In contrast, TT-MB does not prolong bleeding time (NS).
Conclusions – We are able to demonstrate that our LIBS-MBs specifically bind to activated platelets in vitro and allow
real-time molecular imaging of acute arterial thrombosis in vivo. In addition, TT-MBs conjugated with recombinant
urokinase represent a novel and unique theranostic approach to simultaneously diagnose thrombosis, as well as to
treat and monitor the success or failure of thrombolysis. This unique, non-invasive and cost effective technology holds
promise for major progress towards rapid diagnosis and bleeding-free, potent therapy of the vast number of patients
suffering from thrombotic diseases.
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CONTROL ID: 2493619
TITLE: Evaluation of Structural Remodeling of the Atria with Optical Coherence Tomography in a Chronic Rat Model
of Myocardial Infarction 
PRESENTER: Melissa Eberle
ABSTRACT BODY: 
Abstract Body: Background: Atrial fibrillation (AF) occurs following myocardial infarction (MI) and is associated with left
ventricular dysfunction, which promotes the development of atrial remodeling and permanent atrial fibrosis [1,2]. The
purpose of this study was determining the effects of MI on left atrial (LA) remodeling with and without therapy with an
angiotensin converting enzyme inhibition (ACEi) utilizing optical coherence tomography (OCT). OCT is a label-free,
high-resolution imaging technique, capable of producing depth-resolved, cross-sectional, three-dimensional volumes
of the intrinsic reflectance of tissue [3,4]. As the composition of the myocardial tissue changes during LA remodeling
the optical attenuation of the light will also change providing a metric to quantify the structural remodeling process.
 
Methods: Lewis rats (240-275 g) underwent either surgical ligation of left coronary artery (n=8) creating chronic MI, or
SHAM surgery (n=8). 3 weeks following surgical intervention, groups were randomized to normal chow or a diet with
the ACEi Enalapril (10mg/kg/day). This resulted in four experimental groups (n = 4 per group): SHAM (Blue), SHAM
with ACEi (Orange), MI no ACEi (Red), and MI with ACEi (Yellow). 13 weeks post MI, ex vivo OCT imaging was
performed of the LA appendage using a ThorLabs OCT system at 1300 nm with an axial resolution of 10 µm. 2 x 2
mm volumes were acquired with a 2 mm imaging depth. Depth-resolved, attenuation coefficient volumes were
calculated from OCT images using an algorithm described by Vermeer et al. [5] and the resulting atrial wall
attenuation values were analyzed along with atrial wall thickness. Image post processing included calculating the
average wall thickness and calculating the average attenuation within the atrial wall as well as dividing the attenuation
values between an average epicardial and endocardial value.
 
Results: Attenuation coefficient cross-sectional images of the LA appendage (Fig. 1A) and associated histological
sections (Fig. 1B), demonstrated a significant increase in wall thickness in the MI group without ACEi (Red) compared
to SHAM groups and evidence of an increase in collagen content associated with an increase in OCT attenuation (Fig.
1C). The average epicardium (epi) and endocardium (endo) attenuation coefficients were plotted along with the
average attenuation of the LA wall (Fig. 1D). There was not a significant difference between epi and endo attenuation
values but there was a significant difference between the attenuation in SHAM and the MI groups (*p<0.05) in both the
epi and endo layer.
 
Conclusions: Quantification of left atrial wall tissue attenuation was performed and shown to increase with MI in
association with increases in collagen as verified with corresponding Masson’s trichrome stained histological sections.
OCT provides an imaging technique capable of investigate LA remodeling with high resolution and label-free tissue
composition contrast processing.
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CONTROL ID: 2500142
TITLE: Design and development of nanomedicines to treat atherosclerosis: a cross platform head-to-head theranostic
study
PRESENTER: Amr Alaarg
ABSTRACT BODY: 
Abstract Body: Background: Atherosclerosis is a chronic inflammatory disease of the large arteries and a leading
cause of death worldwide. Macrophages are key players in the progression of atherosclerosis and are a compelling
target for disease management [1]. Statins, HMG-CoA reductase inhibitors, exhibit anti-inflammatory and anti-
proliferative pleiotropic effects [2]. Using a nanomedicine approach these effects can be amplified [3].
Here, we systematically study three different statin-loaded nanoparticles in atherosclerotic apoE -/- mice. Since the
nanomedicines also contain diagnostic probes in addition to the encapsulated drug, we can use powerful imaging
modalities like positron emission tomography with computed tomography (PET/CT) and near-infrared fluorescence
(NIRF) imaging to follow the fate of the theranostics nanoparticles.
 
Methods: Simvastatin loaded high-density lipoprotein ([S]-rHDL), polymeric nanoparticles ([S]-PN), and liposomes
([S]-lip.) were developed. The three formulations were characterized by transmission electron microscopy (TEM),
dynamic light scattering (DLS) for mean size and polydispersity (PDI), as well as for drug entrapment efficiency (EE%)
by high performance liquid chromatography (HPLC). The effect of the three formulations on RAW 264.7 macrophage
viability was evaluated in vitro. For multimodal imaging, Cy5.5 phospholipid (for NIRF imaging) and desferrioxamine
(DFO)-phospholipid (for 89Zr-labeling and PET imaging), were included in the [S]-rHDL and [S]-lip. formulations, while
for [S]-PN, Cy5.5 and DFO were covalently conjugated to the polymeric nanoparticles. In apoE -/- mice, the
nanoparticles were injected i.v. 24 hours before performing in vivo PET/CT. The radioactivity and dye distribution were
assessed by gamma counting, autoradiography and NIRF imaging ex vivo.
 
Results: The [S] formulations were successfully prepared and had average sizes < 100 nm, with a narrow PDI, and EE
> 60% (Fig.1B and C). [S]-PN shows a more potent effect on RAW 264.7 cell viability with IC50 of 5 µM, compared to
IC50 of 10 µM for [S]-HDL and >25 µM for [S]-L (Fig. 1D). Distinct biodistribution profiles for the three nanoparticles
were observed by PET/CT imaging, which was corroborated by ex vivo gamma counting (Fig 1E and F). [S]-PN
accumulates to a higher degree in spleen and liver compared to [S]-lip. and [S]-rHDL, while the latter [S]-rHDL
accumulates to a higher extent in the kidneys. [S]-lip. shows slightly higher concentration in blood at 24 hours.
Radioactivity concentration in the aortas was similar for the three nanoparticles. Ex vivo NIRF imaging and
autoradiography demonstrated co-localization of 89Zr with Cy5.5 signal in the aortas (Fig. 1G and H).
 
Conclusions: We have developed three [S]-loaded nanoparticle platforms and labeled them for imaging with PET and
NIRF. This allowed us to non-invasively visualize their distinct biodistribution profiles and to assess their plaque
targeting ability. Studies are ongoing to evaluate the impact of platforms on the therapeutic outcomes.
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CONTROL ID: 2500595
TITLE: Exploration of Glucose Metabolism Dysregulation and Vascular Dysfunction of Anti-angiogenic Related
Cardiotoxicity by Dynamic FDG PET scanner
PRESENTER: Joevin Sourdon
ABSTRACT BODY: 
Abstract Body: Since neovascularization through angiogenesis is a major event during tumor development, anti-
angiogenic chemotherapy has been proposed as cancer treatment intended to prevent tumor development. However,
drugs targeting angiogenesis may induce severe systemic side effects such as hypertension (Gupta R, Curr
Hypertens Rep 2011). During a PET imaging study with the multi-targeted receptor tyrosine kinase inhibitor, sunitinib,
we observed an increase in 2-deoxy-2[18F]fluoro-D-glucose (18FDG) uptake in the myocardium of nude mice (Figure
1). Here, we aim to explore further with PET the effect of sunitinib on the myocardium and subsequently develop a
protocol to study pathophysiology of chemo-therapy induced cardiotoxicity.
 
Four groups of mice (aged 17–20 weeks) were compared: (1) nude mice treated with sunitinib 50 mg.kg-1 (n=9), (2)
nude mice treated with placebo (DMSO + PBS) (n=6), (3) C57Bl6 mice treated with sunitinib 50 mg.kg-1 (n=6), (4)
C57Bl6 mice treated with placebo (n=6).
Mice were fasted and a baseline PET dataset was acquired in a nanoScan PET-CT camera (Mediso, Hungary) during
60 min after IV injection of 10 MBq 18FDG. Mice were then treated by gavage with sunitinib or placebo during 5 days,
followed by a post-treatment PET-CT at day 7. Heart FDG images were analyzed using PMOD software. C57Bl6 mice
were also explored by echocardiography at baseline and post-treatment using a Vevo 2100 (VisualSonics, Canada).
Heart samples were collected and rapidly frozen for histology and molecular investigations.
 
Compared to baseline, SUV was increased by 50±13 percent in nude mice treated with sunitinib (p=0.0003) while it
increased only by 17±26 percent in the placebo-treated group (n.s). In the sunitinib group, compartmental modeling
demonstrated a significant increase of 57±11 percent of the metabolic rate of glucose (p=0.002); However, this was
associated with a significant decrease of glucose Influx Rate Constant (ml/ccm/min) compared to baseline (p=0.001),
while these parameters remained unchanged in the placebo group (Figure 2).
In C57Bl6 mice, PET results were similar and moreover, sunitinib-treatment induced a dramatic reduction of cardiac
output down by 59±36 percent (p=0.01), while in placebo-treated mice there was a slight increase of 13±22 percent
(n.s).
Lectine immunostaining were performed and showed no difference in the number of capillaries between groups.
Proteomics and western blotting revealed metabolic pathways alterations with principally a switch for anaerobic
carbohydrate utilization.
 
In conclusion, molecular imaging revealed sunitinib-induced cardiotoxicity. This study showed myocardium vascular
dysfunction which led to metabolic dysregulation with a shift for glycolytic phenotype. Work is in progress in our
laboratory to follow pathophysiology using our new imaging device PET Registered Ultrafast Sonography in a long
term treatment study and for validation with molecular mechanisms. We believe this study could be easily use as
follow-up for pharmacological and clinical protocols since we know that metabolic dysregulation is responsible for
contractile dysfunction (Kundu BK, Cardiology 2015)
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CONTROL ID: 2500860
TITLE: Prediction of Atherosclerotic Plaque Progression by In Vivo Molecular-Structural Imaging of Plaque
Inflammation and Endothelial Permeability
PRESENTER: Eric Osborn
ABSTRACT BODY: 
Abstract Body: Introduction: Atherosclerotic plaque progression and complications are driven by the underlying plaque
pathobiology. Yet, a detailed understanding of the relationships between plaque growth and plaque biology in vivo are
lacking. This study evaluated the ability of serial intravascular near-infrared fluorescence (NIRF) molecular imaging of
plaque inflammation and endothelial permeability in vivo to independently predict experimental atheroma progression
in coronary-sized arteries.
 
Methods: Induction of atherosclerosis was performed by aortic balloon-injury in cholesterol-fed rabbits. Intravascular
ultrasound (IVUS) and multimodality NIRF - optical coherence tomography (OCT) molecular-structural imaging were
performed at 8 and 12 weeks after administration of a NIRF molecular imaging agent that reports on impaired plaque
endothelial permeability (indocyanine green (ICG); n=7) or plaque inflammatory protease activity (ProSense VM110;
n=7). IVUS changes in plaque burden between 8 and 12 weeks defined plaque progression, and the association
between changes in NIRF plaque biology and changes in IVUS plaque progression were evaluated by regression
analysis. Ex vivo fluorescence microscopy and histology were performed to corroborate the in vivo imaging findings.
Results: 1,811 axial NIRF-OCT and IVUS images across individual plaques were evaluated.  Between 8 and 12
weeks, the change in NIRF plaque biological signals correlated strongly with IVUS plaque burden (ICG: r=0.572;
ProSense VM110: r=0.774; p<0.0001), a finding that remained significant even after multivariate adjustment for
baseline IVUS plaque burden, lumen area, and remodeling index (p<0.001). Further analysis revealed that the 8 week
NIRF biological signal independently predicted IVUS plaque burden progression between 8 and 12 weeks (p=0.004
for ICG; p<0.001 for Prosense VM110). Histopatholgy and fluorescence microscopy localized NIRF signals to
inflamed, lipid-rich atheroma.
 
Conclusion: In vivo NIRF-OCT imaging of plaque inflammation and impaired endothelial barrier function independently
predicts atherosclerotic plaque burden growth by IVUS. Translational intravascular NIRF-OCT molecular-structural
imaging may offer new approaches to detect coronary artery plaques at risk of progression over time.
AUTHORS (LAST NAME, FIRST NAME): Osborn, Eric A.3, 1; Ughi, Giovanni J.2; Verjans, Johan3; Gerbaud,
Edouard2; Takx, Richard4; Tawakol, Ahmed4; Tearney, Guillermo2; Jaffer, Farouc3

INSTITUTIONS (ALL): 
1. Cardiology, Beth Israel Deaconess Medical Center, Boston, MA, United States.
2. Wellman Center for Photomedicine, Harvard Medical School, Boston, MA, United States.
3. Medicine / Cardiology / CVRC, Massachusetts General Hospital / Harvard Medical School, Boston, MA, United
States.
4. Massachusetts General Hospital, Boston, MA, United States.
(No Image Selected)



CONTROL ID: 2493332
TITLE: Evaluation of 18F-Fluorodeoxyglucose Uptake in the Abdominal Aorta of Angiotensin II-treated
Hypercholesterolemic Mice
PRESENTER: Jakub Toczek
ABSTRACT BODY: 
Abstract Body:  
 
Objective 
Abdominal aortic aneurysm (AAA) accounts for >10,000 recorded deaths in the United States each year. There is a
clinical need for improved AAA risk models to overcome the limitations in current screening and surveillance
strategies. The detection of vascular inflammation, associated with AAA expansion and rupture, may be a promising
approach for this purpose. 18F-Fluorodeoxyglucose (FDG) positron emission tomography (PET) imaging, considered
to account for vascular inflammation, has so far shown mixed results in clinical trials.1 Here we sought to investigate
FDG uptake with quantitative autoradiography in LDLR-/-ApoB100/100 mice infused with angiotensin II (AngII) to
induce AAA to address the potential basis of the discrepancy observed in AAA studies.
 
Methods 
LDLR-/-ApoB100/100 mice (n = 16) were infused with AngII (1.1 mg/kg/day) delivered by a subcutaneous osmotic
minipump. After 28 days, the surviving animals were fasted for 4 h and anesthetized using isoflurane 1 h prior the
intra-venous injection of 8 MBq of FDG. The animals were kept warm under anesthesia for 2 h prior to euthanasia and
blood and tissues harvesting. Tissues samples were weighted and their activity was quantified by gamma well
counting. The suprarenal abdominal and descending thoracic aorta were cleaned from adherent tissues, deep-frozen
in OCT and processed in order to acquire 14 µm-thick sections used for autoradiography. The tissue between different
sections was collected for gene expression analysis using quantitative RT-PCR system. Tissue sections were
exposed to a phosphor screen and were scanned in a phosphor imager system to quantify FDG uptake based on
references of known activity.
 
Results 
AngII treatment in LDLR-/-ApoB100/100 resulted in the development and rupture of thoracic aneurysm in one animal
within 6 days (n = 1/16) and the development of AAA at 28 days in 38 % of animals (n = 6/16). FDG uptake in the
abdominal aorta section with maximal activity was higher in animals with AAA compared to animals that did not
develop AAA (5.6 ± 1.8 vs 3.2 ± 1.1 %ID/g, p < 0.01). However, there was no difference in FDG uptake in the non-
aneurysmal thoracic aorta between the two groups of animals (3.3 ± 0.7 vs 2.7 ± 1.0 %ID/g, p = 0.15). Maximal FDG
uptake in the abdominal aorta correlated with EMR1 (a marker of macrophages) gene expression (R = 0.57, p < 0.05).
 
Conclusion 
In AngII-infused LDLR-/-ApoB100/100 mice there is higher FDG uptake in aneurysmal abdominal aorta of animals
with AAA compared to the aorta of animals that failed to develop aneurysm. FDG uptake in abdominal aortic aorta
correlated with tissue inflammation. Quantitative autoradiography is a promising methodology for in-depth
investigation of the determinants of FDG uptake in AAA.
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CONTROL ID: 2493536
TITLE: A Bio-Mimic Method for Preparing Mesenchymal Stem Cells and Labeling with Ferumoxytol for Cell Tracking
by Magnetic Resonance Imaging
PRESENTER: Li Liu
ABSTRACT BODY: 
Abstract Body: Background and Objective: In-vivo cell-tracking by magnetic resonance imaging (MRI) is crucial for
regenerative medicine, allowing verification that the transplanted cells reach the targeted sites. Cellular MRI combined
with superparamagnetic iron-oxide (SPIO) contrast agents is an effective cell-tracking method. Mesenchymal stem
cells (MSCs) are among the major stem cells used for regenerative medicine. It is challenging to label cultured MSCs
with Ferumoxytol, the only FDA approved SPIO particles. It requires transfection agents (TA), e.g., Ferumoxytol-
heparin-protamine nanocomplex 1. Another challenge is that MSC phenotype and function can change during culture
and expansion in order to obtain enough cell numbers for clinical dosing 2. Recently, it has been found that MSCs are
phagocytic in nature and can be labeled with Ferumoxytol in vivo (i.v. injection) 3. Our hypothesis is that the “in-vivo
cellular environment” is important for MSC functions and can recover the “changes”, e.g., phagocytic activity and cell
size, of the ex-vivo expanded MSCs. Our aim is to develop a new “bio-mimicry” method by making use of the “in-vivo
environment” of MSCs to prepare native MSCs, so that (i) the phagocytic activity of cultured MSCs can be recovered
and expanded MSCs can be ex-vivo labeled with Ferumoxytol, with no need of TA; (ii) MSCs can be better prepared
ex vivo and the expanded MSCs can be more “native”.
 
Methods: The procedures of the new bio-mimic method are shown in the Figure A: (i) flush bone marrow cells from
femurs and tibias of a male Brown Norway (BN) rat and incubate for 24 hr at 37°C; (ii) remove the supernatant from
the adherent cells; (iii) expand the number of MSCs for 7 days; (iv) prepare fresh supernatant by repeating step (i),
using another BN rat; (v) trypsin-EDTA digest MSCs from step (iii) and wash MSCs with phosphate buffered saline
(PBS); (vi) add Ferumoxytol (50 µg Fe/mL) to the cells and add the supernatant from step (iv); and (vii) allow the cells
to incubate overnight. Steps iv, v, and vi are different from the traditional method, as shown in Figure B.
 
Results: Using our new method, (i) 7-day cultured MSCs regain the capability to take up Ferumoxytol and intracellular
iron concentration increases from 0.56 pg Fe/MSC to 2.50 pg Fe/MSC, comparable to that obtained by using TA 1; (ii)
cell size, an indicator of MSC “stemness”, is re-sized to be more native, reducing from 32.0 ± 7.2 mm to 19.5 ± 5.2
mm. The labeled cells exhibit over 95% viability. Labeling efficiency is verified by Prussian blue iron staining, MR
microscopy (MRM), and transmission electron microscopy (TEM).
 
Conclusions: Our method can be very useful for expanding MSCs and labeling with Ferumoxytol, without the need for
TA and/or electroporation, allowing cell-tracking by MRI in both pre-clinical and clinical studies.
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Figure Legend. Flow chart depicting our new method (A) and traditional method (B) for labeling bone marrow MSCs
with Ferumoxytol and preparing more “native” MSCs.<br />
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TITLE: New microvascular compartment model can estimate hepatic blood perfusion and membrane transport of 11C-
methylglucose in pigs using dynamic PET scans
PRESENTER: Ole Munk
ABSTRACT BODY: 
Abstract Body: The standard compartment model (CM) is widely used to analyze dynamic PET data. CM is fitted to
time-activity curves to estimate rate constants that describe the transport of tracer between well-mixed compartments.
However, the liver has high perfusion and large plasma volume, and it has been experimentally shown that the
standard CM is unable to describe the blood-tissue exchange of tracer in the liver [1]. The aim of this study was to
develop and validate an improved kinetic model. The operational equations for a new microvascular compartment
model (MCM) were derived by incorporating a number of important physiological features possessed by the liver but
not accounted for by the standard CM. The MCM does not assume that the sinusoidal blood compartment is well-
mixed, but rather allows concentration gradients to develop using the Renkin-Crone relation. In contrast to CM, the
MCM 1) incorporates perfusion rate as a distinct model parameter, 2) returns tissue backflux into capillary plasma
allowing for multiple uptakes during a capillary passage, and 3) incorporates a physiological blood volume parameter.
Data analyzed here included dynamic liver PET data from six pigs that were PET scanned on an ECAT EXACT HR-47
after 11C-methylglucose injection. Large volumes of interest (200mL) were defined on liver tissue to extract 5 minute
time-activity curves. During PET scans, the blood activity concentrations were measured in the hepatic artery (HA),
portal vein (PV) and liver vein (LV) by manual blood sampling. Furthermore, blood flow rates in the HA and PV were
measured using surgically placed ultrasound flowmeters. The hepatic arterial flow fraction was used to calculate the
flow-weighted hepatic dual-input function [2]. Data were analyzed using one-tissue MCM and one-tissue CM.
Kinetic analysis using MCM provided estimates of blood perfusion (F=1.0±0.3 mL/mL/min; as compared to 1.1±0.3
mL/mL/min measured by flowmeters), extended blood volume (Vb=0.44±0.09 mL/mL), permeability-surface product
(PS=1.5±0.6 mL/mL/min), and extravascular volume (Vc=0.18±0.02 mL/mL). All values are mean value ± standard
deviation (N=6). These MCM parameter estimates were all physiologically reasonable. For all data sets MCM fitted the
measured PET data significantly better than the standard CM when accounting for the additional parameters in MCM
(Akaike values 64±20 for MCM, and 95±13 for CM). In addition, the MCM predicted the time course of concentrations
in the venous outflow from the liver, a prediction fundamentally unobtainable using the CM as it does not return tissue
backflux to the capillary blood compartment.
The results showed that dynamic PET data include physiological information that cannot be extracted using the
standard CM. The new MCM not only fits PET data better than the CM, but moreover incorporates kinetic parameters
with clear physiological meaning. The new MCM is easy to implement using analytical solutions of the underlying
equations. MCM was validated here for 11C-methylglucose in the liver. It is readily adaptable to metabolizable tracers
and to other organs.
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TITLE: Duramycin in the Molecular Imaging of Vulnerable Plaque
PRESENTER: Farhan Chaudhry
ABSTRACT BODY: 
Abstract Body: Background: Apoptosis of macrophages in inflamed atheroma contributes to plaque vulnerability
through expansion of the necrotic core and thinning of the fibrous cap. The process of apoptosis leads to
exteriorization of the phospholipids phosphatidylserine (PS) and phosphatidylethanolamine (PE). Annexin-A5 (AA5)
binds to membrane bound PS expressed on the outer leaflet of the cell membrane with high affinity. However, the
concentration of PS is low, limiting the amount of AA5 localizing at sites of apoptosis. PE expression in apoptotic cells
[about two-fold greater than PS], potentially offering a better target for identifying apoptosis. Duramycin binds the PE
head group with high affinity, and may provide a higher concentration at target sites of apoptosis than that of AA5.
Duramycin also has a short plasma half-life which allows for imaging a short time after administration of radiolabeled
duramycin. To test this hypothesis, we compared uptake of radiolabeled duramycin to that of radiolabeled AA5 in the
balloon injured and high-cholesterol fed aorta rabbit model.
Methods: There were a total of 26 rabbits used. 20 of which were fed 0.3% cholesterol diet with 6% peanut oil prior to
and after balloon de-endothelialization of the abdominal aorta. 16 weeks later animals were injected and imaged. 8 of
the 20 manipulated animals were each injected with Technetium-99m-labeled succinimidyl 6-hydrazinonicotinate
acetone hydrazone (HYNIC)-duramycin (Tc-D), 6 of the 20 were injected with linear duramycin (Tc-LD (as a negative
control)), and the last 6 manipulated animals were injected with Technetium-99m-labeled AA5 (Tc-AA5) prior to
radionuclide imaging. Six of the unmanipulated animals served as the controls. Following in-vivo imaging all the aortas
were explanted for ex vivo imaging and histological characterization of the plaque.
Results: There was significantly more uptake of Tc-D within atherosclerotic lesions than that of controls and Tc-AA5.
Quantitative Tc-D uptake, represented as percent injected dose per cm (%ID/cm) of abdominal aorta was a 4.5-fold
higher in the atherosclerotic lesions (0.0068±0.0016 %ID/cm) than in normal aorta (0.0016±0.0004 %ID/cm). The
region of interest (ROI) analysis of the ex vivo images of aorta showed a 5.0-fold higher uptake in lesion versus non
lesion areas. Tc-AA5 uptake in damaged segments of aorta was 0.0037±.0013 %ID/cm which was significantly less
than that of Tc-D. Tc-D and Tc-AA5 uptake corresponded to lesion severity and macrophage burden by histologic
characterization. The radiation burden to the kidneys and other non-target organs was minimal in Tc-D. Radiation
burden particularly in the cortex of the kidney for Tc-D was 0.49%ID/g and was significantly less than that of Tc-AA5
which was 5.48%ID/g (p-value<0.01).
Conclusion: Duramycin localizes in areas with high concentration of apoptotic macrophages in experimental
vulnerable plaques. Radiolabeled Duramycin has very minimal kidney radiation burden. Therefore, Tc-99m labeled
Duramycin provides high quality scintigraphic images of experimental atheroma, better than that of AA5 while not
burdening the kidneys as much as AA5.
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SPECT/CT In Vivo Images<br />
The duramycin in the ballooned and high cholesterol fed group (BC) shows intense uptake along the the aorta which
we can locate easily by looking at spine in the SPECT/CT fusion images. The Duramycin group is compared with
annexin A5, the negative control (Linear-Duramycin) and the control group which was neither ballooned nor fed a high
cholesterol diet.
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TITLE: In Vivo Magnetic Particle Imaging of Lung Perfusion in Rats - Towards High Sensitivity and High Contrast Non-
Radiation Based Diagnostics for Pulmonary Embolism
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ABSTRACT BODY: 
Abstract Body: Introduction: Pulmonary embolism (PE) is a life-threatening form of venous thromboembolism. PE and
the closely related condition of deep vein thrombosis affect an estimated 600,000 patients in the US per year
(Beckman et al., Am J Prev Med, 2010). Untreated, PE carries a mortality rate of 30%. Because many patients
experience mild or non-specific symptoms, imaging studies are necessary for definitive diagnosis of PE. CT
pulmonary angiography (CTPA) is recommended for most patients, while ventilation/perfusion (V/Q) scans is reserved
for patients in whom the use of iodine is contraindicated (Thompson et al., UpToDate, 2016). Magnetic particle
imaging (MPI) is an emerging tracer imaging modality with high sensitivity (200 nM Fe) and contrast (no background
noise). Importantly, it uses no ionizing radiation (Goodwill et al., Adv Mater, 2012). MPI is not MRI; MPI directly
images SPIO tracers via their strong electronic magnetization, enabling deep imaging of anatomy including within the
lungs, which is very challenging for MRI. Here, for the first time, high contrast MPI lung perfusion images in vivo rats
using a novel lung perfusion agent, MAA-SPIOs, are shown.
Materials & Methods: Albumin was bound to micromod nanomag-MIP iron oxide nanoparticles to produce
macroaggregated albumin superparamagnetic iron oxide conjugates (MAA-SPIOs), as described in Fig. 1b. 1.6 million
MAA-SPIOs were administered to a 25-week-old female Fisher rat via a tail vein injection. The rat was imaged with
respiratory gating on a custom-built 3D 7 T/m MPI scanner with a 4 x 4 x 10.6 cm FOV and 10-minute acquisition time,
shown in Fig. 1a. CT imaging was performed on a RS9-80 Micro CT scanner (GE).
Results & Conclusion: The novel MPI lung perfusion imaging agent is visible under MPI and effectively targets the
lungs after a venous injection, as shown in Fig. 1c. MAA-SPIOs travel to the lungs within 10 minutes and are visible
only in the lungs for one hour. Afterwards, MAA-SPIOs travel to the liver and spleen, and are no longer present in the
lungs after one day. High sensitivity and high contrast images of lung perfusion in vivo rats using a novel MPI lung
perfusion agent, MAA-SPIOs, demonstrate that MPI may be uniquely suited for accurate and safe diagnosis of life-
threatening lung conditions such as PE or chronic thromboembolic pulmonary hypertension. MPI has superior safety
characteristics over the current recommended imaging modalities of CTPA and V/Q scintigraphy or SPECT since no
ionizing radiation is used. Additionally, SPIO tracers are thought to be better tolerated by patients with poor renal
function compared to the CTPA contrast agent iodine (Lu et al., Am J Hematol, 2010). MAA-SPIOs target effectively to
the lung perfusion and clear out in clinically convenient and safe times. In future studies, MPI lung imaging can be
extended to ventilation studies via nebulized SPIOs in order to improve diagnostic power for a myriad of lung
conditions. Pairing MAA-SPIOs with the superior safety of MPI imaging could offer completely iodine and radiation-
free, robust 3D lung perfusion images with convenience, cost and safety far superior to conventional V/Q.
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Figure 1: (a) A custom-built 3D 7 T/m Magnetic Particle Imaging scanner. (b) Schematic of the MAA-SPIO fabrication
process. BSA = bovine serum albumin; B = biotin; S = streptavidin; SPIO = superparamagnetic iron oxide nanoparticle
(c) MPI MAA-SPIO lung perfusion scans in vivo rats over 24 hrs. The 10-min scan is coregistered to a CT.
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TITLE: SPECT/CT imaging, ex vivo biodistribution and autoradiographic quantification of peptide modified 111In-
labelled silicon nanoparticles in a rat model of myocardial infarction
PRESENTER: Sanjeev Ranjan
ABSTRACT BODY: 
Abstract Body: Porous silicon nanoparticles (PSiNP) are promising carriers for targeted drug delivery. Various
targeting ligands have been conjugated to these nanoparticles (NPs), resulting to succesfull in vitro cell targeting.
However, limited progress has been achieved so far in extending such success into in vivo setting in animal models,
and the knowledge on their biodistribution is still very limited. The present study aims to investigate the behaviour of
several heart-targeted PSiNP in vivo and to compare their targetability, biodistribution and pharmacokinetics. The
PSiNP were modified with PEG for improving their stealth properties and DOTA for radiolabeling, and further
conjugated with heart targeting peptides (Pep-1-3). As controls, PSiNP without any targeting peptides and PSiNP with
scrambled sequence of Pep-3 were used.
 
Functionalized PSiNPs were radiolabeled with 111In with yield above 70%, and their stabilities were studied in buffers
covering a physiologically relevant pH range 2.3 to 8.7, and in 50% human plasma up to 4 h. Isoprenaline injected
myocardial infarction model male Wistar rats were intravenously administrated with [111In]PSiNPs in order to study
the success of their targetibility towards the heart tissue, monitored by SPECT/CT imaging, ex vivo biodistribution
studies and autoradiography.
 
All tested peptide-modified PSiNPs improved their accumulation in the heart, up to 4.5% of the injected dose (%ID) as
quantified by SPECT/CT images (Fig. 1). The particles had the highest accumulation at 10 min. The ex vivo
biodistribution studies revealed that at 4 h, the [111In]PSiNP were mainly accumulated in liver and spleen. Further,
autoradiographic quantification of heart cryosections was done for Pep-1 modified SiNPs, which exhibited the highest
heart accumulation based on the SPECT image quantification. The autoardiographic analysis was performed in order
to investigate a regional differences on the NP accumulation within the myocardium. Autoradiographic quantification of
myocardium shows that the ratio of activity between endocardium and epicardium (Endo/Epi) is significantly higher
compared to control NPs without any targeting peptide and to pure radionuclide Indium chloride solution (InCl3) (Fig. 1
).
 
Functionalized PSiNP were successfully labelled with 111In for in vivo studies. Peptide modified [111In]PSiNP get
markedly enhanced accumulation into the heart with differential selectivity between endocardium and epicardium.
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Figure 1: SPECT/CT image quantification of the heart showing the biodistribution of the intravenously administered [
111In]PSiNP modified with different targeting peptides at 10 min, 20 min, and 4h time points. Values represent mean
± s.d., n = 4/5 (A). hematoxylin and eosin staining (B) and autoradiography (C) of rat heart. Autoradiographic
quantification of heart muscle to show the difference of NPs distribution between endocardium and epicardium at 10 m
and 4 h (D). For Pep-1 modified SiNPs the ratio of activity between endocardium and epicardium (Endo/Epi) is
significantly higher compared with controls, NPs without any targeting peptide and pure radionuclide (111In) indium
chloride solution injected to rat tail vein.
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TITLE: Evaluation of Myocardial Perfusion and Extracellular Volume Fraction in Pigs using 68Ga-DOTA PET
PRESENTER: Jesús Mateo de Castro
ABSTRACT BODY: 
Abstract Body: Introduction 
PET radiotracers for assessment of myocardial perfusion include 13NH3, 82Rb and H2

15O. However, their short half-
life limits widespread clinical use due to the need of a nearby cyclotron (13N and 15O) or of expensive generators (82

Rb). Furthermore, current techniques for assessment of extracellular volume fraction (ECV) as late gadolinium-
enhancement MRI are limited for detection of diffuse or interstitial myocardial fibrosis and have limited spatial
coverage. In contrast, 68Ge/68Ga generators have a low cost and provide easy access to positron emitting
radionuclides compared with those produced by a cyclotron. We propose the use of 68Ga-DOTA PET imaging for
quantification of myocardial perfusion and ECV. The results obtained in pig studies are presented here.
Methods 
Pigs with cardiac infarcts induced by 40 min ischemia of the left anterior descending coronary artery followed by
chronic reperfusion where used in the PET/CT studies 7- (n=5) and 45-days (n=5) after infarction. In addition, a series
of PET scans at intervals of 30 min were obtained in healthy pigs (n=4) during intravenous infusion of adenosine (0,
100, 200, 400, 600, and 800 mg/kg/min). Each PET scan was performed as a 10-min dynamic scan started 50 s
before tracer injection (~100 MBq). 68Ga-DOTA was intravenously injected as a 10-s bolus with an automated pump.
The amount of free tracer in plasma was determined from blood samples withdrawn at different time-points under rest
and stress conditions. Segmentation of the myocardium, ventricles and aorta was performed. Time-activity curves
were introduced in a single-tissue compartment model implemented obtaining the perfusion and ECV values at the
ROI and voxel levels.
Results 
Myocardial perfusion values obtained in the infarcted areas were significantly reduced in comparison to remote
regions in both groups, 7- and 45-days post-infarction. ECV was considerably increased in the infarcted areas in pigs
7-days after infarction while the other group showed only minor increase. Polar plots showing full myocardial
information were also obtained (Figure 1). Dose-response studies with adenosine showed an increase in perfusion
that was in agreement with previous studies using different radiotracers2.
Conclusions 
68Ga-DOTA PET allowed us to successfully quantify myocardial perfusion and ECV in pigs with induced myocardial
infarction and in healthy pigs. This technique provides wide access to quantitative measurement of both perfusion and
ECV with PET imaging.
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Figure 1: Representative parametric polar maps for rest perfusion (right) and ECV (left) in a pig with LAD infarction
showing reduced perfusion and increased ECV in the infarcted area.
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TITLE: Development of near-infrared fluorescent probe for vulnerable plaque detection
PRESENTER: Mikako Ogawa
ABSTRACT BODY: 
Abstract Body: Background: 
Vulnerable atherosclerotic plaques cause acute myocardial infarction and stroke. We previously reported a vulnerable
plaque imaging probe, 111In-labeled liposome for SPECT. The liposome was modified with phosphatidylserine (PS),
since macrophages recognize PS to phagocytize apoptotic cells in the plaque. In this study, we developed a
fluorescent-labeled liposome for more-specific and easy-to-use approach. We evaluated the probe in vitro focusing on
macrophage polarization and in vivo in mice, rabbits, and monkeys.
 
Methods: 
PS liposomes were prepared by lipid-film hydration method (DPPC: DPPS: chol: = 1:1:1, 200 nm). For optical imaging,
indocyanine green (ICG) was encapsulated in the liposome. In addition, to increase the specificity, the cathepsin B
cleavable peptide, Ac-KGGGFLGK-OH was prepared and the peptide was labelled with ICG on lysine residues.
For in vitro studies, the liposomes were incubated with mouse peritoneum derived macrophages or in the human
monocytic cell line THP-1 after differentiation into macrophages. Also, macrophages (M0) were polarized into M1 by
LPS/IFNg, and IL-4/IL-13 for M2. In the animal studies we observed enrichment of ICG-labeled liposomes in
atherosclerotic plaques of apoE-/- mice as well as WHHL rabbits. Macaca fascicularis experiments attempted to
simulate final application in human subjects by detecting atherosclerotic plaques within the carotid aorta.
 
Results: 
The fluorescence of ICG was quenched by liposome capsulation, and was activated after the disruption of the
liposome membrane. The fluorescence of the ICG labelled peptide was activated by cathepsin B treatment, and the
target specificity was increased by applying the peptide. The uptake was higher in M0 and M2 macrophages than M1.
In in vivo studies, the plaques were detected in apoE-/- mice by fluorescence imaging. The real-time fluorescence
imaging and MRI were successful in WHHL rabbits and monkeys.
 
Conclusions: 
Preliminary results indicate promising potential for liposome probes for atherosclerotic plaque detection. M2
macrophages play important roles in clearing the apoptotic cells in atherosclerotic plaque, then cause the necrotic
core. This probe should visualize the late stage in atherosclerosis development.
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TITLE: CT imaging of myocardial infarction in mice using a novel iodine-based contrast agent
PRESENTER: Stefan Sawall
ABSTRACT BODY: 
Abstract Body: Introduction:  Micro-computed tomographic (CT) cardiac imaging of small rodents is a challenging task
due to the low contrast between blood and the myocardium as well as the rapid heart and respiratory rates of up to
600 beats per minute and 300 respirations per minute, respectively. Recent advances in contrast media research
indicated that iodine-based blood pool agents might accumulate in the myocardium after a prolonged blood circulation
time and allow for the visualization of pathophysiological processes [1]. We herein evaluate a novel blood pool agent
in a mouse model of myocardial infarction including a correlation of the findings from CT to histological stains.
 
Methods: Ten BALB/c nu mice with myocardial infarction inflicted by a ligation of the left anterior descending artery
(LAD) were injected with a dose 125 µL of a novel blood pool contrast agent NPG 4006 consisting of a polymeric
nanostructure with an iodine content of about 200 mg/mL. The animals were imaged repetitively over 300 min using a
flat detector-based computed tomography system (VolumeCT, Siemens Healthcare, Forchheim, Germany) to evaluate
the kinetics of the blood pool contrast agent by measuring the time-dependent enhancement in selected regions of
interest. All image reconstructions were performed using a low-dose phase-correlated reconstruction method, i.e. all
reconstructions show a distinct cardiac and respiratory state of the animal to prevent a degradation of image quality
due to motion artifacts [2]. After 300 min the animals were sacrificed, hearts were excised and fixated in paraffin.
Slices with a thickness of 10 µm were prepared and underwent histological preparation using Masson’s Trichrome
staining [3]. Based on the reconstructed CT images, the infarct volumes were measured using a manual
segmentation. Infarct sizes in the corresponding histological slices were measured by an automatic segmentation
method (see figure).
 
Results: Blood pool peak enhancement was observed immediately after injection with an enhancement of about 800
HU compared to the baseline and a blood half-life of about 120 min. The peak enhancement in the myocardium was
observed after 240 min showing an increase in CT values of 400 HU. A qualitative comparison of CT reconstructions
and histological staining indicates that the blood pool agent is homogenously distributed in the healthy myocardium.
The quantitative comparison of infarct volumes obtained from CT reconstructions and histology are highly correlated
(R2=0.98).
 
Conclusions: The results indicate that the severity of myocardial infarction can be accurately quantified in vivo using
CT acquisitions after administration of the novel blood pool agent NPG 4006. This allows for the monitoring of a
variety of processes such as cardiac remodeling in a longitudinal study.
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Reconstruction of a mouse scan 240 min post injection of 125 µL NPG 4006 illustrating an uptake of the iodine-based
blood pool agent in the myocardium (C/W=200 HU/1000 HU, left). Note the infarcted region (yellow arrow) and a
potentially unimpaired papillary muscle (red arrow). Histological staining of the corresponding slice with the infarcted
region shown in green (middle) and the automatic segmentation of the infarcted myocardium shown in orange (right).
The histological slices illustrate that the papillary muscle was not affected by the infarct and corroborate the findings
observed in the CT reconstruction.
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chain fragment variable vectorized in nanocapsules 
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ABSTRACT BODY: 
Abstract Body: Atherosclerosis is a chronic inflammatory disease underlying the myocardial infarction and ischemic
stroke. The electronegative low-density lipoprotein [LDL(-)], a modified subfraction of LDL, is pro-inflammatory and
plays an important role in atherogenesis1. Previously, it was shown that a single chain fragment variable (scFv)
reactive to LDL(-) inhibits the pro-inflammatory actions of this atherogenic LDL subfration in macrophages and inhibits
atherosclerosis in mice2.
Aim: To use molecular imaging tools (PET/CT) to investigate the atheroprotective effects of an anti-LDL(-) scFv-
functionalized multiple-wall lipid-core nanocapsule formulation (scFv anti-LDL(-)-MCMN-Zn)3 in hypercholesterolemic
LDL receptor knockout mice (Ldlr - / - mice).
Methods: Ldlr - / - mice were fed on high cholesterol diet and weekly administered with the scFv anti-LDL(-)-MCMN-Zn
nanoformulation (5 mg/Kg of scFv) for 8 weeks. A paired group of hypercholesterolemic Ldlr - / - mice injected with PBS
was used as control. After treatment, mice were investigated by 18F-FDG (FDG) positron emission tomography (PET)
associated with ioxenol contrasted computed tomography (CT). After images acquisition, CT and PET files were
reconstructed with FBP and MLEN algorithms, respectively, resulting in 125 microns isotropic voxel size. Aortic arc
region was determined on CT and applied on PET images for each animal. FDG absorption in this region was
quantified by standardized uptake values (SUV).
Results: Aortic arc FDG activity was lower in anti-LDL(-)-MCMN-Zn treated mice (16.30 ± 0.9517; N=7) compared to
PBS treated control group (23.33 ± 3.021; N=5) (Mean ± Standard Error Mean; p= 0,0287, unpaired T test).
 
Conclusion: 18F-FDG-PET/CT data indicate that the scFv anti-LDL(-)-MCMN-Zn nanoformulation inhibited the
progression of atherosclerotic lesions in hypercholestrolemic Ldlr - / - mice, suggesting its potential use in future
therapeutic strategies for atherosclerosis.
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TITLE: SE-WMRI IntraGate Cardiac Imaging with Reduced Motion Artifact.
PRESENTER: Yi-Hang Tung
ABSTRACT BODY: 
Abstract Body:  
Target audience 
Researchers/clinical practitioners that are interested in high spatial/temporal resolution IntraGate FLASH (IG-FLASH)
cardiac imaging with reduced scan time or motion artifacts.
Purpose 
IntraGate FALSH (IG-FLASH) scans MR images in conjunction with motion gating to reduce artifacts but inevitably
increases scan time due to higher number of repetitions. In this study, we use SE-WMRI technique to compare either
reduced scan time or reduce motion artifacts in IG-FLASH.
Methods 
SE-WMRI proposed by Wu et al. [2] reduces phase encoding steps by a factor of “W” while employing an
oversampled zig-zag readout trajectory to maintain sampling density and k-space coverage. The number of segments
in the zig-zag trajectory was defined as “S”. Four different sets of IG-FLASH images were compared: Conventional IG-
FLASH acquires 300 reps, 24mins; W=2, S=1 SE-WMRI takes 300 reps. in half the scan time (12mins). S=5 SE-
WMRI also acquires 300 reps within 12 mins; and finally a W=2, S=5 SE-WMRI with 600 reps., taking 24 mins scan
time. Parameters in common: FOV= 5.0×5.0 cm2, spatial resolution=260×260 µm2, slice thickness 1 mm, TR/TE
24.9/6.7 ms.. The short-axis cardiac images were acquired using a healthy Sprague-Dawley rats with a 4-channel
cardiac coil and Bruker 7T animal MRI system (Ettlingen, Germany), imaging geometry setup is shown in Fig. 1-(a-1).
Ghost to Noise Ratio (GNR) of 4 different conditions were measured to quantify ghost level: the mean of ghosts divide
standard deviation of background noise and normalized according to the noise distribution.
Results and Discussion 
Imaging intensity Conventional IG-FLASH image Fig.1-(b) contains cardiac/respiratory motion artifacts along
frequency encoding direction. SE-WMRI images shows significantly fewer motion artifacts along the diagonal
directions in (c) & (e). W=2, S=1 Fig.1-(c) halves the scan time but loses image details due to the low-pass filtering
effect of S=1 sampling. W=2, S=5 in Fig.1 (d) & (e) fully restores the high frequency details of the cardiac images.
Using the same scan time as conventional imaging, the W=2, S=5 SE-WMRI image in Fig.1-(d) shows comparable
SNR, less artifact and increased sharpness, where the boundaries of myocardial wall and blood perfusion can be
easily distinguished.
The noise distribution of 4 channels receiver and sum-of-square reconstruction are Noncentral chi distributed [3]. As a
result, the closer GNR approach to 1.0, the less ghost level shown. We found GNR is 1.8 for conventional IG-FLASH
image, 1.9 for S=1 WMRI and 1.1 for S=5 WMRI respectively. The signal and noise measurement was averaged by all
of 20 frames and the result is as in Table.1.
Conclusion 
SE-WMRI elegantly reduced artifacts in cardiac IG-FLASH imaging within same scan time. Pushing the technique
further, we could imagine it’ll greatly benefit preclinical/clinical studies of cardiovascular diseases.
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Figure 1. (a-1) Geometrical setting of the cardiac images. Images were taken in the short axis and the acquired image
was shown in (a-2). (b-e) we saturated image intensity to observe and compare the artifacts. (b)Motion artifacts were
found in frequency encoding direction in conventional image. Artifacts situate along the diagonal direction of SE-WMRI
images due to the sampling trajectory. (e) S=5 sampling significantly reduced motion and blurring effects than S=1 in
(c). Artifacts are barely visible once the number of average doubles in (d). k-space are shown in lower right of each
image.
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TITLE: Generation of cardiac precursor nanoprobe and image guided biodistribution analysis.
PRESENTER: Rao Papineni
ABSTRACT BODY: 
Abstract Body: In order for cell based therapy to truly succeed, it is imperative to track the locations of the delivered
cells, the duration of cell survival, and any potential of adverse effects. Analysis elsewhere, on the stem cell therapy
using bio-luminescence imaging indicates that about 90% cell death within first 3 week of delivery due to harsh
microenvironment leading to short-term improvement of cardiac function. This may limit the overall efficacy of stem
cell based therapy. The nanoparticles in cancer theragnostics and for stem cell tracking, as a rule of thumb should
differ in the amounts of chemistries involved in preparation. We earlier developed a multimodal nanoparticle (NP) that
can be simultaneously be imaged by near -IR, and magnetic resonance Imaging (MRI) modalities to avail the best of
the spatial resolution, sensitivity, and the depth detection. Here, a multimodal cardiac precursor nanoprobe fabricated
using minimal chemistries for non-invasive molecular magnetic resonance (MR) imaging and cell based myocardial
repair is developed and evaluated. Herein, the modified approach which is economical, scalable and potent prototype
of a cardiac precursor nanoprobe that functions as a cell label and tracking agent is presented. This probe constitutes
cardiac specific antibodies against SIRPA and KDR that are bound to the surface of PEG coated SPION which aids in
the segregation of cardiac precursor cells from cardiac/non cardiac origin for cellular therapy. Characterization of the
size (TEM, SEM, Zetasizer), topology (AFM) and surface charge (Zeta potential) along with the in vivo biodistribution
through MRI are presented. The results from this study show these nanoparticles (GloTrack) as a negatively charged,
900 nm size on an average with a uniform distribution of cardiac specific antibodies. The feasibility of its tracking in
vivo using MRI is confirmed by non-invasive imaging of the kinetic bio distribution of the nanoparticles in C57BL6 mice
through a series of images over 90 min period. These nanoparticles capable of minimizing ex-vivo cell manipulation,
potentially allows real-time visualization of cardiac precursor cell delivery, homing, proliferation and regeneration.
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MR imaging of in vivo biodistribution of Cardiac nanoprobe-GloTrack in C57BL6 mice. (i) T2 –weighted pre-contrast
MR images (i.e) pre-injection of GloTrack (ii) T2-weighted post contrast (post-injection of GloTrack) image after 90
min. (iii) Difference image, i.e “ii minus i” in (a) Mouseheart [h] and (b) heart, liver [lv] and kidney [k].



CONTROL ID: 2489688
TITLE: Effect of gold nanoparticle size and coating for cell labeling of monocytes
PRESENTER: Peter Chhour
ABSTRACT BODY: 
Abstract Body: Introduction 
In atherosclerosis, monocyte infiltration into the arterial wall is a key step in development and progression of the
disease. Monitoring of monocyte recruitment into plaques can be informative of the disease stage as studies have
found that recruitment is highest during the early stages of the plaque development. X-ray computed tomography (CT)
is one of the best methods to image the coronary arteries due to fast temporal and spatial resolution. For cell tracking
with CT, the use of gold nanoparticles (AuNP) as a cell label is attractive due to strong x-ray attenuation and high
biocompatibility. CT requires high local concentrations of AuNP for strong image contrast. Therefore, the optimization
of gold nanoparticle loading for cell labeling techniques is critical to improving the detection of these cells.
 
Results: 
We have previously demonstrated the feasibility of imaging gold labeled monocytes recruited into atherosclerotic
plaques with CT (Fig. 1A). In the present study, we sought to improve the loading of AuNP into monocytes to increase
the sensitivity of detection in CT. The effect of AuNP size and ligand chemistry for uptake in the monocyte cell line,
RAW 264.7 was explored. The Turkevich method was used to synthesize particles of 15 nm in diameter. A seeded
growth method was used to synthesize larger diameter particles of 25, 50, 75 and 100 nm. TEM of these
nanoparticles can be seen in Fig. 1B. AuNP were characterized with UV/vis absorption, dynamic light scattering, and
zeta potential (Sup. Table 1). The stability of each AuNP core size was evaluated with a number of ligands shown in
Sup. Table 2. Stability was studied via 24 hour incubations of AuNP in DPBS and cell culture media. Most
formulations for all sizes were stable, except with PEG-NH2 and 11-MUDA ligands (Sup. Table 2).
To examine the biological interactions of the AuNP with monocytes, cytotoxicity was evaluated with a LIVE/DEAD
assay using monocyte cell line, RAW 264.7 at AuNP concentrations of 0.1, 0.5, and 1.0 mg/ml. High cell viabilities
were found for nearly all formulations for 15, 25 nm, 50 nm, 75, and 100 nm (Sup. Fig. 1). Significant cytotoxicity was
observed with 100 nm AuNP capped with a 20/80% mixture of PEG-NH2/PEG-COOH (Fig. 1C). Formulations that did
not exhibit cytotoxicity or stability issues were used to examine cellular uptake in monocytes. These formulations were
used to treat RAW cells for 24 hours at a concentration of 0.5 mg/ml. CT scans of AuNP labeled cells showed strong
x-ray attenuation (Fig. 1D). The highest uptake was observed with 11-MUDA coated 15 nm particles, however a
number of formulations at different sizes exhibited comparable uptake values including 50 and 75 nm AuNP coated
with PEG-COOH (Fig. 1E).
 
Conclusion: 
This study explores a number of different AuNP parameters in an effort to optimize the uptake in monocytes and
furthermore the detection of these cells with CT. Future studies will include experiments for optimization of incubation
time with AuNP for maximum uptake, and studies with primary monocytes to examine how uptake or viability results
may differ with primary cells.
AUTHORS (LAST NAME, FIRST NAME): Chhour, Peter2; Kim, Johoon2; Ferrari, Victor A.1; Cormode, David3, 2

INSTITUTIONS (ALL): 
1. Medicine, Univ. of PA Medical Center, Philadelphia, PA, United States.
2. Bioengineering , University of Pennsylvania, Philadelphia, PA, United States.
3. Radiology, University of Pennsylvania, Philadelphia, PA, United States.





CONTROL ID: 2493610
TITLE: A Microfluidics-based Bottom-up Approach for the Synthesis of Nanostructures for Molecular Imaging
PRESENTER: Brenda Sanchez-Gaytan
ABSTRACT BODY: 
Abstract Body: Introduction 
Nanomedicine-based imaging alternatives are facilitated by improved synthesis approaches capable of producing
highly-reproducible homogenous nanoparticles at large scale. Simple and cost-effective methodologies become
indispensable for large-scale in-vivo trials, however, typical methods to synthesize self-assembled nanoparticles
involve ineffective and complicated procedures. Among the plethora of platforms, lipid-based nanoparticles, such as
nanoemulsions and the natural-occurring high-density lipoprotein (HDL), are of special interest. Nanoemulsions (oil
nanodroplet cores surrounded by a lipid corona) are usually synthesized through top-down approaches,1 which
restricts size and modularity. HDL on the other hand, structurally similar to an oil in water emulsion, has inherent
target-specific characteristics, and can also be modified with diagnostic molecules (e.g. paramagnetic, fluorescent) or
hydrophobic payloads (e.g. nanocrystals).2 Here, we present a single-step microfluidics-based method to synthesize
nanoemulsions and HDL-like nanoparticles (μHDL) with imaging-capabilities to be used for molecular imaging
purposes.
 
Methods and Results 
A bottom-up microfluidics-based approach was used to synthesize the nanoparticles. Nanoemulsions were generated
by injecting ethanolic solutions containing oil, lipids and imaging agents (i.e., nanocrystals, dyes and labeled lipids)
into the microfluidics module where they were swiftly mixed with PBS. The procedure yielded nanoparticles with
imaging capabilities in the core and/or the corona. The ratios of oil/lipids as well as the flow rates and the viscosity of
the lipids were found to have a profound impact on the size and overall quality of the nanoparticle. Sizes varied from
30 to 150 nm, with high flow rates generating the most monodispere batches. Loading of other components such as
nanocrystals and other imaging agents in both the core and the corona was very efficient and highly improved
compared to top-down synthesis methods. μHDL with different phospholipid compositions and loadings was prepared
as well. For this, ethanolic solutions containing phospholipids and imaging agents were mixed with apoliporotein AI in
PBS. Upon injection of the components, μHDL forms instantaneously and the resulting nanoparticle has the same
structural and biological properties (e.g., size, morphology, bioactivity) as native HDL. In addition, imaging agents (i.e.,
nanocrystals, dyes and functional lipids) could also be easily incorporated.
 
Conclusions 
Microfluidic-based technology was employed to self-assemble synthetic lipid-based nanoparticles with molecular
imaging capacities. The ease of preparation allows the production of highly reproducible nanoparticle batches with
modulation of structure and composition not possible through typical top-down synthesis approaches.
 
1. Delmas et al. Langmuir 2011. 27(5). 1683
2. Duivenvoorden et al. Nat Commun. 2014. 5. 3065
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CONTROL ID: 2500747
TITLE: Novel [18F]-cationic BODIPY dyes for the application in myocardial perfusion imaging
PRESENTER: Kantapat Chansaenpak
ABSTRACT BODY: 
Abstract Body: PET myocardial perfusion imaging (MPI) holds several benefits for diagnosing coronary artery disease
and related cardiac disorder. Previously, we have demonstrated the potential of the [18F]-trimethyl ammonium
BODIPY dye for the cardiac imaging application. In this study, we report novel cationic BODIPY derivatives and their
capability as PET-MPI agents. New cationic BODIPY dyes were prepared with different nitrogen substituents (1, 2,
and 3). The synthesized BODIPY dyes were radio-labeled via SnCl4-assisted 18F-19F isotopic exchange protocol.
The resulting radiotracers were subjected to in vivo metabolic stability evaluation, microPET imaging, and
biodistribution studies in murine model. The novel [18F]-cationic BODIPY dyes were obtained in high radiochemical
purity (>95%). The microPET results and the biodistribution data revealed that the ethyl BODIPY showed the most
promising heart uptake. Our experiments displayed that subtle nitrogen substituent changes have a drastic effect on
the cardiac uptake of the [18F]-cationic BODIPY dyes in murine model.
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CONTROL ID: 2492573
TITLE: Ultra-large-scale Production of Ultrasmall Superparamagnetic Iron Oxide Nanoparticles for T1-weighted MRI
PRESENTER: Fenglin HU
ABSTRACT BODY: 
Abstract Body: Abstract Ultrasmall superparamagetic iron oxide (USPIO) nanoparticles with high stability in
physiological conditions have great potentials for T1-weighted MRI. In current study, we developed a procedure for
ultra-large-scale production of USPIOs (1.5 kg per batch) for T1-weighted MRI. The USPIOs were coated with
poly(acrylic acid) (PAA@USPIOs), uniform in size (~ 4.5 nm) and very stable in physiological conditions even after
sterilized by autoclave. Due to its small size, PAA@USPIOs demonstrated good T1 MRI contrast effect and could be
used for both first-pass and steady-state magnetic resonance angiography (MRA). After injected with PAA@USPIOs
at the dose of 135 μmol Fe/kg, the head-neck vasculatures and abdominal artery of rabbits and the coronary artery of
pigs could be clearly visualized by T1-weighted MRI (Figure 1). Moreover, PAA@USPIOs was highly tolerable by
animals. Our study indicated that the procedure developed in this study has a great promise for large-scale production
of USPIOs for T1-weighted MRI for future clinical applications.
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Figure 1 Highly stable USPIO for MRA.



CONTROL ID: 2492606
TITLE: Piperazine-Rhodol Based ‘Turn on’ Fluorescent Probe for Hypoxia Imaging
PRESENTER: Kondapa Bobba
ABSTRACT BODY: 
Abstract Body: Hypoxia occurs mainly due to deficiency of oxygen supply to body tissues and it invites diseases like
cancer, ischemic and cardiothearapy. The hypoxia exists 60% in solid tumors and it is related to tumor metastatis.1 In
such system, over expressed Hypoxia-Inducible Factor 1(HIF-1) and imbalance cellular redox system. Thus, the
imaging of hypoxia in living cells is very important. Many approaches have been developed for imaging of hypoxia
such as fluorescence imaging, PET imaging, phosphorescence and utilizing immunostaining imaging. Amongst, the
florescence imaging has more advantages over other due to high sensitivity, selectivity and easy to synthesize.
Several fluorescent probes have been developed and those contains Nitro group or Azo group or Quinone group acts
as hypoxia-sensing moiety.2 These groups undergo bioreduction and exhibit fluorescence under hypoxic conditions.
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Fluorescence imaging using probe 1 (top) and phase contrast (bottom) of C. elegans in different concentrations of
NTR in vitro: : a) with 20 μM of 1 only; b) with 20 μM of 1 for 2h and 7 ug/ml NTR for 2h; c) with 20 μM of 1 for 2h and
15 ug/ml NTR for 2h.Images were obtained using excitation wavelength at 510 nm and both excitation and emission
slit widths set at 3 nm.<br />



CONTROL ID: 2492837
TITLE: In vitro, ex vivo and in vivo imaging of neutrophil activation in the alveolar space using pulmonary optical
endomicroscopy and a bespoke molecular imaging probe
PRESENTER: Thomas Craven
ABSTRACT BODY: 
Abstract Body: Introduction
Many biologically distinct respiratory conditions exhibit a similar clinical phenotype, especially on the intensive therapy
unit (ITU). The activated neutrophil is implicated in the pathogenesis of many of these conditions1,2. Diagnosis and
stratification may be improved by profiling the neutrophil and one of its proteinases, human neutrophil elastase (HNE),
within the alveolar space. Fluorescent reporters of human neutrophil elastase have been previously reported by our
group3. Combining fibre based optical endomicroscopy (OEM) and bespoke fluorescent reporters could allow tests of
biological process to take place at the bedside and in real time.
 
Methods
A neutrophil activation probe (NAP) was designed to identify the activated neutrophil by targeting three processes:
phagocytosis, alkalinization of the phagosome, and activity of HNE. The action of the probe was confirmed using
spectrophotometry, confocal microscopy and flow cytometry. The probe was tested in a large ovine lung model
perfused with whole human blood in conjunction with bronchoscopic OEM. NAP was synthesized to GMP and a
Phase 1 study is underway in healthy volunteers, ITU patients, and patients with bronchiectasis. The study is
registered with the EudraCT database (2011-066167-17) and with the National Clinical Trials database
(NCT01532024).
 
Results
Spectrophotometry demonstrates the specificity of the probe to HNE over other serine proteinases. In vitro study using
confocal microscopy demonstrates the specificity of the probe to activated neutrophils and the rapid response of the
probe upon activation. Confocal microscopy and flow cytometry were used to confirm the mechanism of action of the
probe. After initial demonstration that the probe could be coupled with optical endomicroscopy, the technique was
proven to distinguish inflamed and non-inflamed lung segments in the ex vivo lung perfusion model. Nine out of
sixteen patients have completed assessment in the phase 1 study. No adverse reactions or serious adverse reactions
have been reported.
 
Discussion
Based on what is known about the biology of the neutrophil and its contribution to disease, a chemical smartprobe
was synthesized and is proven to act according to its intended design. The potential utility of this bedside molecular
imaging strategy has been demonstrated, from bench to patient. A phase 2 clinical study is planned, which will assess
the test characteristics of this novel technique and its ability to predict and stratify clinically important outcomes in a
heterogeneous ventilated population in the intensive care unit.
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CONTROL ID: 2492937
TITLE: Lymphatic Imaging and Pneumatic Compression in Chronic Venous Insufficiency
PRESENTER: John Rasmussen
ABSTRACT BODY: 
Abstract Body: Venous leg ulcers (VLU) characterize the most advanced stages of chronic venous insufficiency (CVI)
and are often recurrent, can persist for years, and can result in infection, cellulitis, osteomyelitis, and/or amputation.
While standard-of-care frequently includes surgical procedures, more conservative approaches including compression
are often employed in efforts to promote venous return and have been shown to promote ulcer healing. However,
many CVI patients also develop lymphedema, indicating that lymphatic dysfunction may play a role in the progression
of chronic venous disease. In this pilot study, we describe the use of near-infrared fluorescence lymphatic imaging
(NIRFLI) to 1) visualize lymphatic anatomy and pumping function in patients with VLUs and 2) assess the impact of a
single treatment of a pneumatic compression device (PCD) on the VLU-associated lymphatics.
After informed consent, twelve CVI subjects with at least one active VLU were enrolled in the study.[1] NIRFLI was
conducted following the intradermal injection of indocyanine green (total dose ≤400 µg) in bilateral limbs by
illuminating the limbs with a diffuse 785 nm light and collecting the resulting 830 nm fluorescent signal using a custom
imaging device with night vision technology[2]. NIRFLI was performed for approximately 30 minutes before and after
the 1 hour PCD treatment. Image sequences were acquired with 200-ms exposure times, allowing near-real-time
visualization of lymphatic contractile function. Images were assessed for abnormal lymphatic anatomy and contractile
function before and after PCD therapy.
All CVI subjects had lymphatic abnormalities similar to those previously observed in subjects with lymphedema.
Lymphatic pooling was observed in the ankles and in areas with ulceration. Abnormal lymphatics were observed in
limbs with no history of ulceration but with CVI-related skin changes such as hemosiderin staining. Reduced lymphatic
pumping was observed in both symptomatic and asymptomatic limbs as compared to normal subjects. NIRFLI of the
lymphatics after PCD therapy showed evidence of recruitment (Figure) and/or emptying of lymphatic vessels near the
ulcers, indicating that PCD therapy may enhance overall proximal movement of lymph.
This study demonstrates lymphatic abnormalities in CVI subjects and the use of PCDs to enhance lymphatic function
near VLU. Further studies are needed to determine the role of the lymphatics in the progression of CVI and whether
lymphatic treatment may be complementary to surgical management to prevent progression and promote regression
of chronic venous disease.
This study was approved by the University of Texas IRB and the FDA, and funded in parts by Tactile Medical and the
NIH.
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(A) Color image of a healed wound in the medial lower right leg, with the insert showing the remaining open wound on
the lateral side.  Fluorescent images showing the visible lymphatic vessels before (B) and after (C) pneumatic
compression therapy and illustrating the recruitment or filling of lymphatic vessels.



CONTROL ID: 2490512
TITLE: Visual pattern and serial quantitation of F-18 sodium fluoride in asymptomatic patients after hip and knee
arthroplasty
PRESENTER: HYE JOO SON
ABSTRACT BODY: 
Abstract Body: We have, for the first time, used F-18 NaF PET/CT to investigate the serial physiological changes in
asymptomatic prosthesis patients. 32 patients without any symptom after hip (15 patients) or knee (17 patients)
arthroplasty were enrolled. They were classified by the interval between surgery and scan : hip ( 3-6 mon(mo): 7
prosthesis, 7-22 mo: 9 prosthesis, more than 24 mo: 4 prosthesis ), knee ( 3-6 mo: 4 prosthesis, 8-15 mo: 14
prosthesis, 22-25 mo: 6 prosthesis). Both visual and quantitative analysis regarding the detailed picture of tracer
distribution pattern and serial changes of the uptake intensity for the different zones were conducted. 10 and 6 VOI
were made on the hip (three acetabular[DeLee and Charmley] and seven femoral[Gruen] zones) and knee (3 femoral
zones and 3 tibial zones). Quantification was made by the automatic isocontour method with a 30% threshold of the
difference between SUVmax and SUVmin using PMOD 3.7. We calculated uptake ratio by dividing SUVmean of the
periprosthetic zone by that of the contralateral distal femur or tibia in hip or knee prosthesis. PET image was classified
by uptake pattern (Fig. 1). In hip, during the 3-6 months, there was an intense bone-forming activity, and significant
decrease was observed 5-10 months. By then, activities had declined in most cases, but 5 - 10% of all cases showed
a slight increase at 15 - 20 months in zones 1, 2, and 3, and at 10 - 15 months in zones 5 and 6, and at 20 - 25
months in zones 4, 5, 6, 7, and 8. After this time, they declined at similar (zones 5, 7) or mildly greater (zones 1-4, 6,
and 8-10) rates than the uptake of contralateral normal bone. In the correlation analysis, although the uptake ratio in
all zones tended to decrease, the correlation coefficient varies depending on each zone. Zones 1, 4, 7, 9, and 10
showed strong, zones 5, 6, and 8 showed moderate, and zones 2 and 3 showed fair negative correlations. There was
a significant difference in uptake ratio between the 3 time periods except in zone 8 (ANOVA). When comparing the
uptake ratio of the porous coated(zones 4, 10) with that of the uncoated area(zones 5-9) of the femoral part, the
uptake ratio in the coated area was significantly higher than that of the uncoated area only in the first 3 - 6 months. In
knee, there was a significant rise from 3-6 to 8-15 months. The peak activity in the 8-15 month rapidly decreases,
such that at 22-25 months, the uptake ratio reaches nearly similar(zone 5), or mildly higher(zones 1-4 and 6) levels to
contralateral bone. There was a significant difference in the uptake ratio between 3 time periods in all zones (ANOVA).
Every zone showed positive correlations from 3-6 months to 8-15 months, and negative correlations from 8-15 months
to 22-25 months, although each zone had characteristic correlation coefficients. The clinical significance of our work is
that this is the first F-18 NaF PET/CT study that gives information concerning the stability of the implant and has
established a reference for the evaluation of patients with complications.
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Classification of uptake pattern in hip and knee(femoral & tibia component) prosthesis



CONTROL ID: 2499013
TITLE: Rapid clinical–grade optical imaging agent development- A Quality System approach in an academic
environment
PRESENTER: Emma  Scholefield
ABSTRACT BODY: 
Abstract Body: Introduction:  Active pharmaceutical ingredient (API) manufacture in an academic setting faces many
challenges, particularly when it comes to manufacture and release for first-in-man clinical studies. Commercial
outsourcing is expensive, fraught with difficulties and often out-with the time frame and financial budgets of most grant
funded projects.  Under Eudralex Volume 4 – GMP Part II, there is no regulatory GMP requirement for active
pharmaceutical ingredients (API’s) used as starting materials.
We have established a manufacturing laboratory following GMP principles with appropriate quality systems to produce
high quality optical imaging agent drug substance before final product formulation.
 
Aim: To establish an API manufacturing facility in an academic setting for the synthesis of novel optical imaging
agents to detect infection and inflammation for first-in-man clinical studies.
 
Results: To date we have synthesised 3 novel imaging agents to clinical-grade in our laboratory with the first
successful production run occurring only 6 months after the commissioning of our facility. All 3 compounds are now
entering first-in-man studies over the coming months and are registered on the ClinicalTrials.gov registry
(NCT02604862, NCT02558062 and NCT02491164). The facility has successfully undergone audits by third party
clients.
 
Conclusions: The ability to produce APIs in an academic setting has allowed us to dramatically reduce the financial
costs and timescales involved in outsourcing drug substance synthesis. Crucially this has also allowed us to maintain
control of our optical agent development pathway and effectively mitigate risks. We have been able to achieve our
project goals and progress our novel imaging compounds into the clinical arena, paving the way for further funding,
external collaborations and industry partnerships.
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CONTROL ID: 2488309
TITLE: Quantitative Fluorescence Intravital Lung Microscopy to Study Pulmonary Vaso-occlusion in Transgenic Sickle
Cell Disease Mice.
PRESENTER: Margaret Bennewitz
ABSTRACT BODY: 
Abstract Body: Background: Vaso-occlusive crisis (VOC) is the primary reason for emergency medical care by sickle
cell disease (SCD) patients1,2. SCD patients hospitalized with VOC often develop acute chest syndrome (ACS), a
form of acute lung injury, suggesting a role for pulmonary vaso-occlusion in the onset of ACS3,4. However, the
cellular, molecular and biophysical mechanism as well as the anatomical site of pulmonary vaso-occlusion is
unknown.
 
Hypothesis: Pulmonary vaso-occlusion results from in situ pre-capillary pulmonary arteriole occlusion, which involves
either neutrophil sequestration followed by P-selectin-PSGL-1 enabled platelet nucleation on sequestered neutrophils
or micro-embolism enabled by circulating platelet-neutrophil aggregates.
 
Methods: SCD transgenic or non-sickle control mice were intravenously (IV) administered with bacterial
lipopolysaccharide (LPS) to induce vaso-occlusion. Fluorescent anti-mouse Ly-6G and CD49b mAbs were
administered IV for in vivo staining of circulating neutrophils and platelets, respectively. Multiphoton excitation (MPE)
enabled quantitative fluorescence intravital lung microscopy (qFILM)5 was used to assess the formation of vaso-
occlusion in the intact lungs of live mice. Function-blocking anti-mouse P-selectin mAb (Fab fragments) was
administered IV to assess the role of P-selectin in vaso-occlusion.
 
Results: IV LPS resulted in increased pulmonary vaso-occlusions in SCD mice compared to control mice. Pulmonary
vaso-occlusions involved neutrophil-platelet aggregates blocking the pre-capillary pulmonary arteriole branches. The
arteriolar occlusions in SCD mice were larger in size than control mice and primarily contained neutrophils and
platelets. IV administration of anti-P-selectin mAb led to the attenuation of platelet-neutrophil aggregation,
disintegration of platelet-neutrophil micro-emboli and a reduction in pulmonary arteriolar occlusions in SCD mice.
 
Conclusion: IV challenge with LPS results in pulmonary vaso-occlusion in SCD mice. Unlike the systemic
microcirculation, pre-capillary pulmonary arterioles are the primary site of vaso-occlusion in the lung. Pulmonary vaso-
occlusion involves platelet accumulation on arrested neutrophils as well as neutrophil-platelet micro-emboli blocking
the arterioles, which can be attenuated by blocking platelet P-selectin. This study provides evidence in support of
blocking platelet P-selectin as a treatment to prevent pulmonary vaso-occlusion in SCD patients.
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Schematic of the multiphoton excitation (MPE) enabled quantitative fluorescence intravital lung microscopy (qFILM)
setup1. Fluorescent intravascular dyes and fluorescent antibodies are injected through the carotid artery catheter to
label the pulmonary microcirculation and neutrophils / platelets, respectively. The mouse is intubated to facilitate
mechanical ventilation and delivery of maintenance anesthesia. Gentle vacuum pressure is applied to the thoracic
window device to provide gentle suction for immobilizing a small portion of the left lung. Several physiological
parameters are measured during imaging. 1Bennewitz et al. IntraVital 3: e29748, 2014. In the current study, qFILM
was used to assess the formation of intravenous lipopolysaccharide-induced vaso-occlusion in the lungs of live
transgenic sickle cell disease mice and non-sickle control mice.



CONTROL ID: 2492749
TITLE: Interleukin-1 Induced Early Cartilage Damage in Rheumatoid Arthritis - In vivo Tracking of Synovial Fibroblasts
in Mice with Optical Imaging
PRESENTER: Christiane Geyer
ABSTRACT BODY: 
Abstract Body: Synovial fibroblasts (SF) play a key role in the inflammation process of rheumatoid arthritis (RA) and
have the ability to transmigrate from the cartilage destruction sites via the bloodstream into distant articular cartilage
surfaces leading to their destruction. Despite this general concept, little is known about the microenvironment that
facilitates the attraction and attachment of the RASFs. IL-1 is of interest as it increases loss of proteoglycans (PGs)
which has been suggested to promote SF attachment and subsequent destruction of the cartilage. The aim of this
study was to investigate the role of IL-1-mediated cartilage deletion in the transmigration ability of SFs.
Materials/Methods: SFs were isolated from a human tumor necrosis factor transgenic (hTNFtg) mouse model (Tg197).
Transmigration ability of hTNFtg SFs was examined using a Boyden Chamber with a layer of brain endothelioma 5
cells (bEnd5) at the membrane of the top chamber. bEnd5 were stimulate with TNF-α (50ng/ml) to promote
transmigration. hTNFtg or wt SFs were seeded into the top chamber. The bottom chamber was filled with a
chemoattractant (10ng/ml murine IL-1α, murine cartilage explants or combination of both). Transmigrated SFs were
counted after 16h.
For in vivo studies IL-1ß (10ng) or Collagenase Type IV (CLS, 12.4mUnits) was injected intra-articularly into the right
knee joints and PBS into the left knee joints (control) of C57Bl/6 wt mice. 1*106 DiR-labeled hTNFtg SFs were injected
via the tail vein 48h later. Fluorescence of the SFs accumulation was measured in an In Vivo FX PRO Imager (Bruker
Biospin MRI GmbH; Ex=730nm, Em=790nm; 30sec) 3, 6, 8, 24, 48 and 96h post injection. X-Ray images were taken
for co-registration. Afterwards animals were sacrificed and bones were imaged. Cartilage destruction of the knee joints
was analyzed histomorphometric after toluidine staining.
Results: The in vitro transmigration assay showed that the migratory potential of the hTNFtg SFs was significantly
higher than that of the wt (+104%,p<0.05). Furthermore, only stimulation with IL-1 treated cartilage was able to
increase the migration of hTNFtg SFs significantly (+93%) but not IL-1 (+15.7%) or cartilage (+35%) alone.
The in vivo imaging showed the highest accumulation of hTNFtg SFs after 24h with 146.4au. An enhanced
extravasation of hTNFtg SF into the IL-1 treated knee joint compared to control side (+11.6%,p<0.01) was observed.
To confirm that the loss of PG is responsible for SFs attachment and not the IL-1-induced inflammation process, CLS
was injected. In this set-up the migration of hTNFtg SFs into the treated knee joints also increased (+8.6%).
Histomorphometric analyses showed a significantly higher loss of PG after IL-1 treatment compared to the control
knee joint (28.6 vs 4.6%,p<0.001) whereas the total amount of cartilage was comparable (146.8 vs 159mm2).
Conclusion: The data show that PG loss from cartilage promotes the extravasation of hTNFtg SFs from the
bloodstream into the joints. They suggest that the destruction of the cartilage predisposes joints to be affected in the
course of RA through the invasion of activated SFs which seems to lead the progression of disease.
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Injection (i.v.) of DiR-labeled hTNFtg Synovial Fibroblasts 48h after intra-articularly application of PBS (left knee joint;
control) or IL-1 (right knee joint) of C57Bl/6 wt mice shows a significantly increased homing into the IL-1 pre-treated
knee joint.<br />
Left: Positioning of the animal in the Fluorescence Imaging System (white light image). Middle: Co-registration of
fluorescence (Cy7 filter setting: Ex = 730 nm, Em = 790 nm) and X-Ray image of fibroblast accumulation in the knee
joints in vivo. Right: Ex vivo X-Ray and fluorescence image of dissected Femur / Tibia with a fibroblast accumulation in
the knee joints.
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TITLE: PET imaging of immune cell proliferation and activation in secondary lymphoid tissues of non-human primates
on administration of CD40-agonist antibody
PRESENTER: Tapan Nayak
ABSTRACT BODY: 
Abstract Body: Agonist anti-CD40 antibody is used as an immunomodulator that targets and engages dendritic cells
(DC). It is postulated that CD40 ligation on dendritic cells (DCs) activates CD8+ T cells that leave lymph nodes primed
and mediate tumor cell killing. The purpose of this study was to image immune response in secondary lymphoid tissue
after i.v. or s.c. administration of an CD40-agonist antibody (RG7876) in non-human primates.
A total of 15 cynomolgus monkeys underwent PET imaging with either 18F-FLT and/or 11C-PBR28 to assess CD40-
agonist antibody (RG7876) induced immune cell proliferation and immune cell activation respectively. In PART I, one
animal each was treated with saline control, 0.25 mg/kg (i.v. or s.c. on right thigh), 0.5 mg/kg (i.v. or s.c. on right thigh)
and 1 mg/kg (i.v or s.c. on right thigh). Baseline and on-treatment 18F-FLT and 11C-PBR28 scans were performed for
all animals. In PART II, 2 animals were treated with 0.2 mg/kg i.v., 4 animals were treated with 0.2 mg/kg s.c. close to
right armpit and 2 animals were treated with 5 mg/kg s.c. close to right armpit. Baseline and on-treatment 11C-PBR28
scans were performed in all monkeys, while only on-treatment 18F-FLT scans were performed in monkeys treated
with 0.2 mg/kg (i.v. or s.c.). In both parts, blood and tissue samples were collected and analyzed using flow cytometry
and immunohistochemistry.
In PART I, over 50% on-treatment increases from baseline in 18F-FLT spleen uptake and over 30% on-treatment
increases from baseline in 11C-PBR28 were observed in all animals except the saline control and 0.25 mg/kg (i.v.), no
increase in lymph node uptake was observed with either 18F-FLT or 11C-PBR28. In PART II, no significant increase
in 18F-FLT uptake was observed in lymph nodes on animals treated with i.v. administration, however higher tracer
uptake was observed in the right axillary lymph node near the site of injection in 2/4 animals treated with 0.2 mg/kg s.c
than untreated animals. Increased 11C-PBR28 uptake in right axillary lymph node was observed in animals treated
with 1/2 animals treated with 0.2 mg/kg i.v. and 3/4 animals treated with 0.2 mg/kg s.c. At 5 mg/kg s.c, a significant
increase in 11C-PBR28 was also observed in the right as well the left axillary lymph nodes in 2/2 animals. On-
treatment infiltration of dendritic cells and proliferating T cells was observed by immunohistochemistry in spleen and
lymph nodes.
The CD40-agonist antibody RG7876 induced immune cell proliferation and immune cell activation in secondary
lymphoid tissues, which was imaged using 18F-FLT and 11C-PBR28 PET, respectively. The findings from PET scans
were confirmed on further analysis of tissue samples using flow cytometry and immunohistochemistry. PET imaging
with 18F-FLT and 11C-PBR28 PET provides a non-invasive tool to study immune responses in secondary lymphoid
tissues.
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CONTROL ID: 2500633
TITLE: Validating PET tracers for neutrophils, macrophages and T cells in granulomas in a macaque tuberculosis
mode
PRESENTER: Joshua Mattila
ABSTRACT BODY: 
Abstract Body: Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (Mtb) that typically
attacks the lungs, and there were 9.6 million new cases of TB in 2014, with 1.5 million deaths. Mtb results in the
formation of granulomas in the lungs, which are organized immune cell aggregates consisting of macrophages,
neutrophils, T and B cells. The cellular composition of granulomas can vary dramatically from lesion to lesion within
the same subject, and can change over time within the same lesion. Predominance of one cell type over another
yields important information of a particular lesion and might predict whether a lesion is resolving or worsening naturally
or in response to drug treatment. We aim to develop 64Cu and 68Ga PET probes for imaging different immune cell
populations in a macaque model of TB. 64Cu-labeled cinnamoyl-PEG12-FLFLF is an antagonist of formyl peptide
receptor 1 (FPR1) and binds in high affinity without inducing a response in the neutrophils. 64Cu-labeled PEG4-
LLP2A is a peptidomimetic that binds with high affinity to VLA-4, an integrin (a4b1) expressed primarily on
macrophages and T cells that promotes cell adhesion and migration of the immune cells to access the inflammation
site. The specificity of the cFLFLF and LLP2A peptides were previously determined in a chemically induced mouse
inflammation model and in macaques, using flow cytometry and immunofluorescence with the fluorescently-labeled
peptides. This study aimed to determine whether the PET tracers were specific for immune cell types in granulomas.
Both probes showed accumulation in lung granulomas of Mtb infected macaques, with LLP2A showing more
accumulation than cFLFLF. Hot necropsies were performed in Mtb infected macaques after PET imaging with the 64

Cu-labeled peptides. Granulomas were dissected and counted in a gamma counter, and then stained for T and B cells
and neutrophils. CellProfiler was used to quantify cells, with macrophages assumed to be equal to the total number of
nuclei minus the combined number of T/B cells and neutrophils. There was a correlation of 64Cu-LLP2A counts in
granulomas with increasing numbers of T cells, PMNs, and macrophages. 64Cu-labeled cFLFLF showed the best
correlation with numbers of PMNs. Immunohistochemistry of granulomas with high and low CPM from 64Cu-LLP2A
and 64Cu-cFLFLF is currently underway to determine correlations with CD29 (integrin b1) + CD49d (integrin a4), and
FPR1, respectively. The 64Cu-labeled tracers provide differing regarding the immune cell composition compared to
FDG, and have the potential to inform early changes in granuloma composition after drug treatment.
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CONTROL ID: 2493863
TITLE: The in vitro real time recording of Ca2+ mobilization and histamine degranulation by TIRFM in living single
mast cell
PRESENTER: Wen-Tai Chiu
ABSTRACT BODY: 
Abstract Body: Mast cells have been reported to play a primary role in allergic diseases. During allergy, mast cell
activation initiated by FcεRI cross-linking by IgE bound antigen results in degranulation of histamine. However, other
receptors expressed on mast cells, such various G protein-coupled receptors (GPCRs), can advance degranulation
when they are activated. Nowadays, the spatio-temporal relationship between Ca2+ mobilization and histamine
degranulation by different stimulation is little known. The specific aim of this study is to investigate the relationship
between calcium oscillation patterns and histamine degranulation after stimulating by the immunological and non-
immunological pathways in rat RBL-2H3 mast cells. Fluorescent dye Nile Red with Ni2+ complex and Fluo-4/AM were
using as the histamine and intracellular Ca2+ probes, respectively. Real time recording of histamine degranulation
and Ca2+ oscillation were performed under total internal reflection fluorescence microscopy (TIRFM), which is used
for visualizing localization or interaction of fluorescent molecules in the near-membrane region (~200 nm) of living
cells. The following results were demonstrated in this study: (1) the central Ca2+ levels were increased first and the
peripheral Ca2+ levels were subsequently increased from compound 48/80 treatment. While the peripheral Ca2+

levels were increased, the histamine degranulation subsequently occurred. However, activation of TNP-BSA
immediately triggered the elevation of Ca2+ in the entire cell and the histamine degranulation events were
subsequently occurred. (2) When the cells were preincubated with Ca2+ chelator (BAPTA/AM), no intracellular Ca2+

oscillation and histamine degranulation were detected with different stimulators in 0 mM Ca2+ buffer. (3) The rate of
histamine degranulation in the 0 mM Ca2+ buffer was significantly slower than in normal medium using different
stimulators. (4) Inhibition of store-operated Ca2+ entry (SOCE), the major form of extracellular Ca2+ influx in non-
excitable cells, by the blocker 2-APB or knockdown of Orai1, then the elevation of total intracellular Ca2+ levels was
significantly suppressed and the rate of histamine degranulation became significantly slower using compound 48/80
activation. Taken these results together, intracellular Ca2+ is sufficient for histamine degranulation; however,
extracellular Ca2+ promotes histamine degranulation. Furthermore, there are different patterns of Ca2+ oscillation
near the plasma membrane by different signaling pathways. We established the platform to measure histamine
degranulation and calcium oscillation patterns by stimulation with different stimulators. The established platform may
be used to screen drugs for allergy disease in the future.
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CONTROL ID: 2492945
TITLE: Collecting lymphatic vessel function after surgical removal of an axillary lymph node in mice and its
implications related to lymphedema
PRESENTER: Sunkuk Kwon
ABSTRACT BODY: 
Abstract Body: Secondary lymphedema is an acquired lymphatic disorder, which often occurs because of damage to
the lymphatic system from surgery and/or radiation therapy for cancer treatment. It has been demonstrated that
collecting lymphatic vessels play a central role in the onset of lymphedema; however, it remains unknown how
collecting lymphatic vessels draining to the surgical wound area change in response to lymphadenectomy.
In this study, we investigated functional and architectural changes in inguinal-to-axillary internodal collecting lymphatic
vessels as well as lymphatic vessels in the paw in mice after a single axillary lymph node (ALN) dissection. We used
dual-wavelength fluorescence imaging with injection of two different lymphatic mapping agents, Alexa-680-bovine
serum albumin (BSA) and indocyanine green (ICG), to visualize lymphatic vessels in the paw and trunk, respectively,
due to a distinct spectral wavelength emitted from each injected fluorophore.
Our near-infrared fluorescence imaging (NIRFI) data with injection of ICG showed no lymph flow in the internodal
collecting lymphatic vessels draining from the inguinal LN (ILN) at 2 days post-surgery. Histological analysis showed
disorganized distended medullary sinuses (edema) which contain erythrocytes and erythrophagocytosis in the
ipsilateral ILN on Day 2 as compared to the contralateral right ILN. External compression enabled visualization of a
small segment of contractile fluorescent internodal collecting lymphatic vessels, but not all the way to the axillary
region. At day 6, abnormal lymphatic drainage patterns, including lateral and retrograde lymph flow via vessels
branching off the internodal collecting lymphatic vessels were observed, which started to disappear beginning 9 days
after surgery. Far-red fluorescence imaging with injection of Alexa-680-BSA showed dermal backflow through dermal
capillaries on the left paw at Day 2. At Day 6, we still observed abnormal drainage from the paw, although it was a
less extensive lymphatic drainage pattern as compared to Day 2. The same pattern of baseline lymphatic drainage on
the paw was detected on day 9 post-surgery. The administration of vascular endothelial growth factor (VEGF)-C into
the wound increased resolution of altered lymphatic drainage. Lymphatic drainage from the base of the tail to the ILN
did not significantly change over time.
Our data demonstrate that lymph flow in the collecting lymphatic vessels is dramatically affected by a LN dissection
and long-term interruption of lymph flow might cause collecting lymphatic vessel dysfunction and thus contribute to
chronic lymphatic disorders.
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Overlay images of near-infrared (ICG; green) and far-red fluorescent (Alexa-680-BSA; red) images in mice prior to and
6 days after surgical removal of a left axillary lymph node.  Alexa-680-BSA was injected to the paw and ICG to the
base of the tail.



CONTROL ID: 2495302
TITLE: Studying high-density lipoprotein’s biodistribution in atherosclerotic pigs by 89Zr-labeling and multimodal
clinical imaging 
PRESENTER: Samantha Baxter
ABSTRACT BODY: 
Abstract Body: Atherosclerosis is a chronic inflammatory disease caused by the accumulation of plaque in the
arteries, which may lead to major cardiovascular events (1). High-density lipoprotein (HDL) is a natural nanoparticle
composed of apolipoprotein A-I (APOA1) and phospholipids which promotes cholesterol efflux from plaque
macrophages to the liver for excretion (2). Our laboratory has focused on the development of reconstituted HDL as a
macrophage-targeted imaging agent. Here, we developed an innovative strategy to label HDL with 89Zr and image its
biodistribution and plaque targeting ability in rabbit and swine models of atherosclerosis using nuclear imaging.
 
Methods: Reconstituted HDL, measuring 8.05 ± 0.9 nm in diameter, was produced by mixing phospoholipids with
APOA1 extracted from human blood plasma and radiolabeled with Zirconium-89 via a phospholipid-chelator (DSPE-
DFO) to yield 89Zr-HDL. As atherosclerosis models, we used (1) New Zealand rabbits that received a combination of
aortic balloon injury and a high cholesterol diet and (2) FBM pigs with a missense mutation in their LDL receptor. In
the pig model, atherosclerosis was accelerated by angioplasty balloon injuries in the femoral and coronary arteries
followed by 14 weeks of a high-fat, high-cholesterol diet. PET/CT and PET/MRI scans were performed at 5 different
time-points in rabbits, and at 48 h post-injection in pigs to non-invasively study 89Zr-HDL’s biodistribution and plaque
targeting. In vivo data were corroborated with ex vivo gamma counting, autoradiography and several fluorescent
techniques.
 
Results: The biodistribution of 89Zr-HDL was evaluated in rabbits by PET/CT imaging at 1h, 1, 2, 3 and 5 days post-
injection (p.i.), showing uptake in the kidneys, liver, spleen, and stomach. We directly compared this with PET/MRI
imaging at the same time points. There was a strong correlation between the standardized uptake values obtained
from both scanners. In our porcine model, whole-body PET imaging shows uptake in the kidneys, liver, bone and
intestines (Fig. 1A) 48 hours p.i. Figure 1B reveals accumulation in the femoral arteries 48 hours p.i. Measured
radioactivity concentrations showed higher concentrations in the femoral arteries than in the non-lesioned control,
internal iliac. Gamma counting was used to measure biodistribution in selected organs (Fig. 1C) and corroborated the
in vivo findings. Autoradiography was used to evaluate regional lesion uptake in the femoral arteries (Fig. 1D), and this
was supported by the higher radioactivity concentrations measured in the lesions than in the non-injured areas.
 
Conclusion: Radiolabeling of HDL nanoparticles with 89Zr allows for non-invasive visualization of its in vivo behavior
by PET imaging—combined with CT or MRI—in rabbit and porcine models of atherosclerosis. This allowed us to
quantitatively assess its uptake in target organs as well as in the atherosclerotic plaque. Ultimately, this imaging tool
could be used to identify patients amenable for HDL therapy.
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Figure 1: PET imaging in atherosclerotic pigs allows visualization of 89Zr-HDL plaque uptake. A) Whole body PET
maximum intensity projection of a pig, 48 h p.i. of Zr89-HDL. B) PET/CT image of radioactive uptake in lesions
(arrows), 48 h p.i. Standardized uptake values (SUV) were measured to assess radioactivity concentrations in the
internal iliac (I.I., chosen as control) and femoral arteries (Fe). C) Gamma counting was used to measure radioactive
distribution in selected organs. D) Lesion sites can be visualized in the femoral arteries by autoradiography.
Radioactivity concentrations were measured in non-injured tissue (N.I.) and lesions (Le).



CONTROL ID: 2501027
TITLE: Robust ratiometric assay for ROS detection in primary immune cell
PRESENTER: Ritu Mishra
ABSTRACT BODY: 
Abstract Body: Mitochondria have been known to be the energy factories of a cell and are responsible for maintaining
cellular homeostasis. It was only in the last two decades that their role as signaling organelles emerged. Recent
articles indicate that excessive mitochondrial ROS production acts as signaling messenger and drives inflammasome
activation (1). Inflammasome is a component of the innate immune system and assists in initiation as well as
sustenance of inflammation. Mitochondrial ROS is primarily being considered as an activator of Nod-like receptor
protein 3 (NLRP3) inflammasome along with other factors namely potassium efflux and leakage of lysosomal
contents. However, most of the reports on the involvement of ROS in cell signaling are based on inhibitor studies (like
Ebselen, NAC). Nevertheless, a few studies used fluorescent ROS indicators like MitoSOX, CellROS and H2DCFDA
but inconsistent observations were stated. Sensing ROS is challenging as the species generated are in low amounts
and often instantly converted into water.
We present here a novel assay for detection of ROS in immune cells. Two significant advances led to the conception
of our assay. In 2010, Waypa et. al. generated redox-sensitive, ratiometric fluorescent protein sensor (RoGFP)
targeted to distinct intracellular compartments (2). Their adenoviral constructs were made available to other
researchers via Addgene, a non-profit organization. Although, adenoviral vectors provide fast and efficient transient
transduction, their application to leukocytes was limited as these cells lack the expression of coxsackie/adenovirus
receptor (CAR) necessary for adenoviral uptake. In 2015, Heger et. al. generated a novel mouse strain expressing
CAR that permit selective and highly efficient adenoviral transduction of immune cell populations (3).
For the ROS detection system in immune cells, we cultured bone marrow derived dendritic cells or macrophages from
CAR expressing mice and mature cells were transduced with roGFP adenoviruses. A transduction efficiency of 95%
was obtained and the roGFP localized in the mitochondrial matrix or cytosol allowing compartmental assessment of
oxidant signaling (Fig 1a). The fluorescence could be followed over time both by microscopy (Fig 1a) and FACS (Fig
1b) and a ratiometric analysis was performed at excitation wavelengths of 405 nm and 488 nm and emission at 520
nm. As expected, NLRP3 activators like ATP and Nigericin generated significant amounts of mitoROS in comparison
to untreated cells while application of H2O2 led to maximum signal enhancement (Fig 1b). Interestingly, no ROS
enhancement was observed upon application of Rotenone. A similar trend was observed with cytosolic ROS but the
increase occurred slightly later in comparison to matrix ROS depicting the leakage of matrix ROS into cytosol.
To summarize, we have depicted here a novel assay for ratiometric time-course analysis of ROS primary immune
cells. The system is easy to be adapted for various cell types and understand the effect of ROS in various signaling
pathways.
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Figure 1. a) Confocal images of cellular distribution of mito-roGFP (top) and cyto-roGFP in CAR macrophages. b)
Time course ratiometric change in FACS signal upon application of stimulant or buffer in mito-roGFP (top) or cyto-
roGFP (bottom) transduced macrophages.



CONTROL ID: 2498873
TITLE: Using translocator protein ligand (18F-FEDAC) as a activated macrophages PET imaging
PRESENTER: Seock-jin Chung
ABSTRACT BODY: 
Abstract Body: PURPOSE: Early diagnosis and monitoring of therapeutic effect are a major challenges for
rheumatology. Activated macrophages play an important roles in an early rheumatoid arthritis (RA) pathogenesis.
Translocator protein (TSPO) is abundant in activated macrophages, thus can be used for the target of early RA
pathogenesis. 18F-FEDAC (N-Benzyl-N-methyl-2-[7,8-dihydro-7-(2-[18F]fluoroethyl)-8-oxo-2-phenyl-9H-purin-9-yl]
acetamide) is one of the radiolabeled ligand that recognizes TSPO. In this study, we evaluated the efficacy of 18F-
FEDAC as a potential PET tracer for TSPO in a mouse RA model.
 
METHODS: RAW 264.7 mouse macrophages were activated with lipopolysaccharide (LPS). Expression level of
TSPO mRNA and protein measured by quantitative PCR and western blotting. 18F-FEDAC uptake was measured
using gamma counter, and a traditional TSPO ligand PK11195 was used for competition assay. We used collagen
induced arthritis (CIA) mouse model as a rheumatoid arthritis animal model for in vivo study. The arthritis incidence
was evaluated using 99mTc-MDP SPECT/CT. Small animal PET/CT images were acquired using 500 mCi 18F-
FEDAC, and PK11195 was 10 minutes pretreated for blocking. We performed H&E staining and TSPO targeted
immune fluorescence in normal and arthritic mouse paw tissues.
 
RESULTS: mRNA and protein levels of TSPO expression were 3.9 fold and 2.3 fold higher in activated RAW 264.7
than inactivated RAW 264.7. Uptake of 18F-FEDAC in activated RAW 264.7 cells was 1.5 fold higher than that in non-
activated cells. In addition, uptake of 18F-FEDAC in activated RAW 264.7 was successfully blocked by a PK11195. In
CIA model, mouse foot was swollen severely around at 40 days after modeling. In 99mTc-MDP SPECT images also
showed high signals in inflammatory paws. At 1 h after injection of 18F-FEDAC, radiotracer uptake in arthritic paws
were significantly increased at 1.4 folds more than that in normal paws. PK11195 also successfully blocked in in vivo
images. In arthritic mouse paw tissue showed cartilage damages and cells infiltration in bone tissues. The TSPO
expression was higher in arthritic paw tissue than normal one.
 
CONCLUSION: We demonstrated a specific binding of 18F-FEDAC to activated macrophages which have abundant
TSPO. 18F-FEDAC PET/CT showed strong uptake in arthritis areas. Our results indicated that 18F-FEDAC-PET
images have a potential to visualize RA activity by targeting TSPO.
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CONTROL ID: 2493804
TITLE: Vitamin D deficiency increases bioluminescent bacterial burden and fluorescent neutrophil infiltration in an in
vivo mouse model of periprosthetic joint infection
PRESENTER: Nicholas Bernthal
ABSTRACT BODY: 
Abstract Body: Introduction
Despite advances in antiseptic protocol, surgical technique, and operating room sterility, infection remains the most
common etiology of failure after total joint arthroplasty.1 While efforts have been focused on enviromental risks and
antibacterial therapies, host factors have been understudied. Recent work suggests that insufficient and deficient 25-
hydroxyvitamin D1 (25D) status correlates with the frequency and severity of periprosthetic joint infection (PJI).2 We
endeavor to examine if 25D deficiency leads to increased bioluminescent bacterial burden in an established in vivo
mouse model of PJI.
 
Methods
4-week old LysEGFP mice (n=10 per group), with fluorescent myeloid cells due to ‘knock-in’ of enhanced green
fluorescence protein (EGFP) were used.3 The mice were fed either a 25D sufficient or deficient diet for 6 weeks. A
stainless steel implant was inserted in the knee joints of the mice and inoculated with Xen36, a bioluminescent
Staphylococcus aureus strain (1x103 colony forming units [CFUs]). Xen36 (PerkinElmer, Hopkinton, MA) emits a blue-
green light with a maximal emission wavelength of 490 nm from live bacteria.4 In vivo imaging using the Xenogen IVIS
(Caliper Life Sciences) was performed to monitor bioluminescence and fluorescence for 21 days. EGFP-expressing
neutrophils were visualized by using the GFP filter for excitation (445–490 nm) and emission (515–575 nm). Blood
was drawn to measure D25 levels on post-operative day (POD) 0, 3 and 14. Mice were then sacrificed at POD 21 and
CFUs cultured from both the implant and surrounding joint tissue.
 
Results
Bacterial bioluminescence and neutrophil fluorescence was increased in the D25 deficient group from POD 1 through
POD 21. CFUs from joint tissue and implant were also significantly increased in the D25 deficient group (p < 0.05).
D25 blood values confirmed that the D25 deficient group was deficient throughout the study.
 
Conclusions
This study demonstrates that D25 deficiency results in increased bioluminescent bacterial burden and fluorescent
neutrophil infiltration in a mouse model of PJI. More than 65% of patients undergoing arthroplasty procedures have
insufficient or deficient 25D levels.5 In addition, 25D levels can be repleted with ease using an available, FDA
approved, oral 25D product.6 This indicates that 25D is an important modifiable risk factor that can help reduce the
risk of PJI.
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S. aureus possessing the bioluminescent construct in a stable plasmid (Xen36) (1x103 CFU) (n=10 mice per group)
were inoculated into the right knee joint of Lys-EGFP mice in the presence of a stainless steel implant. (A) Bacterial
counts as measured by in vivo S. aureus bioluminescence (mean maximum flux [photons/s/cm2/sr] ± sem [logarithmic
scale]) demonstrating significantly higher signal in the deficient group versus the sufficient group from POD 1 through
21. (B) Representative in vivo S. aureus bioluminescence on a color scale overlaid on top of a grayscale image of
mice. (C) Neutrophil infiltration (EGFP-neutrophil fluorescence) as measured by in vivo fluorescence (max radiant
efficiency ([photons/s]/[μW/cm2]) ± sem [logarithmic scale]) demonstrating significantly higher signal in the deficient
group versus the sufficient group from POD 1 through 21. (D) Representative in vivo EGFP-neutrophil fluorescence on
a color scale overlaid on top of a grayscale image of mice.



CONTROL ID: 2500672
TITLE: Validation of 2-[18F]-fluorodeoxysorbitol (FDS) for imaging bacterial infection
PRESENTER: Junling Li
ABSTRACT BODY: 
Abstract Body: Introduction: FDS has been shown to be a promising PET radiotracer with high selectivity and
sensitivity in imaging bacterial infection. The objective of our study was to validate FDS as a potential imaging agent
for bacterial infection by correlating its uptake to bacterial growth measured by bioluminescence imaging (BLI) and
demonstrating its ability to differentiate infection from inflammation in contrast to FDG.
 
Methods: Albino C57 female mice were intratracheally infected with 105 live Klebsiella (K). pneumoniae or heat-killed
dead K. pneumonia to induce lung infection or inflammation. Health score was measured twice a day based on a
combination of symptoms of morbid disease and heart rate. For mice survived for 3 days post infection (PI), BLI and
PET/CT imaging with FDS or FDG (200 µCi) were used to monitor the disease progression in the lung (n=3). Infected
mice with health score > 6 were sacrificed after BLI and PET/CT imaging, and bacterial count (CFU) in the lung was
measured. Tracer uptake and bacterial growth were estimated by regions of interest (ROI) analysis in the lung based
on PET and BLI images. Correlations between PET (%ID/g) and BLI (photon/s), and BLI and CFU were calculated
(n=14 for FDG and n=5 for FDS). For inflamed mice, PET/CT imaging using either FDS or FDG was performed from
day 1 to day 4 post inoculation (n=5).
Results: For infected mice survived for 3 days PI, BLI detected noticeable lung infection on day 2 PI and significantly
higher degree on day 3 PI. Baseline imaging prior to infection showed no focal areas of lung consolidation on CT and
low tracer uptake in the lung for both PET tracers. On day 2 PI, an area of lung consolidation was identified on CT with
the corresponding increase of 2.5 over baseline for both PET tracers. On day 3 PI, there were widespread areas of
patchy lung consolidation on CT with a drastic increase in uptake for FDS and FDG (9.2 and 3.9), respectively.
Infected lung-to-blood ratio and lung-to-heart ratio were 12 vs. 2 and 2.6 vs. 0.6 for FDS and FDG, respectively.
Correlation between PET and BLI was y=0.75x+5.74 (r=0.83) and y=0.27x + 4.0 (r=0.85) for FDS and FDG,
respectively. Correlation between BLI and CFU was y= 0.91*x-0.20 (r=0.95). Thus both FDS and FDG correlated well
with bacterial count (CFU). Minimal CFU that FDS and FDG could detect in vivo was 10^7 and 10^6.7, respectively.
For inflamed mice, minimal FDS but high FDG uptake was observed in the lung over four days of post inoculation. The
uptake ratio of infected lung/inflamed lung was 1.7 and 8.5 for FDG and FDS, respectively on day 3.
 
Conclusion: Uptake of both FDS and FDG in infected lung could be used to predict the degree of bacterial infection
measured by BLI, with a minimum detection limit at 10^7 bacteria. FDS, however, is more specific than FDG in
differentiating K. pneumonia lung infection from lung inflammation.
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CONTROL ID: 2495060
TITLE: Evaluation of inorganic-organic hybrid nanoparticles for treatment and simultaneous monitoring of drug
delivery by optical imaging in mouse models of inflammatory disease 
PRESENTER: Joanna Napp
ABSTRACT BODY: 
Abstract Body: Here, we present the assessment of the in vivo efficacy of novel, phosphate-based inorganic-organic
hybrid nanoparticles (IOH-NPs) for the simultaneous treatment and monitoring of drug delivery. The BMP-IOH-NPs
are composed of an anti-inflammatory drug (betamethasonphosphate, BMP) and a near-infrared (NIR) fluorescent dye
 DY-647. 1 
Two mouse models were applied: 1) Zymosan A induced paw inflammation and 2) OVA-based allergic airway
inflammation (AAI).
The sterile inflammation was induced by injecting Zymosan-A (500µg/50µl) into the hind paw of BalbC mice; the
opposite control paw was injected with 50 µL of PBS. 2h later, mice were intraperitoneally treated daily, for 4 days,
either with BMP-IOH-NPs (10 mg/kg of BMP; n=7) or with 0.9% NaCl (n=6). Treatment efficacy was assessed in vivo
via paw volume measurement using µCT (Fig. 1A) as well as ex vivo via paw weight quantification during section.
To induce AAI, 2 immunisation steps (day 14/28) and 2 challenges (day 28/29) with OVA were performed in
immunocompetent SKH-1 hairless mice.2 At days 28, 29 and 30, mice were treated with inhaled BMP-IOH-NPs (2.5
mg/kg BMP) or the same amount of dissolved dexamethasone (DM), BMP or 0.9% NaCl. Delivery of BMP-IOH-NPs to
the lung was monitored daily 1h after treatment by in vivo NIR fluorescence imaging (OptixMX2). At day 31, animals
were sacrificed and the extent of AAI was analyzed by differential cell counting of broncho-alveolar lavage (BAL) and
histology.
In mice bearing sterile paw inflammation (Fig. 1A) BMP-IOH-NPs significantly reduced the volumes (swelling) of the
inflamed paws (181 ± 38 mm3) in comparison to the control group (222 ± 33 mm3). In accordance, the average
weights of the inflamed paws were reduced from 0.23 ± 0.02 g in untreated mice to 0.19 ± 0.3 g in response to BMP-
IOH-NPs. The opposite non-inflamed paws in untreated and treated groups showed almost identical paw volumes
(154 ± 7 mm3 and 150 ± 20 mm3) as well as paw weights (0.15 ± 0.01 g and 0.16 ± 0.01 g).
In the AAI model, optical imaging revealed clear accumulation of the BMP-IOH-NPs within the inflamed lungs.
Fluorescence signals were still detectable at day 31, 24h after the last application of NPs (Fig. 1B). BAL eosinophils of
AAI mice (4.35 x 105; n=4) were significantly decreased in mice treated with BMP-IOH-NPs (4.91 x 104; n=6).
Comparable eosinophil numbers were found in mice treated with DM (2.02 x 103; n=4) and BMP (8.81 x 104; n=5)
and were not significantly higher than in controls, the non-asthmatic mice (2.18 x 102; n=4). Histological analysis of
the excised lungs confirmed treatment efficacy by a reduction of bronchus-associated lymphoid tissue (BALT) and
less swelling of bronchial walls in BMP-IOH-NPs treated lungs in comparison to untreated AAI mice.
In summary, our results show that BMP-IOH-NPs can be effectively applied for therapy of inflammation in combination
with non-invasive imaging of drug delivery and may have the potential to reach clinical application.
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Fig. 1: (A) Assessment of the in vivo efficacy of inorganic-organic hybrid nanoparticles (IOH-NPs), composed of an
anti-inflammatory drug BMP and a NIR fluorescent dye DY-647, in a mouse model of sterile inflammation. Left: µCT
scan of an untreated mouse that developed paw inflammation (swelling) upon injection of Zymosan A. Right:
Quantification of paw volumes measured in vivo by µCT showing a clear reduction of the inflammation upon treatment
with BMP-IOH-NPs.<br />
(B) Efficacy and simultaneous optical imaging of the BMP-IOH-NPs in a mouse model of AAI. Upper panel: In vivo
NIRF imaging of the lung area of a mouse treated with inhaled IOH-NPs showing accumulation of the probe within the
lung. Lower panel: Anti-inflammatory effects of the IOH-NP demonstrated by the significant reduction of absolute
number of eosinophils in BAL. * p<0.05, ***p<0.005, n.s = non-significant (p>0.05).
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TITLE: Ex vivo micro-CT evaluation of translational biomarkers in a silicosis mouse model
PRESENTER: Deanne Lister
ABSTRACT BODY: 
Abstract Body: Silicosis is a lung disease that develops from inhalation exposure to materials with high silica content.
Millions of workers are exposed to this hazard on a daily basis, and hundreds die each year from the symptoms. Acute
silicosis is characterized by a rapid progression of inflammatory response which leads to the development of
pulmonary fibrosis. Reliable models of this disease, and translational biomarkers to assess the disease efficiently and
accurately are unmet needs. We examined microCT-based quantification of lung fibrosis in a mouse model of silicosis.
To enable high throughput screening to guide more expensive longitudinal in vivo studies, we used a new ex vivo
microCT technique.
 
C57BL/6 mice, 10w old, were exposed to crystalline silica (1mg, MIN-U-SIL, MillCreek, OK) in PBS or PBS only, by
intranasal instillation twice a week for 4w. Mice were euthanized by excess isoflurane at 30w post-exposure. Blood,
BAL, cells, and tissues were harvested for detailed analysis. Bronchoalveolar lavage was performed with ice-cold PBS
by intra-tracheal cannulation to collect cells for flow cytometry. The lungs were fixed by flushing with 1ml of formalin,
and the trachea was tied with suture. Whole lungs were isolated carefully without any leakage of formalin and fixed for
24h. Fixed lungs were processed in an ethanol gradient (70%, 80%, 90% for 2h each) followed by overnight
incubation in 100% ethanol, 2h incubation in hexamethyldisilazane (Sigma) in a sealed tube, and finally removed and
dried overnight in a fume hood.
 
The dried samples were mounted 2-3 at a time for CT scanning. CT images were acquired using a Siemens Inveon
micro-CT system. The x-ray voltage and current were set to 80kVp and 500mA. A total of 361 projections were
acquired with a bin factor of 2, and images were reconstructed to a resolution od 31µm, isotropic. Following CT, the
lungs were paraffin embedded and multiple, 4µm-thick sections used for immuhistochemistry (H&E and Masson’s
trichrome). The orientation of the lungs was preserved such that IHC sections were in approximately the same plane
as CT for comparison of IHC-measured pathology with CT-measured density changes. CT images were analyzed for
mean, maximum and median density CT number excluding vasculature.
 
CT imaging showed excellent definition of lung tissue and vasculature, and enabled detection of fibrosis and focal
density abnormalities in diseased vs. normal mice (see Figure). The higher density regions defined via CT (30%
higher density vs normal) correlated well with disease pathology in similar IHC sections, including hyper-cellularity and
fibrosis, both hallmarks of the human disease. This data suggests that ex vivo CT is a viable tool for studying the
pathogenesis and progression of this disease, and evaluation of therapeutic efficacy. Our results are also to our
knowledge, the first demonstration of ex vivo microCT in this model. Ex vivo CT enables scanning of multiple samples
for increased throughput, and higher resolution without complication of motion artifacts. This methodology can be
used to run screening studies to answer early questions, and guide subsequent in vivo studies.
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TITLE: Inhibition of Intestinal Bacterial β-Glucuronidase was Visualized by In Vivo Animal Imaging with a Fluorescent
Probe
PRESENTER: Michael Chen
ABSTRACT BODY: 
Abstract Body: INTRODUCTION Intestinal bacterial β-glucuronidase was responsible to CTP-11 (Irinotecan, a first-
line drug for colorectal cancer) induced diarrhea. After non-toxic metabolite of CTP-11 was excreted to intestine, the
bacterial β-glucuronidase converts it into toxic form, causing severe Intestinal damage. To improve the treatment of
colorectal cancer, developing specific inhibitors for the bacterial enzyme activity is ongoing1. Nevertheless, the
process is challenged by the difficulty of directly observing the effect of the inhibitors in live animal models. A non-
invasively approach to serially measure the in vivo activity in intestine of bacterial β-glucuronidase is needed. A
fluorescent substrate, fluorescein di-β-D-glucuronide (FDGlcU), has shown its potential for in vivo imaging in a mouse
model of β-glucuronidase reporter gene2, indicating that FDGlcU would be a desired probe to image intestinal
bacterial β-glucuronidase.
 
METHODS Cell-base assay was used to measure the fluorescence of FDGlcU catalyzed in vitro by bacterial β-
glucuronidase. In vivo activity of intestinal bacterial β-glucuronidase in nude mice was imaged using the Xenogen IVIS
200 optical imaging system at serial time points after oral administration of FDGlcU. Large intestine excised from the
mice was also imaged. The inhibition of intestinal bacterial β-glucuronidase by a specific inhibitor was tested by cell-
based assay and in vivo imaging. To investigate the in vivo inhibition, FDGlcI-based imaging was performed 3hr after
oral administration of a bacterial β-glucuronidase specific inhibitor.
 
RESULTS The concentration of FDGlcU and the amount of E. coli was proportional to the fluorescent signal. After 12
hr incubation, the in vitro assay showed a detection limit of 31.25 ng/mL for FDGlcU and 104 CFU for E. coli. The
hydrolysis of FDGlcU decreased when the bacterial β-glucuronidase was added. In the whole-body optical images, the
fluorescence signal for β-glucuronidase activity in murine intestine was detectable within 2hr after oral administration
of FDGlcU, then the probe was cleared 4hr later. With pretreatment of the enzyme inhibitor, reduction of fluorescence
signal was observed in the images of whole-body and large intestine.
 
CONCLUSIONS The results show the hydrolysis of FDGlcU revealed the activity of intestinal bacterial β-
glucuronidase and the effect of specific inhibitor in vitro and in vivo. With the FDGlcU-based imaging, studying
pharmacodynamic effects of intestinal bacterial β-glucuronidase inhibitors in experimental animals would became
more efficient.
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CONTROL ID: 2487914
TITLE: Intravital Fiber-Optic Fluorescence Imaging of Tuberculosis in Mice
PRESENTER: Hee-Jeong Yang
ABSTRACT BODY: 
Abstract Body: Tuberculosis (TB) currently afflicts one-third of world’s population and more efficient diagnostic
techniques and effective therapeutics are urgently needed. However, the slow growth rate of Mycobacterium
tuberculosis, the causative agent of tuberculosis, hinders advancement in all areas of TB research. Fluorescent
proteins have been widely utilized in real-time imaging of tuberculosis to track disease progression and evaluate
therapeutic outcomes in live animals, but the sensitivity of this technique is limited by tissue absorption of fluorescence
excitation light, which limits penetration particularly in the visible wavelengths. To circumvent the impact of tissue
absorption of excitation light, we have applied a fiber bundle microendoscope to deliver fluorescence excitation light
directly into the mouse lung. We have integrated this fiber optic microendoscope into a whole animal imaging system
to enable intravital excitation in the mouse lung combined with whole animal detection. Using the integrated intravital
imaging system, we have improved the detection threshold of tdTomato expressing M. bovis BCG strain during
pulmonary infection to ~103 colony forming units (CFU). This detection threshold represents a ~3-fold improvement
compared to epi-illumination in a whole animal imaging system, which normally detects ~106 CFU within the lungs of
a mouse.
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CONTROL ID: 2490831
TITLE: Distinguishing bacterial infection from inflammation or tumor with [18F]FPTMP
PRESENTER: Mark Sellmyer
ABSTRACT BODY: 
Abstract Body: Non-invasively characterizing pathology as infectious, inflammatory or neoplastic is challenging using
purely anatomic techniques and non-specific probes such as FDG. Commonly used clinical methods for imaging
infection such as WBC or gallium scanning, have limited spatial localization capabilities and also lack the ability to
distinguish bacterial infection from non-infectious inflammation. An imaging probe specific to bacterial infection would
be of considerable clinical utility for both diagnosis and therapeutic monitoring. Here, we report the development of [18

F]Fluoropropyl-Trimethoprim, [18F]FPTMP. This small molecule shows over a 50-fold increased uptake in E. coli
relative to heat-killed bacteria in 15 minutes and over 10-fold increased uptake in S. aureus after a 3 hour in vitro
incubation. We also tested the ability of [18F]FPTMP to identify live bacterial infection as compared to heat killed
bacteria, chemical inflammation or tumor in an animal model developed for this purpose. [18F]FPTMP showed over 4-
fold increased uptake in live bacteria relative to chemical inflammation while [18F]FDG showed no statistically
significant difference in uptake. There was no increased uptake of [18F]FPTMP in tumor or heat killed bacteria in mice
(n=3). These data suggest that [18F]FPTMP may be a highly useful radiotracer to image pathologic bacteria in
humans such as in cases of chronic infection (e.g. cystic fibrosis) or complex clinical situations such as new lung
consolidation in the setting of possible recurrent cancer.
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TITLE: Design of Switchable Magnetic Resonance Imaging Agents Sensitive to Oxidative Stress Based on
Interpolymer Complex-Superparamagnetic Iron Oxide Nanoparticles (IPC-SPIOs)
PRESENTER: Eunsoo Yoo
ABSTRACT BODY: 
Abstract Body: Introduction: Developing magnetic resonance (MR) contrast agents has been a large area of research;
however more research is required to develop switchable MR contrast agents. Superparamagnetic iron oxide
nanoparticles (SPIOs) are widely used as negative contrast agents due to their magnetic properties such as high T2
relaxivity, T2* relaxivity, and high biocompatibility [1]. Our objective is to produce interpolymer complex
superparamagnetic iron oxide nanoparticles (IPC-SPIOs) to be used as MR contrast agents that are sensitive to
oxidative stress. The particles are coated with a complexation of polyethylene glycol (PEG) and pseudotannin [2-4].
By coating the particles with the complexation of PEG and pseudotannin, the contrast-causing ability (relaxivity) of the
SPIOs is shielded but can become activated by disruption of the hydrogen bonding upon oxidation of the
pseudotannin [5].
Method: 1 mmol FeCl2 solution was added dropwise to 2 mmol FeCl3 solution. Then, it is heated up to 80 °C under
nitrogen atmosphere with vigorous stirring. Then, NH4OH solution was added dropwise and left to react for 5 hours
under nitrogen atmosphere. PEGylated SPIOs were created through the combination of PEG and SPIO solution
stirred for 24 hours with a magnetic stirring bar. For complexation, pseudotannin solution and phosphate buffer were
mixed with SPIOs and PEG-SPIOs solutions. For decomplexation, hypoxanthine (HX) and xanthine oxidase (XOD)
solutions were mixed with complexed IPC-SPIOs at 37 °C which created oxidative stress that activated the SPIOs as
a contrast agent.
Results: Nanocomplexes were characterized by transmission electron microscopy (TEM) and dynamic light scattering
(DLS) for colloidal stability, size distribution, and surface charge; shown in Fig. 1 A and B. The size data designated
that swelling of the complex occurs as some hydrogen bonding is lost between pseudotannin and PEG. T2-weighted
MR images of three wells which are PEG-SPIOs, complexed IPC-SPIOs, and decomplexed IPC-SPIOs are shown in
Fig. 1 C, D, and E, respectively. The MR scans show that the successfully complexed IPC-SPIOs (B) lower the
relaxivity (negative contrast is minimized) compared to PEG-SPIOs (A), and decomplexed IPC-SPIOs (C) recover
their relaxivity. This data suggests the successful creation of a switchable MR SPIO contrast agent.
Conclusion: In the absence of oxidative stress, the surface coating blocks the signal contrast caused by the SPIO.
However in the presence of oxidative stress, the coating swells and the contrast of the SPIO returns. This switchable
characteristic will not only give greater control in locating areas of disease, it will also increase our ability to diagnose
the progression of the disease based on a functional molecular process, thus improving disease diagnosis.
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Fig. 1. (A) TEM image of bare-SPIOs with scale bar =50 nm, (B) particle size measured by DLS of bare-SPIOs, PEG-
SPIOs, complexed IPC-SPIOs, and decomplexed IPC-SPIOs, n=3, and T2 scans of (C) PEG-SPIOs, (D) complexed
IPC-SPIOs, and (E) decomplexed IPC-SPIOs. For T2 scan, echo time (TE) increases from top to bottom.
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TITLE: Preclinical imaging study of 68Ga-A9-K-DOTA in mice: A potential PET tracer for inflammation and infection
PRESENTER: Aage Alstrup
ABSTRACT BODY: 
Abstract Body: Introduction: The development of bacteria-specific infection radiotracers is of considerable interest to
improve diagnostic accuracy, and thereby patient treatment as well as response monitoring. The purpose of this study
was to evaluate the in vitro and in vivo binding characteristics of the radiolabelled phage-display selected peptide 68

Ga-A9-K-DOTA as a potential infection-imaging PET-probe.
Methods: The bacterial binding was evaluated in vitro by microscopy of the peptide fluorescence analogue A9-K-
TAMRA added to bacterial cultures containing viable and dead cells. Additionally, the in vivo infection specificity of 68

Ga-A9-K-DOTA compared to 18F-FDG by µPET/MRI scanning of mice with either subcutaneous Staphylococcus
aureus infection or turpentine induced inflammation.
Results: An optimized 68Ga-A9-K-DOTA synthesis omitting the use of acetone was developed, yielding 93 ± 0.9%
radiochemical purity. The in vitro microscopy suggested that A9-K-TAMRA binds to an intracellular epitope and
therefore preferentially bound to dead bacteria, while the µPET/MRI evaluation of 68Ga-A9-K-DOTA showed
accumulation in both murine experimental infection and inflammation. The combined sensitivity at injected doses ≥ 3.6
MBq of both models was 100% for 68Ga-A9-K-DOTA, whereas 18F-FDG had a combined sensitivity of 67%. 68Ga-
A9-K-DOTA was solely excreted through the urinary system with 84.5% ± 1.2% of the whole body radioactivity being
in the urinary bladder after 60 min.
Conclusion: The infection imaging probe 68Ga-A9-K-DOTA is not bacteria-specific, since it accumulates in sites of
infection and sterile inflammation. The uptake is presumably a combination of general hyperemia and vascular
leakiness favoring the interstitial localization of the peptide and subsequently binding by electrostatic interactions to
negatively charged components of dead bacterial cells and/or host tissue. Nevertheless, 68Ga-A9-K-DOTA did
express highly sensitive accumulation in infectious and inflammatory foci with very low background signal, due to rapid
renal tracer clearance.
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TITLE: The role of myeloid derived suppressor cells (MDSCs) in an experimental mouse model of rheumatoid arthritis
(RA) and their tracking in vivo using PET/MRI and Optical Imaging (OI)
PRESENTER: Kerstin Fuchs
ABSTRACT BODY: 
Abstract Body: To date the role of MDSCs during RA is quite unknown; therefore we analyze the occurrence and
homing of MDSCs during the effector phase in the experimental glucose-6-phosphate isomerase antibodies (GPI)-
induced T cell and B cell independent serum RA mouse model ex vivo. Further we aimed to track the distribution and
homing patterns of labeled granulocytic –MDSC (G-MDSCs) non-invasively in vivo. After i.v. injection of labeled cells
or an injection of a 64Cu-NOTA-Ly6G antibodies (Ab) in RA mice on day 6 of arthritis we imaged tracer uptake and
the cell distribution by using PET/MRI and OI.
BALB/c mice were injected i.p. with GPI (n=3), to induce RA or control serum (n=3). We isolated the cellular infiltrate
from the lavage of arthritic and healthy ankles at days 1, 3 and 6 after serum injections and performed FACS to
identify G-MDSCs (Ly6G+) and M-MDSCs (Ly6C+). For depletion of G-MDSCs we used a Ly6G antibody (Ab) or as
control an isotype Ab and performed FACS analysis after 24h (n=3).
We purified G-MDSCs according to Ly6G+ expression by magnetic cell separation and labeled them intracellular with
64Cu-PTSM or with a 64Cu labeled Ly6G-Ab (64Cu-NOTA-Ly6G). 2x106 64Cu-G-MDSCs were injected i.v. in RA
mice on day 6 and their biodistribution were tracked using PET/MRI, 1h and 24h post injection. Further we injected
8.7±0.2MBq of 64Cu-NOTA-Ly6G-Ab into RA mice on day 6 to measure occurrence of Ly6G+ cells in acute
inflammation up to 48h after tracer injection. Additionally we labeled sorted G-MDSCs with Cy5 and followed up their
homing patterns in vivo using by OI.
 
On day 1 less than 10%, day 3 up to 55% and day 6 up to 70% of infiltrating CD11b+ cells were identified in the ankle
lavage of arthritic BALB/c mice as G-MDSCs whereas M-MDSCs expression in arthritic ankles was not affected. G-
MDSC depletion with Ly6G Ab on day 6 after RA induction reduced the number of G-MDSC in ankle lavage of RA
mice to less than 10%. Isotype Ab injection did not affect G-MDSC expression levels (70%).
64Cu-PTSM-labled G-MDSCs homed to arthritic ankles 1h post injection to 5.5±0.6%ID/cc (n=4) and to
3.9±0.5%ID/cc (n=4) after 24h. Similar 64Cu-NOTA-Ly6G labeled G-MDSCs displayed significantly (p<0.001)
enhanced homing into GPI-arthritic ankles (1h: 7.2±3.0%ID/cc (n=5); 24h: 7.7±2.6%ID/cc (n=4)) compared to 64Cu-
PTSM-labled G-MDSCs after 1h and 24h. The injection of the 64Cu-NOTA-Ly6G-Ab in RA mice showed a significant
stronger uptake at all investigated time points (1h: 14±0.6%ID/cc, n=3), 24h: 8.1±0.8%ID/cc, n=3 and 48h:
7.3±1.8%ID/cc, n=3) compared to 64Cu-labeled G-MDSCs. Additionally, OI experiments displayed homing of Cy5
labeled G-MDSCs in arthritic ankles, starting already 1h after cell injection, signal enhanced until 24h and could be
detected even 5 days after cell injection (n=3 GPI, n=2 control).
 
Depletion of Ly6G+ cells, lead to a massive decrease of G-MDSCs and arthritic joint inflammation, indicating a new
therapeutic approach. Imaging of G-MDSCs in RA inflammation by 64Cu-NOTA-Ly6G-Ab and 64Cu-NOTA-Ly6G
labeled G-MDSCs showed promising results for future studies to follow up G-MDSC distribution in several
inflammatory diseases in vivo.
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TITLE: PET Imaging of CCR2+ Cells in Ischemia Reperfusion Injury after Lung Transplantation 
PRESENTER: Robert Gropler
ABSTRACT BODY: 
Abstract Body: Objective: Ischemia reperfusion injury-mediated primary graft dysfunction substantially hampers short-
and long term outcomes after lung transplantation. This condition continues to be diagnosed based on oxygen
exchange parameters as well as radiological appearance and therapeutic strategies are mostly supportive in nature.
Identifying patients who may benefit from targeted therapy would therefore be highly desirable.
Methods: Here we show that CCR2 expression in murine lung transplant recipients promotes monocyte infiltration into
pulmonary grafts and mediates graft dysfunction using flow cytometry.  We have developed CCR2 binding peptide
ECLi1 based PET imaging agents including peptide tracer and ECL1i conjugated gold nanoclusters to monitor
inflammatory responses after lung transplantation. Histopathological characterization and RT-PCR analysis were
performed to characterize the expression of CCR2.
Results: Both 64Cu radiolabeled ECL1i peptide radiotracer (64Cu-DOTA-ECL1i) and ECL1i conjugated gold
nanoclusters doped with 64Cu (64CuAuNCs-ECL1i) showed specific detection of CCR2 receptors, which are up-
regulated during ischemia-reperfusion injury after lung transplantation. In wildtype (WT) B6-wildtype B6 mouse lung
transplantation model, the uptake SUV of 64Cu-DOTA-ECL1i in donor lung was 1.31 ± 0.15 (n=4), 2.7 times higher
than that obtained in native lung (0.36± 0.08, p<0.001, n=4). In WT B6-CCR2 deficient mouse lung transplantation,
PET signal was mostly retained in the donor lung (SUV=0.53 ± 0.10, n=4) with minimal observed in the native lung
(0.25 ± 0.10, n=4, p<0.001), confirming the targeting specificity. With 64CuAuNCs-ECL1i, due to the extended
pharmacokinetics and targeting specificity, the donor lung uptake SUV was 1.60 ± 0.32 at 24 h post injection, more
than 7 times high than that acquired in native lung in the WT B6-WT B6 mouse transplantation model. In WT B6-WT
B6 mouse lung transplantation model, the up-regulation of CCR2 in both donor and native lungs of the recipient was
confirmed by immunohistochemistry and the difference of CCR2 gene expression between the two lungs was
consistent with PET data.
Conclusions: The fast pharmacokinetics of 64Cu-DOTA-ECL1i enables it for rapid and serial imaging of CCR2 in
acute lung injury. The multivalent 64CuAuNCs-ECL1i with extended pharmacokinetics is favored for persistent CCR2
detection and potential targeted treatment under chronic conditions. This imaging may be applicable for diagnostic
and therapeutic purposes for a wide variety of immune-mediated diseases.
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CONTROL ID: 2501090
TITLE: Homing Peptide Identification for Targeting Extra Domain A-Fibronectin in Liver Fibrosis
PRESENTER: Rebecca Schur
ABSTRACT BODY: 
Abstract Body: Background: Fibrosis is a common feature of many chronic diseases that can affect nearly all organ
systems, including the liver, lungs, kidneys, skin, and eyes. Standard clinical imaging methods cannot identify and
stage fibrosis progression, and most clinical assessments of these diseases require an invasive biopsy. Molecular
imaging with targeted contrast agents holds great promise as a non-invasive method to specifically and sensitively
identify fibrosis based on the biomarkers expressed in diseased tissue. Previously, MRI contrast agents specific to
collagen scar tissue have been reported [1]. While collagen is deposited in the extracellular matrix (ECM) during late
stages of fibrosis, many other ECM markers precede this tissue change. In this work, we aim to develop a targeting
peptide to extra domain A fibronectin (EDA-FN), an isoform of fibronectin that is minimally expressed in healthy, adult
tissues and is deposited during intermediate stages of wound healing and pathological fibrosis [2].
 
Method: Four rounds of phage display were performed against the purified EDA domain of EDA-FN expressed in the
BL21 strain of E. coli using a library of 109 unique linear 7-amino acid peptide sequences. Additional candidate
peptide sequences were identified by computational prediction of the ligand-receptor binding site of EDA-FN with the
β-propeller regions of α4 and α9 integrins with the software package Pepsite2 [3]. Candidate peptides were
synthesized using standard solid-phase Fmoc chemistry and conjugated to sulfo-Cy5 via a PEG2-CH2-CH2-COOH
linker. Fluorescently-labeled peptides were screened for tissue binding by staining frozen liver slices excised from 4-
month old PCK rats, a model of biliary fibrosis that is orthologous to human autosomal recessive polycystic kidney
disease.
 
Results: Phage display experiments generated 18 bound peptide sequences, of which one peptide bound during each
of the four rounds of panning (high-frequency), and 17 peptides bound during one round of panning (low-frequency).
Computational modeling predicted 7 interacting residues on the binding pocket of the α integrins with the EDA ligand.
Six of these residues were identical between α4 and α9 integrins. Of this peptide library, five peptides were
synthesized for screening against fibrotic tissues: one high-frequency phage display result, two low-frequency phage
display results, one computational result, and one non-targeting control. Two peptides demonstrated positive binding
to fibrotic regions of PCK rat liver tissues.
 
Conclusions: In this study, two peptides specific to EDA-FN were identified that demonstrated binding to fibrotic
regions of liver tissues. In future work, these peptides will be conjugated to in vivo imaging agents and employed to
evaluate the course of liver fibrosis. By targeting EDA-FN, a ubiquitous and early biomarker of fibrosis, the peptides
identified in this work hold promise for molecular imaging applications across the broad spectrum of fibrotic disease.
 
[1] Caravan P et al. J Hepatol 57: 549-555 (2013).
[2] Muro A et al. Am J Respir Crit. Care Med. 177: 638-645 (2008).
[3] Trabuco L et al. Nucleic Acids Res 40: W423-427 (2012).
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(A) Immunohistochemistry of EDA-FN expression corresponds with histochemical staining for fibrosis (picrosirius red
staining) in polycystic kidney (PCK) rats. EDA-FN is absent in healthy Sprague-Dawley controls, and increases with
age in the PCK model. (B) Computational prediction of the ligand-receptor interaction site between EDA-FN and α4
and α9 integrins. (C) Fluorescently-labeled peptides identified by phage display and modelling localize to fibrotic biliary
regions of PCK liver tissue.



CONTROL ID: 2501203
TITLE: Controversial effects of the ROS scavenger N-acetylcysteine (NAC) on NF-kB and ROS expression during
acute and chronic cutaneous delayed type hypersensitivity reactions (DTHR)
PRESENTER: Johannes Schwenck
ABSTRACT BODY: 
Abstract Body: The ROS-scavenger NAC supresses ROS stress as well as NF-kB activation in vitro. Nevertheless, to
date NAC is exclusively used as a mucolytic agent and acetaminophen intoxication antidote. Here we investigated the
impact of NAC-treatment on ROS and NF-kB expression non invasively in vivo during TNCB-induced contact
hypersensitivity reactions, a well established model for cutaneous T-cell driven DTHR.
NF-kB-luciferase-reporter and wild type mice were sensitized at the abdomen (5% trinitrochlorobenzene; TNCB) and
challenged at the right ear at day 7 (1% TNCB) to induce acute DTHR. To induce chronic DTHR mice were
challenged every 48h for up to 5 times. We added NAC to the drinking water (sham: only water) starting 2 days before
the 1st challenge (Ch). Ear thickness and optical imaging (OI) measurements were conducted 0, 4, 12 and 24h after
the 1st, 3rd and 5th Ch. To determine the in vivo NF-kB-activation we injected luciferin i.p. into NF-kB-luciferase-
reporter mice 5 min before OI (n = 4-5). For in vivo ROS-detection we injected wild type mice with ROS-sensitive L-
012 i.p. 5 min before OI (n = 4-5). Additionally, we conducted H&E histology, 8-oxoguanosine-glycosylase-1 (OGG-1)
immunohistochemistry (analysis of oxidative DNA-damage) and RT-PCR analysis (ROS/NF-kB driven genes) of ear
tissues and ROS sensitive dihydrorhodamine (DHR)-flow cytometry of spleens and draining lymph nodes (LN) from
mice with acute and chronic DTHR.
NAC-treatment significantly suppressed ear-swelling responses during acute and chronic DTHR when compared to
sham-treated mice. Despite the strong anti-inflammatory effect of NAC, OI revealed a heterogeneous impact of NAC
on ROS and NF-kB-activity. NF-kB-expression peaked in NAC-treated mice 12h after the 1st Ch and in sham-treated
mice after 24h, while maximum ROS-expression in NAC-treated mice was measured 24h after the 1st Ch and in
sham-treated mice after 12h. After the 3rd Ch in vivo NF-kB-activity was comparable 0h-24h in both experimental
groups, whereas NAC elevated the ROS-expression 24h after the 3rd Ch by a factor of 3. After the 5th Ch we
observed no relevant effect of NAC on ROS, but an enhanced, followed by a diminished NF-kB-activity 0-4h after the
5th Ch. Interestingly, we observed a slightly enhanced mRNA expression of ROS driven genes (ATF-3 and HO-1) and
anti-oxidative response genes (TRX-2, NRF-2) after the 1st Ch and a strongly enhanced expression after 5th Ch in
NAC treated mice. Similar, NF-kB-driven genes (TNF, COX-2) were enhanced in NAC treated mice after the 5th Ch.
FACS-analysis 12 h after the 5th Ch revealed a decreased number of B cells, M-MDSCs and macrophages but an
increased number of ROS-expressing lymphocytes in the draining LNs of NAC treated mice. OGG-1-
immunohistochemistry demonstrated ROS-induced DNA-oxidation as well as neutrophil extracellular trap formation.
NAC is highly efficient to suppress acute and chronic cutaneous DTHR but differentially impacts the temporal
dynamics of ROS and NF-kB-activity during acute and chronic DTHR. As NAC is a well tolerable drug it may represent
a potent anti-inflammatory drug for treatment of T cell driven autoimmune diseases.
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CONTROL ID: 2499065
TITLE: Differentiating acute interstitial nephritis from acute tubular necrosis in an animal model: Comparison of four
radiopharmaceuticals.
PRESENTER: Christopher Palestro
ABSTRACT BODY: 
Abstract Body: Background/Objectives: The most common cause of acute kidney injury (AKI) is acute tubular necrosis
(ATN). Acute interstitial nephritis (AIN) accounts for 5%-15% of all AKI cases. Early diagnosis is important so that the
causal agent is removed and steroid therapy can be instituted. Differentiating AIN & ATN can be difficult because their
clinical pictures can be very similar. The reference standard for diagnosis is intense interstitial infiltrate (mononuclear
cells, T lymphocytes, plasmocytes, eosinophils) on renal biopsy. Biopsy is invasive with side effects including pain,
hematuria, bleeding, and occasionally nephrectomy. Gallium-67 (67Ga) imaging has been used as a non-invasive
alternative to biopsy to diagnose AIN & differentiate it from ATN. Three other radiopharmaceuticals, 111In labeled
leukocytes (InWBC), gallium-68 (68Ga) & 18F-FDG (FDG), also are used for infection & inflammation imaging. These
agents offer certain advantages over 67Ga, yet none has been investigated as an alternative to 67Ga. The objective
of this investigation was to determine, in an animal model, if any of these radiopharmaceuticals could replace 67Ga for
differentiating AIN from ATN.
Methods: 3 groups of rats were studied with each radiopharmaceutical: Controls (C), ATN, & AIN. AIN animals were
imaged 14 days after intraperitoneal injection of 150 mg/kg puromycin aminonucleoside. ATN animals were imaged 8
days after intraperitoneal injection of 6 mg /kg cisplatin. InWBC imaging was performed 24 hours after injection of 3.7
MBq human InWBC. 67Ga imaging was performed 48 hours after injection of 3.7 MBq 67Ga. FDG imaging was
performed 45 minutes after injection of 7.4 MBq FDG. 68Ga imaging was performed 2 hours after injection of 14.8
MBq 68Ga. InWBC and 67Ga imaging were performed on a gamma camera with a pinhole collimator. FDG & 68Ga
imaging were performed on a Micro-PET. To compare results among the 4 radiopharmaceuticals, mean values for
controls for kidney: spine SUV’s were determined for FDG & 68Ga, & mean values for controls for kidney: spine
planar imaging counts were determined for InWBC and 67Ga. Ratios for AIN & ATN were compared to mean values
for controls. One physician viewed all images. Animals were euthanized, & renal tissue samples were evaluated by a
pathologist for evidence of mononuclear cellular infiltration (MNC) and tubular damage (TD).
Results: In all 4 radiopharmaceutical groups, MNC was significantly higher in AIN than in ATN & C. TD was
significantly higher in ATN than in AIN & C. Kidney-to-spine ratios versus controls were similar for AIN & ATN for
InWBC (1.3±0.2 versus 1.0±0.1, p =0.06), 68Ga (1.7±0.3 versus 1.6±0.4, p =0.53) & FDG (2.1±0.9 versus 2.4±1.5, p
=0.57); ratios were significantly different only for 67Ga (1.6±0.6 vs., 1.0±0.1, p =0.006).
Visually for InWBC & 68Ga, C, ATN, and AIN were indistinguishable. For FDG, ATN & AIN could be distinguished
from C, but not from each other. For 67Ga, AIN could be distinguished from ATN and C.
Conclusions: Of the 4 radiopharmaceuticals investigated, only 67Ga differentiated AIN from ATN, so that at the
present time, 67Ga remains the only feasible radiopharmaceutical for this purpose.
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CONTROL ID: 2494040
TITLE:  
VEGF receptor specific imaging in atherosclerotic lesions in diabetic and non-diabetic ApoE -/- mice
PRESENTER: Yared Tekabe
ABSTRACT BODY: 
Abstract Body: Tekabe Y, Johnson LL, Rodriquez K, Li Q, Backer M, Backer J
Value of selective VEGF receptors in atherosclerotic plaque vulnerability is unknown; therefore we developed VEGF
receptor-1 and -2 specific imaging tracers as research tools and potential clinical applications.
Receptor-specific versions of scVEGF (engineered single-chain version of pan-receptor VEGF A with N-terminal
cysteine-containing tag for site-specific conjugation) with enhanced selective affinity to either VEGFR-1 (scVR1) or
VEGFR-2 (scVR2) were engineered via site-directed mutagenesis and their functional activity and receptor-specificity
validated in tissue culture assays. PEGylated DOTA chelator was conjugated to Cys-tag, and high specific affinity of
the resulting targeting conjugates, scVR1 and scVR2 characterized by surface plasmon resonance. Conjugates were
radiolabeled with 99mTc using pan-receptor scVEGF-PEG-DOTA conjugate protocol.
34-40 week diabetic ApoE-/- mice (DM) (n=10) and age-matched non-diabetic (NDM) ApoE-/- mice (n=15) were
studied. Equal numbers of DM and NDM mice were injected with either cVR1/99mTc or scVR2/99mTc tracer, 2-3 h
later injected with CT contrast and underwent hybrid SPECT/CT. Tracer uptake localized to proximal aorta and
brachiocephalic vessels was quantified and expressed as %ID. For specificity testing, scVR1/99mTc and scVR2/99m

Tc were co-injected with excess of “cold” proteins of the same or opposite receptor specificity.
Excess “cold” protein of the same receptor blocked 60-70% of plaque uptake, but uptake was unaffected by “cold”
protein of the opposite receptor specificity. Plaque uptake in DM vs. NDM for scVR1/99mTc was 0.064 ± 0.004
vs.0.039 ± 0.013 %ID (P = 0.002) and for scVR2/99mTc was 0.058 ± 0.10 vs. 0.048 ± 0.16 (P = 0.270). For NDM
alone there was no significant difference in plaque uptake between the two receptor targeted probes (P = 0.14).
Conclusions: Selective VEGFR receptor targeting for in-vivo imaging is feasible and may be useful to explore plaque
biology and identify vulnerability. Based on these data VEGFR1 may be a better marker of plaque vulnerability.
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CONTROL ID: 2494705
TITLE: Bacteria-specific detection using hyperpolarized 13C pyruvate 
PRESENTER: Renuka Sriram
ABSTRACT BODY: 
Abstract Body: Aim: Bacterial infection is a major health care problem, with high morbitiy and mortality. Differentiating
infection from tumor or sterile inflammation is challenging and frequently relies on invasive tissue sampling. There is
currently no clinically-available non-invasive method to directly detect living bacteria in vivo. In this abstract, we
describe a method for detecting bacterial metabolism using hyperpolarized 13C pyruvic acid. Owing to comparative
lack of intracellular organelles in prokaryotes and their small size, hyperpolarized 13C pyruvate is expected to be
metabolized rapidly into downstream metabolic products that are not detected in mammalian cells. Our goal is to
identify metabolic products specific to pathogenic bacteria using hyperpolarized 13C spectroscopy.
 
Methods: Cultures of E.Coli and S.Aureus were inoculated in 20 ml lysogeny broth (LB) medium from agar plates and
were grown overnight at 37 °C. Shake flask cultures were inoculated from these precultures and grown to the mid-
exponential phase (OD600 = 1). Centrifuged cells pellets were resuspended in 500ml of 40 mM HEPES buffer at pH
7.3. A renal cell carcinoma cell line (UOK262) in MR compatible bioreactors was used as a representative mammalian
cell line to compare with bacteria. 16 µmols each of [1-13C]pyruvate and [2-13C]pyruvate were co-polarized using
Dynamic Nuclear Polarization using a 3T Hypersense (Oxford Instruments) and neutralized in a phosphate buffer. 1ml
of the dissolution buffer was added to the bacterial cell suspension or renal carcinoma cells for dynamic 13C MR
measurement in the 11.7T Varian INOVA using 30° pulses, and 3s interval for 300s.
 
Results and discussion:  
Figure A shows the schematic of pyruvate conversion to acetate. Red and blue circles illustrate the fates of C1 and C2
carbons of pyruvic acid respectively. Figure B shows the kinetic production of acetate in E. Coli following injection of
pyruvate. Figure C illustrates the summed spectra over the first 80 seconds in each cell line. Measureable acetate
production was observed in both E.Coli and S.Aureus. In contrast, UOK262 renal cell carcinoma (bottom spectrum)
did not demonstrate any acetate production. [1-13C]lactate was observed from the UOK262 as expected,
documenting that the cells were viable. For mammalian cells to produce acetate from pyruvate, the acetyl CoA needs
to be transported back into the cytosol by citrate-malate shuttle due to the lack of acetylcoA synthase in mitochondria.
This divergent pathway of acetate production provides the basis for the detection of living bacteria.
 
Conclusion: Acetate plays a key role as a metabolic switch in bacterial growth and survival. We have shown here
preliminary findings that hyperpolarized acetate production from pyruvate in pathologic bacteria is observable and
distinct from the signals observed in mammalian cells. Further experiments will be necessary to determine whether a
similar signal will be observed in an animal. However, these preliminary results suggest that production of
hyperpolarized acetate can serve as a biomarker of bacterial infection.
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Figure: A) Schematic of pyruvate conversion to acetate. The green arrow indicates the Krebs cycle, an efficient
oxidative respiratory pathway common to both prokaryotes and eukaryotes, while the red arrow indicates the Warburg
effect most commonly seen in cancer cells. The blue arrow and box indicates the fermentative pathway of acetate
production from acetyl-CoA via acetate kinase specific to prokaryotes. B) The kinetics of acetate production in E.coli
from hyperpolarized [2-13C]pyruvate. C) Hyperpolarizzed  [2-13C]acetate production from  [2-13C]pyruvate  is seen in
both gram negative bacteria, E.coli as well as in gram positive S.aureus, while no acetate production is measurable in
mammalian renal cancer cells. In the mammalian cancer cells [1-13C]lactate is the predominant product that is
metabolized from  hyperpolarized[1-13C]pyruvate which is co-injected with [2-13C]pyruvate.



CONTROL ID: 2498111
TITLE: Canonical NF-kB activation modulates leucocyte recruitment and oxidative stress during acute and chronic
contact hypersensitivity reaction
PRESENTER: Roman Mehling
ABSTRACT BODY: 
Abstract Body: Canonical NF-κB activation (p50) is involved in opposing immune functions, as NF-κB-p50-/- mice are
more sensitive to bacterial but resistant against viral infections (Cell 1995; 80:321-30). Canonical NF-κB activation
seems to be associated to prompt unspecific immune responses, whereas the impact on adaptive immune responses
remains poorly defined. Here we investigated the role of canonical NF-κB activation in acute and chronic T cell driven
contact hypersensitivity reactions (CHSR) of the skin.
We sensitized wild-type mice (n=9) and NF-κB-p50-/- mice (n=8) at the abdomen with trinitrochlorobenzene (TNCB).
Mice were challenged after one week at the right ear with TNCB to elicit acute CHSR. Chronic CHSR was induced by
repetitive TNCB-challenges (every two days) for up to five times. We determined the ear thickness before, 4h, 12h
and 24h after each TNCB ear challenge and determined oxidative stress at the identical time points after the 1st, 3rd

and 5th challenge non-invasively in vivo using a reactive oxygen species (ROS)-sensitive chemiluminescence optical
imaging (OI) probe (L-012). In addition we obtained ear tissue, draining lymph nodes as well as the spleen for H&E-
histology, RT-PCR of NF-κB-driven (TNF, IL-1β and IL-6), ROS-driven (HO-1, ATF3) and antioxidant defense genes
(TRX-1) and performed flow cytometric analysis.
 
We determined strongly enhanced acute and chronic CHRS in NF-κB-p50-/- mice when compared to w mice. Thus,
NF-κB-p50-/- mice exhibited an up to two-fold increased ear thickness. H&E histology of inflamed NF-κB-p50-/- mouse
ears mice revealed an enhanced edema and a diffuse leucocyte infiltrate dominated by ROS expressing
polymorphonuclear leukocytes. We followed ROS-expression in vivo by L-012 OI and determined significantly
increased expression levels in ears from NF-κB-p50-/- mice 12h after the 1st, 4h after the 3rd and 0h, 4h, and 24h
after the 5th challenge when compared to the wild-type. NF-κB-p50-/- mice showed not only a much stronger ROS-
expression, but also a faster ROS-induction peaking at 12h during acute CHSR and at 4h during chronic CHRS. Flow
cytometric analysis of the spleen revealed enhanced expression of ROS intermediates (DHR-oxidation) and a
significant increase of CD4+CD69+ T-cells in the spleens of NF-κB-p50-/- mice. NF-κB driven TNF, IL-1β and IL-6
mRNA expression in inflamed ears increased after the 1st and 5th challenge in NF-κB-p50-/- when compared to wild-
type mice. The mRNA expression of the antioxidant defense gene TRX1 in inflamed ears was elevated while the
mRNA levels of the ROS-driven genes HO-1, ATF-3 and NRF-2 were strongly enhanced but not different after one
challenge in both, NF-κB-p50-/- and wild-type mice.
 
Canonical NF-κB activation protects from T cell driven immune responses, as NF-κB-p50-/- mice exhibited enhanced
ears swelling responses and oxidative stress, enhanced T cell activation and expression of NF-κB driven genes. Thus,
specific modulation of NF-κB signaling may represent a powerful therapeutic tool for treatment of delayed-type
hypersensitivity reactions, such as found in psoriasis or rheumatoid arthritis.
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CONTROL ID: 2491887
TITLE: The added value of optical projection tomography and selective plane illumination microscopy for in vivo fungal
infection imaging
PRESENTER: Greetje Vande Velde
ABSTRACT BODY: 
Abstract Body: Our overall aim is to define and unravel key events in cryptococcosis pathogenesis that are dynamic in
time (fungal proliferation, capsule growth) and space (infection spreading from lungs to the brain). By using µCT, MRI
and intravital fibered confocal fluorescence microscopy (FCFM), we are able to monitor cryptococcal lung and brain
disease progression before phenotypical signs of disease appear. However, methods to validate the 3D in vivo
imaging results and to image fungal lesions in the context of an entire organ are currently unavailable. Moreover,
changes in the yeast’s capsule thickness and therefore in cryptococcal density during the course of infection are
thought to be directly related to virulence and brain invasion. Yet, not much is known about the role of the capsule in
the host as methods to investigate the cryptococcal distribution in intact infected mouse organs, in 3D and with cellular
resolution, are lacking.
This work aimed at providing this missing link between whole-body imaging results from MRI and µCT that visualized
overall lung and brain disease progress and fungal growth in 3D, and microscopic techniques on tissue sections or
using intravital FCFM that give information with high cellular resolution in 2D or with limited penetration depth and with
a very small field-of-view.
We optimized and performed optical projection tomography (OPT, SkyScan3001, BiOPTonics and custom built) of
optically cleared intact lungs and brains isolated from intranasally, intravenous and intracerebrally Cryptococcus-
(GFP+)-infected BALB/C mice that were imaged in vivo with µCT (SkyScan1076), MRI (9.4T, Bruker Biospin) and
FCFM (CellVizio, Mauna Kea). Subsequently, samples were imaged with selective plane illumination microscopy
(SPIM, custom built) and processed for validation with standard histology.
Optical clearing of intact infected mouse lungs and brains and specific fluorescent labeling of cryptococci were
successfully optimized. OPT provided mesoscopic 3D data of lung and brain tissue and fluorescently labeled
cryptococcomas that enabled validation of in vivo imaging results and the identification of areas of interest to guide
more detailed complementary examination with SPIM. SPIM provided high-resolution characterization of selected
regions (e.g. cryptococcomas) with cellular resolution, both in superficial and in deeply seated lesions within the intact
organs. Based on OPT and SPIM, we could document differences in cellular and lesion density between C. gattii
(R265) and C. neoformans (H99) that possibly reflect differences in virulence factors such as capsule size, thereby
illustrating the added value of these novel approaches for the infectious diseases field and beyond.
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TITLE: Increasing FDG-PET specificity by taking profit of animal handling: pre-imaging protocols
PRESENTER: Lorena Cussó
ABSTRACT BODY: 
Abstract Body: FDG-PET is increasingly used in murine models of human diseases, specifically in cancer and
infection/inflammation research. The main problem is that organs such as heart, brain, and bladder, introduce
inconvenient spillover in adjacent structures. Although several pre-imaging protocols have been proposed to decrease
FDG uptake in those organs (and thus spillover) [1-3], their effect on adjacent structures is still unknown. The aim of
this study was to evaluate FDG uptake in adjacent tissues (lung tumors and colon) when FDG uptake suppression
pre-imaging protocols are applied. Methods: Experiment A, two dietary conditions (one night of fasting and three days
on ketogenic diet (KD; TD.96355 Harlan)) were tested on 14 K-Ras mice. An FDG-PET was acquired after each diet
in order to measure SUV in both heart and lung tumors. Experiment B, two FDG-PET images were acquired from five
C57BL/6 mice. 45 minutes before the scan animals received a single dose of FDG and a subcutaneous (SC) bolus of
saline (25 mL/Kg); 25 minutes later another SC saline bolus was administrated together with a single intraperitoneal
dose of furosemide (two furosemide doses, 3.5 or 7 mg/kg, were tested on different days). Regular FDG-PET was
performed on control group (N=5). SUV were measured in kidneys, liver, bladder and two colon (close and far from
the bladder). Results: Experiment A, visual analysis of showed an increase in tumor uptake in 10 out of 14 tumors
after KD (Fig. 1, top); also SUVmax average showed a slight increase (4.02±0.57) compared with fasting (3.41±0.53),
but did not reach statistical significance (p=0.05, Wilcoxon test). Three days on KD (SUVmean 0.95±0.36) decreased
FDG myocardium uptake better than one night on fasting (1.64±0.93; p=0.013, Wilcoxon test), which improve tumor
visualization and quantification. Experiment B, figure 1 (bottom) show excellent results on bladder suppression
obtained following the proposed protocol. Compared with controls, both furosemide doses induced similar bladder
suppression without affecting kidneys or liver uptake (Fig. 1, bottom). In the control group, spillover from the bladder
increased two times colon SUV (1.1±0.7) compared with distant colon area (0.5±0.2). On treated animal near-bladder
colon SUV (0.6±0.05 with 7 mg/kg and 0.5±0.1 with 3.5 mg/kg) are similar to distant colon values in controls animals,
thus bladder spillover was suppressed. Discussion: The present study validates two different pre-imaging protocols to
suppress FDG uptake without alter tumor or colon uptake. Both proposed protocols are easily applied on healthy and
pathological animals and constitute a good alternative to standard handling methods like fasting [2] or bladder
catheterization [3]. References: [1] Cussó L, et al., PLoS One. 2014. [2] Wahl RL, et al., Radiology. 1992. [3] Deleye
S, et al., Mol Imaging. 2014.
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Figure 1.  Top: FDG tumor uptake after each dietary condition, 10/14 tumors showed an increase after three days on
ketogenic diet. Bottom (left to right): Coronal PET-CT images of mouse abdomen show high bladder signal (arrow) in
non-treated animals compared with both treated groups. Plot represents the SUVmean of bladder, kidneys and liver of
the different groups. Both furosemide doses reduced bladder signal compared with control without altering uptake in
other organs.<br />



CONTROL ID: 2493435
TITLE: PET imaging of 18F-pyrazinamide (5-18F-PZA) in M. tuberculosis-infected animals to quantify drug
concentration in infected tissues
PRESENTER: Zhuo Zhang
ABSTRACT BODY: 
Abstract Body: To explore the mode of action of the front-line tuberculosis (TB) drug, pyrazinamide (PZA), a fluorine-
18 analog (5-18F-PZA) was synthesized and used to image M. tuberculosis (M.tb)-infected mice by Positron Emission
Tomography (PET). The biodistribution and real-time concentration of 5-18F-PZA in multiple organs including infected
tissues was quantified non-invasively by PET imaging. Similar levels of activity were observed in infected lungs in M.tb
-infected animals and in lungs of healthy controls. No significant accumulation of 5-18F-PZA was noted in the lungs.
Given the chemical similarity between 5-F-PZA and PZA itself, the results may suggest that PZA does not accumulate
significantly in M.tb infected lung tissue compared to controls. Accumulation of radiolabel in bones suggested that free
fluoride was produced by de-fluorination of 5-18F-PZA with subsequent metabolite analysis confirmation. In summary,
our study utilized PET as a non-invasive imaging tool to profile real-time in vivo tissue pharmacokinetics (PK) of the
TB drug analog, 5-F-PZA, in M. tb-infected animals. Such data are difficult to obtain using other more invasive
techniques. These results could help understand the mechanism of action of PZA, and also provide important
information to guide the PZA regimen for TB treatment.
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CONTROL ID: 2495997
TITLE: In-vivo quantification of lung function by means of low dose planar cinematic x-ray imaging in a mouse model
of acute allergic inflammation
PRESENTER: Andrea Markus
ABSTRACT BODY: 
Abstract Body: Background: Allergic asthma affects 300 Mio people worldwide, but its underlying pathomechanism is
still not completely understood and existing therapies are ineffective in about 10% of patients (Reddy and Little, 2013).
Preclinical mouse models of allergic inflammation have considerably advanced asthma research by mimicking a
number of anatomical hallmarks of human allergic inflammation. However, the clinically most relevant parameter - the
impairment of lung function – is poorly represented by the currently employed plethysmography, and how alterations in
the lung structure correlate to lung function is as yet insufficiently examined.
Methods and Results: We have developed a novel approach to quantify impaired lung function based on low dose
planar cinematic x-ray imaging, which we designate “X-ray based Lung Function” (XLF). The new approach was
compared and correlated to unrestrained whole body plethys-mography (WBP) and anatomical parameters assessed
by broncho-alveolar lavage (BAL), in-line free propagation phase contrast CT (Dullin et al., 2015) and histology. We
show that female Balb/c mice with ovalbumin (OVA) induced acute allergic inflammation (AAI) can be successfully
discriminated from healthy controls and glucocorticosteroid (Dexamethasone) treated animals by XLF (Figure 1) and
that this method is superior to WBP in detecting lung function. Moreover, we show that XLF results correlate with the
grade of anatomical alterations occurring in AAI such as airway wall thickening, airway obstruction and increased soft-
tissue volume ratio within the lung. Dexamethasone treatment showed only insignificant reduction of eosinophilia, but
intermediate values between healthy controls and asthmatic mice for all XLF parameters that depict the total amount
of air or airway obstruction as well as for histology and phase contrast CT. This indicates that the measured lung
function in the treated mice was still impaired probably due to reduced lung-tissue elasticity, and demonstrates that
XLF delivers functional and structural information. WBP, the only other in-vivo method, failed to discriminate between
healthy, treated and asthmatic mice. By means of XLF we conclude that a common treatment such as
Dexamethasone does not restore the lung to healthy functional conditions but only suppresses particular hallmarks of
the disease. This suggests that we are still in need of better asthma therapeutics as well as novel functional
parameters to assess their efficacy. We believe that the presented imaging platform which combines lung function
measurement with detailed analysis of anatomical alteration in mouse lungs may aid this development.
Conclusion: XLF is a novel in vivo X-ray based method to assess lung function in mouse models of lung disease. XLF
is more sensitive for assessment of lung function than the classically used WBP because it measures the combined
effect of structural and functional alterations.
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TITLE: In vivo quantitative assessment of lung structural abnormalities and inflammation in a small animal
emphysema model using micro-computed and optical tomography.
PRESENTER: Jeroen Essers
ABSTRACT BODY: 
Abstract Body: Lung fibrosis and emphysema models using small animals are essential for unraveling the molecular
mechanisms underlying human lung fibrosis and emphysema. In humans, lung fibrosis and emphysema including
asthma and COPD are progressive diseases that require continues monitoring. The majority of the current disease
models make use of an end stage measurement lacking the disease progression.
Here we investigate the implementation longitudinal assessment of quantitative micro-computed tomographic indexes
in a model of emphysema (Fibulin-4 mutant mice) to monitor disease progression, combined with 3D optical imaging
of inflammation. Lung images acquired with the microCT imaging system were converted and subsequently used to
generate reconstructions and extract multiple parameters (i.e. volume and functional residual capacity). In addition, we
used protease-activatable NIRF probes to monitor and quantify MMP activation in animals using a fluorescence
mediated tomographic imaging system.
We demonstrate that aneurysmal Fibulin-4R/R mice display severe developmental lung emphysema, whereas Fibulin-
4+/R mice acquire alveolar breakdown with age and upon infectious stress. In Fibulin-4 mutant mice it was possible to
calculate and or convert each dataset from grayscale to Hounsfield units (HU). The segmentation of trachea and lung
allowed the calculation of total lung and trachea volumes, lung tissue volume and functional residual capacity (FRC).
These values identified loss of lung tissue volume and illustrate that CT imaging techniques can be used to
quantitatively determine lung emphysema development in Fibulin-4 mice longitudinally.
In conclusion, our experimental data identifies genetic susceptibility to extracellular matrix degradation and secondary
inflammation as the mechanisms in aneurysm formation and we proof the beneficial implementation of longitudinal
assessment of quantitative micro-computed tomographic in studying and monitoring disease progress in small animal
models for emphysema.
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TITLE: Zirconium-89 radiolabeling and preclinical imaging of a Plasmodium-specific antibody bioconjugate aimed at
the clinical tracking of malaria infections
PRESENTER: Janie Duvenhage
ABSTRACT BODY: 
Abstract Body: Background Malaria is mosquito-transmitted infectious disease caused by Plasmodium parasites such
as P. falciparum, which can lead to death in untreated or non-immune patients. As the parasite enters the host’s
erythrocyte, alterations in the erythrocyte’s membrane occur, which results in mature asexual parasite stages
(trophozoites / schizonts) and immature gametocytes (stage I-III/IV) to sequester in certain tissues (1). Understanding
the molecular mechanisms underlying parasite sequestration is hampered by the inability to visualize malaria
infections in vivo and observe the intricate host-parasite mechanisms in place that governs malaria pathogenicity.
Positron emission tomography/computed tomography (PET/CT) enables host-parasite interactions studies but recent
imaging approaches using nonspecific 18Flurodeoxyglucose-PET/CT indicated that splenomegalic tracer uptake due
to malaria can cause diagnostic misinterpretation (1) addressing the need for more specific radiopharmaceuticals for
use in malaria infections. We set out to evaluate a Plasmodium-specific antibody (IIIB6) in vitro, present the first
example of an 89Zirconium-radiolabeled IIIB6-probe (89Zr-IIIB6) and report initial findings of its performance in
BALB/c mice using μPET/CT imaging. Methods IIIB6 was tested in vitro for the ability to recognize all the intra-
erythrocytic parasite stages after the stage-specific production and evaluation of each of the developmental stages
with flow cytometry (FC) and was further analysed by confocal microscopy (CM). 89Zr-labeling was achieved by
conjugating IIIB6 to p-isothiocyanatobenzyl-derivative of desferrioxamine (Bz-DFO-NCS), followed by 89Zr-
complexation (89Zr-IIIB6). The stability and organ uptake of 89Zr-IIIB6 was studied in healthy mice by imaged-guided
bio-distribution over 24 h using μPET/CT and its usefulness was validated ex vivo against 89Zr-h-R3, a routinely used
anti-cancer antibody (humanized monoclonal antibody against the epidermal growth factor receptor (EGFR)) and 89

Zr-oxalate, a bone seeking agent. Results The findings from FC- and CM-analyses showed that IIIB6 has a broad
specificity and binds to all life cycle stages of malaria parasites (asexual and sexual forms). 89Zr-Radiolabeling was
successful with 84 % labelling efficiency and a radiochemical purity >98 %. 89Zr-IIIB6 was stable for 48 h and was
administered to 5 healthy mice (10 ± 3.6 MBq/animal). 89Zr-IIIB6-µPET indicated that the antibody cleared rapidly
from unspecific tissue over 24 h post-injection. Renal excretion was evident; 89Zr-IIIB6 uptake was detected in spleen,
liver and ovaries. The 89Zr-IIIB6 blood plasma levels 24 h post-injection (2 % ID/g) were significantly lower than 89Zr-
h-R3 (18 % ID/g) (P >0.001; n=4) (Fig. 1). There was no evidence for 89Zr dissociation from the bioconjugated IIIB6
as indicated by bone uptake compared to 89Zr-oxalate (1 % ID/g vs.24 % ID/g, P =0.0082, n=4). Conclusion An 89Zr-
radiolabeled Plasmodium-specific pan-reactive antibody bioconjugate was achieved. Future µPET/CT studies on
malaria-infected animals are envisaged. References [1] Franke-Fayard, PLoS Pathog. 2010;6:e1001032 [2] Jephs,
Indian J Nucl Med 2014;29:102-
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Figure 1. Bio-distribution of an 89Zr-radiolabeled Plasmodium-specific antibody-bioconjugate in BALB/c mice. <br />
Organ and tissues were harvested after 4 consecutive µPET/CT scans at 24 h after injection of 10 ± 3.6 MBq tracer /
animal. Results are expressed as percentage of injected dose per gram (% ID/g) ± SD for 89Zr-IIIB6 (n=5) compared
to 89Zr-h-R3 (n=4) and 89Zr-oxalate (n=4). Paired and unpaired Student-t test was utilized to justify differences organ
uptakes of the respective probes.S<span style="line-height:20.8px">ignificance</span> was <span style="line-
height:20.8px">considered from </span>P <0.05.
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TITLE: Comparative Efficacy of New Oxazolidinones in a NHP Model of Tuberculosis evaluated by [18F]FDG PET/CT
and Bacterial Burden
PRESENTER: Laura Via
ABSTRACT BODY: 
Abstract Body: The number of new cases of multidrug resistant tuberculosis (MDR-TB) is increasing worldwide. New
chemotherapeutics are needed to augment treatment for MDR-TB, with the ultimate goal of a new drug regimen useful
for both drug susceptible and resistant disease. Linezolid (LIN) is used in salvage treatment of MDR-TB, but it has an
unfavorable toxicity profile with long-term use. Therefore, other potentially less toxic oxazolidinones are being
evaluated for TB. The common marmoset, a small, non-human primate (NHP) model, is proving useful in assessing
Mycobacterium tuberculosis (MTB) drug efficacy. Five of the oxazolidinones were evaluated in the marmoset and
mouse models using in vivo imaging and terminal methods. Marmosets were infected with MTB for approximately 7
weeks, given a pre-treatment 18F-fluorodeoxyglucose (FDG) PET/CT scan, and randomized into treatment groups.
The NHP were administered oral daily doses of LIN, AZD5847 (AZD), Radezolid (RAD), Sutezolid (SUT), or Tedizolid
(TED) adjusted to match the AUC of the expected human dose. Serial PET/CT scans were performed during the 1 or
2 months of treatment and computationally evaluated to assess the TB-associated abnormalities. C57BL/6 mice were
similarly infected and treated for 1 or 2 months with oxazolidinone doses equivalent to the AUC and/or the T/MIC
achieved in the marmoset. After treatment, the animals were euthanized and the bacterial burden was assessed.
Marmosets treated with the oxazolidinones showed reduced or stabilized lung disease by PET/CT and increased
survival post-infection, compared to controls. Animals treated with LIN, AZD, SUT and TED experienced the most
consistent response showing reductions in both abnormal lung volume and FDG uptake. Lesion and organ bacterial
burdens were significantly reduced in marmosets administered LIN, AZD and SUT. Quantitative reductions in
abnormal lung volumes and FDG uptake were associated with lower bacterial burdens. Studies of drug distribution
into epithelial lining fluid predicted the activity of these agents. In the mice, SUT promoted the most significant
reduction in bacterial burden followed by LIN with the other agents showing only modest activity. These results
support further investigation of SUT, AZD, and possibly TED as components in new MDR-TB drug regimens.
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TITLE: PET/MRI imaging of knee osteoarthritis in mice treated with human adipose derived mesenchymal stem cells
PRESENTER: Victoria Moreno
ABSTRACT BODY: 
Abstract Body: The aim of this work is to to assess the activity of mesenchymal stem cell transplantation on a knee,
affected by osteoarticular degeneration, through NaF-18 bone uptake in PET imaging.
 
Cartilage degeneration is associated to degenerative bone and joint processes within severe osteoarthritis (OA). At
present, OA are difficult to treat, involving very often, a partial or complete join substitution. However, the OA may
become curable with a specific, early and efficient treatment focus on preservation and improvement of cartilage
repair by regenerative interventions and the mesenchymal stem cell (MSC) have been showed as a promising
strategy.
 
Both hindlimb knees of three male mice were treated with collagenase to induce severed osteoarticular degeneration.
Five days after OA induction, one knee was treated by intrarticular administration of human adipose derived
mesenchymal stem cells (hASC) whereas the other knee acted as control, treated with the same volume of saline.
Twenty days after treatment all three animals were scanned following injection of NaF-18 and imaged on the new
hybrid PET/MRI system by Bruker.
Injected activities ranged between 177 and 199 uCi and uptake times varied between 83 and 110 min. Whole body
PET scan time was in all 3 cases 10 minutes.
 
hASC transplanted joints showed significantly diminished knee inflammation, diminished cartilage degenerative grade,
with reduced intrarticular spared tissue and increased production of proteoglycan sulphates in comparison with saline
treated joints. According to both, the analysis performed on the PET images and the post-mortem histological
analysis, hASC transplantation favours cartilage regeneration.
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Left: MRI and PET (NaF) co-registered image of hindlimb knees. Right: Whole body PET (NaF) image
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TITLE: Imaging Sites of Inflammation and Infection Using OTL38 (a Folate–Targeted NIR Imaging Agent)
PRESENTER: Walter  Henne
ABSTRACT BODY: 
Abstract Body: Based on the limited distribution of folate receptor (FR) in normal tissues tied with higher receptor
expression levels on various disease cells, FR remains an attractive biomarker for the selective delivery of therapeutic
and imaging agents to FR–(positive) cancer cells. OTL38, a folate-targeted near infrared (NIR) imaging agent with
high affinity for FR, has been used for image-guided surgery in FRα–(positive) malignancies and is currently in phase
III trials for ovarian cancer and phase II trials for non-small cell lung cancer. On the other hand, FR-β is differentially
expressed on activated macrophages associated with inflammatory disease states but absent in either quiescent or
resting macrophages. Furthermore, recent evidence has suggested that FR–(positive) macrophages might
accumulate at the sites of infectious disease. Since OTL38 also binds to FR-β with high affinity, we evaluated whether
OTL38 might prove similarly useful for imaging inflammatory and infectious diseases. Using fluorescence imaging, we
demonstrated that OTL38 accumulates in inflammatory diseases including: ulcerative colitis, collagen-induced
arthritis, atherosclerosis, and pulmonary fibrosis. Moreover, we also found that OTL38 selectively uptakes in infectious
foci of Staphylococcus aureus and Pseudomonas aeruginosa but not in uninfected limbs. This study establishes for
the first time the use of OTL38 to image and localize sites of inflammatory and infectious diseases.
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TITLE: In vivo measurement of reporter protein expression in a fibrotic mouse model using whole-body optical imaging
and probe-based confocal laser endomicroscopy
PRESENTER: Elodie Ly
ABSTRACT BODY: 
Abstract Body: Enhanced Episomal Vectors (EEV) are non-viral, non-integrating plasmid-based expression vector
systems that enable sustained transgene expression for several months in both in vitro and in vivo applications. In
vivo efficient gene transfer can be achieved by hydrodynamic injection (rapid injection of a large volume of DNA
solution) via the tail vein [1]. It is generally accepted that transforming growth factor-β (TGFβ) is a key factor of fibrosis
induction, regulating the expression of important fibrosis genes such as collagen1a1 (Col1a1).
 
Here, we evaluate EEV with Luciferase (Luc) and Green Fluorescent Protein (GFP) expression vector in which both
GFP and Luc genes are under the control of TGFβ−inducible Col1a1 promoter. The level of gene reporter must be
overexpressed with the presence of fibrosis-induced treatment (CCL4 or TGFβ). After EEV hydrodynamic injection,
GFP or Luc expression level was measured in liver and kidney. The goal is to establish a mouse fibrosis model in
which the evaluation of the extent of fibrosis is made possible over time and can be quantified non-invasively. Two
imaging modalities, whole-body optical imaging and probe-based confocal laser endomicroscopy (pCLE), were used
to monitor in vivo the expression of this reporter protein involved in fibrosis. With the latter technology, fluorescent
dyes were used to highlight the cellular structure or the vasculature of the organs of interest (acriflavine and Evans
blue, respectively). Additionally, we assessed the ability of a fluorescent collagen binding probe (col-F) to measure in
vivo and non-invasively kidney fibrosis.
 
Different doses of pCol1a1-GFP-Luc EEV (3 and 5 µg) were injected in BALB/c N mice via the tail vein. After fibrosis
activation, the expression of the reporter protein was monitored in the liver and kidney of the same animal both non-
invasively by whole-body luminescence imaging and in a minimally invasive manner by pCLE. At necropsy, ex vivo
imaging analysis was also performed. Using pCLE, the fluorescence of the reporter protein was detected in vivo, in
the liver (right lobe: high expression level, caudate lobe: lower expression level) as well as in the kidney, at the cellular
level. While whole-body optical luminescence imaging could easily measure the expression of the reporter protein in
the liver of fibrosis mouse model, the reporter protein was not detected in other organs. In addition, for the first time to
our knowledge, we report the ability of col-F to measure non-invasively kidney fibrosis.
 
These findings show that pCLE is complementary to whole-body optical imaging as in addition to in vivo quantitative
information of the expression level, it allows the precise localization of a reporter molecule at the cellular level. Such
information is important for the precise in vivo follow-up of fibrosis extent in mouse fibrosis models.
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TITLE: Visualization of mast cell recruitment into inflammation lesion using an optical imaging with an enhanced firefly
luciferase gene in vivo
PRESENTER: Ho Won  Lee
ABSTRACT BODY: 
Abstract Body: Objective: Because mast cell is involved in various diseases such as allergy, inflammation, and cancer,
sensitive and reliable imaging tools to non-invasively monitor their bio-distribution should be required for better
understanding its biological role in living subject. Here, we attempted to monitor the rapid migration of mast cells to
turpentine oil-induced inflammation in living mice using an enhanced firefly luciferase gene.
 
Materials and Methods: The murine mast cell line (MC-9) expressing an enhanced firefly luciferase and Thy1.1 genes
was established by retroviral infection, referred to as MC-9/effluc. The cell proliferation, phenotypes expression (c-Kit
and FcεRI), level of degranulation and eicosanoids (LTC4 and PGD2) synthesis were examined to determine the
effects of viral infection on mast cell function. Turpentine oil was intramuscularly administrated to hind leg of mice to
establish inflammation model. Seven days later, mice received MC-9/effluc cells via tail vein, followed by
bioluminescence imaging (BLI) immediately after the transfer. Inflamed tissues were removed to determine the
localization of migrated mast cells and immunohistological analysis with anti-Thy1.1-specific antibody was performed.
 
Results: No significant differences in cell proliferation and phenotypes expression were seen between parental MC-9
and MC-9/effluc cells. There were also no differences in degranulation and eicosanoids synthesis between the two
groups. In vivo BLI showed their early distribution in the lung and spleen within 1h after the transfer. Surprisingly, the
migration of MC-9/effluc cells to inflamed lesion were first monitored at as early as 1 min, peak migration at 3 min. The
migrated mast cells was visualized in inflamed lesion for 60 min. BLI signal were only observed in liver but not in
inflamed lesion at 24h. Consistent with in vivo results, immunohistological examination clearly revealed the localization
of migrated MC-9/effluc cells in inflamed tissues.
 
Conclusions: We successfully visualized the recruitment of mast cell to the inflammatory lesion in living subjects using
an in vivo optical imaging with effluc reporter gene, suggesting that mast cells tagged with effluc gene may serve as a
useful tool to better understand the biological role of mast cell in various pathophysiological environments in various
pathologic conditions.
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TITLE: Imaging Anti-Inflammatory Effect of Alkaline Protease using 18F-FDG PET
PRESENTER: Juri Na
ABSTRACT BODY: 
Abstract Body: Objectives: Alkaline protease (AP) from Aspergillus oryzae reduces the progress of TNF-α-induced
mouse inflammatory bowel disease. FDG-PET is useful in visualization of inflammation. We investigated whether
FDG-PET imaging could detect therapeutic response of alkaline protease in murine model of acute inflammatory
bowel disease (IBD).
Methods: Acute IBD was induced by rectal administration of the hapten reagent oxazolone in C56BL/6 mice. The mice
were divided into three groups: control, oxazolone-administered group (Oxa), and AP-pretreated Oxa group
(Oxa+AP). After 4 hours of oxazolone administration, FDG-PET images were acquired using a small animal PET/X-
ray scanner. Whole body PET images were acquired 60 minutes after intravenous administration of 50 μCi of 18F-
FDG. The mice were sacrificed and the colon was removed. Ex vivo PET images were acquired. To determine
whether AP blocks TNF-α activity in this acute IBD, TNF-α immunostaining of intestines was carried out.
Results: Oxa mice showed dark swollen intestines. Tissue immunostaining revealed less TNF-α staining in villous
epithelia of Oxa+AP mice than in those of Oxa mice. FDG uptake in Oxa group intestine was 2 folds high compared to
the control group. However, FDG uptake in Oxa+AP group intestine was just 1.4 folds of the control, that suggested
therapeutic effect of AP.
Conclusion: FDG-PET can visualize the IBD sites and show therapeutic effect of AP in mouse model. Pretreatment of
alkaline protease reduced TNF-α expression as well as FDG uptake in intestines of IBD.
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TITLE: In vivo fluorescence imaging of allergic shock
PRESENTER: Biliana Todorova
ABSTRACT BODY: 
Abstract Body: Allergic shock (anaphylaxis) is a hyperacute allergic reaction of rapid onset affecting many body
systems. We previously demonstrated that in mouse models, neutrophils and monocyte/macrophages are responsible
for anaphylaxis induction, mainly through their release of Platelet-Activating Factor. However, the location of
anaphylaxis induction and the cause of death remain unknown.
Here we used whole body fluorescence and bioluminescence imaging to pinpoint the probable anatomical location of
anaphylaxis initiation.
We found that fluorescently labeled-allergen specifically accumulate in the lung of previously sensitized mice, where it
forms aggregates. In the lung, 97% of the neutrophils and 75% of the Ly6C+ monocyte/macrophages capture these
aggregates rapidly after the initiation of anaphylaxis. Moreover, using in vivo bioluminescence imaging, we visualized
the release of myeloperoxidase (MPO) in the lung, demonstrating an increased level of myeloid cell activation at the
site of allergen accumulation.
Whole body imaging thus allows the monitoring of allergen distribution and immune cell activation within minutes of
the initiation of anaphylaxis. Our results suggest that anaphylaxis is initiated in the lung tissue, where the allergen
binds and activates several subsets of innate immunity cell populations.
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CONTROL ID: 2500529
TITLE: In vivo imaging techniques to explore the immune system in non-human primates:
application to the study of the immune response to vaccination against HIV
PRESENTER: Catherine Chapon
ABSTRACT BODY: 
Abstract Body: Introduction: Non invasive and longitudinal imaging approaches are required to study the interactions
host/pathogens in relevant animal models. We thus developed techniques for antigen presenting cells (APC) tracking
to study their behavior of (APCs) following immunization in order to better understand the mechanisms leading to the
induction of cellular and humoral immune responses after vaccination. Here we describe in vivo fluorescence imaging
approaches to track APCs and evaluate the local effects of an intradermal (id) vaccination against HIV with different
vaccine vectors (an anti-langerin-HIVgag fusion protein in association with an adjuvant, the resiquimod (R-848); or a
DNA plasmid combined with electroporation (EP)).
Methods: Monoclonal fluorescent labelled anti-HLA-DR antibody (mAb) was injected id to specifically target and track
skin APCs in non-human primates (NHP). Two different vaccine vectors were injected id to study the role of cutaneous
APC at the site of vaccination. Anti-langerin-HIVgag labelled with near infrared (NIR) fluorochrome (exc. 682nm; em.
710nm) was injected id, with or without R-848. Moreover, animals were immunized with an id auxo-GTU-Luc-EGFP
DNA plasmid injection associated with noninvasive EP. Antigen expression was measured by in vivo
bioluminescence, and by in vivo fibered confocal fluorescence microscopy (Cellvizio® DualBand, Mauna Kea
Technologies) from 24h to 96h post-vaccination. Epidermal APCs were tracked with noninvasive in vivo fibered
confocal fluorescence microscopy for up to 96h post-vaccination. In addition, confocal fast laser scanning microscopy
was performed on whole skin biopsies to monitor the behavior of fluorescent-labelled APCs in both dermis and
epidermis. Three-dimensional image reconstructions and image analysis (cell quantification and tracking) were
performed using Volocity software (Perkin Elmer).
Results:  APCs were visualized by in vivo fluorescence imaging after id injection of fluorescent labelled anti-HLA-DR
mAb for at least 48 hours. The NIR fluorescent-labelled anti-langerin-HIVgag vaccine was visualized in the skin and in
the draining lymph nodes by in vivo imaging for up to 48 hours post-injection. Confocal videomicroscopy confirmed
that the anti-langerin-HIVgag specifically targeted Langerhans cells (LC; HLADR+, CD1a+). The number of APCs in
the epidermis decreased significantly over time, undoubtedly a consequence of migration out of the skin after
vaccination with fusion protein and also with DNA plasmid. Ex vivo monitoring confirmed the cell mobilization with a
higher mobility and displacement after DNA vaccination with EP compared to the condition without EP. Furthermore,
after EP, LCs interact with antigen producing expressing cells and leave the epidermis following directional movement.
Conclusions: In vivo fluorescence imaging approaches allowed us to track the skin immune cells noninvasively in their
native environment, and to characterize early cellular local events post-vaccination.
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TITLE: In vivo imaging to explore the respiratory tract in a model of Bordetella pertussis using non-human primates 
PRESENTER: Catherine Chapon
ABSTRACT BODY: 
Abstract Body: Introduction: Non invasive and longitudinal imaging approaches are required to study the interactions
host/pathogens in relevant animal models. Clinical pertussis resulting from infection with the bacteria Bordetella
pertussis is a contemporary medical and public health problem. The deficiencies of current acellular vaccines are well
documented, including the striking observation that acellular vaccination of non-human primates only protects against
disease symptoms but not colonization or transmission. To enable the development of more effective vaccine
strategies, a better understanding of mechanisms of action of the bacteria during infection is needed. We thus
developed fluorescence imaging techniques to explore the respiratory tract for visualizing the interactions between the
bacteria Bordetella pertussis and the immune cell in non-human primates.
 
Methods: Firstly, ex vivo experiments were performed on the respiratory tract of nonhuman primates (NHP) post-
mortem. Monoclonal anti-HLA-DR antibody (mAb) or its isotype control (IgG2a), labelled with Alexa-Fluor647, were
administered by topical application (100µg/mL) in the trachea to specifically target and label antigen presenting cells
(APCs). In addition, acriflavine (0.05% (wt/vol) solution, excitation wavelength: 488nm) was also applied topically to
label cell nuclei. After 2 h incubation, fibered confocal fluorescence microscopy (Cellvizio® DualBand, Mauna Kea
Technologies) was performed in the trachea, bronchus and lungs. In addition, confocal fast laser scanning microscopy
was performed on biopsies to monitor the fluorescent-labelled APCs in the lungs.
 
Results:  APCs were specifically targeted after topical application of fluorescent labelled anti-HLA-DR mAb and were
visualized in the trachea, the bronchus and the lungs by fibered confocal fluorescence microscopy. The ciliated
epithelium was visualized in the trachea with the acriflavine labeling. Confocal videomicroscopy confirmed that the
topical application of fluorescent labelled anti-HLA-DR mAb specifically targeted APCs in the respiratory tract. The
following step will be to inoculate fluorescent Bordetella pertussis bacteria into the respiratory tract in order to monitor
the bacterial colonization and also to study the interactions between the bacteria and the immune system in
nonhuman primates.
Conclusions: This approach using fluorescence imaging will be used in vivo to monitor the mechanisms of action of
the bacteria during infection in order to develop more effective vaccines against pertussis.
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CONTROL ID: 2501225
TITLE: Stress Visualisation in Gastrointestinal Tract at Different diseases Forwards a Systems Approach to Drug
Repurposing
PRESENTER: Rao Papineni
ABSTRACT BODY: 
Abstract Body: Akin to Hippocrates’s quote “All disease begins in the gut”, carcinogenesis, bacterial infection,
mechanically induced inflammation, and X-Ray radiation toxicity present similar pathological response at the GI. The
similar genotoxic stress response of GI microenvironment to different pathologies suggests a link between
inflammatory/immunity and cancerogenesis. The chemiluminescence ROS activity measured under different
pathological conditions show a robust increase in the gastrointestinal tract region during radiation injuries, Citrobacter
rodentium intestinal infection, and in ovarian metastasis mouse cancer model. ROS activity determination performed
through non-invasive in vivo imaging was facilitated using a sensitive cooled CCD camera and a chemiluminescence
molecular probe. The host’s inflammatory response in terms of direct formation of ROS and subsequent oxidative
stress is similar to GI injury resulting either from whole body X-ray irradiation or following infection with an enteric
pathogen. This marked resemblance can be similarly extended to other pathophysiological conditions. Systems
biology approach is developed to investigate a role of ROS and pro-inflammatory cytokine signalling in crosstalk and
communication among different cells making up a chronically inflamed tumor microenvironment (GI epithelial,
cancerous, stem cells, and macrophages) and to model molecular mechanisms underlying cancer progression,
invasion, host immune modulation, and the development of cancer therapeutic resistance. These systems biology
integrative approaches presented provide understanding of how the complex GI microenvironment of cell populations
interacts, communicates and forms integrated responses to pathogens and diseases. Such analysis provides
opportunities in the design of effective treatment strategies and preventive countermeasures against acute GI damage
induced by chronic inflammation and GI injury as a result of radiotherapy. Further, novel strategies in personalized
cancer therapy can be developed on the basis of repurposing drugs that modulate different cell populations and
suppress tumor progression through inhibition of immunosuppressive, pro-angiogenic, and tissue remodeling factor
release in the tumor microenvironment.
AUTHORS (LAST NAME, FIRST NAME): Papineni, Rao V.1; Umar, Shahid2; Goltsov, Alexey3; Bown, James3;
Ahmed, Ishfaq2

INSTITUTIONS (ALL): 
1. Surgery, University of Kansas KUMC and PACT & Health, Branford, CT, United States.
2. KUMC, Kansas, KS, United States.
3. Abertay University , Scotland, United Kingdom.



Inflammation response of GI tract cells to bacterial pathogen and cell cross talk via Reactive Oxygen Species ROS
signalling
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TITLE: In vivo Visualization of Immune Response to Hepatitis B Vaccination Using Noninvasive Bioluminescence
Imaging
PRESENTER: Ha Kim
ABSTRACT BODY: 
Abstract Body: Purpose: 
Bioluminescence imaging (BLI) is among the most powerful tools for noninvasive imaging in small animals.
By taking advantage of BLI to non-invasively monitor luciferase expressing splenocytes, we monitored the
enhancement of immune response against hepatitis B virus (HBV) vaccine with adjuvants in real time.
 
Methods: 
A novel luciferase transgenic mouse model (B6.LucTG) was generated to monitor the immune response. To visualize
vaccinated antigen, large hepatitis B virus antigen (L-HBsAg) was labeled with radioiodine (125I-HBsAg). B6 mice
were vaccinated intramusculary with 125I-HBsAg, 125I-HBsAg+adj1 and 125I-HBsAg+adj1+adj2. The localization of
vaccinated L-HBsAg was monitored for 5 weeks using animal SPECT/CT. To monitor the immune response, the
luciferase expressing splenocytes from the B6.LucTG were injected intravenously into vaccinated B6 mouse.
Bioluminescence signals from splenocytes were measured by IVIS 100 system. The BLI signals from the lymph
nodes, organs, and vaccination site were analyzed over time course.
 
Results: 
Localization of vaccinated HBsAg was successfully monitored using animal SPECT/CT. HBsAg was lasted for 5
weeks and diminished. In addition, the injected splenocytes were successfully visualized in vaccinated mouse, homing
to spleen within 30 minutes and were accumulated in cervical, axillary, mesenteric, inguinal lymph nodes within 5
hours. Accumulation of splenocytes at antigen injection site was observed within 24 hours. Moreover, vaccinated
mouse with adjuvants (125I-HBsAg+adj1+adj2) showed 4 times more accumulation of splenocytes at vaccination site
compared to vaccinated mouse with antigen only (125I-HBsAg) after 10 hours. 6 days later, vaccinated mouse with
two adjuvants showed 1.7-4.73 fold increased luciferase intensity of splenocytes at spleen, lymph nodes and
vaccination site compared to mouse vaccinated with antigen only.
 
Conclusion: 
In conclusion, in vivo real-time bioluminescent monitoring of splenocytes homing and proliferation against vaccination
successfully provides efficiency of adjuvants. Our system can be used for evaluation of efficacy of vaccination by
enhanced the proliferation and activation of splenocytes near the vaccination site.
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TITLE: A thiophene bridged aldehyde images aldehyde dehydrogenase 2 activity in cells and in vivo
PRESENTER: Niren Murthy
ABSTRACT BODY: 
Abstract Body: ALDH2 plays a central role in biology and medicine and there is great interest in being able to image
its activity in cells and in vivo. However, developing probes to image ALDH2 activity is challenging because it
catalyzes the oxidation of an aldehyde to a carboxylic acid, and this transformation cannot be detected via
conventional fluorescent imaging strategies. In addition, cells express 19 different ALDHs, which catalyze the same
chemical reaction as ALDH2, and are therefore challenging to distinguish from ALDH2. In this report we present a new
fluorescent dye composed of an oligothiophene flanked by an aldehyde and an amine that can for the first time image
ALDH2 activity. TBA is a substrate for ALDH2 and generates a 35 fold increase in fluorescence at 520 nm, after
oxidation by ALDH2, due to its ability to generate a large intramolecular charge transfer dipole in its excited state. We
show here that TBA has orders of magnitude specificity for ALDH2 over other ALDHs, and can for the first time image
ALDH2 activity in cells and in vivo. TBA has the potential to significantly impact multiple areas of medicine and biology
given its unique ability to image ALDH2 activity in cells. 
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TITLE: In Vitro Molecular Imaging of Atherosclerosis-related Adhesion Molecules by A New Multimodal Microbubble
Contrast Agent
PRESENTER: Mona Ahmed
ABSTRACT BODY: 
Abstract Body: Background: Atherosclerosis is a progressive, chronic, inflammatory disease with major fatal danger
lying in the formation of labile and vulnerable plaques prone to rupture [1], causing thrombosis. Since molecular
imaging in atherosclerosis gained more interest as an important diagnostic tool [2-3], there is an urgent need for new
imaging probes in various modalities. Novel probes will need to be more specifically targeted to the cells and
biomarkers of interest in order to appear promising in the clinical field. Currently, the gold standard of clinical
atherosclerosis imaging is based on visualization of vessel stenosis and plaque morphology, so the important
biological information at the cellular level is somewhat limited and needs to be addressed. Early signs of
atherosclerotic disease are shown by elevated levels of expressed cellular adhesion molecules (CAMs) or selectins on
the vascular endothelial cell layer lining the arteries [1] making these molecules strategic targets. In the effort to
develop novel ultrasound (US) contrast agents, a 3 μm sized air-filled poly(vinyl alcohol) (PVA) microbubble (MB) has
been previously developed [4] and further functionalized by utilizing the polyelectrolyte layer-by-layer technology [5] to
carry both targeting and imaging moieties (Figure).
Our aim was to apply an innovative new multimodal contrast agent, a PVA based MB for potential use in US, magnetic
resonance and nuclear imaging, to target adhesion molecules expressed in atherosclerosis, opening a new scenario
for biomedicine.
Objective: To evaluate a novel potential contrast agent with different physical properties targeting inflamed endothelial
cells (EC), in in vitro models as a proof of concept to develop new tools for atherosclerotic plaque imaging.
Methods: ICAM-1, VCAM-1 or E-selectin conjugated MBs were used to evaluate binding between MBs and the
inflamed murine and human ECs. Confocal laser scanning microscopy (CLSM) and flow cytometry (FACS) were
performed to analyze the binding efficiency. Murine and human EC were activated by IL-1β and TNF-α stimulation.
Expression of the cell adhesion molecules on activated EC was evaluated by western blot. Stimulated and non-
stimulated cells were incubated at different time points with MBs conjugated with different active ligands.
Results: FACS analysis showed an increased binding of antibody (Ab)-conjugated MBs to inflamed EC compare to the
un-stimulated cells. MBs tagged with Abs against ICAM-1, VCAM-1 or E-selectin showed stronger adherence to EC
compared to non-targeted control MBs. Our results showed that anti-VCAM-1-coated MBs bound more efficiently to
the murine EC, while human EC presented higher capture for anti-E-selectin-coated MBs.
Conclusions: Adhesion molecules expressed in atherosclerosis may be targeted by our labeled multimodal contrast
agent in vitro, with potential for disease specific diagnostics in vivo. 
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Figure: Showing the layer by layer configuration of the microbubble. The cyanine dye (Cy3) is incorporated in the
shell. 



CONTROL ID: 2492555
TITLE: The use of highly sensitive and stable radionuclide embedded gold nanoparticles for in vivo imaging of
macrophage migration to acute inflammation
PRESENTER: Sang Bong Lee
ABSTRACT BODY: 
Abstract Body: Purpose: Herein, we sought to evaluate the feasibility of highly sensitive and stable radionuclide
embedded gold nanoparticles as a cell tracker for nuclear medicine imaging by monitoring the macrophage migration
toward chemically induced acute inflammatory lesions in mice as well as visualization of the effects of anti-
inflammatory drugs on macrophage migration.
Materials and Methods: Previously, we have developed the highly sensitive and stable radionuclide embedded gold
nanoparticles for in vivo imaging platform, which is called as RIe-AuNPs. After labeling the macrophages with RIe-
AuNPs, cell proliferation, phenotype marker expression, and phagocytic activity were determined. Labeled
macrophages were intravenously administered to mice and inflammation was generated by injection of 1%
carrageenan (CG) solution to footpad on day 1 post-transfer of labeled macrophages, followed by PET/CT imaging
and biodistribution study. To examine the effect of anti-inflammatory drug on macrophage migration, a single dose of
dexamethasone (DEX) was intraperitoneally administered to the mice immediately after the induction of inflammation
and the migration of labeled macrophages were monitored with PET/CT.
Results: The labeling of macrophages with RIe-AuNPs do not alter cell proliferation, phenotype marker expression as
well as phagocytic activity. In vivo PET/CT imaging revealed highly selective migration of labeled macrophages to
inflammation lesion as early as 3h post-transfer, with peak migration at 6h and slight decline of radioactive signal in
inflammation lesion at 24h. The results of bio-distribution study of labeled macrophages were also highly consistent
with in vivo PET/CT data. Inhibition of labeled macrophages migration to the inflamed lesion by DEX treatment was
successfully monitored by PET/CT.
Conclusion: We successfully not only tracked the migration of macrophages to inflammation lesions using nuclear
medicine imaging with RIe-AuNPs but also evaluated the inhibitory effects of DEX on macrophage migration to
inflammation sites, suggesting that cell tracking strategy with RIe-AuNPs will be highly useful in research areas of
macrophage-related disease and cell-based therapy.
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TITLE: Development of Targetable Two-Photon Fluorescent Probes to Image Hypochlorous Acid in Mitochondria and
Lysosome in Live Cell and Inflamed Mouse Model
PRESENTER: lu wang
ABSTRACT BODY: 
Abstract Body: Reactive oxygen species (ROS) are crucial signaling molecules in the progression of inflammatory
disorders. Hypochlorous acid (HOCl), as a highly potent oxidant, is well known as a key “killer” for pathogens in innate
immune system. Recently, mounting evidence indicates that intracellular HOCl plays additional important roles in
regulating inflammation and cellular apoptosis. However, the organelle(s) involved in the distribution of HOCl remain
unknown, causing difficulty to fully exploit its biological functions in cellular signaling pathways and various diseases.
One of the main reasons lies in the lack of effective chemical tools to directly detect HOCl at sub-cellular levels due to
low concentration, strong oxidization and short lifetime of HOCl. Herein, the first two-photon fluorescent HOCl probe
(TP-HOCl 1) and its mitochondria- (MITO-TP) and lysosome- (LYSO-TP) targetable derivatives for imaging
mitochondrial and lysosomal HOCl were reported (Figure 1A). These probes exhibit fast response (within seconds),
good selectivity and high sensitivity (< 20 nM) toward HOCl (Figure 1B,C). In live cell experiments, both mitochondria-
(MITO-TP) and lysosome- (LYSO-TP) targetable probes were successfully applied to detect intracellular HOCl in
corresponding organelles (Figure 1D). In particular, the two-photon imaging of MITO-TP and LYSO-TP in murine
model shows that both higher amount of HOCl can be detected in lysosome and mitochondria of macrophage cells
during inflammation condition (Figure 1E). Thus, these probes could not only help clarify the distribution of sub-cellular
HOCl, but also serve as excellent tools to exploit and elucidate functions of HOCl in the pathogenesis and treatment of
inflammation.
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TITLE: Novel fluorescent photoaffinity probes for sub-cellular organelle targetting. 
PRESENTER: Jun-Seok Lee
ABSTRACT BODY: 
Abstract Body: Photoaffinity fluorescent probes have emerged as critical tools to investigate protein–protein
interactions (PPI) in complex proteomes. However, there are only few photocrosslinkers available at the moment.
Here, we report rational design of a photoaffinity BODIPY fluorophore (pcBD) for specific sub-cellular organelles and
its application for bioimaging. An aryl ketone group was utilized for photo-crosslinking, and positively charged
hydrophobic functional groups were utilized for mitochondrial targetting. Upon UV irradiation, we could successfully
visualize the tagged proteins that are adjacent to pcBD compounds in the sub-organelles. These results provided a
proof of concept for spatially controllable tagging via photo-activation of the pcBD scaffold, and demonstrated its
potential usage for in situ labeling applications.
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TITLE: Fluorogenic dual-probes for the simultaneous detection of proteases with biomedical importance at two
wavelengths
PRESENTER: Alicia Megia-Fernandez
ABSTRACT BODY: 
Abstract Body: The development of novel probes to detect active biomarkers is of great importance in the early
diagnosis of many diseases. Molecular optical imaging offers a potential approach to interrogate non-invasively living
samples in real-time although the development of probes specific for suitable targets is necessary.1 For in vivo
application, important considerations are the selection of the fluorophore, activation time, solubility, signal-to-noise
ratio, specificity to the target and probe stability in the biological environment.
Many protease-based probes use the FRET (Forster Resonance Energy Transfer) phenomenon to measure
enzymatic activity,2 where a fluorophore/quencher pair is located between a cleavable substrate. The research
presented here is focused on the development of a reporter for the simultaneous detection of two proteases of
importance in diseases associated with fibroproliferative processes. Here the design of a unique probe that can detect
simultaneously and independently different enzymes is reported, with the “two in one” probe combining multiple
fluorophores, quenchers and enzymatic substrates. Selection of the synthetic route, aminoacids, linkers and FRET
pairs involved in the design afforded a probe that was water soluble, stable, non-toxic and selective for the proteases
of interest, providing independent OFF/ON signals at two specific wavelengths upon activation in vitro and in ex vivo
tissues. This strategy could be expanded to create other multitarget probes with two or more wavelengths.
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TITLE: Functional fluorescence probe for lipid derived radicals detection
PRESENTER: Ken-ichi Yamada
ABSTRACT BODY: 
Abstract Body: Lipid peroxidation and its metabolic products are closely related to the pathogenesis of oxidative stress
diseases such as inflammation and angiogenesis through the formation of protein or DNA complex. The key molecule
of lipid peroxide generation is lipid derived radicals which increase explosively via radical chain reaction. Therefore,
the trapping of lipid derived radicals is useful to understanding the mechanism of formation of oxidative stress
diseases, and to suppress the following chain reaction.
On the other hands, nitroxides having stable unpaired electron allows spin trapping to carbon-centered radicals.
Hence, we focused on the following points to develop the lipid radical detection methods.
1) Fluorescence will be quenched through interactions with nitroxide’s unpaired electron.
2) nitroxide can react with lipid derived radicals via radical-radical reaction
3) fluorescence will recover for loss of unpaired electron in nitroxide after reaction with lipid derived radicals, using
profluorescent nitroxide.
In this presentation, we will discuss the development of the lipid derived detection method using profluorescent
nitroxide switching methods, and application to the animal models of oxidative stress diseases.
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TITLE: Quantitative assessment of organ biodistribution and imaging of elimination routes in vivo by hybrid µCT-FMT
PRESENTER: Wa'el Al Rawashdeh
ABSTRACT BODY: 
Abstract Body: Introduction: 
The assessment of elimination routes and organ biodistribution is an essential research task in drug development.
Currently, it is achieved through organ excision and quantification of radiolabeled drugs in a gamma counter ex vivo,
or through non-invasive imaging of radiolabeled drugs using nuclear medicine modalities: PET or SPECT.
Fluorescence molecular tomography (FMT) is a novel non-invasive imaging technique, analogous to PET, that
provides in vivo assessment of fluorescence-labeled probes in a quantitative manner, circumventing the need for
radioactive isotopes. Accordingly, the aim of this study is to demonstrate the ability of hybrid µCT-FMT to assess
elimination routes and organ biodistribution of fluorescence-labeled probes.
Methods: 
Four probes with well-known elimination routes were selected: ICG, OsteoSense 750 EX (OS), Microbubbles (MB)
and Nanogels (NG). µCT-FMT scans were performed in 20 animals (5 per group) at 0.25, 2, 4, 8, 24, 48, 72h and 2D
FMT scans of excised organs at 72h. FMT has 4 excitation laser channels and in this study all scans were performed
at the 750 nm channel. Organs were interactively segmented and percent of injected dose (%ID) was quantified using
software developed at our institute.
Results: 
ICG and biodegradable NG demonstrated high initial hepatic uptake that decreased rapidly (-21.6%ID and -22.6%ID
in 2h) accompanied by an increase in intestinal accumulation (+6.4%ID and +9.1%ID in 2h ) indicating classic
hepatobiliary elimination (A, B and D, E). NG hepatic clearance (E) was slower than that of ICG (B). ICG is cleared
after 24h (B) while NG had hepatic, renal and lung accumulation at 72h (E); in vivo findings were confirmed ex vivo (C,
F). Renal accumulation of NG seems to be of fragments exceeding renal threshold (F).
OS had high bladder accumulation at 0.25h (15%ID) that rapidly decreased within 2h (2%ID) indicating clear renal
elimination (G, H). Signal in bones remained constant throughout the study (~10%ID) (G, H). At 72h, low hepatic
retention was observed in vivo (2%ID) and ex vivo (I).
PBCA-based MB had significantly higher hepatic accumulation (35%ID at 0.25h) than accumulation in the other
organs through the study, demonstrating long-term hepatic retention (J, K). MB had the highest spleen accumulation
in this study (1.25%ID at 72h) (K). Ex vivo scans revealed that MB had high hepatic and low splenic and renal
accumulation at 72h (L). Similar to NG, renal accumulation might be of fragments exceeding renal threshold (L).
Conclusion: 
Hybrid µCT-FMT provides quantitative results corrected for depth and optical tissue properties, overcoming the
limitations of planar reflectance imaging. µCT-FMT has the ability to distinguish between renal and hepatobiliary
elimination and captures clearance and retention in vital organs, which are important aspects in drug development.
After complete elimination of a probe, or by using a second FMT channel, animals can be used for another scientific
investigation, reducing the total number of animals needed.
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CONTROL ID: 2493518
TITLE: Intelligent and automatic in vivo detection and quantification of transplanted cells in MRI
PRESENTER: Muhammad Jamal Afridi
ABSTRACT BODY: 
Abstract Body: Introduction & Results 
Cell-based therapies (CBT) are in clinical trials for treating a myriad of brain injuries and disease, with low success.
The inability to determine the number and location of the transplanted cells in vivo is a key obstacle in monitoring the
treatment success. Currently, T2* weighted MRI is used to enable single cell tracking, where transplanted cells appear
as dark spots due to their labeling with superparamagnetic iron oxide particles. However, manual enumeration of
these spots in 3D MRI is a tedious task that is prone to inaccuracy. Further, commercial tools only assist in conducting
manual MRI analysis. Therefore, performing an essential large scale MRI analysis to understand treatment’s success
is clearly infeasible which directly hinders the success of CBT.
We present a computer based accurate, automatic and artificially intelligent spot quantification approach. State-of-the-
art machine learning and computer-vision approaches (deep learning) are customized to handle the unique challenges
 of this task. Comprehensive experimental evaluations show that an automated spot detection accuracy of up to
99.8% in vitro and 97.3% in vivo can be achieved (E, F). Further, accurate deep learning methods generally rely on
large scale data to automate a process which is challenging to obtain in many medical applications. Therefore,
inspired from cognitive learning, this approach first automatically learns about other real world entities that are not
related to MRI, e.g. images of apples, stars etc. (C), and then intelligently relates that knowledge to accurately learn
about a new entity e.g. spots in MRI, using only small amount of data. Results show that with using only 5% data, the
proposed approach achieved up to 78% accuracy in contrast to 52% achieved using the previous best known method
(D). This approach is general and can be easily customized for many applications.
Methods 
MRI: A total of 33 in vitro MRI scans were performed using a FLASH sequence with a diverse set of MRI parameters
on agarose phantoms (H) that were constructed with a dilute, known number of 4.5 micron diameter MPIOs. Each
bead has 10 pg of iron, simulating a labeled cell. In vivo MRI of 7 rat brains was performed similarly. 5 rats were
previously injected intra-cardiac with MPIO-labeled MSCs, delivering cells to the brain – 2 rats were naïve.
Machine Learning: Machine learning has emerged as a more accurate approach in comparison to conventional image
processing. First, it requires a training process. During training, algorithms need ground truth definitions on what is a
dark spot. Ground truth definitions - dark spots in an image - are manually defined. A set of patches containing dark
spots and non-spot regions are extracted from MRI (A, B).
A deep learning convolutional neural network (CNN) then takes these patches and ground truth labels on them, to
learn an accurate spot model. To quickly learn an accurate spot model, this algorithm also utilizes knowledge from its
previously learned models that recognizes stars, apple etc. in down-sampled images (C). Once the spot model is
learned, it can detect spots in any unseen MRI scan without manual assistance.
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(A) Extracted patches, (B) Patches are extracted from MRI using a superpixel based segmentation algorithm, (C) Non-
MRI data is down sampled and utilized for efficient learning, (D) Utilizing Non-MRI data gives higher accuracy when
the amount of MRI data is small for training, (E) In vitro ROC results obtained on 3 tests. Area under each ROC curve
(AUC) is mentioned. AUC was utilized as a standard measure to evaluate the performance of the trained model. (F)
ROC on unseen in vivo data for 2 neural network based approaches, Red curve show the result of Deep CNN, (G)
Performance on low resolution (200 micron) in vitro MRI data,(H) The  detected spot numbers were also compared
with the theoretically computed spot numbers on 25 MRI scans,(I) visual results.



CONTROL ID: 2487487
TITLE: Radiomic analysis of contrast-enhanced ultrasound data
PRESENTER: Benjamin Theek
ABSTRACT BODY: 
Abstract Body: Introduction 
Radiomic analysis holds significant potential for characterizing tumor heterogeneity and predicting treatment efficacy.
Thus far, only tomographic imaging techniques such as computed tomography, magnetic resonance imaging or
positron emission tomography have been employed to obtain radiomic parameters, based on tumor image intensity,
shape and texture. Here, we evaluate the potential of using contrast-enhanced ultrasound (US) data for a radiomics
approach, which is based on the pattern analysis of the tumor vasculature.
 
Materials & Methods 
Cine loops of raw RF-data were recorded after i.v. microbubble injection into mice bearing A431, MLS or A549 tumors
(each n = 3) using the Vevo2100 imaging system (FUJIFILM Visualsonics, Canada) and the MS550 transducer
operating at 40 MHz. An algorithm, combining object tracking and a maximum intensity projection, was applied to
detect vessels in tumors using Matlab R2015a (MathWorks, USA). Figure 1A shows a flow chart of the algorithm. The
resulting binary vessel segmentation was the input to quantify 12 different vascular parameters (i.e. number of
vessels, mean size of vessels, median size of vessels, mean distance from vessels, standard deviation of mean
distance from vessel, maximum distance from vessel, rBV, rBV periphery/core, mean blood flow velocity, blood flow
velocity periphery/core, perfusion and perfusion periphery/core). Data normalization was performed and a color-coded
"heat map" was generated. The clustering of the individually analyzed tumors was based on the Euclidean distance
method and an average linkage cluster algorithm. 
 
Results 
The color-coded "heat map", generated on the basis of the parameters described above, is presented in Figure 1B.
The figure shows, that tumors of the same origin cluster reasonably well. As shown in the five columns on the right of
the "heat map", especially parameters describing the spatial distribution and the density of the vascular network differ
in these tumor models. A431 tumors show a homogeneously distributed vascular network with little space in between
vessels. In contrary, A549 tumors cluster by showing a sparse vascular network mainly located in the tumor periphery.
MLS tumors cluster in between both extremes. Also functional parameters (i.e. rBV and perfusion; column 4 and 5)
cluster the different tumor models. For example, higher values for rBV and perfusion are measured in A431, than MLS
and A549 tumors, the latter showing the lowest values.
 
Conclusion 
This proof-of-principle study shows that contrast-enhanced US data can be employed to classify tumors using a
radiomics approach. The preliminary selection of radiomic parameters was sufficient to identify differences between
the three tested tumor models. Future work will focus on the identification of additional parameters, e.g. molecular
information, to demonstrate the prognostic significance of contrast-enhanced US data.
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Figure 1: Radiomic analysis of contrast-enhanced ultrasound data.
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TITLE: Time-gated Phasor Analysis for Fast in vivo Kinetics of Ligand Receptor Engagement
PRESENTER: Sez-Jade Chen
ABSTRACT BODY: 
Abstract Body: Introduction: Monitoring pharmacokinetics of drug delivery is critical for precision medicine in oncology.
This is challenging to achieve clinically due to an inability to quantify receptor-mediated endocytosis. Recently, we
demonstrated that fluorescence lifetime imaging (FLIM) of Förster Resonance Energy Transfer (FRET) enables
quantitative monitoring of ligand-receptor engagement in vivo and hence, cellular internalization of drugs [1].
Traditionally FRET is analyzed using multi-exponential fitting of donor lifetime decays, which is a cumbersome
process. Alternatively, phasor analysis is a fast graphical method but it has yet to be used for near-infrared (NIR)
fluorophores, where fluorescence lifetimes are significantly shorter, and for in vivo applications. Herein we describe, to
our knowledge, the first reported use of phasor analysis in vivo for monitoring ligand-receptor engagement.
Methods: Athymic nude mice with MDA-MB-231 breast tumor xenografts were injected with transferrin labeled with
AlexaFluor 700 or 750. Time-gated wide-field fluorescence signals were collected every 40 seconds, five minutes after
injection, and for one hour [2]. Phasor analysis was performed at each time point [3], and an in vivo calibration
methodology was developed to retrieve a robust time-dependent phasor ratio [4].
Results: Phasor analysis provided the means to distinguish the main organs relevant to transferrin drug delivery (e.g.
liver, bladder, and tumor). Due to animal motion and instrumental drift, the phasor ratio time-course demonstrated
non-physiologically relevant fluctuations. By using the in vivo bladder signals as an intra-calibration, we were able to
mitigate these artifacts. Then, the FRET dynamics reflected the expected kinetics based on the organs’ physiology.
The quenched donor fraction was small but constant in the tumor, indicating intracellular delivery a few minutes after
IV injection. It was significant and steadily increasing over time in the liver, indicating receptor engagement in this
organ, as expected. These results were quantitatively benchmarked against classical bi-exponential fitting.
Conclusion: We demonstrated for the first time the use of the phasor representation to monitor kinetics of transferrin
transport in a small animal cancer model using NIR FLIM-FRET. The computational simplicity and ease-of-use of
phasor analysis makes it amenable to real-time processing and display, and it is poised to enable fast imaging of
receptor engagement in vivo for targeted drug delivery assessment and optimization.
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CONTROL ID: 2496542
TITLE: A hybrid optimization method for 3-compartment kinetic model using artificial immune and interior reflective
newton algorithms applied to dynamic FDG PET images of rat heart in vivo
PRESENTER: Yinlin Li
ABSTRACT BODY: 
Abstract Body: Objectives: The initial values and the bounds in the Interior Reflective Newton (IRN) method, which are
selected by either trial and error or experience, prompt the uncertainty of the computed results. The purpose of this
study is to develop a method to remove the dependence on initial values using a combination of an Artificial Immune
(AI) algorithm and IRN method and also use the measured myocardial FDG influx constant, Ki, based on invasive
arterial blood sampling, as a physiological constraint, to determine the correct bounds.
 
Methods: Four 4-week old control rats were imaged using the microPET scanner for 60 minutes using the method
described in an earlier work [1]. The FDG PET rat heart data were reconstructed using Filtered Back Projection
algorithm and time activity curves (TAC) of the myocardium and blood pool generated. Parametric equations of the
average myocardium and the blood pool TACs with spill over (SP) and partial volume (PV) corrections in a 3-
compartment tracer kinetic model were formulated [1]. An Artificial Immune (AI) Algorithm and IRN method using
Matlab function ‘fmincon’ were utilized together to solve the parametric equations. The AI system with components of
population initialization, fitness calculation and clonal selection [2], was built and executed repeatedly afterwards.
Different from the normal AI algorithm [2], the ‘fmincon’ function was introduced in the fitness calculation. Furthermore,
the measured myocardial FDG influx constant, Ki, was used as a constraint to adjust the upper boundary of the
recovery coefficient of myocardium, rm, only for one of the imaged rats. The bounds determined for the first rat were
then used for the other 3 rats for simultaneous estimation of the model corrected blood input function (MCIF) with SP
and PV corrections and Ki.
 
Results: With the same boundary values, the data were simulated repeatedly for 100 runs separately for each rat. The
maximum number of iterations/run used was 200, which was reduced dramatically compared to 2000 iterations used
by Liu et al [2]. The computed average Ki (0.045±0.001) compared well with the measured value (0.0417±0.0224 [3])
(P =0.78).
 
Conclusions: A hybrid method was developed to eliminate the uncertainty caused by initial values and bounds in a
compartment model, which reduced the convergence iteration times significantly. Moreover, for the first time a method
using measured Ki was used as a physiological constraint to determine the bounds for optimization. The result also
indicated that rm is the dominant factor influencing the computed Ki value. The developed method can be applied for
simultaneous estimation of kinetic parameters and blood input function (MCIF) with PV and SP corrections in a 3-
compartment tracer kinetic model from dynamic FDG PET images of rat heart in vivo.
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CONTROL ID: 2493160
TITLE: Comparison of DTI eigenvalues between in vivo and ex vivo rat brains
PRESENTER: Chunhua Wang
ABSTRACT BODY: 
Abstract Body: Objective: Comparison between in vivo and ex vivo diffusion tensor imaging (DTI) is meaningful for
scientific research, especially experimental studies. Mean diffusivity (MD), axial diffusivity (AD), radial diffusivity (RD),
and fractional anisotrophy (FA) both in fixation and in vivo brains have been determined [1-4]. Further investigation of
more detailed changes in eigenvalues are needed. Moreover, most comparisons were conducted between different
DTI parameters, and few studies compared in vivo and ex vivo brains using the same protocol, especially scanning
time. We aimed to compare the eigenvalues between fixed and in vivo rat brains using the same DTI parameters.
Methods: Six male Sprague–Dawley rats (300–400 g) were used for in vivo and ex vivo DTI study. For in vivo
preparation, rats were anesthetized by isoflurane. For ex vivo preparation, the brains were fixed by transcardial
perfusion with 4% paraformaldehyde after deeply anesthetization. Diffusion tensor images were obtained from 7 T
Scanner with a transmit radiofrequency coil and a brain receive surface coil. Echo planar imaging sequence was
performed. The parameters were: repetition time 6250 ms, echo time 32.2 ms, slice thickness 1 mm, FOV 35 mm x 35
mm, matrix 128 x 128, 30 directions (b = 1000 s/mm2), diffusion gradient duration 4 ms, diffusion gradient separation
20 ms, and 1 signal average. The scan time was approximately 15 minutes. MD, AD, RD, FA, λ2/λ1, λ3/λ1, and λ2/λ3
were measured or calculated. The region of interest (ROI) included corpus callosum (CC), external capsule (EC),
cortex (CT), and hippocampus (HP).
Results: MD, AD, RD, FA, λ2/λ1, λ3/λ1, and λ2/λ3 of different ROIs in vivo and ex vivo are summarized in Table 1.
MD, AD, and RD in all the ROIs decreased after the brains were fixed (all p < 0.05). There were no differences in FA
of EC and CT between in vivo and ex vivo brains (all p > 0.05). Nevertheless, the FA of CC and HP increased ex vivo
in comparison with in vivo FA (all p < 0.05). λ2/λ1 of all the ROIs ex vivo didn’t differ from those in vivo (all p > 0.05).
λ3/λ1 of ex vivo CC and HP reduced compared with those in vivo (all p < 0.05), while no differences exists in λ3/λ1 of
EC and CT (all p > 0.05). λ2/λ3 of ex vivo brains in all the ROIs increased compared with those in vivo (all p < 0.05).
Conclusion: The ratio of λ2 to λ1 doesn’t change while that of λ2 to λ3 alters after the brains were fixed. Alternative
DTI biomarker is potential for ex vivo brain study.
Reference 
[1] Guilfoyle DN, et al. Diffusion tensor imaging in fixed brain tissue at 7.0 T. NMR in biomedicine. 2003;16:77-81.
[2] Sun SW, et al. Relative indices of water diffusion anisotropy are equivalent in live and formalin-fixed mouse brains.
Magnetic resonance in medicine : official journal of the Society of Magnetic Resonance in Medicine / Society of
Magnetic Resonance in Medicine. 2003;50:743-8.
[3] Rane S, et al. Comparison of in vivo and ex vivo diffusion tensor imaging in rhesus macaques at short and long
diffusion times. The open neuroimaging journal. 2011;5:172-8.
[4] Wu D, et al. In vivo high-resolution diffusion tensor imaging of the mouse brain. NeuroImage. 2013;83:18-26.
AUTHORS (LAST NAME, FIRST NAME): Wang, Chunhua1; Song, Li1; Zhang, Ruzhi2; Gao , Fabao 1

INSTITUTIONS (ALL): 
1. Department of Radiology, West China Hospital, Chengdu, China.
2. Department of Radiology, Sichuan University, Chengdu, Sichuan, China.
(No Image Selected)



CONTROL ID: 2492466
TITLE: A Parallel Imaging Reconstruction to Allow Partial FOV Projections in MPI
PRESENTER: Stephen Cauley
ABSTRACT BODY: 
Abstract Body: A 1-D projection can be acquired in MPI by sweeping a Field-Free Line (FFL) across the object while
recording the induced signal. Rotating the apparatus and acquiring projections at multiple angles can then be used to
form a 2-D image in a fashion analogous to CT [1]. However, it can be difficult to sweep the FFL across the entire
object. For example if a 3 T/m gradient is used, an additional field of ±300mT is needed to shift the field across a
20cm human head (±0.1m). If a smaller field is used, the projection only covers the center portion of the object leading
to severe artifacts in the reconstruction [2,3]. In this work we examine a parallel imaging approach that uses multiple,
simultaneously acquired partial projections, each with a different spatial weighting imposed by a detector array. We
find a significant improvement in the image quality when utilizing multi-weighted partial projections in the
reconstruction, when compared to the partial-projections alone.
 
We propose a multi-projection reconstruction model for MPI that takes advantage of the detector array’s spatial
locality to improve image reconstruction:
 
Σ‖di,t - PWiRtx‖2+λ‖Ghx‖1+λ∥Gvx∥1 
 
Here, x is the underlying image of interest, Wi are the spatial weighting functions, Rt are the rotations, P represents
the 1-D projections across a limited FOV, Gh and Gv are the horizontal and vertical gradients respectively, and di,t
are the data observed with the ith weighting at rotation t. This convex optimization problem can be solved using
standard techniques [4].
 
We demonstrate the benefits of our approach using the Shepp Logan phantom of size 256x256. We consider 512
rotations between [-π,π), with the 1-D projections restricted to ½ the FOV. Figure 1(a) shows the combination of 3
simulated coil profiles to create a weighted projection. Figure 1(b) shows the truncated sinograms for 3 weighting
schemes applied to the FFL projection. Figure 1(c) shows the accuracy of the compressed sensing reconstruction with
a single uniform projection compared to the 3 projections shown in Figure 1(b). The error images are shown at 10x
scale, with the normalized root mean squared error (RMSE) listed below. The small number of re-weighted projections
increases the spatial sensitivity contained in the data, which is reflected by a 36% reduction in RMSE. In addition, the
restricted ROI seen in the single projection reconstruction has been mitigated.
 
An initial examination of the use of coil profiles for MPI was provided in [5] and standard numerical techniques, such
as compressed sensing, have shown limited benefit in stabilizing the reconstruction process outside of a restricted
ROI [6,7]. In this work we show a parallel imaging approach can be helpful for reconstructing reduced FOV projection
imaging data, potentially facilitating human MPI.
 
[1] Gleich et al. Phys Med Biol. 2008; [2]Goodwill et al., IEEE TMI 2011; [3] Lampe et al., Phys Med Biol. 2012; [4]
Goldstein et al. SIAM J. Imaging Sci. 2009; [5] Knopp et al. IEEE Intl Symp Bio Imag., 2011; [6] Yu et al., Phys Med
Biol. 2009; [7] Weber et al., Adv. Math Phys., 2015;
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Figure 1 (a) Combination of parallel receive coil profiles to form weighted projection for FFL (b) ½ FOV sinograms
from 3 projection types applied to a phantom (c) Compressed sensing reconstruction accuracy using a single uniform
projection compared to the 3 projections. The 36% reduction in RMSE with the multi-projection reconstruction can be
clearly seen in the error images scaled at 10x.
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TITLE: Visualizing convolutional neural networks for extracting structural and chemical information from pump-probe
microscopy of melanoma
PRESENTER: Kevin Zhou
ABSTRACT BODY: 
Abstract Body: Melanomas are difficult to diagnose. Even with gold standard histopathological techniques, which rely
on H&E stains that provide little molecular information, there can be significant discordance among pathologists’
diagnoses [1]. Recently researchers have analyzed unstained melanoma samples using pump-probe (Pu-Pr)
microscopy, a nonlinear optical imaging technique that obtains label-free, chemical contrast from the endogenous
melanin pigment [2]. Differences in the Pu-Pr signals (which measure excited/ground state photodynamics) result
from, e.g., different types of melanin (eu/pheomelanin) or its oxidative stress, aggregate size, and metal content.
However, from raw Pu-Pr image stacks, it is difficult to ascertain what information is useful for melanoma diagnoses.
Here, we present results using convolutional neural networks (CNNs) to identify structural and chemical features
useful for classifying melanoma.
We adopt a previous approach to data dimensionality reduction via principal component analysis. In melanoma data,
~98% of the Pu-Pr signal variability of over two million spectra could be captured by the first three principal
components, from which two distinct endmembers were identified [2]. Using three grayscale images (one for each
endmember and another for the total melanin concentration), we trained CNNs on Pu-Pr images of macules, atypical
nevi, hyperplasia, and melanoma. The goal of CNNs, which have shown marked success in image classification [3], is
to learn a series of kernels that recognize distinguishing features among the classes. We adopted recent visualization
techniques [4-5] to demonstrate that the CNNs indeed leverage the chemical and structural information supplied by
Pu-Pr. For example, we use the occlusion sensitivity test [4], where a small region in an image is zeroed and the
correct classification probability is monitored. Fig 1 shows that blocking parts of first endmember channel drastically
reduces classification performance of atypical nevi, while for macules, total pigmentation (not the type) is far more
important. In the supplemental figure, a similar analysis of a melanoma image shows a more complex chemical-
structural dependency, but overall the second endmember and total pigmentation are more important than the first
endmember. This technique not only identifies the important chemical channel(s), but also localizes the region of
interest, which could be of utility to guide a pathologist’s attention to a specious area.
Despite criticisms that CNNs are mysterious black boxes, we found that visualization techniques such as the one
above are very revealing about spatial and chemical information learned by the CNNs. We expect that the features
extracted by CNNs from Pu-Pr microscopy images will help improve the gold standard of melanoma diagnoses. More
broadly, we expect CNNs to be useful in other multichannel imaging modalities (e.g., hyperspectral imaging) by
identifying specific channels/wavelengths that optimize classification.
[1] Shoo et al. J Am Acad Dermatol 62: 751-6 2010
[2] Matthews et al. Sci Transl Med 3(71) 2011
[3] Krizhevsky et al. NIPS 2012
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Fig 1. Occlusion sensitivity for atypical nevi (top two panels) and macules (bottom two panels). Blocking regions of the
endmember 1 channel of the atypical nevus image results in drastic reduction in CNN classification accuracy,
indicating that the first endmember corresponds to a crucial chemical parameter of atypical nevi. On the other hand,
blocking the same channel for macules has a much less dramatic effect, and there is more sensitivity to the total
concentration. Although there are only subtle differences in the first two channels, the CNN learned these criteria from
many examples of each category.
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TITLE: Performance evaluation of preclinical CZT-SPECT system using 3D printed phantoms
PRESENTER: Kumiko Gotoh
ABSTRACT BODY: 
Abstract Body: Objective
Preclinical single-photon emission computed tomography (SPECT) plays an important role to perform physiological
analyses and to develop new drugs for diagnosis or therapy. To detect fine abnormality in living animals using various
radioactive probes, preclinical SPECT systems also requires the performance evaluation for different radioisotopes
and periodic quality checking like clinical SPECT systems. The aim of this study was to design small animal-sized
SPECT phantoms for performance evaluation and fabricate them by 3D printing, and apply these phantoms to a
dedicated CZT-SPECT system for small animals.
 
Materials and methods
We designed four small animal-sized SPECT phantoms using the freely downloadable software, Autodesk 123D
design: a hot rod phantom, a cold rod phantom, a spatial resolution phantom, and a pie phantom. The output file for
the phantoms was converted into stereolithography format (.stl) and printed using a 3D printer, Agilista 3100
(Keyence, Japan), with a high resolution of 15 μm layer thickness and transparent acrylic materials (AR-M2). All the
phantoms including Tc-99m or Ga-67 solution were scanned using a preclinical CZT-SPECT/CT system (Triumph
SPECT2/CT, Trifoil, USA) and three pinhole collimators: single pinhole (SPH), 5 multi-pinhole with the focal length of
75 mm (MPH75), and 65 mm (MPH65). The aperture size of three pinhole collimators was 1.0 mmø. The cold rod
phantom was scanned inside a cylindrical acryl-container (20 mm in diameter and 20 mm in height) and the uniform
flood data were also acquired simultaneously. For the pie phantom, each pie room was filled with serially diluted six
solutions of Tc-99m or Ga-67, respectively.
 
Results
Agilista 3100 3D printer could achieve very fine structure with 0.5 mmø-cold rods or -hot rods in the 3D phantoms and
the transparent fabricated phantoms made source preparation in the holes or containers easier. SPECT images for all
phantoms were successfully obtained without marked artifacts or distortion and were good in spite of the long interval
(~ three years) from the last instrument adjustment. Difference of performance characteristics among three pinhole
collimators was obvious in regards to image quality. The SPH collimator had the highest spatial resolution of ~1.0 mm-
FWHM and better detectability of hot- or cold-rods (1.0 mmø) compared with the MPH75 and MPH65 (1.25 mmø).
However, the sensitivity of the multi-pinhole collimators was about 8 times higher than the SPH collimator. The
relationships between Tc-99m or Ga-67 radioactive concentration and SPECT value were obtained with good linear
correlations for three pinhole collimators quantitatively.
 
Conclusions
In this study, we could characterize the CZT-SPECT system performance for three different pinhole collimators using
the 3D print phantoms designed originally. The phantom design can be freely customized using computer-aided
design software and the same configuration is reproducible anytime. These phantoms are very useful to evaluate
SPECT system performance, to verify suitable data acquisition parameters and to perform regular quality control.
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TITLE: Automated synthesis of 203Pb- SPECT conjugates for image guided TAT using Trasis miniAIO® Module
(SmartMedixTM).
PRESENTER: Izabela Tworowska
ABSTRACT BODY: 
Abstract Body: Objectives: 
The objective of this study was to develop and validate automated method for the production of 203Pb-SPECT agents
using miniAIO synthesis module (SmartMedix) made by Trasis SA.
Methods: 
The radiosynthesis of Pb203-SPECT conjugates was done by direct Pb203-labeling of agent or in two step reaction
using pre-purified/pre-concentrated isotope Pb203 (Lantheus; NCI). Both approaches have been first validated in
manual labeling of glucosamine conjugate (RMX-GC-08) and octreotate conjugate and their efficacy was compared to
RCY of reactions done by automated module. The pre-concentration of Pb203 was performed using cartridge-based
method described previously.1 The Pb203 dissolved in 0.5N nitric acid was loaded on Eichom Pb203 resin (30mg);
the resin was first washed out with 2ml of 0.5M nitric acid; the purified Pb203 was eluted using 1 ml of 0.4N
ammonium acetate buffer (pH=5.1) and transfered directly to the reaction vial containing the RMX-GC-08 or octreotate
conjugate dissolved in 1ml acetate buffer. The labeling reaction was completed after heating the reaction mixture at
95°C for 10 min. Alternatively, the isotope was transferred directly to reaction vial. The quality control of the product
included its radiochemical/radionuclide characterization, pH determination, osmolality test.
Results: 
RCY~ 100% was achieved for reactions of 281-595 MBq of Pb203 and 10ug of tested agents. The reaction was
completed within 20min (including pre-concentration and formulation step) on Trasis module while required >35min for
manual approach without C18-post-purification of the tested product.
Conclusions: 
We have developed and validated a protocol for Pb203 -radiosynthesis using Trasis miniAIO® module. This process
will be implemented in centralized production of Pb203-probes used in clinical studies.The single cassette approach
allows for direct labeling of agent with Pb203; the dual cassette system is used for pre-concentration of Pb203 and/or
purification of the final product. The automated protocol allows for consistent and reliable production of high activity
doses that minimizes radiation exposure of user.
 
1. Pb203-labeled radiotracers targeting metastatic melanoma - Optimization of labeling of DOTA- and TCMC-
conjugates; I. Tworowska, N. Wagh, S. Thamake, J. Reedy, D. Ranganathan, I. Goldman, M. Brechbiel, M. Schultz
and E, Delpassand; J Nucl Med May 1, 2015 vol. 56 S 3 1061
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CONTROL ID: 2492068
TITLE: Evaluation and Implementation of semi-automatic image segmentation methods for quantification of
microPET/CT multi-animal imaging
PRESENTER: Frezghi Habte
ABSTRACT BODY: 
Abstract Body: Introduction. Multi-animal microPET/CT imaging is becoming a routine practice in preclinical molecular
imaging for increasing the image acquisition throughput. However, there are no standardized procedures to analysis
the acquired images, often it is cumbersome and time-consuming process. One key limitation is the techniques used
to define region of interests (ROIs) involving manual techniques or active user interactions. Despite a number of
proposed semi-automatic segmentation algorithms, implementation and effective standardized use of these algorithms
in most software tools are lacking. The goal of this study is to evaluate, develop and implement semi-automatic
segmentation methods that may be integrated into existing software tools for efficient preclinical PET/CT image
quantification.
Method. Fillable spheres with various sizes inserted into cylindrical tubes (25 mL) were used as phantom. The
spheres were filled with mixture of Cu-64 isotope (~5:1 sphere to background ratio of the same concentration) and CT
contrast agent. Four cylinder phantoms were grouped together mimicking multi-animal scanning and imaged on
microPET/CT system. Three semi-automatic segmentation methods (random walker, fixed and interactive (or
adaptive) thresholding) were evaluated using a commercial software Inveon Research Workspace (IRW), Siemens
(Medical Solutions USA, Inc) within locally selected region surrounding hot spheres. Volume (or Area) of the
segmented ROI was compared to the manual drawn ROI on the CT images assumed as the ground truth. We also
recorded time of user interactions during segmentation to assess the speed of segmentation and the required user
interaction of each method. In addition, we manually varied threshold levels relative to local maximum pixel to
evaluate the optimum threshold. Using a new MatLab platform developed in house, we also implemented and
evaluated other well known semi-automatic segmentation methods including Otsu, Interactive and Active Contour, and
a simplified new histogram based segmentation method for comparison.
Results. We obtained average percentage volume error of 9.7% for random walker, 4.4% for fixed and 3.4% for
interactive thresholding. No significant difference in duration of time of an experienced user interaction was observed
when performing segmentation using each of the assessed methods including manual techniques. Relative to local
maxima, threshold levers range from 30 to 50% where small ROIs require higher threshold level to accurately
segment the true 3D ROI volume. Preliminary result also showed an average 2D area deviation of 9.2% for Otsu, 21%
for interactive contour, 6.4% for active contour and 8.2% of the new simplified histogram based semi-automated
segmentation methods.
Conclusion. Interactive (or Adaptive) thresholding is the most accurate and feasible method to implement for PET
semi-automatic segmentation. There is no evident correlation between speed and methodology of semi-automatic
segmentation methods. Generally, semi-automatic methods may out perform compared to manual techniques. It also
depends on the type of ROI and user experience, which we are currently assessing.
AUTHORS (LAST NAME, FIRST NAME): Habte, Frezghi1; Pratt, William2; Nguyen, Sophia3; Sharma, Priyansh1;
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Figure 1. Top, Phantom study showing cylindrical tubes (25<br />
mL) in group of four with inserted fillable spheres, filled<br />
with solution of Cu-64 isotope and CT contrast and imaged<br />
in microPET/CT mimicking multi-animal imaging. Bottom-Left,<br />
comparison of segmented volume error of three<br />
segmentation methods, Bottom-Right, optimum threshold as<br />
function of sphere (ROI) sizes.



CONTROL ID: 2492570
TITLE: Meshless reconstruction for fluorescence molecular tomography based on compactly supported radius basis
function
PRESENTER: Yu An
ABSTRACT BODY: 
Abstract Body: Fluorescent Molecular Tomography (FMT) is a promising tool in the study of cancer, drug discovery
and disease diagnosis, enabling noninvasive and quantitative imaging of biodistribution of fluorophores in deep
tissues via image reconstruction techniques. Among FMT methods, it is well known that image reconstruction
techniques are the main challenge which have a marked effect on tomographic imaging performance. Conventional
reconstruction methods based on numerical techniques, especially based on Finite Element Method (FEM) have
achieved acceptable stability and efficiency. However, the FEM has limitations including time consumption in mesh
generation, difficulty in the case of adaptive analysis, and significant discretization error in extremely complicated
geometry (such as bones). In this paper, we propose a meshless reconstruction method for FMT (MM-FMT) using
compactly supported radial basis functions (CSRBFs). With CSRBFs, the image domain can be accurately expressed
by continuous CSRBFs, avoiding the discretization error to a certain degree. After direct collocation with CSRBFs, the
conventional optimization techniques including Tikhonov, L1-norm iteration shrinkage (L1-IS) and sparsity adaptive
matching pursuit (SAMP) were adopted to solve the meshless reconstruction. To evaluate the performance of the
proposed MM-FMT, we performed numerical heterogeneous mouse experiments. The results suggest that the
proposed MM-FMT method can reduce the position error of the reconstruction result to smaller than 0.4mm for the
double-source case, which is a significant improvement for FMT.
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The 3D view of the reconstructed results of the heterogeneous mouse model with MM-FMT and FEM-FMT, using
Tikhonov, IS and SAMP methods. The first row lists the results of MM-FMT, and the second row lists the results of
FEM-FMT. The columns denote the results obtained by Tikhonov, IS and SAMP. The iso-surfaces in the figure denote
the reconstruction results of the tumors. The threshold for the iso-surfaces is 30% of the maximum intensity. The red
balls inside the image domain denote the real positions of the tumors.



CONTROL ID: 2500643
TITLE: Software developed for pre therapeutic dosimetry in Radioimmunotherapy using 131I rituximab for treatment of
Non Hodgkin’s lymphoma.
PRESENTER: Ashish Jha
ABSTRACT BODY: 
Abstract Body: Aim: To demonstrate the utility of an indigenously developed soft ware for dosimetry planning in
Radioimmunotherapy (RIT) using 131I Rituximab in Non Hodgkin’s lymphoma (NHL).
 
Material and method: We have developed software on Xeleris 1.1 workstation, GE medical system, Milwaukee, USA
for pre therapeutic radionuclide therapy planning for RIT.
Back ground and whole body images acquired at 3 hr, 3rd day and 7th day post injection of IV 250MBq 131I
Rituximab were used for processing. Required images were loaded into the software and whole body ROIs drawn on
all the images as instructed by the software. Residence time and therapeutic activity was calculated using the
formulae (1),(2) and (3) and displayed at bottom of the software page (fig.1). Organ dose was calculated by using
MIRD dose equivalent for 131I Rituximab published data.
 
Following were the formulae used by the software:
Resident Time= [t2(1-(C2/C1))/ ln(C1/C2)] +[ ((C2/C1)(t3-t2))/ ln(C2/C3)] ------(1)
Where
t1 = Time in hours from initial scan i.e., 0;
t2 = Time in hours from initial scan to second scan;
t3 = Time in hours from initial scan to third scan;
C1 = Initial percentage of tracer in patient at t1, i.e., 100%;
C2 = Percentage of tracer remaining in patient at t2;
C3 = Percentage of tracer remaining in patient at t3.
 
Activity.h (MBq.h): The Activity.h (MBq.h) is derived from the simplified and semi empirical formula:
 
Activity.h MBq.h [3624.59 * W+ 9283.65] ------ (2)
Where, W = Weight (kg)
Therapeutic Activity (MBq) = [(Ah/ RT) * (D) / 0.75Gy)] ------ (3)
 
Where,
Ah = (Activity.h (Mbq.h)
RT=ResidenceTime (h)
D=Desired whole Body Dose (Gy) 
 
Results: 6 patients (6 male) of NHL were scanned and dosimetry was performed using the software. The average
retention time calculated was 88.19 hr ranging from 58.39 to 109.35 hrs. The average calculated therapeutic activity
was 75.59mCi Ranging from 61.34 to 94.88 mCi
 
Conclusion: Software developed by us calculates the retention time and the required therapeutic activity for RIT using
131I rituximab in NHL. This software proved to be a very helpful tool for dosimetry in comparison to cumbersome
manual method.
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CONTROL ID: 2489397
TITLE: The Use of Power Analysis in Small Sample Pre-clinical Imaging Studies
PRESENTER: Edward Soares
ABSTRACT BODY: 
Abstract Body: In this work, power analysis (PA) methods for the design of small sample pre-clinical imaging studies
are presented. The importance of determining the correct sample size for clinical and pre-clinical studies is well
established [1-3]. PA is the method by which a direct relationship between effect size and sample size may be
derived. The goal is to determine the sample size required to identify a certain effect size as statistically significant.
The effect size can be regarded as the absolute difference between baseline and follow up means (longitudinal
studies) or as the absolute difference between independent samples means (group comparison studies). A percent
change in these differences can also serve in this role.
 
The appropriate z-statistic related to the standard normal distribution is often used as the basis for sample size
calculations [1,4]. However, for small sample sizes typically seen in pre-clinical studies, this approach can under-
estimate the number of subjects required to identify an effect size as significant [5-6]. Scheibe [7] described an
equivalent approach to PA using the independent samples (IS) t-statistic. The non-centrality parameter of the t-
distribution allows one to establish a direct relationship between effect size and sample size.
 
Here, we review small- and large-sample methods for performing PA. Included are the methods for longitudinal
(paired) comparisons and for group (independent) comparisons based on the t-distribution, as well as their large-
sample approximations. For longitudinal comparisons, the influence of correlation between baseline and follow up
observations on sample size will be demonstrated. For independent group comparisons, the influence of the
proportionality between group variations on sample size will be shown. Analytic methods for performing PA for
ANOVA and Latin square designs will also be presented.
 
For both IS and MP comparisons, the z-statistic approach tends to underestimate sample sizes for n < 15, as
compared to the t-statistic approach. When n=3 subjects per group and two additional subjects per group are added,
the effect size that can be identified as statistically significant decreases by 35% for an IS test and by 49% for a MP
test. Thus, small increases in sample sizes from n=3 for preclinical studies should be considered.
 
 
[1] J Eng, "Sample size estimation: How many individuals should be studied?" Radiology, 227, pp. 309-313, 2003.
[2] Editorial, "Justifying the number of animals for each experiment," Nucl. Med. and Biol., 34, pp: 229-232, 2007.
[3] Editorial, "Further discussion on choosing the number of animals for an experiment," Nucl. Med. and Biol., 35, pp:
1-2, 2008.
[4] B Rosner, Fundamental of Biostatistics, 7th ed., Boston, MA: Brooks/Cole, pp. 302-305, 2011.
[5] S-C Chow, J Shao, and H Wang, "A note on sample size calculation for mean comparisons based on the
noncentral t-statistics," J. Biopharm. Stat., 12(4) pp. 441-456, 2002.
[6] DA Harrison and AR Brady, Sample size and power calculations using the non-central t-distribution," The Stata
Journal, 4(2), pp. 142-153, 2004.
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CONTROL ID: 2492566
TITLE: A Robust Image Reconstruction in Fluorescence Molecular Tomography using Principal Components Analysis
PRESENTER: Shixin Jiang
ABSTRACT BODY: 
Abstract Body: Fluorescence molecular tomography (FMT), as a promising tomographic method, has many successful
applications for small animal imaging, which enables noninvasive three-dimensional (3-D) real-time visualization for
preclinical in vivo studies. However, there still exist challenging problems in FMT because of the ill-posed
reconstruction problem and the instability and sensitivity to noise caused by data interpolation errors and charge-
coupled device (CCD) measurement errors. Therefore, how to precisely and quickly solve the FMT issues is the most
challenging part in FMT studies. In this work, a robust image reconstruction method in FMT using principal
components analysis (PCA) is presented to reduce dimension of the dataset and the noise of the inverse problem.
Phantom experiments are performed to verify the feasibility of the proposed method. The results demonstrate that the
proposed method can improve the speed and the robustness against noise in FMT almost without quality degradation.
Experiments often involve noise and true signals are difficult to distinguish from significant noise. As a result, the
tomographic imaging quality is sensitive to noise. Since PCA can maximally retain the useful information of the
measurement data, the noise in the data can be effectively reduced almost without degrading the qualities of the
reconstructed images. In this work, the Tikhonov based method was used to perform our proposed method. To further
evaluate the reconstruction performance, we conducted the robustness testing of noise intensity, 5 different noise
intensities were set to simulate the worse case scenarios. Here, the measurement data sets were corrupted by 0%,
5%, 10%, 15%, and 20% Gaussian noise respectively.
The reconstruction results of the Tikhonov based method and the Tikhonov using PCA method were shown in Figure
1. The columns denote the reconstructed results corresponding to different noise intensities (0%，5%, 10%, 15%,
20%). The first row is the reconstruction results obtained using the Tikhonov based method. The second row denotes
to the Tikhonov using PCA method. The qualitative and quantitative analysis indicated that when the intensity of the
noise increased, our proposed method was more robust to the noise. Even when the measurement data sets were
corrupted by 20% Gaussian noise, our proposed method could still get more effective results than those obtained from
Tikhonov based method, and the results of our proposed method almost without quality degradation.
Although the proposed method achieved promising results, there are still some challenging problems in FMT. It is
believed that FMT will provide more potential for earlier detection and characterization of the disease and evaluation
of the treatment with rapid development of 3-D reconstruction algorithms.
AUTHORS (LAST NAME, FIRST NAME): Jiang, Shixin1; Liu, Jie1; An, Yu1; Ye, Jinzuo2; Mao, Yamin2; He, Kunshan
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Reconstructed results of heterogeneous numerical phantom experiments with different noise intensities. The columns
denote the reconstructed results corresponding to different noise intensities (0%，5%, 10%, 15%, 20%). The first row
is the reconstruction results of the Tikhonov method. The second row correspond to the Tikhonov using PCA. The red
circles show the real positions of the fluorescent sources.



CONTROL ID: 2492576
TITLE: Efficient 3D PET image reconstruction algorithm for improvement in resolution of a rotating dual-head PET
system
PRESENTER: Fanzhen Meng
ABSTRACT BODY: 
Abstract Body: Dual-head positron emission tomography (PET) system cannot provide the completeness data for
reconstruction, which leads to worse resolution perpendicular to detector heads. In order to improve the resolution, we
built up a dual-angle rotating PET system for small animal imaging. Such a scheme not only saves significantly cost,
but also has the unique advantages such as light weight, easy installation, convenient use, and so on. Based on this
rotating system, a 3D PET image reconstruction algorithm was proposed in this study. In this algorithm, the geometry
offset correction of the system was operated during the reconstruction easily. Furthermore, the coincident events
could be used for reconstruction without rearranging the LORs of the two direction, which means the number of LORs
in this rotating system was equal to that in the stationary system. In addition, the SRM was only calculated once just
as with the static system and shared with the two coincident data during the reconstruction. In order to verify the
feasibility of the reconstruction algorithm, the spatial resolution experiments were carried out with a two-line-source
phantom. The reconstruction results were analyzed and compared with that in the static system. It indicated that the
resolution perpendicular to detector head was improved about 3 times.
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CONTROL ID: 2491648
TITLE: Prediction of postoperative lung function in lung cancer patients using perfusion scintigraphy
PRESENTER: Ikdong Yoo
ABSTRACT BODY: 
Abstract Body: Introduction
To predict the postoperative lung function is critical in lung cancer patients. We evaluate the differences among the 3
types of processing methods for prediction of postoperative lung function using lung perfusion scintigraphy.
Materials and Methods
Fifty-five patients with mean age 65 years old (39-79 years old) who underwent lobectomy were enrolled. Forced
expiratory volume in 1 second (FEV1) values were obtained from preoperative and postoperative pulmonary function
test. After performing lung perfusion scintigraphy, the fraction was obtained as following methods; (1) segment method
= 1 - (numbers of segments to be resected/19 segments), (2) AP method = 1 - (counts of manually drawn region of
interest on AP view/total counts), (3) oblique method = 1 - (counts of manually drawn region of interest on oblique
view/total counts). Predicted FEV1 obtained multiplying fraction by preoperative FEV1. Postoperative FEV1 values
were compared with predicted FEV1 values.
Results
The mean values of preoperative and postoperative FEV1 were 2.29L (1.44-3.81L) and 1.89L (0.96-3.18L). The mean
values of Ppo.SEG, Ppo.AP, and Ppo.OBL were 1.83L (1.13-3.16L), 1.88L (1.10-2.97L), and 1.89L (1.05-3.16L).
Between postoperative and predicted FEV1, there is strong correlation without significant difference. Bland-Altman
analysis showed that segment and AP methods underestimated the FEV1, whereas oblique method slightly
overestimated the FEV1.
Conclusion
Each predicted FEV1 values according to the segment, AP and oblique methods were similar to postoperative FEV1
values. The oblique method shows very small difference to such an extent as to be equal, so can apply the prediction
of postoperative lung function in lung cancer patients.
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Bland-Altman plots comparing postoperative FEV1 and predicted FEV1: A. Segment method; B. AP method; C.
Oblique method
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TITLE: Development of a Bloodstream Diagnosis System to Detect a Slow Rate Using Optical Doppler Tomography
PRESENTER: Deokmin Jeon
ABSTRACT BODY: 
Abstract Body: The objective of this study is to develop the measurement system of the blood flow velocity
quantitatively, and to improve velocity dynamic range (VDR) for slow flow. We demonstrated to detect the
bloodstreams of various speed using spectral-domain optical Doppler tomography (SD-ODT) with improved dynamic
range of flow velocity. To detect the bloodstream is calculated from phase difference using the basic principles of
Doppler frequency shift, and Kasai’s autocorrelation algorithm using the spatial averaging window is used to decide
phase noise. We used both general-purpose graphics processing unit (GP-GPU) with CUDA programming and CPU’s
multi-thread programming for realtime imaging to data acquisition, ultrafast signal processing, displaying and saving
image at the same time, and result images are expressed to color Doppler imaging. Improvement of velocity dynamic
range is needed to detect slight phase difference in animal capillaries. We changed line interval suitably from many A-
lines as the system performance will get worse with the use of method-changing camera’s line period. Hence, our
system can acquire slow bloodstream in both blood vessels and capillaries without performance degradation. The
experiments are proceeded by a stepping motor or syringe pump to evaluate performance on the many A-lines. Also,
It is experimented to compare each blood vessel on the healthy skin with cell carcinoma disease skin of the mouse.
The analysis indicates that cell carcinoma can be diagnosed by the blood flow velocity or the distribution of the blood
vessels with high probablility.
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CONTROL ID: 2500484
TITLE: Monitoring for optical clearing in decalcified cochlea of small animal using optical coherence tomography
PRESENTER: Jaeyul Lee
ABSTRACT BODY: 
Abstract Body: In this study, we monitored the optical clearing effects of the decalcification method by soaking ex vivo
small animal cochlea samples in ethylenediaminetetraacetic acid (EDTA) to obtain rigorous information on the cochlea
internal microstructures. Thus, the imaging limitations due to the mouse and guinea pig cochlea structure were
overcome. Subsequently, we carried out the study to confirm the required approximate soaking duration to obtain the
best optimal depth visibility for both mouse and guinea pig cochlea samples. So, we implemented a decalcification-
based optical clearing effect to mouse and guinea pig cochlea samples to enhance the depth visualization of internal
microstructures using swept source optical coherence tomography (OCT). The obtained two-dimensional OCT images
successfully illustrated the feasibility of the proposed method by providing clearly visible microstructures in the depth
direction as a result of decalcification. The best effectiveness of decalcification of the mouse cochlea were observed
after 7 days. But, the most optimal clearing results for the guinea pig cochlea were obtained after 14 consecutive days
owing to the different sample size. The quantitative assessment results verified the increase of the intensity as well as
the thickness measurements of the internal microstructures. Following this method, difficulties in imaging of internal
cochlea microstructures of mice could be evaded. The obtained results verified that the depth visibility of the
decalcified ex vivo small animal cochlea samples was enhanced. Therefore, the proposed EDTA-based optical
clearing method for small animal can be considered as a potential application for depth-enhanced OCT visualization.
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CONTROL ID: 2498046
TITLE: Review of Open Surgery Fluorescence Imaging Systems: Comparative Identification of Key Operational
Features
PRESENTER: Alisha DSouza
ABSTRACT BODY: 
Abstract Body: Background. There is growing interest in designing and using fluorescence imaging instruments to
guide surgery based on signals related to the tissue function and molecular phenotypes. The abundance of
commercially available products necessitates a comparative summary of the current needs, instrumentation basics,
and devices available in both approved form and emerging technologies. While several studies have reviewed the
needs and procedures, there are none that discuss the ideal set of criteria guiding the choices. Additionally, the field
has been dominated by indocyanine green imaging commercially, but widespread research into newer molecular
tracers and pre-clinical uses has led to an emerging commercial field of custom research surgical imaging systems
which are leading the way toward new indications.
 
Objective. To evaluate all FDA approved commercial systems and selected pre-clinical commercial systems designed
for fluorescence-based image guidance during open surgery, and define a set of key factors that should simplify the
task of device selection and comparison as this field matures.
 
Methods. We have evaluated and compared 7 imaging systems based on the follow set of characteristics that were
identified as key desirable features of an open fluorescence imagers, in descending order of importance.
 
i. Real-time overlay of white light and fluorescence images
ii. Fluorescence mode operation with ambient room lighting present
iii. Maximal sensitivity
iv. Ability to quantify tracers in situ
v. Ability to image multiple fluorophores simultaneously
vi. Maximized ergonomic use
 
Results. In order to provide a quantitative comparison metric for sensitivity tests, imaging results for various
concentrations of IRDye800CW and IRDye680RD are shown in figures a and b for a subset of tested systems
(Company and system names are not shown).
 
Impact. Due to the ease of design, most systems are specified for operation only in the NIR-range to capture ICG
emission in vessel flow, as the only approved NIR fluorescence procedure. The driving influence of new agents is
really where the growth in breadth of systems is coming from. The adoption of fluorescent surgical research imaging is
taking place, and several imager companies have identified the research settings as the initial target users of their
systems. This has lead to emergence of several systems that are not immediately seeking FDA approvals, as the
imaging agents being used need approvals as well. As such, there is a small commercial market developing in some
areas for these customized research units, which will pave the way for future indications and potential FDA approvals.
Figure c shows broad categories of currently available imagers.
While we have proposed a set of “desirable features” each system comes with its own set of positive and negative
features and there is no single “best” system, and it is unlikely that there will be one in the near future, but we expect
that this review will simplify the task of selecting the right system to invest in for both clinicians and researchers.
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<br />
Figure a-b. Log-Log plots of fluorophore concentration versus measured fluorescence signal under dim room lighting
and maximized acquisition settings is presented. Power fits were preformed to estimate the intersection between the
linear region of detected concentrations and the undetected concentrations to determine the noise level. c. The
progression of current open surgery fluorescence imagers shown with investigational and custom devices leading the
technological development.



CONTROL ID: 2501061
TITLE: Comparison of in vivo administered fluorescent markers for perfusion, protoporphyrin metabolism and EGFR
cell-surface expression for optically guided glioma resection
PRESENTER: Jonathan Elliott
ABSTRACT BODY: 
Abstract Body: Extent of tumor resection is the most important predictor of outcome in high-grade glioma [1], yet
complete resection is rarely possible since lack of inherent contrast between tumor and normal parenchyma makes
margin delineation a challenge. Fluorescence-guided surgery (FGS) is promising for its ability to enhance contrast but
the specificity and sensitivity of the contrast mechanism and the ability to extravasate to the tumor vary widely across
approved and emerging imaging agents. For example, ICG is the only widely used imaging agent for fluorescence
guided surgery, demarking areas of vascular flow and perfusion [2]. However, it is a poor choice for guiding glioma
resection, since its mechanism of contrast is based solely on the EPR effect—a week mechanism in tumor margins
and low grade tumors. Another option is 5-ALA induced protoporphyrin IX (PpIX), which easily extravasates most
tumor regions and exhibits a strong and very specific mechanism of contrast based on tumor-specific downregulation
of ferrochelatase [3]. Unfortunately, PpIX is limited by non-specific enhancement in normal brain caused by
inflammation and epilepsy, as well as week low-grade glioma enhancement. A unique imaging agent based on the
conjugation of anti-epidermal growth factor receptor (EGFR) Affibody molecules and IRDye800CW (ABY-029) has
shown promise as a tumor-specific contrast agent for surgical-guidance (Fig. 1A). However, like many other tumor-
specific imaging agents, there is a lack of understanding of comparative efficacy and mechanistic complementarity
with other agents such as ICG and PpIX. In this study, we sought to compare ABY-029 directly to IRDye680 (a low-
MW perfusion marker) and PpIX (a marker of protoporphyrin metabolism) by simultaneous injection and ex vivo
fluorescence imaging in 12 rats with either F98 wild-type (F98wt) or EGFR positive (F98EGFR+) orthotopic gliomas.
We hypothesized that the spatial distribution of enhancement would reflect complementary contrast mechanisms,
raising the possibility of multi-agent injection schemes. Unique spatial patterns emerged (Fig. 1B) and agents showed
group-specific differences in overall contrast. In terms of tumor-to-background ratio (TBR), ABY-029 outperformed
PpIX in the F98EGFR+ group (4.4 ± 0.3 vs. 2.9 ± 0.1, p < 0.005). Conversely, ABY-029 performed worse in F98wt
tumors (2.11 ± 0.3) whereas PpIX contrast remained the same (3.0 ± 0.3). A significant correlation with EGFR
immunohistochemistry score (η = 0.84, p < 0.001) suggests an EGFR expression-specific mechanism (Fig. 1C-F).
ROC analysis was performed using corregistered H&E for ground truth. ABY-029 was 91% accurate in F98EGFR
tumors, but only 69% accurate in F98wt tumors. PpIX showed 82% and 87% accuracy in F98EGFR+ and F98wt
tumors, respectively. When both agents are used simultaneously—interpreted using muiltivariate logistical
regression—the accuracy of tissue identification increased to 94% and 90% for F98EGFR+ and F98wt tumors,
respectively. These results highlight the potential for new imaging agents to be applied efficaciously in specific tumor
subtypes and to be used simultaneously to improve contrast in the general case.
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CONTROL ID: 2501294
TITLE: Design of a clinically translatable dual-view handheld surgical microscope incorporating wide-field fluorescence
imaging and high-resolution optical-sectioning for fluorescence molecular guidance of tumor resection in oncology
PRESENTER: Michael Mandella
ABSTRACT BODY: 
Abstract Body: Wide-field imaging for fluorescence molecular guidance is emerging as an enabling technology for
improved tumor resection and has been referred to as optical surgical navigation (OSN) 1. What is going to become
important is the ability for the surgeon to quickly and intuitively perform microscopic inspection of fluorescent hot spots
to confirm that they are actually indicating local disease states of the tissue to better assess resection margins. To
address this need, we have developed a clinically translatable dual-view handheld surgical microscope that
incorporates both wide-field (mesoscopic) fluorescence imaging and high-resolution (microscopic) optical-sectioning.
This is accomplished by integrating a commercially available wide-field fiberscope (SpyglassTM, Boston Scientific)
that we have modified for fluorescent detection into a compact package (5.5 mm OD.), which also contains a dual-axis
confocal (DAC) microscope (Fig, 1). DAC microscopy is a high-sensitivity, high-resolution technology that benefits
from the specificity of molecular probes, and enables interrogation of deeper regions of tissue by performing optical-
sectioning of tissue.2 One of the difficulties of deploying confocal microscopes in the clinic is the small field-of-view
(0.3mm - 0.5mm), overcome here in part by the addition of a mesoscopic point of reference. However, early or
micrometastatic lesions and residual disease are characterized by small numbers of cancer cells that require
microscopic detection. The DAC microscope has been designed with custom catadioptric micro-lenses to provide
broadband multispectral capability for fluorescence imaging of multiple fluorophores over a broad spectral range (VIS
to NIR), and also uses a novel, entirely MEMS-based 3D beam scanning system for high-speed imaging of horizontal
or vertical sections, enabling rapid changes between different modes of optical sectioning. The combined instrument
thus provides simultaneous mesoscopic and microscopic fluorescence imaging over a broad spectral range for
intuitively performing fast in vivo search and microscopic confirmation of optical molecular markers in tissue, which is
a capability that will become of increasing importance for tumor resection in oncology as more optical molecular
markers become approved for human use.
References:
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Fig. (1.A) Photograph of the front of the assembled 5.5-mm diameter dual-view handheld surgical microscope showing
the dual-axis confocal (DAC) microscope imaging area indicated by the scattered red laser light; also showing the
front of the SpyglassTM wide-field fiberscope installed into the upper 1-mm diameter instrument channel of the
microscope package, and Fig. (1.B) Side view schematic drawing of the microscope package and illustrating the
overlap between the 70 degree field-of-view of the widefield SpyglassTM fiberscope and the 300 micron field-of-view
of the optical-sectioning DAC microscope.



CONTROL ID: 2493077
TITLE: A miniature high-speed MEMS-scanned optical-sectioning microscope for early detection and surgical
guidance
PRESENTER: Jonathan Liu
ABSTRACT BODY: 
Abstract Body: The microscopic observation of histologically processed tissue specimens is regarded by the medical
community as a highly reliable standard-of-care method for the diagnosis of disease. Through advances in optical
design and miniaturization, it is possible to move this type of pathological analysis into the clinic and to provide in vivo
analyses of tissue micro-anatomy and molecular markers of disease. We are developing a portable line-scanned dual-
axis confocal (LS-DAC) microscope for high-speed (10 - 15 Hz) microscopic imaging of superficial (<150-mm deep)
tissue surfaces for examining suspicious lesions in the oral cavity as well as for guiding the resection of brain tumors
[1]. The line-scanned DAC architecture enables fast frame rates that will mitigate motion artifacts during clinical use.
 
Unlike first-generation miniature MEMS-scanned DAC microscopes [2-4], the handheld LS-DAC microscope
incorporates conventional achromatic lenses (rather than a parabolic reflector) and a pair of 45-deg reflective prisms
for the alignment of low-NA illumination and collection beams (Fig. 1a). A cylindrical lens placed in the illumination
path (Fig. 1a) creates a focused line in tissue, which is imaged onto a linear detector array. A commercial MEMS
scanner (Fig. 1f) from Mirrorcle Technologies (Richmond, CA) scans the focal line orthogonally to construct an image
in a line-by-line fashion. A custom 3X magnifying relay objective (Fig. 1b), developed in collaboration with Photon
Gear Inc., increases the numerical aperture (NA) and crossing angle of the dual-axis beams for high-resolution
imaging of tissues (1-2 mm resolution) in reflectance or fluorescence mode for oral cancer detection as well as for
guiding brain tumor resection, respectively. Axial-response and lateral-response measurements (see Persuasive data
file) demonstrate the ability of the miniature LS-DAC design to image with diffraction-limited performance over a field
of view of 300 x 300 mm. Images of fresh intact mouse tissues (Fig. 1c) and fluorescently stained vasculature (see
Persuasive data) demonstrate the ability to achieve similar performance to what has been previously acquired with a
tabletop LS-DAC device [1,5].
 
In summary, a miniature line-scanned DAC microscope is being developed for two applications in point-of-care in vivo
pathology. First, we will use this device to image suspicious lesions in the human oral cavity as an initial screening tool
to guide physical biopsies and subsequent histopathology (NIDCR-funded project). Second, for brain-tumor resection
(NCI-funded project), we plan to use our device to quantify the expression of 5-ALA-induced PpIX in low-grade
gliomas, and to provide neurosurgeons with an objective and reproducible metric by which to optimize the extent of
resection.
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CONTROL ID: 2493822
TITLE: Intraoperative Near Infra-Red Imaging by Auto-fluorescence for Parathyroid Gland Identification 
PRESENTER: Frederic De Leeuw
ABSTRACT BODY: 
Abstract Body: Background: Parathyroid glands (PG) can be particularly hard to distinguish from surrounding tissue
and thus can be damaged or removed during thyroidectomy. Postoperative hypoparathyroidism is the most common
complication after thyroidectomy. Very recently, it has been found that the parathyroid tissue shows near infra-red
(NIR) auto-fluorescence [1, 2]. This property could be used for intraoperative detection, without any labeling or any
challenges associated with the use of contrast agents [3, 4].
The work here reports first an ex vivo validation of a new NIR imaging procedure allowing for the visualization of
parathyroid gland. Then, an in-patient evaluation of intraoperative PG detection by NIR auto-fluorescence is
presented, using for the first time a commercially available clinical NIR imaging device.
Methods: Ex vivo study was conducted on resected operative specimens combined with an in vivo prospective study
of consecutive patients who underwent thyroid surgery. During surgery, any tissue suspected to be a potential
parathyroid gland by the surgeon, was imaged with the Fluobeam 800 ® system. NIR imaging was compared to
conventional histology (ex vivo) and/or visual identification by the surgeon (in vivo).
Results: The ex vivo PG-NIR auto-fluorescence study conducted on 28 procedures showed a sensitivity and a
specificity of 94.1% and 80%, respectively. Clinical intraoperative NIR imaging was performed on 35 patients and 81
parathyroids were identified. In 80/81 cases the fluorescence signal was subjectively obvious on real time
visualization. Quantification studies on NIR images showed that parathyroid glands fluorescence is 2.93± 1.59 times
greater than thyroid fluorescence in vivo. In this work, NIR imaging has been evaluated as a tool to guide surgery and
in most cases, it strengthens surgeon’s opinion: We report 14 cases where NIR imaging removed uncertainty about
PG identification and 5 cases where NIR imaging highlighted parathyroid glands before they can be seen by the
surgeon.
Conclusions: Real–time NIR imaging method based on auto-fluorescence is fast, safe, non-invasive and shows very
encouraging results, for intraoperative parathyroid identification.
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CONTROL ID: 2500558
TITLE: Multi-Spectral Confocal Imaging Probe for cervical cancer imaging
PRESENTER: Wibool Piyawattanametha
ABSTRACT BODY: 
Abstract Body: Cervical cancer is the second most common cancer in woman. Almost 80% of patients are in
developing countries. Virtually, all cervical cancer cases (about 99%) are linked to human papillomavirus (HPV)
inflection. Cancer screening using Papanicolaou (Pap) test and HPV deoxyribonucleic acid (DNA) detection are time
consuming and require interpretations of medical expertise to accurately diagnose the disease. The aim of cancer
diagnosis research has been given priority to finding out precancerous or cancer lesions in the early stages and
increase patient survival rates.
Confocal microscopy is an optical imaging technique using point-by-point illumination and eliminates out-of-focus light
by a pinhole to enhance image contrast. This imaging technique is widely used for in vivo imaging applications due to
controllable depth of focus and high spatial resolution down to subcellular scale. Furthermore, by collecting two-
dimensional (2D) en face images in series, a three-dimensional (3D) image can be reconstructed A handheld confocal
microscope is designed for in vivo real-time screening and detection of epithelial cancers, which cover around 85% of
the early stage of all cancer types. Diameter of the imaging probe is only 1 cm and 20 cm in length. A custom software
is used to enable image display in real-time on a personal computer. Images obtained from confocal microscope are
rendered from point by point scanning over a 2D image plane by using a MEMS 2D scanner. We used a gold coated
barbell shaped MEMS scanner with die size of 3.25 × 3.25 mm2 designed at Argonne National Laboratory and
fabricated at Silex Microsystems Incoporation.
The microscope image resolution is measured using a beam profiler. Full width at half maximum (FWHM) of the
transverse (X-Y direction) resolutions are 4.98 and 6.45 µm for 488 nm, 5.19 and 5.76 µm for 532 nm, while FWHM of
axial (Z direction or depth) resolutions are 6.58, and 6.77 µm for 488 and 532, respectively. The acquired images from
the MEMS based confocal microscope are rendered to 3-D volumetric images with the dimension of 200 × 200 × 400
µm (w × l × h) with cellular resolution (~6 µm).
The handheld confocal microscope demonstrates tissue images with cellular resolution reaching 200 µm in depth from
the tissue surface. Due to depth ranging and high-resolution ability our microscope, microvasculature forming in tumor
tissue can be visualized in real-time. A 488 nm excitation laser source was used in conjunction with 492-1100 nm
emission filter to enable collection of fluorescence signal in orange color range generated from AO dye and RNA
interaction. Images acquired form our handheld confocal microscope reveals higher number of nuclei in cancer tissue
than that of normal tissue samples. These results agreed very well with H&E staining images acquired by a standard
bright field microscope. In summary, we have developed a novel MEMS based multi-spectral confocal microscope
prototype for in vivo early cancer detection in human patients. Our confocal microscope enables non-invasive
subsurface tissue imaging.
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CONTROL ID: 2493012
TITLE: Fluorescence guided surgery using high dynamic range (HDR) imaging
PRESENTER: Vincent Rossi
ABSTRACT BODY: 
Abstract Body: The promise of fluorescence guided surgery (FGS) to demarcate healthy and cancerous tissue has led
to a proliferation of research and commercial development for clinical translation. Due to the spatial variations in
imaging agent uptake, and the influence of heterogeneous optical properties which affect the signal intensity of light
remitted from the tissue, the measured intensity within an imaging field can vary over many orders of magnitude. Yet,
to date, all reported FGS systems developed for clinical open surgery employ image sensors with maximum dynamic
ranges between 8 and 16 bits. In the best case, 16 bit sensors offer between two and three orders of useable dynamic
range, which can limit the information content from a single image. Imaging fields for which the intensity varies more
than the camera’s dynamic range require the instrument’s software or user to choose between saturating some areas
of the image to view regions with low levels of fluorescence or ignoring low levels of fluorescence to view unsaturated
intensity values in regions of high signal. This is particularly problematic for imaging approaches which aim to quantify
fluorophore concentration or tissue optical properties, for which robust, non-saturated signal is critical.1 Additionally,
surgical procedures near bright tissues such as clearance organs can pose a particular challenge in FGS.
To address this challenge and accommodate the range of signals imaged in the surgical field, we have implemented a
High Dynamic Range (HDR) imaging algorithm for open-field FGS. High Dynamic Range imaging is used commonly in
photography and other imaging fields to improve the contrast across orders of magnitude of irradiance while
maintaining a quantifiable signal from both the highest and lowest irradiances, yet to date, has not been deployed for
FGS.2,3 The HDR protocol captures several images at different exposure times and algorithmically stitches these
images together to cover a much broader range of intensities compared to the sensor alone. Our FGS experimental
system consists of a multi-channel, multispectral instrument consisting of a 730 nm laser illumination source, a high
speed filter wheel, and a 14-bit CCD. Tissue-simulating phantoms containing serial dilutions of IRDye 800CW were
imaged in normal and HDR mode. The maximum range of quantifiable concentrations in non-HDR mode was two
orders of magnitude while HDR mode imaging extended this range to nearly three orders of magnitude in a single
image, demonstrating substantial improvements in dynamic range. Additionally, HDR imaging of an orthotopic cancer
tumor model in the proximity of highly fluorescent clearance organs in a mouse model demonstrate the potential of
deploying the approach to open-beam surgical guidance.
 
1 P.A. Valdes, F. Leblond, V.L. Jacobs, B.C. Wilson, K.D. Paulsen, D.W. Roberts, Scientific Reports 2, Article
Number:798 (2012).
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Figure 4: A log10 scale High Dynamic Range Fluorescent Image (HDRFI) of surgery in a rodent breast tumor model.
The large, dominant fluorescent signal at the upper right of the image is from the bladder due to the clearing of the
fluorescent marker. A breast tumor is located on the lower right of the image (white arrow). This tumor was located
beneath a layer of mammary fat, which further acted to attenuate the tumor’s fluorescent signal. Use of HDRFI allows
for the detection of such weak fluorescent signals in the presence of dominant clearance organs during surgery.



CONTROL ID: 2493079
TITLE: HyperCEST MRI Detection of the Cucurbit[6]uril Xenon Cage in the Rat in vivo
PRESENTER: Francis Hane
ABSTRACT BODY: 
Abstract Body: Audience & Purpose 
Hyperpolarized (HP) Xenon-129 magnetic resonance imaging (MRI) biosensors have the potential to detect and
image pathological molecules within the body at extremely low concentrations with high resolution and sensitivity. This
technique has the potential to provide molecular imaging with MRI- level resolution with the sensitivity of positron
emission tomography (PET). Furthermore, this technique does not rely on ionizing radiation making more frequent
longitudinal studies more feasible. The Hyperpolarized Chemical Exchange Saturation Transfer (HyperCEST)
technique takes advantage of the exchange of HP xenon atoms in and out of a cage molecule which can be
conjugated to an antibody to create a molecular probe or imaging biosensor [1]. By saturating (and therefore
depolarizing) the xenon guest atom in the cage, a depletion in the solvent pool can be amplified providing a sensitivity
increase of a billion times over thermally polarized xenon. We present the first in vivo HyperCEST MR images of the
cucurbit[6]uril (CB6) HyperCEST agent in a live animal using an IV injection of the cage molecule and the inhalation of
HP xenon gas. This translational work is imperative for researchers in the field for translating in vitro testing of HP gas
biosensors to preclinical testing and thence to clinical trials.
Methods 
A 3 mL 10.0 mM solution of CB6 was prepared in 1X PBS solvent and intravenously (IV) injected into the rat via the
tail vein catheter. Male Sprague-Dawley rats were surgically intubated, mechanically ventilated and placed into a
custom RF coil tuned to a Larmor frequency of 129Xe (35.33 MHz) at 3 T. Immediately prior to data acquisition, the
rats were ventilated with a HP xenon/oxygen mixture (80%/20%). A HyperCEST pulse sequence was applied at the
CB6-Xe resonance frequency (+124.3 ppm). MR images were acquired with both off-resonance control pulses and
on-resonance saturation pulses.
Results & Discussion 
We acquired T1 weighted 1H gradient echo MR images to localize the Xe signal (Fig 1A). We acquired 129Xe MR
gradient echo images with both off- and on- resonance HyperCEST pulses (Fig 1B&C respectively). The on-
resonance pulse destroys the polarization of Xe in the CB6 cage while the off-resonance pulse acts as a control. By
applying a HyperCEST pulse at the CB6-Xe chemical shift of 124.3 ppm, we observed a decrease in the signal
intensity of the xenon corresponding to the location of CB6 cage molecule in the body (Fig 1C). We created a
HyperCEST saturation map to identify the location of the CB6 molecules by subtracting the off-resonance image from
the on-resonance image and dividing, pixel by pixel, by the off-resonance control image (Fig 1D). This technique
provides a sensitivity enhancement of up to one billion times. By overlaying the HyperCEST saturation map on to the
1H localizer image, we localized the CB6 molecule to the heart, lungs, aorta, kidneys and bladder. This indicates that
the CB6 circulates throughout the blood stream and is cleared by the kidneys.
References 
Schroeder L, et al. Science. 2006; 314:446-440
AUTHORS (LAST NAME, FIRST NAME): Hane, Francis1; Li, Tao2; Smylie, Peter1; Pellizzari, Raiili1; Plata, Jennifer
A.3; Albert, Mitchell S.1

INSTITUTIONS (ALL): 
1. Chemistry, Lakehead University, Murillo, ON, Canada.
2. Electrical Engineering, Lakehead University, Thunder Bay, ON, Canada.
3. Thunder Bay Regional Research Institute, Thunder Bay, ON, Canada.



Figure 1 – (A) A T1 weighted 1H gradient echo image of the thorax and abdomen of a Sprague-Dawley rat.  (B) A Xe
MR image was acquired following the application of an off-resonant HyperCEST pulse at +259 ppm to act as a control.
(C) A Xe MR image was acquired following an on-resonance HyperCEST pulse (+124.3 ppm). (D) A 1H MRI of the
abdomen and thorax of a Sprague-Dawley rat overlaid with a HyperCEST saturation map showing the location of the
CB6 molecular probe which was intravenously injected into the rat. This technique provides up to a billion times signal
enhancement.



CONTROL ID: 2491052
TITLE: Detailed Simulation of Peripheral Nerve Stimulations in Magnetic Particle Imaging for Improved MPI Molecular
Imaging in Humans
PRESENTER: Mathias Davids
ABSTRACT BODY: 
Abstract Body: Introduction: Magnetic Particle Imaging (MPI) allows mapping of targeted magnetic tracers in vivo [1]
and has the potential to join PET and MRI as a premier molecular imaging modality. MPI has been shown to provide
high resolution and sensitivity in rats; however, several barriers exist to applying this technology to humans. One
barrier is Peripheral Nerve Stimulation (PNS) resulting from applying time-varying magnetic fields to the body. If PNS
occurs, the applied field strength must be reduced, which dramatically limits the performance of the imaging protocol.
PNS thresholds are usually characterized as plots of the field modulation strength ΔB at a given modulation frequency
that initiates PNS. These “PNS curves” are obtained experimentally and very little work has been done on accurate
numerical simulation of PNS in MPI. Such model would be highly beneficial for improving the MPI technology for
human use without the need to build expensive prototypes. We have developed a workflow for accurate numerical
simulation of PNS in MPI that can allow fast MPI hardware optimization without the need to build expensive
prototypes.
Methods: We first compute electromagnetic (EM) fields produced by the MPI coil (Sim4Life v2.0, Zurich MedTech,
Switzerland) in a human body model (Virtual Population 3.0 Duke [2]) and evaluate the E-field at the positions of so-
called nerve sensors (these are placed regularly on a 1 mm grid in the body, except the bones). In this work, we
modeled two coils for which PNS thresholds were previously experimentally determined in arm/leg stimulation
experiments (Saritas et al. [3], cf. Fig. 1, A and B). Each nerve sensor consists of a straight myelinated nerve with
equally spaced nodes of Ranvier. Sensors were oriented along the worst-case direction of maximum E-field gradient
with a constraint that this direction stays within a 20 degree cone oriented along the arm/leg axis as suggested by our
analysis of the local nerve anatomy. We then monitor the nerve membrane dynamics (including possible action
potentials, AP) using a detailed numerical model of nerve fibers (SENN nerve model, [4]). Finally, we modulate the E-
field both in amplitude and frequency (0.5 to 50 kHz) until generation of an AP to generate PNS threshold curves.
Results: Fig. 1 C shows our simulated (red curve) and the measured (from Saritas et al., grey curve) PNS threshold
curves in the leg. ΔBmin is the minimum B-field created by the MPI coil that generates an AP at a given modulation
frequency. Note that ΔBmin decreases with frequency, which means that it becomes easier to generate APs at high
modulation frequencies. There is good overall agreement between the simulated and measured data, which suggests
that this model can be used to optimize MPI coils with respect to PNS prior to actually building expensive prototypes.
The method is generalizable to different coil geometries, patient cohorts, and imaging waveforms.
References: [1] Gleich et al., Nature, 435(7046), 2005, [2] Gosselin et al., Phys. Med. Biol., 59(18), 2014, [3] Saritas et
al., IEEE TMI, 32(9), 2013, [4] Reilly et al., IEEE BME, 32(12), 1985
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Experimental setup for leg stimulation used by Saritas et al. (A), our simulation setup (B), and the PNS stimulation
thresholds for these two setups (measurements grey, simulations red). Although deviations of our threshold
predictions from the measurements are present (overestimation at lower frequencies, underestimation at higher
frequencies), we have been able to reproduce the general modulation amplitude/frequency relationship.



CONTROL ID: 2492122
TITLE: Time-resolved Optical Tomography system based on Single pixel camera detection and structured illumination
PRESENTER: Cosimo D'Andrea
ABSTRACT BODY: 
Abstract Body: Fluorescence Molecular Tomography (FMT) and Diffuse Optical Tomography (DOT) are 3D optical
imaging techniques which aim at quantitatively reconstructing in vivo optical parameters (fluorescent, absorption and
scattering), which can be related with molecular processes (e.g. targeted by selective fluorescent markers) and
anatomical/functional information.
 
DOT/FMT have a similar measurement scheme. Many combinations of illumination and detection points are
measured, then by solving an inverse problem the optical parameters distribution inside the tissue can be
reconstructed. Moreover, time-resolved measurements provide further information such as to disentangle absorption
from scattering, estimate fluorescence lifetime, evaluate the depth of the inclusion and discriminate different
chromophores. This multidimensional data set can be huge requiring long acquisition/computational times which are
not compatible with clinical and pre-clinical needs. Moreover, the complexity of the system represents another issue in
terms of easy-of- use, cost of the system and its integration with other imaging modality.
 
In the last years novel illumination/detection schemes based on structured illumination and patterned detection (single
pixel camera) have been proposed. The basic idea is to sample in the spatial frequency domain (rather than raster
scanning) exploiting the low bandwidth of the spatial information content in a turbid medium. These approaches aim at
reducing the data set by preserving or even improving the information content. Moreover it shows important
instrumental advantages, such as the possibility to distribute the illumination over a large area, to exploit a single pixel
detector with higher performances (e.g. temporal resolution and spectral coverage) respect to parallel ones. Moreover
from first measurements a global view, even if at low spatial resolution, is available. Finally a simplification of the
system and a reduction of the cost, mainly given by SPC approach, are also worth mentioning.
 
In this work a fully tomographic time-resolved DOT/FMT system with multiple views acquisition has been proposed
and experimentally realized. In particular the system is based on a double Digital Micromirror Device (DMD) to both
adopt pulsed structured illumination and time-resolved single-pixel camera detection as shown in fig. 1. In order to test
the imaging and tomographic capability of the system, measurements on tissue mimicking phantoms with
absorption/scattering and fluorescent inclusions have been carried out, obtaining state of the art reconstruction.
The most relevant parameters concerning the tomographic and imaging capability of the system will be discussed and
related to acquisition/computational times, such as the selection strategy of the source and detector patterns. The
proposed technology can have important applications also for direct optical imaging (e,g, intraoperative). Therefore
the imaging capability of the system has been deeply investigated by comparing the images obtained by the single
pixel camera with the ones acquired by a CCD camera.
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Fig. 1: SC: Supercontinuum Laser; DMD: Digital Micromirror Device; TCSPC: Time Correlated Single Photon
Counting board; WS: wavelength selector; PMT: Photomultiplier Tube.
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TITLE: 3D Cryo-Imaging and Quantitative Autoradiography (CIQA) for the Evaluation of Radiolabeled Drugs Targeting
to Tumor Cells
PRESENTER: Mohammed Qutaish
ABSTRACT BODY: 
Abstract Body: Cryo-imaging and Quantitative Autoradiography (CIQA) provides information rich images through
anatomical white light (WL) and 2D autoradiography (ARG). By transforming 2D ARG to 3D volumes, a unique insight
into tissue of interest can be achieved, which is superior in resolution and sensitivity to typical in-vivo imaging
modalities. Here, we describe the development of image analysis tools for CIQA for the evaluation of radiolabeled
drugs targeting to tumor cells. Specifically, we assess targeting of 111In-DTPA-3H-MLN0264, a dual labeled antibody-
drug conjugate (ADC), to GCC (guanylyl cyclase C) antigen positive tumors.
Experimentally, 16 SCID mice bearing either antigen positive (GCC-293#2) or antigen negative (HEK-293) tumors
were injected intravenously with the ADC. Tumors were resected at 1, 8, 24 and 96 post injection and embedded in
CMC for Cryo sectioning. Registration fiducials were made using a mixture of India ink and 14C. WL images were
acquired every 30µm and one section was collected every 10th slice for ARG.111In image was acquired first followed
by 3H image which was exposed with and without foil.
3D WL image stacks were generated using the registration fiducials. First, cross correlation was used to detect the
fiducials centers and a least squared error metric was minimized between all successive WL images to estimate the
3D alignment transformation. Histogram based color matching was used to correct for light variations in WL. 111In
plate images were calibrated using standards, split, and aligned using the same approach used as in WL. Linear
interpolation filled the gap between sections to construct the 3D ARG volume. 3H data acquired with a foil covering
were subtracted from uncovered data after accounting for decay to remove contaminants in the 3H image such as
114mIn and 65Zr. Then, 3D 3H volumes were reconstructed similarly to the 111In images. Finally, all three volumes of
WL,111In and 3H were registered and resampled to 25 µm isotropic voxels.
Example sections for all linked volumes are shown in Fig1A. Several quantitative measures, including tumor volumes,
total radioactivity, %ID/g, and colocalization, overlap, and correlation coefficients are estimated across the volumes.
Fig1B shows 3D renderings of the maximum intensity projections of both tumors types at 96h. Two main observations
in these renderings include (1) lower %ID/g in GCC negative tumors, and (2) less correlation between the 3H and 111

In signals in the GCC positive tumors as expected. This reduced correlation can be also observed in the scatter plots
shown in Fig1C.
We demonstrate the use of image processing tools to generate CIQA data and its application in the assessment of
ADCs targeting to tumors. This powerful methodology is uniquely suited to evaluate targeting and is applicable to
other radiolabeled drug evaluations. The main strength of this approach lays in its (1) dual labeled drug mapping at
microscopic resolution which is not possible with PET and SPECT, (2) sensitivity which is superior to MRI, PET and
SPECT, (3) dual labeled drug mapping, and (4) 3D quantification capability which is unachievable by digital histology
and fluorescence tomography.
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Signal distribution of (111In-DTPA-3H-MLN0264) in GCC positive and negative tumors using CIQA data. Multi-planer
reformatting enabled reviewing all linked volumes. Signal heterogeneity and co-localization can be examined visually
across all volumes as shown in an example section from each tumor type in (A), 96h post injection. Maximum intensity
projection for both tumor types at 96 h are shown in (B). In these renderings, color bar range is 0-40 %ID/g for 111In
volumes and 0-25 %ID/g for 3H. Scatter plots of selected slices voxels from each tumor type is shown in (C) at 96h.
Voxels were normalized to the mean intensity in each tumor, then plotted. Pearson correlation coefficient for the
shown tumors are 0.31 and 0.23 for GCC negative and GCC positive, respectively.
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ABSTRACT BODY: 
Abstract Body: Introduction: Ultrasound is a diverse imaging modality that can be used both as a stand-alone
technique as well as complementary to other imaging tools. Potentially advantageous will be combination of
multispectral optoacoustic tomography and ultrasonography operating in reflection and/or transmission modes. The
latter can generate speed-of-sound and attenuation maps of the object – the information that will help to differentiate
tissue types as well as can be used as input to increase accuracy of optoacoustic reconstruction. We have shown
performance of the transmission ultrasound tomography using concave arrays which will supplement existing
capabilities of the set-up to operate in optoacoustic and conventional reflection ultrasound modes.
 
Methods: Concave arrays of up to 512 ultrasound detectors were employed in the experiments with varying angular
coverage including arc (270°) and full-circle (360°) array geometry. For data acquisition synthetic aperture method
was employed with sequential single-element transmission and parallel reception of transmitted acoustic signals on all
channels. For rendering maps of local variations of speed of sound and/or acoustic attenuation coefficient, iterative
reconstruction algorithm based on expectation maximization (EM) algorithm was used [1]. The ultrasound system
response matrix containing the sound traveling distances in the intersected pixels for each sending-receiving pair was
computed using the Siddon’s method [2]. Additionally, edge-preserving regularization, e.g. total variation [3] penalty
term, can be applied to the sound speed or attenuation map reconstruction. The algorithm was validated in
simulations, phantom and mouse experiments.
 
Results: Using implemented algorithm reconstructed maps of speed-of-sound are in good agreement with physical
properties of the test phantom. The accuracy of reconstruction can be significantly improved with complete data set
(360° detection).
 
Conclusions: We have shown that incorporation of transmission ultrasound tomography into the existing hybrid
imaging system that integrates optoacoustic and pulse-echo ultrasonography is a technically feasible and valuable
development step to improve quantitative characterization of tissue acoustic properties.
 
References: [1] Dempster AP, Laird NM, Rubin DB. Maximum likelihood from incomplete
data via the EM algorithm. J R Stat Soc Ser B 1977;39:1–38. [2] Siddon RL. Fast calculation
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Fig. 1. Transmission ultrasound tomography of the phantom. A) Cubic agar-based phantom with 2 cylindrical
inclusions. Dimensions and the measured sound speed (m/s) are shown in white and yellow font, respectively. B)
Obtained two-dimensional map of speed of sound using transmission ultrasound and implemented reconstruction
algorithm.
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ABSTRACT BODY: 
Abstract Body: Introduction 
Magnetic Fluid Hyperthermia (MFH) is a promising technique for drug delivery and treating cancer [1,2]. However, a
fundamental challenge is focusing ~300 kHz MFH AC magnetic fields to a small region inside the body, due to their
long wavelength (~100 m). Hence, our group and others are investigating if the nonlinear localization technique
developed for Magnetic Particle Imaging (MPI), using a strong gradient field in addition to a 300 kHz field, could
permit, for the first time, highly localized MFH heating deep in a person (~3 mm) [3-8]. Moreover, MPI may be able to
monitor gradient localized-MFH in real time to create a new theranostics platform.
 
Materials and Methods 
A 2.4 T/m field-free line (FFL) quadrupole magnet was designed using (static) NdFeB permanent magnets [9], and a
305-kHz resonant solenoid was added to provide a 15-mT homogeneous AC excitation field. A field-free point (FFP)
MPI scanner [10] provided 3D imaging. An MPI relaxometer [11,12] assessed the theranostic imaging point spread
function (PSF) at 300 kHz and 0.5 mT AC excitation for 25 nm-core diameter tracers (10 uL at 2.64 mg/mL). All 3
scanners are shown in Fig. 1(a). A simulation based on an MFH model in the literature, modified to include the
gradient field [13], estimated the heating profile (specific absorption rate, SAR) for these particles at 30 mT AC
excitation.
 
Gradient-localized MFH experiments were attempted on MFH particles [14] (70 uL of 7.24 mg/mL) in 3 separate vials,
as shown in Fig. 1(c.). The zero field point of the FFL was moved relative to each one of the 3 vials sequentially to
“focus” the AC field. Optical probes monitored temperature changes in all 3 vials simultaneously. The phantom was
then scanned in our (FFP) MPI scanner [10] (5-min scan time).
 
Results and Conclusions 
The strong 2.4 T/m DC quadrupole field clearly localizes heating (~2 C per minute), as shown in Fig 1(b) and 1(c),
where no heating is observed in the two vials just 1.2 cm away from the “hot spot” at the zero field point of the FFL
magnet. The MPI scanner provides clear images of the MFH nanoparticles, demonstrating, for the first time, that a
strong magnetic field gradient could both localize MFH heating and provide real-time imaging of localized MFH. The
simulations indicate heating can be localized to a region of roughly 3 mm. The relaxometry data indicates high
resolution MPI (~0.9 mm) may be performed at MFH frequencies. Furthermore, the correlation between simulated
SAR and MPI signal indicates real-time feedback of heating could be provided in a combined system for a flexible
theranostic platform.
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Figure 1. Combined Magnetic Particle Imaging (MPI) and Magnetic Fluid Hyperthermia (MFH). (a) MPI-MFH custom
hardware systems: (left) field-free line (FFL) prototype heating system (center) field-free point (FFP) imaging system,
and (right) arbitrary waveform relaxometer (AWR). (b) Spatial localization of both MPI and MFH assuming a 6 T/m
gradient field and 300 kHz AC excitation: normalized MPI 1D PSF from AWR at 0.5 mT superposed with normalized
simulation of specific absorption rate (SAR) at 30 mT. (c) Combined MPI-MFH experimental data. The phantom
composed of three vials as shown on the left was imaged with the FFP imaging system (center) and MFH was used to
selectively heat one vial at a time without heating the adjacent vials as shown on the right.
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PRESENTER: Naoto Sato
ABSTRACT BODY: 
Abstract Body: Objectives: We developed our photoacoustic imaging(PAI) system using LED array light source and
needed to evaluate signal detectability by visualizing Gold Nanorods(GNR) which is often used to enhance signal to
noise ratio as contrast agents in molecular imaging.
Methods: Our own PAI system(Acoustic X; PreXion Corp., Japan)(Figure 1(a)) was used to observe
photoacoustic(PA) signals generated from target objects. Two different peak wavelength(e.g. 850nm, 690nm) LED
array light sources were placed under a water bath. 128-elements linear type PZT array transducer head(10MHz) was
placed close to the surface of water. 5 different GNR solutions(GNR1:Au-WPP08-C(650nm; modified with
polyethyleneglycol(w/PEG)), GNR2:Au-WPP08(650nm;w/PEG;10 times concentrated of GNR1), GNR3:Au-WP4-
C(900nm), GNR4:Au-WPP04-C(900nm;w/PEG), GNR5:Au-WPP3(850nm;w/PEG); DAI NIPPON TORYO Co., Ltd.,
Japan) which had different optical properties were put inside silicone tubes(1mm inner diameter)(Figure 1(b)), then
they were sunk at the bottom of water bath. Also, a frozen nude mouse was injected percutaneously with GNR2 only,
and another mouse was injected with GNR5 only. Each mouse was placed at the bottom of water bath, then the
transducer was moved to scan the entire body of mouse from tail through head direction to acquire ultrasound image
as well as PA signal simultaneously. After scanning, the volume rendering method was applied to reconstruct 3D view
of the mouse.
Results: PA signal generated from each silicone tube was observed. When 690nm LED light was irradiated, the PA
signals from GNR1 and GNR2 were observed as strong intensity. Also, when 850nm LED light was irradiated, the PA
signals from GNR3, GNR4 and GNR5 were strong. Figure 1(c) shows an example image taken from a silicone tube
containing GNR4 solution. Strong photoacoustic signal was detected and visualized along with the border between the
inner wall of silicone tube and GNR solution. Images shown in Figure 1(d) and 1(e) were captured from the mouse 1
and mouse 2, respectively. Photoacoustic signal was detected around the portion of mouse body where GNR was
injected.
Conclusions: The results suggested that photoacoustic signal from GNR solution can be detected by PAI system
using LED array light source under the appropriate wavelength combination between LED light source and GNR
solution. Since PAI system using LED light source doesn’t need protective glasses, so it is easy to handle. Therefore
the expanding clinical use of PAI system for molecular imaging may become realistic.
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Figure 1 (a) PAI system (b) Silicone tubes containing different GNR solutions (c) PA signal image detected from
GNR4 silicon tube. The internal wall of silicone tube was well detected. (d) Green color shows the PA signal where
GNR2 solution was injected. (e) Green color shows the PA signal where GNR5 solution was injected.
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ABSTRACT BODY: 
Abstract Body: Photo-acoustics has been widely studied as new imaging modalities, which is based on optical
absorption and ultrasonic detection. Photoacoustic imaging, also called optoacoustic imaging, provides cross-
sectional or three-dimensional images, noninvasively. Because acoustic waves scatter much less than optical waves
in biological tissue, the photoacoustic imaging has the advantage of imaging that can penetrate deeply. Another
advantage is spectroscopic-based specificity using endogenous and exogenous optical contrasts. This imaging
technique is characterized by the scalability of its spatial resolution and depth penetration across both the optical and
ultrasonic dimensions.
 We developed a photoacoustic imaging system for cancer molecular imaging, employing transducer array. The
system can obtain a photoacoustic, a ultrasound image, and a merged image. We performed experiments with nude
mouse and Japanese white rabbits and conducted clinical research trials.
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TITLE: Quantitative PET with high temporal resolution
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ABSTRACT BODY: 
Abstract Body: Quantitative positron emission tomography (PET) using detailed tracer kinetic models is limited by the
low temporal resolution possible with typical PET scanners. Temporal resolution is limited by the number of count
statistics available at injected tracer doses below the saturation limit of the scanner. Beta microprobes have been
used to address this issue [1], but are invasive and limited to localized measurements. Current combined PET/MR
systems have failed to address temporal resolution. SAFIR was conceived to design a PET insert for small animal
PET/MR capable of high count rate acquisition to provide a temporal resolution of the order of five seconds.
The SAFIR detector concept uses a traditional cylindrical geometry [2] combined with state-of-the-art electronics to
combine the advantages of PET with the high temporal resolution of beta-probes. To increase statistics, up to 500
MBq of activity are injected into a mouse or rat. Random contributions are limited by a very small coincidence
resolving time (CRT) of about 300 ps FWHM, allowing for equally short coincidence windows. SAFIR is designed as
an insert for a Bruker BioSpec 70/30 magnetic resonance (MR) system, which enables truly simultaneous PET/MR
imaging.
Simulation studies as well as lab measurements show the feasibility of this approach: The simulation of the noise-
equivalent count (NEC) rate according to the NEMA standard [3] shows an increase by more than a factor nine when
increasing the activity from 50 to 500 MBq. The result was obtained using a Gaussian CRT of 300 ps FWHM and a
coincidence window of the same length. Such a timing resolution was made possible by the STiC [4] and PETA [5]
application-specific integrated circuits (ASICs). Both ASICs have been tested in high-rate environments, where 500
MBq of 18F-FDG in a phantom was placed between two detection modules in coincidence for each ASIC. While the
STiC shows a slight degradation in CRT with count rate, its read-out bandwidth is large enough to prevent any
significant losses. Preliminary results with the PETA, on the other hand, imply some loss at higher activity, while the
CRT is unchanged over the aimed range of rates.
Ongoing developments include two prototype systems with either ASIC to consolidate these results in an environment
closely resembling the final PET system. The final system will be used for quantitative PET where high quality time-
activity curves are critical to reliable kinetic modeling, e.g. cerebral blood flow with [15O]-water and probing of cerebral
metabolic pathways with [11C]-pyruvate, and where simultaneous combination with MR techniques such as blood
oxygenation level dependent (BOLD) imaging, spectroscopy or (Gluco)CEST [6] is particularly interesting.
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Six of the twelve sectors of the SAFIR geometry concept with the STiC ASIC. Each of the sectors comprises 2 x 10
LYSO crystal matrices with 8 x 8 crystals of 2.1 mm x 2.1 mm x 12 mm size. They are one-to-one coupled to
Hamamatsu MPPC matrices. The analogue signals are routed through an analogue signal plane to electronic
compartments to the left and right of the central crystal section, where a digital interface board reads out 2 x 5 ASICs
and provides them with power through piggy-back DC-DC modules (four per board). An optical link at the outer end of
each board allows for a high-speed data connection to the data acquisition system. On the radially outward side of
each analogue signal plane, a temperature monitoring and bias supply board powers the MPPCs with a temperature
adjusted bias voltage.
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ABSTRACT BODY: 
Abstract Body: Image quality and quantitative accuracy can be improved while reducing dose and scanning times in
positron emission tomography (PET) by using detectors with better detection efficiency, spatial resolution, depth-of-
interaction (DOI) capability, and time-of-flight (TOF) performance. Monolithic scintillator detectors read out by digital
silicon photomultiplier (dSiPM) fulfill these requirements [1]. This work aims to demonstrate the imaging performance
of such detectors in a 70-cm diameter PET setup representative of a whole-body clinical scanner. We developed a
fully automated test setup that allows three-dimensional (3D) tomographic imaging with only two detector modules.
Two mechanical arms carrying the detector modules rotate coaxially around a central phantom table. All possible lines
of response (LORs) of a PET ring of arbitrary diameter and length can thus be acquired. The detector modules used
contain four monolithic, 32 mm x 32 mm x 22 mm LYSO:Ce crystals (Crystal Photonics). The back surface of each
crystal was optically coupled to a dSiPM array (Philips Digital Photon Counting, DPC-3200-22-44). A Na-22 point
source and a Na-22 filled Derenzo phantom (rod diameters varying between 2.5 mm and 7 mm) were imaged at
different radial distances within the field-of-view (FOV). The point source images were reconstructed using filtered
back projection (FBP) with DOI correction. The radial and tangential system spatial resolution were determined to be
~2.9 mm FWHM at the center of the FOV, with little resolution degradation at radial distances of up to 25 cm. The
Derenzo phantom images were reconstructed using a maximum-likelihood expectation-maximization (ML-EM)
algorithm. The 3 mm rods remained clearly distinguishable at all radial distances tested, i.e. up to 20 cm. The energy
resolution was measured to be about 10% FWHM, while the coincidence resolving time (CRT) was 212 ps FWHM.
These results illustrate the excellent potential of monolithic scintillator detectors as a practical high-performance
detector for clinical PET applications.
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TITLE: Sampling Hyperpolarized Substrates using a 1 Tesla Permanent Magnet.
PRESENTER: Sui Seng Tee
ABSTRACT BODY: 
Abstract Body: Purpose
Hyperpolarized magnetic resonance spectroscopy (HP-MRS) using dynamic nuclear polarization (DNP) has enhanced
the sensitivity of detecting 13C nuclei. However, the polarization decays in the liquid state according to the spin-lattice
relaxation time (T1) of the nucleus. Sampling of the signal also destroys polarization. There have been several
methods attempted topreserve polarization including converting polarization to a singlet-state as well as substituting
exchangeable protons with deuterium. Nevertheless, accessing the singlet-state can only be achieved with a limited
class of chemical structures while deuterating substrates can be expensive. The purpose of this abstract is to
demonstrate that sampling hyperpolarized signals using a permanent magnet at 1 Tesla (1T) can be a simple and cost
effective method to significantly increase T1s without sacrificing signal to noise.
 
Materials and Methods
13C metabolites were prepared according to published reports using a prototype SpinLab (General Electric) before
dissolving with appropriate buffers. For bioreactor experiments, cells in alginate were extruded through a 23G needle
to form beads. On the day of imaging, beads were inserted into a 5mm NMR tube. NMR studies were performed on a
1T Magritek Spectrometer (Magritek, San Diego, CA) using a 5mm 1H/13C dual-tuned coil.
 
Results
Figure 1 demonstrates the clear distinction and measurement of the spin-spin coupling between the 13C-labeled
carbon and the adjacent natural abundance carbons. Excellent signal-to-noise ratios (SNR) enable observation of
these scalar couplings within the first scan of the experiment, allowing rapid determination of the chemical
environment surrounding the labeled atom. Interestingly, the coupling between carbons and protons is also visible at
this field strength by switching off the decoupling function. To demonstrate that sampling at 1T preserves the T1 of a
variety of molecules, we polarized and dissolved a range of molecules. Table 1 summarizes the T1 of HP compounds.
In alginate-encapsulated PC3 prostate cancer cells, an injection of hyperpolarized [1-13C] pyruvate resulted in the
production of [1-13C] lactate. Significantly, the lactate signal was visible almost 10 minutes after injection of the HP
substrate, suggesting that the T1-induced decay of the lactate signal was prolonged in an external magnetic field of
1T. The 1H-13C coil of the 1T permanent magnet also permitted the detection of metabolites using proton
spectroscopy. We were able to observe peaks of total choline (tCho) and lactate in alginate-encapsulated cells after
the application of a water saturation pulse. The presence of high concentrations of tCho in PC3 cells was confirmed by
proton NMR spectroscopy on cell extracts using a 600Mhz research magnet.
Discussion
We have demonstrated that permanent magnets can function as a viable alternative to superconducting, cryogen-
cooled magnets. We believe this study represents the first systematic demonstration that HP MRI can be reliably
performed using permanent magnets at 1T.
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TITLE: A High-Throughput, Arbitrary-Waveform Spectrometer and Relaxometer for Excitation Waveform Optimization
in Magnetic Particle Imaging
PRESENTER: Zhi Wei Tay
ABSTRACT BODY: 
Abstract Body: Introduction 
Magnetic Particle Imaging (MPI) is a new tracer-based molecular imaging technique that uses low-frequency magnetic
fields to excite clinically safe superparamagnetic iron oxide (SPIO) tracers in the body to generate an intense
magnetization signal profile [1,2]. To be clear, MPI scans cannot be produced with an MRI scanner. MPI’s unique
physics produces preclinical-grade images with high contrast, exceptional sensitivity (~200 nM), zero signal
attenuation with depth, and with a superb safety profile. As MPI has zero radiation and the SPIO tracers have infinite
magnetic “half-life”, it has great promise for preclinical applications such as long-term stem cell tracking [3,4],
angiography, brain perfusion [5] and cancer imaging. Furthermore, the sensitivity of MPI magnetic tracers to its
microenvironment can be exploited to generate colorized contrast [6,7] for in-vivo detection of binding events and for
determination of the stem-cell vitality [8].
 
Current MPI spatial resolution, however, is limited to ~ 1 mm and remains a key area for improvement. Although the
MPI excitation field is known to affect spatial resolution [9,10] , investigations have been limited by current MPI
hardware to very few sinusoidal frequencies. There is a broad range of MPI excitation frequencies, amplitudes and
waveform shapes left unexplored. Hence, there is a need for new hardware with wideband, arbitrary-frequency,
arbitrary-waveform excitation capability to enable more a comprehensive investigation of this parameter space.
 
Methods 
The novel Arbitrary-Waveform Relaxometer (AWR) comprises miniature excitation and detector coils with low
inductance of 6.6 μH and a mechanically tunable gradiometer with ~2000-fold feedthrough attenuation. To validate
accuracy in optimizing imaging spatial resolution, the point-spread-function resolution measured from the AWR was
shown to closely match image resolution from the MPI scanner. Excitation waveform shape was validated by
monitoring current on the excitation coil.
 
Results 
With unprecedented DC-400 kHz frequency agility and a unique capability for arbitrary excitation waveform shape, the
AWR greatly expands the optimizable parameter space for MPI waveforms. The AWR is more than 100x faster than
prior hardware (23 sets of excitation parameters in 6 s), enabling high-throughput automated optimization. In addition,
the AWR enabled the first-ever experimental evaluation of triangle excitation waveforms. The AWR’s tabletop size
without need for dedicated facilities poses it as a convenient yet powerfully flexible tool for nanoparticle experts
looking to optimize magnetic particles for high-resolution molecular imaging.
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Figure 1a. Representative MPI Scan of SPIOs tracers tagged to Mesenchymal Stem Cells within a live rat showing
excellent sensitivity and contrast. b. The novel Arbitrary-Waveform Magnetic Particle Spectrometer (AWR) will enable
optimization of MPI excitation for improved spatial resolution of MPI images. Unlike prior hardware using tuned (one-
frequency) circuit elements, the AWR uses miniature coils with low inductance and a mechanically-tuned gradiometer
achieving -67dB wideband feedthrough attenuation. This enables wideband MPI excitation across an unprecedented
DC - 400 kHz range and allows for arbitrary waveforms. c. High-throughput optimization of excitation waveform for
improved spatial resolution (23 sets of parameters within 6 seconds). This is more than 100-fold faster than prior
spectrometers. d. The first-ever experimental evaluation of a triangle excitation wave in MPI. Other unexplored
waveforms such as square waves or a linear chirp are also possible.



CONTROL ID: 2500919
TITLE: Microfluidic devices for the processing of radioisotopes (fluorine-18 and gallium-68) to give rapid and high
yielding syntheses of radiotracers for PET imaging
PRESENTER: Steve Archibald
ABSTRACT BODY: 
Abstract Body: Introduction
The assessment of molecularly targeted agents for cancer and support of the delivery of personalised therapy
requires access to radiotracers for use in positron emission tomography. To succeed it must offer rapid, compact and
multipurpose synthesis capabilities for clinical application. Our research is focussed on radiotracer production and the
exploitation of microfluidic devices for imaging applications (isotope processing, radiotracer synthesis, and quality
control).
 
Microfluidic devices have not yet reached routine clinical use for radiotracer sysnthesis. This may change with two
small cyclotron technologies now reaching market that can be used to exploit the dose-on-demand concept. Reliable
and efficient technologies need to be developed for producing a wide range of tracers with high convenience and
small device footprint.
 
Hypothesis
 
Our aim is to produce novel microfluidic reactors using electrode trapping (for fluorine-18) and small scale monolith
columns (for gallium-68) to optimise the use of microfluidic devices and radiotracer yields.
 
Results
 
Gallium-68: A cation-exchange silica-monolith was prepared by sol-gel methods. A microfluidic system was designed
comprising the monolith column and a capillary or chip reactor for direct processing of the 68Ga eluate and
subsequent labelling of DOTA containing radiotracers at 100oC for 1-5 min. The cation-exchange monolith can not
only purifies 68Ga from co-eluted metallic impurities (68Ge4+, Al3+, Fe3+, Zn2+ and Ti4+) but also almost
quantitatively recovers 68Ga (>94%). Importantly, the monolith-based processing can also concentrate the 68Ga3+

solution by up to 10 times using an ethanol/HCl eluent with an HCl concentration of ≤ 0.5 N HCl and this solution can
been used for direct 68Ga-radiolabeling of routinely used gallium (III) tracers in quantitative yields.
 
Fluorine-18: FLT synthesis is challenging and low yielding. Our device achieves [18F]fluoride trapping efficiency of 95-
99% (initial activity 10 mCi) and 75-78% of trapped [18F]fluoride can be released into 0.3 mL of dry MeCN solution
within 5 min, which can be used for fluorination of FLT precursors at 100 oC for 5 min and hydrolysis for 2 min at room
temperature. Over 75% labeling yield and 100% hydrolysis yields were achieved.
 
Conclusion
 
The novel protocols utilizing electrode trapping and monolith-based microfluidic systems purifies can be used for
highly efficient radiolabeling of precursors and chelators. The approach offers a major advance towards multitracer
dose-on-demand radiosynthesis and quality control.
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CONTROL ID: 2493208
TITLE: Pilot studies of a small animal PET insert in a 7T MR, based on monolithic crystals and SiPMs
PRESENTER: Cesar Molinos Solsona
ABSTRACT BODY: 
Abstract Body: New photosensor developments on solid state technology have significantly pushed the
implementation of hybrid and simultaneous PET-MR imaging. In particular, SiPM with TSV (Through Silicon Vias)
package are the preferred choice to build new MR compatible PET scanners. In this work we show the pilot results of
a small animal PET insert based on such SiPM photodetectors inside a 7 Tesla preclinical MR scanner. 
The PET design makes use of high density SiPM arrays of about 51x51 mm2 active area and 10 mm thick monolithic,
painted black, LYSO crystals. 8 detectors have been mounted in a ring shape defining an axial and transaxial FOV of
46 and 80 mm, respectively. Using the NEMA 22Na source with 0.3 mm diameter the system shows a constant
average resolution of 1 mm FWHM for the whole field of view. 
PET-MR tests were carried out using the Bruker BioSpec 70/30 USR with a magnetic field of 7 T and the RF coil
112/86. We have implemented a novel design to shield the RF field to the PET electronics. Very thin layers of carbon
fiber composites have been packed following a newly developed curing process. Initial tests of the PET and the
carbon fiber screens inside the MR system have successfully shown the RF shielding capabilities of this assembly.
Various RF pulse schemes of up to 630 Watts did not affect the PET performance. PET compatibility tests in the MR
were carried out with a 1 mm diameter 22Na source. Energy resolution remained stable at 12%. The FWHM of the
reconstructed point remained at 1.2 ± 0.1 mm (MLEM 15 iterations) in all tested conditions, namely with the PET
outside the MR, with the PET inside the 7T MR but in the absence of RF pulses and with single RF pulses. Typical
MR image sequences for anatomical and functional imaging did not affect the reported PET performance except a
small increase of the detector temperature.
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Figure 1. Photograph of the PET insert based on monolithic crystals and SiPM arrays. The right side shows the outer
RF screen made out of carbon fiber. The left side the cabling and connections to the DAQ system.



CONTROL ID: 2491895
TITLE: High-speed and –resolution XYZT in vivo visualization by 1P, 2P, light-sheet, and minimized imaging system
PRESENTER: Satoshi Nishimura
ABSTRACT BODY: 
Abstract Body: We developed new soft- and hardware platform for in vivo visualization and utilized 1P, 2P, light-sheet,
and minimized microscope. Single cell morphology and behavior can be visualized in living animals with high spatial
and time resolution by 2P microscope with X- (resonance), Y-(galvano), Z-(piezo) axis. For post-processing, we used
PIV methods for evaluation of physical factors. We visualized the cell dynamics during thrombus development, and
assessed dynamic cellular interplay to elucidate the underlying molecular mechanisms of cardiovascular events.
Thrombus formation was triggered by ROS production by photochemical reactions or endothelial cell, and we also
observed vascular smooth muscle cell reactions in artery.
Second, macro imaging system for awake mice was developed, and free behavior monitoring revealed the tight
association between metabolism and vascular reactions during daily life. Bioluminescent and fluorescent imaging from
body surface using CMOS camera, image intensifier, and macro-lens enabled us to visualize cellular dynamics
without anesthesia.
Third, light-sheet microscope and 8K imaging system enabled high-speed XYZT scanning.
Third, wearable, implantable, and minimized devices for long-time recording were developed using lens-less and on-
chip technologies.
In conclusions, three dimensional and multi-modal analysis of living mice revealed the diseased conditions in single
cell, and specific molecular levels.
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CONTROL ID: 2491904
TITLE: Industrialization of 18F-labeled probe production for PET imaging
PRESENTER: Rolf Swenson
ABSTRACT BODY: 
Abstract Body: The Imaging Probe Development Center of the NIH, produces non-GMP imaging probes for discovery
and translational research.  The chemists of the center produce fluorescent, MRI, and PET/SPECT probes.  The
group also produces diverse nanoparticles.   The routine production of a variety of 18F labeled probes and 89Zr
labeled peptides and proteins accounts for one third of the total probe requests by the investigators.  In order to
accommodate the requests for diverse 18F labeled probes with high specific activity (>1200 Ci/mmol at end of
synthesis), in amounts of ≥60mCi, we industrialized a number of the steps.  For the discovery of new probes we
synthesize non-radioactive fluorinated derivatives and test potency and pharmacokinetics (determined by ultra-
performance liquid chromatography-tandem mass spectrometry UPLC/MS), before making the radiolabeled probes.
Optimization of the radiochemical synthesis of potential new tracers is initiated with tracer level amounts of 19F
(0.15mg KF). The reactions are analyzed by triple quad LC/MS using the non-radioactive analogs for quantitation,
based on a standard curve.  Triple quad LC/MS offers a high-throughput process to assess the yield of multiple tracer
level 19F reactions.  The use of the triple quad LC/MS has also allowed us to evaluate new methods of 18F
introduction reported in the literature, but not thoroughly demonstrated for routine 18F probe production.  The use of a
MS also provides rapid analysis, identification, and eventual elimination of side products by appropriate changes in
reaction conditions.  With literature probes, we used similar methods to synthesize potential precursors and optimize
radiolabeling conditions.  Optimized chromatographic conditions are developed using analytical UPLC methods and
translated to semi-preparative scale.  After 19F-optimization, the methods are verified with 18F probe production.
The manual 18F-synthesis is then converted to an automated production with a commercially available automatic
synthesis box.  The use of computer controlled synthesis allows safer use of large amounts of radioactivity with less
radiation exposure to the chemists and increases reproducibility of production from multiple chemists.  The
development of automated conditions at an earlier point in discovery also has the advantage of providing methods for
the translation of the probes for clinical use.  Examples of these methods to deliver 18F-labeled serum albumin,1 18F-
Gln,2 18F-Fallypride,3 18F-MDL100907,4  a 18F-cMET binding peptide, and a novel tyrosine kinase inhibitor will be
described.
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CONTROL ID: 2499266
TITLE: Low SAR SLR RF Pulse for Simultaneous 3-slice MR Imaging of Human Brain
PRESENTER: Jyh-Horng Chen
ABSTRACT BODY: 
Abstract Body:  
Purpose 
The SAR (Specific Absorption Rate) is a concerned issue in simultaneous multi-slice (SMS) MR imaging [1-4]. The
aim of this study is to investigate the SAR reduction ratio and the image quality of 2-dimensional gradient-echo
wideband MRI (2D GE WMRI, one of the SMS methods) [1-3] of the human brain using Low SAR SLR and PINS SLR
RF pulses [4-6].
 
Materials and Methods 
The SMS excitation RF pulses adopted in this study include uniform/non-uniform PINS SLR RF pulses and Low
SAR/(standard) SLR RF pulses featured by low SAR (except for the standard SLR) [4, 6] and small side-lobes [5].
Methods proposed in [4-6] were used for the synthesis of PINS SLR and SLR pulses. The non-uniform PINS SLR
pulse was designed using the same synthesis method of PINS SLR pulse [6] except for sampling 2 points
continuously. And the Low SAR SLR pulse was synthesized by the inverse SLR algorithm [5] with the reduced slice
selection gradient Gz. The image scan was conducted on a 3T Bruker MR scanner. RF pulse synthesis and SAR
computation were performed with MATLAB 7.14.
Imaging parameters: voxel number=384x128, FOV=63x21 cm2, slice thickness=1.5 mm, inter-slice distance=3.7 cm,
separation gradient Gz'= -48% (of Gz,max=3.02 G/cm), TR=100 ms, TE=9 ms, blur index nb=0.8 voxel, NEX=8, pulse
duration=4 ms, FA=30○, 3-slice pulse and Gz=114%, 57% and 67% of Gz,max for the SLR, Low SAR SLR and PINS
SLR respectively. The slice bandwidth Δf =2.25 kHz for the SLR pulse.
 
Results and Discussion 
SAR of Low SAR SLR, PINS SLR and non-uniform PINS SLR pulses are 28%, 48% and 26% of that of the standard
SLR pulse respectively. 3-slice human brain images of 2D GE WMRI scanned with these three pulses are shown in
right plots in FIG. 1(b)-(d) respectively. The image profiles are presented in FIG. 1(e). It can be found that the Low
SAR SLR image and uniform PINS SLR image are with equal image quality. And there is 20% intensity decay on the
outside slices of the non-uniform PINS SLR image. This is consistent with the slice profile.
Because the required Gz=114% Gz,max of this MR scanner for using this standard SLR pulse to perform the same
image scan in this case. It could not be performed by using this MR scanner. However, the SAR of this standard SLR
pulse is used as the reference. Sidelobes of these four pulses are all less than 2% of the in-slice Mxy amplitude.
 
Conclusions 
The Low SAR SLR may be the preferred RF pulse which could provide both relatively low SAR and quality images.
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FIG. 1. (a)-(d) The left plots are the synthesized standard SLR, Low SAR SLR, (uniform) PINS SLR and non-uniform
PINS SLR RF pulses respectively. The zoom-in views are shown in the insets. These 4 pulses are almost with the
same slice profile Mxy (transverse magnetization) except that the Mxy amplitudes of 2 outside slices of the non-
uniform PINS SLR pulse are both equal to 74% of the specified Mxy amplitude. The right plots of (b)-(d) are the 3-slice
human brain images of 2D GE WMRI scanned by using the three RF pulses shown in the corresponding left plots of
(b)-(d) respectively. The SAR of these three pulses shown in (b)-(d) are 28%, 48% and 26% of that of the standard
SLR pulse, shown in (a), respectively. (e) The image profiles of images shown in (b)-(d).



CONTROL ID: 2501261
TITLE: Routine production of 20 1 8F-labeled PET Tracers in a single hot cell using the fully automated ELIXYS
FLEX/CHEM radiosynthesizer
PRESENTER: Jeffrey Collins
ABSTRACT BODY: 
Abstract Body: Background:
The number of 18F-labeled PET tracers being developed continues to grow with the advancement of research in the
field of positron emission tomography (PET). Since synthesis automation is often a prerequisite for routine production
of a tracer, there is a need for radiosynthesizers that can reliably produce a variety of different tracers to meet the
evolving needs of research. One suitable system is the ELIXYS FLEX/CHEM radiosynthesizer (Sofie Biosciences),
which was designed to enable the production of diverse tracers on a single system without hardware or cassette
modification. Previously, it was shown that 8 different tracers could be made on this system [1], [2]: 2-deoxy-2-[18

F]fluoro-β-D-arabinofuranosylcytosine (D-[18F]FAC), 2-deoxy-2-[18F]fluoro-5-methyl-β-L-arabinofuranosyluracil (L-[18

F]FMAU), 2-deoxy-2-[18F]fluoro-5-ethyl-β-D-arabinofuranosyluracil (D-[18F]FEAU), 2-[18F]fluoro-2-deoxy-D-glucose
([18F]FDG), 3-deoxy-3-[18F]fluoro-L-thymidine ([18F]FLT), (S)-N-((1-Allyl-2-pyrrrolidinyl)methyl)-5-(3-[18

F]fluoropropyl)-2,3-dimethoxybenzamide ([18F]Fallypride), 9-(4-[18F]-fluoro-3-hydroxymethylbutyl)-guanine ([18

F]FHBG), and N-succinimidyl-4-[18F]fluorobenzoate ([18F]SFB). Here we summarize the development of automated
protocols for 12 more tracers.
Methods:
Using manual or automated protocols published in literature, automated synthesis protocols for ELIXYS FLEX/CHEM
were developed for the following 18F-labeled tracers and prosthetic groups: 16β-[18F]fluoro-5α-dihydrotestosterone ([
18F]FDHT), 2-deoxy-2-[18F]fluoroarabinose ([18F]DFA), 2'-deoxy-2'-[F-18]fluoro-9-β-D-arabinofuranosylguanine ([18

F]F-AraG), ethyl-8-[18F]fluoro-5-methyl-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate ([18

F]Flumazenil), 4-[18F]fluorobenzaldehyde ([18F]FBA), 3-[18F]fluoro-5-[(pyridin-3-yl)ethynyl] benzonitrile ([18F]FPEB),
2-chloro-2′-deoxy-2′-[18F]fluoro-9-β-D-arabinofuranosyl-adenine ([18F]clofarabine), N-[2-(4-[18

F]fluorobenzamido)ethyl]maleimide ([18F]FBEM), [18F]PEG-3-azide, 4-{(E)-2-[4-(2-{2-[2-[18

F]Fluoroethoxy]ethoxy}ethoxy)phenyl]vinyl}-N-methylaniline ([18F]Florbetaben), 6-[18F]fluoro-L-3,4-
dihydroxyphenylalanine ([18F]L-FDOPA), and 2′-[18F]fluoro-2′-deoxy-1-β-D-arabinofuranosyl-5-iodo uracil ([18

F]FIAU).
Results:
Aside from [18F]FDHT, described in detail elsewhere [3], all molecules could be synthesized using protocols closely
mimicking those from literature reports. The performance of all preliminary protocols is included in Table 1. In some
cases, decay-corrected radiochemical yield (RCY) is comparable to other reports; in other cases, further optimization
is warranted. All tracers were synthesized on a single ELIXYS FLEX/CHEM system using a single hot cell. Depending
on the demands of scientists at our institute, different tracers from this set of 20 (plus a few proprietary ones) were
routinely made on subsequent days without any system reconfiguration, with up to 5 different tracers produced in a
given work week.
Conclusions:
The ELIXYS FLEX/CHEM synthesizer enables the rapid adaptation of published synthesis protocols, and enables
automated production of diverse tracers using only a single hot cell.
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CONTROL ID: 2492991
TITLE: Fusing 3D ultrasound with bioluminescence molecular imaging reduces inter-user quantification variability in a
mouse model for breast cancer
PRESENTER: Ryan Gessner
ABSTRACT BODY: 
Abstract Body:  
Background: In vivo bioluminescence imaging (BLI) is a widely and heavily utilized molecular imaging approach.
Quantitative assessment of BLI signal typically relies on subjective user-drawn regions of interest (ROIs) to determine
photon flux out of the tissue as a measure of tumor functional status. This can easily lead to a high degree of user
variance, as the reported photon flux is highly sensitive to ROI size and placement. With the addition of an anatomical
modality, however, data integrity improves. Multimodality fusion yields many benefits, including more accurate region
of interest definitions, and a more holistic understanding of anatomical context of in situ pathology. We present a pilot
study of 3D high-resolution ultrasound (US) anatomical images fused with BLI functional images. Our hypothesis was
that tumors in the US data would be consistently segmented across users, and thus 3D ROIs projected to the 2D BLI
data would be less variable than the conventional approach. We demonstrate our workflow for fusing these two
modalities, and highlight the differences in reported BLI signal values for a breast cancer tumor model between the
conventional BLI, and BLI+US. Additionally, we demonstrate the ability to quantify vascularity metrics from contrast
enhanced US alongside BLI signal maps, allowing angiogenic vasculature to be assessed concurrently.
 
Approach: A synegraft model for breast cancer (C3(1)-TAg) was generated in a small cohort of female mice (N=4).
Cells were injected (N=0.5x106) in a lower inguinal mammary pad. US imaging was performed on a high frequency
(35 MHz) whole body rodent imaging device (SonoVol). Animals were imaged in the supine position with a field of
view (lat-ax-ele) of 3.24x1.5x4.9 cm. Additionally, data was acquired around the tumor using contrast enhanced
acoustic angiography for quantification of blood vessels. For BLI images, the animals were transferred to a BLI device
(PerkinElmer). BLI data were registered to the 3D US datasets via fiducial based registration. Readers (N=5) defined
ROIs within both 3D US and 2D BLI datasets. BLI signal was quantified using both the 2D ROIs from BLI data, and 3D
US-ROIs projected to 2D. Finally, we tested an algorithm to assess the relationship between cancer-associated
tortuous vasculature and BLI signal.
 
Results: Whole body US scans were acquired and reconstructed in <5 min, and registration to BLI data was achieved
in <1 min. Mean tumor size was 0.44±0.18 cm2 (diameter range: 0.6-0.9 cm). When using US to guide ROI
placement, variability in reported BLI signal was reduced by 82% (15.6±4.95% BLI alone vs. 2.8±0.48% BLI+US). The
3D microvessel architecture within 1 cm of the peak BLI signal was 9% more tortuous than non-tumor-bearing tissue
volumes (range: 40-73 vessel segmentations per animal).
 
Conclusion: Feasibility for whole-body tomographic anatomical imaging with US and registration with BLI has been
established, with measured BLI signal variability substantially less between users (82%) when using US. Next steps
for this project will be to construct a standalone instrument which does not require physical transfer of animal subjects
between systems.
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CONTROL ID: 2493460
TITLE: Performance comparison of near-infrared fluorescence imaging devices using Traceable Working Standards
with SI Units of Radiance
PRESENTER: Banghe Zhu
ABSTRACT BODY: 
Abstract Body: To date, several near-infrared fluorescence (NIRF) imaging devices have emerged for clinical
applications that include intraoperative surgical guidance with cancer-targeting probes. However, the performance of
these NIRF imaging devices needs to be validated on working standards with traceable, International Systems of
Units (SI units) of radiance ( mW sr-1 cm-2) that enable comparison or quantitative quality assurance. Quantifying
device performance at relevant radiance levels is critical for translational NIRF molecular imaging using molecularly -
targeting moieties conjugated to NIRF dyes. Without a standardized measure of device performance, it will be difficult
to distinguish whether a cancer-targeting probe fails to detect cancer, or if the device is too insensitive to detect it.
 
In this study, we devise methodologies for testing two NIRF imaging devices using working standards that have known
and stable emission rates reportable in SI units of radiance. Previously [1], we found that QDots 800 embedded in a
solid polyurethane and titanium dioxide media can provide a working standard. Herein we demonstrate the use of
established radiometry principles to assign SI units of radiance to the standard tissue phantom, and use the latter as a
working standard to assess device performance metrics of signal-to-noise (SNR) and contrast at excitation irradiances
we have found to be adequately low in investigational human studies. Using these working standards, we then
compare the performance of an investigational ICCD camera based NIRF imaging device deployed in our clinical
lymphatic studies [2] with a new camera system based upon a military grade intensifier fiber coupled to a scientific
CMOS camera.
 
With the working standard, we show the superior SNR of ICCD over the IsCMOS technology, and that the contrast
depended upon the camera setting (binning and integrating time) and gain of the intensifier, as shown in Fig. 1. The
working standard demonstrates how overall device performance can be altered with change of detector and operating
conditions. In addition, the calibrated phantom with SI units of radiance could track device improvements over time,
predict the sensitivity of device needed to detect an agent, and establish clinical performance without involving costly
clinical trials.
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CONTROL ID: 2492310
TITLE: Feasibility of Simultaneous Imaging of Multiple Rodents using a Clinical CT System
PRESENTER: Ajay Siva
ABSTRACT BODY: 
Abstract Body: Introduction: Traditionally, micro CT’s have been used for the pre-clinical imaging of small animals.
However, recent advances in high resolution imaging on clinical systems may allow for pre-clinical imaging of small
animals using current generation clinical CT systems. The aim of this study is to demonstrate the feasibility of a
current generation 64 channel CT to be used for potential high throughput, simultaneous imaging of multiple rodents
with adequate resolution for CT and potentially PET/CT imaging.
Methods: Seven euthanized frozen adult mice (20-30 g) were imaged using a current generation multi-slice CT that
support iterative reconstruction (Ingenuity 64, Philips Healthcare, Cleveland). All CT imaging was performed using a
165 mm FOV for multiple (n=6) and 55 mm FOV for a single mouse, 80 kV, with different mAs settings (100-200 mAs),
a matrix 1024x1024 and slice thickness of 0.67 mm. We evaluated different iterative reconstruction settings, iDose (1-
6). For comparison, we scanned several mice on a dedicated microCT (Siemens Inveon) for comparison. The
microCT was acquired using 80 kV, 500 mA, 800 ms exposure, and 360 projections in an half-cone beam (delta 0.61
degrees/ proj) with 0.5 mm of aluminum beam hardening filtration. A visual and ROI based quantitative assessment
(mean HU) of the heart, lung, bone and brain was performed using a blinded reader approach.
Results: When compared to microCT, the clinical CT system acquisition resulted in adequate bone and soft tissue
delineation. The higher detail (SharpC) reconstruction method using an iDose setting of 6 resulted in the best visual
delineation. No significant difference was observed in the mean and variance of HU values in soft tissue using
currents of 100 and 150 mAs. When scanning multiple mice (n=6), it was determined that a current of 100 mAs along
with SharpC and iDose6 resulted in the least variation of mean HU soft tissue values. For example, the median
variance, in the liver and brain was less than 6.2% and 34.5% for 100 mAs and 150 mAs, respectively when
comparing the single to the multiple rodent acquisition.
Conclusion: Simultaneous imaging of multiple mice with sufficient image quality can be obtained using a current
generation clinical CT system. This not only enables the concept of high throughput CT imaging of rodents, but can
also set the basis of high throughput PET/CT. Optimization of the acquisition combined with iterative reconstruction
leads to visually and quantitatively similar images in comparison to a much slower, single animal microCT system.
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TITLE: Materials and Imaging System for in vivo Fluorescence Imaging in NIR-II/III
PRESENTER: Kohei Soga
ABSTRACT BODY: 
Abstract Body: The wavelength region over 1000 nm near infrared (OTN-NIR) is attracting increasing interests
because of the transparency in the region due to the low optical scattering loss. For suppressing the loss, major
biological window with longer wavelength has been recognized as the first biological window (NIR-I), which is located
between 800 and 1000 nm. On the other hand, some of the literature had already suggested that the second and third
biological window (NIR-II/III), in other word, OTN-NIR, can achieve much more transparency for the biological imaging
1,2). Until early 2000’s, people could not easily approach to the OTN-NIR because of the lack of a proper camera.
Since 2005, InGaAs CCD and some other near infrared camera has come into market. The authors team with Tokyo
University of Science and Shimadzu Co., has together developed an in vivo fluorescence imaging system and
fluorescent probes for the OTN-NIR region. As fluorescent agents, quantum dots, organic dyes, carbon nanotubes
and rare-earth doped ceramic nanophosphors has been reported and complexed with biocompatible materials to be
used as the bioimaging probes. A portable imaging system for the OTN-NIR region was developed under the
collaboration of the Shimadzu. Co. and TUS and commercialized in the end of 2014 in Japan2).
The paper will review and introduce some demonstrative works of the OTN-NIR in vivo fluorescence imaging for
various imaging applications.
1) L. Shi et al., J. Biophotonics (2015) 1-6.
2) D. Jaque, K. Soga et al., Advances in Opt. & Photo., 7 [4] (2016) 1-106.
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Figure  Shimadzu SAI-1000 and an example image.
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TITLE: Instrumentation and algorithm advances in tagged neutron interrogation
PRESENTER: Jason Hayward
ABSTRACT BODY: 
Abstract Body: In tagged neutron interrogation, neutrons are produced via a neutron generator, and an associated
particle, such as the alpha produced in a Deuterium-Tritium reaction, is tagged in position and time using an
associated particle detector.  The tagged neutrons are directed toward some object, which could be a container of
some sort or possibly a patient.  The transmitted neutrons are recorded on the opposite side by specialized block
detectors similar to those use in TOF PET, therby forming a transmission image.  Neutrons that interact via scatter
may be recorded in surrounding block detectors as well, and their times and positions are recorded as well.  The
resulting data are reconstructed in a manner similar to CT and TOF PET, resulting in both anatomical and functional
imaging.  This work presents developments in radiation instrumentation technology that have led to higher angular
and timing resolution compared to a first generation system designed and fabricated at Oak Ridge National
Laboratory.  Ongoing work in image reconstruction development for multi-imaging of objects will also be described.
AUTHORS (LAST NAME, FIRST NAME): Hayward, Jason1
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TITLE: A fast photoacoustic tomography system for living animal imaging
PRESENTER: Hui Li
ABSTRACT BODY: 
Abstract Body: Background: Photoacoustic imaging is a recently developed imaging modality based on optical
excitation and ultrasonic detection that can provide high spatial-resolution images of endogenous and exogenous
contrast agents distribution in tissues with non-invasive and non-ionizing. In recent years, the photoacoustic imaging
technology is developed rapidly, especially in methodology and medical applications. The development of
photoacoustic imaging is toward to multiple spectrum, multiple dimension and multi-modality imaging fusion. At the
same time, the imaging speed is faster than ever.
Methods: Here we build up a fast multispectral photoacoustic tomography imaging system. The system consists of a
laser, a transducer, an optical fiber, an animal displacement device and a data acquisition system (Figure1). We use
Nd: YAG as a light source and the tunable spectral range is 680nm-1000nm. The ultrasonic transducer which has 128
active elements is used to detect the photoacoustic signal. A phantom is placed in the center of the transducer and
irradiated by infrared laser. The optical signal is converted to ultrasonic signal through the photoacoustic effect then
the ultrasonic signal is measured by the data acquisition system. We developed a photoacoustic reconstruction
algorithm based on iterative optimization.
Results: The imaging view of this system is 20mm*20mm*120mm and the image resolution is 150μm. The imaging
time is ten frames per second and data acquisition system is 128 channels. We can see a clear outline of the phantom
in the reconstructed image (Figure2). This system can work stably during the experiment.
Conclusion: Our system achieves the original goal in terms of the image quality and hardware performance.
Furthermore, this system also has another advantage that it can be integrated with fluorescent molecular tomography
and bioluminescence tomography. This is our future work.
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TITLE: Preclinical intratherapeutical PET imaging - count losses and image distortions at high therapy activities in the
field of view
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ABSTRACT BODY: 
Abstract Body: Objectives:
The Response Evaluation Criteria in Solid Tumors (RECIST), is used to determine the effect of various cancer
treatments. But new therapies might not show tumor shrinkage, such as cytostatic treatments, yet may still improve
overall survival. The PET Response Evaluation Criteria in Solid Tumors (PERCIST) has been suggested as a method
to assess tumor response. PET imaging can expand the understanding of tumor treatment effect on a molecular level.
In radionuclide therapy, high activities are administrated to deliver high absorbed doses to tumors. In preclinical
studies, activities in the order of 10-50 MBq (of i.e. 177Lu) are injected to tumor bearing mice. Monitoring the effect
with PET tracers would give a deeper and more nuanced understanding of tumor response and could precede
improved treatments. Many therapeutic radionuclides emit photons, resulting in a high photon fluence rate that would
be detected by the PET detectors. The image quality and the quantification capabilities could be influenced due to
count losses and image distortions. The aim of this study was to investigate three preclinical PET systems with
various detector designs and their response to combinations of radionuclides both for PET imaging and radionuclide
therapy.
Methods:
Two of the PET systems evaluated have stationary block ring detectors and the third has four detector blocks in a box
geometry. The positron emitters 18F and 22Na were imaged together with 99mTc, here used to imitate the photon
emission from a therapeutic radionuclide. On one system 177Lu was imaged together with a 22Na point source. An in-
house made mouse phantom (dimensions 90 x 30 x 20 mm3) with silicon tubes 15 mm apart was filled with either
99mTc or 177Lu. The 22Na was placed in the middle channel of the phantom. Spherical phantoms were filled with 18

F and 99mTc and imaged together. The count rate capability was evaluated from the coincidence count rate. The
image distortion was evaluated as the FWHM and the FWTM calculated from a line profile over the point source.
Results:
Effects on the count rate capability were observed on all three systems investigated as a result of the high photon
fluence rate from either 99mTc or 177Lu. One systems dead-time correction could correct the coincidence count rate
to almost the same rate as detected without the extra radionuclide photon fluence rate. The spatial resolution was
reduced on all three systems at high 99mTc or 177Lu activities.
Conclusion:
When an extra radionuclide contributing a high photon fluence rate was present in the PET systems field of view
together with the PET radionuclide, coincidence count rate was impaired and image distortions were detected. To
develop protocols for intratherapeutic PET imaging, these effects have to be taken into account to secure correct
quantification. The dead time correction on one of the preclinical PET systems investigated was able to restore the
coincidence count rate. The reduced spatial resolution however, remains a limiting factor when high activities of a
therapeutic radionuclide are present during preclinical PET imaging.
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TITLE: 128 Channels and high-speed data acquisition system for Photoacoustic Tomography with PXI Modular
Instrumentation and NI LabVIEW
PRESENTER: Hui Li
ABSTRACT BODY: 
Abstract Body: background:
Within the past decade, PAT shows great potential for clinical medicine, preclinical research and basic biology for
studying cancer, furthermore evolving in real-time1 and multidimensional2 application, this requires a high-speed and
multichannel Photoacoustic data acquisition system. PXI is a rugged platform for test, measurement, and control, the
measurement hardware is housed in an industrial chassis and has a host computer either embedded in the chassis or
connected to a PC through a cabled interface. Benefits specific to PXI include increased channel count, portability,
and integrated timing and synchronization. Modular instrumentation using shared components, high-speed buses, and
open, user-defined software can bring the benefits of flexibility, integration and functionality. LabVIEW is an intuitive
graphical programming environment that makes it simple to visualize, create, and code engineering systems.
Methods:
in the PXI system, the chassis is an 8-slot 3U PXIe-1082; the system controller in slot 1 is an embedded PXIe-8135, it
can host LabVIEW Real-Time applications with embedded controllers, there’s no need for an external PC; the two
PXIe peripheral slots in slot 2 and 3 are empty; the system timing slot in slot 4 is PXIe-6674T, it can route external
clocks and triggers between PXI Express chassis in order to synchronize data acquisition through external
synchronization signal of laser; the hybrid peripheral slots in slot 5 to 8 are FlexRIO hardware, one part of which is
high-performance I/O adapter module of NI 5752, the other is FPGA module of PXIe-7965R; the software is LabVIEW
2014 SP1 and windows 7.
DMA transfers are accomplished by using a FIFO architecture, the FIFO is composed of 2 parts that behave as one
FIFO. The first part of this FIFO is on the FPGA device, this FIFO uses DRAM on the FPGA device, the second part of
the DMA FIFO is on the embedded host controller, this portion of the FIFO uses memory on the host controller, the
DMA engine automatically transfers data from the FPGA device DRAM to the embedded host controller memory.
The NI 5752 is a 32-channel digitizer adapter module that can sample on all channels at 50 MS/s with 12-bit
resolution, according to the requirement of Photoacoustic tomography reconstruction, we need sample 2600 points,
and repeat 20 times. The repetition sampling of data can facilitate to smooth the noise generated in the sampling
process and help data reconstruction.
Conclusion:
by using this data acquisition system, the single of the whole sampling time for one tomography of object is just in tens
of microseconds, then we can use filter back projection, time reversal or model based reconstruction algorithm to map
the sampling tomography data into the original image of object
AUTHORS (LAST NAME, FIRST NAME): Li, Hui2;  Peng, Dong1; Zhu, Yunkun1; Wang, Kun1; Tian, Jie1
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TITLE: Design of an Implantable Miniature Confocal Microscope for Dynamic Imaging of Breast Cancer Cells in the
Microenvironment
PRESENTER: Zhen Qiu
ABSTRACT BODY: 
Abstract Body: We present an implantable (5 mm OD) dual-axis confocal (DAC) microscope for monitoring critical
events during breast cancer progression within the tumor microenvironment. This multispectral microscope is capable
of imaging multiple markers of disease progression, and its novel architecture has enabled a design for implantation in
rodent models for the continuous study and evaluation of dynamic breast cancer cell events within the tumor
microenvironment of orthotopic carcinoma models. The miniaturized packaging has been achieved by utilizing
advanced LIGA microfabrication technology, and features “eyelets” on the microscope design for suturing the device
to tissue. For conventional tabletop, intra-vital microscopy, motion artifacts have limited many high-resolution studies
in vivo largely due to the anchored instrument and the movement of the tissues. This is, in part, mitigated when the
miniaturized microscope is mounted to tissue so it moves with the tissue being imaged. It is a significant advantage of
an implantable microscope where the device is attached to the tissue and subject to the same forces as the tissue and
thus moving in unison. Based on catadioptric lenses, the micro-optics enables achromatic operation, offering
multispectral imaging over broad spectral ranges, from visual to near infrared bands (450-800nm). The imaging
system is equipped with a novel, fully MEMS-based 3D laser scanning engine, which consists of a 2D lateral (XY
axes) and a 1D vertical (Z-axis, piston mode) MEMS scanners. This allows the microscope to quickly switch between
“OCT-like” video-rate vertical and lateral cross-sectional imaging. This microscope achieves lateral and axial
resolution of 2.9 μm and 11.8 μm, respectively. The field of view (FOV) of the vertical cross-sectional image (YZ-
plane) is 400 μm × 100 μm and the FOV of en face image (XY-plane) is 300 μm × 400 μm at 5 frames/second. The
versatile imaging ability in both axial penetration and transversal plan has been demonstrated with Lissajous and
raster scanning patterns respectively. In addition to 2D imaging, by sweeping the MEMS scanner along the X-axis
while imaging YZ-plane, in-vivo 3D imaging volume of the same region of interest (ROI) on moving rat can be
acquired in 12-bit and then reconstructed using Amira software. The microscope system is controlled by National
Instruments data acquisition cards (1 × PCI-6115 and 2 × PCI-6711) and custom-made LabVIEW programming. For
en face raster scanning, X- and Y-axes of the 2D lateral scanner are driven with a sine wave and a sawtooth wave
with low-pass filtering. For 3D imaging with real-time vertical cross-sectional imaging, Z-axis of the 1-D vertical
scanner is driven with a sine wave at a resonant frequency, while X- and Y-axes of the 2D lateral scanner are
operated with sawtooth waves in DC mode and sine wave at a resonant frequency respectively. In summary, the
implantable DAC microscope has been developed for serial and high resolution imaging of optical reporters that reveal
dynamic processes within the tumor microenvironment of living animal models.
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TITLE: Looking Inside the Voxel: Sub-Cellular Magnetic Field Imaging with Nitrogen Vacancy Centers
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ABSTRACT BODY: 
Abstract Body: Motivation 
MRI contrast has a strong dependence on the sub-micron magnetic fields produced by endogenous substances and
molecular imaging agents. However, the connection between sub-voxel magnetic field profiles and MRI contrast has
not been studied experimentally due to the lack of methods to observe magnetic fields at the microscale. Nitrogen
vacancy (NV) magnetometers have recently emerged as powerful tools for sensitive characterization of biomagnetic
fields. [1] In this work, we present the first sub-micron NV magnetic images of living mammalian cells, with a particular
focus on imaging the effect of iron-oxide nanoparticle endocytosis on local fields inside of murine macrophages. In
addition, we introduce a method for reconstructing the 3D magnetic field in cells to provide insight into the sub-voxel
origins of T2 and T2* contrast. This approach has the potential to enable better interpretation of MRI contrast in
diseased tissues and the optimization of nanoscale MRI imaging agents.
 
Background 
NV color centers are substitutional nitrogen defects with an adjacent lattice vacancy in diamond. The electronic
structure of an NV Center produces a ground-state triplet, with the ms=+/-1 states separated from ms=0 by 2.87 GHz.
In the presence of a magnetic field, the ms=+/- 1 states undergo Zeeman splitting at 2.8 MHz/G. Usually, after
absorbing a 532 nm photon, an NV center will emit a photon in the 640-800nm range. However, due to a non-radiative
decay pathway available only to the excited states of ms=+/-1, a 0-> +/-1 resonant microwave photon will reduce the
mean fluorescence intensity of an NV Center. Thus, individual NV Centers act as reporters of their local magnetic
field. By densely populating a diamond with NV Centers one can map the local magnetic field across a wide field of
view with optically limited spatial resolution and sub-100 nT sensitivity. [1]
 
Results 
Live-Cell Imaging  
We imaged the magnetic field produced by murine macrophages at 2, 5, and 10 hours after nanoparticle
supplementation. As the macrophage endosomes fuse, so do their dipolar fields . These are the first NVM images of
living mammalian cells in addition to the first time-course NVM images of a dynamic biological process.
 
3D Field Reconstruction 
To date, many simulations and models have been proposed for iron-oxide nanoparticle induced T2 relaxation. [2]
However, these models lack empirical information about the magnetic field profile of intracellular iron-oxide contrast
agents. By fitting the vector magnetic field profile to a sum of dipoles, we specify the location and magnetic moment of
each nanoparticle cluster. We can then reconstruct the 3D field, providing valuable insight into models of T2 decay by
connecting this microscale experimental data to bulk MRI through Monte Carlo simulations.
 
Future Directions 
Reconstructing the magnetic field inside of 3D tissue samples will inform the use of MRI for a variety of iron
pathologies, including hemochromatosis. It will also inform the development of enhanced magnetic nanoparticle
molecular imaging agents.
 
[1] Nature. 2013 Apr 25; 496(7446): 486–489. 
[2] Magnetic resonance imaging 26.7 (2008): 994-998.
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TITLE: Real-time monitoring of nanoparticle formation via FRET imaging
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ABSTRACT BODY: 
Abstract Body: Self-assembled nanoparticles (SANPs), including polymeric NPs, nanoemulsions, lipid- and
lipoprotein-based NPs, are widely used in biomedical applications for both diagnostics and therapeutic purposes.
Understanding the synthesis process helps to have a better control over their structures and functions. However, the
formation processes of the SANPs are seldom addressed. SANPs are normally synthesized through spontaneous
aggregation and self-assembly occurring upon mixing the different components or by changes in the solvent
conditions. Microfluidics has proved to be a controllable and readily scalable technique for NP synthesis. Additionally,
microfluidic chips provide a platform to visualize the NP formation process as the continue flow transforms the short
temporal process into a steady state one.  Here, for the first time, we visualized in real time the formation of three
types of typical SANPs using Förster resonance energy transfer (FRET) in a microfluidics chip. We also show that this
versatile technique offers a new manner to investigate specific issues such as improving synthesis, drug loading and
protein wrapping.
 
 
Methods and Results: 
NP synthesis was carried out in a staggered herringbone micromixer (SHM) [1] and imaged using laser scanning
confocal microscopy. For the first application, the nanoemulsion was self-assembled while mixing in the SHM PBS
and a solution in ethanol containing medium chain triglycerides (MCT), phospholipids, and a pair of lipophilic dyes
(DiO and DiI). When the nanoemulsion was formed, both dyes were confined in the emulsion and FRET was
generated. The visualization of the chip showed that the nanoemulsion forms instantaneously mainly at the
organic/water interphases and quickly diffuses into the aqueous phase. By increasing the flow rate, more FRET signal
from nanoemulsion formation was observed and less signal from organic phase remained, indicating a better mixing of
two phases.
For the second application, drug loading on polymeric NPs was investigated [2]. For this, a solution in acetonitrile
containing an amphiphilic block-copolymer labeled with Cy3.5 and model drugs labeled with Cy5 was mixed with PBS.
FRET was observed when the model drugs were loaded in the NP, which occurs only when the drugs are
hydrophobic. Thus, no FRET signal was detected with hydrophilic model drugs, indicating a poor loading inside the
NP.
For the third application, we visualized the formation of nanocrystal-core high-density lipoprotein [3]. In this case, lipid
coated quantum dots (QDs) were mixed with Cy5-labeled apolipoprotein-A1. At the moment of the NP formation, the
emission spectra dramatically changed indicating a protein wrapping around the QD core.
 
Conclusion:  
Through combining microfluidic-based synthesis techniques and FRET imaging we were able to achieve real-time
imaging of the SANPs formation. We envision this technique would facilitate the research on NP synthesis,
mechanism and functionalization studies.
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Figure. a, Schematic illustration of the formation of nanoemulsions and the FRET from DiO to DiI when both are
confined in the emulsion. b, Confocal microscopy images of the initial part of the microfluidic channel where two phase
meet. Green represents the DiO channel where intensity is mainly from the organic phase. Red represents FRET
channel where intensity is mainly from the nanoemulsion. FRET ratio imaging represent the degree of nanoemulsion
formation. c, emission spectra at region of interest in b. Colored areas represent the filter settings in b.
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TITLE: Single molecule fluorescence microscopy imaging reveals histone dynamics in the nucleosome
PRESENTER: Jongseong Kim
ABSTRACT BODY: 
Abstract Body: Background: The nucleosome is the fundamental packing unit of the eukaryotic genome in cells,
imposing a physical barrier that should be overcome during various genome transactions.
Objectives: The aim of this study is to confirm the hypothesis that structural fluctuations of the nucleosome at the DNA
termini and at the interface between the histone H2A-H2B dimer and the (H3-H4)2 tetramer trigger nucleosome
disassembly.
Methods: we employed a hybrid single molecule fluorescence microscopy combining maximum likelihood estimation
(MLE) and fluorescence correlation spectroscopy (FCS) to provide the direct experimental evidence of the histone
dynamics in the nucleosome at the histone dimer-tetramer interface. The nucleosome assembled with Xenopus laevis
core histones on a 147 bp human α-satellite sequence was labeled with a FRET pair. Based on the FRET efficiencies
obtained from MLE in combination with the FCS amplitudes, we computed the kinetic rates of the opening and the
closing motions of the dimer tetramer interface (kopen and kclose).
Results: At 100 mM NaCl the histone dimer separates from the tetramer once every 3.6 ± 0.6 ms and recombines
within 2.0 ± 0.3 ms. These kinetic rates are converted to 1.38 ± 0.55 kJ/mol free energy change during the opening
motion. The average FRET efficiency difference (εclose - εopen = 0.14) suggests that the separation is on the length
scale of ~5 Å assuming a Förster radius of 5.0 ± 0.4 nm. At 50 mM NaCl, these values stay constant within error.
Conclusion: The spontaneous histone dynamics might be a functional element in gene regulation mechanisms
triggered by epigenetic modifications on the nucleosome.
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TITLE: In Vivo 11C-Metformin Positron Emission Tomography in Humans: Dosimetry, Biodistribution and Kinetic
Analyses
PRESENTER: Mikkel Vendelbo
ABSTRACT BODY: 
Abstract Body: Background: Metformin is the most widely prescribed oral anti-glycemic drug with few adverse effects.
However, surprisingly little is known about its biodistribution and target tissue metabolism in humans. 1 In cell and
animal experiments it is shown that metformin can be labelled by 11C and that 11C-metformin positron emission
tomography (PET) can be used to measure renal function. 2 Here, we extend the pre-clinical findings by a first-in-
human 11C-metformin PET dosimetry, biodistribution and tissue kinetics study.
Methods: Nine subjects (three women, six men) participated in two studies: In the first study, human radiation
dosimetry and biodistribution of 11C-metformin were estimated in 4 subjects (two women and two men) by whole-
body PET. In the second study, 11C-metformin tissue kinetics were measured in response to both intravenous and
oral radiotracer administration. A dynamic PET scan with a field-of-view covering the intended target tissues of
metformin (liver, kidneys, intestines and skeletal muscle) was performed for 90 (intravenous) and 120 (oral) minutes.
Results: Radiation dosimetry was acceptable with effective doses 9.5 (intravenous) and 18.1 μSv/MBq (oral)
administrations. Whole body PET revealed, that 11C-metformin accumulation principally took place in the kidneys,
bladder and liver but also to a lesser extent in salivary glands and intestines. Highly reversible 2-tissue compartment
kinetics was observed in the liver and volume of distribution was calculated to be 2.45 ml/ml (arterial input) or 2.66
ml/ml (portal and arterial input). In the kidneys, compartmental models did not adequately fit the experimental data and
volume of distribution was therefore estimated by a linear approach to be 6.83 ml/ml. Skeletal muscle and intestinal
tissue kinetics were best described by 2-tissue compartment kinetics and showed only discrete tracer uptake. 11C-
metformin uptake in the liver was pronounced after oral administration of the tracer with tissue-to-blood ratio double
what was observed after intravenous administration whereas a slow accumulation of 11C-metformin was observed in
muscle. There was no elimination of 11C-metformin through the bile both during the intravenous and the oral part of
the study.
Conclusion: 11C-metformin is suitable for imaging metformin uptake in target tissues and may prove to be a valuable
tool to assess the impact of metformin treatment in patients with varying metformin transport capacity or cancer.
 
1. Graham, G. G. et al. Clinical pharmacokinetics of metformin. Clin Pharmacokinet 50, 81–98 (2011).
2. Jakobsen, S. et al. A PET Tracer For Renal Organic Cation Transporters, 11C-metformin: Radiosynthesis and
Preclinical Proof-of-Concept Studies. J. Nucl. Med. (2016). doi:10.2967/jnumed.115.169292
AUTHORS (LAST NAME, FIRST NAME): Vendelbo, Mikkel H.1; Gormsen, Lars C1; Sundelin, Elias I.2; Jensen,
Jonas B.1, 2; Jakobsen, Steen1; Munk, Ole L.1; Christensen, Mette  M.3; Brøsen, Kim4; Frøkiær, Jørgen1; Jessen,
Niels2, 5

INSTITUTIONS (ALL): 
1. Department of nuclear medicine and PET-centre, Aarhus University Hospital, Aarhus, Denmark.
2. Department of Clinical Medicine, Aarhus University Hospital, Aarus, Denmark.
3. Department of Clinical Biochemistry and Pharmacology, Odense University Hospital, Odense, Denmark.
4. Department of Public Health, Clinical Pharmacology, University of Southern Denmark, Odense, Denmark.
5. Department of Clinical Pharmacology, Aarhus University Hospital, Aarhus, Denmark.





CONTROL ID: 2492728
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ABSTRACT BODY: 
Abstract Body: Chronic leg ulcer is a growing interdisciplinary problem in our ageing society1 that leads to immense
treatment costs in western countries2. Recently the oxygenation status of chronic, hard-to-heal wounds is getting
higher attention in modern wound therapy strategies3. Topical hemoglobin spray is a new and effective method that is
propagated to increase the oxygenation in the ulcer tissue, but until now the link between good clinical results4 and
the mode of action is missing due to the lack of appropriate in-vivo imaging tools. We conducted a non-invasive
measurement of oxygen saturation in chronic leg ulcers after application of a topical hemoglobin spray to investigate if
the propagated oxygenation increase can be demonstrated. The oxygen saturation of the ulcer tissue was measured
in 49 patients with chronic leg ulcers before application and 5 and 20 minutes after application of the hemoglobin
spray using photoacoustic tomography as a new method to assess tissue oxygenation. The average oxygen
saturation showed a significant increase from 66.1% before to 69.1% (p=0.088) after 5 minutes and 71% (p=0.017) 20
minutes after the topical hemoglobin application. Thus, we were able to show for the first time that the topical
hemoglobin spray leads to an increase in oxygen saturation in-vivo using photoacoustic tomography. By measuring
the wound size in a follow-up examination we saw a significantly decrease in wound size in patients that showed an
oxygenation increase >10% compared to the patients with a lower oxygenation increase (p=0.001). An increase of
>10% after topical hemoglobin application seems to act as a surrogate marker for a successful wound healing under
conservative therapy. Biopsies of the ulcers were obtained and we were able to show that the amount of tissue
sclerosis is significantly higher in patients with an oxygenation increase <10%, what might impede wound healing. By
screening leg ulcer patients it might be possible to predict the patient outcome and avoid cost-intensive and protracted
conservative therapies for patients without appropriate wound healing and propose early surgical interventions, such
as ulcer shaving with consecutive split skin graft. We see great potential of PAI in assessing the healing process of the
wounds by detecting the early changes in oxygenation and improving the patient care path by enabling a more
personalized medical care. Especially the possibilities to study the effects of treatment options that promote a local
increase in oxygenation in real-time and 3-D are unmatched by the existing techniques. The evaluation of existing and
new treatment options as well as the monitoring of patients to assure a successful treatment with a sufficient local
oxygenation in the ulcer tissue are promising fields for the emerging photoacoustic imaging technology.
 
1. Fowkes FG et al. Prevalence and.. Angiology. Aug 2001;52 Suppl 1:S5-15.
2. Margolis DJ, Cohen JH. Management.. Clin Dermatol. Jan-Mar 1994;12(1):19-26.
3. Tawfick WA, Sultan S. Technical.. Vasc Endovascular Surg. Jan 2013;47(1):30-37.
4. Arenbergerova M et al. Topical hemoglobin.. Hautarzt. Mar 2013;64(3):180-186.
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CONTROL ID: 2500456
TITLE: Evaluation of hepatic metabolite changes for differentiation between non-alcoholic steatohepatitis and simple
hepatic steatosis using long echo-time proton magnetic resonance spectroscopy
PRESENTER: Kwon-Ha Yoon
ABSTRACT BODY: 
Abstract Body: Purpose: To study the hepatic metabolite difference between patients with non-alcoholic
steatohepatitis (NASH) and simple hepatic steatosis, and study the diagnostic accuracy of proton magnetic resonance
spectroscopy(1H-MRS) with long echo-time (TE).
Materials and Methods: The local institutional review board approved this study and waived written informed consent. 
1H-MRS measurements were performed on a localized voxel of the liver using a point-resolved spectroscopy
sequence and hepatic metabolites of the alanine (Ala), lactate/triglyceride (Lac/TG), and TG were analyzed in patients
with NASH (n=11), simple steatosis (n=15), and healthy controls (n=6). The group difference was tested with the
ANOVA and Tukey’s post-hoc tests, and diagnostic accuracy was tested by calculating the area under the receiver
operating characteristics (ROC) curve. The values of metabolites were correlated with the histopathology and non-
alcoholic fatty liver disease (NAFLD) activity scores.
Results: Patient with NASH showed significant elevated the Ala (p<0.001), Lac/TG (p<0.001), TG (p>0.05)
concentration when compared with patients who had simple steatosis and healthy controls. The patients with NASH
were significantly higher levels in Ala (mean ± standard deviation, 52.5±8.3 vs 2.0±0.9; p01), Lac/TG (824.0±168.2 vs
394.1±89.8; p05) than simple steatosis. The area under the ROC curve to distinguish NASH from simple steatosis
was 1.00 (95% confidence interval; 0.1.0, 1.00) with Ala and 0.782 (95% confidence interval; 0.61, 0.96) with Lac/TG.
The Ala and Lac/TG levels were well correlated with steatosis grade, lobular inflammation, and NAFLD activity scores.
Conclusion: 1H-MRS with long TE would be useful for differentiation of patients with NASH and simple hepatic
steatosis.
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CONTROL ID: 2501265
TITLE: Differential association of MR evaluated abdominal subcutaneous and visceral adipose tissue with body mass
index and lipid profile
PRESENTER: Rama Jayasundar
ABSTRACT BODY: 
Abstract Body: Introduction 
Increasing prevalence of metabolic disorders such as diabetes has reached epidemic proportions worldover,
underlining the importance of prevention. In this regard, non-invasive MR based assessment of abdominal fat has an
important role as a predictive biomarker1. The aim of this study is to evaluate location specific distribution of
abdominal fat using MR in Southasian adults, known for their high predisposition to type 2 diabetes2.
 
Materials and Methods 
Thirty four healthy volunteers (18 males, 16 females) in the age group of 17-35 years were recruited for the study.
They were divided into two groups, normal and obese, based on BMI values (obese - > 25 Kg/m2).
MR: The subcutaneous (SAT) and visceral (VAT) adipose tissue were assessed using MRI obtained at 1.5 T (Avanto,
Siemens) using the following parameters: TR of 650 ms, TE of 11 ms, 256 x 256 matrix and 8mm contiguous slices. T

1-weighted (T1W) transverse images were obtained from abdomen using breath hold sequences. Area of SAT and
VAT were evaluated from the images. Percentage fat was also calculated with respect to the entire region.
Bioimpedance analyser: Tanita TBF-215 analyser (Japan) was used to assess Body Mass Index (BMI), Basal
Metabolic Rate (BMR) and body fat.
Biochemical: Homeostasis model assessment of insulin resistance (HOMA-IR), Glucose Tolerance Test, serum
Triglycerides (TG), Total Cholesterol (TChol), Low Density Lipoproteins (LDL) and High Density Lipoproteins (HDL)
were assessed using standard procedures.
Data Analysis: Log transformation of the data was performed to achieve homogeneity of variance. Pearson's
correlation analysis and student’s T-test were used for the statistical evaluation. General linear modeling was also
used to examine the relation of BMI, VAT, and SAT areas with sex. P > 0.05 was considered statistically significant.
All the statistical analyses were performed using the 16.0 PC package of SPSS statistical software (SPSS, Chicago,
IL).
 
Result and Discussion 
There was significant correlation between LDL and TChol with SAT, while HDL and TG showed no association with
SAT or VAT (Fig. 1). Percentage body fat (SAT+VAT) was more in obese group, which also showed higher insulin
resistance and significant positive correlation with TG and TChol. The Odds Ratio of 16.5 (95% CI 8.5–association
with insulin resistance) correlated significantly with SAT in abdomen (p 05) but not with VAT. It is interesting to note
the differential association of SAT and VAT with lipid profile.
 
Conclusion 
As the prevalence of diabetes and obesity increases worldwide, there is emphasis on predictive biomarkers. The
current MR based study carried out on healthy Southasian adults showed differential association of visceral and
subcutaneous abdominal fat with BMI and lipid profile. Subcutaneous fat correlated better with homeostasis model
assessment of insulin resistance indicating its potential role as a predictive marker for diabetes in subjects who are
metabolically obese but physically are not.
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CONTROL ID: 2493486
TITLE: Spectral unmixing imaging for differentiating BAT mass and BAT activation
PRESENTER: Jing Yang
ABSTRACT BODY: 
Abstract Body: Abstract: Recent large-scale clinical analysis indicates that brown adipose tissue (BAT) mass levels
inversely correlate with body-mass index (BMI), suggesting that BAT is associated with metabolic disorders such as
obesity and diabetes. PET imaging with 18F-FDG is the most commonly used method for visualizing BAT. However,
this method cannot  differentiate BAT mass and BAT activation. This task, in fact, presents a tremendous challenge
with no currently existing methods to separate BAT mas and BAT activation.
 
Our previous results indicated that BAT could be successfully imaged in mice with near infrared fluorescent (NIRF)
curcumin analogues. With conventional NIRF imaging, we were able to see the difference in BAT signal for the same
group of mice with and without short cold treatment that leads to BAT activation. However, the results from
conventional NIRF could not reflect what portion of the NIRF signal from BAT activation contributed to the difference
observed. To solve this problem, we used spectral unmixing to separate/unmix NIRF signal from oil droplets in BAT
representative of its mass and  NIRF signal from blood representative of BAT activation. Several reports demonstrated
that the increased blood flow induced with various stimulations could be considered a biomarker for BAT activation.
We hypothesized that the emission spectra of the same NIRF probe would be different in oil droplets in BAT mass and
in blood flow, due to their different residing environments, and that the spectral difference could be used for spectral
unmixing.
 
To validate our hypothesis, we first conducted spectral unmixing imaging with ex vivo BAT tissue and blood from a
mouse injected with CRANAD-29. Indeed, we were able to differentiate BAT and blood, as evidenced by the well-
separated images and spectra from BAT and blood. For in vivo studies, we treated mice with a short cold exposure (4
hours). After spectral unmixing, we found that there was no significant NIRF signal difference from BAT mass, but an
apparent increase in NIRF signal from blood flow following the cold exposure condition. These results indicated that
our method for detecting BAT mass was reliable. Taken together, the above in vitro and in vivo data strongly indicated
that spectral unmixing could be used to separate NIRF signal from BAT mass and BAT activation.
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CONTROL ID: 2492792
TITLE: Metabolic MRI with Accelerated Hyperpolarized 13C Chemical Shift Imaging
PRESENTER: Jian-xiong Wang
ABSTRACT BODY: 
Abstract Body: INTRODUCTION
Imaging metabolism of hyperpolarized (HP) 13C-enriched substrates offers a new approach to molecular imaging in
experimental animals and patients [1, 2]. Studies have shown the potential of hyperpolarized 13C metabolic imaging
in cardiac disease and cancer. Chemical shift imaging (CSI) has been considered the gold standard method for in vivo
metabolite imaging and has been widely applied for hyperpolarized 13C metabolic studies due to its relatively high
sensitivity to reconstruct images and its ability to separate chemicals with small chemical-shift differences. One
possible method to accelerate the CSI is to apply compressed sensing to reduce the number of excitations and the
scan time. This work presented the successful application of true 3D CS into CSI acceleration [3].
METHODS
For the feasibility and validation study a phantom containing [1-13C]lactate, [1-13C]alanine, [1-13C]formate and [1-
13C]bicarbonate was scanned. 16x16 spatial phase encoding with spectrum length of 256 points and spectral
bandwidth of 2 KHz were fully acquired. Sparseness of the k-space data was applied in two phase encoding directions
to obtain a total reduction rate of 10X, 5x, 3x, 2.5x and 2x. The fully acquired data were reconstructed normally for
reference purposes. The quality of the compressed sensing reconstruction for each reduction rate was quantified by
normalized root of mean square error (nRMSE):
nRMSE=sqrt(sum((zi-yi)^2)/(n*(max(z)-min(y)))
where zi and yi are the CS reconstructed and the reference CSI element i respectively; n is the total element.
For in-vivo experiment, rats were placed in a 75 mm birdcage coil at the isocenter of the MR scanner. A catheter was
placed into the tail vein for the intravenous administration of hyperpolarized [1-13C]pyruvate. Real-time under-
sampling scans were executed with implemented centric k-space trajectory sequence with R=2, 3, 4 and 10. One rat
was fully sampled and reconstructed with full data as well as artificially under sampled data in order to further verify
the quality of the in-vivo CS.
RESULTS
The reconstructed phantom images are shown in Figure 1 left column. Minor artifact appeared with reduction factors R
= 5 but theses reflect significant time and excitation savings for CSI acquisition. The reconstructed rat metabolite
images are shown in Figure 1 middle left column. The artificially under-sampled and compressed sensing
reconstructed images were shown in Figure 1 right columns. Calculated nRMSE for phantom and rat were similar
demonstrated the robustness of the method.
DISCUSSION
The results have demonstrated that true 3D compressed sensing is feasible for chemical-shift imaging acceleration of
hyperpolarized 13C metabolic imaging. Combining parallel imaging with compressed sensing can further accelerate
the imaging speed for in-vivo hyperpolarized 13C dynamic metabolic imaging.
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Compressed sensing reconstructed CSI metabolite images of the phantom and in-vivo rat kidneys. Normalized root-
of-mean-square error (nRMSE) calculated from phantom and in-vivo rat 1 demonstrated the robustness of the
method.



CONTROL ID: 2500838
TITLE: A novel molecular imaging agent based on encapsulated saline for in-vivo radio frequency acoustic imaging
PRESENTER: Michael Mastanduno
ABSTRACT BODY: 
Abstract Body: Radio Frequency Acoustic Imaging (RFAI) is an exciting new imaging modality that is well suited to
imaging deep-seated lesions with the sub-millimeter spatial resolution of ultrasound and high intrinsic contrast derived
from tissue electrical properties. Similar to Photo Acoustic Imaging (PAI), non-ionizing energy is differentially absorbed
by tissue, and a thermo-elastic expansion generates a pressure wave that can be detected by ultrasound transducers.
Because light is strongly absorbed, physiological signals in PAI are limited to 3-4cm in source depth. RF-acoustics
addresses this major limitation with penetration depths of tens of centimeters. In this work, a unique, small animal RF-
acoustic tomography system is used. Its performance with a novel, translatable, targeted nanobubble contrast agent is
evaluated in living animals containing sub-cutaneous tumors.
In the RFAI system used in this study, a sample is partly submerged in a water bath and RF waves at 434MHz are
delivered via two horn antennae in 150ns pulses. A 128-element array transducer with 5MHz center frequency
measures ultrasonic waves generated from within the tissue. The sample is rotated 360 degrees and data is collected
in 10-degree increments (2.5 minute acquisition). A filtered back projection algorithm is employed to reconstruct all
data simultaneously in an axial slice.
This system is uniquely tuned to be sensitive to hypertonic saline solutions. A novel, nanobubble contrast agent was
developed to encapsulate 35% saline and deliver it to the target site in the tumor vasculature. The agent consists of a
double emulsion with a PEG-incorporated surfactant layer and PSMA-targeting antibodies. Particles can be formed
with mean diameter of 100-1000nm and average poly dispersity index of 0.2. The surfactant layer is also easily visible
on clinical MRI. Double emulsions and hypertonic saline are both in clinical use making translation of this particle
extremely attractive.
Several iterations of the targeted particle have been developed. The current version has been optimized for the size of
800nm to encapsulate a large volume of saline and is stable for several weeks. The imaging system has been
evaluated using phantom studies with hypertonic saline and displays excellent linearity over a range of concentrations
(326 x106 - 40.8x106 particles/ml). Phantom studies show that the recovered signal is linear with particle
concentration (R2=0.992). Furthermore, subcutaneously injected particles in mice have shown similarly favorable
linearity with concentration after ROI analysis (R2=1.0). Murine studies (N=31) using both PSMA-targeted and non-
targeted particles have shown less than 2% scan-to-scan variation, high signal to noise, and vascular targeting.
We present the first application of molecular imaging using RF acoustic imaging and a targeted nano-emulsion. The
technique addresses the main limitation of PAI by offering excellent depth penetration and identifies subcutaneous
tumors based on PSMA targeting using a novel, non-toxic contrast agent. All components of these particles are
already in human use, making them an extremely attractive imaging agent for clinical translation.
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CONTROL ID: 2493785
TITLE: Novel intrinsic contrast mechanism for imaging pancreatic islets using multispectral optoacoustic tomography
PRESENTER: Sven Gottschalk
ABSTRACT BODY: 
Abstract Body: Despite significant efforts and recent technological advances in imaging technologies, non-invasive
quantification of β-cell mass (BCM) in vivo remains an unsolved problem. As loss of functional insulin-producing β-
cells is part of the pathophysiology of diabetes, it is of high importance to develop a method that allows assessing
BCM. Such ability will not only help understanding the etiology of diabetes, but could also facilitate the design of new
therapeutic approaches and monitor their efficacy.
To this end, multispectral optoacoustic tomography (MSOT) has offered a unique combination of high spatial and
temporal resolution, molecular specificity, and high sensitivity in detecting small concentrations of optical contrast
agents. In general, pancreatic tissue does not exhibit extensive endogenous contrast in MSOT, thus the application of
β-cell specific contrast agents would be the ultimate choice for attaining detectable contrast. Here we adopted a
genetically modified mouse line, that constitutively exhibits high level expression of the near-infrared fluorescent
protein iRFP [1] solely in β-cells of the pancreas (the mouse line was kindly provided by U. Ahlgren, Umea, Sweden).
Immunohistology confirmed iRFP-expression in β-cells. For imaging, excised pancreata were embedded into a
scattering agar phantom. The real-time small animal MSOT scanner, used for imaging, has been described elsewhere
[2]. Multispectral acquisitions using wavelengths fitting the absorption spectrum of iRFP were recorded and iRFP-
signals were visualized using spectral unmixing algorithms [2]. The stability of the iRFP-protein was further validated
with single-plane illumination microscopy (SPIM) of the same pancreata after MSOT-imaging. For this, the tissue was
cleared using the SeeDB method [3].
Expression of iRFP in β-cells of the pancreatic islets was high and co-localized with insulin-staining (Fig. 1A). MSOT-
signals of the iRFP-protein could readily be visualized in excised pancreata (exemplarily shown in Fig. 1B for a
duodenal lobe) with high signal intensity. SPIM-imaging further allowed to easily analyze the three-dimensional
distribution of pancreatic islets after MSOT-imaging of the same organ (Fig. 1C).
In conclusion, the high sensitivity of MSOT to iRFP-expressing β-cells and the high stability of this genetic reporter
agent make the presented mouse model a promising candidate for investigating pathophysiological mechanisms of β-
cell-loss associated diabetes.
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Figure 1:<br />
(A) Immunohistological validation of iRFP-expression in insulin-expressing beta-cells of the pancreas. (B) MSOT
images of excised pancreas duodenal lobe. The outline of the agar phantom is indicated with a grey line. Red =
unmixed iRFP-signal. (C) SPIM after “SeeDB”-clearing of the same duodenal lobe as in (B).<br />
<br />
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TITLE: Is MR Oximetry Ready for Prime Time? A Proof of Principle Study.
PRESENTER: Scott Beeman
ABSTRACT BODY: 
Abstract Body: Introduction: Oxygen partial pressure, pO2, is a critical determinant of tissue function. A non-invasive,
quantitative means for measuring tissue pO2 would be a critical advance in biological/clinical research. It has long
been recognized that O2 is weakly paramagnetic and, thus, influences the MR-measured longitudinal relaxation rate
constant, R1. In principle, the relationship between pO2 and R1 is linear and, thus, an in vivo R1 measurement should
readily convert to pO2. Thus far, R1-based pO2 measures have been obfuscated by the small relaxivity (r1) of
dissolved O2 and the competing apparent longitudinal relaxation effects from blood flow and from magnetization
transfer with the macromolecular matrix (MT). Herein, we describe a strategy to mitigate these confounds and present
initial measurements of the linear relationship between pO2 and R1 in a tissue mimic/phantom and in vivo in rodent
muscle and brain.
Methods: Phantoms. MR tissue mimics/phantoms (crosslinked bovine serum albumin in phosphate buffered saline, x-
BSA) were prepared at various pO2. In vivo. Normal female BALB/c mice breathed alternate mixtures of O2, N2, and
CO2 (mixed to modulate tissue pO2). An OxyLite® optical microprobe (“gold standard”) was implanted into either the
left thalamus or thigh muscle to determine tissue-pO2 in vivo concurrent with MR monitoring. MRS. Modified Fast
Inversion Recovery (MFIR) Point RESolved Spectroscopy (PRESS) data were acquired in x-BSA phantoms and mice:
4.7 tesla; 64 TI from 0.0075 to 6 seconds; non-slice-selective inversion pulse; voxel dimensions = 2x2x2 mm3, nt = 2,
scan time = 9 min 4 sec. In vivo PRESS experiments employed blood-flow-mitigating sequence modifications (non-
slice-selective inversion pulse and gradient-suppression of vascular 1H spins) . R1 Determination. Relaxation rate
constants were estimated using a bi-exponential relaxation model yielding: (i) a “fast” relaxation rate constant (R1,fast
, MT-related relaxation, ~20-50 sec-1) and (ii) a “slow” relaxation rate constant (R1,slow, O2-sensitive relaxation, ~0.6
sec-1). Parameter estimates were obtained using Bayesian-probability-theory-based methods:
http://bayesiananalysis.wustl.edu/index.html.
Results: Phantoms. In the x-BSA phantoms, only R1,slow is sensitive to dissolved O2 (Fig. 1A, B). In vivo. Brain and
muscle r1,slow values (pO2 tissue relaxivity in vivo) were determined as 0.56 x 10-3 ± 0.09 x 10-3 and 0.69 x 10-3 ±
0.15 x 10-3, respectively (Fig. 1C, D).
Conclusions: We present evidence that the linear relationship between pO2 and R1 can be quantified by: (i) using
non-slice-selective inversion pulses and gradient-suppression of vascular 1H spins to mitigate blood-flow-induced
apparent relaxation effects and (ii) isolating pO2-sensitive R1,slow from MT-dominated R1,fast.
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Figure 1. Plots of pO2 vs. (A) R1,slow and (B) R1,fast calculated from data collected in 15% x-BSA. R1,slow is linearly
correlated to pO2 (R

2 = 0.89). O2 r1,slow = 1.0 x 10-3 ± 0.1 x 10-3 mmHg-1 sec-1. R1,fast was not sensitive to pO2.
(R2 = 0.22). Plots of R1,slow vs. pO2, for in vivo mouse brain (C, R2 = 0.9) and muscle (D, R2 = 0.8). R1,0,slow, and r

1,slow are shown, in the form of the mean ± the standard deviation of the Bayesian estimated parameter PDFs.



CONTROL ID: 2491222
TITLE: Dynamic and accurate assessment of drug-induced liver injury in vivo by integrated photoacoustic imaging and
novel circulating biomarkers of hepatic impairment
PRESENTER: Nathalie de Bois Brillant
ABSTRACT BODY: 
Abstract Body: Drug induced liver injury (DILI) is a major clinical problem and an adverse drug reaction (ADR) that
frequently leads to regulatory action1. Currently used biomarkers of hepatic perturbation lack both sensitivity and
specificity and poorly correlate between preclinical species and man. However, novel mechanism-based circulating
biomarkers of liver injury have been shown to provide added prognostic value clinically and allow patient stratification
and management2-4. Photoacoustic imaging, an emergent in vivo optical imaging methodology with high resolution
and depth tissue penetration, has been considered as a useful tool in pharmacological studies where the need of
better understanding of phenomenon such as drug-induced liver injury (DILI) are required for early diagnosis and
subsequent application of appropriate therapeutic strategies5,6.
This work reports the use of Multispectral Optoacoustic Tomography (MSOT) to assess liver function by the non-
invasive, real time, measurement of Indocyanine Green (ICG), an FDA-approved, water-soluble anionic dye that is
subject to exclusive hepatobiliary excretion. This study also reports the first integrated use of this imaging biomarker
with circulating mechanism-based biomarkers of DILI and classical histopathological assessment to obtain a more
holistic, sensitive and specific assessment of DILI.
In well-established model of acute (Acetaminophen) DILI, MSOT measurement of ICG kinetics revealed extensive
hepatic impairment (figure 1 and 2) compared with vehicle controls. MSOT derived ICG exponential decay and half-life
in plasma increased by approximately 1.5 fold and correlated strongly with established liver impairment biomarkers
(Alanine aminotransferase, Total Bilirubin), novel mechanism-based biomarkers of toxicity (miR-122, HMGB1) and
crucially, hepatic necrosis as scored by histology in individual animals (figure 3, 4 and 5).
In summary, these studies have demonstrated that the, real time, non-invasive MSOT measurement of liver function
and its integration with novel circulating biomarkers and histology provides increased sensitivity and specificity for the
holistic assessment of acute DILI in vivo with findings that have clinical translation.
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CONTROL ID: 2493856
TITLE: A probe for combined 1H and 19F in vivo MRI 
PRESENTER: Vít Herynek
ABSTRACT BODY: 
Abstract Body: Introduction  
19F MRI may represent an interesting tool for experimental and diagnostic imaging, provided that a suitable fluorine
probe is available. Its signal is specific; nevertheless, major problem represents low sensitivity due to low probe
concentration. Decrease of a scanning matrix and increase of acquisitions may partially overcome these problems;
however, the price is lost of spatial resolution and long scanning time. We have developed and tested a probe with
high relaxivity traceable by both 19F and 1H MRI. The former ensures specificity, the latter sensitivity and spatial
resolution. The probe was tested in vivo in an experimental rat.
Methods 
1,8-bis(methylenephosphonate)-4,11-bis(trifluoroethyl)-1,4,8,11-tetraazacyclotetradecane bearing 6 equivalent
fluorine nuclei complexed with nickel (Ni-complex, see Fig. 1/Persuasive Data File (PD)) was synthesized according to
(1). After in vitro characterization (visualization in test tubes, measurement of relaxation times (1)), the Ni-complex
was tested in vivo. An experimental rat was anesthetized; the Ni-complex (200 μL, 22 mM, i.e., 132 mM 19F) was
injected into the leg muscle. The animal was subjected to MR imaging at both 1H and 19F frequencies at 4.7 T imager
equipped with a 1H/19F homemade single-loop surface coil. A T2-weighted turbospin echo (echotime TE=36 ms,
repetition time TR=3000 ms) and T2*-weighted gradient echo (TE = 3.7 ms, TR = 130 ms) sequences were used for 1

H MRI. 19F MR images were obtained using a gradient echo sequence (TE=1.3 ms, TR=10 ms, 4096 acquisitions,
matrix 32×32, scan time 20 minutes).
Results and Discussion 
High proton relaxivities (Table 1/PD) enabled visualization of the probe after injection on both T2*- and T2-weighted 1

H MR images (Figure). Short 19F relaxation times (Table 2/PD) allowed shortening of the repetition time and
acquisition of sufficient repetitions to obtain visible fluorine signal within 20 minutes (Figure B), which is acceptable for
in vivo experiments. Quick timing together may also reduce unwanted fluorine signal from other sources (e.g., fluorine-
containing anesthethics) in future experiments.
Proton imaging provided exact localization of the injection site with good spatial resolution albeit non-specific (a clearly
localized non-specific hypointense signal on both T2- and T2*-weighted images), whereas fluorine imaging provided
highly specific signal of the probe with low spatial resolution. 1H and 19F MRI thus provide complementary information
about probe distribution in vivo.
Conclusion 
The Ni-complex seems to be a suitable alternative to so far used fluorine contrast agents. Due to its high proton
relaxivity, it is visible on 1H MR images and the probe is precisely localized. Fluorine MRI provides specificity to the
probe localization. Short fluorine relaxation times allows fast timing of the measurement sequences resulting in
reasonably short measuring time with sufficient acquisitions.
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T2*-weighted 1H MR image (A) and T2-weighted 1H MR image overlapped by red 19F MR image (B) of a rat leg
muscle after injection of the probe.
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TITLE: Dynamic Positron Emission Tomography Imaging of Renal Clearable Gold Nanoparticles
PRESENTER: Shreya Goel
ABSTRACT BODY: 
Abstract Body: Objective: To study the dynamic distribution patterns of ultra-small gold (Au) nanoparticles by labeling
them with coper-64 (64Cu, t1/2=12.7 h) and using dynamic positron emission tomography imaging (PET) imaging.
Method: Glutathione (GSH)-capped ultra-small Au nanoparticles (Au-GSH) were synthesized by reacting gold(III)
chloride trihydrate (HAuCl4. 3H2O) with reduced glutathione in a 90 °C water bath for 35 min. The conjugation of
NOTA (a chelator for labeling 64Cu) to Au-GSH was then achieved by reacting p-SCN-Bn-NOTA with amine groups
from the Au-GSH. To synthesize 64Cu-NOTA-Au-GSH, 64CuCl2 was diluted in 300 μL of 0.1 M sodium acetate buffer
(pH 6.5) and added to 200 μL NOTA-Au-GSH. The reaction was allowed to proceed at 37 °C for 30 min with constant
shaking. For normal PET imaging, healthy BALB/c mice were each injected with 5-10 MBq of 64Cu-NOTA-Au-GSH
intravenously before serial PET scans. For PET/CT imaging, a mixture of 64Cu-NOTA-Au-GSH (hot) and
concentrated NOTA-Au-GSH (cold) was used. For the dynamic scanning, a group of mice (n=4) were injected with 5-
10 MBq of 64Cu-NOTA-Au-GSH. A 60-min dynamic scan was performed and framed into 46 frames. Image
reconstruction, and region of interest (ROI) analysis of the PET data were then performed.
Results: Au-GSH with a hydrodynamic (HD) size of 2.5 ± 0.1 nm was synthesized using a modified purification
process. The dynamic light scattering measurement showed only a slightly increased HD size to 2.6 ± 0.1 nm after
NOTA conjugation. The labeling yield of 64Cu to NOTA-Au-GSH was estimated to be over 90% within 30 min. Serum
stability study showed a high radio-stability with less than 5% of 64Cu being detached after 24 h incubation.
Systematic characterizations were performed to demonstrate the efficient renal clearance of as-prepared
nanoparticles, where showed a rapid renal clearance of 64Cu-NOTA-Au-GSH with >75 %ID being cleared at 24 h
post-injection. The majority of 64Cu-NOTA-Au-GSH was found in mouse kidney and liver with their uptake measured
to be 1.69 ± 0.54 and 0.33 ± 0.22 %ID/g at 24 h post-injection, respectively. The dynamic PET imaging further
provided more accurate information regarding the rapid clearance kinetics of nanoparticles in organs, such as heart,
kidneys and liver. The elimination half-life of 64Cu-NOTA-Au-GSH was calculated to be less than 6 min, over 130
times shorter than previously reported similar nanoparticles.
 
Conclusion: In conclusion, the dynamic PET imaging of 64Cu-NOTA-Au-GSH not only addresses the current
challenges in accurately and non-invasively acquiring the organ kinetics, but also potentially provides a highly useful
tool for studying renal clearance mechanism of other ultra-small nanoparticles, as well as the diagnosis of kidney
diseases in the future.
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CONTROL ID: 2491099
TITLE: Multisite-binding Switchable Fluorescent Probe for Monitoring Mitochondrial ATP Levels Fluctuation in Live
Cells
PRESENTER: lu wang
ABSTRACT BODY: 
Abstract Body: Adenosine triphosphate (ATP), commonly produced in mitochondria, is required by almost all the living
organisms. As the “molecular unit of currency”, ATP provides primary energy for cellular processes. Meanwhile, ATP
functions as a signaling molecule for regulating cell movement, neurotransmission, and ion channels. Mitochondrial
ATP not only plays a central role, but also as a control parameter in regulating the cellular energy status for metabolic
activities in healthy and diseased states. Thus fluorescent probes for monitoring mitochondrial ATP levels fluctuation
are essential and highly desired. Herein, a novel strategy to design fluorescent probes for ATP imaging was reported
(Figure 1A). It was clearly demonstrated that a multisite-binding switchable fluorescent probe, ATP-Red 1, could
selectively and rapidly respond to ATP at intracellular concentration range (Figure 1B-E). Live-cell imaging indicated
that ATP-Red 1 mainly localized to mitochondria with good biocompatibility and membrane penetration (Figure 1F). In
particular, with the help of ATP-Red 1, we successfully observed not only the decreased mitochondrial ATP levels in
the presence of KCN and starvation state (Figure 1G), but also the increased mitochondrial ATP levels in the early
stage of cell apoptosis (Figure 1H). These results confirmed that this ATP sensor can work as an excellent fluorescent
indicator for detecting mitochondrial ATP, which holds potential to elucidate ATP’s contribution to physiological states
on molecular level. Furthermore, this work demonstrated the practicality and effectiveness of multisite-binding strategy
for designing ATP probes, which provides a novel method to design the nucleoside polyphosphates probes.
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TITLE: Synthesis of a novel tricyclic fluorophore, nitriloanthracenone, for the development of near-infrared caged
imaging agents
PRESENTER: Michael Chiorazzo
ABSTRACT BODY: 
Abstract Body: Targeted activatable fluorophores offer the potential to provide functional imaging of disease states. A
common design of activatable fluorophores consist of constructs which incorporate a fluorophore and a quencher,
which when bound together is rendered dark, and only becomes fluorescent when the fluorophore and quencher are
spatially separated.1,2 Recently, the use of functional caged fluorophores have been of increased interest. In this
approach, fluorophores are chemically quenched through the conjugation of a resonant active functional group, such
as a hydroxyl or amine. This results in highly efficient quenching of fluorescence and eliminates the need for bulky and
often unstable quencher groups. Designs of this category can be found targeted towards β-galactosidase,
phospholipases, sulfatases, phosphatases, reactive oxygen species, and light-activation.3-8 The major limitation of
this design is that the pool of fluorophores which can be functionalized through caging absorb and emit light at
wavelengths in the visible spectrum. For the practical application of caged fluorophores to in vivo biological imaging,
near-infrared fluorescence (NIR) emission is needed. This region of the electromagnetic spectrum has reduced
absorption from hemoglobin and water allowing for maximum penetration of light.9 
 
Here we describe the synthesis and early characterization of nitriloanthracenones for the development of near-infrared
caged fluorophores. Using an anthracene backbone, we examined the effects of nitrilo substitution on fluorescent
emission. We devised a four step synthetic scheme designed to incorporate a nitrilo group into an anthracene
derivative which contains a resonant active hydroxyl allowing for esterification and fluorescence caging.
Nitriloanthracenone was purified and determined to have an excitation of 650 nm and an emission maximum at 680
nm, but with a prominent shoulder of about 50% intensity which extended out to 750 nm. The large Stokes shift in this
fluorescence profile along with the extended emission wavelength into the near-infrared makes the
nitriloanthracenones an excellent platform for the design of NIR caged activatable fluorophores.
 
1Mawn, T. M. et al. (2011) Bioconjugate Chem. 22, 2434−43.
2Weissleder, R. et al. (1999) Nat. Biotechnol. 17, 375-378.
3Warther et al. (2010) J. Am. Chem. Soc. 132, 2585-90.
4Beatty, K.E., et al. (2013) Proc. Natl. Acad. Sci. U.S.A. 110, 12911-6.
5Setsukinai, K., et al. (2002) J. Biol. Chem. 278, 3170-75.
6Tung, C., et al. (2004) Cancer Res. 64, 1579-83.
7Chiorazzo, M.G., et al. (2015) Bioconjugate Chem.26, 2360-70.
8Leira, F., et al. (2000) Toxicon. 38, 1833-44.
9Weissleder, R. (2001) Nat. Biotechnol. 19, 316-17.
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Figure 1. Spectral properties of nitriloanthracenones.  A) The addition of a nitrilo moiety to an existing tricyclic
fluorophore induced an 80 nm bathochromic shift in the final product.  B) Fluorescence (excitation 650 nm) results in
fluorescence maximum at 680 nm and a large shoulder that persists to 750 nm, suitable for in vivo NIR imaging.



CONTROL ID: 2493426
TITLE: PET imaging of brown adipose tissue with a peptide-64Cu complex
PRESENTER: Jing Yang
ABSTRACT BODY: 
Abstract Body:  
Abstract: Brown adipose tissue (BAT) has recently been intensively investigated and considered to be a “good fat” due
to its function in maintaining the energy balance of the whole body. Although several methods are available for
imaging BAT, their limitations suggest that new methods are still desirable. PET imaging with 18F-FDG is currently the
most used method, however, it is highly dependent on the level of BAT activation.  In this report, we demonstrated that
a 64Cu complex with amyloid beta fragment YEVHH could be used for visualizing BAT. In addition, we also found that
64Cu-YEVHH could be used for monitoring BAT activation after cold exposure in mice. The signal from the animals
treated with cold was about 1.77-fold higher than that from the control group.
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CONTROL ID: 2496129
TITLE: Brain 18F-FDG PET in C9orf72 related amyotrophic lateral sclerosis: hypometabolic thalamus as characteristic
phenotype
PRESENTER: Angelina Cistaro
ABSTRACT BODY: 
Abstract Body: Purpose: To assess the value of 18F-2-fluoro-2-deoxy-D-glucose (18F-FDG) PET as a functional
biomarker to discriminate the genetic form of amyotrophic lateral sclerosis (ALS) from the sporadic one.
Methods: Twenty-nine ALS patients carrying a GGGGCC hexanucleotide repeat expansion in the C9orf72 gene were
divided in two sub-groups, with similar demographic profile but different in neuropsychological evaluation. The first
group (n=16) did not show cognitive deficit (C9orf72-ALS without cognitive deficit), the second one (n=13) had
comorbid cognitive deficit (C9orf72-ALS with cognitive deficit). The metabolic status of the two groups was compare
with those of 40 neurologically normal controls, 29 sporadic ALS patients without mutation and without comorbid
frontotemporal dementia (sALS) and 12 sporadic ALS patients with frontotemporal dementia (sALS-FTD). All patients
underwent FDG PET within 14 months from symptomatology onset.
Results: Both subgroups of C9orf72-ALS patients compared to controls and sALS patients showed significant
hypometabolism in the pulvinar, medial dorsal nucleus and ventral anterior nucleus of thalamus. The subgroup of 16
C9orf72-ALS patients with cognitive defict compared with 12 sALS-FTD patients also showed significant
hypometabolism in the pulvinar, medial dorsal nucleus and ventral anterior nucleus of thalamus.
Conclusions: ALS patients with the C9orf72 hexanucleotide repeat expansion showed a significant hypometabolism in
thalamus areas. This FDG PET functional pattern could represents a possible distinct phenotype of presentation of
ALS disease related with C9orf72 gene mutation.
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CONTROL ID: 2500676
TITLE: Neural Basis of the Association between Depressive Symptoms and Sleep Quality: Resting-State fMRI Study
PRESENTER: ZiYuan Li
ABSTRACT BODY: 
Abstract Body: Depression and primary insomnia (PI) are associated with amygdala structural abnormalities.
However, the amygdala functional connectivity (HFC) similarities and differences related to these syndromes when
they occur alone or coexist are unclear. Resting-state functional connectivity MRI (R-fMRI) technique was used to
measure left and right AFC in 80 elderly participants (depression [n = 20], PI [n = 20], depression with comorbid PI [n
= 20], and healthy controls [n = 20]). The main and interactive relationships of depression and PI on the AFC networks
were determined, after controlling for age, gender, education and gray matter volumes. The effects of depressive
symptoms and sleep quality on the amygdala functional connections also were assessed. While increased and
decreased left and right AFC with several cortical and subcortical structures involved in mood regulation were related
to depression, PI was associated with globally diminished connectivity. Significant depression – PI interactions on the
right AFC networks were seen in the brain regions critical for emotion processing and higher-order cognitive functions.
In the interactive brain regions, depression and PI were associated with diminished amygdala functional connections,
whereas the comorbid group demonstrated enhanced connectivity. Main and interactive effects of depressive
symptoms and sleep quality were also associated with bilateral AFC network abnormalities. In conclusion, these
findings indicate that discrete amygdala functional network abnormalities are associated with depression and PI when
they occur alone. However, when these conditions coexist, more pronounced vulnerabilities of the amygdala networks
occur, which may be a marker of disease severity and impending sleep quality. By utilizing R-fMRI technique, this
study provides novel insights into the neural mechanisms underlying depression and primary insomnia in the
functional network level.
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TITLE: Imaging of tumor-associated system Xc

- activity with 18F-fluoropropylglutamate (FSPG) PET/CT for
intracranial malignancies
PRESENTER: Ida Sonni
ABSTRACT BODY: 
Abstract Body: Introduction:
The glutamate-cystine exchanger system Xc

- is an emerging target in oncology, mediating oxidative stress in cancer,
providing an additional growth advantage for a variety of tumors, including those in the brain, and has been associated
with higher-grade tumors. System Xc

- activity can be non-invasively visualized by means of the novel PET
radiopharmaceutical 18F-FSPG. The aim of this study was to investigate the utility of 18F-FSPG PET/CT in the
evaluation of intracranial malignancies.
 
Methods:
Patients with primary brain tumors or brain metastases were recruited. 18F-FSPG (8 mCi) were injected intravenously.
A dynamic PET/CT brain scan was acquired 0-30 min post-injection followed by a whole-body scan 60 min post-
injection. Standard-of-care 18F-FDG PET/CT for some patients and MRI scan for all patients were also acquired. The
PET images were visually and quantitatively assessed and compared with other available imaging and pathology
information.
 
Results:
Twenty-four patients with primary brain tumors (16) or brain metastases (8) have been studied to date. Our
preliminary data show low uptake of FSPG in healthy brain parenchyma (SUVmax 0.3±0.1). The dynamic images
show increasing concentration of FSPG over the first 30 minutes in the brain lesions, and decreasing uptake in
background tissues. At a preliminary analysus, different lesions seem to have different pattern of 18F-FSPG uptake on
the dynamic scan. At 60 minutes post-injection, FSPG uptake in suspected lesions had an SUVmax of 7±6.4. In most
cases, lesions seen on MRI showed prominent 18F-FSPG uptake. However, there were also some instances of
discrepancies between the FSPG and MRI findings. Clinical follow-up and pathology evaluation, as well as recruitment
of more patients is ongoing.
 
Conclusions:
18F-FSPG is a potentially useful PET imaging agent for the detection of residual/recurrent disease in the brain in
settings where MRI alone is not definitive or discriminant, and can inform about system xC- levels and intracellular
glutamate concentrations.
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65 year-old woman (Pt. 3) with NSCLC with brain mets, post whole brain irradiation. Recent MRI (left) showed a small
stable lesion anteriorly and a growing lesion more posteriorly. FDG PET (middle) shows no uptake above background
in either lesion. FSPG PET (right) shows low uptake in the anterior lesion (SUV 1.4), and prominent uptake in the
more posterior lesion (SUV 7.5). The latter was subsequently biopsy proven to be recurrent adenocarcinoma. The
pattern of FSPG uptake of the two lesions on the dynamic scan is different.



CONTROL ID: 2493214
TITLE: Functional assessment of prefrontal lobes in patients with major depression disorder using 3D-ASL and 18F-
FDG PET/CT: a comparative analysis 
PRESENTER: Chang Fu
ABSTRACT BODY: 
Abstract Body: Objective: to explore the cerebral blood flow (CBF) of 3D-ASL and the standardized uptake value
(SUV) of 18F-FDG in the prefrontal lobe of patients with major depression disorder (MDD), and analyze their
correlations with patients' depressive symptoms.
Methods 3D arterial spin labeling (ASL) and 18F-FDG positron emission tomography/computed tomography (PET/CT)
were performed in 17 MDD patients and 16 healthy controls under the resting state. The depressive symptoms were
classified into seven factors using Hamilton depression rating scale. Regional cerebral blood flow (CBF) and
standardized uptake value (SUV) were compared between the patients and healthy controls using a two-sample t-test,
and the correlation between the CBF and SUV with the patient Hamilton scores was examined using Spearman
analysis.
Results: Decreased regional CBF values were present in the bilateral middle and the right superior frontal gyrus in
patients, and decreased regional SUVs was observed in the bilateral superior, middle and inferior frontal gyrus,. The
significant correlation between the CBF and SUV values with the patients’ Hamilton scores was mainly observed in
the left middle, right middle and the right inferior frontal gyrus.
Conclusion: 18F-FDG PET/CT is more sensitive than ASL in identifying the functional abnormalities in the prefrontal
lobe. Decreased CBF and SUV in the prefrontal lobe closely correlates with the Hamilton Depression Rating Scale
scores. We speculate that the left middle frontal gyrus may be a key responsible functional region in patients with
MDD.
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TITLE: Live-cell imaging for transport of exosomes during cell-non-autonomous neurogenesis by exosome-delivered
microRNA using a microfluidic device
PRESENTER: Hyun Jeong Oh
ABSTRACT BODY: 
Abstract Body: Purpose: Exosomes are known to shuttle biological signals between neuronal cells, possibly by
transferring biological signal components such as mRNAs, miRNAs and proteins. Neurogenic microRNA (miRNA)
such as miR-124 or miR-9 induces neurogenesis and exosomes can mediate miRNA delivery between neuronal cells.
In this study, we found a mode of cell-non-autonomous miRNA/exosome-mediated differentiation of neural progenitor
and stem cells and visualized exosomes carrying this neurogenic miRNA from leading to neighboring cells using
microfluidic device.
 
Methods: The GFP-tagged CD63 plasmid vector was used to visualize exosomes and live-cell imaging was performed
by confocal microscopy on microfluidic device. NE-4C, neural stem cells and F11, neural progenitor cells were used to
monitor exosomes. F11 cells were stably transfected with reporter vector of pRV-effLuc/3xPT_miR-193a which
luciferase signal could be turned off by binding of miR-193a to the triplicates of miRNA binding site in the 3' UTR of
effLuc. The luciferase signals were measured using in vivo bioluminescence imaging system (IVIS) and luciferase
assay was performed. Exosomes were isolated from the conditioned media and characterized by western blot.
Transwell chambers system and microfluidic device were used to examine exosome-mediated miRNA transfer.
 
Results: The newly identified miR-193a facilitated neurogenesis in F11 cells by blocking proliferation-related target
genes. Isolated exosomes were characterized for protein markers such as CD63, TSG101. Real-time PCR results
showed that exosomes from differentiated NE-4C and F11 cells highly increased miR-193a level. Luciferase activity of
F11/effLuc-miR-193a_3×PT cells was decreased in 2.2 fold 72 h after neurogenesis. In transwell chambers and time-
lapse live-cell imaging using microfluidic device, visualized the convective transport of exosomes from differentiated to
undifferentiated cells. Individual exosomes containing miR-193a from differentiated donor cells reached the recipient
cells and was taken up by undifferentiated cells to lead them to neurogenesis, showing increased neuronal marker
expression.
 
Conclusions: In this study, we developed time-lapse live-cell imaging system for monitoring the transfer of exosomes
during neurogenesis on microfluidic device and confirmed that cell-non-autonomous differentiation to neighboring
progenitors was mediated by exosomes containing neurogenic miRNA. Our imaging system can be useful for
monitoring exosome mediated miRNA transfer in neuronal cells.
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TITLE: Biological evaluations of [3H]LRRK2-IN-1 in rodents and human brain striatum
PRESENTER: Noeen Malik
ABSTRACT BODY: 
Abstract Body: Introduction 
The genetic mutations in LRRK2 (Leucine-rich repeat kinase 2), encoded by PARK8 gene, are associated with an
increased risk of Parkinson’s disease (PD)1. In addition, LRRK2 also plays a role in cognitive impairment of
Alzheimer’s disease2. Currently, there is no good LRRK2 ligand for in vivo imaging of LRRK2. For further clinical
applications of LRRK2, it is very important to study the binding affinity of LRRK2 on human brain tissues, specifically
striatum, since striatum plays an important role in PD. In present work, [3H]-labeled LRRK2-IN-1 was prepared and
further biological evaluations were carried out.
Methods 
[3H]LRRK2-IN-1 was prepared by tritium/hydrogen (T/H) exchange with an organoiridium catalyst (Crabtree's catalyst)
in dichloromethane and by purification on reversed phase HPLC (radiochemical purity: 99%; specific activity: 40
Ci/mmol). For biodistribution, 4 mice (BALB/c, albino; avg: 30 g) were injected with 2 μCi of [3H]LRRK2-IN-1 via a tail
vein and were dissected at 45 min. Organs were weighed, homogenized and counted with a liquid scintillation counter.
For binding assays, membranes were prepared by suspending 1 g of tissues (rat kidney, rat brain) in Tris-buffer, and
were homogenized, centrifuged and resuspended in cryomedium. The human brain striatum tissue (2.65 ng/mL) was
prepared in a similar way. In addition, stock solutions of radioligand (10 nM) and cold (unlabeled) parent drug (50 nM)
were prepared, along with a further series of dilutions of cold drug. In a 96-well plate, 150 μL of tissue, and 50 μL of
each cold drug and radioligand were added in each well, and a filtration binding was carried out later using (GF/C
filters) in a 96-well filtermat harvester. After further processing, the filter was enclosed in a cassette for scanning in a
liquid-scintillation counter (Packard, Tricarb, 2900).
Results 
Results from biodistribution studies in mice: % ID /g of [3H]LRRK2-IN-1 was 0.04±0.02 in the brain; while in kidney the
% ID /g was 25±2.5 (Fig.1a). However, based on the binding assay, the Log IC50 (M) for human brain striatum tissue
was -7.93 (i.e., IC50 (human striatum) = 20 nM; consistent with the value reported in literature3), whereas in rat kidney
Log IC50 was -7.45 (i.e., IC50 (rat kidney) = 35 nM) (Fig.1b). The fact that [3H]LRRK2-IN-1 showed negligible binding
in rat brain tissue whereas good binding in human striatum, suggesting differences in binding affinities between
species.
Conclusion 
In the biodistribution studies, the relative levels of [3H]LRRK2-IN-1 uptake in various mouse tissues were consistent
with the known LRRK2 density. [3H]LRRK2-IN-1 showed high binding affinity in human brain striatum, consistent with
reported in literature3. [3H]LRRK2-IN-1 should prove useful as a research tool to determine the target engagement
using ex vivo autoradiography. For further clinical applications, more biological evaluations will be performed so that
the structure of LRRK2-IN-1 can be modified as potential PET-tracers.
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Fig.1: 1a) Biodistribution of [3H]LRRK2-IN-1 in mice, 1b) Specific binding of [3H]LRRK2-IN-1 with rat kidney and
human brain striatum tissues



CONTROL ID: 2501164
TITLE: Monitoring HDAC class IIa activity in the brain after single prolonged stress using noninvasive PET imaging
with 18F-TFAHA.
PRESENTER: Juri Gelovani
ABSTRACT BODY: 
Abstract Body: Posttraumatic stress disorder is an incapacitating psychiatric disorder which is characterized by
exposure to a traumatic event and about 9% of the general population that experiences a traumatic event develops
PTSD and about 11-20% of military and veteran populations are diagnosed with PTSD. Emotional as well as
psychological strain even without brain injury often leads to PTSD-like conditions, including such symptoms as hyper
arousal, anxiety and anhedonia, disruption cognition, memory, and mood [1]. Trauma and stress -induced changes in
acetylation of histones involved in the mechanism of posttraumatic stress disorder (PTSD) is due to the up-regulation
of expression-activity of histone deacetylases (HDACs). Therefore, several general and isotype-specific HDAC
inhibitors are undergoing preclinical and clinical studies for treatment of PTSD. However, there is little known about
the temporal dynamics of isotype specific HDACs activity in various structures of the brain that are involved in the
mechanism of PTSD. Our previous studies demonstrated that PET imaging with 18F-TFAHA allows for quantitative
visualization of expression-activity of class IIa HDAC enzymes in the brain (predominantly HDACs 4 and 5). Upon
intravenous administration, ([18F]trifluoroacetamido)-1-hexanoicanilide (18F-TFAHA) accumulates specifically in in the
n. accumbens, periaqueductal grey, hippocampus and in the cerebellum, as the result of increased HDACs 4 and 5
expression-activity in these brain structures [2]. In the current study, we aimed to assess the spatial and temporal
dynamics of HDACs class IIa activity in the rat brain using a model of single prolonged stress (SPS). PET/CT imaging
was performed before the SPS and on different days thereafter (i.e., days 1, 2, and 7). Logan graphical analysis was
implemented to assess changes in the magnitude of 18F-TFAHA accumulation in different brain regions using muscle
as a reference tissue. Preliminary results obtained in a group of 4 rats with SPS (2 rats at baseline, 1 and 7 days post
SPS; and 2 rats at baseline and 2 days post SPS) demonstrated increased accumulation of 18F-TFAHA in the n.
accumbens, periaqueductal grey, and hippocampus at 1 day post SPS, relative to baseline levels (p<0.05). At 7 days
post SPS, the level of 18F-TFAHA accumulation in the hippocampus and n. accumbens was similar to that measured
at baseline. In contrast, no differences in 18F-TFAHA accumulation were observed at different days post SPS in other
regions of the brain (i.e., cerebellum). Immunohistochemical analyses of brain sections demonstrated a significant
hypoacetylation of several histones at 1 day post SPS, whcih is consistent with incresased activity of HDACs 4 and 5
and corraborates the results of noninvasive PET/CT imaging with 18F-TFAHA. The ongoing imaging and
neurobehavioral studies are aimed to assess various HDAC inhibitors (i.e., vorinostat, valproic acid) for therapy and/or
prevention of SPS.
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Figure 1: PET/CT images of  18F-TFAHA accumulation in the rat brain. A) baseline (before SPS); B) 1 day post SPS;
and C) 7 days post SPS. D) Increased retention of 18F-TFAHA-derived radioactivity in hippocampus 1 day post SPS
indicates the up-regulation of the HDAC class IIa activity, which returns to baseline level at 7 days post SPS.
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TITLE: Alteration of Brain Metabolism by F-18 FDG-PET/CT in Subjective Cognitive Impairment
PRESENTER: Yong-An Chung
ABSTRACT BODY: 
Abstract Body: Subjective cognitive impairment (SCI) may precede a mild cognitive impairment (MCI) stage and would
offer an earlier therapeutic opportunity than MCI would. In addition, SMI is frequently found more in women. The aim
of the current longitudinal study is to investigate changes of cognitive function in different domains and the related
changes of brain glucose metabolism in elderly women with SMI.
Clinical evaluations, neuropsychological tests, and F-18 fluoro-2-deoxyglucose positron emission tomography (FDG-
PET) scans were performed on 24 women with SCI at baseline and at the time of 24-month follow-up. Changes in
regional cerebral glucose metabolism (rCGM) and in cognitive performances were measured and the relationship
between them was assessed.
There was a significant reduction in executive function in women with SCI (mean difference in z-score: -0.21; 95% CI:
-0.39 to -0.04; p = 0.02). Significant reductions in rCGM were detected in the left superior temporal gyrus, right
posterior cingulate gyrus, left parahippocampal gyrus, right lingual gyrus, and right angular gyrus. The change of
executive function scores had a positive correlation with the percent change of rCGM at the cluster in the right
posterior cingulate gyrus (β = 0.43, p = 0.02).
The current study underlines the importance of clinical assessment of SCI in elderly patients. Further, it suggests that
patients with the symptoms of SCI need to be carefully assessed to prevent from the decline of executive function and
related hypometabolic change in the posterior cingulate gyrus.
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TITLE: Make Neurotoxic Tau Oligomers Visible in Living cells
PRESENTER: Yun Kyung Kim
ABSTRACT BODY: 
Abstract Body: Tau aggregation is an important pathophysiological hallmark in multiple neurodegenerative disorders,
collectively called tauopathies. Accordingly, great efforts have been made to investigate tau aggregation processes
and also identify the pathogenic forms of tau aggregates causing neurodegeneration. Recent evidences suggest that
soluble tau oligomers, instead of the insoluble filamentous aggregates, are responsible for the neuronal degeneration
and cognitive impairment.  The large insoluble inclusions might form as a survival strategy to quarantine the toxic
oligomers. Moreover, the toxic oligomers are the seed for native tau aggregation and propagate in a prion-like
manner. Accordingly, tau oligomers become an important therapeutic target to halt or reverse tau pathology. Though
the pathophysiological importance of tau oligomers in tauopathies, there is no reliable imaging method that can
monitor tau oligomerization in biological condition. Most of the studies on tau aggregation have been conducted in
non-physiological conditions by using purified tau or tau fragments by using aggregation inducers such as heparin. A
cell-based model that could monitor tau assembly in living cells would be a useful tool to investigate tau pathology and
to discover methods to prevent and reverse the process. In this regard, we developed a cell-based sensor that
visualizes tau self-assembly. By introducing bimolecular fluorescence complementation (BiFC) technique to tau, we
were able to achieve spatial and temporal resolution of tau-tau interactions in a range of states, from dimers to
compact aggregates. Under basal conditions, tau-BiFC cells exhibited little fluorescence intensity, implying that the
majority of tau molecules exist as monomers. When tau hyperphosphorylation was induced by forskolin or okadaic
acid, intracellular BiFC fluorescence increased dramatically, suggesting increased level of tau oligomerization. As an
indicator of tau aggregation, our BiFC sensor would be a useful tool for investigating tau pathology.
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TITLE: LINE-1 EXPRESSION IN RAT BRAIN MODULATED BY DNA METHYLAION
PRESENTER: Somnath Mukherjee
ABSTRACT BODY: 
Abstract Body: Objectives: LINE 1 is an autonomous, non-LTR retrotransposon and the L1 retrotransposons constitute
around 17%, of the human, mouse and rat genomes respectively. Under normal physiological conditions, the
retroelements remain by and large transcriptionally silent but are activated in response to biotic and abiotic stress
conditions. Our objectives were to study the transcriptional expression of L1Rn elements in different brain regions and
correlate with corresponding DNA methylation levels.
Methods: Real time PCR analysis using RNA isolated from various brain regions and various tissues from old and
young wistar rats was carried out to determine the change in L1 transcripts. DNA methylation assay was performed
using COBRA method..
Results: There was no significant change in the expression of L1Rn in various brain regions of 2 month old and 18
month old rats except cerebral cortex.
Conclusion: In conclusion, the degree of hypomethylation in promoter CpG islands in LINE-1 repetitive sequences do
play essential role in LINE-1 element expression. Besides tissue specific factors do play pivotal role in LINE-1
expression.
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TITLE: A Flexible Four-channel Phased-array for Rat Cerebral Nervous System Imaging in 7T MRI
PRESENTER: Po-Jung Sung
ABSTRACT BODY: 
Abstract Body: Introduction:  
Brain and spine have been popular regions to explore in functional and pathological studies. Hard-board coils were
usually used to acquire rat’s images in spite of the neck’s physiological curvature. Such configuration leaves a gap
between the neck and coil, resulting low signal-to-noise ratio of cervical spine images. On the other hand, flexible coils
can compactly fit the rat’s body and improve the magnetic coupling and image SNR. The purpose of this study is to
build a flexible phased-array coil with a higher SNR than single channeled hard-board coil [1]. The four-channel
phased-array coil will be able to cover the rat’s brain and caudal spine, which is favorable for the research of
connectivity between brain and spine.
 
Materials and Methods: 
The phased-array coil was constructed with four aligned elements, with each circular element of 1.8cm radius, and a
total length of 10cm. The elements overlap and preamplifiers (noise figure: 0.5 dB; gain: 28 dB) [2] were utilized as
decoupling mechanism. Figure 1a shows the structure of array coil. A (λ/2) cable was connected between coil and
preamplifier, and several baluns were welded on the cable to prevent electromagnetic interaction [3]. All MR
experiments were conducted in 7T MRI (Bruker, Germany). The Sprague Dawley rat was anesthetized and scanned
by MRI using fast spin-echo sequence with following parameters: FOV=10cm×5cm, TR/TE=2500/33ms, Matrix
size=256×128, Average=4. To demonstrate the capability of flexible coil, the rat images were taken by the array coil
with two methods: 1. Coil was well-fitted to the rat’s body (figure 1c). 2. Coil was non-fitted to rat’s body, leaving a gap
of 0.5cm between the coil and rat.
 
 
Results and Discussion: 
Figure 1d shows the image acquired by non-fitted method and figure 1e shows the image obtained by well-fitted
method. The SNR of cervical spine in figure 1d and 1e were 55 and 70 respectively. It shows that with compact
placement of coil, the SNR is 1.3-fold higher. The empirical result was slightly lower than the theoretical value of 1.5-
fold according to Bio-Savart Law [3].
 
Conclusion:  
To conclude, we successfully fabricated a 4-channel flexible phased-array coil and compared the images taken with
two placement methods. The well-fitted configuration cervical spine image has 1.3-fold higher SNR, showing the
flexible array coil could be applied on future DTI or fMRI research.
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Figure 1. (a) Four-channel phased-array coil and preamplifiers. (b) Rat on experiment platform and its neck curve
down. (c) Flexible coil (dashed line) can be bended to fit the rat’s neck. (d)(e) Images acquired by non-fitted placement
and formfitting placement of coil respectively. The red lines indicate the position of each element.
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TITLE: Non-invasive measurement of delayed nerve damage in a hypoxic-ischemic encephalopathy rat model using
15O-labeled gas positron emission tomography and magnetic resonance imaging system
PRESENTER: Makoto Yamazaki
ABSTRACT BODY: 
Abstract Body: OBJECTIVES: Hypoxic-ischemic encephalopathy (HIE) is caused by an abnormality in oxygen
metabolism during the perinatal period. Understanding the pathophysiological progress of HIE that leads to
irreversible tissue damage, which can vary among individuals, is important for the development of effective therapies.
The objective of this study was to measure delayed nerve damage resulting from HIE in a small animal model using
our new non-invasive 15O-labeled gas PET/MRI system, which allows repeated long-term estimations. METHODS:
To create animal model of HIE, nine Wistar rats (mean weight = 31.4 ± 1.8 g; age = 21 days) were subjected to their
left common carotid artery; ligation and exposed to a gaseous mixture (O2: 8%, N2: 92%) for 80 min. MRI scans were
performed to obtain T2W, FA, and ADC images. PET scans were performed by the three-step autoradiography
method while spontaneously inhaling 15O-CO, 15O-CO2, and 15O-O2 on days 0, 1, 2, 7, and 41 after HIE onset. The
following parametric images were obtained: cerebral blood volume (CBV), cerebral blood flow (CBF), oxygen
extraction fraction (OEF) and cerebral metabolic rate of oxygen (CMRO2). Arterial input function was determined from
the concentration of radioactivity in a left ventricle on a PET image to quantify the parametric images without blood
sampling. CBF and CMRO2 images were superimposed with the T2W image to obtain anatomical information. On day
41, the correlation between the volume of the damaged region on the CMRO2 PET/MRI image and the deficit volume
observed on a brain section was evaluated. RESULTS: No difference in CBV was observed between the normal and
affected side over the 41 days. CBF on the affected side decreased to 0.43 ± 0.12 ml/g/min on day 0 and stabilized to
the value of the normal side from day 1 until day 7. However, by day 41, CBF on the affected side decreased to 0.30 ±
0.11 ml/g/min. OEF increased to 0.60 ± 0.10 on the affected side on day 0 and then gradually decreased over time. By
day 41, CMRO2 on the affected side was 1.60 ± 0.72 ml/100g/min. These results indicate that delayed nerve damage
may have been triggered since day 7. An MRI image revealed that the lesion on the affected side expanded during
day 7-41. Furthermore, the volume of the damaged region on the PET parametric image correlated with the damaged
volume on the brain section (r = 0.97, p < 0.01). CONCLUSION: We constructed a quantitative and non-invasive
PET/MRI system using spontaneous inhalation of 15O-labeled gas, which allows repeated, long-term measurements
to evaluate delayed nerve damage in HIE rat model.
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The parametric images of CBV, CBF, OEF, and CMRO2 on the affected side on days 0, 1, 2, 7, and 41 are shown.
The charts show the long-term changes of CBF and CMRO2. The differences between the normal and affected sides
were evaluated using a paired-t test (*p < 0.05, **p < 0.01). The correlation between the damaged volume measured
on a pathological brain section and the damaged volume measured on the CMRO2 image on day 41 is also shown.
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ABSTRACT BODY: 
Abstract Body: The objective of this study was to assess the biodistribution and kinetics of a 124I-labeled exogenous
protein in the brain of Cynomolgus monkeys after intranasal administration using a commercial nasal administration
device. Due to the potential neuroprotective and neuroregenerative effects of this compound it was important to
determine the success of the intranasal administration into the brain and the route of its biodistribution for use as a
potential therapy administration procedure. Following radiochemistry development to radiolabel the protein at the
required specific activity and mass dose and testing of the final formulation in the delivery device, four female
Cynomolgus monkeys received an intranasal administration of 0.5 mCi 124I-protein (400 µg) in 2 actuations per nostril
(200 µl total volume). Immediately after administration a focused brain scan was acquired for 225 minutes, followed by
a whole body PET scan and a whole body CT for anatomical registration. The focused PET scan was acquired in list
mode and was binned into 45 x 5 minute frames. Focused and whole body scans were also acquired at 24 hours post-
administration. Upon review of the results from the first two monkeys, the administration technique was improved on
advice from the commercial device manufacturer to improve the delivery of the dose to the upper nasal epithelium with
changes being made to the time between administration, the angle of administration and the position of the device in
the nostril. In addition, autoradiography was performed on the brain of one monkey following the 4 hour time point.
Regions of interest (ROIs) were drawn in the upper nasal cavity, throat and thyroid and a 45-region Cynomolgus brain
atlas was registered to the data to quantify uptake brain regions. For whole body analysis, ROIs were drawn in the
liver, kidneys and pancreas. Quantitative 124I autoradiography was performed with 52 slices and 40 µm slice
thickness in a sagittal section of the brain encompassing the area between both eyes. Based on a qualitative analysis
of the PET images, any visible brain uptake was below the detectable range of the PET/CT system. A quantitative
comparison of the brain signal at 0 and 24 hours showed signal in the brain (approximately 4% injected dose) of which
over 90% was cleared by 24 hours, though it should be noted that the high signal in the nasal cavity may also have
affected the accuracy of PET quantitation. Autoradiography was performed to confirm the uptake in the brain and
clearly showed signal in the lateral ventricles, indicating transport of the 124I-protein across the cribriform plate into
the CSF. On slices containing both the brain and delivery site, uptake in the brain may have been masked by the high
saturating signal from the nasal cavity. In vivo imaging is a useful technique to evaluate the success of an intranasal
administration and provides information on the kinetics of brain and whole body uptake over the 24 hour period.
Autoradiography is a valuable complementary assay to confirm that the brain signal detected by quantitative analysis
is real.
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Autoradiography images of the signal visible in the brain of Cynomolgus Macqaques after intranasal administration.
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TITLE: Degradation of Alzheimer’s Amyloid-β in vitro Using Intramolecular Irradiation and Photodynamic Induction of
Singlet Oxygen
PRESENTER: Yi-An Chen
ABSTRACT BODY: 
Abstract Body: Purpose: Alzheimer’s disease (AD) is the most common cause of dementia. Accumulation of
extracellular Aβ plaques in the brain is unique to AD and thought to induce synaptic deficits, neuronal alterations and
neurodegeneration. Thus, reducing the level of aggregated Aβ may be a promising therapeutic strategy for AD. Since
the radicals and electrons generated from photodynamic and irradiation therapies for cancer provide high efficient
effect without harming surrounding tissues, the same concept may provide clue for treating AD, a protein misfolding
disease. In our study, we choose rose bengel (RB) as the photo-sensitizer for degrading the aggregation of Aβ due to
potential binding of Aβ by RB, which exhibits 4 iodines. This study aims to test whether Auger electron and singlet
oxygen generated from intramolecualr irradiation and photodynamic induction respectively can degrade Aβ
aggregation.
Method: To prepare the “plaque in the dish”, in vitro Aβ42 aggregation were monomerized using human Aβ42
peptides following the manual procedure. The aggregation states of Aβ42 were characterized in structural analysis by
transmission electron microscopy (TEM) and in functional analysis by neurotoxic assay. To study whether Auger
electron can break the Aβ aggregation, Aβ aggregates were treated with various concentrations of RB combined with
35keV of X-ray irradiation. On the other hand, to examine the effect of photo-excited RB on Aβ aggregation, various
concentrations of RB were added followed by white light-emitting diode (LED) illumination before/after Aβ42
aggregation was formed. Subsequently, thioflavin T spectroscopic assay, native gel electrophoresis and transmission
electron microscopy (TEM) were performed to observe the changes of Aβ aggregates.
Results: The result showed that Auger electron generated from the combination of RB and X-ray irradiation was able
to degrade the Aβ aggregation significantly, as demonstrated by decreased signal in thioflavin T spectroscopic assay
and native gel electrophoresis. Similarly, the photo-excited RB (the concentration of 10μM) exhibited much stronger
degradation on Aβ aggregation than RB under dark conditions.
Conclusion: Both Auger electron and singlet oxygen can break the Aβ aggregation effectively. Therefore, combination
of rose bengal and X-ray irradiation/LED illumination may be a potential strategy to treat amyloid-β pathology in
Alzheimer’s disease.
AUTHORS (LAST NAME, FIRST NAME): Chen, Yi-An3; Ke, Chien-Chih1; Liu, Ren-Shyan2

INSTITUTIONS (ALL): 
1. National Yang-Ming University, Taipei, Taiwan.
2. Dept of Nuclear Medicine, Faculty of Medicine, National Yang-Ming University, Taipei, Taiwan.
3. National Yang-Ming University, Taiwan, Taipei , Taiwan.
(No Image Selected)



CONTROL ID: 2500599
TITLE: Ex vivo Rat Brain Lithium-7 Magnetic Resonance Imaging at 17T
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ABSTRACT BODY: 
Abstract Body: Introduction 
Lithium (Li) is the leading treatment for relapse prevention in patients suffering from Bipolar disorder (BD). However,
its mechanisms of action and transport across the BBB remain poorly understood. So far, 7Li-MRI studies have been
limited by the low sensitivity of the Li nucleus. In order to overcome this hurdle, we decided to work at 17T to image
the intracerebral lithium distribution in the rat brain ex vivo and to compare our results to measures of Li obtained from
brain extracts using inductively coupled plasma-mass spectrometry (ICP-MS).
Methods 
Li Treatment. Ten Sprague-Dawley rats were treated with Li2CO3 solutions (4 at 800mg/L and 6 at 1200mg/L) for 28
days [1]. At D28, plasma Li concentrations were measured and the animals were sacrificed, underwent
exsanguination and their brains were fixed using a 4% PFA perfusion. After a brief storage in a 4% PFA solution at
4°C, each brain was rehydrated by immersion for 24h in a PBS solution.
7Li-MRI. 7Li data were acquired at 17T (Bruker, Germany) using a home-made dual-resonance 1H/7Li surface coil. In
addition to 3D T2*-weighted 1H MRI for anatomical reference and few non-localized spectra for calibration of the 7Li
channel reference power, 3D T2-weighted 7Li images were acquired using a RARE sequence (TE/TR=54/4000ms,
resolution 2x2x4 mm3) for 36 hours. T2 and T1 relaxation times were investigated using respectively a CPMG and a
progressive saturation approach.
ICP-MS. After 7Li-MRI, brains were removed from the skull and sectioned in six separate fragments: olfactory bulbs
(OB), cerebellum (CB), brainstem (BS), frontal cortex (CxF), parieto-occipital cortex (CxPO) and diencephalon (DE).
Lithium quantification of the dried and digested samples was performed using ICP-MS (Elan DRCe Perkin Elmer,
Courtaboeuf) by standard addition calibration.
Image analysis. Quantification of the Li content was obtained by correcting for the inhomogeneous excitation and
reception profiles using a mathematical model derived from a reference image of a Li gel phantom (10mmol/L in
agarose 4%). Differential T1 and T2-weighting were accounted for. 1H and 7Li images were co-registered and a ROI
analysis was performed to estimate the average Li concentrations in the aforementioned brain areas.
Results 
As illustrated by Fig. 1, 7Li MRI exhibited rather good sensibility despite the modest lithium content (from 0.1 to 1.4
mmol/L). Moreover, our quantification approach was able to efficiently correct for the severe coil inhomogeneities
allowing us to match the ICP-MS measurements (Fig. 2, R2=0.91). The overall 20% discrepancy could be explained
by slight errors in our mathematical model and differences between our ROI and the tissue samples prepared for ICP-
MS.
Conclusion 
These results demonstrates that ex vivo 7Li-MRI at 17T can be used to investigate lithium brain distribution in rats.
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Figure 1. Ex vivo raw (left) and corrected (right) 7Li MR images of a rat brain at 17T. 7Li MRI were interpolated at the
resolution of the anatomic image for visualization.  Figure 2. Comparison of Li concentrations measured using 7Li MRI
vs ICP-MS.
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ABSTRACT BODY: 
Abstract Body: Amyotrophic lateral sclerosis (ALS) is a debilitating neurodegenerative disorder resulting from
progressive motor neuron degeneration. This causes respiratory insufficiency, paralysis and eventual death, typically
3-5 years from diagnosis. Very few treatment options exist and cell therapies are being increasingly explored to offer
new therapeutic options for ALS patients. Human neural progenitor cells (hNPCs) can be engineered to produce
factors that reduce local inflammation or release neurotropic growth factors and help minimize or slow down the
neurodegenerative process1. A key roadblock to the clinical translation of these technologies is the inability to
noninvasively monitor cells post transplantation, with live cell specificity2. Indeed, the recent communications from the
FDA suggest this may soon become a requirement for the field3. Magnetic resonance imaging (MRI) is emerging as
an optimal modality for cell tracking due to its non-invasive nature, 3D imaging capability and full anatomic access4.
MRI-based cell tracking requires the addition of a contrast agent prior to transplantation to resolve implanted cells
from background tissue. While highly valuable for diagnostic imaging, passive contrast agents like iron oxides
(Ferridex®, Resovist®, etc.), 19F agents and transition metal complexes (gadolinium, etc.) have critical disadvantages
for cell tracking. For example, in vivo these agents can be expelled into the surrounding tissue by exocytosis or upon
cell death generating false positive signals (e.g. lack live cell specificity, LCS) resulting in confounding and inaccurate
results5. Reporter gene approaches typically are specific to live cells, but robust MRI reporter genes for cell therapies
have yet to emerge. Here we present the use of a novel magneto-endosymbiont (ME) approach to track hNPC in vivo
in a rodent spinal cord injury model using MRI. MEs were inspired by the bacterial origin of the mitochondria and
chloroplasts and are derived from magnetotactic bacteria. The results presented here demonstrate the LCS of MEs
and longitudinal imaging capacity. We hypothesize that the LCS feature of MEs arises from the immune systems
natural ability to clear bacteria relative to the various synthetic compound contrast agents. In vitro studies characterize
the ME tagging efficiencies, cell toxicity and evaluate potential adverse effects to differentiation markers of hNPCs.
Finally, safety and toxicology studies in rodents are presented, which show that, at biologically relevant doses, MEs
are well tolerated providing an encouraging foundation for translation. Once fully developed, MEs could be a critical
companion to various cell therapies providing vital information about the location and viability of cells post
transplantation.
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TITLE: Insights into intrahippocampal networks using Magnetic Resonance Microscopy at 7 T
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ABSTRACT BODY: 
Abstract Body: Introduction: Organotypic hippocampal slice cultures (OHSC) are a well-established neuronal culture
system that combines the advantages of cell culturing with a neuronal network tightly reflecting the in vivo state in an
isolated system as a supplement to in vivo animal studies1. Our aim is to investigate morphological, chemical and
connectivity changes during epileptogenesis using high spatial resolution MR microscopy, whose non-invasiveness
allows continuous longitudinal monitoring in a three-dimensional system2. Here we show first results of high-resolution
structural imaging of OHSC under the required conditions using a home-built incubation platform to resolve
hippocampal cytoarchitecture in the early state3,4.
Methods: A commercially available mousehead two-element quadrature cryogenic coil system with a 7 Tesla Bruker
BioSpec 70/20 small animal scanner (bore size = 20 cm, maximum gradient amplitude = 676 mT/m) was used to
adapt MR pulse sequences with respect to OHSC imaging. A mini-incubations platform was built fullfilling all needs for
a fluid work flow with OHSC. Up to now, three home-built mini-incubation devices including three OHSC each (p-4,
one week in culture, 150 µm thickness) were examined. Multi-slice 2D gradient echo sequences were applied with: TR
= 300 ms, TE= 13,3 ms, flip angle = 50°, NEX = 32, resolution 33×33×150 μm3 obtained in 1h 12min. The neuronal
cytoarchitecture was subsequently compared to optical microscopy of histologically stained tissue sections. The
cultures were negatively tested on contaminations to guarantee sterile handling.
Results and Discussion: The mini-incubation chamber is a fitting tool for experiments in a horizontal bore animal
system (Figure 1 LEFT). We were able to measure living OHSC over several hours without contaminating them. The
workflow correlates to standard lab rules. The morphological MR images reliably reveal structural characteristics and
identify the main neuronal cell layers (cornu ammonis: CA, granule cell layer: GCL). The results were successively
compared to the corresponding immunostainings (Figure 1 RIGHT).
Conclusion: The first proof-of-principles-measurements were shown as a basis for a series of new experiments. The
ability to, in parallel, study at high spatial, chemical, and temporal resolution the onset and evolution of epilepsy, is
essential for the optimized placement of diagnostic and therapeutic devices, including invasive technical systems that
co- influence the neural tissue.
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Figure 1: LEFT MR compatible home-built incubation setup fixed on a commercial animal bed sustaining controlled
gas atmosphere (O2/CO2) and in vitro cell culturing conditions. RIGHT Proof of principle results of an OHSC;
morphological GRE image (A) and the corresponding immunohistochemical staining (B) where DAPI is the
counterstain of all cellular nuclei providing a structural overview. Scale bar 500 µm.
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TITLE: GABAa receptor activity alterations revealed in a mouse model of early moderate prenatal ethanol exposure
using [18F]AH114726
PRESENTER: Van Nguyen
ABSTRACT BODY: 
Abstract Body: Prenatal ethanol exposure (PEE) is associated with a range of physical and mental deficits in the
offspring1. Ethanol can alter the activity and function of a number of membrane-bound proteins in the brain, one of
which is the ligand-gated ion channels GABAa receptors2. PEE studies in animals using high dose ethanol exposure
have reported the upregulation of GABAa receptors in distinct brain regions3.
[18F]AH114726 is a GABAa receptor antagonist that has a high affinity for the benzodiazepine-binding site (Ki =
5.5nM). [18F]AH114726 is a novel flumazenil analogue which has been synthesized with high yields (>15% non-
corrected). This study is the first to target GABAa receptor activity in vivo in a mouse model of early and moderate
PEE. We hypothesized that this exposure would also cause subtle but detectable changes in GABAa receptor activity
in the mouse brain.
Pregnant C57Bl/6J mice were given free access to 10% v/v ethanol from gestational day 0-8, equivalent to the first 3-4
weeks of human gestation. Peak maternal blood ethanol concentrations in this model are estimated to be 100mg/dl4.
Adult male offspring (postnatal day 140, Ncontrol = NPEE = 3) were used for PET/MRI imaging. [18F]AH114726
(approximate dose of 10MBq in 200 µl) was injected to isoflurane-anesthetized animals via the tail vein.
PET and MRI data (Fig1A) were simultaneously acquired on a Bruker 7T ClinScan interfaced to a Siemens VB17
console with a PET insert interfaced to an Inveon Acquisition Workplace (IAW) console. PET data were acquired over
30 mins and reconstructed with Ordered Subset Expectation-maximization 2D (OSEM2D) in IAW. The dynamic tracer
uptake was calculated post reconstruction of PET data sets into 12 frames (2 × 5 mins followed by 10 × 2 mins).
Kinetic modeling of the data was performed in Matlab using COMKAT script (comkat.case.edu) and Reference Logan
Model. [18F]AH114726 binding potentials (BPs) were calculated from the co-registered PET/MRI images for various
brain regions, including the frontal cortex, cerebellum, striatum, hippocampus, hypothalamus, olfactory bulbs, pons
and thalamus, using cervical spinal cord as a reference region as it had low [18F]AH114726 uptake (Fig1B). Mann-
Whitney statistics were performed to test the differences in BPs between the control and PEE groups.
Higher BPs of [18F]AH114726 in the PEE group were seen in the hypothalamus, pons, olfactory bulbs and striatum
(Fig1C). No significant differences were observed in the frontal cortex, cerebellum, hippocampus and thalamus.
Our results indicate that early moderate ethanol exposure in utero causes abnormalities in GABAa receptor activity in
adult offspring. The higher binding potential of [18F]AH114726 to GABAa receptors in PEE animals is consistent with
the upregulation of GABAa receptors in the brain following high dose ethanol exposure in previous studies and may
be related to the cognitive and behavioural deficits seen in children with fetal alcohol spectrum disorders.
References 
1. Riley, E.P. et al 2005 Exp Biol Med, 230, 9
2. Davies, M. 2003 J. Psychiatry Neurosci., 28, 12
3. Toso, L. et al 2006 Am J Obstet Gynecol, 195, 522
4. Kaminen-Ahola, N. et al 2010. PLoS Genetics, 6, 10
AUTHORS (LAST NAME, FIRST NAME): Nguyen, Van T.1, 2; Bhalla, Rajiv1; Cowin, Gary1; Stimson, Damion H.1;
Song, Xin1; Chong, Suyinn3, 4; Jackson, Alexander5; Trigg, William5; Tieng, Quang M.1; Mardon, Karine1; Galloway,
Graham J.1, 4; Kurniawan, Nyoman D.1

INSTITUTIONS (ALL): 
1. The Centre for Advanced Imaging, The University of Queensland, Ipswich, QLD, Australia.
2. Hanoi University of Science and Technology, Hanoi, Viet Nam.
3. Mater Research Institute, University of Queensland, Brisbane, QLD, Australia.
4. Translational Research Institute, Brisbane, QLD, Australia.
5. GE Healthcare, Life Sciences, The Grove Centre, Buckinghamshire, United Kingdom.



Figure 1 (A) PET and MRI images co-registration of a control mouse; (B) Time-activity curves of 5 regions of the brain
in (A); (C) BPs of [18F]AH114726 in 4 brain regions of control and PEE mice. Statistical significance is indicated by
(*). Error bars indicate standard deviations in BPs.
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TITLE: Computed Tomography-based Direct Imaging of Cerebral Thromboemboli Using Fibrin-targeted Gold
Nanoparticles
PRESENTER: Jeong-Yeon Kim
ABSTRACT BODY: 
Abstract Body: Introduction: Computed tomography (CT) remains the most widely used imaging technique in the
diagnosis of hyperacute stroke, informing decisions on thrombolytic therapy with tissue plasminogen activator (tPA).
We aimed to develop a CT-based method to directly visualize cerebrovascular thrombi and guide thrombolytic
therapy.
Methods: Glycol-chitosan-coated gold nanoparticles (GC-AuNPs) were synthesized and conjugated to fibrin-targeting
peptides, forming fib-GC-AuNP. This targeted and non-targeted AuNPs were characterized in vitro and in vivo in
C57Bl/6 mice (n = 107) with FeCl3-induced carotid thrombosis and/or embolic ischemic stroke.
Results: Fibrin-binding capacity was superior with fib-GC-AuNPs compared to GC-AuNPs, as shown in thrombi
visualized as high density on microCT (mCT). mCT imaging using fib-GC-AuNP allowed the prompt detection and
quantification of cerebral thrombi, and monitoring of tPA-mediated thrombolytic effect, which reflected histological
stroke outcome. Furthermore, recurrent thrombosis could be diagnosed by mCT without further nanoparticle
administration for up to 3 weeks.
Conclusion: We report that fib-GC-AuNPs allow high-resolution in vivo mCT imaging of in situ carotid thrombosis and
cerebral thromboembolism in a sensitive and quantitative manner. fib-GC-AuNP-based direct cerebral thrombus
imaging greatly enhances the value and information obtainable by regular CT, has multiple uses in basic / translational
vascular research, and will likely allow personalized thrombolytic therapy in clinic.
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TITLE: Altered regional cerebral glucose utilization (rCMRglu) by acute administration of antipsychotic drugs in the rat
brain: A FDG PET study with arterial blood sampling
PRESENTER: Yoo Mi Shin
ABSTRACT BODY: 
Abstract Body: Haloperidol (HAL) and clozapine (CLZ) both block dopamine D2 receptors resulted in increased
subcortical dopamine concentration for relieving the symptoms of schizophrenia, but differences in
pharmacodynamics cause varied clinical aspects such as the presence of extrapyramidal syndrome, determining the
typicality of antipsychotic drugs. In an attempt to characterize metabolic response to typical and atypical antipsychotic
drugs, we investigated changes in rCMRglu by acute administration of HAL and CLZ using FDG PET.
Anesthetized (2% isoflurane) Sprague-Dawley rats underwent dynamic FDG PET studies after the intravenous
injection of vehicle, HAL (ED50 = 13 µg/kg) or CLZ (ED 50 = 250 µg/kg). Whole-blood input function was measured
using femoral arteriovenous shunt and a coincidence detector system during the PET scan. Additional blood samples
were withdrawn at 2, 5, 10, 30, 60 min after the scan start to calculate whole-blood to plasma radioactivity ratio.
rCMRglu in cortical and subcortical regions were estimated by Patlak graphical analysis using tissue time-activity
curves and the whole-blood to plasma ratio-corrected input function. Statistical differences of rCMRglu between drug
administration conditions were tested by Two-way ANOVA with Bonferroni post-hoc analysis.
Increased rCMRglu by the acute administration of HAL and CLZ were found across cortical and subcortical regions (F
(4, 20) = 5.6, P < 0.01) and drugs (F(3, 20) = 12.4, P < 0.01). HAL induced the highest increase of rCMRglu in the
thalamus (t = 3.486, P<0.05), followed by the hippocampus (t = 3.128, P < 0.05) compared to the vehicle. And the
greatest increase of rCMRglu by acute administration of CLZ was found in the hippocampus.
Data demonstrated that acute administration of HAL and CLZ increased rCMRglu in the rat brain and results suggest
that those antipsychotic drugs may have comparable pharmacodynamic characteristics for regional cerebral
metabolism regardless of its typicality.
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TITLE: Development and evaluation of an automated atlas-based data analysis method for dynamic microPET mouse
brain studies
PRESENTER: Yu-Shin Ding
ABSTRACT BODY: 
Abstract Body: Objectives: MicroPET imaging has been increasingly performed on mouse models for a variety of
human CNS disorders. Despite high demand, digital mouse brain atlases based on PET are still lacking. Further, most
microPET systems do not provide means of mapping mouse brain with atlas. For quantitative data analysis and
accurate anatomical localization, the development and evaluation of an automated atlas-based data analysis on
microPET mouse brain studies is presented.
 
Methods: MicroPET imaging studies were performed after injection of F-18 labeled Amyvid (a tracer for imaging
amyloid (Aβ) plaques) in isoflurane-anesthetized adult mice using Inveon PET/CT (Siemens). The list mode dynamic
PET data were collected for 30-60 min and rebinned using a Fourier rebinning algorithm. A CT scan was also
performed for attenuation correction and anatomical co-registration. A 3D digital magnetic resonance microscopy
(MRM)-based volume of interest (VOI) atlas generated from live C57BL/6J adult mouse brain was used for brain
mapping (Ma et al., 2008). Landmarks, including left and right centroids of midears and eyes (4 landmarks), were
generated on atlas template and individual mouse CT images. Co-registration of atlas, CT and PET was performed
using Firevoxel (FVX) (https://wp.nyu.edu/Firevoxel) and time-activity curves (TAC) for 20 specific 3D brain regions
were generated. For comparison, an expert in mouse neuroanatomy manually drew corresponding VOIs on PET-CT
co-registered images derived from IRW (Inveon data analysis software without atlas). The TACs thus generated via
both methods were compared. For further evaluation, the tracer uptake and kinetics in both tau and Aβ transgenic
mouse models were also compared.
 
Results: Using FVX, single step co-registration of atlas, CT and PET was accomplished in seconds (by one-button
pressing) and the TACs for specific ROIs of mouse brain were automatically generated after co-registration. In
contrast, it took an average of 15 min to manually draw a single VOI (total 5 hours/mouse for 20 VOIs) directly on CT
images using Inveon IRW without an atlas, a process that required an expert in mouse neuroanatomy. Overall, the
TACs for the corresponding VOIs derived from IRW and FVX were similar in counts and shapes. Most importantly, this
VOI atlas-based method can provide unbiased measures of radioactivity concentration from PET studies. The results
from studies of tau vs. Aβ transgenic mouse models after injection of Amyvid showed an apparent difference in the
tracer uptake and kinetics (Fig. 1).
 
Conclusions: We have demonstrated the feasibility to map mouse brain with an automated atlas-based co-registration
for data analysis of microPET brain studies using FVX. This novel time-saving data analysis methodology,
unachievable with current microPET imaging systems, will facilitate accurate assessment and spatial localization of
brain signals in mouse model studies for a variety of human CNS disorders.
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TITLE: Deep Brain Stimulation in rat: Insertional effect of the electrodes and stimulatory consequences on brain
glucose metabolism
PRESENTER: Maria Soto-Montenegro
ABSTRACT BODY: 
Abstract Body: Introduction: Deep Brain Stimulation (DBS) in medial Prefrontal Cortex (mPFC) has been suggested as
a potential treatment in depression and drug addiction (1). However, its mechanism of action remains unclear
although the mere electrodes insertion may play a crucial role (2). Thus, the aim of this work is to clarify the possible
insertional effect of the electrodes and study the effect of DBS on brain glucose metabolism.
Material & methods: Concentric bipolar platinum-iridium electrodes (Bilaney Consultants) were bilaterally implanted
targeting the mPFC [AP:+3.5 (from Bregma), ML:+0.6, DV:-3.4 (from Dura)] in 5 adult male Wistar rats. PET studies
(ARGUS PET/CT, SEDECAL) were performed before surgeries (D0, baseline), seven (D1, without stimulation) and
nine days (D2, with stimulation) after them, respectively. After 45 minutes of 18FDG uptake (i.v.), animals were
scanned during 45 minutes. DBS was applied during the 18FDG uptake of the D2 study with an isolate stimulator
(STG1004). DBS parameters were constant current of 130 Hz at 150 µA, with a pulse width of 100 µs. Differences in
glucose uptake were assessed with Statistical Parametric Mapping software (SPM12) [p-value<0.01 (uncorrected)].
Results: The electrodes presence itself produced a lower FDG uptake in subiculum-hippocampal area, nucleus
accumbens, amygdala-globus pallidus and cerebellum; as well as an increased glucose metabolism in piriform cortex,
somatosensory cortex, brainstem and thalamus compared with baseline. DBS induced a decrease in 18FDG uptake in
brainstem, retrosplenial cortex and hypothalamus; while showing a higher glucose metabolism in striatum,
somatosensory cortex and auditory cortex in contrast to D1. The combination of both effects induced a lower 18FDG
uptake in brainstem, subiculum and nucleus accumbens-amygdala area; and higher glucose metabolism in
associative-secondary motor-prelimbic cortex, somatosensory cortex, piriform cortex, brainstem and hippocampus
compared with baseline (Fig. 1).
Conclusion: Three main ideas can be drawn from our data: First, we found an electrode insertional effect on brain
glucose metabolism in sensory, motor and limbic areas one week after the surgery. Second, DBS resulted in distinct
brain metabolic changes from the mere electrodes presence effect. Finally, the simultaneous consequences of
electrode and DBS revealed a synergy between both isolated effects. In conclusion, this insertional effect must be
taken into account in the design of neuroimaging studies with small animals, since brain areas activated/deactivated
could be different in a longitudinal study –where the electrode effect is canceled– or in a transversal study –where the
electrode effect is included.
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Figure 1 –A. Voxel-based SPM results in T-maps overlaid on a T1 MR image, showing the changes in glucose
metabolism due to electrodes insertion (I), stimulation (II), and both effects (III). The color bars in the right represent
the T values corresponding to lower and higher FDG uptake. (p-value < 0.01 (unc.); k=50 voxels). B. Paired T-test
results showing the statistically significant regions. ROI: Region of interest. Hemisphere: Right (R) and Left (L). k:
cluster size, T: t value, Metabolism: Increase (↑) and Decrease (↓). p: statistical p value. [Amyg=amygdala, AsM2PrL
Cx=associative-secondary motor-prelimbic Cx, Bstm=brainstem, Aud Cx=auditory Cx, Cb=cerebellum, GP=globus
pallidus, Hipp=hippocampus, Hypoth=hypothalamus, NAcc=nucleus accumbens, Pir Cx=piriform Cx, Rst
Cx=retrosplenial Cx, Som Cx=somatosensory Cx, Str=striatum, SptHipp=septohippocampal nucleus,
Subhipp=subiculum, Th=thalamus].
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ABSTRACT BODY: 
Abstract Body: INTRODUCTION: Mesenchymal stem cells (MSC) therapy is currently under evaluation in many
clinical trials. This multipotent, heterogeneous population of cells was shown to be beneficial in animal models of
several central nervous system diseases however most of clinical studies gave inconclusive results. One of the
reasons may be inadequate migration of systemically delivered donor cells and lack of their settlement in the area of
injured brain. In order to obtain detailed information about the fate of transplanted cells it is essential to establish
reliable non-invasive technique for detection of cells in host body after grafting. The optimal tag should not be
detrimental to cell properties and characterized by long-term persistence. The main goal of our study was first, to
engineer MSC to enhance their adhesion to activated endothelium thus increasing homing to damaged areas and
second, to label them with iron oxide nanoparticles thus facilitating visualization of their biodistribution after
transplantation.
MATERIALS AND METHODS: Superparamagnetic iron oxide (SPIO) nanoparticles conjugated with rhodamine B
(Molday, BioPal)-labeled human bone marrow mesenchymal stem cells (hBM-MSC, LONZA) and unlabeled controls
were evaluated for their morphology, ability to proliferate, differentiate and produce growth factors. Furthermore,
Molday-labelled hBM-MSC were transfected with mRNA encoding ITGA4 integrin and their adhesion capacity was
assed 1) in vitro - using microfluidic assay with VCAM-1 protein-coated micro-channels and 2) in vivo - after intra-
arterial transplantation in ouabain-damaged rat brain with cell distribution and homing assessed by magnetic
resonance imaging and immunohistochemistry.
RESULTS AND CONCLUSIONS: SPIO nanoparticles conjugated with rhodamine B (Molday) are very convenient and
effective for labelling hBM-MSC (a). Importantly the marker is retained by the cells at least up to one week, and there
were no changes in proliferation activity of labelled cells, their differentiation potential, and mRNA level of growth
factors (BDNF, CNTF, EGF, GDNF, IGF, NT3, PSAP and SEM). Important advantage was a possibility to visualization
the labelled hBM-MSC in both fluorescent microscopy and magnetic resonance imaging. SPIO-labelled mRNA ITGA4-
transfected hBM-MSC revealed enhanced adhesion to VCAM-1 in vitro (microfluidic assay) as determined by higher
percentage of arrested cells and their lower average speed than their naive counterparts (b). Moreover intra-arterially
transplanted hBM-MSC were visible in injured brain hemisphere 24 and 48 hours after grafting. While there was
noticeable reduction of cell signal in the brain over time, the transfection with mRNA ITGA4 improved homing and
prolonged persistence of transplanted cells in the brain (c). Histopathology at 48 time point revealed that the
transplanted cells were inside blood vessels, thus they did not transmigrate into brain parenchyma (d). To conclude,
engineering of MSC to express ITGA4 facilitates their endothelial adhesion, and that process can be captured by
cellular MRI.
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ABSTRACT BODY: 
Abstract Body: Status epilepticus (SE) is a medical emergency associated with brain damage. Several animal models
have been developed in order to study this condition. Among these models, the lithium-pilocarpine is one of the most
used. After the SE and during the latency stage, both generalized brain hypometabolism and hippocampal neuronal
damage take place. On the other hand, the role of endogenous glucocorticoids on the epilepsy-triggered brain
impairment is still controversial. Thus both protective and harmful effects have been reported. The present work was
aimed to assess the effect of the inhibition of endogenous glucocorticoid synthesis on the brain damage markers
eventually induced by lithium-pilocarpine model in adult male rats.
To this aim, metyrapone (150 mg/kg, i.p.) a 11-beta steroid hydroxylase inhibitor that blocks stress-induced
glucocorticoid release was administrated three hours before pilocarpine injection (25 mg/kg, i.p.). We have studied the
effects on seizure behavior, brain metabolism and several histological markers.
A modified Racine scale was used to evaluate the animal seizure behavior. Metyrapone significantly reduced the
seizure behavior triggered by pilocarpine. Three days after SE the animals underwent [18F]FDG PET imaging (Albira
PET-CT dual scanner, Oncovision, Spain). Brain metabolism was assessed by standardized uptake value (SUV).
Pilocarpine rats showed a widespread reduction of the brain metabolism. Thus, e.g. in hippocampus of control rats
SUVveh+sal = 3.77±0.12 kBq/cc vs. pilocarpine rats SUVveh+pilo= 2.29±0.14 kBq/cc (p<0.001 two-way ANOVA).
Furthermore, the aforementioned short-term hypometabolism induced by pilocarpine was significantly attenuated by
previous administration of metyrapone (SUVveh+pilo= 2.29±0.14 kBq/cc vs. SUVmet+pilo=3.13±0.22 kBq/cc; p<0.05).
In addition, metyrapone did not modify the basal metabolism (SUVveh+sal= 3.77±0.12 kBq/cc compared to
SUVmet+sal=3.99±0.29 kBq/cc; p>0.05). The next day after PET animals were sacrificed in order to carry out several
histological assessments. Pilocarpine-triggered SE induced a marked neurodegeneration and reactive gliosis at the
CA areas and dentate gyrus of the hippocampus as shown by Nissl staining, Fluoro-Jade C labeling and GFAP
immunohistochemistry. Such neurodegeneration markers were greatly reduced by previous administration of
metyrapone.
These data reveal beneficial effects of metyrapone on brain impairment signs induced by lithium-pilocarpine SE model
in rats, when administrated shortly before the pilocarpine insult. Overall, these results point to inhibition of endogenous
corticoid synthesis as a potential pharmacologic strategy against the brain damage induced by SE.
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ABSTRACT BODY: 
Abstract Body: Background and Purpose: Few studies have concentrated on pyramidal tract (PY) changes after brain
stem hemorrhage (BSH). In this study, we used a diffusion tensor imaging (DTI) technique and histologic identification
to investigate longitudinal PY changes on both the contralateral and ipsilateral sides after experimental BSH.
 
Methods: BSH was induced in 61 Sprague-Dawley rats by infusing 30 μl of autogenous tail blood into each rat’s right
pons. DTI and motor function examinations were performed repeatedly on days 1, 3, 7, 14, and 28 after surgery.
Fractional anisotropy, mean diffusivity, axial diffusivity, and radial diffusivity were measured in the bilateral PYs. The
axon and myelin injury in the PY were evaluated by histologic study.
 
Results: As compared with normal controls, the bilateral PYs in rats with induced BSH showed an early decrease and
a late increase in fractional anisotropy and an early increase and a late decrease in mean diffusivity. A progressive
decrease in axial diffusivity with dramatic axon loss from day 1 to day 28 after BSH was found bilaterally. The bilateral
PYs showed an early increase and a late decrease in radial diffusivity. Early myelin injury and late repair were also
detected pathologically in the bilateral PYs of rats with BSH. Thus, the early motor function deficits of rats with BSH
began to improve on day 14 and had almost completely disappeared by day 28.
 
Conclusions: DTI revealed dynamic changes in the bilateral PYs after BSH, which was confirmed by histologic
findings and which correlated with motor function alteration. These findings support the idea that quantitative DTI can
track structural changes in the bilateral PYs and that DTI may serve as a noninvasive tool to predict the prognoses of
patients with BSH.
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ABSTRACT BODY: 
Abstract Body: Introduction: Although the pathophysiology of schizophrenia and schizotypal disorders remains elusive,
two hypothetical frameworks seen to be promising: the involvement of hypothalamic pituitary-adrenal (HPA) axis
abnormalities and brain-derived neurotrophic factor (BDNF) in their pathogenesis. The aim of this study is to
investigate the brain volume changes in pituitary gland related to BDNF levels in the poly I:C maternal immune
stimulation (MIS) rat model of schizophrenia.
 
Methods: Pregnant rats were injected on gestational day 15 with the viral mimic polyriboinosinic-polyribocytidylic acid
(poly I:C) or saline. Their male offspring were imaged in a 7-Tesla Biospec 70/20 MR scanner (Bruker) at two
developmental stages, the pre-symtomatic adolescence period in postnatal day (PND) 35 (saline= 23, Poly I:C = 25)
and the symptomatic adulhood period in PND100 (saline= 14, Poly I:C = 14). A T1-weighted spin echo sequence was
acquired and the pituitary volume was measured. In addition, we performed a western blot analysis in the
hypothalamus at adulthood to evaluate the expression of the neurotrophin BDNF and its receptor TrkB, and the
expression of iba1, a marker of neuroinflammation (saline= 5, Poly I:C = 5). MR and protein expression data were
analyzed by means of an ANOVA analysis and a t-Test analysis respectively.
 
Results: Adult offspring of poly I:C treated dams showed larger pituitary volume compared with saline controls, but no
difference was found at adolescence (Figure 1A). Moreover, adult poly I:C offspring showed a trend towards smaller
BDNF levels; and statistically significant smaller TrkB expression and higher iba1 expression compared to saline
offspring (Figure 1B).
 
Conclusions: The finding of increased pituitary volume and decreased receptor of BDNF in adult poly I:C offspring
could reflect a stress-related hormonal dysregulation. In addition, our data provides evidence of neuro-inflammation in
this animal model that could be related to the HPA axis impairment. Based on these finding, the pituitary gland could
be useful as an imaging biomarker for studying treatment response in this animal model.
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Figure 1: A) Rat brain axial (left) and sagittal (middle) sections corresponding to the pituitary gland (in green). ROI was
placed by identifying the 3D coordinates on the rat brain atlas of Paxinos and Watson. On the right, pituitary gland
volume (cc) in Saline (Sal) and PolyI:C (Poly) offsrping at two developmental stages: adolescence (Ado) and
adulthood. Data was analyzes by an ANOVA analysis. Graph shows mean ± SEM (*** p01). B)  Hypothalamus BDNF,
TrkB, and iba1 expression in Saline and PolyI:C offspring. The densitometric data of the band of interest were
normalized using beta-actin. Representative bands of the protein of interest and beta-actin are shown above each bar.
Data was analyzed by a t-Test analysis.  Graph shows mean ± SEM (* p05, **p1). 



CONTROL ID: 2493696
TITLE: Micro-computed tomography imaging using fibrin-targeted gold-nanoparticles toward real-time visualization of
carotid thrombosis in vivo after withdrawal of new oral anticoagulants.
PRESENTER: Jiwon Kim
ABSTRACT BODY: 
Abstract Body: Background: Recently, we demonstrated that the micro-computed tomography (mCT) utilizing fibrin-
targeted glycol-chitosan gold-nanoparticles enables us to visualize a hyper-acuteand chronic thrombus formation in-
vivo.
 
Objective: To study the effects of withdrawal of new oral anticoagulants on the formation of thrombus, we measured
the size of thrombus usingthe FeCl3-mediated carotid thrombosis model of C57 mice after the withdrawal of the
Dabigatran or Rivaroxaban.
 
Methods: We utilized fibrin-targeted glycol-chitosan gold nanoparticles and mCT. Dabigatran (75mg/kg in 200ul PBS,
n=5), Rivaroxaban (10mg/kg in 200ul PBS, n=5), or PBS (200ul, n=5) was orally administered to C57BL6 mice for
seven days and stopped. Subsequently, carotid thrombosis using 10% FeCl3anda 1x1mm2 filter paper was formed
and followed by intravenous injection of fibrin-targeted gold nanoparticles (2.5mg/ml, 200ul). Applying micro CT to the
mice,clot burden was quantified by measuring the length and area of the thrombus in a representative mCT slice.
 
Results: Utilizing mCT visualization technique, we identified that fibrin-targeted gold nanoparticles accumulated in the
thrombus in mouse carotid arteries. At 48 hours after the withdrawal of new oral anticoagulants, the length of carotid
thrombus differed between the dabigatran group and rivaroxaban group (1.77±0.31 mm and 1.36±0.18 mm,
respectively), with a marginal significance (P=0.05). Furthermore, the volume of carotid thrombus differed significantly
(0.148±0.03 mm3 and 0.119±0.02 mm3, respectively; P=0.02).
 
Conclusions: The fibrin-targeted gold nanoparticle together with mCT is able to directly visualize the size and growth
of carotid thrombus. We identified that the withdrawal of dabigatran has a temporary hypercoagulation activity in our
carotid thrombus model in C57 mice.
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INSTITUTIONS (ALL): 
1. Institute of Science and Technology, Seoul, Korea (the Republic of).
2. Dongguk University Ilsan Hospital, Goyang, Korea (the Republic of).
(No Image Selected)



CONTROL ID: 2435913
TITLE: In vivo HyperCEST MRI Detection of the Cucurbit[6]uril Xenon Cage following intraperitoneal injection in the
Rat Abdomen
PRESENTER: Francis Hane
ABSTRACT BODY: 
Abstract Body: Audience & Purpose 
Hyperpolarized (HP) Xenon-129 MRI [1] biosensors [2] have the potential to detect and image pathological molecules
within the body at extremely low concentrations with high resolution and sensitivity. The Hyperpolarized Chemical
Exchange Saturation Transfer (HyperCEST) technique takes advantage of the exchange of hyperpolarized xenon
atoms in and out of a cage molecule [2]. By saturating (and therefore depolarizing) the xenon guest atom in the cage,
a depletion in the solvent pool can be amplified providing a sensitivity increase of a billion times over thermally
polarized xenon. We present the first in vivo HyperCEST spectra and MR images of the cucurbit[6]uril (CB6)
HyperCEST agent in a live animal. This work is important for researchers in the field for translating in vitro testing of
HP gas biosensors to preclinical testing and thence to clinical trials.
Methods 
A 5 mL 5.0 mM solution of CB6 was prepared in 1X PBS solvent. 83.6% isotopically enriched 129Xe was
hyperpolarized to 30% using a Xemed Xebox polarizer (Durham, NH). 5 mL of HP 129Xe was introduced into a
syringe containing the CB6 solution. The syringe was shaken for 12 seconds and excess xenon gas was then
removed from the syringe. The CB6 solution containing HP 129Xe was injected into the intraperitoneal (IP) space of
~400 g male Sprague-Dawley rats. The rats were placed into a custom RF coil tuned to a Larmor frequency of 129Xe
(35.33 MHz) at 3 T. A HyperCEST pulse sequence (16 x 20 ms 3-lobe sinc pulses, 3 ms pulse interval) was applied at
the CB6-Xe resonance frequency (+124.3 ppm). MR spectra were acquired with both off-resonance control pulses
and on-resonance saturation pulses. MR images were acquired with 150 mm x 150 mm FOV, 32x32 voxels, 300 mm
slice thickness. TR=197 ms, TE=0.77 ms.
Results & Discussion 
When an off-resonance HyperCEST pulse sequence was applied, we observed a signal peak at +192.4 ppm with
respect to the xenon gas phase peak (referenced to 0 ppm), corresponding to xenon dissolved in blood [3] with a
shoulder upfield of the predominant peak (Figure 1A). By applying a HyperCEST pulse at the CB6 chemical shift of
124.3 ppm, we observed a 53% depletion in the dissolved phase signal (Figure 1B). We acquired 129Xe MR gradient
echo images with both on- and off- resonance HyperCEST pulses. We created a HyperCEST saturation map by
subtracting the off-resonance image from the on-resonance image and dividing, pixel by pixel, by the off-resonance
control image (Figure 1C). We also acquired a T1 weighted 1H gradient echo localizer image. By overlaying the
HyperCEST saturation map on the 1H localizer image, we determined that the HyperCEST signal was localized to the
intraperitoneal space.
References 
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Schroeder L, et al. Science. 2006; 314:446-440
Hane F, et al. Contr. Media Mol. Imag.. 2016; CMMI-15-0071. Manuscript Accepted for publication.
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(A) Free Induction Decay (FID) spectrum localized to the intraperitoneal (IP) space of a Sprague-Dawley rat following
injection of 5 mL of CB6 dissolved in PBS combined with HP Xe. An off-resonant HyperCEST pulse was applied at +
259 ppm. (B) Similar to left but using an on-resonance (+124.3 ppm) HyperCEST saturation pulse. (C) A 1H MRI of
the abdomen of a Sprague-Dawley rat overlaid with a HyperCEST saturation map showing a HyperCEST signal from
5 mL of 5 mM CB6 solution injected into the rat intraperitoneally.



CONTROL ID: 2490120
TITLE: MicroPET/CT Investigation on the Effects of Chronic Methylphenidate Treatment in Rhesus Monkeys
PRESENTER: Xuan Zhang
ABSTRACT BODY: 
Abstract Body: Methylphenidate (MPH) is a psychostimulant drug approved by the FDA for the treatment of Attention-
Deficit Hyperactivity Disorder (ADHD). It is believed that MPH exerts its pharmacological effects via preferential
blockade of the dopamine transporter (DAT) and the norepinephrine transporter (NET), resulting in increased
monoamine levels in the synapse. We utilized a quantitative non-invasive PET imaging technique to investigate the
long-term effects of this drug on the central nervous system (CNS). Approximately two-year old, male rhesus monkeys
were exposed orally to MPH diluted in the electrolyte replenisher, Prang, twice daily, five days per week (M-F) over an
8-year period. For most of this time—and throughout this study—subjects were treated with either 2.5 mg/kg (low dose
group resulting in MPH plasma levels within the range of therapeutic values) or 12.5 mg/kg (high dose group) or
vehicle (Prang) (control group). MicroPET/CT scans were conducted on these now young adult (~10 years old) males
(n=3-4/group) to monitor the changes in brain dopaminergic systems by using the vesicular monoamine transporter 2
(VMAT2) ligand [18F] AV-133.  To reduce the acute effect of MPH but assess the long term consequences of chronic
MPH exposure, microPET/CT scans were scheduled on Mondays before their daily dosing. [18F] AV-133 (395+
9.75MBq) was injected intravenously and ten minutes later microPET/CT images were obtained over 120 minutes.
Radiolabeled tracer accumulation in regions of interest (ROIs) in the frontal cortex, temporal cortex, thalamus,
caudate, putamen, midbrain and cerebellum were converted into Standard Uptake Values (SUVs). Compared to the
control group, the uptake of [18F] AV-133 in thalamus, caudate, putamen, temporal lobe of the cortex and midbrain
were decreased in the low dose MPH-treated NHPs and decreased in the temporal lobe of the cortex and midbrain in
the high dose group. This preliminary study demonstrates that microPET imaging is capable of distinguishing
differences in retention of of [18F] AV-133  in the brains of NHPs and suggests that this approach may provide a
minimally invasive biomarker of neurochemical process associated with chronic exposure to MPH. (Supported by
NCTR)
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CONTROL ID: 2490252
TITLE: Preparing of [18F]INER-1577 as Histone Deacetylase (HDAC2) Imaging Agent for AD
PRESENTER: Ming-Hsin Li
ABSTRACT BODY: 
Abstract Body: Objectives: HDACs expression levels in humans have been correlated with many diseases, including
several forms of cancer, heart failure, inflammatory diseases, and neurodegenative diseases1.2. Several HDACs
inhibitors have been developed as therapeutic and imaging agents for the above-mentioned diseases3.4. We report
herein the synthesis of [18F]Fluoroethyl-INER1577 as a Histone Deacetylases (HDACs) imaging agent.
Methods: [18F]Fluoroethyl-INER1577 was synthesized through a two-step method. Briefly, fluorination of TsOCH2CH

2OTs (1) with K[18F]/K2.2.2 in ACN at 90oC for 10min followed by purification with Waters Sep-Pak Accell Plus QMA
Plus Short Cartridge gave TsOCH2CH2

18F (2). Reaction of INER1577(3) with TsOCH2CH2
18F in DMSO at 100 oC

for 30 min followed by purification with HPLC(C-18 column, 5μm, 250 × 4.6mm, mobile phase：30% H2O/70%
methanol, flow rate：1mL/min) gave [18F]Fluoroethyl-INER1577 (Scheme 1). The inhibitions of Fluoroethyl-INER1577
on tumor cells growth were carried out with breast cancer cell line 4T1 and MCF-55. The whole-body and brain
distributions of [18F]Fluoroethyl-INER1577 in rats were determined using micro-PET scanner and the data was
analyzed using PMOD.
Results: The radiochemical yield of TsOCH2CH2

18F was ~70% (EOS) in a synthesis time of 15 min from EOB. Both
chemical and radiochemical purities were >90%. The radiochemical yield of [18F]Fluoroethyl-INER1577 was ~ 5-10%
(EOS) in a synthesis time of 60 min. Both chemical and radiochemical purities were >99%.In vitro cell inhibition
studies showed that Fluoroethyl-INER1577 has inhibitory activity against these four cell lines, especially for 069MCF-5
(~70%, Table 1). MicroPET/CT studies in rats showed that [18F]Fluoroethyl-INER1577 could penetrate BBB .
Conclusions: [18F]Fluoroethyl-INER1577 has been synthesized in~ 5-10% yield (EOS) in a synthesis time of 60 min
from EOB. In vitro studies showed that Fluoroethyl-INER1577 inhibited breast cancer cell line 4T1 and MCF-5 growth.
Micro-PET/CT studies in rats show that [18F]Fluoroethyl-INER1577 may be a HDACs imaging agent. The synthesis of
other INER-1577 analogs as HDACs therapeutic and/or imaging agents continue.
References:(1). Guaff, J et al. An epigenetic blockade of cognitive functions in the neurodegenerating brain. Nature
2012,483(7388),222-226.(2). Guan,J. S et al.,HDAC2 negatively regulates memory formation and synaptic plasticity.
Nature 2009, 459, 55-60.(3). Strebl, M.G et al. Development of a Fluorinated ClassI HDAC Radiotracer Reveals Key
Chemical Determinants of Brain Penetrance. ACS chemical neuroscience 2015, A-F.(4). Wagner, F. F et al.
Kinetically Selective Inhibitors of Histone Deacetylase 2 (HDAC2) as Cognition Enhancers. Chemical science 2015, 6
(1), 804-815.(5) Lee, S. J et al., Sonic hedgehog-induced histone deacetylase activation is required for cerebellar
granule precursor hyperplasia in medullobalstoma.PLoS One 2013, 9;8(8).
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CONTROL ID: 2490602
TITLE: Imaging the efficacy of microtubule stabilizing agent Epothilone D in the rTg4510 mouse model of tauopathy
PRESENTER: Ozama Ismail
ABSTRACT BODY: 
Abstract Body: Purpose: To non-invasively assess efficacy of therapeutic candidates for Alzheimer's disease (AD)
using multiparametric MRI.
 
Introduction: As it climbs to epidemic proportions, Alzheimer's disease (AD) implores therapeutic approaches targeted
towards its prodromal phase to arrest the decent into dementia. The aberrant accumulation of microtubule (MT)
stabilising protein tau, into pathological neurofibrillary tangles, is a well-documented characteristic of disease onset
prior to neurodegenration. In an effort to reverse the pathology arising from tau-mediated neurodegeneration in AD,
Epothilone-D (Epo-D), a MT-stabilising agent, has been proposed as a potential candidate therapeutic agent [1]. We
previously demonstrated an effective imaging strategy to characterise tau pathology in the conditional rTg4510 model
of tauopathy, using multiparametric MRI [2]. In the current study, we sought to test the efficacy of Epo-D in tauopathy
by longitudinally imaging rTg4510 mice with Epo-D administered from 2.5 months to coincide with the development of
pretangles within the forebrain [3]. We interrogated cerebral blood flow (CBF) using arterial spin labelling (ASL),
exchange of endogenous mobile proteins in tissue using chemical exchange saturation transfer (CEST),
microstructural diffusion using diffusion tensor imaging (DTI) and morphometric changes using high-resolution
structural MRI.
 
Methods:  Baseline ASL, CEST, DTI and structural scans of 30 litter-matched rTg4510 mice were acquired on a 9.4T
MRI scanner at 2.5 months of age. Subsequently, 10 mice began treatment with a high-dose of Epo-D (3mg/kg), 10
with a low-dose of Epo-D (0.3mg/kg) and 10 maintained on a glucose-vehicle. All groups were scanned again at both
5.5 and 8.5months.
 
Results:  Alterations in CBF, as measured through ASL imaging, were observed in the cortex and thalamus.
Employing a structural parcellation pipeline, we were able to detect improvements in cortex volume with Epo-D
treatment in a dose-dependent manner.
 
Conclusions: This is the first application of a multiparametric MRI strategy to test the efficacy of a potential therapeutic
candidate in a model of AD, in vivo. Although some distinguishable changes were observed following treatment later
in the pathology, lack of early changes between groups, supported with end point histopathology, indicate that Epo-D
is unlikely to be a pertinent candidate for neuroprotection within a model with such aggressive tauopathy. This data
however adds weight to our previous MRI findings in this model, adding value to the use of multiparametric MRI as a
biomarker of AD neuropathology.
 
References: [1] K. Brunden et al., 2010. Epothilone D improves microtubule density, axonal integrity, and cognition in
a transgenic mouse model of tauopathy. Journal of Neuroscience; 30 (41):13861-13866. [2] H. E. Holmes et al., 2015.
Imaging the accumulation and suppression of tau pathology using multiparametric MRI. Neurobiology of Aging; 39:
184 - 194. [3] K. Santacruz et al., 2005. Tau suppression in a neurodegenerative mouse model improves memory
function. Science; 309 (5733): 476-81.
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CBF measurements in (A) cortex and (B) thalamus. (C) Structural parcellation of ex vivo high resolution structural
MRI. <br />
<br />
# = Vehicle vs. Epo-D Low Dose; * = Vehicle vs. Epo-D High Dose; Φ = Epo-D Low vs. Epo-D High Dose.<br />



CONTROL ID: 2491266
TITLE: Use of various optical imaging substrates to measure BBB permeability in live mice 
PRESENTER: james cao
ABSTRACT BODY: 
Abstract Body: Introduction: In vivo/In situ optical imaging is increasingly utilized as a quick method to monitor
compound pharmacokinetics and biodistribution in preclinical studies. Unlike most of the other organs in the body, the
blood-brain barrier (BBB) remains one of the greatest challenges for delivery of therapeutic agents to tissues in the
diseased central nervous system (CNS). Since the BBB change is highly dynamic, especially in different statuses of
the CNS diseases such as multiple sclerosis and Alzheimer’s disease, we developed a unique in vivo optical imaging
method to enable us to readily measure dynamic changes to the BBB, based on our CNS specific luciferase
transgenic reporter mouse models.
 
Methods: Utilizing two CNS specific luciferase transgenic reporter mouse lines (MBP-luci for Oligodendrocytes and
CRE-luci for Neurons), we tested mouse BBB leakage induced by adenosine receptor agonist (NECA), C-type
natriuretic peptide (CNP) and pertussis toxin/adjuvant (used in EAE model context). Whole brain bioluminescence and
fluorescence signals were measured after dosing various substrates (luciferin, cycluc1, RediJect and FITC-Dextran),
by in vivo and ex vivo optical imaging (IVIS Spectrum system, PerkinElmer, MA).
 
Results: A strong bioluminescence signal increases (up to 50 X) and relative small fluorescence increase (up to 2.5X)
were recorded at various time points in EAE mice. Furthermore, in order to separate our reporter gene activation and
BBB leakage contribution, we tested both the BBB penetrable bioluminescence substrate (Cycluc1, MW=305, brain
update uptake >30%,) and the regular substrate (luciferin, MW=280, brain uptake 1 to 3%). The increase
bioluminescence ratio for these two substrates suggested 80-90% bioluminescence increase was due to small
molecular BBB leakage for the EAE mice. Relative mild large molecular BBB leakage (up to 3X) was measured
through fluorescence probes (up to 150K) for luciferase reporter gene- independent imaging confirmation. Also as
expected, the cuprizone model did not show BBB disruption (no bioluminescence imaging signal increases) and
bioluminescence decrease just tracked MBP reporter gene expression related to demyelination/remyelination events.
In additional, we detected mild (2 to 3 fold) brain imaging signal increases that corresponded to NECA or CNP
induced BBB leakage over time in control mice (6-24 hour window).
 
Conclusions: Using CNS specific luciferase transgenic reporter mice, we can readily determine both small molecular
BBB leakage with bioluminescence substrates and large biological molecular BBB leakage with fluorescence probes
in live mice. We believe this methodology to visualize and measure BBB penetration/leakage in real-time could be a
valuable tool for various CNS disease model mechanistic studies and therapeutic biodistribution/PK studies. The
benefit is to reduce the resource and manpower needed with post-mortem histochemical/fluorimetric analysis and
increase sensitivity of dynamic BBB measurement.
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TITLE: Biodistribution and kinetics of 18F-FDG in starlings: implications for quantitative brain imaging in an
evolutionary context
PRESENTER: Elizabeth Ferrer
ABSTRACT BODY: 
Abstract Body: We aim to study the distribution and kinetics of 18F-FDG in starling (Sturnus vulgaris) in order to
develop more quantitative brain PET imaging in this species. This work will underpin robust studies on the
neuroanatomical nuclei that are most active during various behaviors including powered flight--a behavior that is found
among extant vertebrates only in birds and bats. Previous findings in birds have suggested that this tracer may have a
relatively low uptake in the brain, which may be related to high blood levels of competing glucose. Pretreatment with
insulin improves the brain uptake (1) but introduces undesirable pharmacological and/or behavioral effects and may
increase variability in uptake. Moreover, another study in crows (2) showed that FDG may not behave as an
irreversible tracer as it is in mammals. If this is the case, then it implies that SUV analysis may be inappropriate, or at
least more sensitive to the delay between injection and imaging, and that full kinetic modeling may be necessary. In
preliminary studies, we injected ~500 uCi of tracer i.v. into starlings anesthetized with isoflurane and performed
dynamic PET imaging of the whole body starting at injection using the Inveon PET/CT system. We observed strong
uptake in the kidneys and digestive tract and moderate uptake in the brain, which peaked at about 30 minutes and
remained relatively constant to 60 minutes. As a fraction of injected dose, the brain reached a concentration similar to
rats, ~0.6% of injected dose per cc (3). We are currently studying the effects of different anesthetics
(ketamine/xylazine) and fasting duration, and measuring the plasma input function for kinetic modeling. We also intend
to employ RatCAP imaging (4) to study uptake in the awake state. In the near future we will expand the resulting
methodology to additional bird species in order to bracket Aves, providing a firmer foundation for our understanding of
the neurological capabilities necessary for powered flight in birds.
 
 
1. Gold MEL, Schulz D, Budassi M, Gignac PM, Vaska P, and Norell MA. Flying starlings and PET lend insights on the
evolution of volant dinosaurs. Current Biology. 2016;in press(
2. Marzluff JM, Miyaoka R, Minoshima S, and Cross DJ. Brain imaging reveals neuronal circuitry underlying the crow's
perception of human faces. Proc Natl Acad Sci U S A. 2012;109(39):15912-7.
3. Schiffer WK, Mirrione MM, and Dewey SL. Optimizing experimental protocols for quantitative behavioral imaging
with (IF)-I-18-FDG in rodents. Journal of Nuclear Medicine. 2007;48(2):277-87.
4. Schulz D, Southekal S, Junnarkar SS, Pratte J-F, Purschke ML, Stoll SP, Ravindranath B, Maramraju SH,
Krishnamoorthy S, Henn FA, et al. Simultaneous assessment of rodent behavior and neurochemistry using a
miniature positron emission tomograph. Nat Meth. 2011;8(4):347-52.
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Maximum intensity projection of starling after bolus i.v. injection of ~500 uCi of F18-FDG, from 50-60 minutes after
injection, taken with a Siemens Inveon PET/CT scanner.
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TITLE: Mapping brain vascular volumes and hematocrit using dual isotope autoradiography in rats
PRESENTER: Alexis Broisat
ABSTRACT BODY: 
Abstract Body: Introduction. Imaging of brain perfusion and oxygenation are key tools to explore brain function,
pathophysiological mechanisms, and to monitor therapies [1]. However, the quantification of these parameters
depends on local tissular hematocrit (Hct), a parameter known to vary across the brain under pathologic conditions [2].
Therefore, our objective was to develop a method to map the local hematocrit across the brain using dual isotope
autoradiography (ARG), the final goal being to improve imaging quantifications using pixel-wise Hct correction.
Methods. Twenty four (24) male Wistar rats were employed. Anatomical magnetic resonance imaging (MRI) followed
by brain hematocrit mapping using autoradiography were performed either in control condition or following
erythropoietin administration (EPO, 5000 U/kg IV) or hemodilution (5ml≈30%). Fifteen minutes prior euthanasia, a 0.2
ml mixture of 99mTc-labelled Red blood Cells (RBC) (45.2 ± 9.1 MBq) and 125I-labelled Albumin (3.9 ± 0.6 MBq) was
injected intravenously. Sequential quantitative ARG images of brain coronal slices were acquired and image analysis
was performed allowing RBC distribution volume (Vrbc), plasma distribution volume (Vp), vascular volume (Vv) and
tissular hematocrit (Thct) quantification. These maps were then fused to MRI using Matlab for automated regional
analysis of cortex, striatum, grey and white matter.
Results. As expected at the level of the large vessels, EPO and hemodilution respectively increased and reduced Hct
(48.3±1.9 and 31.3±2.1 vs 40.1±0.6%, p<0.05). Similarly, at the level of brain tissue, as determined from whole brain
quantification, EPO significantly increased Vbrc (5.1±2.0 vs 3.3±0.4 µl/cm3 in control; p<0.05), whereas hemodilution
significantly increased brain Vp (9.5±1.2 vs 7.6±1.2 µl/cm3 in control; p<0.05). As a result brain Thct was significantly
increased in EPO group (32.9±2.9) and significantly reduced in Hemodilution group (24.1±2.3%) in comparison to that
of control (28.7±2.4%, p<0.05). A mean ratio of 0.71 was found between large vessels and brain Thct. Moderate
variations in Thct were observed among brain structures, however the Hctmax was always found in the cortex,
whereas Hctmin was always found in the white matter (range: 28.0-29.7, 31.6-34.2 and 22.9-25.7% in control, EPO
and Hemodilution group, respectively). Futhermore, Thct was consistently increased by EPO and decreased by
hemodilution in all investigated areas (p<0.05 vs control).
Conclusions and perspectives. While in previous ARG studies Vp and Vrbc were determined on separated groups,
these parameters were simultaneously quantified in the present study, thereby allowing brain Hct mapping. The mean
values observed in various brain structures, as well as the drop between large vessels and tissular hematocrit induced
by the Fåhræus effect, were in line with literature [2-3]. Therefore, dual isotope ARG has been fully validated for Hct
mapping, and will be employed in future studies for pixel-wise Hct correction of brain perfusion and oxygenation
quantifications.
[1] J Cereb Blood Flow Metab 34:1550 (2014)
[2] J Neuro-Oncology 6:157 (1988)
[3] J Cereb Blood Flow Metab 13:475 (1993)
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A. Representative maps of brain vascular volumes (µl/cm3) and hematocrit (%) in control, hemodilution and EPO
groups, and representative MRI-based delineation of cortex (green) and white matter (red) areas. B. Mean±SD across
parameters and groups. Vrbc: red blood cells distribution volume; Vp: plasma distribution volume; Vv: vascular
distribution volume; Thct: Tissular Hematocrit.*p<0.5 vs control.
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TITLE: Direct application of nerve-specific fluorophores with a control agent to highlight cranial nerves in rats
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ABSTRACT BODY: 
Abstract Body: Nerve damage is a major cause of morbidity during surgery, resulting in loss of function and sensation
1. It is crucial to preserve cranial nerves (CN) because of their vitality. CN VII for instance, controls facial muscles as
well as conveyance of sensation, and CN VIII controls hearing and balance. These two nerves are of particular
interest because they are directly involved with vestibular schwannoma, whose benign tumors develop from CN VIII,
pressing on surrounding nerves and structures as it grows2. Nerve preservation during resection, however, remains
elusive because visualization is difficult as nerves are very small, wrapped around the tumor, or hidden by tissue.
Currently, nerve-sparing techniques rely on anatomical landmarks or response to electrical stimulation – neither of
which are reliable.
 
It has been demonstrated that nerve-specific fluorophores have great potential to improve contrast of nerves for
fluorescence-guided surgery (FGS)1. The problem is that although these molecules target myelin basic protein (a
major constituent of CNs), several of them exhibit stronger uptake and retention in adipose. In response, a “paired-
agent” imaging approach was proposed3. This method uses two imaging agents; one targeted and another
untargeted, to account for non-specific uptake of the targeted agent. The result is a more accurate proportionality of
fluorescence signal and actual nerve present (see supplementary). Additionally, direct application of agents was also
proposed with the goal of overcoming FDA approval obstacles commonly associated with systemic injections.
 
Based on a study of various nerve-highlighting fluorophores, Oxazine 4 exhibits the strongest signal-to-background
ratio1. Thus, it was chosen as the targeted agent, and Indocyanine Green (ICG) as the control. However, with
emission at 635nm for Oxazine 4, appropriate instrumentation operating at that wavelength was not available.
Because of this, development of a FGS imaging system was initiated to allow for evaluation of signal in the 600nm
channel, and 800nm channel for ICG. During development of the system, another candidate molecule, Rh8001, was
evaluated since it operates in the favorable NIR range4. To test the paired-agent imaging approach, Rh800 was
applied with ICG directly onto dissected rat brains where cranial nerves were exposed. The agents were rinsed from
the surface of the specimen before images were taken with a dual-channel fluorescence imaging system (LICOR).
Fig. 1a and 1b illustrate the uptake of targeted and untargeted agents respectively. Initially, the image with targeted
fluorescence appears to have outlined some nerves. However, after application of the paired-agent model, non-
specific uptake was eliminated and nerves were more clearly delineated (Fig. 1c). Signal surrounding the brain is a
result of pooled agents after rinsing. Nonetheless, with improved rinse techniques, these findings support the potential
for paired-agent imaging to improve contrast of cranial nerves from surrounding tissue.
 
1. Park, MH et al, Theranostics, 2014
2. Zhang, J et al, Med Sci Monit, 2015
3. Tichaeur, K et al, Phys Med Biol, 2012
4. Gioux, S et al, Molec Imag, 2010
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Figure1. Overlaid white light and fluorescence images of an exposed rat brain. (a) Nerve-specific targeted agent
Rhodamine 800. (b) Non-specific untargeted agent ICG. (c) Single-time point binding potential<br />



CONTROL ID: 2498130
TITLE: Is minocycline able to prevent schizophrenia onset? Preliminary [18F]FDG – PET results in the Poly I:C rat
model
PRESENTER: Maria Soto-Montenegro
ABSTRACT BODY: 
Abstract Body: Introduction: Inflammation and oxidative stress are considered risk factors in the development of
mental disorders. Minocycline (MIN) is a tetracycline with anti-oxidant and anti-inflammatory properties that has been
proposed as a potential adjuvant treatment in schizophrenia (1). Therefore, the objective of this study is to evaluate if
the treatment with MIN during adolescence in the well-studied Poly:IC animal model of schizophrenia could prevent
the metabolic brain changes described in adulthood (2), that resemble what occurs at clinic.
 
Material & Methods: In GD15, Poly I:C (4 mg/kg, i.v.) or saline were injected to pregnant Wistar dams. The offspring
received the MIN treatment (30 mg/kg, i.p.) or saline daily from PND35 to PND50 (adolescence), defining four groups:
Poly-MIN (N=7, Poly I:C offspring and MIN); Poly-sal (N=7, Poly I:C offspring and saline); Sal-MIN (N=7, saline
offspring and MIN); and Sal-sal (N=8, saline offspring and saline). PET studies (Argus PET/CT, SEDECAL) were
performed in PND120 (adulthood). [18F]FDG was injected into the tail vein and, after a 45 min of uptake period,
animals were scanned for 45 min. Images were reconstructed using a 2D-OSEM (ordered subset expectation
maximization algorithm). PET data were analyzed by Statistical Parametric Mapping software (SPM12), considering
significant clusters those higher than 50 adjacent voxels [p-value<0.05 (uncorrected)].
Results: Saline offspring: MIN decreases glucose metabolism in cerebellum, parietal and piriform cortex; while it
increases FDG uptake in subiculum hippocampal area and dorsal hippocampus.
Poly I:C offspring: MIN induced a hypometabolism in cerebellum and somatosensory cortex; as well as an increase in
FDG uptake in nucleus accumbens and amygdala.
Conclusion: MIN treatment during adolescence produces important differences on brain glucose metabolism at
PND120 depending on the studied phenotype (Poly I:C or saline). Thus, our data show that the antibiotic is not able to
decrease the higher glucose metabolism associated to the limbic system in the Poly I:C model (1), although it
produces a significant hypermetabolism in the hippocampal region of the saline offspring, which could alleviate the
impaired functioning of this region in hippocampal hypofunction disorders. It is of importance that these are preliminary
results of a project on progress, being possible that the observed metabolic results could vary at the end of the study.
Acknowledgements: We thank de Francisco A, Sierra Y and Balsa I for their support in experimental procedures. This
work was partially supported by the Ministry of Economy and Competitiveness ISCIII-FIS grants (PI14/00860,
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Fundación Mapfre.
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Figure 1 – Brain metabolic changes in the adult Poly I:C and Saline offspring that were treated with MIN during
adolescence. Stereotaxic space of Paxinos&Watson (1998).  [A] Voxel-based SPM results in T-maps overlaid on a T2
MR image, showing the brain metabolic changes in the adult Poly I:C (I) and Saline (II). The color bars in the right
represent the T values corresponding to lower and higher FDG uptake. [B] SPM results showing the statistically
significant brain regions. ROI: Region of interest. Hemisphere: Right (R) and Left (L). k: cluster size > 50 voxels, T: t
value, Metabolism: Increase (↑) and Decrease (↓). p: statistical p value 05 (unc.). [Amyg=amygdala, Cb=cerebellum,
DHipp=dorsal hippocampus, NAcc=nucleus accumbens, Part Cx=parietal cortex, Pir Cx=piriform cortex, Som
Cx=somatosensory cortex, Subhipp=subiculum hippocampal area].
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TITLE: Translocator protein 18 kDa (TSPO) and acetylcholinesterase (AChE) expression and correlation in a middle
cerebral artery occlusion (MCAO) rat model using PET radiotracers
PRESENTER: Sang Hee Lee
ABSTRACT BODY: 
Abstract Body: Purpose:
Ischemia induced neuroinflammation in stroke is a critical process in the ischemia-reperfusion injury 1. The
involvement of inflammatory mediators differs according to the time window after stroke. We used two different
biomarkers for the post-stroke brain inflammatory response, TSPO, which is a membrane bound protein on the
mitochondria, and a biomarker of reactive gliosis 2, and AChE which is one of the major components of the cholinergic
anti-inflammatory pathway in the nervous system. Here, we evaluated the post-stroke inflammatory response
according to the time course of post-ischemic injury using TSPO and AChE imaging radiotracers.
 
Methods:
We prepared two different targeted PET imaging radiotracers; [18F]fluoromethyl-PBR28 (1) for TSPO and 3-[18

F]fluoro-CP-118,954 (2) for AChE. Serial neuroinflammation imaging of 1 and 2 was performed in MCAO Sprague
Dawley rat models during 3 weeks. Specific binding ratios (SBRs) of the cortex were obtained, with the cerebellum as
the reference region. Wilcoxon signed rank test was used to compare the SBRs of the MCAO lesion and the
contralateral normal cortex.
 
Results:
MCAO lesional SBRs of TSPO image was highest on day 11, compared with the contralateral cortex (2.0 vs 0.0) and
decreased gradually till day 21 (0.9 vs 0.0). In contrast, MCAO lesional SBRs of AChE image was highest on day 1,
compared with the contralateral cortex (1.3 vs 0.8), and decreased gradually till day 15 (0.8 vs 0.8).
 
Conclusion:
Our results indicate that an AChE level elevate in the early course of disease and becomes normal, while TSPO
expression elevates later, and is sustained throughout the post-ischemic injury. It is known that different inflammatory
mechanisms are involved according to the time window after stroke 4. AChE was reported to be related with early
apoptosis after stroke. TSPO related cytokines such as TNF-α and IL-6 increased later. Our study shows that the
brain inflammatory process can be demonstrated and quantified with PET imaging.
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1. Post-ischemic inflammation in the brain. Takashi Shichita, Ryota Sakaguchi, Mayu Suzuki, et al. Front Immunol.
2012; 3: 132.
2. Translocator Protein 18kDA (TSPO): Molecular Sensor of Brain Injury & Repair. Ming-Kai Chen, Tomás R. Guilarte
Pharmacol Ther. 2008; 118(1): 1.
3. Increased acetylcholinesterase and capase-3 expression in the brain and peripheral immune system of focal
cerebral ischemic rats. Tao Hu, Qiang Fu, Xiwei Liu, et al. J Neuroimmunol 2009;211:84
4. Inflammation following stroke. M. Nilupul Perera, Henry K. Ma 1, Shuji Arakawa, J Clin Neurosci. 2006;13:1
AUTHORS (LAST NAME, FIRST NAME): Lee, Sang Hee4; Song, Yoo sung1; Jung, Jae Ho1; Moon, Byung Seok2;
Lee, Byung Chul3, 4; Kim, Sang Eun4

INSTITUTIONS (ALL): 
1. Nuclear medicine, Seoul National University Bundang Hospital, Seongnam, Gyeonggido, Korea (the Republic of).
2. Department of Nuclear Medicine, Seoul National University Bundang Hospital, Seoul National University College of
Medicine, Bundang-gu, Seongnam-si, Korea (the Republic of).
3. Nuclear Medicine, Seoul National University College of Medicine, Seoul National University Bundang Hospital,
Bundang-gu, Seongnam-si, Korea (the Republic of).
4.  Department of transdisciplinary Studies, Graduate School of Convergence Science and Technology, Seoul
National University, Seoul, Korea (the Republic of).





CONTROL ID: 2500301
TITLE: Increased uptake of N-(3-chloro-4-(4-[18F]fluoro-1,3-dioxoisoindolin-2-yl)phenyl)-2-picolinamide, a
metabotropic glutamate receptor subtype 4 (mGluR4)-selective PET tracer, by an antiepileptic drug treatment
PRESENTER: Wook Kim
ABSTRACT BODY: 
Abstract Body: Metabotropic glutamate receptor subtype 4 (mGluR4) has been implicated in the pathophysiology of a
variety of neurological conditions including epilepsy and known as a molecular target for antiepileptic drugs. Recently
a novel PET tracer, N-(3-chloro-4-(4-[18F]fluoro-1,3-dioxoisoindolin-2-yl)phenyl)-2-picolinamide ([18F]KALB001), for
mGluR4 has been reported with improved binding affinity (IC50 = 5.1 nM) than others. To see the value of [18

F]KALB001 as a PET tracer for mGluR4, we examined the alteration of [18F]KALB001 uptake before and after small
dose administration of an antiepileptic drug.
[18F]KALB001 was prepared by incorporating of 18F into the nitro-precursor in a single-step radiolabeling procedure.
Sprague-Dawley rats repeatedly underwent brain PET/CT studies (baseline and drug treatment condition) 1-wk apart
under anesthesia with 2% isoflurane. In each scan the intravenous injection of [18F]KALB001 (injected dose [mean ±
SEM] = 21.1 ± 1.0 MBq, specific activity = 1.7 ± 0.4 Ci/mmol) was followed by the vehicle and/or a single dose
treatment with an antiepileptic drug (10 mg/kg). The striatum, cortex, hippocampus, thalamus and cerebellum were
defined on the spatially normalized PET images using the automated anatomical labeling template. Level of [18

F]KALB001 uptake before and after the drug administration was normalized in SUV and the baseline changes (%)
were calculated.
[18F]KALB001 distribution in the cortical and subcortical regions were well visualized consistently with the known
distribution of mGluR4. The greatest %baseline change of [18F]KALB001 uptake was found in the cerebellar grey
matter with 7.3 ± 9.2%, while the least was 0.1 ± 6.0% in the cortex. However, differences in %baseline changes were
statistically insignificant between the treatment conditions due to the inter-subject variance of the changes of [18

F]KALB001 uptake induced by the drug treatment.
Data suggested that [18F]KALB001 is a promising PET tracer for evaluating mGluR4-targeting antiepileptic drug’s
efficacy in the preclinical stage of the drug development. Further studies for exact quantification of [18F]KALB001
binding, such as the compartmental modeling, are required using metabolite-corrected input function with guaranteed
specific activity.
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CONTROL ID: 2500589
TITLE: MRI monitoring Schwann cells repair of peripheral nerve injury in vivo
PRESENTER: Kangan Li
ABSTRACT BODY: 
Abstract Body: Objective: This study investigated the feasibility of using Magnetic resonance imaging (MRI) to
noninvasively track Schwann cells (SCs) repair of peripheral nerve injury in vivo . Methods: SCs were isolated,
expanded, and subsequently labeled with superparamagnetic iron oxide nanoparticles (SPIONs). The morphological
and functional properties of the SCs were assessed using immunohistochemistry. The intracellular stability,
proliferation, and viability of the labeled cells were evaluated in vitro . Using a microsurgical procedure, the labeled
SCs were then seeded into sciatic nerve conduits in C57/BL6 mice to repair a 1-cm sciatic nerve gap. A clinical 3T
MRI was performed to investigate the SCs in vitro and the transplanted SCs inside the sciatic nerve conduits in vivo .
Results: The SCs were efficiently labeled with SPIONs, without affecting their viability and proliferation. The labeled
cells implanted into the mice sciatic nerve conduit exhibited a significant increase in axonal regeneration compared
with the empty conduit and could be detected by MRI. Fluorescent microscopic examination, histological analysis and
immunohistochemistry confirmed the axon regeneration and MRI results. Conclusions:  These data will illuminate the
neuroplasticity of SCs and provide a new protocol for in vivo tracking of them that are seeded to repair injured
peripheral nerves.
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CONTROL ID: 2501049
TITLE: TLR2 is involved in the acute reaction to intermittent hypoxia
PRESENTER: Srećko Gajović
ABSTRACT BODY: 
Abstract Body: Introduction: Obstructive sleep apnea (OSA) is a prevalent chronic multisystem disorder characterized
by brief periods of repetitive upper airway occlusion, hypoxia and sleep fragmentation. OSA has been linked to early
cognitive decline and Alzheimer’s disease (AD). Even though the pathogenic mechanisms behind this association are
not clear, neuroinflammation has been suggested to play a role.1 Neuroinflammation is increasingly recognized as
one of the important possible precipitants of neurodegeneration, such as occurs in the AD. In AD microglia are able to
bind to soluble amyloid beta via cell surface receptors, including Toll like receptors (TLR). In this study we set to
investigate the presence of neuroinflammation in the model of OSA using in vivo bioluminescent imaging of TLR2
signal.
 
Methods: A customized set-up for exposing mice to intermittent hypoxia was designed. Transgenic TLR2-luc mice
(N=20) underwent 8 h daily of 90s periods of 5,7% of oxygen and room air during 3 weeks. Throughout this period
mice in the control group (N=6) were identically handled and kept near the set-up to account of any additional stress
effects. All mice were imaged before and regularly after exposure throughout the protocol using Xenogen IVIS. The
3D source of the bioluminescent signal was also reconstructed using diffuse light imaging tomography. Subsequently,
the mice were sacrificed and the brains stained for microglial marker Iba1 and luciferase. Iba1+ cells were quantified
in CA1, CA2, CA3 regions of the hippocampus, the dentate gyrus, subiculum, thalamus, hypothalamus,
caudoputamen and n. accumbens in exposed and control mice.
 
Results: Significant upregulation of TLRs signal was demonstrated in mice (N=20) that underwent chronic intermittent
hypoxia already following the first day of exposure. Chronically elevated signal persisted for the remainder of 20 day
protocol. The signal, as registered via diffuse light imaging tomography, was concentrated in two distinct brain loci
corresponding to the prefrontal region, and the region of the hippocampal formation. Predominant co-localization of
luciferase with the microglial Iba1 marker on immunohistochemical staining confirmed microglia as the primary origin
of the increased TLR2 signal. Quantification of Iba1+ cells showed a trend of microglial hyperplasia in the group
exposed to intermittent hypoxia in all quantified structures reaching statistical significance in the thalamus and
caudoputamen.
 
Conclusion: Our results suggest that TLR2 plays an acute role in mediating the neuroinflammatory response to
intermittent hypoxia.
 
1.Rosenzweig I, Glasser M, Polsek D, Leschziner GD, Williams SC, Morrell MJ. Sleep apnoea and the brain: a
complex relationship. Lancet Respiratory medicine 2015.
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TITLE: Understanding the role of dopamine D2 receptors in binge-eating and alcohol use: a translational PET study
PRESENTER: Amira Brown
ABSTRACT BODY: 
Abstract Body: Objective: Binge eating (BE) has been linked to comorbid alcohol (EtOH) abuse and the neural
mechanisms involved in these co-dependences are poorly understood. The purpose of our study was to characterize
changes in dopamine (DA) D2-like receptor availability in the striatum (ST) of an animal model of BE using microPET
before and after chronic EtOH exposure to determine whether central DA D2 down-regulation is the driving force
behind BE and EtOH abuse.
Methods: All procedures were approved by the Charles Drew University Institutional Animal Care and Use Committee
and follow NIH guidelines. Twenty 8-week old male C57BL/6J mice (Jackson Laboratory) (N=10 per group) were
randomly assigned to the BE or control groups. Binge eating was induced in one group for 10 cycles (Fig 1.). Mice
were scanned with positron emission tomography (PET) and radiotracer [18F]fallypride to measure baseline (BL) DA
D2-like receptor availability, following by the self-administration of oral EtOH (using the drinking in the dark procedure)
for 10 weeks. A second PET scan was acquired. Brain regions of interest were manually defined on the PET brain
images and binding potential (BPND) images of the striatum and cerebellum were computed using PMOD software.
BPND was calculated using a reference-region method.
Results: BE mice ate significantly more high energy diet (t= 8.43; p= .0001) during a 24h period when compared to
their baseline (BL) food intake measurements and the food intake of control mice eating regular chow. Compared to
BL, DA D2 receptor availability in the BE group significant decreased by 34% following 10 cycles of EtOH (t= 2.75; p=
0.02), whereas, in the control group it only decreased by 18% following EtOH exposure (t= 2.38; p=0.03) (Fig 2.).
Discussion: Our findings suggest that although the EtOH intake did not differ between the two groups, DA D2 receptor
availability significantly reduced after EtOH exposure in the BE mice when compared to the controls suggesting that
being a binge eater may cause more of a disruption in the DA receptor system that may be exacerbated following
chronic EtOH exposure. The results from this study will improve our understanding of the receptor systems involved in
BE and comorbid EtOH abuse and shed light on the biomarkers that contribute not only to the initiation of BE but also
the co-occurrence of BE with EtOH comorbidities.
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TITLE: Methods of quantifying brain delivery of biologics using preclinical optical imaging.
PRESENTER: Umar Iqbal
ABSTRACT BODY: 
Abstract Body: Preclinical imaging is a rapidly developing field that allows for the visualization and measurement of
complex biological processes down to the molecular level. Fluorescence based optical imaging is an important
preclinical tool that involves tagging the biologic of interest with a near infrared (NIR) or infrared (IR) fluorophore
allowing the monitoring of pharmacological events both in vivo and/or ex-vivo. Fluorescence-based optical imaging
has been successfully used to accelerate preclinical studies due to its low cost, high sensitivity, integration with other
imaging modalities and ease of use. Moving fluorescence- based optical imaging from semi-quantitative fluorescence
intensity data to quantitative data outputs continues to evolve and is critical to obtain more meaningful translational
information. In this study, the use of optical imaging to obtain quantitative measures of pharmacokinetics,
biodistribution and pharmacodynamic data is illustrated using various examples of brain delivery of biologics. Near-
infrared fluorescence tags (Cy5.5, IR800 and CF790) were added to various proteins that can cross the blood brain
barrier (BBB). These dye-labeled proteins were injected either intravenously via tail vein or in situ perfused via the
carotid artery to estimate qualitatively and quantitatively their brain and eye uptake. At selected time points, the mice
were imaged (in vivo/ex-vivo) using time-domain eXplore optix and IVIS kinetic optical imagers. In addition to the
brain, imaging of the eye with its brain retinal barrier (BRB) was investigated, as a more accessible tissue structure
and a potential surrogate of BBB delivery of biologics. To derive quantitative values from fluorescent intensity data in
brain homogenates, a standard curve with known concentrations of spiked dye labeled proteins in naïve brain
homogenates was used. Fluorescence based quantitation of brain homogenates was also compared to nanoLC−MRM
based quantification for further validation. To confirm BBB or BRB crossing of various proteins after intravenous
injection or in situ carotid perfusion, brain or eye tissue sections were analyzed using an IR compatible epi-fluorescent
microscope. Overall, these examples illustrate that optical-based optical imaging can provide important
pharmacological information and quantitative measurements of brain delivery of biologics which could be deployed for
the selection and optimization of lead BBB crossing biologics.
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TITLE: Dynamic Imaging of porcine brain metabolism with hyperpolarized 13C-pyruvate, before and after breakdown
of the blood-brain barrier
PRESENTER: James Grist
ABSTRACT BODY: 
Abstract Body: Introduction 
Neurological applications of hyperpolarized 13C imaging have been limited thus far due to the slow rate at which
pyruvate crosses the undisrupted Blood Brain Barrier (BBB)[1],[2],[3]. Many pathological processes, such as
ischaemic stroke and tumour development, lead to breakdown of the BBB which increases the transport of
hyperpolarized pyruvate into the brain parenchyma. The aim of this study was to demonstrate the feasibility of imaging
the cerebral metabolism of hyperpoalrized [1-13C] pyruvate after transient chemical breakdown of the BBB using a
large animal model for the first time.
 
Method and Materials 
Three healthy adult pigs were anesthetised with propofol (12mg initial dose, 0.4mg/kg/h thereafter) and a 5F
introducer sheet inserted into the left carotid artery. MRI was performed on a GE 3T HDX clinical scanner (GE
Healthcare, Waukesah, WI,USA). Mannitol (300mL, 1.4M, 8mL/s, Sigma-Aldrich) was injected via the catheter to
break down the BBB, followed by a subsequent 40 mL saline flush. As a control experiment an equivalent bolus of
saline was used. The details of the injection are shown in Fig 1.
 
13C Hyperpolarization  
0.64g of  13C-Pyruvic acid (14.6ML-1, Sigma-Aldrich) EPA (15mmolL-1, Syncom) mix was hyperpolarized in a GE
SPINLab.
 
Proton imaging 
Proton imaging was performed with an 8 channel array coil (GE Healthcare, USA). Anatomical T1 images of the brain
were acquired (3D, TR=4.9ms, TE=2.3ms, FOV=240mm, FA=14°, Resolution = 1.2x1.2mm3.)
 
13C Imaging  
For the 13C imaging, 20mL of 250mmolL-1 13C-pyruvate (pH 7.5) was injected into the catheter. Helmholtz loop coils
(pulse tech) and an IDEAL spiral acquisition were used (FOV=240mm, acquisitions per TR=7, TR=430ms, Echo
Shift=1.2ms, FA=10°, in-plane resolution=6x6mm2, slice thickness=55mm, temporal resolution=2s.)
Dynamic imaging data for pyruvate, lactate, pyruvate-hydrate, bicarbonate, and alanine was reconstructed in Matlab.
 
Results 
Neither pyruvate nor lactate were observed before or after saline injection; both metabolites were observed in
surrounding normal tissues figure (1). Following injection of mannitol, pyruvate and lactate were observed inside the
brain parenchyma.
 
Discussion  
The transport of hyperpolarized 13C-pyruvate across the intact porcine BBB was not rapid enough to demonstrate
intracerebral signal in the lifetime of polarization. However, when introducing an agent which disrupts the BBB,
pyruvate crossed the BBB allowing metabolic imaging. In conclusion, this study has provided a proof-of-concept large
animal model for imaging both the BBB and cerebral pyruvate metabolism; this will be used to study breakdown of the
BBB in pathological conditions in the future.
 
[1] R. E. Hurd, “Metabolic imaging in the anesthetized rat brain using hyperpolarized [1-13C] pyruvate and [1-13C]
ethyl pyruvate,” Magn. Reson. Med., 2011.
[2] I. Park, “Dynamic hyperpolarized carbon-13 MR metabolic imaging of nonhuman primate brain.,” MRM, Jan. 2014.
[3] J. E. Cremer, “Kinetics of blood-brain barrier transport of pyruvate, lactate and glucose in suckling, weanling and
adult rats,” J. Neurochem., 1979.
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Top: Experimental injection protocol. Image A shows a T1 weighted anatomical image. Image B shows the pyruvate
signal after the injection of mannitol. Image C shows the lactate signal after the injection of mannitol.
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TITLE: Neurobehavioral and volumetric brain MRI Imaging Biomarkers of neurodegeneration in the HIV-1 Transgenic
Rat 
PRESENTER: Rafael Casas
ABSTRACT BODY: 
Abstract Body: PURPOSES/ AIMS:  
To evaluate the reliability of neurobehavioral testing and volumetric brain MRI as biomarkers of degeneration in the
HIV-1 Transgenic (Tg) rat, a model of NeuroHIV.
 
Clinical Relevance/ Applications: 
Despite the success of antiretroviral therapy in treating HIV, patients still suffer from structural brain abnormalities and
mild but progressive neurocognitive decline. In vivo imaging biomarkers along with neurobehavioral parameters can
be of utmost importance in evaluation of neurprotective therapies in animal models of HIV.
 
Materials and Methods: 
Longitudinal MRI and behavior assays (rota-rod and open field) were obtained on 5 male HIV-1 Tg and 4 age-
matched wild type (WT) rats. The imaging studies were conducted over 5 time points (5, 9, 13, 17 and 23 weeks of
age) with a total of 13 rota-rod and 7 open field scores. For imaging, an RF birdcage volumetric coil was used
(transmit and receive). Parameters for the 3D T2-weighted fast spin echo sequence included: Echo time (TE) of 84
ms, repetition time (TR) of 1000 ms, slice thickness of 0.312 mm, field of view (FOV) of 40x40x40 mm, 4 averages, flip
angle 180 °, echo train length = 16, spatial resolution of 0.312 x 0.312 x 0.312 mm/pixel and matrix size of
128x128x128 (~68 min). Images were post processed to matrix of 256x256x256 resulting in a resolution of 0.156 x
0.156 x 0.156 mm.
 
For image processing, MIPAV was used for image alignment, followed by anisotropic diffusion filtering to remove
noise. Manual ground truths for brain region segmentation were created by expert neuro-scientists. Whole brain
volumes of interest (VOIs) were then manually delineated using ITK-Snap.
 
Statistical analysis of brain volume, open field, and rota-rod data was performed using mixed models for repeated
measures. Separately for each measure, the predictor variable, genotype, was modeled as a fixed effect and days as
the repeating variable. Additionally, we explored the association between behavior scores and brain volume after
accounting for genotype, age and weight.
 
Results: 
Whole brain volumes of Tg rats were significantly decreased compared to age-matched controls [Transgene: F
(1,9.91)=195.50, P<0.0001; Time: F (4,27.1)=175.48, P<0.0001]. Rota-rod test scores displayed significant
differences in motor functions between genotypes [F (1,18.1)=10.32, P=0.0048]. Open field test scores displayed
higher emotionality in the Tg rats with significant differences in locomotor activity between Tg and WT rats [F
(1,8.85)=8.94, P=0.0155]. Interestingly, we found an autoregressive model comprised of brain volume [F (1,106)=19,
P<0.0001] and weight [F (1,106)=42.78, P<0.0001] to be a significant predictor of rota-rod scores.
 
Conclusion: 
This preliminary study shows the feasibility of using non-invasive volumetric MRI, rota-rod and open field behavioral
tests as biomarkers of neuropathology in the HIV-1 Tg rat. Future neuro-behavioral studies will target more specific
learning and memory impairment in this animal model.
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Decreased brain volume in HIV-1 Transgenic Rat is associated with reduced exploratory behavior and motor
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TITLE: [11C]yohimbine binding as a marker of in vivo changes in synaptic noradrenaline in minipig brain
PRESENTER: Aage Alstrup
ABSTRACT BODY: 
Abstract Body: Aim: This study combines simultaneous positron emission tomography (PET) and microdialysis to
evaluate the hypothesis that  [11C]yohimbine,  a  selective antagonist radioligand of the a2 adrenoceptors, may be
used to assess in vivo changes in synaptic noradrenaline during acute pharmacological challenges.
Methods: Isofluorane-anesthetized Gottingen minipigs were positioned in a stereotaxic headholder in a PET/CT
scanner. Microdialysis probes were placed stereotaxically in thalamus, striatum and cortex and perfused with artificial
CSF and dialysis samples were collected every 10 min. After a 2-3 hour equilibrium period, three 90 min
[11C]yohimbine scans were acquired: an initial baseline scan was followed by a pharmacological intervention with
amphetamine (1-10 mg/kg), a non-specific releaser of dopamine and noradrenaline, or nisoxetine (1mg/kg), a specific
noradrenaline transporter inhibitor. Post-drug scans were conducted at approximately 15-30 and 150-210 min after
challenge. Samples were analyzed with HPLC for noradrenaline in all regions and dopamine in the striatum.
[11C]yohimbine volumes of distribution (VT) were obtained from thalamus, striatum and several cortical regions using
the Logan kinetic model. 
Results: Both pharmacological challenges induced a significant decrease in yohimbine VT, however with a different
time course, consistent with their different mechanisms of action. Cortical and thalamic regions showed the greatest
decrease (>20%) while the striatum had a more moderate decrease (8-15%) consistent with reduced striatal NA
innervation. Dialysis samples revealed a significant increase in NA extracellular concentrations after challenge in
inverse correlation with changes in yohimbine VT.
Discussion: These data suggest that [11C]yohimbine can evaluate acute variations in synaptic NA concentrations after
pharmacological challenges.
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TITLE: Influence of initial body weight on tumor burden in a rat model for brain metastasis
PRESENTER: Valerie De Meulenaere
ABSTRACT BODY: 
Abstract Body: Introduction 
Metastatic brain tumors are a severe problem in the treatment of patients with breast carcinoma. Preclinical models
can play an important role in unravelling the underlying mechanisms behind the metastatic process.
We developed a rat model for brain metastasis that allows follow-up by molecular resonance imaging (MRI). Injection
of cancer cells labeled with iron oxide particles, allows tracking from the single-cell stage until the appearance of full-
blown metastases (1). A disadvantage of the model is the large variability in tumor burden between rats. Therefore, in
order to limit this variability, we investigated whether the body weight of the rats has an influence on the development
of metastasis since it is known that the age of the rats affects the tumor load in the brain (2).
Materials and Methods 
MDA-MB-231br/EGFP human breast cancer cells were labeled with micron-sized particles of iron oxide (MPIO; 1μm).
14 female nude rats (Crl:NIH-Foxn1rnu, Charles River) were injected intracardially with 105 MDA-MB-231br/EGFP
labeled cells at the age of 6 weeks (3). All rats were weighted at the start of the experiment.
MRI was performed on a 7T system (PharmaScan) at day 1, and then weekly until 6 weeks post-injection, taking the
human endpoints into account. T2*W, T2W and contrast-enhanced T1W sequences were run. The T2*W images were
acquired one day post-injection to show the initial distribution of MPIO-labeled cells in the brain; T2-visible lesions
were coregistered with T2*W images.
Results 
By correlating T2*W images on day 1 with T2W images acquired at the end of the experiment we found a significant
positive correlation between the initial cell load and the number of metastases starting from week 3 post-injection,
which is similar to the findings of Heyn et al (4).
Additionally, a significant negative correlation between the body weight of the rats at the moment of injection and the
tumor load in the brain was established. All parameters measured starting from week 4 post- injection until the end of
the experiment were (borderline) significant.
No statistical significant correlation was seen between the body weight of the rats at the start of the experiment and
the initial number of hypointensities delivered to the brain (Fig. 1).
Discussion and Conclusion 
The final tumor load in the rat brain after injection of cancer cells depends both on the initial number of cells delivered
to the brain and the body weight of the rats at the moment of injection. Even at the same age the body weight between
the rats significantly correlates with tumor burden.
Initial body weight and cell load are 2 independent variables that do not influence each other. The metastatic volume
is mainly determined by the initial body weight of the rats, while the initial cell load affects the number of metastases.
With these findings in mind, we hope to reduce the variability of the model in future experiments.
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Fig 1: Comparison of tumor burden between a rat of 148.2g and a rat of 101.5g both injected with 105 cancer cells at
the age of 6 weeks. The initial cell load was similar in both rats, while the tumor load significantly differs between the
rats. Arrows indicate metastases.
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TITLE: Preliminary Analysis of Chemical Exchange Saturation Transfer (CEST) Images and Z Spectrum of Different
Metabolism Models
PRESENTER: Yonggui Yang
ABSTRACT BODY: 
Abstract Body: TARGET AUDIENCE: 
Clinicians and engineers who are interested in the chemical exchange saturation transfer technology. Our study is to
investigate the feasibility of CEST data acquisition and analysis at 1.5T MR scanner under different metabolism
models.
METHODS AND MATERIALS:  
We prepared four phantoms consisted of 50%, 30%, 10% creatine and 50% glutamate, respectively. All imaging
experiments were performed on a clinical 1.5T scanner (Signa HDe, General Electric Medical Systems). The
acquisition parameters for CEST scan were as follows: TR = 60ms, TE = minimum available, field of view = 20 cm,
acquisition matrix = 128×128, number of excitation (NEX)=8, flip angle =35, the frequency offset of saturation pulse
were -224Hz(-3.5ppm) and 224Hz(3.5ppm), another acquisition without saturation pulse were also performed. To
investigate the influence of image parameters on the CEST contrast, we repeated the experiments with image matrix
and NEX changed to 256×256 and 2, respectively. Afterwards, the corresponding APT images were obtained by
calculating the magnetization transfer ratio (MTR) difference between creatine and glutamate. To get z-spectrum, the
magnetization transfer frequency were repeated from -224Hz to 224Hz with interval 10Hz and from-254Hz~0 with
interval 20Hz, respectively.
Figure 1. Experiment results. (A)~(C) are T1WI, T2WI, T2 FLAIR image; (D)~(F) are saturated CEST image at -224Hz
(-3.5ppm), 224Hz (3.5ppm) and the APT image; (G)~(J) are the Z spectrum images.
Notes: At 1.5 T, the Larmor frequency of 1H proton is 63.75 MHz. For APT, the resonant frequencies of two protons
are separated by approximately 3.5ppm, i.e. 224±5Hz at 1.5 T. For creatine, the difference is about 3.05ppm, i.e.
194.4±5Hz. For glutamate, the difference is about 2.1~2.4ppm and 3.6~3.8ppm, which means 133.8~153Hz and
232.7~242.25Hz respectively.
RESULTS and DISCUSSTION 
Figure 1 demonstrated the CEST images, APT images and Z spectrum respectively. The signal intensity of creatine is
slightly higher than that of glutamate in both CEST and APT images. It demonstrated that the CEST imaging can
differentiate different types of metabolism and the concentrations. We also evaluated the influences of different
acquisition parameters. It was shown that the SNR could be improved with the decrease of matrix size and the
increase of NEX and flip angle. Note that this experiment may be impacted by pH value. Though we had not test the
influence of pH value, some researchers found that as the signal intensities of free water decreased more obviously
with the elevated pH3.
CONCLUTION 
Experiments show that it can distinguished different metabolisms and their concentrations using CEST image, APT
image and Z spectrum. Furthermore, the SNR of CEST images could be improved by reducing the matrix size and
increasing the NEX and flip angle.
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TITLE: A Multi-scale Approach for Brain Imaging：Combination of Molecular Imaging in Macroscale and Mesoscale
PRESENTER: Hui Hui
ABSTRACT BODY: 
Abstract Body: Introduction: The development of in vivo imaging techniques has allowed the study of brain disease in
intact brains of living animals. These imaging modalities can be used for performing the dynamic process both in
macro-scale and in mesoscale, namely, with resolution from millimeter to sub-micrometer. In this work, we propose a
multi-scale strategy for in vivo imaging of mouse brain. We have developed a multimodality system for whole body
imaging of small animals, in which Computed Tomography (CT), Fluorescence Molecular Tomography (FMT),
Positron Emission Tomography (PET) and Magnetic Resonance Imaging (MRI) have been integrated. This hybrid
imaging system can be used to acquire anatomical, functional and metabolic information of brain disease in macro-
scale. To understand the mechanism of brain disease in its neuronal microenvironment, high-resolution imaging
technology in mesoscale is required. So far, in vivo two-photon laser scan microscopy (TP-LSM) have become the
golden standard tool for neurological research as it can significantly reduce the background signal and allow imaging
of thick living samples up to about 1mm depth with subcellular resolution. In this approach, a high-speed TP-LSM was
used for acquiring imaging data in mesoscale.
Setup and Work flow: The abovementioned multimodality system mainly consists of imaging devices, small animal
bed and motion parts. All the imaging devices are fixed on a rotatable gantry. The X-ray Source and X-ray flat panel
detector are used for CT imaging. Fluorescence signal is detected by EMCCD camera in FMT. Eight custom-built PET
detector modules are mounted between gaps of other imaging devices. Small animal bed, equipped with anesthesia
systems, can be moved by a linear translation stage, see Figure 1. Firstly, in vivo imaging is performed by multi-
modality system. The segmentation, registration and visualization of the acquired images are conducted by our
developed software 3DMed and MITK to locate the three-dimensional position of brain disease. Then, a small
craniotomy is made for the same mouse using a high-speed drill with a small-tip steel burr at the corresponding
position. A craniotomy preparation process was carefully conducted for in vivo two-photon imaging. An appropriate
region of the neural population was chosen. The region of interest (ROI) in the center of the FOV was placed to image
neurovascular connections and monitor neural activities. The proposed approach can be used for studying the brain
disease both in macro-scale and meso-scale. It has potential to be applied for diagnose and therapy of brain disease,
for instance, neuroinflammation after stroke.
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Figure 1. (A) Home-built multimodality imaging system for small animal. (B) Multimodality imaging is performed to
acquire anatomical, functional and metabolic information of brain disease in macroscale. (C) Craniotomy is made for
the same mouse at the position that located by multimodality imaging system. Two-photon Laser scan microscopy is
used for investigating neural interactions in mesoscale.
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TITLE: Preclinical imaging study of mouse models of dementia
PRESENTER: Taekwan Lee
ABSTRACT BODY: 
Abstract Body: Dementia is defined as a chronic mental disorder caused by brain disease or injury. Clinical symptom
includes memory disorders, personality changes, and impaired reasoning. The most common type of dementia is
Alzheimer’s disease and the second type is vascular dementia. To develop dementia medicine, preclinical animal
models are critical for drug testing. In vivo imaging techniques are reliable and efficient tools for testing drug efficacy.
Alzheimer’s disease is characterised with amyloid plaque accumulation in the brain.
5XFAD transgenic mouse over-expressed with 5 Familial Alzheimer's Disease (FAD) mutations was used to establish
imaging protocol for testing Alzheimer’s disease. A mouse model of vascular dementia was produced with bilateral
common carotid artery stenosis (BCAS) surgery technique. Apolipoprotein E (APOE) knock-out mouse was initially fed
with 6 weeks of high fat diet and underwent BCAS surgery.
Brain pathology was examined with magnetic resonance imaging (MRI) technique and cognitive impairment was
monitored with behaviour tests in dementia mice.
To monitor morphological changes in the brain, 5XFAD mouse and APOE knock-out mouse with BCAS were
repeatedly scanned with Bruker 9.4T MRI. Specifically, the mouse brain was monitored with T1, T2, diffusion tensor
imaging protocol. In addition, BCAS mouse was scanned with angiography before and after surgery to find vascular
damage. Cognitive deficit was evaluated with open field test, Morris water maze test and novel object recognition test.
Neuronal atrophy (shown in hypo-intensity of T2 MRI images) appeared in the hippocampus of 5XFAD mouse over 6
months. BCAS in APOE knock-out mice also developed hippocampal damages 2~3 months after surgery. BCAS also
produced vascular damages monitored with MR angiography compared to wild type mice. Together with brain
damages, dementia mice showed significant memory impairment in behaviour tests.
Mouse models of dementia could be systemically examined both by brain pathology and cognition using MRI and
behavioural tests. Combinations of in vivo imaging and behavioural test provide effective tools for testing drug
candidate to treat dementia.
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TITLE: Resting-State Functional Connectivity Measurement in the Mouse Brain using a Low Cost Photoacoustic
Computed Tomography
PRESENTER: Ali Hariri
ABSTRACT BODY: 
Abstract Body: Resting-state functional connectivity (RSFC) is an emerging neuroimaging approach that aims to
identify low-frequency, spontaneous cerebral hemodynamic fluctuations and their associated functional connections
[1, 2]. Recent research suggests that these fluctuations are highly correlated with local neuronal activity [3, 4, 5]. This
symmetry also exists in spontaneous resting-state hemodynamics, where strong correlations are found inter-
hemispherically between bilaterally homologous regions, as well as intra-hemispherically within the same functional
regions [3]. Clinical studies have demonstrated that RSFC is altered in brain disorders such as Alzheimer’s [6-12].
Due to its task-free nature, RSFC imaging can be performed on patients under anesthesia [13, 14], on patients unable
to perform cognitive tasks [15, 16], and even on patients with brain injury [17, 18]. RSFC imaging is also an appealing
technique for studying brain diseases in animal models, in particular the mouse, a species that holds the largest
variety of neurological disease models [3, 14, 19, 20, 21]. However, conventional neuroimaging modalities such as
functional connectivity magnetic resonance imaging (fcMRI) and functional connectivity mapping with optical intrinsic
signal imaging (fcOIS) cannot easily be applied to mice [21, 22]. Here, we utilize optical excitation and acoustic
detection, using photoacoustic technology, to noninvasively image RSFC in the mouse brain, with a high frame rate,
large field of view and high spatial resolution at different depths. More importantly this will generate a good stand for
development of the human functional connectivity photoacoustic tomography system. We call our technique,
functional connectivity photoacoustic tomography (fcPAT). Previously we developed an fcPAT with ND:YAG Quanta
Ray laser (Pro 270) and a 512-element ring transducer [26]. The system although was fast and accurate, it was costly
and could not easily be afforded by neuroscientists to study the RSFC. In the new design of the fcPAT, we use high
performance cylindrically focused single element transducers instead of full ring transducer array. The signals
obtained from the transducers are amplified with low noise amplifiers. The cylindrical structure where the transducers
are placed on, is rotated smoothly to collect photoacoustic signal at different views while the frame rate of the
reconstructed image is below one second. We use a solid state laser that has been taken out from a low cost tattoo
removal laser machine. FPGA-based National Instrument system is used for data acquisition and processing. Seed-
based method is used for extracting RSFC correlation maps. Data acquisition, the reconstruction algorithm and data
analysis algorithm are implemented in Labview. The schematic of the setup is shown in Fig.1. An Agar phantom in
which eight pencil leads are embedded is imaged, the image of which is shown in Fig.2. The animal protocol was
approved last week. We are generating the mouse brain vasculature and functional images from which we obtain
RSFC results. The results will be presented in WMIC 2016.
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Fig1. Schematic of low cost fcPAT for measuring resting-state functional connectivity in the mouse brain<br />
<br />
Fig2. Agar phantom with eight pencil leads (average diameter of 0.5 mm) embedded in it. <br />
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TITLE: Altered dopamine transporter activity in the rat brain by acute administration of clozapine and haloperidol: An
123I-FP-CIT SPECT study
PRESENTER: So Hyeon Park
ABSTRACT BODY: 
Abstract Body: OBJECTIVES: Abnormal dopaminergic (DA) neurotransmission is implicated in positive and negative
symptoms of schizophrenia. And clozapine (CLZ) and haloperidol (HAL), atypical and typical antipsychotic drug,
respectively, are known to have mechanism of action for relieving the symptoms of schizophrenia by interrupting DA
neurotransmission or increasing synaptic DA concentration (“DA hypothesis”). In the present study, we investigated
changes in DA transporter (DAT) activity by acute administration of multiple doses of CLZ and HAL using 123I-FP-CIT
SPECT.
METHODS: SpragueDawley rats were used in the present study. SPECT scans were started 2 h after the 123I-FP-
CIT (injected dose [mean ± SEM] = 664.3 ± 15.7 μCi) injection. Baseline scan was followed by the administration of
CLZ (250 μg/kg and 2.5 mg/kg) or HAL (13 μg/kg, 130 μg/kg) via tail vein, then the scan of treatment condition was
acquired. The striatum, midbrain and cerebellum were delineated on the spatially normalized SPECT images using
automated anatomical labeling method. 123I-FP-CIT binding potential (BPND) was calculated using the cerebellum as
a reference region. %BPND changes after the drug administration were assessed across the brain regions and
multiple doses of drugs.
RESULTS: %BPND changes of 123I-FP-CIT were varied across the brain regions and drugs’ doses. The acute
administration of CLZ induced a significant decrease of 123I-FP-CIT BPND in the striatum (%BPND change = 12.9 ±
4.5%, P < 0.05) and midbrain (4.4 ± 27.3%) at 250 μg/kg, while the BPND were increased at 2.5 mg/kg (striatum %BP

ND change = 25.8 ± 24.7%, midbrain 23.6 ± 23.9%). However, HAL decreased 123I-FP-CIT BPND significantly in the
both regions at 130 μg/kg (striatum %BPND change = 16.4 ± 3.0%, midbrain 14.4 ± 8.3%), whereas the lower dose
(13 μg/kg) of HAL induced a marginal increase of 123I-FP-CIT BPND.
CONCLUSION: Data demonstrated that CLZ and HAL have distinguished pharmacodynamic characteristics in altering
DAT activity as their typicality. Additional in vivo microdialysis study is required to establish the relationship between
altered DAT activity and DA concentration by the acute administration of CLZ and HAL.
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TITLE: In vivo MRI visualization of neuroinflammation using VCAM-1 targeted paramagnetic micelles
PRESENTER: Francesca Garello
ABSTRACT BODY: 
Abstract Body: The close relationship between neuroinflammatory processes and neurodegenerative diseases’onset
and progression is becoming more and more undeniable.1 Hence, the need for specialized non invasive imaging
techniques is increasing in order to better clarify the role and the spatio-temporal correlation between inflammation
and degeneration.Magnetic Resonance Imaging (MRI) with its remarkable spatial resolution and poor toxicity could be
the technique of choice. However,as anatomical alterations at the initial stages of degeneration are limited,the use of
contrast agents targeting selected markers of inflammation,such as Vascular Cell Adhesion Molecule (VCAM-1) over-
expression,2 is envisaged. In the herein reported work,VCAM-1 targeted paramagnetic micelles were designed and
tested in a mouse model of neuroinflammation.
To this purpose the cyclic nonapeptide CNNSKSHTC,targeting VCAM-1,2 and its scrambled version,were synthesized
and conjugated to DSPE-PEG2000 to formulate a lipid-based nanosystem.VCAM-1 targeted micelles were prepared
by the lipid film hydration method,with the following formulation: DSPE-PEG2000, Gd-DOTAMA(C18)2, DSPE-
PEG2000-peptide (targeted or scrambled) and Rho-DOPE in molar ratio 57.5:40:2:0.5. After thorough
characterization,the nanosystem was in vivo tested in a model of neuroinflammation,obtained by intrastriatal
administration of LPS (5 μg) in C57BL/6 mice (n=30). 24h after LPS injection,targeted or scrambled micelles were iv
administered and the mice were imaged by MRI before, 20 min, 4h, 24h and 48h p.i. at 1T(Bruker ICON).Mice were
then sacrificed to perform histological studies.Biodistribution and pharmacokinetics of the targeting nanosystem were
also investigated.Finally, a comparison with the clinically approved contrast agent MultiHance was carried out.
VCAM-1 targeted micelles showed a size of ca.20 nm and a longitudinal relaxivity (1T,37°C) of 35 s-1mMGd

-1. After
the histological validation of the model,targeted or scrambled micelles were iv injected 24h post LPS
administration.The T1 Signal Enhancement (SE) calculated over pre images showed an increase at 24h p.i. of
39.3±4.4 % (p<0.001) only in the inflamed striatum,with a T1 SE over the healthy contralateral emisphere of 31.1±4.5
% (p<0.01). The inflamed region was clearly detected only after targeted micelle administration. Histological studies
proved micelle extravasation at the lesion site.Scrambled micelles and MultiHance showed a comparable T1 SE in the
inflamed region of 18.9±2.2 and 13.4±2.7 %,respectively,probably due to passive extravasation(Fig.1).
In conclusion,this originally designed nanosystem allows for the early detection of neuroinflammation,with a higher T1
SE and a more precise localization in comparison to MultiHance.The nanosystem will be tested in animal models of
neurodegeneration and the possibility to exploit it to efficiently deliver drugs intracerebrally will be envisaged.
The research leading to these results has received funding from the FP7/2007-2013 programme under grant
agreement n°HEALTH-F2-2011-278850(INMiND).
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Figure 1. Left:1T MRI of neuroinflamed mice before and 24h after iv injection of (a,d) VCAM-1 targeted or  (b,e)
scrambled micelles (0.055 mmolGd3+/Kg), and 20 min post (c, f) MultiHance (0.2 mmolGd3+/Kg) administration.
Right:corresponding % T1 SE in the striatum.
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TITLE: Multi-metal 13C-MRI sensors hyperpolarized MRI
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ABSTRACT BODY: 
Abstract Body: Divalent metal ions (Ca2+, Mg2+, Zn2+) are of fundamental importance for biological processes as
they are essential constituents of proteins and biominerals and function as signaling molecules.1 Some divalent
metals such as Cd2+, Pb2+, As2+ can appear as toxic contaminants in air, food or ground water.2 However, specific
mapping of metal distributions in opaque and scattering biomedical and environmental samples in a non-invasive
manner is still an open challenge for Magnetic Resonance Imaging (MRI) due to the method’s inherent sensitivity.
Dynamic Nuclear Polarization (DNP) is an attractive approach that can significantly improve the sensitivity of MR
imaging and spectroscopy techniques.
 
To achieve metal-specific distribution with high sensitivity via DNP-MRI, we introduce reversible hyperpolarizable 13C-
sensors for imaging of multiple metal ions. By positioning the 13C-label directly at the metal coordination site in metal
chelators (L1 and L2), well-defined patterns of chemical shifts were observed upon binding of several biologically
important or toxic divalent metals (Fig 1A). The metal-specific chemical shift and selectivity of the sensor for Ca2+

over Mg2+ allowed us to obtain linear titration curves [plotted by taking the Area Under the Curve (AUC) of the NMR
peaks] for Ca2+ even in the presence of high concentrations of Mg2+ (Fig 1B). We also determined the AUC obtained
from L1 in human serum (50% v/v) and found 1.2 mM for the Ca2+ concentration via the fitted reference curve (Figure
1B X-intercept of the fitted curve).
 
As requirement parameters to use the sensors for DNP, it shows sufficiently long longitudinal relaxation times (up to
25 s at 1 T) and large chemical shifts (up to 10 ppm) of their carboxyl resonances in response to Ca2+ (Fig. 1C). To
increase the sensitivity of our NMR-based metal detection, we next subjected L1 to DNP using a HyperSense system.
The resulting signal enhancement as well as the large chemical shift of the sensor allowed us to clearly differentiate
the unbound sensors from the Ca2+-bound form at half-saturating and saturating concentrations of Ca2+ on a
benchtop 1T spectrometer (Fig 1C). Hyperpolarization of L1 could then push the sensitivity for Ca2+ detection into the
micromolar range (Fig. 1D). Finally, we sought to test how the two hyperpolarized sensors spatially resolve metal
distributions via DNP-MRI. We thus hyperpolarized the sensors and transferred the dissolution into a phantom
consisting of tubes prefilled with saturating concentrations of Ca2+, Zn2+, Mg2+ in MOPS buffer and imaged by
single-scan chemical shift imaging in 7T small animal scanner (Fig 1E). In the case of L2, the specific chemical shifts
for Mg2+ and Zn2+ enabled also differentiation of these metals.
 
In summary, the divalent metal sensing via DNP-MRI, we introduce 13C-MRI-sensors that exhibit metal-specific
chemical shifts and enable determination of divalent metals in biological samples. Hyperpolarization of the compounds
pushes the detection limit into the micromolar range and enable multiplexed detection via one-shot chemical shift
imaging.
[1] Bar-Shir, A. JACS 2015, 137(1), 78. [2] Yu, J. JACS 2015, 137 (44), 14173.
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Figure 1. A) Multi-Metal NMR-based detection of L2. B) Reference curve from quantification of Ca2+ from human
serum obtained from area under the curve (AUC) of the chemical shift peaks of L1 with increasing amounts Ca2+ in
the presence of 0.45 mM Mg2+. C) Ca2+ detection of hyperpolarized L1. D). Detection of micromolar concentrations
of Ca2+ by hyperpolarized L1. E). Multi-Metal chemical shift imaging via DNP-MRI of L1 and L2.
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TITLE: Brevican-specific peptides for the development of next-generation imaging agents for high-grade gliomas
PRESENTER: Choi-Fong Cho
ABSTRACT BODY: 
Abstract Body: Introduction: High-grade glioma (brain tumor) cells are very invasive, making them indistinguishable
from the surrounding normal brain tissue to the naked eye and causing surgical excision to be impossible, leading
ultimately to tumor regrowth and patient morbidity. The ability to target these cells can allow for the development of
sensitive contrast agents that can discriminate malignant cells from healthy tissues, leading to better non-invasive
diagnosis, image-guided surgical excision or methods to monitor treatment response/progression that can ultimately
improve patient outcome. Brevican (Bcan), a predominant protein in the neural extracellular matrix is expressed
exclusively in the central nervous system. Particularly, an isoform of Bcan lacking normal glycosylation, called B/bΔg
is a unique marker that is present only in high-grade gliomas and is not expressed in non-cancerous tissues1.
Recently, we have demonstrated that the expression of B/bΔg is uniform within tumor specimens that were surgically
excised from patients with high-grade glioma (Fig. A), suggesting that this target is ideal for precision imaging and
visualization of the malignant tumor in brain cancer patients. Our objective is to generate peptides with specific affinity
for B/bΔg for the development of novel next-generation diagnostic agents for high-grade gliomas. Innovation: We
describe here the discovery of 5 novel high-affinity B/bΔg peptide ligands using a combination of rapid combinatorial
library screening approaches and a microfluidic sorting device that was designed in-house. Methods: Briefly, a one-
bead-one-compound (OBOC) peptide library was screened against small magnetic particles2 decorated with a
synthetic peptide that represents an epitope to B/bΔg. Positive “hit” beads labeled with magnetic particles were
isolated using an inexpensive but yet, accurate and high-throughput microfluidic magnetic-activated sorter that was
fabricated in our laboratory. Binding of these hits were validated with B/bΔg-expressing cells, and beads with the
highest association with cells were isolated and sequenced using Edman degradation. Results: 7 novel peptides were
identified in the OBOC screen. Cell uptake and blocking studies revealed that 5 of these peptides exhibited specific
affinity for B/bΔg-overexpressing cells compared to control cells. This observation was not seen with control peptides.
Binding kinetics studies showed that these candidates display nano- to micromolar binding affinity for recombinant
B/bΔg protein, as determined using the Octet platform. Further analyses using confocal microscopy revealed
increased peptide binding/uptake in B/bΔg-expressing patient-derived glioma stem cells (GSCs) compared with
normal human astrocytes. We also showed that these candidates preferentially bind B/bΔg-expressing tumors
compared to normal brain tissues in whole-brain cryo-sections (Fig. B). Conclusion: These peptides have
demonstrated high specificity for B/bΔg, and hold strong promise for the development of next-generation in vivo
imaging agents for malignant brain tumor.
 
1) Viapiano et al. Cancer Res 65, p6726 (2005).
2) Cho et al. Nano Lett 12, p5957 (2012).
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TITLE: 18F-labeled 2-phenylquinoxaline derivatives as potential tau imaging agent for diagnosis of Alzheimer’s
disease
PRESENTER: kaixiang zhou
ABSTRACT BODY: 
Abstract Body: Objectives: The burden level of intracellular tau fibrils in the brain consistently correlate with the degree
of cognitive impairment of Alzheimer’s disease (AD). Thus, tau fibrils are considered a more specific biomarker for
diagnosis of AD. Based on our previous investigation on the radiolabeled 2-phenylquinoxaline derivatives [1], we
coupled a 1-fluoro-3-(oxidanyl)propan-2-ol side chain with a hydrophilic chiral hydroxyl group to the 2-
phenylquinoxaline scaffold. In this study, a pair of enantiopure (R)- and (S)-18F-labeled 2-phenylquinoxaline
derivatives have been synthesized and evaluated for PET imaging of tau fibrils.
Methods: Radiosynthesis of 18F-labeled ligands was achieved using corresponding tosylate precursors for
nucleophilic substitution with 18F-. Specific binding to neurofibrillary tangles was verified by in vitro fluorescent
staining and autoradiography on brain slices from AD patients (91 years old, male, temporal lobe and hippocampus).
In vivo biodistribution was conducted on normal ICR mice (20-22 g, male).
Results: [18F]S-16 and [18F]R-16 were obtained in 25-33% of decay corrected radiochemical yield with approximate
90 GBq/μmol of specific activity. Specific labeling of neurofibrillary tangles was verified by in vitro fluorescent staining
and autoradiography on brain sections from AD patient (Figure 1). In biodistribution, [18F]S-16 exhibited high initial
brain uptake (9.2 %ID/g at 2 min p.i.) and rapid washout rate (brain2min/brain 60min = 13.1), while [18F]R-16
displayed similar brain kinetics (9.1 %ID/g at 2 min p.i. brain2min/brain 60min = 10.5).
Conclusions: A pair of 18F-labeled 2-phenylquinoxaline derivatives with chiral hydroxyl group on the side chain
displayed high specific binding to neurofibrillary tangles and excellent pharmacokinetics with high initial brain uptake
and fast clearance from normal brain regions.We believe that they could be potentially used as novel PET probes for
detection of tau in AD brains, further studies of these radiolabeled probes are currently underway.
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TITLE: Near infrared fluorescence imaging of reactive oxygen species in Alzheimer’s disease via transformation from
“visible” to “invisible”
PRESENTER: Jian Yang
ABSTRACT BODY: 
Abstract Body:  
Abstract: There have been multiple indications that Alzheimer’s disease (AD) is closely associated with oxidative
stress. Evidence from published literatures confirms that the level of reactive oxygen species (ROS) in AD brains is
significantly higher than that in healthy brains. Although numerous studies have been reported for cell and peripheral
ROS imaging, in vivo imaging methods for ROS detection in brain are still lacking. In this report, we demonstrated that
CRANAD-61 (Ex/Em=650/730nm), a cucurmin-based near infrared fluorescence (NIRF) probe, could be used for
imaging ROS in brains of transgenic AD mice. CRANAD-61 was responsive not only to H2O2, but also to other ROS,
such as superoxide, hydroxyl radicals, and nitric oxide radicals. Once it had reacted with ROS, its excitation and
emission wavelengths shifted significantly to short wavelengths (Ex/Em=500/570nm). This shifting could make
“visible” CRANAD-61 become “invisible” with in vivo NIRF imaging parameters. Compared to traditional intensity
based NIRF imaging, this transformational NIRF imaging could provide higher detection sensitivity. We demonstrated
that CRANAD-61 could detect the difference of ROS level between brains of AD mice and age-matched wild type
mice. Our data suggested that, from 4 to 18-months old, a significant increase (1.80-fold) of ROS level in AD brains
could be detected. To the best of our knowledge, this is the first time that the increase of ROS levels in AD brains with
age could be monitored with a NIRF imaging method.
AUTHORS (LAST NAME, FIRST NAME): Yang, Jian1, 2; Yuan, Peng3; Yang, Jing1, 4; Xu, Yungen2; Grutzendler,
Jaime3; Moore, Anna1; Ran, Chongzhao1

INSTITUTIONS (ALL): 
1. Athinoula A. Martinos Center for Biomedical Imaging, Massachusetts General Hospital/Harvard Medical School,
Boston, MA, United States.
2. School of Pharmacy, China Pharmaceutical University, Nanjing, China.
3. Department of Neurology, Yale University, New Haven, CT, United States.
4. College of Pharmaceutical Sciences, Soochow University, Suzhou, China.
(No Image Selected)



CONTROL ID: 2501191
TITLE: Application of pump-probe imaging towards chemical and structural characterization of neuromelanin
PRESENTER: Sanghamitra Deb
ABSTRACT BODY: 
Abstract Body: Neuromelanin (NM) is an enigmatic pigment found in human and animal brain. It is a dark brown-black
insoluble polymer that is mainly found in the intraneuronal organelles of human substantia nigra and locus coeruleus.
The pigment has been implicated in Parkinson’s disease (PD) where the targeted cell death of NM-containing neurons
is a critical pathology of the disease.1-3 Similar type of pigments are also present in neurons of the putamen, cortex,
and cerebellum.4 The detailed structure of NM is still unknown; it is composed of melanic, lipidic, and peptidic
moieties that appear to be covalently linked to each other. The melanic portion contains polymerized eumelanin
residues derived from the oxidative polymerization of dopamine as well as pheomelanin residues derived from the
oxidative polymerization of cysteinyl-dopamine.5,6 The peptide component is 10-15% of the whole structure. The lipid
component consists of poly-isoprenic aliphatic chains and varies depending on the type of NM.4 NM accumulates
different metal ions, predominantly iron.3,7 Iron ions can be bound to the polymer at high-affinity and low-affinity sites.
8 The iron at the latter sites is present in a reactive form, and may exhibit a toxicity that is important in the
pathogenesis of PD.9 
In the last few years, a considerable amount of work has been done to use pump-probe microscopy10,11 to
differentiate melanins by their spectroscopic response at different wavelengths. It has been proven capable of
providing clinically relevant chemical contrast for melanoma.12,13 We have explored how the pump-probe signatures
of melanin-protein conjugated NM model systems change as a function of melanin/protein ratio and Fe(III) ion
concentration in order to correlate pump-probe responses with chemical composition. NM pump-probe signals are
mixture of two types of spectroscopic responses: excited state absorption (ESA) and ground state bleach (GSB). We
found that the GSB signal is highly dependent on the polarization of pump and probe beams which gives another
dimension to distinguish different melanin-protein conjugates. The results shows that the pump-probe responses are
very sensitive to the Fe(III) concentration and also affected by the type of protein. The amount the Fe(III) incorporation
depends on the type of melanic (eumelanin or pheomelanin) part of the conjugate system and the results are very well
correlated with the Fe(III) concentrations determined by mass-spectrometry and EPR measurments.14 We also
characterized extracted NMs from different regions of human brain and their differences from the NM present in fixed
substantia nigra tissue samples and progress on this work will be presented.
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TITLE: Investigation of blood-brain barrier permeability of 7α-[18F]fluoro- and 10-O-p-[11C]methylbenzyl ginkgolide B
in monkey and rat brains
PRESENTER: Hiroko Koyama
ABSTRACT BODY: 
Abstract Body: The neuroprotective effects of Ginkgo biloba extracts have been reported on the basis of the results of
both in vivo and in vitro experiments. The attractive components of the extracts are ginkgolides, which are thought to
play an important role in the neuromodulatory effects of G. biloba extracts. However, the molecular mechanism of
ginkgolides on the central nervous system is poorly understood, and especially there is a little information about
whether ginkgolides can penetrate the blood-brain barrier (BBB).
With regard to the BBB permeability, we focused on nuclear medicine techniques of PET, which can provide valuable
in vivo information. Thus, the BBB permeability in both rat and monkey brains was investigated using two PET probes
derived from ginkgolide B (1), 7α-[18F]fluorine-substituted ginkgolide B ([18F]-2) and 10-O-p-[11C]methylbenzyl
ginkgolide B ([11C]-3), the latter of which was synthesized by our Pd-mediated rapid C-[11C]methylation methods.
PET studies in monkeys showed little uptake of [18F]-2 into the brain, but small amounts of [11C]-3 were accumulated
in the parenchyma of the brain. Based on the cell-permeability analyses using P-glycoprotein-expressing cellular
membranes, compound 3 was confirmed as a weak but possible substrate of P-glycoprotein. Therefore, the effect of
cyclosporine A (CsA), a P-glycoprotein inhibitor, was explored to improve the BBB permeability. When CsA was pre-
administered to rats, the radioactivity accumulation of [18F]-2 in the rat brain did not significantly change, but
accumulation of [11C]-3 was five times higher than in the control rat. In view of such enhancement of the BBB
permeability, these results encourage the future use of other safe P-glycoprotein inhibitors and provide effective
approaches for investigating the drug potential of ginkgolides.
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TITLE: Radiosynthesis and in vitro evaluation of [11C]anle253b, a putative PET tracer for alpha-synuclein aggregation
in neurodegenerative diseases
PRESENTER: Andreas Maurer
ABSTRACT BODY: 
Abstract Body: Introduction 
With increasing life expectancy neurodegenerative diseases pose an increasing challenge to the health systems in
Europe [1]. Parkinson's disease (PD) is one of the most common neurodegenerative diseases but despite great efforts
neither reliable early diagnostic nor approved disease-modifying treatment is available. The disease is accompanied
by deposition of aggregated fibrillar alpha-synuclein. Unlike in Alzheimer's disease where PET tracers for deposited
Aß and tau proteins already contribute to diagnosis, no tracers for sensitive and specific detection of alpha-synuclein
deposits are available.
Aims 
We set out to develop a PET tracer from the well-characterized diphenylpyrazole-based oligomer modulator anle253b
[2] by methylating its monomethylaniline precursor.
Materials and Methods 
[11C]CO2 was generated on a PETtrace cyclotron and converted to methyl iodide or triflate on a Tracerlab FX MeI
module. The precursor was radiolabeled on a Tracerlab FX M module using [11C]methyl iodide, methyl triflate or in
situ generated formaldehyde [3], purified by HPLC and formulated in ethanol/PBS.
Recombinant human alpha-synuclein fibrils were immobilized on microtiter plates and the tracer solution was
incubated with the fibrils in the presence or absence of cold compound excess (blocking). The bound activity was
quantified by autoradiography. Mean grey values were compared by one-way ANOVA.
Results 
Methylation with [11C] methyl iodide or methyl triflate along the rather canonical synthesis pathway yielded only minor
amounts of [11C]anle253b with undesired pyrazole methylation as the major side products. Reductive methylation
with in situ generated [11C]formaldehyde showed superior regioselectivity and yields the desired molecule in
moderate yields (6.1 +/- 1.9 % decay-corrected from [11C]MeI) but only low specific activity (12.1 +/- 5.0 GBq/µmol).
Despite the low specific activity first binding assays showed statistically significant (p = 0.003) blockable binding of the
tracer to alpha-synuclein.
Outlook 
We present a successful radiolabeling strategy for anle253b and first in vitro data supporting its binding to alpha-
synuclein. Preliminary in vivo data also support the effective penetration of the blood-brain barrier in rats making this a
promising candidate for diagnosis of alpha-synucleinopathies.
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TITLE: A Novel Radiosynthesis of the Acetylcholinesterase PET Tracer [18F]2-fluoroethyl 4-nitrophenyl
methylphosphonate
PRESENTER: Kiel Neumann
ABSTRACT BODY: 
Abstract Body: Objective: Organophosphate compounds (OP), historically used as insecticides and nerve agents, are
potent inhibitors of acetylcholinesterase (AChE); thus, any use of these compounds presents potential human and
environmental toxicological concerns. The first-in-class PET tracer [18F]2-fluoroethyl 4-nitrophenyl
methylphosphonate, OP[18F]4, was initially developed with the aim of assessing new and existing countermeasures
of AChE-OP inhibition and select neurotoxicity profiles. A previous pioneering report1 on the radiosynthesis of OP[18

F]4 suffers from a low yield (6.5% decay corrected, non-automated) and extended reaction time (150 min). The
objective of this study was to develop a more facile OP[18F]4 radiosynthesis which would avoid the challenges of the
previously described microwave-facilitated protocol, permit the development of an automated method using a
commercially available radiosynthesis module, and provide OP[18F]4 in a routine fashion for our biological studies.
Additionally, we sought to utilize an ethanol and saline-based CNS tracer dose formulation rather than using
acetonitrile as reported previously. Methods: [18F]fluoroethanol was synthesized by the recently reported method2

using modifications. Briefly, Kryptofix (K222)/KHCO3 was used to elute [18F]fluoride ion from a miniature exchange
cartridge (Myja Scientific) followed by azeotropic drying (CH3CN, 115 °C, nitrogen stream, reduced pressure).
Ethylene sulfite (20 μL) in 500 μL of anhydrous CH3CN was added to the radioactivity vial, which was sealed, heated
at 85 °C for 20 minutes and then cooled. OP-1 was dissolved in 500 μL of CH3CN and 20 μL DBU then this mixture
was added to the radioactivity vial and allowed to react at room temperature for 10 min. The crude reaction mixture
was purified by semi-prep HPLC to provide OP[18F]4, which was subsequently captured on a C18 light cartridge,
eluted and formulated as 5% ethanol/saline containing 0.1% L-ascorbic acid. Results: The manual synthesis produced
 OP[18F]4 in 23 ± 3% (n=6) decay corrected radiochemical yield in a total synthesis to formulation time of 65 minutes
with >99% radiochemical purity and >95% chemical purity. Stability of OP[18F]4 in the 5% ethanol/saline + 0.1% L-
ascorbic acid (pH = 5.5) formulation was monitored over 85 minutes at room temperature; no evidence of tracer
decomposition was found by HPLC. When the radiosynthesis was automated on an Elixys Flex/Chem (Sofie
Biosciences) commercial reactor system, OP[18F]4 was isolated in 6 ± 2% (n = 4) decay corrected radiochemical
yield in >97% radiochemical and >95% chemical purity. Conclusion: A mild, facile, high-yielding radiosynthesis of OP[
18F]4 has been discovered and initially developed. The new route affords significant improvements to radiochemical
yields and reaction times relative to those reported previously. Utilizing the manual synthesis tracer OP[18F]4 is
routinely available for our in vivo mammalian biological studies of AChE inhibition. Further optimization of the
automated radiosynthesis of OP[18F]4 is ongoing.
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Figure 1. Radiosynthetic scheme for preparation of OP[18F]4.
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TITLE: Image System to Detect TDP-43 Inclusion after Activating Autophagy
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ABSTRACT BODY: 
Abstract Body: TDP-43 is a multifunctional DNA/RNA-binding protein that has been identified as the major component
of the cytoplasmic ubiquitin (+) inclusions (UBIs) in diseased cells of frontotemporal lobar dementia (FTLD-U) and
amyotrophic lateral sclerosis (ALS). Unfortunately, effective drugs for these neurodegenerative diseases are yet to be
developed. We have tested the therapeutic potential of rapamycin, an inhibitor of the mammalian target of rapamycin
(mTOR) and three other autophagy activators (spermidine, carbamazepine, and tamoxifen) in a FTLD-U mouse model
with TDP-43 proteinopathies. Rapamycin treatment has been reported to be beneficial in some animal models of
neurodegenerative diseases but not others. Furthermore, the effects of rapamycin treatment in FTLD-U have not been
investigated. We show that rapamycin treatment effectively rescues the learning/memory impairment of these
mice at 3 mo of age, and it significantly slows down the age-dependent loss of their motor function. These behavioral
improvements upon rapamycin treatment are accompanied by a decreased level of caspase-3 and a reduction of
neuron loss in the forebrain of FTLD-U mice. We further used the confocal microscope to identify the cytosolic
inclusions within the cell subregions and detect the number of cells with cytosolic TDP-43 (+) inclusions; the data
indicated that rapamycin significant decreased the cell number with TDP-43 (+) inclusions. In addition, we found the
autophagic flux was activated by rapamycin treatment, the mTOR-regulated phospho-p70-S6 kinase (P-p70) and the
p62 protein was decreased and the autophagic marker LC3 was increased. Remarkably, we adopt the confocal
microscope to detect the formation of autophagolysosom by immunoreactivity of LC3, and found rapamycin improved
this key event in the initiation of autophagy. Together, rapamycin as well as spermidine, carbamazepine, and
tamoxifen could also rescue the motor dysfunction of 7-mo-old FTLD-U mice. These data suggest that autophagy
activation is a potentially useful route for the therapy of neurodegenerative diseases with TDP-43 proteinopathies and
further provide the insights into the applications of confocal microscope-based studies in autophagy.
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TITLE: Synthesis of [11C] isoproterenol via reductive amination of [11C] acetone with norepinephrine
PRESENTER: Hiroshi  Ikenuma
ABSTRACT BODY: 
Abstract Body: Objectives: Alzheimer’s disease is pathologically characterized by the deposition of amyloid βfibrils and
neurofibrillary tangles (NFTs) associated with neuronal loss causing cognitive disorder. Recently, Y. Soeda et al.
found that DL-isoproterenol inhibits the formation of toxic granular tau oligomer preceding NFTs and neuronal loss in
in vitro and in vivo systems, respectively. We here studied the synthesis of 11C-labeled isoproterenol with an aim to
elucidate its behavior in the brain by Positron Emission Tomography.
Methods: Synthesis of [11C] isoproterenol was planned via reductive amination of [2-11C] acetone with
norepinephrine.
Results & Discussions: Continuous two-pot reactions were employed. The [2-11C] acetone synthesis is conducted in
the first vial and, then after transfer of [2-11C] acetone to the second vial, where norepinephrine (1) is mixed in the
presence of reducing agents. Thus, after trapping [11C] CO2 in methyl lithium (MeLi) in diethyl ether, the mixture
containing excess MeLi was quenched with diphenylamine in cyclopentylmethylether (CPME). The use of CPME
enabled the MeLi quenching cleanly under less moisture conditions without additional methylation due to the collapse
of dilithium propane-2,2-bis(olate) ((CH3)2C(OLi)2) intermediate. In order to prevent further side reactions, we used
phenol as proton source for the collapse of dilithium propane-2,2-bis(olate) instead of a solution of hydrogen chloride
in diethyl ether, giving [2-11C] acetone effectively. After such, we could transfer 88% of [2-11C] acetone from the first
vial to the second vial together with little ethereal solvents under nitrogen stream. Accordingly, [2-11C] acetone was
synthesized in 79% decay-corrected radiochemical yield (DCY). Less toxic sodium triacetoxyborohydride (NaBH(OAc)

3) was selected as reducing agent for reductive amination. In addition, the use of p-trifluoromethylbenzoic acid turned
out to the effective due to a suitable pKa value (3.69) to accelerate the reduction by the formation of iminium salt with
less influence on the degradation of NaBH(OAc)3. We also found that an excess amount of the reducing agent is
effective in the reaction. Thus, under such optimal reaction conditions at 100 °C for 10 min in DMSO/DMF (3:2), [11C]
isoproterenol (2) was synthesized in 78% radio-HPLC analytical yield. The isolated radioactivity of 2 was 0.57 GBq.
The decay-corrected radiochemical yield was 6% from end of bombardment (EOB). The overall synthesis time from
EOB to HPLC separation is 56 min.
References: [1] Y. Soeda et al., Nature Commun. 6, 10216. DOI: 10.1038/ncomms10216
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ABSTRACT BODY: 
Abstract Body: The standard of care for brain tumor treatment involves surgical resection followed by a tailored radio-
and/or chemotherapy regimen that is contingent upon the type and grade of the tumor. The extent of surgical
resection largely determines the survival time. Fluorescence-guided surgery (FGS) is one way to improve maximal
resection while preserving eloquent brain areas. Currently, only 5-aminolevulinic acid is used for FGS of brain tumors,
but the fluorescent product emits at low wavelengths which reduces tissue penetration, and its mechanism of
accumulation in tumor tissues is poorly understood. A targeted near-infrared-emitting probe would be better.
 
Herein, we propose the development of a radioactive smart optical probe for in vivo multimodal imaging (18F-
PET/NIRF) of intracranial astrocytic gliomas that provides diagnostic information regarding tumor progression and
margin delineation of tumors upon resection. To do so, the radioactive smart optical probe utilizes a molecular logic
gate design strategy that targets elevated activity of lysosomal cathepsin B (CatB), which is a validated prognostic
factor for intracranial astrocytic gliomas with increasing levels of active CatB linearly corresponding to higher grades of
glioma. We hypothesize that CatB cleavage of the molecular probe will result in a robust bimodal response at the
tumor site that is linearly correlated with glioma grade.
 
The proposed probe combines two imaging modalities: NIRF and 18F PET and can be used in single- or dual-mode
that is contingent upon either the application or the model being evaluated. Initially, NIRF is ideal for solution, cell, and
small animal imaging studies, while 18F PET enables clinical translation. The smart probe is equipped with a peptide
vector (PV = SynB3), that shuttles its cargo across the blood-brain barrier and facilitates glioma uptake via an
adsorptive-mediated endocytosis process. CatB localizes and becomes functionally active primarily within lysosomes.
Here, the acidic environment (pH 4-5) protonates the fluorophore, thereby inhibiting intramolecular fluorescence-
quenching and hydrolyzing the PV that connected through an acid-labile hydrazone linkage. CatB cleaves the
substrate at the N-terminus proximal to the self-immolative linker, thereby releasing the fluorophore in its fluorescent
form. Both the radiolabeled substrate and the fluorophore are positively-charged, thereby affording accumulation and
resulting in strong, localized 18F PET and NIRF signals, respectively, due to the latent lysosomotropic effect. This
probe would have applications toward non-invasive tumor grading and delineating tumor margins during fluorescence-
guided resection.
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TITLE: Repurposing an Open Field Optical Imaging Device for Fluorescence Guided Surgery
PRESENTER: Jason Warram
ABSTRACT BODY: 
Abstract Body: Surgical resection of cancer remains dependent on subjective assessment of tumor borders, resulting
in frequent positive margins. Recent clinical trials have demonstrated the potential for fluorescence-guided surgery to
improve surgical outcomes, but the time and cost inherent in the approval process for optical imaging devices are an
impediment to their clinical translation. To streamline this process, an FDA approved intraoperative open-field, near-
infrared fluorescence imaging device designed for fluorescence angiography (LUNA imaging system, Novadaq) was
repurposed to assess the device’s ability to identify cancerous tissue in fifteen patients with head and neck cancer.
Consenting patients scheduled for curative resection were enrolled in a phase 1 clinical trial to evaluate the safety and
specificity of cetuximab-IRDye800CW. Open-field fluorescence imaging of the primary tumor was performed daily in
the pre-operative clinic, as well as prior to, during, and immediately following surgical resection. The post-resection
wound bed and resected margins were also imaged. Fluorescence was quantified using integrated instrument
software, and the tumor-to-background ratio (TBR) was determined by dividing the fluorescence of the tumor by that
of normal tissue. In the pre-operative clinic, the repurposed device was utilized to guide pre-operative mapping of
tumor borders, optimize the day of surgery based on peak contrast (TBR), and identify occult lesions. Intraoperatively,
the device demonstrated its potential to guide surgical resections, as the peak TBR >2.1 (2.2-14.1) for all patients.
Post-resection woundbed fluorescence was significantly less than the pre-resection tumor fluorescence (P<0.001).
The repurposed device also successfully identified positive margins using fluorescence when compared with
histopathology. Imaging in the oral cavity served as a potential limitation of repurposing this device for fluorescence-
guided surgery. This open-field imaging device was successfully repurposed to distinguish cancerous tissue from
normal tissue in the pre-operative clinic and throughout the surgical resection. This study illuminates the potential for
existing intraoperative optical imaging devices to be utilized for fluorescence-guided surgery, offering a stream-lined
alternative route to clinical translation for this promising technology. Limitations were attributed to the design of a
camera intended for planar imaging of relatively flat cutaneous surfaces, and offer valuable insight into features of a
device that can be optimized for fluorescence-guided surgery.
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TITLE: Phase 1 Clinical Trial of 18F-FSPG PET Imaging to Diagnose and Stage Hepatocellular Carcinoma (HCC):
Comparison with SOC MRI, 11C-Acetate, and Beyond
PRESENTER: Gina Kavanaugh
ABSTRACT BODY: 
Abstract Body: The American Cancer Society estimates that more than 39,000 new cases of liver cancer will be
diagnosed this year, with HCC comprising greater than 80%. Sensitivity of computed tomography (CT) and magnetic
resonance imaging (MRI) is typically reported in the 60-70% range for HCC, with a lower detection rate for smaller
lesions (1-2 cm).1-3 Positron emission tomography (PET) imaging for HCC detection is promising, but not well
established. Use of 2-deoxy-2-(18F)fluoro-D-glucose (18F-FDG) PET has been variable and appears limited to high-
grade HCC lesions, while 11C-Acetate accumulates in low grade lesions.4 Although dual use of 18F-FDG and 11C-
Acetate has been useful in detecting HCC, there are numerous technical challenges associated with 11C-Acetate and
drawbacks to dual-tracer studies, including additional procedural complexity, greater cost, and greater risk to patients
and clinical personnel. We are investigating the use of a single glutamate-based PET probe, (4S)-4-(3-[18

F]fluoropropyl)-L-glutamate (18F-FSPG), to analyze sensitivity and specificity in HCC detection in comparison to
standard-of-care MRI imaging and 11C-Acetate PET/CT. We hypothesize that 18F-FSPG will provide improved
detection of HCC lesions in comparison to currently used methods. 18F-FSPG, a glutamic acid derivative and cystine
mimetic, targets tumor-specific metabolic adaptations utilizing glutamine and glutamate substrates, which are major
metabolic substrates for lipogenesis and glutaminolysis in tumor cells. 18F-FSPG is taken up by the xC- transporter, a
glutamate-cystine exchanger that provides precursors for glutathione (GSH) biosynthesis.5 Redox maintenance
enabled through a constant supply of GSH is critical for tumor cell protection against toxic accumulation of reactive
oxygen species. 18F-FSPG uptake correlation with GSH levels are being examined, as a constant supply of GSH may
enhance tumor survival. At the time of abstract submission, 7 patients diagnosed with HCC have been examined
comparing 18F-FSPG PET/CT to 11C-Acetate PET/CT for uptake in HCC lesions. 18F-FSPG was well-tolerated in all
patients and, notably, exhibited significantly less uptake in normal liver compared with 11C-Acetate. 18F-FSPG
SUVmax (lean body mass) of HCCs with uptake above normal liver facilitating visualization ranged from 1.0-7.5. Of 10
tumors examined, 9 (90%) exhibited 18F-FSPG uptake compared to 4 (40%) for 11C-Acetate, demonstrating
improved HCC detection with 18F-FSPG compared to 11C-Acetate (see Persuasive Data Figure). Additionally, HCC
lesions as small as 1.3 cm in diameter were detected via 18F-FSPG PET/CT. This data, if further validated, indicates
that 18F-FSPG PET/CT will improve the detection of HCC liver lesions, leading to enhanced accuracy of liver
transplant eligibility determination, guidance of loco-regional therapy approaches, and systemic therapy planning.
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TITLE: Tumor-specific uptake of fluorescent bevacizumab-IRDye800CW: a safe tool in fluorescence-guided surgery in
patients with primary breast cancer.
PRESENTER: Gooitzen van Dam
ABSTRACT BODY: 
Abstract Body: The aim of our study was to provide proof of principle of safety, tumor-specific uptake and positive
tumor margin assessment of the systemically administered near-infrared fluorescent (NIRF) tracer bevacizumab-
IRDye800CW targeting vascular endothelial growth factor (VEGF)-A in breast cancer patients. Twenty patients with
primary invasive breast cancer eligible for primary surgery received 4.5 mg bevacizumab-IRDye800CW as
intravenous bolus injection. Safety aspects were assessed as well as tracer uptake and tumor delineation in vivo
during surgery and ex vivo in surgical specimens using an intra-operative real-time optical imaging camera. Ex vivo
multiplexed histopathology analyses were performed for evaluation of biodistribution of tracer uptake and co-
registration of tumor tissue and healthy tissue. None of the patients experienced clinically relevant adverse events.
Tracer levels in tumor tissue were higher compared to those in the tumor margin (P < 0.05) and healthy tissue (P <
0.0001). VEGF-A tumor levels, measured by ELISA, also correlated with tracer levels (r = 0.63, P < 0.0002). All but
one tumor showed specific tracer uptake. Two out of twenty surgically excised lumps contained positive margins
detected by fluorescent macroscopy of the excision specimen and confirmed at the cellular level. Our study shows
that systemic administration of the bevacizumab-IRDye800CW tracer is safe for human administration in breast
cancer guidance and confirms tumor and tumor-margin uptake. The findings are a step towards a phase II dose-
finding study aimed at in vivo margin assessment and point to a novel drug assessment tool that provides a detailed
picture of drug distribution in tumor tissue.
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Co-localization of Bevacizumab-IRDye800CW, hematoxylin/eosin (H/E), VEGF-A, Collagen and CD34 in Breast
Cancer and a Satellite Lesion. A fresh excised breast tumor specimen with a satellite lesion was processed with
multiplex advanced pathology imaging (MAPI) for co-localization of white light images (white-light panel A, H/E panel
E, VEGF-A staining panel I, collagen panel M, CD34 panel Q), black-and-white bevacizumab-IRDYe800CW
fluorescence (panel B and green pseudocolor in panel C, G, K, O and S), segmentation (panel F), deconvolution
(VEGF panel J, collagen panel N, CD34 panel R) and overlay images (panel D: white-light + fluorescence, panel H:
H/E and fluorescence, panel L: VEGF-A and fluorescence, panel P: collagen and fluorescence and panel T: CD34). In
panel T an overlay of CD34 (blue color) bevacizumab-IRDye800CW fluorescence (green) and VEGF-A (red) is
depicted.
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TITLE: Radioactive Iodine-125 Seed for Localization of Breast Cancer Lesions
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ABSTRACT BODY: 
Abstract Body: Iodine-125 seeds are primarily used in the treatment of localized prostate cancers. However recently,
breast surgeons and interventional radiologists have found that these seeds can also be used for localization of non
palpable breast lesions instead of wire localization. In this presentation, we provide a description of several
formulations of iodine-125 seeds for successful use in breast localization studies. Loosely loaded seeds in 5 to 15 cm
18G needles as well as seeds loaded in tissue absorbable strands were useful for these applications. Seeds of
activities ranging from 0.075 mCi per seed to 0.35 mCi per seed have been routinely used for these diagnostic
procedures.
 
Iodine seeds consist of Tugsten rods coated with carbon containing Iodine-125, encapsulated in titanium capsules.
The nominal dimensions of these seeds are: length 5mm and outer diameter 0.8 mm. Dose measurement studies
have been performed using TLDs to determine the dosimetry parameters of iodine-125 seeds. Dose measurements
have been performed using TLD to determine the dosimetry parameters. Seeds are sent to National Institute of
Standards and Technololgy for routine calibration purposes at regular intervals. The radioactive seed is implanted by a
radiation oncologist, nuclear medicine physician or interventional radiologist prior to surgery either with the help of
mammography or ultrasound guidance. Because of the Tungsten rod, the seeds can also be visualized in
radiography. The surgery is normally performed the same day or within 7 days of implantation of the seed. The
surgeon with the help of a probe device (eg NeoProbe) that is specifically designed to quantify the radioactive iodine-
125 in the tissues, will determine the location of seeds and thereby the position of non palpable lesions. The lesions
containing the radioactive seed(s) are then removed and sent for pathological evaluation. The handling of the seeds is
performed in accordance with regulatory requirements. We also developed a stranding material made of a copolymer
formulation that dissolves slowly in the tissue. The strand dissolved in the tissue and this resulted in lack of migration
of seeds. The seeds have been implanted as loose seeds or seeds loaded in tissue absorbable strand materials.
 
Results obtained so far in several institutions indicate that this is a viable option.
 
1. Radioactive seeds are more easy to locate compared to wires. Hence often this method is more convenient to
surgeons and interventional radiologists. Imaging studies in breast cancer patients have confirmed this.
2. The implantation procedure is simple, less time consuming and can be performed in an out patient set up.
3. Compared to wires installed in patients, seeds are more comfortable to patients.
4. This methodology appears to be a safe and effective method for localization of breast cancer lesions. 
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TITLE: Indocyanin Green and Multispectral Optoacoustic Imaging can replace Radioactive Lymphoscintigraphy and
Histology in Sentinel Lymph Node Detection and Determination 
PRESENTER: Joachim Klode
ABSTRACT BODY: 
Abstract Body: Background 
Sentinel lymph node (SLN) staging is included in various cancer guidelines. This complex, time- and cost-intensive
procedure requires radioactive tracing. In addition excluding metastasis in draining lymph nodes by noninvasive
imaging could spare many patients a SLNE. Multispectral optoacoustic tomography (MSOT) could help overcome the
drawbacks of SLN using its potential to detect and stage noninvasively utilizing nonradioactive tracer.
 
Methods 
Eighty patients were enrolled in a cross-sectional trial aiming to detect SLNs by MSOT in vivo. We administered ICG
peritumorally as an exogenous contrast agent with distinct absorption spectra in the near infrared, and then used a
two-dimensional MSOT detector to image inguinal, cervical and axillary SLNs (Fig. 1B-D). Pulse-echo ultrasound
images of the lymph nodes were taken using a 2D MSOT detector in combination with an experimental integrated
ultrasound imaging device. The specific ICG signal simultaneously acquired by MSOT could then be overlaid onto the
anatomical reference image based on ultrasound contrast (Fig. 1B-D). MSOT determination of SLN status was directly
compared to conventional pathological analysis of the SLNs.
 
Results 
The primary efficacy endpoint in the trial was the concordance of SLN identified by lymphoscintigraphy and those
identified with hybrid ultrasound/MSOT imaging by detection of ICG. All lymph node basins identified in
lymphoscintigraphy from the 80 patients were also detected by MSOT. All SLNs visualized by lymphoscintigraphy and
SPECT/CT (n = 137) were also ICG-marked and detected by MSOT, yielding a concordance rate of 100%. In addition
MSOT identified cancer-free SLNs in vivo without a single false negative (137 total lymph nodes), with 100%
sensitivity and 48.6% specificity.
 
Conclusions 
ICG labeling and hybrid ultrasound/MSOT imaging proved to be an excellent approach for SLN detection, eliminating
the need for radioactive tracers. Furthermore we can determine the SLN status in melanoma patients noninvasively.
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Figure 1. In vivo detection of sentinel lymph nodes through ICG.                   <br />
A) A schematic of an ICG injection for SLN detection and the generation and detection of photoacoustic signals. ICG
indicates position of SLNs, and in conjunction with a handheld 2D MSOT detector can indicate the location of the
lymph node. (B to D) Representative preoperative images of axillary, cervical and inguinal SLNs from the 2D detector,
with ICG signal overlaid on pulse-echo ultrasound images of the lymph nodes.
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TITLE: Multiplexed molecular imaging with targeted SERS nanoparticles for intraoperative guidance of breast cancer
lumpectomy
PRESENTER: Yu Wang
ABSTRACT BODY: 
Abstract Body: An increasing proportion of early-stage breast cancer patients (nearly 200,000 per year in the United
States) are undergoing breast-conserving surgery (or lumpectomy) [1,2], in which a small tumor volume is removed
instead of the entire breast (mastectomy). However, post-operative pathology often reveals residual tumor at the
surgical margin of the removed tissues. As a result, 20%-50% of lumpectomy patients must undergo one or more re-
excision surgeries to remove the residual tumors [3,4], which adds additional cost, adverse effects on cosmesis, and
surgical risks for patients. We are developing an intraoperative molecular imaging technique to enable surgeons to
rapidly visualize residual tumors at the surgical margins of freshly resected breast tumors. Our technique employs
surface-enhanced Raman-scattering (SERS) nanoparticles (NPs), a type of contrast agent with excellent multiplexing
capabilities [5,6], in order to allow surgeons to detect a diverse panel of cancer-related protein biomarkers. The ability
to detect multiple protein biomarkers is critical for accurate tumor detection because tumors from different breast
cancer patients are known to overexpress different proteins (molecular heterogeneity), and intratumoral heterogeneity
also exists [7,8].
 
Recent studies have demonstrated that multiplexed imaging of SERS NPs, utilizing ratiometric quantification of
specific (targeted) vs. nonspecific accumulation of the NPs, allows for the simultaneous detection of two protein
biomarkers at the surfaces of freshly excised tissues, within 15 minutes, with good agreement to flow cytometry and
gold-standard immunohistochemistry [9-12]. Here, we present an automated tissue-staining system (Persuasive data
Fig. S1) as well as a fiber-optic imaging system to comprehensively image fresh tissue specimens for the rapid
imaging of 4 flavors of SERS NPs in order to quantify the expression of 3 protein biomarkers at the surgical margins.
 
Ex vivo studies with tumor xenografts (Persuasive data Fig. S2) and human breast tissues (Fig. 1) were performed to
demonstrate the SERS-NP-based molecular imaging technique. Each tissue specimen was stained with an equimolar
mixture of HER2-NPs, EGFR-NPs, CD44-NPs and isotype-NPs (10 min), followed by a quick rinse in PBS (20 s) and
raster-scanned spectral imaging (< 3 min). The entire procedure was performed in less than 15 min, a time frame that
is consistent with current intraoperative guidance techniques such as X-ray CT examination of surgical excisions and
frozen-section pathology. As shown in Fig. 1a, the concentration ratios between targeted and control NPs on IHC-
validated breast tumors were significantly elevated, indicating preferential binding of targeted NPs to the biomarkers
with high specificity. The ratiometric images in Fig. 1c accurately quantify HER2, EGFR and CD44 expression levels in
agreement with IHC validation data. This intraoperative molecular imaging technique, with the ability to rapidly image
a panel of cancer biomarkers, has the potential to improve the completeness of breast-conserving surgeries and to
reduce the need for re-excision surgeries.
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Figure 1. Multiplexed molecular imaging of fresh breast tissues ex vivo with a 4-flavor NP mixture. Each tissue
specimen was stained with an equimolar mixture of HER2-NPs, EGFR-NPs, CD44-NPs and isotype-NPs (10 min),
followed by a quick rinse in PBS (20 s) and raster-scanned spectral imaging (< 3 min) to simultaneously quantify the
expression of three biomarkers: EGFR, HER2 and CD44. (a) Measured NP concentration ratios on IHC-validated
biomarker-negative tumors/normal tissues and biomarker-positive tumors (each box contains data from 3 patients). (b)
 Photograph of a human breast tumor with adjacent normal tissue. (c) Images showing the concentration ratio of
EGFR-NPs vs. isotype-NPs, HER2-NPs vs. isotype-NPs and CD44-NPs vs. isotype-NPs. (d) IHC validation for the
images of biomarker expression enabled with topically applied SERS NPs. Unlabeled scale bars represent 2 mm.
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ABSTRACT BODY: 
Abstract Body: INTRODUCTION. Many dynamic contrast-enhanced (DCE) MRI data models employ a remote
(upstream) arterial input function (R-AIF). The measured R-AIF may contain errors that affect its amplitude, including
inflow and partial volume. Further, the actual AIF at the capillary inlet of any given ROI is both delayed and dispersed
compared with the R-AIF. In the case of tumor tissue, where the vasculature is expected to be highly heterogeneous,
a single global AIF is likely a poor approximation to the desired voxel-specific local AIF. The goal of this study is to
better model DCE-MRI data, accounting for both delay and amplitude error, with a constrained local AIF (cL-AIF)
model.
METHODS. Data: Clinical cervical cancer DCE-MRI data were acquired using a saturation-recovery gradient-echo
sequence (temporal resolution = 2.1 sec, in-plane resolution = 2.3 x 2.3 mm2). Model: The measured R-AIF was first
fitted by a gamma-variate AIF model (1). The AIF model was then constrained by fixing the values of several model
parameters extracted from the R-AIF. Two parameters, the initial bolus arrival time and the relative bolus size, were
not constrained. The tissue response function was characterized by the three-parameter (Fp, vp and PS)
compartmental tissue uptake model (2), which was shown previously to be the preferred model for these same DCE
data (3). All parameters were estimated using Bayesian probability theory method (4), with Markov chain Monte Carlo
simulation (MCMC).
RESULTS. Figures 1a-c compare the use of R-AIF vs. unconstrained Local AIF (uL-AIF) vs. cL-AIF in the modeling
results for a representative cervical cancer dataset. The use of the R-AIF does not model the DCE data well,
especially for the initial rise of the CA concentration. The voxel-specific, uL-AIF approach provides the smallest
systematic deviations in the residuals. Use of the voxel-specific cL-AIF models the data well, with small residuals
approaching those of the uL-AIF. Figures 1d-f show the posterior probability density functions (PDFs) for each of the
three estimated kinetic parameters employing the three different AIFs. MCMC computations employing both the R-AIF
and the cL-AIF converged well (i.e., narrow PDFs, thus small uncertainties). Despite the smallest residuals, but
entirely consistent with the in silico simulations (see Supplementary Data), the parameters were poorly determined
(i.e., wide PDFs, thus large uncertainties) when the uL-AIF was employed.
DISCUSSIONS AND CONCLUSIONS. The cL-AIF method, which estimates unique local-AIF amplitude and arrival
time for each voxel within the tissue of interest, provides better modeling of DCE-MRI data (small residuals and
narrow PDFs) than the use of a single, measured R-AIF. Maps of spatial variation in voxel-specific AIF bolus
amplitude and arrival time for heterogeneous tissues, such as cervical cancer, are accessible with the cL-AIF
approach (see Supplementary Data).
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Panels a - c: Modeling of a representative single-voxel cervical cancer DCE-MRI dataset employing: (i) the R-AIF (
Panel a), (ii) the uL-AIF (Panel b), and (iii) the cL-AIF (Panel c). The tissue CA concentration curves (data) are shown
in black, the models in green, red, and blue (Panels a, b, and c, respectively), and the residuals (the difference
between model and data) as black dashed-dotted lines. Panels d - f: corresponding posterior probability density
functions (PDFs) estimated from the modeling shown in Panels a - c. PDFs for parameters estimated using the R-AIF
are shown in green, PDFs for parameters estimated using the uL-AIF are shown in red, and PDFs for parameters
estimated using the cL-AIF are shown in blue. These PDFs are normalized so that the integrations of the PDF (area
under the curve) are the same for each parameter.
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ABSTRACT BODY: 
Abstract Body: Prostate cancer (PCa) is the most commonly diagnosed cancer and the second leading cause of
cancer-related death in American men. The majority of patients diagnosed with PCa have low risk, organ-confined
disease that is amenable to curative treatment. However, a subset of patients with PCa have more aggressive disease
ultimately recur. Despite treatments with androgen deprivation therapy (ADT) and radiation therapy, this leads to the
emergence of castrate-resistant PCa (CRPC), an aggressive and ultimately fatal disease that is resistant to therapy.
Therefore, identification of aggressive, high risk cancers at the time of diagnosis is crucial for clinical decision making
for prescribing appropriate treatments. Imaging technologies, such as MRI, have emerged as an instrumental role in
this process. However, even with the latest Prostate Imaging Reporting and Data System (PI-RADS) guidelines for
MRI, limitations still exist that impair the sensitivity and specificity of detecting high-risk lesions. Therefore, new clinical
imaging methods that can pinpoint aggressive features of PCa are needed for better patient stratification.
 
Hypoxia in tumors positively correlates with increased tumor invasiveness, metastasis, and therapeutic resistance in a
variety of tumors. In PCa, the degree of hypoxia postively correlates with more aggressive disease characterized by
eariler recurrence, early biochemical relapse after radiotherapy and local recurrence in the prostate gland. Moreover,
hypoxia can induce castrate-resistant behavior in human PCa cells. We hypothesized that [64Cu] ATSM, a validated
PET radiopharmaceutical for imaging tumor hypoxia, could provide additive information to conventional prostate MRI
in the identification of aggressive PCa.
 
We performed pilot studies on a cohort of high-risk PCa patients using simultaneous PET/MR image acquisition with [
64Cu] ATSM. The MR imaging protocol included T2-weighted imaging (T2WI), diffusion-weighted imaging (DWI), and
dynamic contrast enhancement (DCE). The PET imaging protocol included a 60min dynamic acquisition following
administration ~10 mCi of [64Cu] ATSM. A diagnostic radioloigist specializing in prostate MRI evaluated the MRI
component and scored the presence and location of PCa using the PI-RADS v2 classification system. A diagnostic
radioloigist specializing in PET evaluated the [64Cu] ATSM images and quantified the standardized uptake value for
the the tumor. Results from both radiologists were compared and correlated with clinical data.
 
We identified that [64Cu] ATSM contributed clinical information that was complementary to MR in many cases. ATSM
successfully identified seminal vesicle invasion, bladder neck invasion, and highlighted pelvic lymph nodes that were
suspicious for metastatic disease. Moreover, ATSM identified areas of PCa in cases where diffusion weighted imaging
was compromised by susceptibility. In summary, we provide initial evidence that [64Cu] ATSM prostate PET/MR could
be used to identify aggressive features in PCa. However, further studies are needed to fully validate its utility as an
imaging marker for hypoxia in PCa.
.
AUTHORS (LAST NAME, FIRST NAME): Ippolito, Joseph E.1; Shoghi, Kooresh I.1; Michalski, Jeff2; Dehdashti,
Farrokh1

INSTITUTIONS (ALL): 
1. Radiology, Washington University, St. Louis, MO, United States.
2. Radiation Oncology, Washington University, St. Louis, MO, United States.



Figure 1: Simultaneous [64Cu]ATSM PET/MR imaging of high risk PCa patients. PET images shown in the figure
reflect a 30 min post-injection summed PET image. (A) [64Cu]ATSM uptake in the transitional zone (arrowhead) had
markedly less [64Cu]ATSM activity relative to the tumor whose tumor signal to background exceeds that of the T2WI
and DWI sequences, suggesting that [64Cu]ATSM could represent a more sensitive indicator for transitional zone
cancers than conventional MRI sequences. (B) [64Cu]ATSM activity correlates with the T2 hypointense mass that
subsequently demonstrated Gleason 4 + 4= 8 histology. (C) ATSM uptake is seen within a prostate mass that invades
both seminal vesicles (open arrow).



CONTROL ID: 2501218
TITLE: Stereotactic body radiation therapy for primary prostate cancer with simultaneous integrated boost guided by
18F-choline PET/CT
PRESENTER: Hui Wang
ABSTRACT BODY: 
Abstract Body: Purpose: Higher radiotherapy (RT) doses delivered to prostate cancer would result in a higher local
control rate. However, as a dose limiting factor, proximity to organs-at-risk often precludes RT delivering the full
prescription dose (PD) and/or escalating dose to the planning target volume (PTV) of prostate cancer, thus
compromising the therapeutic ratio. In this study, we investigate the utility of 18F-choline positron emission
tomography (PET) scans guidance for stereotactic body radiation therapy (SBRT) dose escalation to intraprostatic
dominant lesion (IDL) (i.e., dose painting) in patients with prostate cancer and its impact on tumor control probability
(TCP) and normal tissue complication probability (NTCP).
Methods: Twenty seven patients with localized prostate cancer who had 18F-choline PET/CT scan prior to treatment
were included. A pair of nested IDL contours (IDLsuv60% and IDLsuv70%) were generated for each patient based on
60% and 70% of maximum prostate uptake on the 18F-choline PET images. GTVreg was delineated on prostate
according to the gland boundary seen on CT images. The PTVs (PTVsuv60% and PTVsuv70%) were defined as
respective IDLs with a 3-mm margin posteriorly and 5 mm in all other dimensions. Two 5-fraction SBRT plans using
Volumetric Modulated Arc Therapy (VMAT) technique along with 10 MV Flattening Filter Free (FFF) beams, plan36Gy
 and plan50-55Gy, were generated for each patient. All plans included a dose of 36.25 Gy prescribed to PTVreg. The
Plan50-55Gy also included a simultaneous boost dose of 50 Gy and 55 Gy prescribed to the PTVsuv60% and PTV

suv70%, respectively. The utility of 18F-Choline PET-guided SBRT dose escalation was evaluated by its ability to
achieve the prescription dose objectives while adhering to organ-at-risk (OAR) dose constraints. The TCP and NTCP
calculated by radiological models were also compared between two plans for each patient.
Results: In all 54 SBRT plans generated, the planning objectives and dose constraints were met without exception.
Plan50-55Gy had a significantly higher dose in PTVsuv60% and PTVsuv70% than those in Plan36Gy (p < 0.05),
respectively, while still maintaining a safe OAR sparing profile. In addition, plan50-55Gy had significantly higher TCP
than plan36Gy.
Conclusion: Using VMAT with FFF beams to incorporate a simultaneous 18F-choline PET-guided radiation boost dose
up to 55 Gy into a SBRT plan is technically feasible. The relationship between local control and normal tissue toxicity
in SBRT dose painting should be validated in clinical trials.
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CONTROL ID: 2489193
TITLE: 68Ga-RM2 (formerly known as 68Ga-Bombesin or BAY86-7548) PET/MRI is superior to conventional imaging
in biochemically recurrent prostate cancer
PRESENTER: Andrei Iagaru
ABSTRACT BODY: 
Abstract Body: Background: 68Ga-labeled DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-
His-Sta-Leu-NH2 (68Ga-RM2, formerly known as 68Ga-Bombesin or BAY86-7548) is a novel synthetic bombesin
receptor antagonist that targets gastrin-releasing peptide receptors (GRPr). GRPr are highly overexpressed in several
human tumors, including prostate cancer (PC). Because of their low expression in BPH and inflammatory prostatic
tissues, imaging GRPr has potential advantages over current choline- and acetate-based radiotracers. We now
present data on the use of 68Ga-RM2 PET/MRI in patients with biochemically recurrent prostate cancer (BCR PC)
and non-contributory conventional imaging (CI).
 
Methods: We enrolled 19 men with BCR PC, 59-83 year-old (mean±SD: 69.9±7.0) in an IRB-approved prospective
study. Imaging started at 40-63 minutes (mean±SD: 48.1±6.2) after injection of 3.6-4.1 mCi (mean±SD: 3.8±0.2) of 68

Ga-RM2 using a time-of-flight enabled simultaneous PET/MRI scanner. MRI sequences consisted of T1-weighted, T2-
weighted and DWI. SUVmax and SUVmean measurements were recorded in normal tissues and areas of uptake
outside the expected physiologic biodistribution.
 
Results: All patients had rising PSA (range: 0.3-36.4 ng/mL; mean±SD: 8.2±8.8) and non-contributory CI (CT, MRI,
99mTc MDP bone scan). 68Ga-RM2 uptake had the highest value in the pancreas and bladder, while moderate
uptake was noted in the esophagus, kidneys, blood pool, stomach, small bowel and colon. High 68Ga-RM2 uptake
(SUVmax: 12.7 ± 7.8 [range: 2.6 – 33.5], SUVmean: 5.7 ± 2.5 [range: 1.7 – 10.8]) corresponded to pelvic lymph nodes
(6 patients), retroperitoneal lymph nodes (4 patients), prostate bed (3 patients), seminal vesicle (2 patients),
mesenteric lymph nodes (1 patient), mediastinal lymph node (1 patient), supraclavicular lymph node (1 patient), and
bone marrow (1 patient). 68Ga-RM2 PET findings were compatible with recurrent prostate cancer in 15 of the 19
participants. MRI identified findings compatible with recurrent prostate cancer in 6 of the 19 patients (lymph nodes in 5
patients, prostate bed in 1 patient, and bone marrow in 1 patient).
 
Conclusions: 68Ga-RM2 produces high quality PET images for assessment of GRPr expression in patients with BCR
PC. High uptake in multiple areas compatible with cancer lesiosn suggests that 68Ga-RM2 is a promising PET
radiopharmaceutical for localization of disease in participants with BCR PC and non-contributory conventional
imaging.
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75 year-old man with PC treated with prostatectomy, radiation therapy and androgen deprivation therapy at initial
presentation (Gleason 4+5), now with BCR since 2009 and rising PSA (36.4 ng/ml). MIP and transaxial 68Ga-RM2
PET images show focal uptake corresponding to small retroperitoneal lymph nodes above the pelvic radiation field, as
well as pelvis soft tissue mass on MRI (T1-weighted) and fused PET/MRI.



CONTROL ID: 2491598
TITLE: Update: Comparison of 89Zr-Df-IAB2M PET/CT to 111 In Capromab Pendetide SPECT/CT Scans in the
Detection of Occult Lymph Node Metastases in Patients Undergoing Radical Prostatectomy (RP) as part of an
ongoing phase II single center clinical trial.
PRESENTER: Ronald Korn
ABSTRACT BODY: 
Abstract Body: Introduction: Detection of extracapsular disease in patients with newly diagnosed prostate cancer at
high risk (HRPC) for occult lymph node (LN) metastasis is required for appropriate therapy. Currently, conventional
imaging (CI) is inadequate for occult disease detection due to low sensitivity while other agents like 11C-Choline and
111In Capromab pendetide (CP) have significant limitations including limited access to short half-life PET agents and
low sensitivity for detection due to the need to bind to the intracellular domain of PSMA, respectively. 89Zr-Df-IAB2M,
an anti-PSMA minibody against an extracellular domain of PSMA has been engineered as a recombinant antibody
fragment based from humanized J591 antibody. We present updated single center, phase II trial results using 89Zr-Df-
IAB2M PET/CT compared to CP to detect occult disease in HRPC patients using histopathology as ground truth.
 
Methods: IRB approval was obtained for this trial. Twenty subjects with HRPC will be enrolled based on a Briganti
nomogram score associated with risk of extracapsular disease > 15% or Gleason score ≥ 9. Subjects will undergo
sequential Whole Body (WB) CP SPECT/CT (5mCi 111In obtained 3 days p.i.) and 89Zr-Df-IAB2M (2.5mCi, WB +
single bed pelvic scans obtained 2 days p.i.) prior to planned surgery with lymph node dissection (RP + LND). Each
scan will be evaluated for abnormal CP or IAB2M uptake at nodal and extrapelvic regions prior to surgery. Results will
be available to the local clinical P.I. prior to surgery for optional biopsy and/or confirmatory imaging. All surgical LNs
are reviewed locally for IHC positive disease and sent for PSMA staining at a central laboratory facility. Upon
completion of patient enrollment, all scans will undergo independent central imaging review to determine the final
performance of IAB2M compared to CP in the detection of occult lymph node disease.
 
Results: To date, 19 of 20 subjects have enrolled in the trial. The mean PSA is 22.4 ng/nl (range of 3.6-110.5) and
mean Gleason score of 8 (range of 7-9). Of the 17 subjects who have undergone RP+LND, 8 (47%) subjects have
had IHC positive disease in pelvic LNs. Of these, 4 (50%) had positive IAB2M uptake in pelvic LN as defined as focal
activity greater than reference tissue while 0 (0%) have positive uptake by CP. The current PPV for IAB2M is 80%
versus 0% for CP. Almost all positive uptake by IAB2M occurred in normal size LN (short axis diameter by CI < 10
mm). The smallest deposit of PSMA+ staining disease detected by IAB2M has been a 1mm in diameter focus
contained within a normal size node. Both IAB2M and CP showed uptake in a pathologically confirmed thyroid cancer
in one subject. Enrollment is near complete with last patient visit planned for end of second quarter 2015.
 
Conclusions:89Zr-Df-IAB2M PET/CT scans remains a very promising PSMA imaging agent for the detection of occult
metastasis in HRPC being considered for RP+LND and can have a significant impact on patient care.
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CONTROL ID: 2500902
TITLE: A novel radiogenomic approach to improve prediction of malignant pathology in patients with intraductal
papillary mucinous neoplasms of the pancreas
PRESENTER: Robert Gillies
ABSTRACT BODY: 
Abstract Body: Background: Intraductal papillary mucinous neoplasms (IPMNs) are cystic pancreatic cancer
precursors incidentally detected by imaging in more than 75,000 Americans each year. Because these are at high risk
of developing pancreatic ductal adenocarcinoma (PDAC), there is a compelling need to discover and develop
noninvasive approaches to assess risk in these patients and identify IPMNs that warrant surgery. The goal of this
study was to evaluate whether novel radiomic features from preoperative computed tomography (CT) scans can
predict IPMN pathology better than standard radiologic findings, either alone or in combination with a recently
developed serum miRNA genomic classifier (MGC)1,2.
 
Methods: Preoperative CT images were obtained for a retrospective cohort of 38 surgically resected, pathologically
confirmed IPMN cases (20 benign, 18 malignant) with matched preoperative miRNA expression data. Images were
reviewed for standard radiologic features characterized to be ‘high-risk’ or ‘worrisome’ for malignancy according to
consensus guidelines. A region of interest within the pancreas was identified and segmented using a semi-automated
algorithm. A total of 112 two-dimensional (2D) quantitative texture features (which measure smoothness, coarseness,
and regularity) and non-texture features (which measure tumor size, shape, and location) were extracted fom the
ROIs. Logistic regression models were used to explore associations between non-redundant radiomic features and
IPMN pathology. Principal component analysis was also performed to generate an index score (defined by the first
principal component of the most promising radiomic features) that was evaluated for its association with malignant
pathology. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy
of the new radiomic features individually and in combination with the MGC were estimated and compared to values
obtained for standard radiologic features.
 
Results: MGC, standard ‘high-risk’, and standard ‘worrisome’ radiologic features had area under the receiver
operating characteristic curve (AUROC) values of 0.83, 0.84, and 0.54, respectively for differentiating benign from
malignant IPMNs. Analysis of 112 radiomic features revealed 14 (texture and non-texture) features that differentiated
malignant from benign IPMNs (P<0.05). Collectively, the 14 radiomic features had an AUROC=0.77. Importantly, a
model that combined radiomic features and the MGC had an AUROC= 0.92 and estimates of sensitivity (83%),
specificity (89%), PPV (88%), and NPV (85%) that were superior to any model that did not include radiomics.
 
Conclusions: These findings suggest that clinical decision-making models that integrate novel quantitative radiomic
features with a blood-based miRNA classifier may more accurately predict IPMN pathology than models that rely on
standard clinical data or worrisome radiologic features alone. Larger, prospective, multi-center studies are planned to
explore this topic further.
 1.   Permuth-Wey, J. et al.. PLoS One 10, e0116869 (2015). 
2.    Permuth-Wey, J. et al. Cancer Prev Res (Phila) 8, 826-34 (2015). 
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CONTROL ID: 2492399
TITLE: First Human study of 68Ga labeled homologue of gastrin-releasing peptide for PET/CT imaging of prostate
cance
PRESENTER: Xiaowei Ma
ABSTRACT BODY: 
Abstract Body: Objectives: Gastrin-releasing peptide receptors (GRPRs) are highly overexpressed in 63-100 % of
human prostate cancers (PCs). In this study, we investigated a 68Ga labeled amphibian homologue of mammalian
gastrin-releasing peptide 68Ga-RM1 that targets GRPRs for PCs detection of patients.
Methods: A total of 7 pre-surgical men patients (mean age ± SD: 65.6±9.4 year-old) with newly diagnosed and biopsy-
proven PCs were subjected to 68Ga-RM1 positron emission tomography (PET) study. The prostate-specific antigen
(PSA) levels of all patients were examined. PET/CT imaging started at 40-50 minutes after injection of 111-142 MBq
(mean±SD: 127±6 MBq) of 68Ga-RM1 (purity >98%) using a PET/CT scanner (Biograph 40, Siemens). Quantitative
assessment of 68Ga-RM1 uptake was performed by analysis of maximum standardized uptake value (SUVmax) and
mean SUV (SUVmean) of tumor region and background in normal tissues. Subsequently, tumor to background ratios
were calculated.
Results: All patients had significant abnormal PSA levels (mean±SD: 19.5±13.1 ng/ml) and Gleason scores (6-9). The
PET/CT images showed high physiologic uptake in the pancreas (SUVmean: 11.67±3.85) and quick renal clearance.
Among the 7 patients, high and specific uptake in primary cancer lesions were found. The SUVmean and SUVmax of
tumor region is 4.22±1.33 and 4.64±2.53. One patient (1/7) had 3 visible positive lymph nodes in the abdomen and
one patient (1/7) had 4 metastases in bone. Quantitative assessment revealed excellent contrast between tumor
lesions and normal tissues. Median tumor to background ratios were 15.29 (9.27–26.42).
Conclusion: Preliminary clinical data indicate that the use of 68Ga-RM1 in patients with prostate cancer is safe and
feasible. 68Ga-RM1 could be an optional imaging probe for the imaging of PCs. However, further study on the
relationship between PSA level and SUV of tumor, the comparison with other PCs targeting probes should be
performed in future.
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CONTROL ID: 2489778
TITLE: Molecular imaging with multiparametric [18F]FMISO PET/MRI for response assessment to chemo-radiation
therapy and hypoxia monitoring in cervix cancer patients: a feasibility study
PRESENTER: Katja Pinker-Domenig
ABSTRACT BODY: 
Abstract Body: Purpose:
To demonstrate feasibility of molecular imaging with multiparametric [18F]fluoromisonidazole positron emission
tomography/magnetic resonance imaging at 3T (3T MP [18F]FMISO PET/MRI) for the assess treatment response and
hypoxia monitoring in cervix cancer patients undergoing chemo-radiation therapy.
 
Method and Materials:
In this IRB-approved prospective study 7 patients underwent sequential 3T MP [18F]FMISO PET/MRI at baseline; 2
and 5 weeks (w) after start and 3 months (FU) after treatment. MRI protocol comprised a high-resolution isotropic T2-
w SPACE, a DWI EPI (b=50/850 sec/mm2) and a high-resolution contrast-enhanced (CE) T1-w VIBE sequence. [18

F]FMISO was freshly prepared using the GE FASTlab platform (GE Healthcare, Little Chalfont, UK). PET/CT imaging
was performed after application of 330 MBq of the tracer and an uptake time of at least 180 min. CT data was used for
attenuation correction. PET and MR image registrations were performed using Mirada RTx (Mirada Medical, Oxford,
UK, ver. 1.4.0.23) software. Gross tumour volume (GTV) was contoured on PET/MRI data sets. The volume of GTV
was assessed for tumor size, CE-kinetics, restricted diffusivity and [18F]FMISO-avidity using SUVmax and SUV
(SUVnorm) normalized to gluteal muscle uptake. At follow up, cervix was contoured, since all patients showed
clinically complete remission.
 
Results:
3T MP [18F]FMISO PET/MRI was successfully performed in all patients at every time-point. Median GTV volume was
43.9cc at baseline, 22.4cc after 2w (20-25Gy) and 7.7cc after 5w (40-45Gy). Mean ADC values were 1.02x10-3mm2

/sec increasing to 1.18x10-3mm2/sec after 2w and to 1.27x10-3mm2/sec after 5w and to 1.37x10-3mm2/sec at FU. All
GTVs showed fast mean initial-enhancement (IE) followed by a plateau with an increase at 2w and 5w and wash-out
at 5w. At FU, there was persistent IE and late enhancement. The mean [18F]FMISO SUVnorm was 3.1 at baseline
and decreased to 2.3 at 2w and 2.0 at 5w and follow-up. In all patients the tumor presented with [18F]FMISO -avid
areas indicative of hypoxia during the course of therapy.
 
Conclusion: Molecular imaging with 3T MP [18F]FMISO PET/MRI in cervix cancer patients at 3T is feasible and
enables non-invasive monitoring of morphological and functional changes during treatment. 3T MP [18F]FMISO
PET/MRI depicts areas of tumor hypoxia during therapy and thus identifies patients at risk for recurrence who benefit
from a more aggressive treatment approach.
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CONTROL ID: 2490673
TITLE: Use of Virtual Dose Reconstruction for Optimization of 89Zr-Df-IAB2M Administered Activity in the detection of
metastatic Prostate Cancer by PET/CT
PRESENTER: Bradley Wyman
ABSTRACT BODY: 
Abstract Body: Objectives: When developing novel PET agents, such as 89Zr-Df-IAB2M for metastatic prostate
cancer detection, it is important to minimize patient radiation exposure while maintaining image quality. We performed
an investigation of whether administered radioactivity could be reduced without compromising diagnostic utility. Our
approach used virtual dose reconstructions of PET data from a standard radionuclide dose scanned in list-mode. In
particular, we reconstructed images at virtual doses of 1.25 and 2.5 mCi and compared these with the original 5.0 mCi
images to determine the lowest useful diagnostic dose of 89Zr-Df-IAB2M.
Methods: Ten subjects with progressive, histologically confirmed prostate cancer were administered 5.0 mCi of 89Zr-
Df-IAB2M at a total IAB2M protein dose of either 10 (n=5) or 20 (n=5) mg. Whole body 89Zr-Df-IAB2M PET scans
were acquired at 48 and 96-120 h post injection on a GE Discovery STE (3D mode, 3-7 min per bed position, iterative
reconstruction, low dose CTAC). PET scans were acquired in list-mode, allowing retrospective data rebinning and
image reconstruction to obtain “virtual dose-equivalent” scans at 1.25 mCi, and 2.5 mCi. Scans were then evaluated
by a central reader for image quality and to quantify lesion detection at each dose-equivalent.
Results: Figure 1 shows an example of scans reconstructed at the different dose equivalents for one subject. In
general, the 2.5 mCi virtual dose yielded similar image quality and equivalent lesion detection to the 5.0 mCi data,
whereas the 1.25 mCi virtual dose showed significant degradation in image quality with fewer lesions visualized. For
the 10 patients studied, total lesion detection at 48 and 96 h respectively was 76 and 77 for 5.0 mCi, 76 and 76 for 2.5
mCi, and 69 and 73 for 1.25 mCi. The total bone lesion counts were 70 and 71 for 5.0 mCi, 70 and 70 for 2.5 mCi and
63 and 67 for 1.25 mCi. Six lymph nodes were identified on the 5.0 mCi at all virtual dose scans and time points
indicating equivalence for this small sample of lesions. Analysis of the 10 and 20 mg cohorts separately indicated
similar trends. There were no differences in reader rated image quality between the 2.5 mCi and 5.0 mCi scans but
there was a reduction in image quality for the 1.25 mCi scans.
Conclusion: Virtual dose reconstruction provides a novel and effective way to assess the diagnostic merits of different
radioactive doses using a minimal number of subjects. For 89Zr-Df-IAb2M, the 2.5 mCi dose demonstrated diagnostic
equivalence and sustained image quality in comparison to the original 5.0 mCi dose while the 1.25 mCi dose showed
a noticeable deterioration in tumor identification. Hence, a 2.5 mCi dose has been selected for future clinical studies.
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Figure 1: Virtual Dose Reconstructed images from a representative subject displayed as maximum intensity
projections at the original 5 mCi dose, and virtual 2.5 mCi and 1.25 mCi doses. Note that the background noise
increases at lower radioactive doses and the focal sites of tumor become harder to visualize. Images were acquired at
48 hours post 89Zr-Df-IAB2M injection.



CONTROL ID: 2485652
TITLE: Direct comparison of FDG PET/CT, MRI and fused PET/MRI with prone position in primary tumor assessment
of patients with invasive ductal breast carcinoma
PRESENTER: Young-Sil An
ABSTRACT BODY: 
Abstract Body: Purpose The aim of this study was to compare FDG PET/CT, MRI and fused PET/MRI with prone
position in primary tumor evaluation of patients with invasive ductal breast carcinoma.
Methods Preoperative whole-body FDG PET/CT with prone position and a routine breast MRI were performed in 57
female patients with invasive ductal breast carcinoma. The attenuation-corrected prone PET data of chest region and
MRI datasets were registered using Analyze software. Mastectomy was performed in all patients, and the diagnostic
performance for breast tumor evaluation of each modality was calculated on the basis of pathology reports. McNemar
test was performed to measure the concordance among imaging modalities (FDG PET/CT, MRI and fused PET/MRI)
and their diagnostic abilities were compared by comparison of ROC curves.
Results A total of 117 breast lesions were assessed and their size was ranged from 0.8 to 5.0 cm. Of the 117 breast
lesions, 92 (78.6%) were invasive ductal carcinoma, of which 25 were found to be benign lesion on pathology. In
lesion-by-lesion analysis, the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy
for the evaluation of primary breast tumor were 81.5%, 100%, 100%, 59.5%, 85.5% for FDG PET/CT, 100%, 20.0%,
82.1%, 100%, 82.9% for MRI alone, and 89.1%, 96.0%, 98.8%, 70.6%, 90.6% for fused PET/MRI, respectively. There
was significant discordance among imaging modalities (FDG PET/CT vs. MRI, p<0.001; FDG PET/CT vs. fused
PET/MRI, p=0.008; MRI vs. fused PET/MRI, p<0.001). The diagnostic ability of fused PET/MRI was significantly
superior to MRI alone (p<0.001). However, there was no significant difference in diagnostic ability between fused
PET/MRI and FDG PET/CT (p=0.459).
Conclusion Acquisition of prone PET in breast cancer patients could provide suitable image for fusion with breast MRI.
Compared with MRI alone, fused PET and MRI could improve diagnostic ability in primary tumor assessment of
patients with invasive ductal breast carcinoma.
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CONTROL ID: 2491107
TITLE: High-sensitivity anatomical guidance of segmentectomy with a novel thoracoscopic fluorescence imaging
system
PRESENTER: Yamin Mao
ABSTRACT BODY: 
Abstract Body: Introduction: For early-stage lung cancers, segmentectomy has a 5-year survival rate of 84.7% for
preserving lung function and obtains a complete resection. A common method is an air inflation technique which
identifies the intersegment plane through ligaturing the bronchi of the target segment and reinflating the entire lung.
However, this method is difficult to find the intersegmental plane and easy to limit surgical view for emphysema
patients. In recent years, fluorescence imaging is introduced into segmentectomy with a clear intersegmental plane
identification. This study demonstrate a clearer identification of intersegmental planes with a self-developed high-
sensitivity thoracoscopic fluorescence imaging system (SHTFI) compared to commercial fluorescence imaging
equipment (D-Light P, Karl Storz, Germany).
Methods: This study uses commercial fluorescence imaging equipment (D-Light P) and a novel self-developed
florescence-light-optimized imaging system (SHTFI). Six patients were recruited for this study and divided into two
groups (one group imaging with our system (SHTFI), the other group imaging with D-Light P). 0.4 mg/kg Indocyanine
Green (ICG) was injected according to patient’s weight after ligating the pulmonary arteries in surgery. Video-rate
color, fluorescence and merging images were displayed for anatomical guiding segmentectomy and recorded for
analysis.
Results: The representative color and fluorescence images collected by D-Light P and SHTFI were shown in Fig. 1.
Higher signal to background (SBR) was calculated in the group imaged with our system (8.0±0.7) when compared
with the commercial system (1.7±0.1). And the fluorescence gray values of Fig. 1.b and Fig. 1.d (red line) were
measured and plotted in Fig. 1.c and Fig. 1.f. The steep curve means a better margin identification in Fig. 1.f
compared with Fig. 1.c.
Conclusion: The improvement of SBR provides surgeons with a clearer identification of intersegmental plane, and
demonstrates our system can improve the precision of intersegmental plane identification.
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Fig. 1 The intersegmental plane images were collected by a commercial fluorescence imaging equipment (D-Light P)
(Fig. 1a, Fig. 1b) and our system (SHTFI) (Fig. 1d, Fig. 1e). The fluorescence gray value of Fig. 1.b and Fig. 1.d (red
line) were measured and plotted in Fig. 1.c and Fig. 1.f. The steep curve means a better intersegmental plane
identification in Fig. 1.f compared with Fig. 1.c.



CONTROL ID: 2493213
TITLE: How does the next generation solid state, digital photon counting PET detector technology improve clinical
PET imaging?
PRESENTER: Michael Knopp
ABSTRACT BODY: 
Abstract Body: Objective:
Solid state, digital detectors are increasingly replacing conventional photomultiplier tube based detectors in next
generation PET/CT and PET/MRI. As there are many associated improvements such as improved timing resolution of
time of flight, replacement of anger logic with direct 1 to 1 coupling and fully digital photon counting, we analyzed
using an intra-individual comparison trial the clinical differences and optional between conventional PET/CT (cPET)
and digital PET/CT (dPET).
Methods:
50 patients participated in an intra-individual comparison trial imaged both on cPET and dPET. A target dose of 480
MBq was used and cPET was performed at 75 min p.i. using 90s acquisition time per bed position. cPET was
acquired using a 525 ps ToF timing resolution, dPET using a 325 ps ToF. 42 patients were scanned due to an
oncologic indication using whole-body acquisition, 8 had partial body imaging. Standard definition image
reconstruction (SD) using 4mm slice thickness and 3 iterations (it) 32 subsets (sub) were used as a default, with high
definition (HD) (2x2x2 mm3 voxel size) image reconstruction and ultra-high definition (UHD) (1x1x1 mm3 voxel size)
performed on the dPET. Prior optimization found the following settings for dPET, HD 3it15sub, for UHD 3it9sub. A list
mode based clipping approach was used for simulation of shorter acquisition times and/or lower dose. Image quality
assessment was performed using 3 blinded reader reviews with appropriate rating scales.
Results:
dPET image quality was consistently ranked preferable with the best scores for UHD image reconstruction compared
to cPET. dPET HD and UHD improved lesion detection and confidence in lesion classification. Highest scores for
lesion detection were found for UHD. SUVmax of lesions increased analog to improved recovery coefficients from SD
to HD to UHD. SUVmax of lesions revealed less than 5% variability throughout list mode clipping up to 80% reduction.
Simulated reduction in acquisition time (list mode clipping) revealed that up to a 60% reduction (90s to 36s) did not
lead to any detectable impact on image quality scoring.
Conclusion:
The next generation digital PET detector technology enables more precise event localization with improved time of
flight timing that makes that makes ultra-high definition imaging (1mm3 voxel size / 5762 matrix) clinically feasible.
This leads to substantially improved image quality with more image detail and sharpness. This enables combined with
the improved recovery coefficient especially for small, hot spheres a consistent improvement in clinical lesion
detectability and confidence of classification. Faster acquisition and/or dose reductions by 2/3 are readily achievable.
dPET enables us to leverage many other advances in image reconstruction and allows us to leap PET image quality,
acquisition speed and dose reduction forward and assures that his next generation technology platform will see a
rapid growth.
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CONTROL ID: 2490242
TITLE: 18F NaF/18F FDG simultaneous PET/ MRI with TOF in patients with breast and prostate cancer
PRESENTER: Andrei Iagaru
ABSTRACT BODY: 
Abstract Body: Introduction: We previously reported the pilot evaluation of a simultaneous PET/MRI scanner with TOF
capability, as well as the use of combined 18F NaF/18F FDG PET/CT in cancer patients. Here we prospectively
compared the combined 18F NaF/18F FDG PET/ MRI against 99mTc-MDP bone scintigraphy in patients with breast
and prostate cancers.
Methods: 34 patients referred for 99mTc-MDP bone scans were prospectively enrolled from Oct 2014 to Feb 2016.
The cohort included 24 men with prostate cancer and 10 women with breast cancer, 41 – 85 year-old (mean ± SD: 64
± 12). 18F NaF (0.7-2.2 mCi, mean ± SD: 1.1 ± 0.2 mCi) and 18F FDG (3.6-5.5 mCi, mean ± SD: 4.1 ± 0.3 mCi) were
subsequently injected from separate syringes. The PET/MRI was done 1-30 days (mean ± SD: 17.2 ± 9.2) after bone
scan. The whole body MRI protocol consisted of MRAC, T2-weighted, DWI, and contrast-enhanced T1-weighted
imaging. Lesions detected with each test were tabulated and the results were compared.
Results: All patients tolerated the PET/MRI exam and PET image quality was diagnostic despite the marked reduction
in the administered dosage of radiopharmaceuticals (80% less for 18F NaF and 67% less for 18F FDG compared to
standard PET/CT protocols). 13 patients had no bone metastases identified on either scans. Bone scintigraphy and
PET/MRI showed osseous metastases in 18 patients, but more numerous bone findings were noted on PET/MRI than
on bone scintigraphy in 9 of these patients. 1 patient had a negative bone scan, but bone metastases were seen on
PET/MRI. Lesions outside the skeleton were identified by PET/MRI in 4 patients.
Conclusion: The combined 18F NaF/18F FDG PET/MRI is superior to 99mTc-MDP scintigraphy for evaluation of
skeletal disease extent. Further, it detected extra-skeletal disease that may change the management of these
patients, while allowing a significant reduction in radiation exposure from lower dosages of PET radiopharmaceuticals
administered. 18F NaF/18F FDG PET/MRI appears well suited for detection of metastases in patients with breast and
prostate cancers.
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CONTROL ID: 2490534
TITLE: Comparison of Various Diagnostic modalities in Axillary Lymph Node metastasis of Breast Cancer
PRESENTER: hye-won kim
ABSTRACT BODY: 
Abstract Body: The aims of this study were to evaluate the diagnostic performance of ultrasonography (US), computed
tomography (CT), magnetic resonance imaging (MRI), and, 18F-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) for axillary lymph node metastasis in patients with breast
cancer, and to evaluate the significant imaging parameters on each modality.
 
Methods
Retrospectively, we enrolled 201 axillary regions from 196 patients (including bilateral breast cancer, n=5) who were
diagnosed as pathologically proven invasive breast cancer and who underwent preoperative breast US, chest CT,
breast MRI, and 18F-FDG PET/CT. The most suspicious ipsilateral axillary lymph nodes were evaluated on this study.
We assessed the diagnostic accuracy of each modality and significant imaging findings of metastatic axillary lymph
nodes.
 
Results
A total 48 of 201 axillary lesions had axillary lymph node metastasis on pathology. The sensitivity, specificity, positive
predictive value, negative predictive value, and diagnostic accuracy were 68.8%, 83.0%, 55.9%, 89.4%, 79.6% for US
(AUC=0.759, p<0.001), 64.6%, 81.0%, 51.7%, 87.9%, 77.1% for CT (AUC=0.728, p<0.001), 72.9%, 81.0%, 54.7%,
90.5%, 79.1% for MRI (AUC=0.770, p<0.001), and 64.6%, 85.0%, 57.4%, 88.4%, 80.1% for 18F-FDG PET/CT
(AUC=0.748, p<0.001), respectively. MRI showed the highest AUC value of the imaging modalities. The enhancement
degree on CT/MRI and kinetic patterns on MRI of metastatic axillary lymph nodes were not statistically significant
compared to those of non-metastatic lymph nodes. Among imaging variables of each modality, the cortical thickness,
short axis length and the ratio of short axis to long axis of axillary lymph node on US showed statistically significant on
receiver operating curve analysis (AUC=0.823, p<0.001, AUC=0.685, p<0.001, AUC=0.625, p=0.009 respectively).
The cutoff value for the cortical thickness of lymph node on US with 3.5 mm yielded 62.8% sensitivity, 84.0%
specificity. SUVmax on PET/CT also showed statistically significant (AUC=0.814, p<0.001).
 
Conclusions
The diagnostic performances of axillary lymph node metastasis using US, CT, MRI, and 18F-FDG PET/CT are
comparable. The cortical thickness, the short axis length, the ratio of short axis to long axis of lymph node on US, and
SUVmax on 18F-FDG PET/CT demonstrate statistically significant as imaging parameters for assessment of
metastatic axillary lymph nodes.
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CONTROL ID: 2490598
TITLE: High-resolution PET images of small tumors reconstructed with resolution modelling are not quantitative:
Experimental validations using a new sub-cm sphere phantom
PRESENTER: Ole Munk
ABSTRACT BODY: 
Abstract Body: There is a growing interest for using PET in the prediction and evaluation of responses to treatment,
where PET images are used to detect and track metabolic changes that relate to malignancy. A prerequisite for this
use of PET images is high reproducibility and accuracy of the quantitative measures. Novel PET image reconstruction
methods include modelling of resolution degrading phenomena, often referred to as point-spread function (PSF)
reconstruction, which improves the spatial resolution while being prone to distinct noise and artifacts including hyper-
resolution of focal uptake [1]. The aim of this study was to develop a clinically relevant phantom and use it to
characterize the reproducibility and quantitative accuracy of high-resolution PSF images of small lesions.
An 18F solution was mixed with gel powder and injected into spherical molds, allowed to settle and released as a set
of small homogeneous spheres (range 3-12 mm diameter, relevant for small lesions and lymph nodes). The spheres
were suspended and covered by a two-component silicone mixed with 11C, which provided a scattering medium and
a varying sphere-to-background ratio. Repeated measurements were made on PET/CT scanners from two vendors,
Siemens Biograph 64 Truepoint TrueV and GE Discovery 690, and reconstructed using 3D OSEM algorithms without
PSF (Iterative3D, Siemens) and with PSF (TrueX, Siemens; VPFXS, GE) using a wide range of reconstruction
parameters. Images were analyzed using PMOD 3.6 (PMOD Technologies Ltd), and recovery coefficients (RCs, i.e.
measured activity concentration divided by true activity concentration) and background variability were measured for
different volume-of-interest (VOI) definitions.
For non-PSF images, RCs were reproducible, consistently less than 1, and fell monotonically as the sphere diameter
decreased, which is the expected behavior. However, high-resolution PSF images had artifacts that could lead to
serious misinterpretations when used for quantitative analyses such as monitoring treatment response: RCs were
greater than 1 for the 8-12mm spheres, and RCs did not fall monotonically as sphere diameters decreased but had a
maximum RC for sphere sizes around 8mm. Furthermore, RCs were less reproducible and more slowly converging
when using PSF reconstruction, which further limits the use for quantitative studies. Post-smoothing filters could
suppress PSF artifacts and restore the expected monotonic relation between RC and lesion size. Generally, PSF
images had higher RCs (better lesion detectability) than non-PSF images, but surprisingly not for the smallest 3-mm
lesions, which could be due to slower convergence. In conclusion, a phantom was developed and used to optimize
PSF reconstruction parameters for clinical studies of small lesions. PSF reconstruction parameters providing good
lesion detectability did not necessarily provide quantitative measurements. Thus, it could be safer to use non-PSF
reconstruction for quantitative purposes unless PSF reconstruction parameters are optimized for the given task.
 
[1] Rahmim A et al. Medical Physics (2013) 40: 064301
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CONTROL ID: 2492449
TITLE: Precision Nuclear Medicine: Decoding osteoblastic tumor, inflammatory degenerative disease and
cardiovascular calcification burden simultaneously with Na18F PET/CT
PRESENTER: Carl Odom
ABSTRACT BODY: 
Abstract Body: Objectives: 
The paradigm of Precision Nuclear Medicine incorporates existing and new disease-specific biomarkers to improve
upon our current diagnostic imaging approaches and to develop more robust quantification of disease burden in order
to more accurately stage disease and guide targeted therapies for individual patients. Sodium fluoride-18 (Na18F) has
been a long available but underutilized PET radiotracer. Recent use of Na18F PET imaging has been largely focused
on the assessment of osteoblastic tumor burden in oncology patients, overwhelmingly in those patients with prostate,
breast or lung cancers. Although Na18F PET/CT has improved sensitivity and specificity for detecting
malignant/metastatic osteoblastic disease, abnormal Na18F uptake is commonly observed in areas of benign
degenerative bone disease (DBD) and cardiovascular calcification. Standardized uptake values (SUV) have
traditionally been used in PET imaging to semi-quantify tumor burden but new metrics like total lesion fluoride uptake
(TLF) and fluoride tumor volume (FTV) have been recently described and offer better therapeutic prognostication. The
purpose of this study is to assess the clinical feasibility of simultaneously evaluating and quantifying Na18F uptake as
it relates to osteoblastic tumor burden, inflammatory DBD and overall cardiovascular calcification (CVCa) from
individual clinical PET/CT examinations.
Methods: 
A feasibility study was retrospectively performed in 12 oncology patients (prostate and thyroid cancers) who
underwent Na18F PET/CT imaging. PET/CT imaging was performed at 95 ± 4 min following i.v. administration of 372
± 25 MBq of Na18F. Qualitative assessment of Na18F uptake was performed by a reader panel. Quantitative
assessment of Na18F-avid osteoblastic tumor burden, inflammatory DBD and CVCa was performing using a MIM
Vista workstation and the following metrics were evaluated for each disease state: highest SUVmax (hSUVmax),
average of SUVmax values for all disease-specific Na18F uptake, total fluoride uptake (TFU), and fluoride volume
(FV). Quantitative assessment was performed using either automated whole body contouring or manual contouring.
Results: 
On qualitative assessment, the patient population demonstrated variable degrees of osteoblastic tumor burden, DBD
and CVCa with respect to Na18F uptake. Quantitative assessment of Na18F uptake demonstrated that hSUVmax and
average SUVmax values tended to be higher for osteoblastic tumor burden and DBD than for CVCa. In addition,
patients demonstrated variable extents of disease with respect to TFU and FV values for individual osteoblastic tumor,
DBD and CVCa burden.
Conclusions: 
Although typically performed for the assessment of osteoblastic tumor burden, superimposed inflammatory DBD and
CVCa are readily detectable and quantifiable during clinical Na18F PET/CT examinations. Further clinical translation
of new quantitative methodologies like TFU and FV will enable Precision Nuclear Medicine with improved assessment
of tumor-specific and non-tumor-related disease burden and likewise improved overall response assessment with new
and emerging targeted therapies
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CONTROL ID: 2500321
TITLE: First-in-Human Assessment of Quantitative 3D Dynamic Contrast-Enhanced Ultrasound in Patients with Liver
Metastases from Gastrointestinal Tumor
PRESENTER: Ahmed El Kaffas
ABSTRACT BODY: 
Abstract Body: Background 
Liver metastases account for a large number of cancer-related deaths worldwide. Although therapy options have
advanced, not all patients respond to treatment the same. There are currently no effective ways to determine early
therapy response. Imaging tools capable of doing so are in demand and would allow clinicians to identify non-
responding patients, thus sparing morbidity and costs associated with non-effective treatments. Numerous imaging
modalities are being investigated but are limited by radiation exposure (CT/PET), access (MR/PET), cost (MR/PET),
and inability to scan at bedside1. Dynamic contrast enhanced ultrasound (DCE-US) is exempt from these limitations
and is being explored for treatment monitoring2. To date, the use of DCE-US has been limited to 2D. This is
problematic because tumors are highly heterogeneous resulting in sampling errors with 2D imaging. The purpose of
this study was to perform a first-in-human assessment of 3D DCE-US reproducibility compared to 2D DCE-US.
 
Methods 
Patients with liver metastases from pancreatic or colon primary cancers were imaged with a Philips EPIQ7 coupled to
an X6-1 matrix transducer. A total of 14 scan sessions were carried out over 10 patients to compare 3D and 2D
parameters. Pairs of repeated bolus and disruption-replenishment images were acquired within each scan session to
determine reproducibility of parameters. Bolus consisted of intravenous injection of 0.2 ml Definity microbubbles
followed by saline. Disruption-replenishment was carried out by infusing 0.9 ml of Definity microbubbles in 35.1 ml of
saline over 8 min. Analysis was performed segmenting volumes-of-interest (VOI) and regions-or-interest (ROI), and
extracting time-intensity curves (TICs). Parameters were quantified for the whole VOI and 4-6 ROIs within the lesion.
Quantified bolus parameters were: time-to-peak (TP), peak enhancement (PE), area-under-the-curve (AUC), mean-
transit-time (MTT)2. Quantified disruption-replenishment parameters were: relative blood volume (rBV), relative blood
flow (rBF) and regional mean flow velocity (rMFV)3.
 
Results  
            A large coefficient of variation (CV) was observed over ROIs from the same volume confirming intra-tumor
heterogeneity of perfusion. The TP and MTT had the lowest CV while the rBF, rBV and rMFV parameters had the
largest plane-to-plane variations with CVs up to 54%. Measurements made in 3D were consistently different than
measurements made in 2D from the center plane with an average percent difference of 60%. Reproducibility
evaluated by the concordance correlation coefficient (CCC) between repeated measurements was good (0.80) to
excellent (0.95) for most parameters. The TP and MTT were the least reproducible with CCCs lesser than 0.80.
 
Conclusions  
            Our first in human results demonstrate that conventional 2D DCE-US is susceptible to volumetric sampling
errors and that 3D DCE US imaging with a matrix array transducer is feasible and reproducible in the clinic.
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CONTROL ID: 2500945
TITLE: Predicting malignant nodules from screening CT
PRESENTER: Robert Gillies
ABSTRACT BODY: 
Abstract Body: Lung cancer is the leading cause of cancer-related death in the US and worldwide. Hence,
improvements in diagnosis at an early, potentially curable stage would have a major impact on human health. The
National Lung Screening Trial (NLST) recently showed that low-dose computed tomography (CT) provided a 20%
relative reduction in lung cancer mortality compared to standard chest radiography (CXR)1. However, of the CT-
detected lung cancers, 58% had a prior indeterminate pulmonary nodule (IPN)-positive/cancer-negative screen2. To
complicate matters, only 3.6% of IPNs were nascent cancers, causing overdiagnosis and leading to patient anxiety,
and a subsequent work-up with morbidity for a condition that may pose no threat if otherwise untreated.
The present work tests the hypothesis that quantitative image features (“radiomics”) can accurately predict whether an
IPN at baseline will subsequently present as a clinically relevant cancer at the first or second follow-up. To investigate
the hypothesis, we curated demographically-matched cohorts of CT screening subjects form publically available data
from the NLST (ACRIN 6684). We identified 196 patients with IPNs at baseline that subsequently developed into
screen detected lung cancer (SDLC) in follow up screens. These were demographically matched 2:1 with a cohort of
404 screening subjects with IPNs at baseline that remained as benign pulmonary nodules (bPN) throughout the
screening study and through follow up. Pulmonary nodules were segmented, and 219 quantitative image features
describing size, shape, location and texture were extracted from each nodule at baseline, filtered for stability, and
tested for their ability to predict the subsequent emergence of cancer. In one study, classifier models we tested with 5-
fold cross-validation. Alternatively, cohorts were split into training and test sets of 312 and 288 subjects, respectively.
Both approaches yielded similar results. The best model used 23 stable features to build a Random Forest classifier
and could predict nodules that will become cancerous 1 and 2 years hence with accuracies of 80% (AUC 0.83) and
79% (AUC 0.75), respectively. This approach outperformed the Lung Imaging Reporting and Data System, Lung-
RADS; the ACR-endorsed method to standardize the screening of CT lung cancer images into risk categories. A new
risk score (Brock) uses age, sex, family history, presence of visually detected emphysema, nodule size, solidity,
nodule location, number of nodules, and spiculation to generate a probability of cancer3. This model had similar power
to radiomics, although it is not automated. Importantly, the radiomics risk assessment model predicted the lowest and
highest risk quartiles with accuracy of 93% and 92.9%, respectively. These results support the hypothesis that
quantitative image informatics can be used to reduce false positive rates in a screening setting and accurately identify
subjects with IPNs that are most and least likely to develop into cancers within 1 or 2 years.
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CONTROL ID: 2492228
TITLE: Study of Chemical Exchange Saturation Transfer MRI on Brain metastases at 1.5 Tesla
PRESENTER: Yonggui Yang
ABSTRACT BODY: 
Abstract Body: TARGET AUDIENCE: Clinicians and engineers who are interested in the chemical exchange
saturation transfer technology
PURPOSE: To investigate the feasibility of CEST in characterizing human brain metastases on a clinical 1.5T MRI
scanner which is more widely available than 3.0T scanner in most developing countries.
 
METHODS: Six patients diagnosed with brain metastases were recruited in this study with approval of the local ethics
committee. All patients signed on an informed consent form before the exam. Whole brain underwent CEST scan, and
were also imaged with FLAIR,DWIandPWI for comparisons. All MR studies were performed on a clinical 1.5T scanner
(Signa HDe, General Electric Medical Systems). In the CEST scan (TR=60ms, TE=Minimum, flip angle=35°,
bandwidth=15.63MHz, FOV=20cm, acquisition matrix =128128, Number of averages=8), the amide protons were
selectively saturated at radio frequency (RF) offsets of -224Hz (-3.5ppm) and 224Hz (3.5ppm), respectively. An image
without saturation was also acquired. Slice Shimming and fat saturation were employed. APT images were obtained
using the magnetization transfer ratio (MTR) asymmetry at 3.5ppm1 with respect to the water resonance in order to
reduce the interference of other saturation effects:where Ssat and S0 are the signal intensities with and without
selective RF saturation. The z-spectrum (normalized signal intensities with respect to unsaturated) was acquired over
an offset range of ± 255 Hz with a resolution of 10 Hz, which were then fitted through all offsets using a 12th-order
polynomial on a pixel-by-pixel basis. For reference, the DW and PW images were also acquired.
 
RESULTS: The brain metastases demonstrated hyperintense on the FLAIR and DWI images, and hypoperfusion on
the PW image, as shown in Fig. 1. The APT images had hyperintense at the metastases lesions as shown in Figure
1c. From Fig. 1a and 1b, it can be observed that the signal intensities of the viable tumor cores were signficantly
higher than both peritumoral edema and the necrotic regions, in agreement of Wen at al 3. The z-spectrum showed
the significant differences between tumor tissue, perilesional oedema and normal brain parenchyma in the -230~-200
Hz offset range and -224 Hz from water. At the offset of -224 Hz, the mean signal of the tumor tissue, perilesional
oedema and normal brain parenchyma were 197±10,137±14,158±12, respectively.
DISCUSSION: The higher mobile protein and peptide content in brain metastases as compared to normal brain
tissues resulted hyperintensities in saturated CEST and APT images. Furthermore, the heterogeneous contrast on the
APT images indicated the APT may be able to distinguish the tumor, necrosis and peritumoral oedema, which could
not be accomplished by DWI or PWI. The main limitation in our study is that the number of patients was not enough,
thus it requires more experiments to verify our results.
CONCLUSION: CEST MRI may provide a promising tool used in clinical for specially and sensitively monitoring
metastases, predicting response to treatment and thus guiding patient management.
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TITLE: Improving Image Quality and Quantitative Precision in FLT- PET imaging by using High Definition Image
Reconstruction
PRESENTER: Preethi Subramanian
ABSTRACT BODY: 
Abstract Body: Objective: 
3'-deoxy-3'[18F]-fluorothymidine (FLT) is a promising non-invasive PET/CT imaging biomarker of cellular proliferation
and has been shown to provide alternate information to the glucose metabolism marker, FDG. FLT is taken up in
normally proliferative tissues such as bone marrow and liver. Therefore, lesion delineation and quantification has been
frequently impacted due to close proximity or inability to delineate. We proposed and analyzed, if a smaller voxel size,
higher image matrix resolution reconstruction (high definition) is feasible and beneficial.
Methods: 
Time of flight FLT-PET/CT previously acquired for a breast cancer therapy assessment trial were used to evaluate the
feasibility of high definition (HD) (2x2x2 mm3 voxel size) image reconstruction and was compared to stand definition (
SD) (4x4x4 mm3 voxel size). Reconstruction was performed from archived list mode data files. Imaging had been
performed using a 370 MBq /10 mCi target dose at baseline (BL), day 7 (F1), day 14 (F2) and after three cycles (F3).
Data sets for 16 patients were used for this analysis. For the comparison analysis, images were visually and
quantitatively analyzed using ROIs as assessed by three blinded, independent readers.
Results: 
Initial reconstruction with the 1/8 voxel volume (SD --> HD) led to noisier images and it became apparent that the
iterative convergence is differently requiring a new optimization of reconstruction parameters. We found, that a
substantial reduction in the number of subsets (32 --> 9) led to the best visual and quantitative results. Those findings
were used for subsequent HD reconstructions. The visual quality of HD reconstruction was scored preferable in 94%
of the cases. Better lesion delineation compared to SD reconstruction was scored to be of the most relevant clinical
benefit (92%). The SUVmax of proliferative lesions was consistently higher and better lesion heterogeneity noted. In
cases of response assessment variations of more than 20% in lesion uptake, changes were noted compare to SD
reconstruction. ROI placement was found to be better as well as the assessment of lesions within proliferative tissue.
Conclusion: 
High Definition Image Reconstruction is a very powerful approach to improve image quality in FLT PET imaging and
also improves quantitative analysis. A tracer specific optimization of reconstruction appears to yield impressive image
quality improvements compared to current standard definition reconstruction, thus HD recon should be the preferable
methodology when using specialty PET tracers such as FLT. HD recon also appears to give a more precise insight
into lesion heterogeneity and more accurately reflects the true tracer update in lesions and tissues.
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CONTROL ID: 2494088
TITLE: Accuracy of 18F-FDG PET/CT versus bone marrow biopsy in assessing bone marrow involvement in
paediatric Hodgkin’s Lymphoma: a clinical study. 
PRESENTER: Angelina Cistaro
ABSTRACT BODY: 
Abstract Body: Objectives. To assess the utility of F-18-fluoro-2-deoxy-D-glucose (F-18 FDG) positron emission
tomography/computed tomography (PET/CT) in assessing bone marrow involvement (BMI) compared to bone marrow
biopsy (BMB) in newly diagnosed pediatric Hodgkin’s lymphoma (HL).
 
Materials and Methods. 62 pediatric patients (mean age 13,9 years, range 5-18 years) with HL were analyzed for the
involvement of bone marrow. The diagnostic distribution for stage disease was: stage I = 3 pts; stage II = 31 pts; stage
III = 20 pts; stage IV = 8 pts. 18F-FDG PET/CT scan was performed in all patients within 10 days from BMB, at level
of iliac crest.
 
Results. 2 patients (stage IVB) had lymphomatous involvement both on BMB and PET/CT.
In 60 patients with BMB negative, PET/CT was negative in 53 pts (stage I=3 pts, stage II = 31 pts, stage III = 19 pts;
stage IV = 1pt) and positive in 7 patients. Of this 7 patients in 5 the bone marrow involvement was confirmed by
means MRI. In the last 2 pts (stage IIB e IIIB), negative on MR imagings, the 18F-FDG distribution showed a pattern
of diffuse heterogeneous marrow involvement with sites of focal involvement .
The overall sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of F-18 FDG
PET/CT for BMI detection was, respectively, 100%, 96 %, 77.7%, 100%.
 
Conclusions 18F-FDG PET/CT can predict BMB results in early and advanced stages disease. BMB should be
omitted in patients with PET/CT negative (VPN 100%). In patients with positive PET/CT scan, BMB could be reserved
for patients with diffuse and heterogeneous 18F-FDG uptake in bone marrow.
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TITLE: Evaluation of Bio-physical Effects Using Radiobiological Indices Mapping with CT images for Patients’ Set-up
Errors in Breast Radiotherapy
PRESENTER: Seu-Ran Lee
ABSTRACT BODY: 
Abstract Body: Purpose: The dose-related effects of patient setup errors on biophysical indices were evaluated for
conventional wedge (CW) and field-in-field (FIF) whole breast irradiation techniques.
Methods: The treatment plans for 10 patients receiving whole left breast irradiation were retrospectively selected.
Radiobiological and physical effects caused by dose variations were evaluated by shifting the isocenters and gantry
angles of the treatment plans. Dose-volume histograms of the planning target volume (PTV), heart, and lungs were
generated, and conformity index (CI), homogeneity index (HI), tumor control probability (TCP), and normal tissue
complication probability (NTCP) were determined.
Results: For “isocenter shift plan” with posterior direction, the D95 of the PTV decreased by approximately 15% and
the TCP of the PTV decreased by approximately 50% for the FIF technique and by 40% for the CW; however, the
NTCPs of the lungs and heart increased by about 13% and 1%, respectively, for both techniques. Increasing the
gantry angle decreased the TCPs of the PTV by 24.4% (CW) and by 34% (FIF). The NTCPs for the two techniques
differed by only 3%. In case of CW, the CIs and HIs were much higher than that of the FIF in all cases. It had a
significant difference between two techniques (p<0.01). According to our results, however, the FIF had more sensitive
response by set up errors rather than CW in bio-physical aspects.
Conclusions: The radiobiological-based analysis can detect significant dosimetric errors then, can provide a practical
patient quality assurance method to guide the radiobiological and physical effects.
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TITLE: Diagnostic Performance of F-18 FDG PET/CT in Metabolically active Salivary Gland Diseases
PRESENTER: Soon-Ah Park
ABSTRACT BODY: 
Abstract Body: Purpose Although the most of salivary gland tumors are benign, malignant lesions should be
differentiated in some cases. The objectives of this study are to investigate the imaging characteristics of F-18 FDG
PET/CT in its benign and malignant distribution in patients with metabolically active salivary glands.
Methods Retrospective evaluation of imaging studies and review of medical records were performed in five patients
who have focal increased uptake in major salivary gland on F-18 FDG PET/CT studies. Among the patients, 2 patients
had been suspected of malignant parotid diseases, 1 patient had a breast malignancy, and 2 patients had colon
cancer. They were referred for initial staging with F-18 FDG PET/CT.
Results F-18 FDG PET/CT images of the first patient showed irregular shape and intense hypermetabolic mass in the
right parotid gland (SUVmax of 14.7) which was proved squamous cell carcinoma (SCC). In addition, peripheral skin
invasion and metastatic cervical lymphadenopathy were suspected on both FDG PET/CT and enhanced neck CT. In
second patient, F-18 FDG PET/CT images showed focal increased uptake in the right parotid gland (SUVmax of 6.6),
and the final diagnosis was proved of mucoepidermoid carcinoma (MC). Incidental hypermetabolic salivary glands
were observed in the other 3 patients. F-18 FDG PET/CT image of the third patient showed focal increased uptake in
the left parotid gland (SUVmax of 4.4), but that was revealed pleomorphic adenoma (PA) pathologically. In fourth
patient, multifocal and mildly increased uptakes in the both parotid glands (SUVmax of 2.4) were visualized on
PET/CT and serial follow-up of PET/CT studies showed no significant interval change that was attributed to
intraparotid lymphoid hyperplasia (ILH). F-18 FDG PET/CT image of the fifth patient showed focal increased uptake in
the right submandibular gland (SUVmax of 5.2), and the final pathologic diagnosis was of PA.
Conclusion Hypermetabolic salivary glands on F-18 FDG PET/CT included SCC (1 case), MC (1 case), PA (2 cases)
and ILH (1 case). In the malignant cases, high maximum SUV value range from 6.6 to 14.7 can be seen and
additional findings suggestive of malignancy also can be observed on the CT component. In the other benign cases,
the metabolic activity (maximum SUV values range from 2.4 to 5.2) was lower than that of malignant cases. Although
F-18 FDG PET/CT is not useful in discriminating benign from malignant salivary gland disease because of the overlap
of uptake in both conditions our results suggest that low metabolic activity lesions may be considered as a benign
disease. A limitation of the present study is the small size of patients. Further study over a much larger size will be
helpful to determine the optimal cut-off values of metabolic activity between benign and malignant salivary gland
diseases on F-18 FDG PET/CT imaging.
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TITLE: Ex vivo detection of tumoral lymph nodes from colorectal origin with fluorescence imaging after intraoperative
IV injection of ICG.
PRESENTER: Gabriel Liberale
ABSTRACT BODY: 
Abstract Body: Introduction:
Determination of lymph node (LN) extension is a matter of concern for surgical treatment of patients with oligo-LN
metastases of colorectal cancer (CRC). Currently, no intraoperative imaging technique exists allowing the detection of
metastatic LN (mLN). Recently, ICG fluorescence imaging (FI) has been shown to allow the detection of small tumoral
deposits in LN by ex vivo and in vivo techniques.
This study aims at reporting the potential role of ICG fluorescence imaging after an intraoperative IV injection in the ‘ex
vivo’ detection of mLN’s of a CRC origin.
Patients and methods:
Operative specimens of patients included in a protocol study evaluating the role of ICG in the detection of peritoneal
metastases of colorectal origin (Protocol NCT-01995591) were further explored with a dedicated near-infrared camera
system (Photodynamic Eye, PDE; Hamamatsu Photonics, Hamamatsu, Japan). An IV injection of ICG was delivered
intraoperatively at 0.25mg/kg. All LN’s on the operative specimens were explored for their fluorescence, and signal to
background ratio (SBR) was calculated with IC-Calc 2.0 program.
Results:
12 patients (5 males, 7 females) were evaluated for their LNs on operative specimens. A total of 182 LNs were
analyzed. The mean LN number per patient was 15.2 (median: 15.5; range 3-22). SBR of malignant LNs were
significantly more fluorescent than benign LNs, 1.41 vs 1.04 arbitrary units (p<0,0002). On univariate analysis,
fluorescence was statistically correlated with LN surface (>20mm2) (p<0,0004).
Conclusion:
Ex vivo ICG fluorescence imaging after intraoperative IV injection represents a potential method for detecting invaded
LN’s of colorectal cancer origin on operative specimen. Further clinical studies are needed to better define technique
modalities.
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ABSTRACT BODY: 
Abstract Body: Abstract
Background: Accurate initial staging of carcinoma thyroid requires a detailed understanding of all pertinent risk
stratification data, whether they were obtained as part of preoperative testing, during the operation(s), or as part of
postoperative follow-up. Quite often, the written pathology report of the surgical specimen does not convey critical risk
factors such as preoperative vocal cord paralysis, extent of gross extrathyroidal invasion, completeness of resection,
or remaining gross residual disease. Without these critical pieces of information, it is likely that initial risk stratification
will be inaccurate and potentially misleading. The use of preablation diagnostic radioiodine scans for risk stratification
and radioiodine therapy planning for differentiated thyroid cancer (DTC) remains controversial. It is important to
emphasize that the identification of a clinico-pathologic or molecular predictor of recurrence or mortality does not
necessarily impact the decision of adjuvant / aggressive therapy. Risk stratification method with various parameters
have been proposed but none of these can accurately identify small proportion of patients with poor outcome and
survival.
 
Objective:
We analysed effect of preablation diagnostic 131-I scans with SPECT/CT (Dx 131-I scan) on the risk stratification and
the postoperative management of DTC.
Design:
The study was a prospective study. Patients with differentiated thyroid cancer referred postoperatively for radioiodine
ablation/ therapy were included.
Materails and Method:
Forty patients (pts) with DTC 35 females; 5 Males, mean age 42 y, range 16–68) were studied.
Intervention:
A surgeon performed risk stratification and determined postoperative management with respect to radioiodine therapy
(RAI) planning after considering clinical and histopathology information as per ATA 2015 management guidelines for
adult patient with thyroid nodules and differentiated thyroid cancer. Subsequently diagnostic whole body 131-I scans
with SPECT CT od head, neck and thorax or additional sites were performed and interpreted by a nuclear medicine
physicians as showing thyroid remnant, cervical nodal, or distant metastases. Then risk stratification was again
performed and effect on management decision were analysed.
Results:
Unsuspected nodal metastases was detected in 2/40 patients and lung metastases in 1/40 patients. However, in rest
of the patients a diagnostic whole body radioiodine scan did not effect the initial risk stratification.
Conclusions:
Additional SPECT CT of neck and thorax or other sites has an incremental value in localising uptake of 131-I seen on
whole body diagnostic scans. However, it does not significantly change the risk stratification and further management
of patients with carcinoma thyroid
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TITLE: Diagnostic value of feature analysis of breast-specific gamma imaging for predicting breast cancer
PRESENTER: Eun Kyoung Choi
ABSTRACT BODY: 
Abstract Body: Purpose: This study determined whether the BI-RADS category in breast-specific gamma imaging
(BSGI) predicts malignancy and what radiotracer uptake features are associated with malignancy.
Materials and methods: Breast cancer patients who underwent preoperative BSGI between September 2013 and
January 2015 were retrospectively reviewed. The breast lesions identified with BSGI were compared with the surgical
pathology or a core needle biopsy. The features of the radiotracer uptake analyzed included intensity (no
distinguishable, mild, moderate, or intense uptake), margin (well- or ill-defined), and ductal linear distribution (absent
or present). The BSGI findings were described using the 2010 Society of Nuclear Medicine (SNM) guidelines and
each breast lesion was given a final assessment of 1 to 5, paralleling the BI-RADS assessment categories.
Results: Of the 80 breast lesions in 34 patients, 60 (75%) were malignant and 20 (25%) were benign. Malignant
lesions had a higher BI-RADS category on BSGI than benign lesions (2.9 ± 0.9 vs. 4.3 ± 0.9, P < 0.001). In the
univariate analyses, BI-RADS category (P < 0.001), well-defined radiotracer uptake margin (P = 0.004), and the
presence of a ductal linear pattern in the radiotracer uptake (P = 0.024) were significantly associated with malignancy.
In the multivariate analysis, only the ductal linear pattern was significantly associated with malignancy (P = 0.029;
odds ratio, 5.981; 95% confidence interval, 1.202 to 29.757).
Conclusion: The analysis of the radiotracer features, as well as placing breast lesions seen on BSGI into the BI-
RADS, might be useful for predicting malignant tumors.
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TITLE: Brown Adipose Tissue activity in Cancer and treatment - A clinical evaluation
PRESENTER: Rao Papineni
ABSTRACT BODY: 
Abstract Body: Brown adipose tissue (BAT) acts as a thermogenic organ producing heat to maintain body
temperature, particularly in the young. The locale of BAT is generally in deep cervical, supraclavicular, interscapular,
and paravertebral regions, as well as areas near large vessels. BAT activity routinely interferes with 18F-FDG
(fluorodeoxyglucose) Positron emission tomography (PET)/computed tomography (CT) image interpretation.
Visualization of Brown adipose tissue (BAT) in children is speculated to depend on disease status, weight, body
composition, and degree of sexual development. A retrospective analysis of the pediatric patients 18F-FDG PET/CT
scans is in progress to assess the BAT activity during cancer and post chemo or radiotherapy. Our early findings
presented here show the feasibility of visualization and scaling of the BAT activity in pediatric cancer patients, and the
change in BAT activity upon treatment. As expected, the lymphoma cases are distinctive in terms of the BAT activity.
A case report of a male 16-year-old patient is presented - patient diagnosed with lymphoma showed supra
diaphragmatic disease with no metabolic brown fat activity. After chemotherapy, the subject’s scan showed prominent
brown fat activity in the neck. The result is in agreement with the assumptions that patients with malignant lymphomas
have high levels of tumor necrosis factor alpha, a cytokine capable of inducing apoptotic degeneration of brown
adipocytes. The variation in BAT activity during neuroblastoma treatment are shown. This retrospective pediatric
patient study is in progress and will provide an in-depth view of BAT as a diseased state predictor during cancer,
chemotherapy and radiotherapy.
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TITLE: Prognostic value of 18F-FDG PET/CT measures of body composition in patients with esophageal
adenocarcinoma
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ABSTRACT BODY: 
Abstract Body: Introduction
Esophageal adenocarcinoma (EAC) is an aggressive cancer with incidence that has increased rapidly in the last
several decades. Current literature has focused on only anatomical measures of body composition or imaging
characteristics of primary lesions as prognostic indicators of outcomes, but has not included anato-molecular
assessment of body composition via 18F-FDG PET/CT. Our overall hypothesis is that in vivo measures of body
composition from 18F-FDG PET/CT will have prognostic value for therapeutic selection and determining treatment
response in EAC patients. In this study we assessed the statistical power of three measures of body composition from
18F-FDG PET/CT scans, acquired for diagnosis and staging of EAC, in predicting overall survival. Our imaging
measures, the maximum standardized uptake value or SUVmax (from 18F-FDG PET), the mean psoas cross-
sectional area (CT), and psoas attenuation (CT), are all derived from a single axial cross-section through the psoas
muscles at the level of the fourth lumbar (L4) vertebra.
 
Methods
Twenty-two patients (4 females and 18 males) diagnosed with EAC from January 2008 through December 2015 who
received an initial staging 18F-FDG PET/CT scan were identified in this IRB-approved, retrospective study. Clinical
and radiographic characteristics were assessed from the pre-therapy 18F-FDG PET/CT scan and patient medical
records. From an axial image of the left and right psoas muscles at the L4 vertebra level, the mean cross-sectional
area from CT, mean Hounsfield units (HUmean) from CT, and mean SUVmax from 18F-FDG PET were obtained. The
overall survival was derived using Kaplan-Meier methods calculated from the primary diagnosis date to the date of last
follow-up or death. At last follow-up, 54.5% of patients were dead, 9% were alive with disease, and 36.4% were alive
with no evidence of disease. Data were analyzed via a Cox Proportional-Hazards model using the R statistical
software environment.
 
Results
After controlling for age and BMI at the pre-therapy imaging date, the average psoas muscle cross-sectional area was
associated with reduced survival with a hazard ratio (HR) of 1.10 (95% confidence interval CI=[1.01, 1.19], p=0.02).
Conversely, while average SUVmax of the psoas was not associated with outcome measures (p=0.53), this measure
did have an association with increased survival after additionally controlling for psoas area, with a HR of 0.70
(CI=[0.51, 0.96], p=0.03). HUmean of the psoas muscles was not significantly associated with survival even after
controlling for psoas area (p>0.55).
 
Conclusions
The average psoas muscle cross-sectional area and SUVmax after controlling for psoas area, measurements that
account for both body composition and muscle metabolism, demonstrated significant hazard ratios with overall
survival. Continued recognition of imaging parameters from 18F-FDG PET/CT as early as initial staging can provide
insightful information and may dictate future patient management.
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TITLE: Therapeutically Targeting Metabolic Vulnerabilities in LKB1 Mutant Lung Cancer.
PRESENTER: David Shackelford
ABSTRACT BODY: 
Abstract Body: Inactivation of the LKB1 tumor suppressor is a frequent event in non-small cell lung carcinoma
(NSCLC) characterized by a hypermetabolic glycolytic tumor phenotype driven by activation of mammalian target of
rapamycin complex 1 (mTORC1)(1, 2). Using genetically engineered mouse models (GEMMs) of lung cancer
glycolytic LKB1-/- lung tumors are routinely imaged with [18F]-fluorodeoxyglucose (18F-FDG) positron emission
tomography (PET)(3). Additionally, LKB1 inactivation leads to heightened sensitivity to metabolic stress that results in
metabolic crisis and tumor cell apoptosis(3, 4). 18F-FDG PET was successfully used to guide a study in which
metabolic vulnerabilities in LKB1-/- NSCLC were exploited using the metabolic stress agent phenformin in
combination with the mTOR catalytic kinase inhibitor MLN0128(5) (see Persuasive data). MLN0128 is currently being
evaluated in phase I and II clinical trials for the treatment of advanced solid malignancies in the lung, breast, prostate,
and brain (NCT02133183, NCT02049957, NCT02091531). NSCLC is a genetically and pathologically heterogeneous
disease, giving rise to lung tumors of varying histologies that include adenocarcinomas (ADCs) and squamous cell
carcinomas (SCCs). Use of phenformin in combination with MLN0128 induced a significant therapeutic response in
LKB1 mutant human cell lines and GEMMs of lung ADC (see Persuasive data). However, the response of SCC’s to
single or combined phenformin and MLN0128 treatment was more attenuated due to metabolic adaptation in this
tumor population through modulation of the AKT-GSK3β signaling axis. Combinatorial use of MLN0128 and the AKT
inhibitor MK2206 robustly inhibited the growth and viability of squamous lung tumor cell lines thus providing an
effective strategy to overcome resistance. Taken together, these findings define new personalized therapeutic
strategies that may be rapidly translated into clinical use for the treatment of LKB1 mutant adenocarcinomas and
squamous cell carcinomas.
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TITLE: Development of CAST therapy by utilizing molecular imaging
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ABSTRACT BODY: 
Abstract Body: Although many monoclonal antibodies (mAbs) have already been approved for the treatment of
cancer, they are usually used in combination with anticancer agents (ACAs) because of their limited anti-tumor activity
when used alone. Antibody-drug conjugate (ADC), the next generation of therapeutic antibodies, is a promising
strategy to enhance the cytotoxic effect of a payload. However, most human solid tumors possess abundant stroma
that hinders the distribution of ADCs. Moreover, the process of cellular uptake is disturbed by the stromal barrier.
Therefore, this barrier limits the effectiveness of ADCs, regardless of the internalization ability.
To overcome this drawback, we have exploited a novel type of ADC, namely CAST (Cancer stromal targeting)
therapy, composed of stroma targeting antibody and ester-bond linker with neighboring PEGylation. Antibody (IgG)
itself has an ability of passive tumor targeting based on the EPR (Enhanced permeability and retention) effect. In
addition to that, our ADC can actively accumulate in the tumor stroma from which ACAs are released gradually and
distribute throughout the tumor, resulting in the arrest of tumor growth due to induced damage to both tumor cells and
tumor vessels.
We have utilized in vivo imaging (fluorescence, PET/SPECT) for the selection and evaluation of the stroma targeting
antibodies. Imaging mass spectrometry (IMS) has also been indicated to visualize the released payload from ADC and
intratumoral distribution.
We will present the development of CAST therapy as a novel type of ADC by utilizing molecular imaging.
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ABSTRACT BODY: 
Abstract Body: The Warburg effect is a major cancer hallmark that is widely exploited for 18F-FDG PET imaging.
Metabolic reprogramming of cancer cells is also a promising target for therapy. Our group recently reported that
troglitazone (TGZ) stimulates cancer cell 18F-FDG uptake by suppressing mitochondrial respiration, which augments
sensitivity to glucose restriction (J Nucl Med. 2016;57(1):129). In the present study, we hypothesized that the
metabolic effect of TGZ occurs by directly inhibiting mitochondrial pyruvate transport, and that this offers a unique
opportunity to induce cancer cell death by simultaneous suppression of glutamine utilization.
Methods: Human T47D breast cancer and CT26 colon cancer cells were measured for 18F-FDG uptake in the
presence or absence of TGZ, UK5099 (a specific inhibitor of the mitochondrial pyruvate carrier), and methyl-pyruvate
(exhibits pyruvate carrier-independent mitochondria entry). The effect of restricting specific amino-acids was tested by
exclusion from culture media or use of GPNA, an inhibitor of SLC1A5, the main transporter mediating glutamine
uptake in cancer cells. Cells were evaluated for mTOR and downstream p70S6K activation by western blots. Cell
survival was assessed by sulforhodamine-B assays.
Results: Treatment with 10 µM TGZ for 1 h acutely increased 18F-FDG uptake of in T47D cells to 288.5 ± 10.1 % and
lactate production to 150.5 ± 7.3 % of controls, consistent with stimulated glycolytic flux. Blocking mitochondrial
pyruvate transport with 50 µM UK5099 for 4 h was sufficient to increase 18F-FDG uptake to 278.4 ± 6.0 % in CT26
cells and to 142.4 ± 0.2 % in T47D cells. In the presence of methyl-pyruvate, TGZ-stimulated 18F-FDG uptake was
completely abolished, indicating that it occurs through inhibition of mitochondrial pyruvate transport. Glutamine
deprivation partially stimulated 18F-FDG uptake to 137.4 ± 10.5 % in T47D cells, but not CT26 cells. Importantly,
T47D cell survival was substantially suppressed up to 72 h by treatment with UK5099 and blocking glutamine uptake
with GPNA, whereas this was not observed in CT26 cells. Western blots revealed that mTOR and p70S6K activation
was significantly inhibited by 50 µM UK5099 and 1 mM GPNA in T47D cells but not CT26 cells.
Conclusions: Targeting of mitochondrial pyruvate transport with simultaneous glutamine restriction could be a viable
strategy for cancer treatment. Furthermore, this metabolism-targeted therapeutic approach may be monitored by
imaging an increase of 18F-FDG uptake that represents stimulation of glycolytic flux in response to suppressed
mitochondrial metabolism.
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CONTROL ID: 2493093
TITLE: Development of tumor-targeted perfluorocarbon nanodroplets for reoxygenation and radiosensitization of
hypoxic prostate tumors
PRESENTER: Yun Xiang
ABSTRACT BODY: 
Abstract Body: Introduction. Hypoxia is a common feature of prostate cancer, and is correlated with increased tumor
aggressiveness and reduced response to radiotherapy (RT). Therefore, the reoxygenation of hypoxic tumors offers an
effective way to increase the efficacy of RT. A direct method to oxygenate hypoxic tumors using perflurocarbon (PFC)
nanodroplets (NDs) as non-toxic oxygen transport agents was evaluated in phase I/II trials in the 1990s. However, the
benefit from PFC NDs was compromised by (1) the use of non-optimal first-generation PFC agents, (2) lack of
independent assessment of hypoxia in the tumor, and (3) the timing of RT delivery not coincident with maximal PFC
agent accumulation in the tumor. A number of advancements have since taken place including the availability of
biocompatible high-oxygen-capacity perflurooctylbromide (PFOB, C8F17Br) ND contrast agents that accumulate
better in tumors, the image-guided RT techniques that enable hypofractionated delivery of radiation with high
precision, and the novel positron emission tomography (PET) agents such as FAZA that assess hypoxia in tumors. In
this study, we develop and optimize the synthesis of lipid-stabilized PFOB NDs and assess their size, size distribution
and stability in vitro. The optimized PFOB NDs were then evaluated in a mouse xenograft model of DU145 prostate
cancer for enhanced tumor targeting and their ability to resensitize the tumor.
 
Method. Lipid (soy lecithin and DPPE-2K-PEG) stabilized PFOB NDs were synthesized via probe ultra-sonication. A
fluorescent lipophilic indocarbocyanine dye, DiI, was used to optically label the PFOB NDs for in vivo tracking. The
long-term size stability of DiI-labeled PFOB NDs was evaluated at different DiI concentrations and temperatures
compared to control NDs. The PFOB ND biodistribution at different time points was assessed in NRG (NOD-SCID
radioresistant) mice bearing DU145 tumor xenografts by measuring the fluorescence intensity of DiI-labeled PFOB
NDs in organs and tumor tissues using a Maestro hyperspectral fluorescence system.
 
Results. PFOB NDs formed using 6 wt% soy lecithin, 2 wt% DPPE-2K-PEG, and 92 wt% PFOB results in PFOB NDs
~260 nm in size, stable for up to 5 days at 37 °C. The addition of 0.08 wt% of DiI results in the most stable DiI-labeled
PFOB NDs with sizes similar to unlabeled PFOB NDs. The PFOB NDs gradually accumulate in tumor tissues over a
24 h period following i.v. tail vein injection (12 mg/g), while in the heart, lung, spleen, kidney, liver and muscle tissue
NDs concentration stabilizes after 6h. Preliminary results show that the combination of carbogen, RT, and PFOB NDs
leads to a delay in tumor growth up to 20 days after RT treatment in comparison to RT alone.
 
Conclusion. DiI-labeled and unlabeled PFOB NDs were successfully synthesized and assessed in vitro. In vivo studies
using a mouse xenograft model of DU145 prostate cancer showed that the PFOB NDs have the highest preferential
accumulation in tumor tissue 24h after injection, and is the ideal time point to evaluate reoxygenation of hypoxia
tumors for enhanced RT.
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CONTROL ID: 2492891
TITLE: Unlocking the metabolic secretome of tumors 
PRESENTER: Louis Dore-Savard
ABSTRACT BODY: 
Abstract Body: Introduction: One of the least examined, and yet critically important factors of the tumor
microenvironment (TME) is the tumor interstitial fluid (TIF) that contains the tumor secretome. This fluid surrounds
cancer and stromal cells and contains various cytokines, and nutritional and molecular factors that shape the outcome
of nearly all aspects of tumor angiogenesis, growth, metastasis, and response to treatment. As mining of targets to
treat cancer expands into the TME, the TIF also represents an important source of identifying new targets in cancer
treatment. Angiogenesis, one of the major hallmarks of cancer, is essential for cancers to establish vasculature for
growth and hematogenous metastasis. To further understand the TIF and plasma secretome in breast cancer, and the
role of VEGF in modifying these secretomes, here we have used 1H MRS to characterize of metabolites in TIF
collected from ER-positive MCF-7 breast cancer xenograft models with and without VEGF overexpression.
Methods: We created a collection chamber to collect IF from mouse tumors (Figure 1). The chamber was implanted
with small tumor pieces in the subcutaneous space until the tumor encompassed the chamber (4 to 12 weeks
depending on cell types). The tumor was then removed and the tumor IF and blood plasma were collected. We also
collected normal subcutaneous IF (SCIF) using the same chamber in healthy mice. For 1H MRS acquisition, 50μL of
IF supernatant was diluted in 550μL of D2O saline buffer. High-resolution 1H MRS was performed on an Avance III
750 MHz Bruker Spectrometer equipped with a 5 mm broad-band inverse probe. The 1H MR spectra with water
suppression were acquired using one-dimensional Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence with the
following parameters: spectral width of 15495.8 Hz, time domain data points of 64K, effective 90° flip angle, relaxation
delay 10s, acquisition time of 2.1s, 128 number of scan with 8 dummy scan, a receiver gain of 1030, echo time 25ms.
All spectra were processed using line broadening for exponential window function of 0.3 Hz prior to Fourier
transformation, they were manually phased and automatically baseline corrected using TOPSPIN 2.1.
Results and Discussion: 1H MR spectra showed several difference in metabolites in TIF compared to SCIF (Figure 2).
We observed a consumption of amino acids in the TME with decreases ranging from 21% (glycine) to 81%
(methionine) compared to normal SCIF. Lipids, especially polyunsaturated fatty acids, were markedly increased by
VEGF overexpression (Figure 3). Choline metabolism was also modified by VEGF overexpression and we measured
a ~30% increase in free choline in MCF-7-VEGF TIF, compared to wild type TIF. A decreased glucose concentration
(-42%) was associated with stable lactate (+6%) and decreased pyruvate (-35%) in TIF and a similar pattern was
observed in MCF-7-VEGF TIF except for a slightly decreased lactate (-18%). The TIF represents an importance
source of information to understand mechanisms that drive aggressiveness, and identify new targets for diagnosis and
therapy of cancer.
AUTHORS (LAST NAME, FIRST NAME): Dore-Savard, Louis1; Bharti, Santosh K.1; Popel, Aleksander S.2;
Bhujwalla, Zaver1

INSTITUTIONS (ALL): 
1. Russell H. Morgan Department of Radiology and Radiological Sciences, Johns Hopkins School of Medicine,
Baltimore, MD, United States.
2. Biomedical Engineering, Johns Hopkins School of Medicine, Baltimore, MD, United States.
(No Image Selected)



CONTROL ID: 2495035
TITLE: What’s the role of Autophagy in Salmonellae-mediated Cancer Imaging and Therapy?
PRESENTER: Mai  Duong
ABSTRACT BODY: 
Abstract Body: Introduction: Autophagy is one of well-known programmed cell deaths, which degrades unnecessary
proteins and unwanted organelles in the cytoplasm under metabolic stresses. Recent studies have provided new
insights that induction of autophagy in response to therapeutics contributes to the anticancer efficacy as well as drug
resistance1. In bacteria-mediated cancer therapy, Salmonellae is one of the potential candidates that suppresses the
tumor growth2. However, it has still remained unclear which mechanism induced by therapeutic Salmonellae would
provoke cancer inhibitory effect. Thus, the aim of this study is to invstigate whether the therapeutic Salmonellae (S.
typhimurium defective in guanosine 5’-diphosphate-3’-diphosphate synthesis, SL△ppGpp) enhance or inhibit
autophagy and to clarify the autophagy pathway in Salmonellae-mediated cancer therapy.
Methods: MC38 (mouse colon carcinoma) cells were infected with SL△ppGpp or treated with lipopolysaccharides
(LPS), with or without TLR4 inhibitor and p38 inhibitor in different time points. The autophagy flux was analyzed by
western blot and immunofluorescence staining. We knocked down autophagy-related genes by using shRNAs against
Atg5 or Atg7. Therapeutic efficacy of SL△ppGpp was analyzed in vivo on autophagy-knock down or autophagy
competent MC38 graft. The bacterial distribution in tumor was visualized and quantified by employing
bioluminescence imaging system with SL△ppGpp expressing bacterial luciferase (Lux) strain. The relation between
autophagy and immunogenic signals was identified by the translocation of Calreticulin (CRT) and the release of high-
mobility group box 1 (HMGB1) in cancer cells after bacterial infection.
Results: Autophagic flux was enhanced by SL△ppGpp and LPS in MC38 cells in a dose- and time-dependent manner.
The autophagic flux (p62 mRNA) induced by bacteria was significantly suppressed by additional treatment with TLR4
inhibitor or p38 inhibitor. Tumor suppression was significantly abrogated in mice bearing autophagy-knock down
cancer in response to SL△ppGpp therapy. Immunogenic signals such as translocation of CRT and release of HMGB1
were significantly decreased in autophagy-knock down cancer cells as compared to autophagy-competent cells after
SL△ppGpp infection.
Conclusion: In conclusion, our findings proposed a model that autophagic cancer cell death plays an important role in
determining therapeutic efficacy after bacterial treatment. The outcome might be mediated by regulation of
immunogenic signals from infected tumor cells, suggesting more promising approaches for bacteria-mediated cancer
diagnosis and therapy.
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Death and Disease 4, e838 (2013).
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Figure. Therapeutic images and bacterial distribution of autophagy-deficient Atg7KD MC38 or Atg5KD MC38 and
autophagy-competent MC38 model after SLΔppGpp strain treatment.



CONTROL ID: 2492514
TITLE: Development of plectin-targeted liposomes remote loaded with PARP-1 inhibitor for the treatment of ovarian
cancer
PRESENTER: Siva Sai Krishna Dasa
ABSTRACT BODY: 
Abstract Body: Introduction: Poly (ADP-ribose) polymerase-1 (PARP-1) is one of the most abundant members of the
PARP family of nuclear enzymes. PARP-1 senses DNA damage and facilitates DNA repair and also other DNA-
related cellular processes, such as apoptosis, transcriptional regulation and chromosome stabilization. PARP-1
inhibitors have shown promise in the treatment of ovarian cancer patients with BRCA1/2 mutations. PARP-1 inhibitors
have also been used in combination with other chemotherapeutic agents to effectively inhibit tumor growth. We have
previously used the remote loading of a PARP-1 inhibitor (AZ7379) to successfully target cardiomyocytes following
myocardial infarction. As an extension of this work, we further optimized the loading procedure and used plectin-
targeted liposomes to deliver AZ7379 to animals bearing ovarian cancer tumor cells. This strategy is based on the
hypothesis that liposomal formulation of PARP inhibitors will facilitate effective combinatorial therapies in the treatment
of ovarian cancer while avoiding off-target side effects. The molecular target, plectin, is a scaffolding protein whose
aberrant relocation to the plasma membrane has been implicated in head and neck squamous cell carcinoma as well
as pancreatic and ovarian cancer. Methods: The binding of plectin-specific (PTP) phage to ovarian cancer cell lines
(SKOV3 and OVCAR8) was studied in comparison to wild-type (NCP) and off-target (I-1) phage clones. Growth
inhibition curves were generated from OVCAR8 cells with BRCA1/2 mutations and SKOV3 cells without the mutations.
Optimizations of liposomal remote loading and purification procedures were carried out to identify the remote loading
procedure with the best drug loading efficiency and the least loss of lipid. HPLC was used to quantify AZ7379 and lipid
contents in the final liposomal formulations. We studied the biodistribution of PTP-targeted liposomes in mice bearing
OVCAR8 and SKOV3 tumors and are currently carrying out efficacy studies using liposomal delivery of AZ7379 to
inhibit tumor growth. Results: PTP-targeted phage were specific for SKOV3 and OVCAR8 cells as evidenced by
ELISA and flow cytometry data. We were able to optimize the remote loading process by incubating liposomes with
AZ7379 solution at room temperature for 4h and by using size exclusion chromatography for purification. As
previously reported, OVCAR8 cells were sensitive to AZ7379 while SKOV3 were resistant. In vivo PK studies showed
greater accumulation of PTP liposomes as compared to NCP or no peptide liposomes in both SKOV3 and OVCAR8
tumors. Conclusions: Development of plectin-targeted liposomes remote-loaded with a PARP-1 inhibitor represents an
initial step in the potential development of combinatorial therapies for treating BRCA-mutated solid tumors in patients
with advanced cancer. In particular, the liposomal formulation of PARP-1 inhibitors in combination with
chemotherapeutic agents could reduce off-target side effects and improve quality of life in patients with advanced
platinum-resistant BRCA1/2-mutated ovarian cancer.
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Fig. 1. PTP-targeted phage and liposomes bind to OVCAR8 and SKOV3 cells in vitro and in vivo. A) ELISAs
performed on OVCAR8 and SKOV3 cells comparing I-1 phage (off-target control) to PTP phage shows the specificity
of PTP phage for both cell lines after normalization to negative-control (NC) wild-type phage (* represents p < 0.05).
B) Schematics showing the remote loading of AZ7379 into peptide-targeted liposomes. C) and D) In vivo images of
mice bearing SKOV3 and OVCAR8 tumors injected with no-peptide and PTP-targeted liposomes 4 and 24 h post-
injection, respectively. E) and F) Graphs showing pharmacokinetics (percent injected dose (DiR)) of three liposomal
formulations obtained using FMT imaging followed by image analysis using the tumor as the region of interest (ROI).
FMT imaging of liposomal formulations was performed in live mice (n=5 each group).



CONTROL ID: 2492767
TITLE: Ethanolamine Kinase-1: An Emerging Therapeutic Biomarker in Pancreatic Cancer
PRESENTER: Tariq  Shah
ABSTRACT BODY: 
Abstract Body: Introduction: We have previously shown that EtnK-1 has a major role in maintaining
phosphoethanolamine (PE) levels in vivo in breast cancer cells (1). PE is synthesized from ethanolamine either
through the dual choline/ethanolamine kinase activity of choline kinase (ChK)-α or β or the ethanolamine kinase
activity of ethanolamine kinase (EtnK)-1 or 2. Here we have further investigated the role of ethanolamine kinase-1
(EtnK-1) and its contribution to PE levels in pancreatic cancers. We have examined the effect of small interfering RNA
(siRNA) downregulation of ChK and EtnK on cell viability as a potential therapeutic strategy in these pancreatic cancer
cells.
 
Methods: HPNE-hTERT (HPNE), Panc-1, Pa02C, Pa04C pancreatic cell lines were cultured in their corresponding
culture media supplemented with 50µM ethanolamine. While HPNE is an immortalized pancreatic cell line, Panc-1 is a
primary adenocarcinoma cell line. Pa02C and Pa04C were derived from liver and lung metastasis of
adenocarcinomas, respectively. 31P MR spectra were acquired on water soluble fractions using a Bruker 11.7T MR
spectrometer using composite pulse proton decoupling. Cell viability on treatment with 50nM siRNA was assessed
96h post transfection using the Cell Counting Kit-8. While 50nM siRNA was used in all individual siRNA treatment, for
combination siRNA treatment 50nM of each specific siRNA was used.
 
Results and Discussion: Quantitative phosphocholine (PC) and PE levels obtained from the phosphorus spectra are
presented in Figure 1A. Variable levels of PE were observed in these pancreatic cell lines. Pa04C showed the highest
level of PE, followed by Panc-1 and HPNE. Pa02C did not show any detectable levels of PE. Quantitation of
metabolites obtained from tumor extracts obtained from subcutaneously grown tumors in mice also showed higher PE
levels in Pa02C and Pa04C similar to the cell data (shown in supplementary data). Figure 1B shows cell viability data
following treatment with ChK and EtnK siRNA in pancreatic cell lines. Pa04C and Panc-1 showed a significant
reduction in cell viability compared to untreated condition (p<0.05) upon ChK-α or EtnK-1 siRNA treatment. Pa04C,
which showed the highest levels of PE, also showed the most reduction in cell viability. Interestingly, HPNE, which is a
non-cancerous pancreatic cell line, also showed EtnK-1 dependency. A significant reduction in cell viability was
observed following EtnK-1 down-regulation (p<0.05). EtnK-1 siRNA treatment of Pa02C did not show any reduction in
cell viability compared to D-FECT consistent with the low EtnK-1 activity in these cells. EtnK-2 siRNA treatment did
not show any significant effect on cell viability in these pancreatic cell lines. The reduction in cell viability caused by
treatment with EtnK-1 siRNA indicates its therapeutic potential. PE levels observed in vivo in subcutaneous tumors
were similar to levels in cell lines further supporting the therapeutic potential of targeting EtnK-1 in pancreatic cancers.
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CONTROL ID: 2493270
TITLE: EphB4 regulates tumor growth and vascularization in an A375 melanoma xenograft model: Insights from a
multimodal imaging approach
PRESENTER: Christin Neuber
ABSTRACT BODY: 
Abstract Body: Malignant melanoma is hallmarked by steadily increasing incidence, highly aggressive phenotype, and
resistance to currently available therapies [1]. A critical point in progression and metastasis of melanoma is
angiogenesis. Moreover, lymphangiogenesis promotes melanoma spread to regional lymph nodes and thereby
contributes to metastasis [2]. Since receptor tyrosine kinase EphB4 and its ligand ephrinB2 play a key role during
angiogenesis and lymphangiogenesis [3], we hypothesized EphB4 to be a regulator of both processes in melanoma
and, therefore, also a potential theragnostic target.
 
Both human A375 melanoma cells transfected with EphB4 or mock plasmid (pIRES) were xenotransplanted into the
right and left hind leg of NMRI nu/nu mice. In addition to tumor growth, perfusion and hypoxia of the tumors were
investigated by dynamic small animal PET in vivo and autoradiography ex vivo post i.v. injection of [18F]FDG or [64

Cu]ETS (reversible one compartment model (k1), 0-5 min) and [18F]FMISO (irreversible two compartment model (kM
), 0-180 min). Moreover, tumor angiogenesis was investigated by AngioSense® 750EX in an optical imaging (OI)
device. Tumor vascularization was analyzed by i.v. injection of Hoechst33342 prior to scarification and subsequent
fluorescence microscopy. In addition, tumors were stained for blood and lymph vessel markers CD31 and LYVE-1,
respectively. Differences between A375-pIRES and A375-EphB4 are presented as relative values, e.g. 2 x k1;pIRES
/(k1;pIRES + k1;EphB4).
 
Growth of A375 melanoma xenografts was increased by EphB4. In EphB4 tumors [18F]FDG k1 was lower (pIRES vs.
EphB4: 1.08±0.12 vs. 0.92±0.12, p<0.001) and [18F]FMISO kM (0.92±0.24 vs. 1.08±0.24, p<0.05) was higher,
whereas [64Cu]ETS k1 (0.96±0.31 vs. 1.04±0.31, p≥0.05) did not differ between mock and EphB4 tumors.
Autoradiography and analysis of [64Cu]ETS and [18F]FMISO enriched tumor fraction confirmed decreased perfusion
(1.21±0.29 vs. 0.80±0.25, p<0.001) and, at least in small tumors, increased hypoxia (0.84±0.28 vs. 1.16±0.28, p<0.05
for tumors<median) of EphB4 tumors. Moreover, tumor accumulation of AngioSense® 750EX was lower in EphB4
tumors (1.07±0.13 vs. 0.93±0.13, p<0.05). In vivo results could be verified by fluorescence microscopic analysis
revealing lower staining by Hoechst33342 (1.24±0.26 vs. 0.77±0.26, p<0.001) and anti-CD31 (1.12±0.20 vs.
0.88±0.20, p<0.001) in EphB4 tumors. By contrast, lymph vessel marker LYVE-1 did not differ between mock and
EphB4 tumors (1.11±0.58 vs. 0.89±0.58, p≥0.05).
 
Using several tracers for PET and OI in vivo as well as autoradiography and fluorescence microscopy ex vivo, we
demonstrated EphB4 to be a positive regulator of tumor growth, but a negative regulator of tumor angiogenesis in
A375 melanoma xenografts. By contrast, tumor lymphangiogenesis was not affected. Potential contribution of EphB4
to radio- and chemoresistance, especially, in hypoxic tumors, should have implications for tumor theragnostics.
 
[1] G.M. Boyle, Expert Review of Anticancer Therapy 11 (2011).
[2] M. Streit and M. Detmar, Oncogene 22 (2003).
[3] B. Mosch, B. Reissenweber, C. Neuber and J. Pietzsch, J Oncol 2010 (2010).
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TITLE: Adenine nucleotide translocase2 as another molecular determinant of 18F-FDG accumulation in various
cancer cells
PRESENTER: Chul-Hee Lee
ABSTRACT BODY: 
Abstract Body: Objectives: 18F-FDG PET provides valuable functional information based on the increased glycolysis
of cancer cells. Though the roles of glucose transporter-1 (GLUT-1) and hexokinase II (HKII) for FDG uptake in tumor
cells have been established, the basic mechanism is not still fully investigated. Adenine nucleotide translocase 2
(ANT2) imports glycolytic ATP into mitochondria and was shown to be associated with glucose metabolisms. We
investigated the association of FDG uptake with ANT2 expression in thyroid carcinoma, glioma, hepatoma, and
prostate cancer cell lines and evaluated ANT2 expression according to thyroid cancer stages.
 
Methods: Human thyroid carcinoma (TPC-1, FRO), glioma (U87MG, U373), hepatoma (Hep3B, SK-Hep1), and
prostate cancer (DU-145, PC-3) cell lines were used. GLUT-1, HKII, and ANT2 expression were measured by RT-
PCR and western blot. 2’-methoxy modified siRNAs and pcDNA3.1-ANT2 vectors were used to modify ANT2
expression. A gamma counter was used for measuring FDG uptake. Luciferase-expressing FRO cells were
subcutaneously grafted in BALB/c nude mice, and siRNA was directly injected into the tumors. FDG PET and in vivo
bioluminescent imaging were obtained using animal PET and IVIS 100. Immunostaining of GLUT-1, HKII, and ANT2
were performed in xenograft tumors. In human thyroid tissues (7 benign, 15 stage I, 4 stage II, 7 stage III, 4 stage IV),
ANT2 expression was evaluated.
 
Results: In each sets of thyroid, glioma, hepatoma, and prostate cancer cells, ANT2 expression was very well
correlated with FDG uptake followed by HKII and GLUT-1. To investigate the correlation between FDG uptake and
ANT2 expression, FRO and TPC-1 cells were chosen. FRO (anaplastic thyroid cancer) cells treated with ANT2 siRNA
decreased FDG uptake by 0.55-fold (P01). On the contrary, TPC-1 (papillary thyroid cancer) cells treated with
pcDNA3.1-ANT2 increased FDG uptake by 1.7-fold (P5). In the xenograft model, FDG PET images showed
decreased FDG uptake by 0.75-fold after ANT2 siRNA injection to tumors compared with scramble injection (P1).
Immunostaining of tumor injected ANT2 siRNA confirmed decreased ANT2 expression without any changes of GLUT-
1 and HKII expressions. In human thyroid tissues, ANT2 expression in stage IV cancer was 1.8-fold higher than
benign and the other stages (P5).
 
Conclusion: We showed that ANT2 expression correlated with FDG uptake in the various cancer cell lines. ANT2 can
be used as a possible biomarker for FDG PET positive and aggressive tumors.
AUTHORS (LAST NAME, FIRST NAME): Lee, Chul-Hee3, 5; Kim, Mi Jeong2; Youn, Hyewon1, 2; Kang, Keon Wook
2, 5; Chung, June-Key4, 5

INSTITUTIONS (ALL): 
1. Cancer Imaging Center, Seoul National Univ, Seoul, Jongno-Gu, Korea (the Republic of).
2. Nuclear Medicine, Seoul National University, Seoul, Korea (the Republic of).
3. Nuclear medicine, Seoul National University, Seoul, Korea (the Republic of).
4. Nuclear Medicine, Seoul National University Hospital, Seoul, Korea (the Republic of).
5. Biomedical sciences, Seoul National University, Seoul, Korea (the Republic of).
(No Image Selected)



CONTROL ID: 2501194
TITLE: Monitoring Prostate Cancer Treatment Response to Radiation Therapy and Androgen Deprivation: In Vitro
Evaluation of anti-PSMA Antibody vs GRPr Antagonists
PRESENTER: Neil Taunk
ABSTRACT BODY: 
Abstract Body: Objectives 
Gastrin releasing peptide receptors (GRPr) are specifically overexpressed in human prostate cancer. High affinity
radiolabeled GRPr-antagonists are in clinical trials for PET imaging. There currently exists no imaging modality that
can accurately measure prostate cancer treatment response after radiation therapy (RT). Radiolabeled anti-PSMA
antibodies have already been used clinically to evaluate metastatic disease. This study compares a novel GRPr
antagonist against a humanized anti-PSMA antibody to monitor response to RT and androgen deprivation therapy
(ADT).
Methods 
We used an IRDye650 and DOTA-conjugated GRPr antagonist, HZ220 (DOTA-Lys(IRDye650)-PEG4-[D-Phe6, Sta13

]-BN(6-14)NH2) developed by our group to study the expression of GRPr. For comparison, changes in expression of
PSMA were measured by a PE conjugated antibody. Experiments were performed in cell lines PC3 (high GRPr
expression, PSMA negative, androgen receptor [AR] negative) and LNCAP (low GRPr, PSMA positive, AR positive).
Cells were exposed to 3Gy or 10Gy external beam RT (source Cs137, ~1.67Gy/min), and uptake of HZ220 or PSMA
antibody measured via FACS at 0-48 hours after RT. For ADT, cells were incubated with 1-10uM of enzalutamide, a
second-generation anti-androgen. GRPr or PSMA expression was assessed by mean fluorescent intensity via FACS
after incubation with 100nM HZ220 or 5µg/mL anti-PSMA in 2% fetal bovine serum in Ca++/Mg++ free PBS for 20
minutes at 37oC, or anti-PSMA for 20 minutes at 4oC. Cell viability was assessed by DAPI staining.
Results 
GRPr specificity of staining was confirmed by incubation with HZ220 in the presence of an excess of the unlabeled
GRPr antagonist, PETASIN. In PC3 and LNCAP cells, there was no significant alteration of GRPr expression in DAPI-
negative (viable) cells at 0, 1, 6, 12, 24, 36, and 48 hours after exposure to 3Gy or 10Gy of external beam radiation
treatment. RT significantly increased PSMA expression of viable cells by 20% compared to unexposed cells (p<0.005)
at time points after 24 hours of exposure to 10Gy RT. In LNCAP cells, there was no significant alteration of GRPr
expression after 48 hours of treatment with 1-10µM enzalutamide. Treatments with 1µM and 10µM enzalutamide
resulted in a significant 27% and 45%, respectively, increase in expression of PSMA in viable LNCAP cells at 48
hours after exposure.
Conclusions 
Our data suggest a remarkable stability in expression of GRPr after exposure to high or low-dose RT. This is in
contrast to anti-PSMA agents that have either specific or nonspecific change in expression after RT or ADT exposure.
This makes GRPr-based imaging attractive for prostate cancer as its expression may be proportional to cell viability
after RT or radionuclide treatment. Next steps include confirming these in-vitro results in prostate xenograft models by
imaging with radiolabeled GRPr and PSMA ligands.
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TITLE: A novel murine model of light chain associated (AL) amyloidosis for validating peptide amyloid imaging agents
– A SPECT/CT and microautoradiography study
PRESENTER: Jonathan Wall
ABSTRACT BODY: 
Abstract Body: Light chain amyloidosis (AL) is the most common form of systemic amyloid disease i.e., non-cerebral
amyloidosis.  In the US, there are an estimated 4,000 new cases each year.  Although novel immunotherapies are in
clinical trials, the development of effective treatments and preventative interventions has suffered due to the lack of
experimental animal models with amyloid-infiltrated organs.  Our goal is to develop new targeting agents for AL
amyloidosis that allow whole body imaging of patients for early diagnosis and disease monitoring.  To assist with the
validation of these imaging agents, we have recently developed a model of highly vascularized human AL amyloidoma
in mice.
Human amyloid extracts were purified from autopsy-derived, amyloid-laden tissues by using the standard water
floatation method.  As an alternative, we prepared synthetic amyloid fibrils composed of the recombinant λ6 light chain
variable domain isolated from patient Wil (rVλ6Wil).  To generate the intrahepatic or intrasplenic amyloidoma, an
immunocompetent wild type mouse was anesthetized with isofluorane and placed supine atop a warming pad and
administered 125 µg of ketoprofen sc.  The belly was clipped and cleaned before a 1 cm incision was made in the skin
and abdominal wall.  The liver or spleen was visualized and 200 µL (~0.6 – ~6 mg) of amyloid suspension injected into
the organs using a 20g needle.  The abdominal wall and skin were then closed with one or two interrupted 5-0
monocryl stitches, and a running stitch of 5-0 monocryl, respectively. Skin glue was then applied to assure waterseal
and avoid contamination of the wound.  After 5 d, the distribution of 125I-labeled amyloidophilic tracers p5+14 and
SAP was assessed by SPECT imaging and microautoradiography.
Injections of amyloid were well tolerated, and the mice recovered well.  Intrahepatic injection was invariably more
successful than splenic. Amyloid deposited within the organs became highly vascularized. Amyloid that extruded out
of the injection site formed adhesions on the organ surfaces. Both the intrahepatic and adhesion amyloid deposits
were labeled with 125I-p5+14 peptide, but not 125I-SAP, when given IV.  Penetration of the 125I-p5+14 into the
amyloid was dependent on the degree of vascularization and the size of the amyloid lesion – a binding site barrier
effect was observed.
Intra-organ injections of human AL amyloid extracts and rVλ6Wil fibrils resulted in pathology that was better
vascularized than standard subcutaneous amyloidomas, allowing greater and more clinical relevant accessibility to
targeting agents delivered IV.  The amyloidomas bound 125I-p5+14 and validated the use of this agent for imaging AL
amyloid deposits in patient organs.  The binding of SAP to amyloid was possibly inhibited by an antibody response
generated to SAP in the amyloid extract implanted 5 days previously.  Although this model does not recapitulate
aspects of the onset and progression of AL, it is the first example of a mouse with vascularized AL amyloid in an
abdominal organ than can be successfully used for validating the efficacy of novel imaging agents, such as p5+14, in
vivo.
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CONTROL ID: 2492890
TITLE: Ultrasound-triggered release of a tumor marker in vitro with narrow size distribution microbubbles
PRESENTER: Samantha Chow
ABSTRACT BODY: 
Abstract Body: Introduction. 
Biomarkers can be indicative of biological processes unique to tumor cells, and can thus be monitored for the
diagnosis and prognosis of the disease. However, their clinical usefulness is limited by low serum concentrations, as
well as the inability to localize the physical origin of these circulating biomarkers. Ultrasound (US) has been shown to
enhance their release in a process known as sonoporation, where transient pores are created on cell membranes. US
can be applied with high spatial precision to allow location-specific sampling of the tumor biomarkers, and
intravenously injected microbubbles can be used to increase the local mechanical interactions. Although polydisperse
microbubbles have been shown to enhance sonoporation efficiency and increase biomarker release in vitro [1], a
challenge of translating this technique in vivo is the orders-of-magnitude lower microbubble-to-cell ratio due to
microbubble circulatory clearance and dosing limits. It was recently demonstrated that narrow size distribution
microbubbles (2 µm) can substantially improve in vitro sonoporation efficiency [2]. Here, we propose that narrow size
distribution microbubbles can be similarly applied to produce more efficient biomarker release, reducing the
microbubble concentration required for sonoporation in vivo.
Methods. 
Narrow size distribution, lipid-stabilized microbubbles were prepared in-house via sonication and size-selection by
differential centrifugation. An in-vitro sonoporation system was constructed by placing a 20 mm-diameter ultrasound
transducer in direct contact with a 20 mm-diameter well lined with mylar film. Tumor biomarker release was quantified
by a luciferase assay using the luciferase-expressing breast cancer cell line LM-2.4 (106 mL-1 in 5 mL of 37°C RPMI
1640 medium). The microbubbles were mixed with the media at concentrations of 10% and 100% relative to cells.
Sonication was carried out at 1 MHz at US intensities ranging from 0.3-2 W/cm2 and duty cycles from 10-20%.
Results. 
Narrow size distribution microbubbles (2.1±0.1 µm ) successfully sonoporated cells at the lowest concentration tested
(i.e., at 10% of the cell concentration). Although the US-triggered release of luciferase, carried out at 10% duty cycle,
decreased with lower microbubble-to-cell ratio, increasing the US intensity increased the luciferase release,
overcoming decreased release due to the lower microbubble concentration. As a result, preliminary in vitro evaluation
showed similar levels of luciferase trigger-released in LM-2.4 cells at 1:10 and 1:1 microbubble-to-cell ratios at 2 W/cm
2 and 10% duty cycle.
Conclusions. 
The successful release of a tumor biomarker upon low-energy sonication in the presence of narrow size distribution,
lipid-stabilized microbubbles was demonstrated in vitro. The ability to perform sonoporation at microbubble
concentrations orders of magnitude lower than previously reported is promising for the in vivo translation of US-
triggered sampling of tumor biomarkers.
References. 
[1] A. Forbrich et al, Ultrasound Med. Biol., vol. 39, no. 6, pp. 1087–1093, 2013.
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CONTROL ID: 2492589
TITLE: Non-invasive imaging of the biological behavior of mast cells in living mice with lung cancer using a combined
optical and nuclear medicine imaging 
PRESENTER: Yong Hyun Jeon
ABSTRACT BODY: 
Abstract Body: Purpose: The aim of this study is to visualize the migration of mast cells to tumor lesions using optical
reporter gene of enhanced firefly luciferase and to investigate the effects of migrated mast cells on glucose uptake of
cancer cells with F-18 FDG PET/CT.
 
Materials and Methods:  
The murine mast cell (MC-9) and Lewis lung cancer cell (LLC) expressing an enhanced firefly luciferase (effluc) gene
was established, referred to as MC-9/effluc and LLC/effluc, respectively. Cell proliferation, phenotype expression (c-Kit
and FcεRI), degranulation, and eicosanoids (LTC4 and PGD2) synthesis were analyzed to determine the effects of
viral infection on mast cell function. LLC/effluc cells were cultured with serum free media (SFM) or conditioned media
(CM) of MC-9 cells for 24h and levels of cell proliferation as well as glucose uptake were determined by
bioluminescence imaging (BLI) and F-18 FDG uptake. The trans-well migration ability of MC-9/effluc cells was
evaluated by incubation of SFM or CM of LLC cells. LLC-tumor bearing mice received the MC-9/effluc cells by retro-
orbital injection and its migration to tumor lesion was determined with BLI. Subsequently, the level of glucose uptake
before and after transfer of PBS or MC-9 cells was monitored in LLC tumor of mice by F-18 FDG PET/CT.
 
Results: 
No significant differences in cell proliferation, phenotype expression, degranulation, and eicosanoids synthesis were
shown between MC-9 and MC-9/effluc cells. In vitro BLI and F-18 FDG uptake test demonstrated higher proliferation
and glucose uptake of LLC/effluc cells in CM of MC-9 cells than SFM. The levels of trans-well migration levels for MC-
9/effluc cells were higher in CM of LLC cells than SFM. The migration of MC-9/effluc cells to tumor lesion was initially
detected within as early as day 1 post-transfer and distinct BLI signal of MC-9/effluc in tumor lesion was observed until
day 9. PET/CT imaging with F-18 FDG revealed higher glucose uptake in LLC tumor of MC-9 cells injected mice than
without MC-9 cells.
 
Discussion 
 Herein, we successfully monitored the migration of mast cells to tumor lesion with effluc gene and the enhanced
glucose uptake in lung tumor by migrated mast cells with F-18 FDG PET/CT. These results suggest that molecular
imaging approach with optical and nuclear medicine imaging is a valuable tool to better understand the biological role
of mast cells in tumor microenvironment.
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CONTROL ID: 2500502
TITLE: Improvement of gene transfection efficiency by the combination of cell-targeting bubbles and ultrasound
PRESENTER: Ryo Suzuki
ABSTRACT BODY: 
Abstract Body: [Purpose] Previously, we developed Bubble liposomes (perfluoropropane gas-entrapping liposomes;
BLs) as novel ultrasound (US) contrast agent. And we found out that the cyclic RGD peptides (cRGD) conjugated BLs
(cRGD-BLs) accumulated to blood clots and tumor vessel. Therefore, we expected that these BLs would be active-
targeting US contrast agents for diagnostics of blood clot and tumor. In addition, we are studying about gene delivery
system by the combination of BLs and US. In this system, plasmid DNA was delivered into the cytoplasm via the
formation of transient membrane pores by cavitation. To enhance the efficiency of gene delivery, it is important to
induce the cavitation of BLs at the vicinity of cells. In brief, cell-targeting BLs would be useful for gene delivery to
induce the cavitation on the cell membrane. In this study, we prepared cRGD-BLs which could bind to tumor
endothelial cells, and we investigated gene transfection efficiency for Human Umbilical Vein Endothelial Cells
(HUVECs) as a neovessel model in vitro with cRGD-BLs and US.
[Methods] Binding assay: Fluorescence labeled cRGD-BLs were incubated with HUVECs at 4 °C. After 1 hr, the cells
were washed and the fluorescence intensity was measured with flowcytometer. Gene delivery: Luciferase coded
plasmid DNA (pCMVLuc) and either cRGD-BLs or BLs (60 μg/mL) were added to HUVECs. Then, US (2 MHz, 2.5
W/cm2, 10 sec.) was exposed. After that, HUVECs were washed with PBS and incubated for 24 hr. Finally, luciferase
expression was measured.
[Results and Discussion] cRGD-BLs effectively bound to HUVECs compared to non-targeted BLs. Luciferase
expression in the group of treatment with cRGD-BLs and US was higher than that with BLs and US. This result
suggested that cRGD-BLs effectively delivered pCMVLuc into HUVECs. Although the mechanism of enhancement for
gene delivery efficiency is not clear, it is thought that many transient pores as a route of gene delivery might be
opened by the cavitation of cRGD-BLs after binding on cell membrane. We found out that cRGD-BLs could enhance
the gene delivery efficiency with US. Therefore, the combination of celltargeting BLs and US would be an effective
gene delivery system.
[Acknowledgment] This work was supported by MEXT-supported Program for the Strategic Research Foundation at
Private Universities, 2013-2017.
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CONTROL ID: 2485302
TITLE: Conditions influencing the in vivo IEDDA reaction yield as studied with pretargeted PET imaging of porous
silicon nanoparticles
PRESENTER: Outi Keinänen
ABSTRACT BODY: 
Abstract Body: Background: Inverse electron-demand Diels-Alder (IEDDA) reactions between tetrazines and strained
cycloalkenes follow second order reaction kinetics, which make them dependent on concentration of the both
reactants. It has been speculated whether the reaction rates are sufficient for efficient in vivo IEDDA reactions when
one of the reagents is present only in tracer concentrations. Therefore, in IEDDA based pretargeted PET imaging
carrier added conditions are typically applied.1,2 On the other hand, because the IEDDA reaction is irreversible,
amount of the added carrier may have a pronounced influence on the detected tracer binding. Here, the influence of
specific activity of a fluorine-18 labeled tetrazine on the yield of the IEDDA reaction was studied with a trans-
cyclooctene (TCO) modified nanoparticles in vitro and in vivo.
Methods: Mesoporous silicon nanoparticles (NPs) were functionalized with TCO groups (7.1 nmol TCO/mg NPs). A
constant amount of TCO-NPs (0.2 mg in 5.4% glucose) were administered intravenously at 15 min prior to the i.v.
administration of 5-[18F]fluoro-5-deoxy-ribose-tetrazine3 ([18F]TAF, 6.2±2.5 MBq in 0.9% NaCl) in male BALB/c mice.
Specific activity of the tracer was adjusted by adding the carrier (TAF) in order to achieve injected mass between 0.02-
117 nmol TAF/animal. The control animals received only [18F]TAF (3.4±1.4 MBq, 0.02-0.29 nmol in 0.9% NaCl). The
in vivo IEDDA reaction was followed by using ex vivo biodistribution methods and PET/CT imaging (Inveon, Siemens).
As a verification to the in vivo findings, the reaction was further investigated in vitro, by incubating TCO-NPs
(0.001–0.2 mg/ml) in PBS pH 7.41 for 5 minutes with [18F]TAF of two different specific activities (18.4 GBq/µmol and
0.18 GBq/µmol).
Results: The in vivo IEDDA reaction occurred within the first 10 minutes after injection of [18F]TAF. The highest
radioactivity concentration was observed in spleen and liver as typical for NPs (15.5±2.6 %ID/g, and 8.4±1.7 %ID/g at
60 min, respectively).4 Radioactivity concentration in the spleen, being representative for the in vivo IEDDA reaction,
decreased exponentially with the increased mass of injected [18F]TAF (n=14, y= -1.56ln(x)+9.02, R2=0.99). This was
confirmed in vitro, where the reaction yield decreased with the increased mass of [18F]TAF. In vitro IEDDA reaction
yields over 90% were achieved, when the TCO/[18F]TAF ratio was > 3.5.
Conclusions: [18F]TAF was used successfully for tracing TCO-functionalized NPs in vivo. The in vivo IEDDA reaction
rate was sufficient for pretargeted PET imaging in tracer conditions. Specific activity of [18F]TAF revealed to be very
important factor for the in vivo IEDDA reaction yield and for sensitivity of the detection. For pretargeted PET imaging in
tracer conditions, high specific activity tracers are favored.
Acknowledgements: Supported by the Academy of Finland (272908, 278056), and CHEMS Doctoral Program
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Figure 1. (A) In vitro IEDDA yield of the TCO-NPs with [18F]TAF in PBS pH 7.41 (7.1 nmol TCO / mg NPs, total
volume: 1 ml, reaction time: 5 min). Black square: TCO-NP with [18F]TAF (18.4 GBq/µmol, 0.17 nmol), and gray
circle: TCO-NP with [18F]TAF (0.18 GBq/µmol, 13.3 nmol). (B) The correlation between spleen radioactivity (%ID/g)
and the injected amount of [18F]TAF (y= -1.56ln(x)+9.02, R2 = 0.99). BALB/c male mice were i.v. injected with TCO-
NPs (0.2 mg, 1.4 nmol of TCO) 15 min prior injection of [18F]TAF. (C) Representative summed (110-120 min) PET/CT
images. Up: TCO-NPs administered 15 min prior [18F]TAF. Down: Control, only [18F]TAF was injected. The arrow
indicates location of the spleen.



CONTROL ID: 2490786
TITLE: Pancreatic cancer stromal characterization using diffusion tensor imaging in xenograft model
PRESENTER: Samata Kakkad
ABSTRACT BODY: 
Abstract Body: Introduction: Pancreatic ductal adenocarcinoma (PDAC) develops silently and is often detected in the
late stages with only ~10-15% cancers operable at diagnosis. The dense desmoplastic stroma in PDAC limits delivery
of imaging probes for detection and drug delivery. Chronic pancreatitis has similar imaging features as PDAC, making
it harder to detect PDAC [1]. Survival outcomes could be significantly improved by early detection. Diffusion MRI is a
noninvasive imaging technique that has been evaluated to improve the confidence level of detecting PDAC along with
traditional MRI [2]. Diffusion tensor imaging (DTI) has been extensively used to examine tissue microstructure in
neurological diseases [3]. We recently observed heterogeneous DTI parameters in breast cancers that followed the
underlying collagen 1 (Col1) fiber distributions. Col1 fibers are a major structural component of the tumor extracellular
matrix (ECM) and play an important role in cancer dissemination and molecular transport through the tumor
interstitium. Col1 fibers are detected using second harmonic generation (SHG) microscopy. Here, we have combined
DTI and optical imaging to characterize diffusion parameters in a PDAC xenograft model and understand the
relationship between Col1 fibers and diffusion in PDAC.
Methods: BxPC3 PDAC were implanted orthotopically in SCID mice [4]. Tumors were excised from euthanized mice
and fixed. 3D DTI was acquired with two non-diffusion weighted images and eight diffusion-weighted images on an
11.7T spectrometer. Following DTI, the tumors were paraffin-embedded, sectioned at 5μm thickness, and stained with
H&E. Col1 fiber distribution was detected on these H&E sections using 3D tiled scan SHG microscopy. Apparent
diffusion coefficient (ADC) and fractional anisotropy (FA) maps were calculated from the DTI data. SHG images were
co-registered to the diffusion images using affine transformation.
Results & Discussion: We found that high Col1 fiber density correlated with increased ADC and FA values in the
tumors, compared to regions with fewer Col1 fibers (Figure1). Aligned Col1 fibers had increased diffusion anisotropy
(Figure1D-E). The primary diffusion direction in high anisotropy regions mostly followed the underlying Col1 fiber
distribution alignment. Sparse Col1 fiber regions exhibited lower ADC and FA values compared to denser regions,
which is consistent with our previous observations in human breast cancer tissue. These data suggest that delivery
and transport of low molecular weight chemotherapy agents through the tumor ECM may be influenced by the Col1
fiber distribution. These results support further investigations to use intrinsic ADC and FA to noninvasively detect
PDAC. DTI can be performed on most clinical MRI scanners, providing ease of clinical translation. Our results create
much-needed new possibilities for the detection of PDAC and for evaluating cancer architecture using diffusion MRI.
See supplementary data.
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[4]Penet M-F et al., ClinCancerRes. 2015.
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Figure 1: Representative images of ex vivo BxPC3 tumors.  (A) A representative average diffusion-weighted (aDW)
image, (B) corresponding ADC map, (C) corresponding FA map, (D) corresponding water diffusion direction color
map, (E) corresponding SHG map of Col1 fiber distribution. Scale bar of 2 mm for all images (A-E).
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TITLE: Near-infrared fluorescent polymer dots with durable brightness and long-term stability for in vivo tumor tracking
PRESENTER: Liqin Xiong
ABSTRACT BODY: 
Abstract Body: In recent years, conjugated polymer dots have gained interest as a new class of fluorescent probes
due to their attractive chemical and optical features, such as bright fluorescence intensity, excellent photostability, high
emission rates, and minimal cytotoxicity. However, to date, only a few studies on whole-body imaging of polymer dots
in living mice have been reported, mainly due to the challenges of designing polymer dots that show strong and
narrow-band emissions in the near-infrared (NIR) region, and their unfavorable in vivo performance after systemic
injection. To address this problem, we prepared NIR-emitting polymer dots by encapsulating the NIR dye, silicon 2,3-
naphthalocyanine bis(trihexylsilyloxide) (NIR775), into the matrix of polymer dots, poly[2-methoxy-5-(2-ethylhexyloxy)-
1,4-phenylenevinylene] (MEH-PPV), using a nanoscale precipitation method. The prepared NIR polymer dots
exhibited narrow-band NIR emission at 778 nm with a full width at half maximum (FWHM) of 20 nm, and displayed a
large Stokes shift (>300 nm) between the excitation and emission maxima. Moreover, these NIR polymer dots showed
long-term colloidal stability and photostability in water at 4 °C for at least nine months, and were able to imaging
vasculature of xenografted U87MG tumors in living mice after intravenous injection. Herein, we further use the NIR775
dye-doped MEH-PPV polymer dot system as a fluorescent nanoprobe for in vitro HeLa cell labeling and in vivo long-
term HeLa tumor tracking. To investigate the long-term labeling capability and toxicity of the NIR polymer dots, 105

HeLa cells treated with different concentrations of NIR polymer dots (5 μg, 10 μg and 20 μg) were subcutaneously
injected into nude mice. The mice were imaged at different time after injection using the IVIS spectrum imaging
system. The NIR polymer dots remains 75% of their fluorescence 7 days injection and still retains 28% of fluorescence
after 23 days for 20 μg of dot-treated cells. And significant fluorescence signals were detected for up to 20 days for 10
μg of dot-treated cells and 15 days for 5 μg of dot-treated cells. This study provides a foundation for the development
of the whole-body tumor cell tracking based on the NIR polymer dots as fluorescent nanoprobes.
References:
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TITLE: Antigen-responsive Herceptin-fluorophore conjugate for activatable near-infrared fluorescence imaging of
HER2-positve cancers in vitro and in vivo
PRESENTER: Hyunjin Kim
ABSTRACT BODY: 
Abstract Body: Among the biological targeting ligands, monoclonal antibodies have the highest specificity for their
respective receptors and antigens. Therefore antibodies conjugated with near-infrared (NIR) fluorophores are
considered to have great potential for image-guided surgery of cancers. However, clinical applications of “always-on”
types of antibody-fluorophore conjugates show poor tumor-to-background ratio due to long blood half-life and
continuous generation of high background fluorescence signals. Moreover, “always-on” probes emit signals regardless
of their proximity or interaction with target cells. Therefore, development of “activatable” antibody-fluorophore
conjugates is highly challenging not only for enhancing target-to-background ratio but also for early and real-time
imaging of target cells.
Here we developed Herceptin-A680 conjugate (i.e., HER-A680) as antigen-responsive antibody-fluorophore
conjugates. We hypothesized that NIR fluorescence signals of HER-A680 are turned off but become highly fluorescent
immediately after binding to target antigens (i.e., HER2) which are overexpressed on target cell’s surface, thereby
enabling us to image target cancer cells at early time points with high target-to-background ratio. As a result,
fluorescence of the synthesized HER-A680 was quenched 8-fold compared with that of free dye. From confocal
fluorescence microscopy study, HER-A680-treated HER2-positive cancer cells (SK-BR-3, Calu-3, and KPL4) showed
strong fluorescence signals along with their cell surface while no fluorescence signal was observed in HER-2 negative
MDA-MB-231 cells, confirming binding specificity of HER-A680 against HER2 antigens. Since it is expected that NIR
fluorescence of HER-A680 is quenched in the extracellular space but becomes highly fluorescent immediately upon
binding with HER2 on target cell surface, we treated SK-BR-3 cells with HER-A680, and then “without washing the
cells”, NIR fluorescence images were obtained every 1 min. As a result, only weak fluorescence was detected in the
extracellular space while strong fluorescence signals were appeared along with the cell surface with time. Its
fluorescence intensities on the cell surface were saturated within 5 min, confirming rapid fluorescence recovery upon
binding with HER2 on the cell’s surface. Next we evaluated utility of HER-A680 in activatable NIR fluorescence
imaging of tumors in vivo. Mice bearing Calu-3 (HER2-positive) and MDA-MB-231 (HER2-negative) tumors received
intravenous injection of HER-A680. Control mice without tumors also received intravenous injection of HER-A680 for
comparison. When NIR fluorescence images were obtained at 1, 5, and 24 h post-injection, Calu-3 tumor sites were
clearly discriminated at 1 h, and tumor-to-background ratios (TBR) at 5 and 24 h were 5 and 8, respectively. It was
hard to be detected the NIR fluorescence signals in MDA-MB-231 tumors due to low TBR.
We believe that this novel antigen-responsive antibody-fluorophore conjugate is useful not only for greatly reducing
the time for NIR fluorescence imaging of cancer after injecting antibody-based probes but also for significantly
enhancing tumor-to-background ratio.
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TITLE: Longitudinal Evaluation of Glioblastoma Brain Tumor with Multimodal Imaging Techniques through a Perfused
Chamber under Temozolomide Administration
PRESENTER: Mehmet Ozturk
ABSTRACT BODY: 
Abstract Body: Introduction: Glioblastoma multiforme (GBM) is the most aggressive primary brain tumor and there is
currently no effective treatment available. Although new treatment techniques are emerging, there is a lack of
controlled testing environments as well as cost effective clinical predictive systems. Here we report on the combination
of a 3D Bio-manufacturing platform integrated with a 3D optical fluorescence tomography system for cost-effective,
fast, and accurate assessment of drug response for patient-derived GBM models.
A 3D tissue construct with vasculatures and a patient-driven GBM spheroid was built within a sealed perfusion
chamber using Bio-printing technology. The construct was longitudinally imaged with our mesoscopic optical
molecular imaging platform (2GMFMT). We validated our 2GMFMT results with commonly-used tissue imaging
modalities: Widefield Fluorescence Microscopy (WFFM), Laser Scanning Confocal Microscopy (LSCM) and Magnetic
Resonance Imaging (MRI).
Method: eGFP-expressing -patient driven- glioblastoma spheroids (Ex/Em: 488/509nm) were placed between the
vascular channels, formed by transfected Human Endothelial cells, expressing mCherry (Ex/Em: 587/610nm). The
nutrition media was perfused through these channels (Fig.1a). This sealed, perfused chamber enabled incubation of
the cells and longitudinal imaging with minimal interference to the media.
A series of longitudinal studies was carried out to assess the status of the structures and the drug response of the
tumors. Non-concurrent images from WFFM, LSCM, MRI and 2GMFMT were taken in order to assess volumetric
change within the glioblastoma spheroid. The longitudinal images were acquired prior- and post-administration of a
clinically approved drug (Temozolomide, 10-500µM). Typical acquisition times varied across the imaging modalities: 2
min. (WFFM), 50 min. (LSCM), 1 hour 47 min. (MRI), and <2 min. for 2GMFMT.
Results: The 2GMFMT system enabled quick non-invasive assessment with high sensitivity and accuracy. The
different components of the biological model were retrieved independently using spectral encoding. Additionally, the
3D capabilities of the approach yielded means to assess growth and response of the GBM model quantitatively and
longitudinally (Fig.1 c-d).
Conclusion: A platform combining 3D bio-printing with tomographic molecular imaging at the mesoscale was
integrated and its utility in monitoring response of GBM models to clinical drug administration was demonstrated. We
expect that this novel platform will play a critical role in developing and assessing new precision medicine approaches,
as well, as enabling patient-tailored treatments.
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A complex collagen matrix was Ink-jet printed in a perfused channel (a). The construct was imaged by standard
imaging modalities: Widefield Fluorescence Microscopy (WFFM), Laser Scanning Confocal Microscopy (LSCM) and
Magnetic Resonance Imaging (MRI) as well as the 2nd generation Mesoscopic Fluorescence Molecular Tomography
system (2GMFMT). (b) Maximum intensity projection reveals the accuracy of each modality. (c-d) The printed collagen
boundary, reconstructed through 3D MRI scan (Gray). The boxes and the structure are for the imaging volume and
the reconstruction; red for LSCM and blue for 2GMFMT. 2GMFMT required <2min for 9x9x3 mm3 volume. The black
colormap represents the 50% thresholded inverted WFFM image of GBM. The green structure is the 2GMFMT
reconstruction of GBM. From day 14 to day 26 GBM invasion showed a drastic change and 2GMFMT was able to
capture the volume change accurately.



CONTROL ID: 2492188
TITLE: In vivo FRET imaging of nanoparticle drug release guides improving anti-tumor efficacy
PRESENTER: Yiming Zhao
ABSTRACT BODY: 
Abstract Body: A major goal of cancer nanotherapy is to use nanoparticles (NPs) as carriers for targeted delivery of
anti-tumor agents. The drug-nanocarrier association after intravenous administration is essential for efficient drug
delivery to the tumor. However, a large number of currently available carriers are self-assembled NPs whose drug-
loading stability is critically affected by the in vivo environment [1]. The drug’s hydrophobicity and its miscibility with the
polymeric matrix are known to determine NP drug loading. However, it remains unclear how these properties
contribute to the drug-nanocarrier association in circulation, subsequent tumor delivery efficiency, and resulting
therapeutic efficacy. Therefore, systematically investigating the effect of drug hydrophobicity and miscibility in vivo is
an imperative step towards improving NP therapeutics.
Methods: We built a dual fluorescently-labeled NP that allowed us to monitor the drug-carrier association using Förster
resonance energy transfer (FRET; Fig. a) [2]. Through rational derivatization, we were able to fine-tune a model drug’s
hydrophobicity and miscibility. We thoroughly studied the dynamics of model drugs’ release from the NP carrier in
serum (Fig. b, c). Fast protein liquid chromatography analysis revealed the subsequent drug association with different
serum components. Computer simulations were used to help understand how drugs’ properties affect their
interactions with the NPs. We studied premature NP drug release in circulation using intravital microscopy, and long
term release in tumor using NIR FRET imaging (Fig. d, e). The findings were used to define guidelines to augment
doxorubicin’s compatibility with NP carrier using pro-drug derivatization technology.
Results: Self-assemblies of poorly water-soluble drugs and polymeric NPs are dynamic structures, which - when
exposed to serum – are susceptible to undesired drug release. This is due to drug exchange with plasma proteins,
including albumin and HDL, and diminishes the NP’s drug delivery efficiency. We found that drug-carrier compatibility,
namely hydrophobicity and miscibility, strongly affects in vivo stability and release rate in circulation. Based on these
findings, we proposed a general guideline for more efficient drug delivery. To test the guideline on a drug currently
used in the clinic, we augmented doxorubicin’s compatibility with the polymer matrix using pro-drug derivatization
technology. This resulted in increased delivery efficiency and improved anti-tumor efficacy (Fig. f).
Conclusions: We systematically investigated key parameters that determine drug-carrier association in vivo, i.e. a
drug’s hydrophobicity and miscibility with the NP matrix. We found that augmenting drug-carrier compatibility improves
the in vivo stability and eventually drug accumulation in tumors. These findings prove to be important not only for
understanding nanomedicines’ in vivo fate, but also for guiding improvements in NP drug delivery strategies.
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Figure. a, FRET NPs. b, Spectral change upon drug release. c, Dynamic measurement on release in FBS. d, Intravital
microscopy images of release in vasculatures. e, NIR imaging of release in tumor. f, A guideline for efficient drug
delivery: change drug’s hydrophobicity and miscibility to reduce premature release.



CONTROL ID: 2492621
TITLE: Visualization of colonic dysplasia in vivo using anti-EGFR repebody and optical molecular imaging
PRESENTER: Misun  Yun
ABSTRACT BODY: 
Abstract Body: Introduction: Repebody is a binding scaffold based on variable lymphocyte receptors, which are
nonimmunoglobulin antibodies composed of leucine-rich repeat modules in jawless vertebrates. Repebody can be
developed against variety of epitopes by module engineering. The epidermal growth factor receptor (EGFR, HER1)
autocrine pathway contributes to a number of highly relevant processes in cancer development and progression,
including cell proliferation, regulation of apoptotic cell death, angiogenesis and metastatic spread. In this study, EGFR-
specific repebody (RBEGFR) was developed to visualize the status of receptor expression and to prevent ligand
binding that may inhibit autophosphorylation and downstream intracellular signaling.
Methods: We developed RBEGFR by phage display. HT29 (human colon cancer) was selected as EGFR expressing
cell line. SW620 (human colon cancer) was selected as a negative control. Six week female BALB/c mice (n=6) were
given intraperitoneal injection of Azoxymethane (AOM; 10 mg/kg). One week later, animals were administered 2%
dextran sulfate sodium (DSS) for 7 days via the drinking water, followed by maintenance on a basal diet and tap water
for 7days. This administration of DSS in the drinking water was repeated twice. Colonoscopy was performed in
AOM/DSS model to check whether colon tumors were formed adequately. Specific binding of RBEGFR to cells and
cancer tissue was determined by immunoflourescence (IF) staining and/or FACS analysis. In vivo imaging was done
by i.v. injection or intrarectal spray of FNR-675 labeled RBEGFR (30 μg/mouse) in AOM/DSS mouse models using
cooled CCD camera (IVIS) imaging systems.
Results: In vitro and in vivo IF staining demonstrated that strong binding of RBEGFR to HT29, but not to SW620. In
vivo near infrared (NIR) imaging demonstrated specific targeting of FNR-675-RBEGFR to grafted HT29 tumor in mice.
A strong fluorescence signals were detected at the grafted tumors from day 1, and continuously to day 6 after
injection. Optical NIR imaging after i.v. injection of FNR-675-RBEGFR showed specific signal in the abdomen of
AOM/DSS mice, not in control mice. Correlation with surgical/necropsy imaging and pathology revealed strong
accumulation of RBEGFR in malignant dysplasia, but weak or no accumulation in low grade tumor or benign lesion.
Intrarectal topical spray of FNR-675-RBEGFR revealed similar pattern of accumulation in colonic dysplasia with i.v.
injection.
Conclusion: The fluorescence-labeled RBEGFR could be developed for imaging agent for detecting colonic dysplasia.
In particular, this agent may have a potential to differentiate malignant dysplasia from benign polyp non-invasively
through optical molecular endoscopy.
AUTHORS (LAST NAME, FIRST NAME): Yun, Misun 1; Lee, Wan S.2; Zheng, Jin Hai1; Kim, Hyung S.3; Jeong,
Jaeho4; Min, Jung-Joon1

INSTITUTIONS (ALL): 
1. Department of Nuclear Medicine, Chonnam National University Hwasun Hospital, Jeonnam, Korea (the Republic
of).
2. Department of Gastroenterology, Chonnam National University Hwasun Hospital, Jeonnam, Korea (the Republic
of).
3. Department of Forensic Medicine, Chonnam National University Medical school, Gwangju, Korea (the Republic of).
4. Department of Microbiology, Chonnam National University Medical school, Jeonnam, Korea (the Republic of).



Figure. Optical imaging of FNR-675-RBEGFR in AOM/DSS mice. FNR-675-RBEGFR was i.v. injected in AOM/DSS
mice and mice were imaged 48 h after injection. Mice were sacrificed after imaging study and necropsy imaging was
done. Colonic polyps were removed and histologic results were correlated to optical avidity.<br />



CONTROL ID: 2493041
TITLE: Detection of enzyme activity, enzyme inhibition, and early therapy response using in vivo catalyCEST MRI
PRESENTER: Sanhita Sinharay
ABSTRACT BODY: 
Abstract Body: Introduction: Detection of in vivo enzyme activity can greatly improve precision medicine than merely
evaluating enzyme expression since enzymes are often expressed as inactive zymogens. CEST MRI contrast agents
have been designed to be responsive to enzyme activities, and are used in a molecular imaging process known as
catalyCEST MRI. Also, enzyme-responsive and unresponsive CEST effects in the same CEST agent can be used to
detect enzyme activity in a way that is independent of the agent’s concentration and other environmental conditions
that affect each CEST signal. We have developed diamagnetic catalyCEST contrast agents to detect the catalytic
activities of gamma-glutamyltransferase (GGT), kallikrein-6 (KLK6) and urokinase plasminogen activator (uPA)
enzymes within in vivo tumor models. We also investigated whether catalyCEST MRI can detect in vivo enzyme
inhibition, and can be used as a downstream biomarker that detects early therapeutic response within in vivo tumor
models.
Methods: CatalyCEST MRI contrast agents were synthesized based on the framework of 4-amino salicylic acid. Initial
catalyCEST MRI studies and Michaelis-Menten kinetics studies were performed to confirm respective enzyme activity.
CEST MRI protocols were optimized for in vivo studies. In vivo detection of GGT enzyme activity was studied with
OVCAR8 and OVCAR3 metastatic ovarian cancer models. In vivo detection of KLK-6 enzyme activity was studied with
a HCT116 colon cancer tumor model and a KLK6-knockdown HCT116 model, with and without antithrombin III
enzyme inhibition. In vivo detection of uPA enzyme activity was studied with a Capan-2 pancreatic tumor model with
and without Bortezomib that inhibits the nFκβ signaling pathway.
Results:
GGT: The catalyCEST MRI contrast agent for detection of GGT enzyme displayed two signals at 4.8 ppm and 9.2
ppm respectively away from the water signal. Michaelis- Menten kinetic studies in solution confirmed that the
disappearance of the signal at 4.8 ppm was due to enzyme activity. We detected high GGT enzyme activity in the
OVCAR8 model, low GGT activity in the OVCAR3 model and no activity in muscle as expected.
KLK-6: The activity of KLK6 was detected through the disappearance of an agent’s amide signal at 5 ppm vs. an
invariant signal at 9 ppm. High and low KLK6 activity was detected in the HCT116 mouse model and KLK6 knockout
model, respectively. High and low KLK6 activity was detected before and after administration of antithrombin III to the
HCT116 mouse model. This result was corroborated with in vitro studies using HCT116 and knockdown shKLK6 cells.
uPA: catalyCEST MRI detected uPA activity using a comparison of two CEST signals that was similar to previous
studies. uPA activity was detected in an in vivo Capan-2 mouse model. CatalyCEST MRI studies with administration
of Bortezomib in the Capan-2 model have been performed and image analysis is on-going.
Discussion: We have successfully used catalyCEST MRI to detect enzyme activity in biochemical solutions, in vitro
cell studies, and in vivo tumor models. Our final study will show how catalyCEST MRI can be used as a general
biomarker for early therapeutic response.
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CONTROL ID: 2493604
TITLE: Non-invasive measurement of mTORC1 signaling with 89Zr-transferrin 
PRESENTER: Charles Truillet
ABSTRACT BODY: 
Abstract Body: Glioblastoma multiforme (GBM) and prostate cancer (PCa) generally harbor hyperactive
PI3K/Akt/mTOR signaling [1]. However, clinical responses to small molecule therapies targeting kinases in this
pathway have been modest, and to date, there are no FDA-approved drugs for these indications. While feedback
mechanisms capable of overcoming single agent therapy have been defined, the robust antitumor effects of targeted
therapies observed in preclinical models suggest that they may not solely account for the weak clinical responses. We
hypothesized that incomplete target inhibition may also account for poor clinical responses [2], [3]. To test this
hypothesis in man, we show that 89Zr-transferrin, a molecule that we are actively translating into the clinic for positron
emission tomography, can reflect mTORC1 activity. Genetic manipulations that activate mTORC1 signaling elevated
transferrin uptake into GBM and PCa cells in vitro. Moreover, 89Zr-transferrin uptake was higher in prostate
adenocarcinoma due to homozygous loss of PTEN compare to wild type mouse prostates. Conversely, several
mechanistically distinct drugs that suppress mTORC1 activity inhibited transferrin uptake in vitro. Finally, we show that
TFRC mRNA and protein is suppressed after chronic mTORC1 inhibition, suggesting a transcriptional mechanism of
TFCR regulation. Collectively, these data support the use of 89Zr-Tf to clinically interpret the pharmacology of
targeted therapies that inhibit mTORC1, a finding that could have immediate implications for drug development in
oncology.
AUTHORS (LAST NAME, FIRST NAME): Truillet, Charles2; Cunningham, John T.3; Huynh, Loc T.2; Ruggero, Davide
4; Lewis, Jason S.1; Evans, Michael J.2

INSTITUTIONS (ALL): 
1. MSKCC, New York, NY, United States.
2. Radiology and Biomedical Imaging, University of California, San Francisco, San Francisco, CA, United States.
3. Cancer Biology, University of Cincinnati, Cincinnati, OH, United States.
4. Department of Urology, UCSF, San Francisco, CA, United States.
(No Image Selected)



CONTROL ID: 2497241
TITLE: Theranostic targeting of CXCR4 expressed on human small cell lung cancer patient-derived xenografts.
PRESENTER: Sean Carlin
ABSTRACT BODY: 
Abstract Body: Introduction: Small cell lung cancer (SCLC) is an aggressive and usually fatal malignancy,
representing a major unmet need. Expression of the chemokine receptor CXCR4 is often elevated in SCLC and is a
potential target for imaging and therapy. The CXCR4-ligand Pentixafor, labeled with 68Ga, has shown early clinical
promise for SCLC imaging, but representative pre-clinical animal models are needed for development of therapeutic
applications. Here, we characterized a series of human SCLC patient-derived xenograft models for CXCR4
expression, uptake and tumor distribution of Pentixafor using PET imaging and ex vivo analysis.
Methods: 12 SCLC PDX were evaluated for CXCR4 expression using ex-vivo ligand binding assay on frozen tumor
sections, from which four were selected for in vivo studies. Xenograft-bearing animals were co-administered 68Ga-
and 67Ga-Pentixafor i.v. (250 and 100mCi respectively) and PET images of 68Ga distribution acquired at 60 and 120
minutes, followed by Hoechst 33342 (1mg i.v) 1 minute prior to sacrifice. Dynamic PET imaging (0-40 minutes) was
carried out using a subset of animals. Frozen tumor sections obtained ex-vivo were evaluated for 67Ga-Pentixafor
distribution by digital autoradiography, CXCR4 expression by immunostaining and Hoechst 33342 by fluorescence
microscopy.
Results: 
For 68Ga-Pentixafor PET imaging, tumors were clearly delineated in all cases, with mean tumor-to-muscle ratios of
10.6±6.8 (n=6) and 11.2 ±6.9 (n=6) at 60 and 120min p.i. respectively. Significant tumor uptake was observed in the
PDX models examined. There was no significant uptake observed above the diaphragm, indicating the potential value
of his agent in lung tumor imaging. Dynamic PET time-activity curves indicate maximal tumor uptake at 30±6 min post-
injection and rapid renal clearance. Ex-vivo tumor analysis revealed heterogeneous CXCR4 expression, elevated in
hypoxic tumor areas with low vascular perfusion. 67Ga-Pentixafor distribution closely matched CXCR4 expression,
with the highest uptake seen in regions of highest CXCR4 expression. Renal distribution was primarily cortical.
Conclusions: 
The data obtained from this study support the future investigation of the CXCR4-targeting peptide pentixafor for both
imaging and targeted radiotherapy of SCLC. PET time-activity curves for tumor and relevant organs are useful in the
determination of Pentixafor uptake rate and tumor residence time for therapy planning. Ex-vivo autoradiography of 67

Ga-Pentixafor distribution can be used to compare uptake with histological tumor makers at high resolution. Co-
administration with 68Ga-Pentixafor validates the specificity of PET imaging for CXCR4 expression.
AUTHORS (LAST NAME, FIRST NAME): Carlin, Sean1; Zhang, Hanwen3; Wester, Hans-Jurgen5; Poirier, John T.4;
Rudin, Charles M.2; Weber, Wolfgang1

INSTITUTIONS (ALL): 
1. Radiology, MSKCC, New York, NY, United States.
2. Memorial Sloan Kettering Cancer Center, New York, NY, United States.
3. Radiology, Memorial Sloan Kettering Cancer Center, New York, NY, United States.
4. Medicine, MSKCC, New York, NY, United States.
5. Pharmaceutical Radiochemistry , Technische Universität München, Munich, Germany.



Maximum-intensity projection image of 68Ga-pentixafor distribution in a mouse bearing a SCLC PDX tumor (white
arrow) obtained at 60 minutes post-administration. High activity is observed in kidney and bladder, indicating the
primary route of excretion. Time-activity curves derived from dynamic PET acquisitions are also shown.
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TITLE: Magnetic resonance- guided focused ultrasound ablation of a murine syngeneic orthotopic model of pancreatic
cancer
PRESENTER: Lisa Mahakian
ABSTRACT BODY: 
Abstract Body: Pancreatic cancer is one of the most lethal of all cancers; there is a critical need for novel treatment
strategies. Here, we use a syngeneic orthotopic mouse model of pancreatic cancer developed from the KrasLSL-
G12D/+; Trp53LSL-R172H/+; Pdx-Cre (KPC) model to establish the opportunities for ultrasound ablation to impact this
disease. We monitored disease progression and evaluated the feasibility of magnetic resonance imaging (MRI) and
MR-guided focused ultrasound ablation (MRgFUS) in murine pancreatic cancer.
Methods 
Murine mT4-2D cells (gift from the Tuveson laboratory, Cold Spring Harbor, NY) were injected into the mouse
pancreas by a sterile laparotomy procedure as described by Chai et al. (n=5, C57BL/6 female mice). Mice were
monitored for tumor progression by palpation, imaged with MRI and treated with MRgFUS on day 16 post-injection.
T1-weighted (T1w) images (TE/TR/FA = 11.7ms/750ms/180°, 4.3 x 4.3 cm2 FOV, 256 x 256 matrix, 17 slices) of the
pancreatic tumors were acquired post gadolinium contrast with a Bruker BioSpec 7T. Ablation was performed using
the same MRI with an MR-compatible 16-element annular array (Imasonic SAS), 3 MHz center frequency, 4.7 Watt
acoustic power, 5.6 MPa peak negative pressure, 300 kHz bandwidth, 0.5 x 0.5 x 1.5 mm3 focal volume and MR
compatible transducer positioning system (Image Guided Therapy). Tumors were ablated either as a single 12-second
insonation or a circularly-scanned trajectory with a diameter of 2 mm and scanning speed of 1 revolution per second
for ~40s.
Results (as shown in Persuasive Data) 
An MRI image of a normal mouse visualized normal pancreatic anatomy and demonstrated that ablation is feasible
within this setting. A contrast-enhanced T1w pre-image was acquired for each tumor bearing animal prior to treatment
and visualization of the normal and diseased pancreas and local invasion of surrounding organs was confirmed. Upon
dissection of tumor bearing mice, locally-invasive disease was confirmed with all mice demonstrating an epithelial
phenotype including prominent ductal structures. Invasion of the liver and surrounding muscle were also observed in a
subset of animals on histopathology. Substantial physiological motion of the abdomen and tumor region was observed
before and during insonation. With the single point and circular trajectory protocols, temperature within the tumor
increased from baseline to 65°C within 10 and 14 seconds, respectively. Animals recovered quickly after MRgFUS
treatment and displayed normal behavior until study end at 2 or 24 hours post treatment. Effective local tumor ablation
was confirmed on histopathology.
Conclusions 
A syngeneic orthotopic model of pancreatic cancer demonstrated locally-invasive disease that was detected on MR
imaging. Motion compensated MRgFUS ablation of the primary tumor was accomplished with no evidence of off-target
tissue changes or morbidity. Future studies will incorporate immunotherapy and nanotherapies to assess the role of
MRgFUS ablation in the treatment of invasive pancreatic cancer.
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CONTROL ID: 2498530
TITLE: A PARP-targeting imaging strategy for B-cell lymphoma
PRESENTER: Jun Tang
ABSTRACT BODY: 
Abstract Body: Background: B-cell lymphoma is the most common blood cancer. At late stages, many patients with
this cancer suffer from multiple metastases in their lymph nodes and brains. Currently, 18F-FDG PET imaging is a
major method to detect B-cell lymphoma metastases and to evaluate response of these metastases to therapies.
However, metastases in lymph nodes and brains are difficult to detect with 18F-FDG PET imaging because of the high
metabolic rates in these tissues and the resulting high accumulation of 18F-FDG. Therefore, it is important to develop
novel PET imaging strategies that utilize novel biomarkers of B cell lymphoma.
 
Rationale: Poly ADP ribose polymerase (PARP) detects DNA damage and initiates subsequent DNA repairing. B cells
undergo constant somatic mutation, which causes numerous DNA breaks and high PARP expression. Due to the B
cell origin, B lymphoma cells may also express high levels of PARP to repair their DNA damage. Therefore, PET
imaging strategies detecting PARP levels could be used to delineate B-cell lymphoma metastases in tissues where 18

F-FDG cannot differentiate tumors from healthy tissues.
 
Results: Olaparib is a specific PARP inhibitor and has been approved by the FDA in December 2014. Previously, we
used Olaparib to develop a PARP-specific fluorescent probe (PARPi-FL) that specifically binds to PARP1 (A). After
intravenously injecting PARPi-FL into B6 mice (n = 3), we found that the imaging probe efficiently bound to B cells in
blood, bone marrow, spleen, and lymph nodes by using flow cytometry. Furthermore, the binding was reduced by
more than 98% when Olaparib (n = 3) was injected 30 min before PARPi-FL (B).
 
We then evaluated the potential of PARP imaging in a mouse model mimicking diffuse large B-cell lymphoma
(DLBCL). Using western blots, we first found that hematopoietic progenitor cells (HPC) of DLBCL expressed about 2-
fold more PARP than normal B cells and comparable PARP to two brain cell lines (DIPG XIII and LX22) (C). To induce
DLBCL in immunocompetent mice, hematopoietic progenitor cells (HPC) of healthy B6 mice were depleted by
irradiation (4.5 Gy twice in 2 hours). HPCs that overexpress Myc and Bcl2 oncogenes as well as red fluorescent
protein (RFP) were adoptively transferred to these mice, which spontaneously developed DLBCL in about 2.5 weeks (
D). We then intravenously injected PARPi-FL into these (n = 4) and healthy B6 wild-type control mice (n = 4). Flow
cytometry revealed that PARPi-FL accumulated in B lymphoma cells at much higher levels than in normal B cells (E).
Ultimately, spectrofluorimetry demonstrated that PARPi-FL uptake in DLBCL mice was elevated by 4.9 times in the
spleen and 13 times in lymph nodes (F).
 
Conclusion: Our preliminary data show that PARPi-based imaging agents can be used to detect PARP levels in B
lymphoma cells. In the future, we will use an 18F labeled PARPi PET imaging agent, which was developed by us
recently, to detect the metastases of B cell lymphoma in lymph nodes and brain. This PARP imaging strategy could be
used to detect metastases in patients with late-stage B-cell lymphoma.
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CONTROL ID: 2500349
TITLE: Molecular Contrast-Enhanced Ultrasound for Detection of Radiation-Induced Inflammation in Healthy Organs
PRESENTER: Ahmed El Kaffas
ABSTRACT BODY: 
Abstract Body: Purpose/Objectives 
Molecular contrast-enhanced ultrasound (mCEUS) imaging has recently facilitated assessment of endothelial surface
receptors non-invasively and without radiation (XRT) in vivo by engineering intravascular ultrasound contrast agents
(termed microbubbles) to bind to targeted endothelial receptors. In this study, we evaluate the feasibility of using
molecular contrast-enhanced ultrasound (mCEUS) to image XRT-induced endothelial cell expression of cell adhesion
molecules mediating inflammatory response to XRT.
 
Materials/Methods 
The colon of male BALB/c mice (6-8 weeks, n = 7) were irradiated with 14 Gy using a KIMTRON IC-225 X-ray
Irradiator operating at 225kV/13.0mA at a dose rate of 0.985 Gy/min. The head and thorax regions were shielded
during irradiation with lead shields. A second cohort of mice was left untreated as controls (n=5). Contrast-enhanced
molecular ultrasound imaging was carried-out before and 24 hours following irradiation using a VEVO2100 system
(VisualSonics; Toronto ON) coupled to an MS250 21 MHz center frequency transducer. Each imaging session
comprised of mCEUS imaging with Immunoglobulin G (IgG)-targeted microbubbles as control, and P-selectin targeted
microbubbles. P-selectin and IgG-targeted microbubbles were prepared using antibodies as per1. Transverse colon
images were acquired in contrast mode 4 minutes after an intravenous bolus injection of 5×107 targeted (IgG and P-
selectin) microbubbles. Quantification of mCEUS signal was carried out by measuring differential targeted
enhancement (dTE) as previously described1. Perfusion-related parameters were also extracted from the bolus.
Animals were sacrificed at 24 hours and the colon was resected for subsequent immunohistochemistry analysis (P-
selectin/CD31 expression).
 
Results 
A significant increase (mean 41 a.u., range 10 to 108) was observed in P-selectin dTE in irradiated mice over 24
hours. In contrast, a non-significant mean decrease was observed in non-irradiated mice. Similarly, no significant
difference in IgG dTE parameter was noted in treated and non-treated animals over 24 hours. As anticipated, an
increase in bolus parameters related to the blood volume (Peak Enhancement and Area Under the Curve) was noted
in animals treated with radiation. Perfusion enhancement in inflamed tissue is commonly reported following irradiation
of normal tissues. Quantitative histology of P-Selectin expression per blood vessel (P-selectin/CD31) had a significant
average of 36% in treated animals and an average of 14% in untreated animals, in general agreement with the
mCEUS observations.
 
Conclusion 
Our results confirm the feasibility of using mCEUS for molecular imaging of XRT-induced expression of P-selectin as a
potential approach to monitoring healthy tissue inflammatory damage during radiation therapy.
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CONTROL ID: 2500572
TITLE: Long-term PET Tracking of Preformed Liposomal Nanomedicines in a Preclinical Metastatic Cancer Model
Using a New and GMP-compatible Radiolabelling Method
PRESENTER: Rafael T.M. de Rosales
ABSTRACT BODY: 
Abstract Body: Introduction/Impact. Quantitative imaging methods for tracking drug nanocarriers are of high interest in
nanomedicine. In this context, PET and its excellent quantification properties, could be used to improve their efficacy
via patient stratification into different treatment regimes [1]. Methods to radiolabel liposomal drugs with metallic PET
isotopes to date have relied on the introduction of chelators to the lipid bilayer or by co-encapsulation with the drug [1].
We believe these represent a barrier for clinical translation and a simpler, chelator-free method would facilitate the
introduction of imaging-based stratification strategies into clinical nanomedicine.
 
Hypothesis/Aim. We hypothesized that preformed liposomal drugs could be radiolabelled, without adding chelators, if
the encapsulated drug has metal-chelating properties. Our aim was to demonstrate this method using a multiscale-
multimodal preclinical imaging strategy for monitoring and quantifying drug biodistribution in murine cancer models.
 
Methods. Liposomes of known clinical/preclinical therapeutic activity (liposomal alendronate (PLA), liposomal
alendronate/doxorubicin (PLAD) and liposomal doxorubicin (DOXIL/CAELYX)) where labelled with 89Zr (t1/2 = 3.2 d)
and 64Cu (t1/2 = 13 h) using hydroxyquinoline ionophores. PET/SPECT-CT imaging was performed in two mouse
models of cancer (with 89Zr/64Cu-PLA): (i) a metastatic breast cancer model (MTLn3E-hNIS-GFP) that stably
expresses the hNIS reporter gene traceable using [99mTcO4]- and GFP/RFP fluorescence [2], and (ii) ovarian cancer
(SKOV3). Ex vivo biodistribution studies and histology/autoradiography of tissue sections were performed at the end
of the imaging studies.
 
Results. Radiolabelling yields of >98% and specific activities as high as 107 GBq/mmol of encapsulated drug (89Zr)
were achieved. Empty liposomes, with the same phospholipid composition and hydrodynamic size, did not radiolabel.
In vitro stabilities in human serum were >85-95% after 48 h at 37°C. 89Zr/64Cu-PLA were imaged in the murine
tumour models of breast cancer and ovarian cancer for up to 7 d. (89Zr-PLA) or 2 d. (64Cu-PLA). Radioactivity at the
end of the studies was found in the spleen, liver, primary tumour (5-10% ID/g) and blood (8-10% ID/g). Interestingly,
uptake in metastatic sentinel lymph nodes (SLNs), ascertained by reporter gene imaging, was significantly higher
(16% ID/g) than in non-metastatic LNs (6% ID/g). Histology studies of primary tumors and metastatic LNs show a high
degree of vascularization corresponding to areas of liposome uptake.
 
Conclusions. A new, highly efficient and stable method to radiolabel preformed liposomes with PET radiometals has
been developed. Liposomes radiolabelled using this method can be tracked in vivo using PET imaging for several
days allowing accurate quantification and biodistribution measurements of liposomal drugs. Our technology is GMP-
compatible and we are working towards translating it for human use in conjunction with clinically approved liposomal
anti-cancer drugs.
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CONTROL ID: 2500639
TITLE: Quantitative multispectral optoacoustic tomography imaging of apoptosis in vivo
PRESENTER: Josefine Reber
ABSTRACT BODY: 
Abstract Body: Introduction
In organisms, apoptosis plays a crucial role in many biological processes. Hallmarks for apoptosis could be used for
early detection and diagnosis of cancer, as well as monitoring the therapeutic response of a treatment [1]. Therefore,
imaging and quantifying the apoptotic processes by multispectral optoacoustic tomography (MSOT) in vivo has great
value in providing pathophysiological information crucial to diagnosis and therapy monitoring. MSOT is a high-
resolution imaging modality, overcoming the limitations of conventional optical imaging in terms of imaging depth and
resolution [2]. Furthermore the imaging of intrinsic tissue contrast can be complemented by extrinsically administered.
In this study, we have for the first time successfully visualized apoptotic regions within orthotopic tumors in murine
models using the peptide-based polycaspase inhibitor Apo FL750 label with a near infrared dye [3].
 
Methods
MSOT measurements of nude athymic mice bearing orthotopic 4T1 mammary tumors or orthotopic MDA-MB-231
human tumors were conducted with a 256-channel real time imaging MSOT scanner using a tunable pulsed laser.
Apoptosis was induced by intravenous injection of the cytotoxic agent doxorubicin and detected by intravenous
injection of the peptide-based polycaspase inhibitor (Val-Ala-Asp (OMe)) Apo FL750 label with a near infrared dye and
modified with a fluoromethylketone. For quantification mice were imaged by MSOT immediately before and 24 hours
post treatment with the cytotoxic agents. For validation a control dye was co-injected with similar physical and
chemical properties, but different absorbance maximum.
 
Results
Using MSOT we uncovered the extent of doxorubicin induced apoptosis in tumors with high sensitivity and resolution,
in two different tumor models. Doxorubicin treatment lead in both tumor models to a significant (p < 0.05) increases in
signal before treatment and 24 h after treatment.
The tumor could be accurately visualized by direct mapping of oxy- and deoxygenated hemoglobin, providing a direct
window of observation of tissue oxygenation and correlated with the accumulation of Apo FL750 within the tumor. No
accumulation of the control dye was detected within the tumor.
 
Conclusion
In conclusion, we could show that apoptotic regions within orthotopic mammary tumor could be visualized and
quantified by MSOT using the peptide-based polycaspase inhibitor Apo FL750 label with a near infrared dye. MSOT
can be used to determine the extent of apoptosis in tumors in vivo in addition to oxygenation status in real time non-
invasively and thus has great value in monitoring therapy response, diagnosis and staging disease.
 
[1] Ntziachristos. Nat Methods. 2010 Aug;7(8):603-14.
[2] Garcia-Calvo et al. J Biol Chem. 1998 Dec 4;273(49):32608-13.
[3] Cotter. Nat Rev Cancer. 2009 Jul;9(7):501-7
AUTHORS (LAST NAME, FIRST NAME): Reber, Josefine1; Nunes, Antonio1; Beziere, Nicolas1; Ntziachristos, Vasilis
1

INSTITUTIONS (ALL): 
1. Institute of Biological and Medical Imaging, Technische Universität München & Helmholtz Zentrum München,
Oberschleißheim, Germany.



Fig. 1: Anatomical MSOT image at 800 nm (grey scale) showing optical tissue absorption. Tumor tissue highlighted
with red doted line. Apo FL750 distribution 1 h p.i. (A) before treatment and (B) 24 h after doxorubicin application
(color scale). (C) Quantitative analysis of Apo FL750 distribution within the tumor tissue before and after doxorubicin
treatment.
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TITLE: Hyperpolarized 13-C-Pyruvate identifies metabolic subgroups in HCC
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ABSTRACT BODY: 
Abstract Body: Background 
Hepatocellular Carcinoma (HCC) ranks among the top six most common cancer types in humans and accounts for
one third of cancer related deaths worldwide. It is characterized by major histopathological heterogeneity. One
manifestation of this fact is a high variance concerning 18F-FDG-uptake in PET imaging. Such differences may be
hard-wired (i.e. genetically determined) or result from differences in tumor physiology (i.e. perfusion, hypoxia).
Methods 
Measurements with 18F-FDG and selectively 13C labelled and hyperpolarized pyruvate were performed in
diethylnitrosamine (DEN) induced multifocal HCC bearing rats(1). Two-dimensional slice selective magnetic
resonance spectroscopic imaging (MRSI) was used to obtain spatially resolved maps of cell energy metabolic
conversion rates and correlated with 18F-FDG uptake, immunohistochemistry and MALDI-MS.
Results 
An exact co-registration of PET and MRSI was achieved. 18F-FDG uptake and metabolic conversion rates varied
intra- and interindividually (Fig. 1). Marked heterogeneity of Lac/Pyr-Ratio values was noted for similar 18F-FDG SU
values (Fig. 2) and correlated with MALDI-MS of respective metabolites.
Conclusion  
Differences in hyperpolarized 13C pyruvate MRSI identify metabolic subgroups in HCC, which are not discerned by
18F-FDG PET imaging. Ongoing work aims at exploring these differences as prognostic marker of therapy response.
 
(1) Model Matters: Differences in Orthotopic Rat Hepatocellular Carcinoma Physiology Determine Therapy Response
to Sorafenib.
Groß C, Steiger K, Sayyed S, Heid I, Feuchtinger A, Walch A, Heß J, Unger K, Zitzelsberger H, Settles M, Schlitter
AM, Dworniczak J, Altomonte J, Ebert O, Schwaiger M, Rummeny E, Steingötter A, Esposito I, Braren R. Clin Cancer
Res. 2015 Oct 1;21(19):4440-50
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TITLE: Multimodal imaging of preclinical models of glioblastoma treated with anti-angiogenic therapy reveals
morphological but not functional normalization of tumour vasculature and proposes a rationale for combination
therapies.
PRESENTER: Olivier Keunen
ABSTRACT BODY: 
Abstract Body: Treatment of primary and recurrent glioblastoma with anti-angiogenic therapies, either alone or in
combination with chemotherapy, fails to extend overall survival, despite the often reported improvements in
progression free survival and patient health condition (Friedman, JCO, 2009; Gilbert, N Engl J Med, 2014). To improve
the efficacy of these therapies, a better understanding of the mechanisms of stromal and tumour adaptation leading to
treatment escape is warranted. Magnetic Resonance Imaging (MRI) and Positron Emission Tomography (PET)
provide complementary information that can be used to elucidate the physiologic and metabolic changes induced by
anti-angiogenic agents, and better appreciate the clinical response at early stages of the treatment. In the present
study, we have used this multi-modal imaging approach to investigate the changes induced by bevacizumab in pre-
clinical models of glioblastomas obtained from patient-derived biopsies. Time series of perfusion and diffusion MRI as
well as hypoxia PET were performed in different GBM models at high and low doses of bevacizumab to assess the
proposed hypothesis that a window of vascular normalization exists during anti-angiogenic therapy (Jain, Science,
2005; Carmeliet, Nat Rev Drug Discov, 2011) that could be favourable to systemic drug delivery. We report that, in our
clinically relevant models of GBM, vascular morphology was normalized over the time period investigated, but
vascular function was not improved. Reduced blood supply also correlated with a steady increase of intra-tumoural
hypoxia, resulting in high glycolytic activity and tumour invasiveness. The results of a combination study in which
bevacizumab was given together with a HIF1α inhibitor will also be presented.
 
Collectively, these results do not support the concept of a functional vascular normalization window favouring systemic
drug delivery after anti-angiogenic treatment. Furthermore we provide new insights into the physiologic consequences
of anti-angiogenic therapies in GBMs and propose a rationale for new combination therapies.
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TITLE: Metabolic imaging of lymphangioleiomyomatosis with [18F]fluoroethylcholine and [18F]fluoroacetate PET
PRESENTER: Eline Verwer
ABSTRACT BODY: 
Abstract Body: Aim: Lymphangioleiomyomatosis (LAM) is a proliferative and destructive lung disease caused by
inactivating mutations in the tuberous sclerosis complex (TSC) 1 or 2 genes. These mutations cause hyperactivation
of the mammalian target of rapamycin complex 1 (mTORC1), leading to proliferation of TSC-deficient “LAM cells”.
Currently, there are no available methods for early detection of LAM progression or response to treatment with
mTORC1 inhibitor rapamycin. The goal of this study is to develop an imaging method for direct non-invasive
measurement of LAM cell metabolic activity. While [18F]FDG PET did not show sensitivity for detection of LAM,
lipidomic profiling suggests increased fatty acid and choline phospholipid synthesis in LAM cells. Therefore, PET
tracers involved de novo lipogenic pathways may yield better results. The sensitivity of [18F]fluoroethylcholine ([18

F]FEC) and [18F]fluoroacetate ([18F]FACE) in detecting TSC2-deficient cells was tested in a mouse model. Feasibility
of PET imaging for monitoring response to rapamycin was evaluated.
 
Methods: 7 immunodeficient mice were inoculated subcutaneously with rat leiomyoma-derived TSC2-deficient cells
and developed palpable tumors within 6 weeks. All mice received two dynamic microPET/CT scans with [18F]FEC
and [18F]FACE on separate days. For 2 mice, imaging was repeated after treatment with 3 doses of rapamycin (3
mg/kg/day) or vehicle (control). Time activity curves, expressed as standardized uptake value (SUV; concentration
normalized by dose and body weight), tumor-to-muscle ratio (TMr) and tumor-to-lung ratio (TLr), were derived.
 
Results: Figure 1 shows representative images of [18F]FEC and [18F]FACE uptake. Table 1 summarizes SUV, TMr
and TLr values (mean±SD) obtained in pre-treatment scanning for both tracers at early (5-15 min p.i) and late (30-45
min p.i) time points. For both tracers, rapid uptake in tumor tissue was observed, with higher SUV and TLr for [18

F]FACE and somewhat higher TMr for [18F]FEC.
Treatment with rapamycin decreased late [18F]FEC uptake compared to control (rapamycin: SUV -58%, TMr -39%,
TLr -56%; control: SUV +21%, TMr -11%, TLr +12%). Late [18F]FACE uptake was unaffected (rapamycin: SUV -6%,
TMr +3%, TLr -9%; control: SUV -16%, TMr -9%, TLr -11%). However, a change was observed for early time points (
rapamycin: SUV -18%, TMr -15%, TLr -31%; control: SUV +6%, TMR +3%, TLr +23%).
 
Conclusions: This preclinical imaging study showed rapid uptake for both [18F]FEC and [18F]FACE in ELT3 TSC2-
deficient tumors. Contrast of tumor uptake over healthy lung and sensitivity to treatment with rapamycin suggest
potential for metabolic imaging of lipid metabolism in LAM diagnostics and therapeutic evaluation with two radiotracers
that could be readily translated to clinical applications.
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TITLE: Multimodality μCT/optical imaging reveals an acute sorafenib-driven increase in bone loss and inflammation in
a model of breast cancer growth in bone
PRESENTER: Jeffrey Peterson
ABSTRACT BODY: 
Abstract Body: Tumor metastasis to bone occurs with high incidence in advanced breast cancer patients, frequently
leading to skeletal complications such as osteolytic lesions and fractures due to the activation of bone degrading
osteoclasts. Effective treatments often include combinations of chemotherapy or antibody therapy, combined with
bisphosphonate treatment to ameliorate bone damage. To investigate tumor-induced bone loss, and the impact of
therapy, we implanted luciferase-expressing 4T1 mouse breast adenocarcinoma cells (Bioware® Brite 4T1-Red-FLuc)
into the right knee joint of syngeneic nude mice. We used non-invasive bioluminescence imaging (BLI), near infrared
(NIR) fluorescence imaging, and mCT measurement of bone changes to assess tumor burden, biological changes,
and bone changes, respectively. Sorafenib, a clinically approved multi-kinase inhibitor, was used as a treatment (PO
100 mg/kg, day 4 & 7 post-tumor implantation) to inhibit tumor metabolic activity and angiogenesis while increasing
anti-tumor inflammatory. Zoledronic acid, a bisphosphonate drug, was used (IP 0.1 mg/kg, day 0 & 4 post-tumor
implantation) to inhibit osteoclastic bone resorption associated with tumor growth and inflammation. Tumor burden
was assessed on day 8 by BLI tomography on the IVIS® Spectrum CT, revealing that bisphosphonate treatment
effectively decreased tumor burden by 80%, whereas Sorafenib surprisingly had no apparent effect. Fluorescence
imaging using imaging agents specific for cathepsin K and cathepsin B suggested increased bone turnover and
inflammation, respectively, as a result of Sorafenib treatment. For uCT analysis, we developed novel fully automated
image processing approaches for quantitative morphometric analysis, with autosegmentation of individual bones and
their components, including epiphysis and metaphysis. Standardized region-of-interest (ROI) placement used
anatomical attributes and landmarks for quantification of tumor-induced bone loss. This analysis revealed changes in
bone volumes, number of bone lesions, and lesion volumes associated with both untreated tumor growth and with
treatments. Untreated mice showed an 18-20% decrease in bone volume in the tibia and femur as compared to the
contralateral knee. For the tibia, this occurred mostly in the epiphysis, whereas this was not the case for the femur.
Zoledronate treatment decreased this bone volume loss to ~4% in the tibial epiphysis and femur, however Sorafenib
treatment showed a surprising increase in bone volume loss to 40% and showed a 3-fold increase in the number of
bone lesions, attributed to increased inflammation in the tumors of treated animals. These results agree well with
observations in the literature and further suggest that multimodality imaging quantifies both positive and negative
structural and biological changes associated with treatment of bone metastases.
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4T1 Tumor cells were injected into the knee joints of mice either pre-treated with Zoledonate or treated with Sorafenib.
 Mice were imaging by the Quantum GX microCT System to assess bone lysis associated with tumor growth.  Novel
bone segmentation algorithms were developed to automatically segregate bone regions and identify areas of damage.
 Arrows indicate areas of affected bone.
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TITLE: Tumor targeted theranostic nanovehicles detectable using multispectral optoacoustic tomography
PRESENTER: Lacey McNally
ABSTRACT BODY: 
Abstract Body: Despite significant efforts to translate nanotechnology for cancer application, lack of identification of
biodistribution/accumulation of these nanovehicles in vivo remains a substantial barrier for successful implementation
of theranostic nanoparticles in the clinic. The purpose of the study was to develop a tumor-targeted theranostic
nanovehicle for pancreatic cancer detectable by multispectral optoacoustic tomography (MSOT). To improve the
tumor specificity of our mesoporous silica nanoparticle (MSN), we utilized a dual targeting strategy: 1) an elevated
tumor receptor, urokinase plasminogen activator receptor (UPAR), and 2) the acidic tumor microenvironment. The
tumor specificity of the MSN particle was improved with the addition of both chitosan, targeting acidic pH, and
urokinase plasminogen activator (UPA), targeting UPAR. Drug release assays confirmed pH responsive release of
gemcitabine in vitro. The UPAR specific binding of MSN-UPA nanoparticles was confirmed by reduction in
fluorescence signal following MSN-UPA nanoparticle treatment in UPAR positive cells blocked with a UPAR-blocking
antibody. Based upon Indocyanine Green encapsulation within the nanoparticles, UPA ligand targeted MSNs
demonstrated increased intensity compared to untargeted MSNs at both pH 7.4 (7 ×) and 6.5 (20 ×); however the
signal was much more pronounced at a pH of 6.5 using tissue phantoms (p < 0.05). In vivo, MSN-UPA particles
demonstrated orthotopic pancreatic tumor specific accumulation compared to liver or kidney as identified using
multispectral optoacoustic tomography (p < 0.05) and confirmed by ex vivo analysis. By tracking in vivo nanoparticle
biodistribution with MSOT, it was shown that pH responsive, ligand targeted MSNs preferentially bind to pancreatic
tumors for payload delivery.
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TITLE: Imaging the efficacy of TRAIL-enhanced CAR T-cell immunotherapy
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ABSTRACT BODY: 
Abstract Body: Introduction: Adoptive cell therapy using T cells modified to express Chimeric Antigen Receptors
(CARs) has proven to be an effective strategy in pre-clinical and clinical protocols for immunotherapy of leukemia and
solid tumors. Co-transduction of CAR-grafted T-cells with genes encoding therapeutic payload augments their
cytotoxic function and enables them to affect tumors with heterogeneous antigen expression. In our work we aimed to
monitor the efficacy of primary human T-lymphocytes co-transduced with an anti-human mesothelin (MSLN)-specific
CAR and tumor necrosis factor α-related apoptosis-inducing ligand (TRAIL) in a metastatic lung cancer model with
heterogeneous MSLN expression using multi-reporter bioluminescent imaging (BLI).
Materials and methods. A549-derived MSLN-positive tumor cells were labeled with coelenterazine-based Renilla
luciferase (Rluc); MSLN-negative tumors - with vargulin-based membrane-anchored Cypridina luciferase (maCluc);
primary human T-cells expressing human MSLN-specific CAR (M28z) and membrane-bound TRAIL (M28z/TRAIL)
were co-transduced with D-luciferin-based Click Beetle Red luciferase (CBRluc). Cytotoxicity of M28z- and
M28z/TRAIL-expressing T-cells was tested against a panel of TRAIL-sensitive A549 lung cancer-derived cell lines
with different MSLN expression levels in vitro. A549-Rluc/MSLN-positive, A549-maCluc/MSLN-negative or MSLN+/-
mixed tumors were established in lungs of experimental mice. M28z- or M28z/TRAIL-expressing T-cells co-
transduced with CBRluc reporter were systemically administered into the tumor bearing animals. Simultaneous whole
body multi-reporter BLI of T-cell trafficking and targeting of A549 lung tumors with heterogeneous (+/-) MSLN
expression levels was performed using three independent luciferase-specific substrates. BLI data was confirmed by
immunohistological evaluation in post-mortem tumor samples.
Results. Using the in vitro co-culture assay, we have shown that TRAIL overexpression by M28z T-cells results in
enhanced apoptosis in A549-MSLN+ and MSLN- tumor cells. Moreover, triple reporter BLI demonstrated a positive
correlation between the levels of surface TRAIL expression on antigen-targeted T-cells and the magnitude of
response in MSLN-positive and, to a lesser degree in MSLN-negative tumors. Interestingly, M28z/TRAIL T-cells
exhibited pro-apoptotic activity on both MSLN+ and MSLN- tumor cell within A549-MSLN+/- mix tumors opposite to
M28z T-cells. Immunohistochemical analysis corroborated the in vivo BLI data demonstrating prominent tumor
infiltration by M28z/TRAIL T-cells and apoptosis in both MSLN+ and MSLN- tumor cells.
Conclusion: Using a triple-reporter bioluminescent imaging approach, we have shown the enhanced pro-apoptotic
activity of TRAIL-overexpressing MSLN-specific T-cells in A549 lung cancer model with heterogeneous MSLN
expression. Our results demonstrate that the overexpression of TRAIL by antigen-specific T-cells positively affect
tumor cell apoptosis during T-cell adoptive immunotherapy and can be used as a synergistic approach to enhance T-
cell tumor-targeting and effector function.
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TITLE: Chelator-free radiolabeling of SERRS nanoprobes for whole-body and intraoperative imaging
PRESENTER: Matthew Wall
ABSTRACT BODY: 
Abstract Body: OBJECTIVE 
High-precision intraoperative imaging is necessary to delineate the true extent of tumor borders and identify the
presence of multiple cancer foci or micrometastases. We recently demonstrated that surface-enhanced resonance
Raman scattering (SERRS) nanoparticles are capable of providing robust optical contrast to detect these cancerous
sites.1 Here we aimed to augment the high-precision SERRS nanoparticles with whole-body imaging contrast such
that the same nanoparticle construct can be used for pre-operative mapping and intraoperative imaging. The
hypothesis of the contrast mechanism was based on prior literature that showed avid nanoparticle uptake in the
reticuloendothelial system (RES), which is markedly decreased in areas that are infiltrated by cancerous cells.2 
 
METHODS 
We developed a chelator-free approach to radiolabeling nanoparticles encapsulated by silica. We demonstrated this
principle with 89Zr, 68Ga, 90Y, 111I, 177Lu, and 64Cu.3 In order to minimize the radiation dose to healthy tissue, we
employed the short-lived radionuclide 68Ga for in vivo studies. We performed two proof-of-concept studies: lymph
node tracking in an orthotopic 4T1 breast cancer mouse model and imaging of hepatocellular carcinoma (HCC) in a
myc-driven transgenic mouse model. 68Ga-SERRS nanoparticles were injected peritumorally about the periphery of
the 4T1 tumor and imaged at one hour intervals to identify ROIs for lymph node imaging with SERRS. A handheld
Raman scanner was used to probe ROIs for SERRS signal, then high-resolution SERRS imaging was performed on a
benchtop InVia (Renishaw) Raman imaging system. 68Ga-SERRS nanoparticles were injected via tail vein into HCC-
bearing mice, then imaged with PET-CT and PET-MRI. Intraoperative in vivo imaging was subsequently performed
with the InVia Raman imaging system.
 
RESULTS 
68Ga-SERRS nanoparticles enabled robust whole-body imaging in vivo via PET-CT and PET-MRI. Lymph nodes
were clearly visualized and demonstrated SERRS signal using a handheld Raman scanner. Lymph node resection
was performed using the guidance of a handheld Raman scanner, and the completeness of resection was confirmed
by Raman imaging. PET-CT showed that HCC-bearing mice exhibited signal voids in the liver, indicating tumors. PET-
MRI demonstrated that the hypointense MRI signal indicative of HCC exactly overlaid the pronounced filling defect
observed in the PET signal. The distribution of intraoperative SERRS signal closely matched the PET signal observed
during pre-operative imaging, and clearly delineated the HCCs in vivo.
 
CONCLUSIONS
 
A dual-modal nanoparticle was synthesized that enables whole-body imaging with PET and intraoperative imaging
with SERRS from a single construct. The nanoparticles can be radioactively labeled in a simple and rapid fashion
without the need for chelation chemistry, and remain stable in vivo such that robust imaging can be performed for
applications such as lymph node tracking and cancer imaging.
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Pre-operative staging and intraoperative imaging of liver cancer using PET-SERRS nanoparticles. (A) PET contrast
provided by PET-SERRS nanoparticles reveals clear signal voids. (B) Intraoperative photograph of liver from the
mouse imaged in (A). Solid tumors are visible by naked eye due to their large size and light discolorations. The
location of the tumors matches the filling defects from the PET scan. (C) Maximum intensity projection (MIP) of the
PET signal correlates with the healthy regions of the liver, revealing the presence of cancer where filling defects occur.
(D) SERRS image of the tumor-bearing liver reveals high-resolution map of the healthy liver, providing intraoperative
contrast. The correlation between PET signal and SERRS signal indicates that the nanoparticles remain intact and
active in vivo. (E) Overlay of photograph and SERRS map shows that the filling defects in the SERRS signal
correspond to cancer.
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TITLE: Intra-operative imaging and detection of tumors in a multispectral open-air fluorescence-guided surgery
platform with liquid crystal tunable filters (LCTF)
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ABSTRACT BODY: 
Abstract Body: Effective detection and resection of tumors intraoperatively depends upon the surgeon’s ability to
visually locate and palpate the tumors and tumor margins. Tumor nodules and residual malignant tissue may go
undetected or be inadequately removed, with such cases often resulting in the need for secondary treatment or
additional surgical intervention. The Solaris™ platform is an open-air fluorescence imaging system designed for
translational fluorescence-guided surgery, with the advantage of real-time video-rate acquisition of fluorescence signal
under ambient and surgical light conditions. Solaris supports four fixed fluorescent channels ranging from visible to
near infrared (NIR), and a multispectral channel where a liquid crystal tunable filter (LCTF) is used to acquire
multispectral images by sweeping across the green-to-red portion (wavelengths of 520-620 nm) of the visible
spectrum. This range of imaging channels allows for single-wavelength and multispectral imaging of widely used
reagents (e.g. indocyanine green [ICG] and Fluorescein isothiocyanate [FITC]) and unique NIR fluorescent dyes used
for detecting and labeling tumors. While fluorescent imaging using NIR imaging agents (680, 750, 800 nm) can offer
effective tumor detection, identification of tumors and tumor margins in nude mice or rats using visible (400-650 nm)
reagents such as FITC present challenges considering the presence of auto-fluorescence originating from tissue and
food (alfalfa). For these reagents, Solaris acquires multispectral images using the LCTF under ambient light
conditions, and an automated spectral unmixing algorithm is applied to the multispectral data, after background
correction and ambient light removal, to separate tissue and food auto-fluorescence from the reagent fluorescent
signal. The unmixing algorithm uses vertex component analysis to automatically extract the primary pure spectra
present in the multispectral images and separate the reagent fluorescent signal by non-negative least squares fitting.
To test the spectral unmixing capabilities of Solaris, in vivo experiments were performed using small amounts of
locally injected FITC in mice and rats. In the absence of unmixing, it was not possible to accurately detect sites of
FITC signal, but with unmixing the labeled regions were well defined. Additional in vivo studies were carried out in
tumor-bearing mice and rats injected with FITC-dextran and imaged at 24-hour time point. The results of these studies
substantiated the ability of Solaris to spectrally unmix FITC-based agent signal in deep tumor masses from tissue and
chow autofluorescence imaged under ambient light, using LCTF-based open-air multispectral imaging, enhancing the
ability to surgically resect them.
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CONTROL ID: 2501219
TITLE: Early detection of response to antibody-mediated immune checkpoint blockade with 18F-FDG PET even
before clinically visible tumor remission
PRESENTER: Barbara Schörg
ABSTRACT BODY: 
Abstract Body: Antibody (mAb)-mediated blockade of inhibitory immune checkpoints (ICP) and their respective ligands
like lymphocyte activation gene 3 (LAG-3) and programmed dead ligand 1 (PD-L1) are of growing importance in
cancer therapy. ICP-blockade can restore T-cell-functions but only ~40% of melanoma patients respond to PD-1-
blockade. Therefore early detection of responders is of great importance. Activated immune cells (such as T cells)
yield an enhanced glucose metabolism. Thus, we recently showed an enhanced 18F-FDG uptake in spleens of RIP1-
Tag2 (RT2) mice with progressed pancreatic insular cell carcinomas well responding to a combined treatment with
tumor-antigen-specific Th1 cells, PD-L1+LAG-3 mAbs and 2 Gy whole body radiation (WBR). Mimicking the clinical
situation, we aimed to identify responders of an exclusively ICP-based immunotherapy in RT2 mice with dynamic 18F-
FDG-PET focusing on the spleen.
We started LAG-3+PD-L1 mAbs or PD-L1 mAb treatment alone (2x/week (wk)) in 10.5 wks old RT2 mice with
progressed cancer and measured blood glucose levels (BGL; correlating with tumor burden) 2x wk. All mice
underwent two 60 min dynamic 18F-FDG PET scans: before onset (baseline) and after 2 wks of treatment (12.7 wks
of age). In addition, we conducted T2-weighted MRI co-registration. We sacrificed mice at wk 14 and gained tumors,
spleens and pancreatic lymph nodes for ex vivo analysis (H&E; immunohistochemistry (IHC): CD3, B220). To uncover
the effect of WBR on lymphocyte depletion/distribution we conducted flow cytometry of the blood of wildtype mice
before, 5 and 11 days after WBR.
Time activity curves of spleens of RT2 mice with and without WBR before and after 2 wks of ICP-blockade revealed
an initial perfusion peak followed by a stable plateau. We determined an increased 18F-FDG-uptake in the spleens of
mice after ICP-blockade when compared to the baseline; the strongest increase was observed when PD-L1+LAG-3
mAbs were combined (3.8 to 5.9% ID/cc,p=0.04,n=3). Contrary, we determined a decrease in the spleens of sham
(isotype mAbs)-treated mice (5.1 to 4.1 %ID/cc, n=4). In addition, we measured an increase in spleen volume in mice
after ICP-blockade but a decrease in sham-treated mice. 18F-FDG-PET scans of RT2 mice before and after
WBR+PD-L1+LAG-3 mAbs treatment exhibited an enhanced 18F-FDG-uptake (4.4 to 6.1 %ID/cc, n=4) and an
increased spleen volume. IHC of the tumors of these mice exhibited homing of CD3+ T cells into the tumors whereas
no CD3+ T cells were found in tumors of sham-treated mice. This was surprising as WBR impairs leucocytes
biodistribution/survival. Flow cytometry analysis of the blood uncovered a 83% reduction of CD4+ and 93% of CD8+ T
cells at day 5 and a 69% reduction of CD4+ and 86% of CD8+ T cells at day 11 after WBR. Despite this clear
induction of an anti-tumoral immune response we could not measure an increase in BGL until wk 14 in all
experimental groups.
In summary, 18F-FDG-PET scans of the spleen are a promising tool for early identification of ICP-blockade-
responders, even before induction of tumor regression. Next, we will focus on clinical studies in tumor patients with
ICP-blockade to approve our hypothesis.
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CONTROL ID: 2501258
TITLE: Approach to novel near-infrared fluorochromes which have superior chemical stability and optical properties.
PRESENTER: Dong hwi Shim 
ABSTRACT BODY: 
Abstract Body: Photon penetration into living tissue is highly dependent on the absorption and scattering properties of
tissue components. Near-infrared (NIR) fluorophores have several advantages over visible fluorophores, including
improved tissue penetration and lower autofluorescence; however, only indocyanine green (ICG) is clinically
approved. For novel NIR fluorophores that more advanced than ICG, we have developed a series of novel NIR
wavelength-excitable fluorescent dyes and analyzed with fluorescence brightness, photostability, cytotoxicity and
organ accumulation by each one. we report the charactor of water-soluble NIR fluorochromes which have superior
chemical stability and optical properties.
AUTHORS (LAST NAME, FIRST NAME): Moon, Myeong Ju1; Shim , Dong hwi1; Park, Jin Woo1

INSTITUTIONS (ALL): 
1. BioActs, Incheon, Korea (the Republic of).
(No Image Selected)



CONTROL ID: 2501268
TITLE: Non-invasive molecular imaging of SIRT1-mediated epigenetic regulation in cancers in vivo using PET/CT with
a novel substrate-type radiotracer 2-[18F]PhAHA.
PRESENTER: Juri Gelovani
ABSTRACT BODY: 
Abstract Body: Histone deacetylases (HDACs) play important roles in epigenetic regulation. Class III HDACs is
comprised of 7 enzymes termed “silent information regulators” or “sirtuins” (SIRTs). SIRT1 is involved in a variety of
cellular processes and functions and is known to mediate cleavage of acetyl moiety from an acetylated lysine residues
of several proteins, including p53, PPARγ, members of the FOXO family and NF-KB. Therefore, SIRT1 has emerged
as an important target for therapy of cancer. However, currently there are no methods for non-invasive monitoring of
pharmacodynamics of novel SIRT1 isoform-selective inhibitors in norm and disease. Therefore, there is a need for
development of agents for non-invasive imaging of expression and activity of various SIRT1 in vivo. 
With this in mind, we developed a novel SIRT1-specific radiotracer 2-[18F]fluorophenylaminohexanoicanilide (2-[18

F]PhAHA), because our previous studies and studies by other research groups have demonstrated that SIRT1 can
dephenylacetylate a lysine residue at a rate of ~56% of its natural deacetylation rate, while other SIRT isoforms
cannot cleave an aromatic leaving group. The 2-[18F]PhAHA was injected i.v. into Sprague-Dawley rats (N=6) bearing
intracerebral (i.c.) 9L gliomas, followed by dynamic PET imaging on microPET R4 (Siemens, TN), and CT imaging on
INVEON microCT (Siemens, TN), as well as T2-weighted 7T MRI (Bruker, Germany). Images were co-registered and
analyzed using AMIDE 1.0.4. The magnitude of 2-[18F]PhAHA accumulation in 9L gliomas and different structures of
the brain was quantified using Logan graphical analysis using medulla as the reference tissue. These imaging studies
demonstrated increased accumulation of 2-[18F]PhAHA-derived radioactivity in 9L gliomas, as compared to normal
contralateral white matter (p<0.01), as well as in specific areas of the rat brain with known high expression-activity of
SIRT1 (i.e., the dentate gyrus, CA1, nucleus accumbens, and caudate putamen). The localization of 2-[18F]PhAHA-
derived radioactivity in the 9L tumors was confirmed by histological analysis (H&E staining) of the brain tissue
sections. Therapy with SIRT1 inhibitor EX-527 (5 mg/kg i.p. 1 hour before administraiton of 2-[18F]PhAHA) resulted in
a significant reduction of 2-[18F]PhAHA-derived radioactivity accumulation in tumors and other structures of the brain,
consistent with the inhibition of SIRT1 activity. Immunohistochemical analyses of acetylation status of different histone
core proteins (i.e., H2AK5, H2BK5, H3K9) revealed reduced acetylation levels at baseline and increased acetylation
levels after EX-527 inhibitor therapy.
In summary, PET/CT with 2-[18F]PhAHA can reliably image the level of SIRT1 activity in an intracerebral rat tumor
model at baseline and after inhibition with EX-527. PET/CT with 2-[18F]PhAHA can be used for monitoring of
pharmacodynamics of SIRT1 inhibitors to facilitate the development and clinical translation of epigenetic therapies.
AUTHORS (LAST NAME, FIRST NAME): Laws, Mawell2; Bonomi, Robin1; Gelovani, David G.2; Popov, Vadim2;
Shavrin, Aleksandr2; Lu, Xin5; Mangner, Thomas3; Gelovani, Juri G.2, 4

INSTITUTIONS (ALL): 
1. Wayne State University, Livonia, MI, United States.
2. Biomedical Engineering, Wayne State University, Detroit, MI, United States.
3. Radiology, Wayne State University, Detroit, MI, United States.
4. Oncology, Karmanos Cancer Institute, Detroit, MI, United States.
5. Microscopy, Imaging & Cytometry Core, Wayne State University, Detroit, MI, United States.



 Figure 1. Representative image series of rat brain bearing intracerebral 9L gliosarcoma. A) Top row: coronal T2-
weighted MRI images (TE: 38 ms, TR: 3530 ms, resolution: 0.125 x 0.125 mm2 per pixel) which shows a lesion to the
right cortex causing significant midline shift; Middle row – PET/CT/MRI(T2) fusion images of [18F]-2FPhAHA
accumulation in the brain; Bottom row: PET/CT images of [18F]-2FPhAHA accumulation in the brain (20 min post i.v.
injection of the radiotracer). B) comparison of PET/CT images of [18F]-2FPhAHA accumulation in the brain with
histopathology (H&E staining) in the same axial plane. C) Representative PET/CT images of [18F]-2FPhAHA-derived
radioactivity accumulation in 9L tumors and normal brain and D) SUVs at baseline and after pre-treatment with SIRT1-
selective inhibitor EX-527 (5mg/kg i.p.; 30 min before the radiotracer administration).



CONTROL ID: 2501279
TITLE: Efficient delivery of minicircle DNA by extracellular vesicles as assessed by bioluminescence imaging
PRESENTER: Masamitsu Kanada
ABSTRACT BODY: 
Abstract Body: Mammalian cells secrete extracellular vesicles (EVs), including exosomes, microvesicles (MVs), and
apoptotic bodies, which differ in biogenesis, composition, and function. EVs from normal and cancerous cells have
important biological roles that range from surface-membrane trafficking to horizontal transfer of proteins, mRNAs, and
noncoding RNAs between neighboring or even distant cells (reviewed in Kanada et al., 2016. Trends in Cancer, 2: 84-
94). EVs have been proposed for the controlled delivery of therapeutic agents and effector molecules, due to their
potential to cross biological barriers such as the blood brain barrier. We previously characterized the ability of
exosomes and MVs to encapsulate and deliver different types of reporter macromolecules from transiently transfected
HEK293FT cells. Both types of EVs contained encapsulated reporter proteins and mRNAs, but only MVs transferred
the reporter function to recipient cells, via delivery of plasmid DNA (pDNA). We demonstrated that MVs mediated
delivery of functional pDNA encoding Cre recombinase in vivo to tissues in transgenic Cre-lox reporter mice (Kanada
et al., 2015. PNAS, 112: E1433-42). These results showed that EVs are effective for nucleic acid-based therapies.
However, the efficiency of EV-mediated pDNA delivery needs to be improved for development as a therapeutic
platform. In this study, we assessed the delivery of minicircles (MCs) for this purpose. MCs are circular DNAs that do
not contain bacterial backbone sequences, enabling improved transfection efficiencies (reduced size) and prolonged
gene expression. Donor 4T1 cells were transfected with equimolar amounts of parental plasmid (PP)-DNAs and MCs
encoding firefly luciferase (fLuc), and the efficiency of delivery to recipient 4T1 cells was quantified by
bioluminescence imaging. Interestingly, MC-fLuc loaded into EVs induced 13.8-fold greater fLuc expression in the
recipient cells, compared to the PP-DNA encoding fLuc. We next analyzed the loading efficiency of MC-fLuc and PP-
Luc into EVs by real-time PCR and nanoparticle tracking analysis. We found 6.1 ± 0.8 copies of MC-fLuc were
encapsulated into each EV, compared to 3.1 ± 0.6 copies of PP-fLuc. Based on the DNA sizes (MC-fLuc; 3694 bp,
PP-fLuc; 7694 bp), ≈2-fold more efficient loading of MC-fLuc into EVs than PP-fLuc was expected. However, the far
greater expression of reporter genes from MC-fLuc EVs indicates that factors other than smaller DNA size and
packaging efficiency contributed to improved efficacy of EV-mediated MC DNA delivery and expression such as
improved nuclear import in recipient cells. The present study demonstrates the potential of creating new applications
of EVs for nucleic acid-based therapies. We are currently developing EV-mediated delivery of MCs encoding prodrug-
converting enzymes to tumor targets such that innocuous compounds are converted into potent chemotherapeutics at
the tumor site. EVs continue to show great promise as agents of engineered molecular therapies in precision
medicine.
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CONTROL ID: 2501285
TITLE: Molecular imaging of epigenetic regulation mediated by HDACs class IIa using PET/CT/MRI with 18F-TFAHA
in a rat model of human glioma. 
PRESENTER: Juri Gelovani
ABSTRACT BODY: 
Abstract Body: Histone deacetylases (HDACs) are involved in the pathogenesis of cancer through modulation of the
expression of various genes involved in cellular proliferation, migration, angiogenesis and apoptosis. HDAC class IIa
enzymes interact with tumor suppressor proteins including HIF-1a, GATA-1, and PLZF-RARa. Given the importance
of HDACs class IIa in epigenetic regulation in oncogenesis, cancer progression, and maintenance, there is a pressing
need for non-invasive imaging approaches for monitoring the expression-activity of HDACs in vivo. To address this
need, our laboratory has developed 6-(tri-fluoroacetamido)-1-hexanoicanilide (18F-TFAHA) for imaging the expression
and activity of HDAC class IIa enzymes in normal cancerous tissues.
Our previous studies demonstrated that 18F-TFAHA is enzymatically cleaved specifically by HDAC class IIa, and
predominantly by HDACs 4 and 5. To quantitatively visualize the expression-activity of HDACs 4 and 5 in brain
gliomas, immunocompromised rats (NTac:NIH-Foxn1rnu, Taconic Biosciences, NY) were implanted intracerebrally
(i.c.) with U87-tdRluc cells (4x105 cells in 20 uL), that have been lentivirally-transfected to express GFP-luciferase and
tdTomato fluorescent protein fusion reporter genes. Bioluminescence images (BLI) of GBMs were obtained after
administration of luciferin (10 µl/g i.p.) using an InVivo Xtreme system (Carestream, Toronto, Canada) at 7 and 14
days post U87-tdRluc cell implantation. Gross tumor morphology and progression was evaluated with T2 MRI on day
14 after tumor implantation using a CliniScan 7T MRI system (Bruker, UK). On days 15-20 post tumor implantation,
the rats were injected with 18F-TFAHA (500 µCi/animal, i.v.) and imaged using microPET R4 and Inveon CT
(Siemens, TN). After PET/CT imaging, the animals were sacrificed and their brains extracted for immunohistochemical
(IHC) and quantitative autoradiographic (QAR) studies (Typhoon 7000, General Electric, CT). The 18F-TFAHA
accumulation in regions of interest (ROI) at 20-30 minutes post i.v. administration and was quantified using Logan
graphical analysis (using contralateral normal white matter as a reference tissue), which demonstrated a significant
increase in 18F-TFAHA accumulation in tumors versus contralateral normal cortex and white matter (p <0.05), in
addition to structures with normally-increased HDAC IIa activity (e.g., hippocampus, amygdala, periaqueductal gray,
and n. accumbens). PET/CT/MR imaging results were validated by IHC of brain tissue sections that demonstrated a
significant hypoacetylation of histones H2A, H2B, and H4 in tumor tissue with increased 18F-TFAHA accumulation.
The ongoing studies in brain tumor-bearing rats undergoing treatment with HDAC inhibitor vorinostat are aimed to
assess the feasibility of PET/CT/MRI with 18F-TFAHA for pharmacodynamic monitoring therapies with HDAC class IIa
inhibitors. Ultimately, we aim to translate 18F-TFAHA PET/CT/MR imaging into the clinic.
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Fig 1. Representative images of intracerebral U87 glioblastoma xenografts in rats. Top row:T2-weighted MRI images
(TE: 38 ms, TR: 3530 ms, resolution: 0.125 x 0.125 mm2 / pixel); Middle row: 18F-TFAHA PET/CT/MRI fusion
images, at 20 minutes post injection of radiotracer; Bottom row: 18F-TFAHA PET/CT images. <br />
Fig 2. Panel of adjacent U87 tumor containing rat brain sections stained with H&E and IHC with H2AK5, H2BK5, H4K8
antibodies.



CONTROL ID: 2501286
TITLE: Phototheranostics of cancer associated fibroblasts in triple negative breast cancer
PRESENTER: Jiefu Jin
ABSTRACT BODY: 
Abstract Body: Introduction: Stromal cells such as cancer associated fibroblasts (CAFs) mediate many of the
aggressive characteristics of cancer1 and have an ever-replenishing supply that is largely left intact by our current
therapeutic strategies.2 Triple-negative breast cancer (TNBC) is one of the most lethal subtypes of breast cancer that
has limited treatment options. Fibroblast activation protein-α (FAP-α), a cell surface glycoprotein selectively expressed
by CAFs provides a potential therapeutic target for CAF-specific phototherapy in TNBC treatment. Here, we
developed a FAP-α-targeted monoclonal antibody (mAb) photosensitizer conjugate and demonstrated combined
fluorescent detection and phototherapy of FAP-α expressing CAFs in TNBC.
 
Method: FAP-α mAb and mouse IgG control were conjugated with a NIR phthalocyanine dye, IR700, to form FAP-
IR700 and IgG-IR700. SDS-PAGE and UV spectroscopy were performed to determine the purity and composition of
the conjugates. Bilateral tumor models were established by inoculating 2×106 MDA-MB-231 cells or 2×106 MDA-MB-
231 cells mixed with 1×106 human mammary fibroblast cells (HMFs) in 0.05 ml of Hanks balanced salt solution on
either side in the mammary fat pad of athymic Balb/c (nu/nu) female mice. 100 μg of FAP-IR700 or IgG-IR700 was
injected i.v., and fluorescence images of IR700 in mice were obtained over a 2-day period (n = 4 per group).
Fluorescence images were acquired on Li-Cor Pearl® Impulse under identical experimental conditions. At 48 h post
injection, mice were euthanized, and main organs and tumors were isolated and placed in a 10-cm petri-dish for
imaging. For phototherapy, MDA-MB-231 tumor bearing mice received two i.v. injections of 200 μg of FAP-IR700 with
one week interval, and tumors were exposed to NIR irradiation at 100 J/cm2 at 24-h p.i. Mice were monitored over a 3
week-period by measuring tumor diameters by digital caliper. PBS treated mice were used as controls.
 
Results and Discussion: Figure 1a demonstrates the preferential accumulation of FAP-IR700 in MDA-MB-231 and
MDA-MB-231 plus HMF tumors compared to control immunoconjugate of IgG-IR700, due to the specific binding of
FAP-IR700 with CAFs recruited by MDA-MB-231 cells during tumor progression. The fluorescence intensity of FAP-
IR700 in tumors reached a maximum at around 12 h post injection. Ex vivo data shown in Figure 1b verify the
targeting capability of FAP-IR700 and identify renal and hepatobiliary clearance of the immunoconjugates.
Enhancement of FAP-IR700 fluorescence in the tumor periphery is consistent with the characteristic localization of
CAFs in peripheral regions. FAP-IR700 is activated by NIR light, causing cell death once it binds to CAF membranes
in MDA-MB-231 tumors. FAP-IR700 injection together with NIR light exposure results in selective elimination of CAFs
and a significant growth delay in MB-MDA-231 tumors (Figure 1c). This novel phototheranostic strategy selectively
targets and eliminates CAFs, providing novel opportunities to treat aggressive TNBC.
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Figure 1. Preferential accumulation of FAP-IR700 in MDA-MB-231 tumors and tumor growth inhibition following
phototherapy. (a) NIR fluorescence in vivo imaging of nude mice bearing bilateral tumors (upper, MDA-MB-231 with
HMF; lower, MDA-MB-231) over a 48-h period and (b) fluorescence images of tumors, tumor slices and main organs
at 48-h p.i. 100 μg of FAP-IR700 or IgG-IR700 injected i.v. Notations: triangle and arrow symbols point to MDA-MB-
231 and MDA-MB-231 with HMF, respectively; H, heart; Li, Liver; Sp, spleen; Lu, lung; K, kidney; St, Stomach; B,
blood; M, muscle. (c) The tumor growth curve of MDA-MB-231 tumors in nude mice treated with FAP-IR700 and NIR
irradiation over 3 weeks p.i. Unirradiated MDA-MB-231 tumors from PBS-injected mice were used as control.



CONTROL ID: 2501296
TITLE: PET imaging of galectin-3 expression for detection of early breast carcinoma lesions in dense breast tissue
PRESENTER: Juri Gelovani
ABSTRACT BODY: 
Abstract Body: Mammography is the gold standard for breast cancer detection with sensitivity of 85%, which
decreases to 68% in women with dense breasts and to 48% in women with extremely dense breasts, making cancer
detection challenging. Additional methods for breast cancer screening have been developed, including: contrast-
enhanced mammography, tomosynthesis, automated whole breast ultrasound, advanced MRI and molecular imaging
(99mTc-MIBI gamma camera; 18F-FDG). However, early detection and differential diagnosis of malignant vs benign
breast lesions remains a major challenge in patients with dense breasts.
We have been developing novel approaches to early detection and differential diagnosis of malignant vs benign breast
lesions using PET imaging of galectin-3 (Gal-3), that is significantly overexpressed in breast carcinomas, as compared
to pre-malignant lesions. We developed a novel radiotracer 3-[18F]fluorophenylthio-digalactoside (18F-FPTDG) with
high binding affinity (Kd 14 nM) and specificity to Gal-3. In vitro radiotracer binding studies in a panel of MCF10-
derived cell lines with different degrees of malignancy and Gal-3 expression, demonstrated a highly significant linear
relationship between the level of Gal-3 expression and the magnitude of 18F-FPTDG binding to cell membranes (R2

=0.99).
Preliminary in vivo PET imaging studies with 18F-FPTDG in mice bearing MCF10DCIS tumor xenografts
demonstrated a rapid bi-exponential clearance of 18F-FPTDG from the blood (fast and slow clearance half-times: 0.5
and 10.5 min, respectively). 18F-FPTDG cleared predominantly via the hepatobiliary route, as evidenced by high
levels of radioactivity in the liver, increasing levels in duodenum and upper intestinal tract. The liver and kidney
clearance followed mono-exponential kinetics with half-times of ~120 min and 37 min, respectively. Renal clearance
was more active in mice, as evidenced by higher amounts of radioactivity in the bladder. The magnitude of catabolism
of [18F]FPDTG was negligible, as evidenced by very low levels of [18F]F2 accumulation in the bone at 60-75 min post
injection. The level of accumulation of [18F]FPDTG-derived radioactivity in the lungs, muscles, and other organs and
tissues was extremely low. Also, there was no measurable levels of [18F]FPDTG-derived radioactivity in the brain. In
contrast, there were distinct regions in the breast carcinoma xenograft with higher levels of [18F]FPDTG, especially in
the central regions (hypoxia). The half-time clearance of [18F]FPDTG from tumors was ~8 min, which was about twice
longer than clearance half-time from lungs and muscles – 4.5 and 4 min, respectively.
Additional studies are being conducted in various breast tumor xenograft models, as well as in PyVmT transgenic
mice, to assess the utility of PET/CT with [18F]FPDTG for differential diagnosis of benign vs malignant breast lesions
and for biopsy guidance.
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Figure 1. A) Dyanmic PET images of [18F]FPDTG in mice with DCIS breast carcinoma at baseline and after blocking
with TF-139 (Gal-3 inhibitor). B) Time-activity curves of [18F]FPDTG in diferent organs and tissues (average SUV
values ± error bars).
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TITLE: Radiation dosimetry studies novel Gal-3 selective PET imaging agent [18F]FPTDG in normal adult Sprague-
Dawley rats.
PRESENTER: Juri Gelovani
ABSTRACT BODY: 
Abstract Body: Galectins are a group of receptors that bind to β-galactoside moieties of lectins and are implicated in
the development of cancer, the pathogenesis of heart failure and ventricular remodeling after myocardial infarction,
infectious processes (e.g., HIV), various autoimmune inflammatory processes, and fibrotic diseases. In particular,
galectin-3 (Gal-3) expression is significantly upregulated in tumors during progression from benign to malignant
phenotype. Since Gal-3 is involved in the pathogenesis and progression of different cancers, non-invasive imaging of
Gal-3 expression in tissues may aid in the differential diagnosis of malignant vs benign lesions and development of
individualized anti-cancer therapies, employing Gal-3 as the target.
Currently, a Gal-3 selective di-galactoside derivative ligand, 3-(3-fluorophenyl triazolyl)-3-deoxy-3’-(3-fluorophenyl
triazolyl)-3’-deoxy-1-thio-β-D-digalactopyranoside (TD-139) is undergoing Phase I Clinical Trial (Bristol Meyers
Squibb, UK) in idiopathic pulmonary fibrosis patients. To test the feasibility of non-invasive PET imaging of Gal-3
expression, we developed a mono-substituted F-18 analogue of TD-139 ([18F]FPTDG). The radiosynthesis of [18

F]FPTDG was accomplished by a three step reaction, starting with nucleophilic 18F- radiolabeling of the meta-
trimethyltriflate salt of phenylacetylene. Once radiolabeled, [meta-[18F]phenylacetylene moiety was “clicked” with the
3’-(mono)azido-thiodigalactoside precursor, purified and acetyl-deprotected to generate 3-(3-[18F]fluorophenyl
triazolyl)-3-deoxy-3’-(3-fluorophenyl triazolyl)-3’-deoxy-1-thio-β-D-digalactopyranoside ([18F]FPTDG). A dose of 300-
500μCi of [18F]FPTDG (64.935mCi/mmol) in saline was injected i.v. into 6 Sprague-Dawley rats. Whole body PET
images were acquired at 8 min. intervals for 120 min. using a MicroPET R4 scanner (Siemens, TN), followed by CT
imaging on INVEON CT (Siemens, TN). The radiation doses for different organs and tissues were calculated based on
the obtained time-activity curves and scaled to the human organ radiation doses using OLINDA/EXMsoftware
(Vanderbilt University, TN). [18F]FPTDG was primarily excreted via the hepatobiliary route, as evidenced by high
levels of radioactivity in the liver during the early phase of clearance, followed by transit of radioactivity through the
intestines. The renal clearance was insignificant, as evidenced by very low amounts of radioactivity present in the
bladder; the radioactivity in the kidneys was localized predominantly to the renal cortex, with little radioactivity
registered in the renal pelvis or ureters. No substantial uptake or retention of [18F]FPTDG was observed in other
organs or tissues. [18F]FPTDG exhibited rapid bi-exponential clearance from the blood (fast clearance t1/2 = 0.5 min,
slow clearance t1/2 = 7.36 min). Some defluorination was observed as evidenced by low amounts of radioactivity
accumulation in the bone. Primary radiation dose-limiting organs were the liver and gallbladder. No acute
pharmacologic toxicity at radiotracer doses has been observed. It should be feasible to safely administer at least
10mCi of [18F]FPTDG for diagnostic PET imaging in human patients.
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Figure 1. A) Representative PET/CT images of [18F]FPTDG biodistribution over time after i.v. administration in a
Sprague-Dawley rat. B) Time-activity curves of [18F]FPTDG-derived radioactivity conecntration in different organs and
tissues (data - averages ± standard errors).
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ABSTRACT BODY: 
Abstract Body: Determining if cancer has spread beyond the primary tumor is a critical staging parameter with
implications for treatment and prognosis. Several types of cancer, including head and neck, breast, and skin cancer,
commonly metastasize to regional lymph nodes. In fact, the presence of cancer cells in the sentinel lymph node
(SLN), the first node to which a tumor drains, is a harbinger for more distant metastases. Therefore, it is common to
perform an invasive surgical procedure, known as the SLN biopsy, to remove and analyze the SLN. Patients
undergoing this procedure, however, are subject to side effects including nerve damage and lymphedema.1

Furthermore, false negatives persist in a relatively large number of cases.2 Therefore, a method that could
noninvasively determine the metastatic state of regional lymph nodes with high accuracy could greatly benefit cancer
patients.
 
We have developed a spectroscopic photoacoustic (sPA) imaging method to detect lymph node micrometastases
based on large-scale functional changes. We performed imaging in orthotopic metastatic mouse models of oral cancer
3 and breast cancer. We acquired co-registered sPA and US images of the regional lymph nodes after the primary
tumor had developed to several mm in diameter with a Vevo LAZR photoacoustic imaging system. We developed
custom algorithm to spectrally unmix oxy- and deoxy-hemoglobin. The presence of metastases was confirmed using
bioluminescence imaging of the luciferase-labeled cancer cells and histology.
 
Our results showed a significant decrease in oxygen saturation of hemoglobin (sO2) throughout the entire volume of
lymph nodes harboring micrometastases (p = 0.018) when compared to healthy nodes. This decrease in sO2 was
inversely related to the size of the metastasis (R2 = 0.80). In fact, nodes containing metastases smaller than 200 µm
exhibited a drop in sO2.
 
Overall, this method is easily translatable to the clinic because it is noninvasive and requires no exogenous contrast
agents. Furthermore, the detection of large-scale functional changes form micrometastases is a promising avenue to
improve sensitivity over existing techniques.
 
1 Langer, I. et al. Morbidity of Sentinel Lymph Node Biopsy (SLN) Alone Versus SLN and Completion Axillary Lymph
Node Dissection After Breast Cancer Surgery: A Prospective Swiss Multicenter Study on 659 Patients. Annals of
Surgery 245, 452-461, (2007).
2 Gershenwald, J. E. et al. Patterns of recurrence following a negative sentinel lymph node biopsy in 243 patients with
stage I or II melanoma. Journal of clinical oncology 16, 2253-2260, (1998).
3 Luke, G. P. & Emelianov, S. Y. Label-free Detection of Lymph Node Metastases with US-guided Functional
Photoacoustic Imaging. Radiology, 141909, (2015).
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Combined spectroscopic photoacoustic and ultrasound imaging (left) was used to measure the sO2 throughout the
volume of metastatic and healthy lymph nodes. The presence of metastases was confirmed via bioluminesence
imaging (right) and histology.
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TITLE: Modulating Nanoparticle Drug Delivery using Radiation and Heat
PRESENTER: Shawn Stapleton
ABSTRACT BODY: 
Abstract Body: Introduction. Nanomedicine drug delivery systems can deliver large doses of drugs specifically to
cancer, however only a modest improvement in anti-tumor efficacy has been observed. The limited efficacy is due in
part to substantial intra-tumoral heterogeneity of drug delivery system (e.g. liposomes) [1,2]. High-resolution pre-
clinical imaging has confirmed that the intra-tumoral distribution of a clinically relevant liposome drug delivery system
is heterogeneous throughout the tumor volume [3]. Here we investigate the ability for radiation (RT) and heat (HT) to
improve the intra-tumoral distribution of liposomes and the resulting effect on efficacy.
Methods. Micro-Computed tomography (CT) imaging was used to quantify the bulk accumulation and intra-tumoral
distribution of a liposome contrast agent (CT-liposome). Measurements were performed in an orthotopic MDA-MB-231
mouse xenograft. Tumors were pre-treated with 15 Gy of radiation (n=5), mild-hyperthermia (42oC; n=5), or untreated
(n=5) prior to CT-liposome administration. To investigate mechanism, interstitial fluid pressure (IFP), perfusion,
vascular permeability, vascular volume fraction and interstitial volume fraction were measured. Efficacy was evaluated
by pre-treating tumors prior to the administration of liposome doxorubicin (Doxil).
Results. Pre-treatment of tumors with RT and HT resulted in a 1.6 and a 1.9 fold increased in peak CT-liposome
accumulation. The rate of CT-liposome accumulation was substantially faster and persisted longer for HT compared to
RT and untreated tumors. The enhanced fraction of tumor volume increasing from 55% in untreated tumors to 70%
with RT and 75% with HT. RT and HT increased CT-liposome enhancement in the central tumor regions compared to
untreated tumors (Figure 1). Both RT and HT significantly decreased IFP, which explains the increased accumulation
of CT-liposomes in the central tumor region. RT had a modest effect on decreasing perfusion and vascular volume.
HT caused an increase in perfusion and the vascular volume. No changes to permeability or interstitial volume was
observed.. Pre-treating with RT and HT prior to Doxil significantly increased tumor growth delay compared to controls.
Conclusions. RT and HT improves the bulk accumulation and intra-tumoral distribution of liposomes. RT and HT
cause a significant drop in IFP, which likely contributes to improve trans-vascular pressure gradients, resulting in the
observation of improved accumulation of liposomes in the central tumor region. The substantial increase in perfusion
and vascular volume following HT, contributes to the increase bulk accumulation and intra-tumoral distribution of
liposomes compared the RT and untreated tumors.The improved of accumulation and intra-tumoral distribution of
liposomes by RT and HT significantly enhanced the efficacy of Doxil. RT and HT are viable strategies to improve the
accumulation of liposomes in solid tumors, which result in increased delivery of drug and increased tumor growth
delay.
[1] Simpson-Herren et al.,Cancer Chemoth Pharm 1988 22(2)
[2] Tannock et al. Clin Cancer Res. 2002, 8(3)
[3] Stapleton et al. J Controlled Release, 2013. 172 (1)
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TITLE: Simultaneous and Multiplexed in vivo Photoacoustic Imaging of Mixed-Targeted Nanoparticle Samples
PRESENTER: Hoang Lu
ABSTRACT BODY: 
Abstract Body: Photoacoustic (PA) imaging is an emerging imaging modality that can be considered as ultrasound
imaging whose contrast is dependent on a material’s optical absorption profiles. Current PA contrast agents are
limited by rapid renal/hepatic clearance and the broad spectral profiles of most contrast agents, including gold
nanorods, prevent the deconvolution of more than one PA agent at a time. We demonstrate the in vivo nanoparticle
imaging of perylene, phthalocyanine, and naphthalocyanine absorbers with sharp and minimally-overlapping PA
activities in the NIR window (Figure A) that enable multi-particle PA signal deconvolution. To the best of our
knowledge, we demonstrate the first example of simultaneous and multiplexed in vivo photoacoustic imaging of
mixed-targeted nanoparticle samples. The particles are capped with a dense brush of poly-ethylene glycol (PEG)
chains to provide long nanoparticle circulation times independent of the dye encapsulated, and are highly loaded
comprising up to >75% wt dye. The constructs have tunable sizes 30-120 nm in diameter, and exhibit an interesting R
3.6 power law relationship between particle size and per particle PA signal. The particles formed can be used to study
tumor accumulation rates and nanoparticle pharmacokinetic profiles over time within mice using PA imaging (Figure
B). The sharp PA wavelength profiles allow for spectral deconvolution and simultaneous imaging of particle
distribution, deoxygenated & oxygenated blood distribution, and tumor physiology (Figure C). The free end of the
particle-stabilizing PEG chains can be modified with a variety of tumor targeting moieties. In these studies, particles
are modified with varying levels of folic acid or RGD peptide ligand that target tumor cell surface receptors. Folate
targeted nanoparticles tagged with a single dye, and non-targeted nanoparticles tagged with a different, orthogonal
dye were co-injected and simultaneously imaged in vivo within mice harboring folate receptor alpha overexpressing
KB tumors (Figure D). We additionally demonstrate this capability using RGD targeted nanoparticles and integrin
overexpressing tumors. Non-modified particles exhibit low levels of accumulation due to the EPR effect, while 5%
modified particles exhibit enhanced binding. Over-modified particles (25%) are rapidly cleared from circulation and
result in overall decreased tumor accumulation. The effects of targeting on the rates and spatial distributions of
nanoparticle accumulation can be multiplexed using these constructs. Particles are formed using the block-copolymer
directed self-assembly process “Flash NanoPrecipitation”, and in whole are (1) are tumor-targeting, (2) have
independently tunable pharmacokinetic properties, (3) and have sharp absorption profiles that allow for the
simultaneous and multiplexed imaging of multiple contrast agents in vivo. The development of such PA imaging tools
expands the diagnostic capabilities of PA imaging.
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(A) Photoacoustic-wavelength activity profiles of four example particle constructs formed with the Flash
NanoPrecipitation process. The particle constructs have sharp and distinguishable peaks that enable multiplexed
imaging of several samples at a time. (B) Particle accumulation of injected constructs within KB tumors over time.
Particle pharmacokinetics can be studied using PA imaging. (C) In vivo imaging of PA particles and physiology of KB
tumors. Ultrasound images of tumor physiology, overlaid with particle, oxygenated hemoglobin, and deoxygenated
hemoglobin PA signals can be formed. (D) Simultaneous and multiplexed imaging of mixed-targeted nanoparticle
samples. Folate targeted nanoparticles tagged with a single dye, and non-targeted nanoparticles tagged with a
different dye can be co-injected and simultaneously imaged at the same time in vivo to folate receptor overexpressing
tumors.
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TITLE: Using preclinical magnetic resonance imaging (MRI) to monitor tumor and lymph node volume changes
induced in response to therapeutic vaccination with a depot-forming vaccine.
PRESENTER: Kim Brewer
ABSTRACT BODY: 
Abstract Body: Introduction: Understanding the mechanism of action and timing of cancer immunotherapies is crucial
to their clinical application, particularly since traditional metrics of treatment success may not apply1. Previously, we
used MRI to evaluate the effect of a novel vaccine platform, DepoVaxTM, on lymph node volume in a murine tumor
model after a single vaccination2,3. However, multiple vaccinations are typically used in clinical settings to maintain
immune responses over extended periods of time in advanced cancer patients. In this work we used MRI to monitor
tumor and lymph node responses in naïve and tumor-bearing mice after multiple rounds of vaccination and determine
if there were correlations with tumor control.
 
Materials & Methods: Ten female C57BL/6 mice, 4-6 weeks old, (n=5 per group) received three vaccinations on days
5, 19, and 33. Each vaccination consisted of 5μg of HPV16E749-57 peptide formulated in DepoVax in a 50μL s.c.
immunization in alternating flanks (right, left, right). Mice in group 2 were also implanted with 5x105 C3 cells s.c. into
the left flank on day 0 (tumor volumes shown in Fig S1). A 3T preclinical MRI was used to image tumors, vaccination
sites, and both inguinal lymph nodes simultaneously. All results were compared to data from a previous study in which
mice were implanted with C3 cells and obtained a single vaccination (same composition) on day 5 (manuscript under
review).
 
Results: Right lymph node (RLN) volumes increased immediately after the first vaccination and increased gradually
throughout the study (Fig 1). Three vaccinations yielded a larger increase that was sustained longer and at a higher
level (Fig S2).
 
Interestingly, in group 2, there was no noticeable increase in left lymph node (LLN) volume following multiple
vaccinations compared to a single vaccination, even though the second vaccination (on day 19) was done on the left
side (Fig 1). There was a noticeable increase in LLN volume in group 1 (non-tumor bearing) following second
vaccination on the left side. This likely indicates that increases in LN volume in tumor bearing animals due to the
immune response from vaccination is masked in comparison to volume increases induced by the presence of the
tumor in these mice.
 
We also evaluated the RLN/LLN ratio as a predictor of successful tumor suppression in this model. By day 12, all mice
that had successful tumor suppression at the end of the study demonstrated higher RLN/LLN ratios than the single
non-responding mouse, persisting until ~day 40 (Fig S3). We also saw correlations between the location of the initial
vaccination and the degree of RLN swelling (Table 1, Fig S4).
 
Conclusions: By using MRI to study a translational immunotherapeutic cancer model, we were able to better evaluate
the in vivo longitudinal responses to immunotherapy by the lymph nodes. These results indicate that successive
vaccinations aid in maintaining an immune response, but the first vaccination may be crucial for determining overall
success of the treatment.
 
1. Wolchuk et al. Clin Cancer Res 2009;15:7412.
2. Brewer et al. Vaccine 2014;32:6956.
3. Debay et al. Mol Ther – Meth Clin Dev 2015;Dec 16;2:15048.
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Figure 1- % Volumetric increases for both inguinal and popliteal lymph nodes at the group level. The RLN volumes
increased consistently throughout the study, even though the vaccination on day 19 was on the left side.  In group 1
(non-tumor bearing mice), the LLN volumes only increased following vaccination on day 19, while group 2 mice did not
have a noticeable increase in LLN volume at this time point, since there was already some LLN swelling due to the
presence of tumor cells. Mice also demonstrated large increases in the popliteal right lymph node volumes,
particularly in mice that also had large inguinal RLN increases.
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ABSTRACT BODY: 
Abstract Body: Introduction 
Dissolution DNP provides 10,000-fold signal enhancement to carbon-13 nuclei. Coupled with MR’s ability to resolve
both substrate and metabolites, DNP of 13C substrates has been used extensively for metabolic imaging in both pre-
clinical1 and proof-of-concept clinical studies2 to non-invasively assess metabolism. In addition to the Warburg Effect,
many cancers - such as renal cell carcinoma3

, breast4, and prostate cancer5 - overexpress MCT4. This
monocarboxylate transporter is primarily responsible for lactate efflux, resulting in acidification of the extracellular
space and conferring a poor prognosis5. Because of structural differences in the intra and extracellular
microenvironments, diffusion weighted imaging (DWI) of hyperpolarized [1-13C]pyruvate and lactate may provide
unique information on metabolite compartmentalization, potentially providing insight into lactate efflux and MCT4
expression in a rapid, non-invasive manner. In this work, we explore the utility of hyperpolarized ADC mapping of
pyruvate and lactate to assess lactate efflux and MCT4 expression in the Transgenic Adenocarcinoma Mouse
Prostate (TRAMP) model.
 
Methods 
Animals were initially separated into two cohorts (early or late stage) by tumor size and appearance on T2-weighted
images. All data were acquired on a Varian 14T MRI scanner with high performance gradients. Hyperpolarized [1-13

C]pyruvate was administered via tail-vein injection, and 30s after the start of injection metabolites were excited with a
singleband spectral-spatial RF pulse and encoded with a single-shot, double spin echo flyback EPI readout. In-plane
resolution was 2 x 2 mm with 12mm slice thickness. Four b-values (50, 300, 600, 1000 s/mm2) were acquired per
metabolite, with a constant flip angle of 30°. ADC maps were calculated, and a mean value was determined over a
ROI chosen by T2-weighted images. As a comparison, 1H diffusion weighted spin echo images were acquired with an
in-plane resolution of 0.31 x 0.31 mm, 1mm slice thickness, b = 25, 188, 331, 515 s/mm2.
 
Results & Discussion 
Representative multiparametric TRAMP data can be seen in Figure 1. ADC data are summarized in Table 1. With 1H
DWI, the reduction in ADC has been previously shown to correlate with increasing cellularity for late stage disease,
recapitulating the progression of human prostate cancer6. Conversely, the lactate ADC significantly increases (p <
0.05, t-test) by more than 40% for late stage tumors despite the increase in cellularity, in line with increased MCT4
expression and lactate efflux. Interestingly, the pyruvate ADC remains unchanged, despite being a predominantly
extracellular metabolite in the hyperpolarized study7. Disease progression was characterized by heterogeneity,
highlighting the importance of spatial localization. Despite the small sample size, these initial results provide evidence
that DWI of hyperpolarized substrates can identify in vivo changes in MCT4 expression and lactate efflux.
 
1Albers, Cancer Res 68(20): 2008
2Nelson, STM 5(198): 2013
3Keshari, Cancer Res 73(2): 2013
4Witkiewicz, Cell Cycle 11(6): 2012
5Pertega-Gomes, BMC Cancer 11(1): 2011
6Song, Cancer Res 62(5): 2002
7Kettunen, MRM 70(5): 2013
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Representative multi-parametric TRAMP data. A 1H T2W image is shown for reference on the left. As prostate cancer
progresses, 1H ADC decreases due to increasing cellularity. In contrast, pyruvate ADC remains unchanged. Lactate
ADC increases as disease progresses, likely due to increased MCT4 expression and lactate efflux.
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fragments for microPET/CT imaging of patient-derived pancreatic cancer xenografts in mice.
PRESENTER: Amanda Boyle
ABSTRACT BODY: 
Abstract Body: Background: Novel imaging approaches and treatments are needed for pancreatic cancer (PC) due to
its high fatality. We are investigating 64Cu-labeled panitumumab F(ab')2 fragments [PmabF(ab')2] targeting epidermal
growth factor receptors (EGFR) overexpressed on >90% of tumors, as PET imaging and radioimmunotherapeutic
(RIT) agents for PC. Our objective was to link metal-chelating polymers (MCPs) that complex multiple 64Cu to
PmabF(ab')2 for high specific activity radiolabeling to amplify the sensitivity for tumor imaging and potency for RIT. We
examined MCPs with 19 repeat units and different numbers of pendant PEG chains (2PEG2K, 4PEG2K, and 8PEG2K
) for their in vitro and in vivo characteristics and for PET/CT linked to PmabF(ab')2.
Methods: Unconjugated 64Cu-MCPs were injected i.v. into non-tumor bearing BALB/c mice and biodistribution was
determined at 48 h post-injection (p.i) to assess the effect of the number of PEG2K pendant chains per MCP on blood
retention and normal tissue uptake. MCPs were conjugated to PmabF(ab')2 via bis-aromatic hydrazone formation. 64

Cu-PmabF(ab')2-MCPs were assessed for EGFR immunoreactivity in a 1-point (concentration) binding assay using
PANC- 1 PC cells (4 x 105 EGFR/cell) with competition by excess panitumumab to measure specific binding. PET/CT
and biodistribution studies were performed at 48 h p.i in NOD-scid mice engrafted orthotopically with patient-derived
OCIP23 PC tumors.
Results: Organ uptake of unconjugated 64Cu-labeled MCPs in BALB/c mice at 48 h increased with increasing
numbers of PEG2K pendant chains. The proportion of specific binding in vitro to EGFR for PmabF(ab')2-2PEG2K,
PmabF(ab')2-4PEG2K, and PmabF(ab')2-8PEG2K was 90.7±0.2%, 47.2±4.2%, and 56.0±0.8%, respectively.
PmabF(ab')2-2PEG2K and PmabF(ab')2-8PEG2K were selected for studies in tumor-bearing mice to examine
whether better retained binding for EGFR or prolonged blood circulation time would provide optimal tumor uptake.
Uptake in orthotopic OCIP23 tumors at 48 h p.i. for PmabF(ab')2-2PEG2K and PmabF(ab')2-8PEG2K were 4.9±0.5
%ID/g and 7.3±0.23 %ID/g, respectively. For both radioimmunoconjugates liver and spleen uptake was moderate and
kidney uptake was low.Tumors were visualized by PET/CT for PmabF(ab')2-8PEG2K, and will be performed with
PmabF(ab')2-2PEG2K.
Conclusions: Prolonged retention in the blood was achieved for MCPs with increasing numbers of PEG2K chains.
Specific EGFR binding was maintained for PmabF(ab')2-2PEG2K, while it was partially reduced for PmabF(ab')2-
4PEG2K and PmabF(ab')2-8PEG2K. Orthotopic PC xenografts had superior tumor uptake with PmabF(ab')2-2PEG2K
 than PmabF(ab')2-8PEG2K, indicating that 2PEG2K is a sufficient number of PEG pendant chains to provide
prolonged blood circulation time while retaining high specific binding for their EGFR target to allow for tumor
accumulation. These results are promising for the application of 64Cu-MCP-conjugated PmabF(ab')2 for PET/CT and
RIT of PC.
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Posterior whole-body microPET/CT images of NOD-scid mice implanted with orthotopic pancreatic patient-derived
pancreatic cancer xenografts at 24 h and 48 h post-injection with 64Cu-labeled PmabF(ab')2-8PEG2K. Tumour
xenografts are visualized in each image (red circle).
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TITLE: Oxygen-Enhanced Magnetic Resonance Imaging Response Fractions Indicate Tumor Response to
Hypofractionated Irradiation in Rat Prostate Tumors 
PRESENTER: Ralph Mason
ABSTRACT BODY: 
Abstract Body: It is widely recognized that hypoxia contributes to radiation resistance in tumors and this is expected to
be particularly relevant for newer hypofractionated approaches, such as SBRT (stereotactic body radiation therapy). It
was recently reported (Hallac et al., Magn. Reson. Med., 71, 1863-1873 2014) that tissue oxygen level dependent
(TOLD) MRI contrast allowed tumors to be stratified in terms of benefits of oxygen administration during a single high
radiation dose to rat tumors. This prompted the investigation presented here in term of Oxygen-Enhanced Magnetic
Resonance Imaging (OE-MRI) with respect to a split dose irradiation paradigm. OE-MRI (including semi-quantitative
and quantitative responses of relaxation rates (R1 and R2*) to an oxygen breathing challenge were evaluated in
Dunning R3327-AT1 rat prostate tumors (n = 25) at 4.7 T prior to each irradiation (2Fx15 Gy). Response to radiation,
while inhaling air or oxygen, was assessed by tumor growth delay measured as time to reach four times the initial
irradiated tumor volume (T4). Radiation-induced hypoxia changes were confirmed using a double
immunohistochemical (IHC) hypoxia marker assay.
Radiation caused a significant tumor growth delay with VQT = 13 days (control) vs 39 days (irradiated). Inhaling
oxygen per se did not generate a further significant benefit (41 vs. 37 days), but a wide range of T4 was observed (25
to 80 days). Notably, the responsive volume of some tumors showed a much greater BOLD response. When more
than 10% of the tumor showed a significant increase in BOLD (T2*-weighted signal) in response to an oxygen
breathing challenge before the first fraction, then tumors showed significantly greater tumor growth delay (Fig. 1a:
Kaplan Meier). One week after the first irradiation and before the second dose many tumors showed improved
oxygenation (Fig. 1b: MRI and IHC) and now both TOLD and BOLD responses were related to tumor growth delay.
Historically most MRI investigations have focused on the magnitude of BOLD and TOLD responses, but the current
data suggest that extent of response may be highly relevant. Indeed this would tend to match the hypoxic fractions
assessed using oxygen electrodes, IHC and PET biomarkers of hypoxia. Extensive reoxygenation was confirmed
using a pulse chase immunohistochemistry approach using the method of Ljungkvist et al., (Radiat. Res., 167, 127-
1452007)). The results indicate useful prognostic factors to predict tumor response to hypofractionation and could
readily be applied for patient stratification and personalized radiotherapy treatment planning.
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<br />
A) Time to quadruple in volume following irradiation. Red curve rats breathing oxygen where tumors showed large
BOLD response fraction (>10%). Pink is small response for O2-breathing, while blue and green represent air (large
and small response, respectively) (p<0.004). B) Observations of tumor reoxygenation. Voxel-by-voxel TOLD response
fraction maps overlaid on MR images. MR images and response fraction maps showed increased number of voxels
modulated in response to oxygen challenge after irradiation for rat breathing oxygen. C) Distributions of hypoxia
markers pimonidazole and CCI-103F were consistent with smaller hypoxic fraction.
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ABSTRACT BODY: 
Abstract Body: Introduction: Glucose is preferentially metabolized to lactate in solid tumors by the Warburg effect,
leading to elevated lactate levels1. Lactate accumulation in solid tumors is suggestive of altered metabolism and,
possibly, hypoxia. Magnetic resonance spectroscopic imaging (MRSI) is a useful technique for mapping the spatial
distribution of lactate in vivo. However, MRSI does not currently find a place in routine clinical protocols due to the
long scan time involved. MRSI can potentially be accelerated by employing acceleration strategies like compressed
sensing (CS) that permit accurate reconstructions even when the k-space is undersampled well below the Nyquist
limit2-3. The objective of this study was to achieve rapid imaging of lactate by combining spectrally-edited MRSI with
CS. Changes in lactate levels in response to treatment were also assessed by acquiring CS-accelerated lactate maps
for tumor mice treated with combretastatin A4 phosphate (CA4P)4, an anti-angiogenic agent.
 
Methods: A MRSI sequence was developed on a Bruker 7 T preclinical MRI scanner that contains spectral editing
components for the selective excitation of lactate5, with pseudo-random undersampling of the k-space ‘on the fly’ for
prospective CS acquisitions. The developed lactate-CS-MRSI sequence was tested in vivo, in mice subcutaneously
implanted with H1975 tumors. Baseline lactate CS-MRSI datasets were acquired (1X-5X) prior to administering CA4P
(83 mg/kg body wt), and 24 hours after injection of the prodrug. Undersampled MRSI datasets were reconstructed in
Matlab by casting the reconstruction as a convex minimization problem3. The lactate maps for all acceleration factors
were quantitatively compared with the reference 1X dataset using metrics like the SNR and peak amplitude to assess
the fidelity of the CS reconstructions.
 
Results: Figure 1(a) depicts the lactate-CS-MRSI sequence, while Figure 1(b) shows lactate maps in tumor mice for
prospectively acquired CS-MRSI datasets 2X-5X. Maps showing lactate metabolism in response to CA4P treatment
and dextrose injection are illustrated in Figures 2 and 3, respectively (supplementary file). A decrease in lactate was
seen 24 hours post-CA4P injection (1X pre/post=295/206 a.u., 5X pre/post = 311/201 a.u., mean integrated intensity).
The H1975 tumor mice injected with dextrose served as the control cohort. As expected, no significant difference was
found in the total lactate level over the tumor volume (1X pre/post=278/263 a.u., 5X pre/post =269 /265 a.u.) 24 hours
post dextrose injection. In both cases, CS reconstructions demonstrated high fidelity with the 1X dataset, both pre-
and post CA4P therapy/dextrose injection.
 
Conclusion: Changes in lactate metabolism in response to therapy were rapidly mapped using spectral editing and CS
undersampling, introducing the possibility of using non-invasive lactate imaging as a powerful prognostic marker.
 
References:[1] Doherty et al, J Clin Invest, 2013; 123(9): 3685-3692.[2] Lustig et al, MRM, 2007; 58 (6): 1182-1195.[3]
Geethanath et al, Radiology, 2012; 262 (3): 985-994.[4] Beauregard et al, Br J Cancer, 1998; 71(11): 1761-1767.[5]
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TITLE: Pre-clinical evaluation of novel ImmunoPET radiotracers for human immune PD-L1 checkpoint imaging
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ABSTRACT BODY: 
Abstract Body: Cancers have evolved to upregulate tolerogenic immune checkpoints, such as PD-L1, to suppress and
evade the immune system. Although therapeutic antibodies targeted to block these immunosuppressive signaling
pathways have exhibited remarkable success, many patients still do not respond to treatment. Imaging scientists are
racing to validate biomarkers and develop tools to enable clinical response prediction, patient stratification and
therapeutic monitoring of cancer immunotherapies. ImmunoPET offers the potential means to noninvasively assess
dynamic immune checkpoint expression and the complex pharmacokinetics of antibody based drugs. Unfortunately,
antibodies as imaging agents pose unique challenges including long blood circulation half-lives and high non-specific
background. The engineering of small, high-affinity protein binders can potentially overcome these limitations and
provide an accurate means to assess biomarkers for clinical checkpoint blockade. We have developed high affinity
consensus (HAC)-PD1 [size = 14 kDa; kD = 100pM], the first engineered binder to be employed for human PD-L1
immune checkpoint imaging. Here we sought to optimize ImmunoPET imaging of human PD-L1 expression, in a pre-
clinical model, and assess the impacts of common radiotracer design parameters including chelate, glycosylation, and
radiometal on tumor specific uptake and biodistribution.
 
Five HAC-PD1 radiotracer variants were developed and assessed by small animal PET/CT studies. NSG mice were
inoculated with subcutaneous tumors engineered to either be constitutively positive (CT26 hPD-L1) or negative
(ΔmPD-L1 CT26) for human PD-L1 expression and imaged with 20-60 µCi (~10 µg) of each HAC-PD1 radiotracer
variant (3-6 mice/group). Of the design parameters tested, aglycosylating the radiotracer resulted in the greatest
improvement in image quality showing significantly reduced nonspecific signal. The Cu64 variants accurately
visualized PD-L1 expression, with Cu64-NOTA-HACA-PD1 exhibiting the highest tumor specific uptake [hPD-L1+
tumor: 2.3±0.1 %ID/g; hPD-L1- tumor: 0.9±0.3 % ID/g] and lowest background. Ga68 variants, which are more
amenable to widespread clinical access, showed favorable biodistribution profiles, including Ga68-DOTA-HACA-PD1
which had the highest observed target tumor to background ratios for muscle [15.2x], lungs [6.3x], spleen [52x],
pancreas [7.8x], small intestine [9.2x], large intestine [5.2x], bone [6.8x], and brain [68.2x]. The tracers primarily
underwent renal clearance. Notably, all HAC-PD1 radiotracer variants enabled much earlier detection of human PD-L1
expression (1h post injection) than previously reported radiolabeled antibodies (> 24h post injection). This work
provides a template for assessing ImmunoPET tracer design parameters and strongly supports the translation of small
engineered protein radiotracers for imaging human immune checkpoints.
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CONTROL ID: 2493264
TITLE: Early Glioblastoma Detection by Sensitive MR Imaging of Deoxyhemoglobin Biomarkers 
PRESENTER: Zhao Li
ABSTRACT BODY: 
Abstract Body: Early detection of high-grade malignancy, such as glioblastoma multiforme (GBM), using enhanced
MR Molecular Imaging techniques significantly increases not only the treatment options available, but also the
patients’ survival rate. For this purpose, we have developed a new method, termed “Active-Feedback Controlled MR”,
to enhance the contrast originated from local magnetic-field gradient variations due to irregular water contents and
deoxyhemoglobin concentration in early GBM [1].
 
The general principles of the “Active-Feedback Controlled MR” can be found in our publications [2-5]. Here, its specific
applications to image deoxyhemoglobin in early GBM were developed and demonstrated. (i) First, an active-feedback
electronic device was home-built to generate feedback fields from the received FID current. The device is to filter,
phase shift, 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 active-feedback pulse sequences to control the trigger signal, feedback phase/gain, and the duration of
the feedback fields, allowing us to utilize the active feedback fields in novel ways. (ii) Next, an active-feedback pulse
sequence was developed for early GBM detection and was statistically tested on in vivo orthotopic GBM mice models
to enhance the contrast originated from local magnetic-field gradient variations due to irregular water contents and
deoxyhemoglobin concentration in early GBM [5].
 
Stage-1 orthotopic GBM mouse models infected with human U87MG cell line were imaged. Representative results
from 5 mice were shown in Fig. 2. While T2 parameter images (3rd column), T2-weighted images (4th column), and
T1-Gd-weighted images (5th column) could not successfully locate the early GBM tumor, our active-feedback fixed-
point images (2nd column) and decay constant mapping (1st column) successfully highlight the early GBM tumor with
a close correlation with histopathology (6th column). Statistical results (N=22) show that this new approach provides 5-
6 times of improvements in GBM tumor contrast, as measured by “contrast-to-noise ratio” (CNR) or “Visibility”.
 
In vivo orthotopic xenografts GBM mouse models validated the superior contrast/sensitivity and robustness of this
approach towards early GBM detection. Statistical results (N=22) for GBM mouse models at various cancer stages,
alternative active feedback pulse sequences with further improved performance will also be presented.
 
[1] Magn. Reson. Med. (in press) [2] Science 290, 118 (2001) [3] Magn. Reson. Med. 56, 776 (2006) [4] Magn. Reson.
Med. 61, 925 (2009) [5] J. Phys. Chem. B 110, 22071 (2006)
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CONTROL ID: 2493543
TITLE: Immediate cancer detection via a pH-sensitive fluorogenic spray
PRESENTER: Young Kim
ABSTRACT BODY: 
Abstract Body: Ovarian cancer is the leading cause of death among malignancies of the female reproductive system.
Due to the absence of identifying symptoms in early disease and the lack of effective screening methods, most
women are diagnosed at an advanced stage. Once ovarian cancer is diagnosed, cytoreductive surgery is usually
performed to debulk the tumor and then chemotherapy is administered to kill residual tumor cells. Large tumors,
readily seen by surgeons, will be removed immediately; however, smaller lesions that may be invisible to surgeons
might be left behind and cause recurrence. A highly sensitive and specific sprayable pH-sensitive fluorogenic probe,
which is fluorescent after cellular internalization and localization in the acidic organelles (≦pH 5.5), was thus
developed to visualize tumor and direct surgical procedures. This cyanine pH-sensitive (CypH-1) dye was synthesized
by conjugating a pH responsive amino group onto a Cy7 dye [1]. The dye has appropriated tissue-philicity. In culture
studies, the probe was absorbed by cancer cells quickly and intracellularly emitted a bright fluorescent signal. A
SKOV-3 ovarian adenocarcinoma xenograft model was then used to validate the feasibility of the cancer spray. CypH-
1 solution (2 microM) was directly sprayed onto the area, and imaged in real time. In less than 30 seconds, a
noticeable signal contrast rapidly developed around the tumor and the maximum contrast was seen at around 3-5 min
(Figure 1). Pathological analysis confirmed that the high fluorescence signal was confined in the cytoplasm of tumor
cells within the peripheral area of tumor. Its clinical potential is currently tested with freshly harvested human ovarian
tumor tissue. The rapid signal development of the fluorogenic dyes will allow for real-time guidance in the operating
room. It can be used to guide surgical excisions by pinpointing the exact location of small lesions; and identify patients
with clearly detected tumor burden for further treatment. In addition, the developed cancer spray is a single
component agent that requires no complex targeting moieties, such as antibodies, aptamers, or peptides, making the
probe’s clinical transition economically more feasible.
 
[1] Tung CH, et al. A quick responsive fluorogenic pH probe for ovarin tumor imaging. Theranostics. 2015;5:1166-
1174.
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Fig1. In vivo images of CypH-1 spray in SKOV3 ovarian cancer model. The CypH-1 fluorescence signal was rapidly
developed within 30 seconds after spraying and the signal increased over time. High specific signal was observed in
the peripheral area of the tumor (GFP).



CONTROL ID: 2493601
TITLE: 11C-Glutamine and 18F-FDG PET guided studies targeting glucose and glutamine metabolism with erlotinib
and CB-839 in EGFR mutant non-small cell lung cancer
PRESENTER: Sean Bailey
ABSTRACT BODY: 
Abstract Body: Abstract: 
Cancer cells exhibit increased use of nutrients including glucose and glutamine to support the bioenergetic and
biosynthetic demands of proliferation. Much effort has been dedicated to targeting these metabolic properties in
cancer, and a small molecule inhibitor of glutaminase that impairs glutamine utilization – CB-839 – is now undergoing
Phase I evaluation for the treatment of malignancies including lung cancer. Additionally, rational treatment
combination strategies with glutaminase inhibition are being explored. Since erlotinib treatment reduces lung cancer
cell glucose metabolism in vitro(1) and in patients(2), we tested the impact of CB-839 treatment in combination with
erlotinib on EGFR mutant non-small cell lung cancer (NSCLC) with the hypothesis that dual treatment of CB-839 with
erlotinib may simultaneously impair cancer glucose and glutamine utilization and thereby eliminate tumor growth. CB-
839 synergized with erlotinib to decrease proliferation of EGFR mutant NSCLC cell lines and induced tumor
regression in vivo in mouse NSCLC xenografts. Combined treatment with CB-839 and erlotinib induces tumor
energetic stress and cell death (see Persuasive data). Consistently, positron emission tomography (PET) imaging with
18F-fluoro-2-deoxyglucose (18F-FDG) and 11C-Glutamine (11C-Gln) of mice with NSCLC xenograft tumors indicates
reduced tumor glucose and glutamine uptake post treatment with CB-839 in combination with erlotinib (see
Persuasive data). Therefore, PET with 18F-FDG and 11C-Gln can be used to non-invasively monitor tumor metabolic
and therapeutic response to the CB-839 and erlotinib combination therapy (see Image). Given these results, PET
imaging guided treatment with erlotinib and CB-839 represents an effective biomarker-driven strategy for treating
NSCLC patients bearing EGFR mutations.
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CONTROL ID: 2493634
TITLE: Acoustic behavior of Halobacterium salinarum gas vesicles (GVs)in the high frequency range: experimental
results, modeling, and initial GV contrast imaging of tumors.
PRESENTER: F. Stuart Foster
ABSTRACT BODY: 
Abstract Body: Introduction: Gas vesicles are a new and unique class of biologically derived ultrasound contrast
agents with sub-micron size whose acoustic properties have not been fully elucidated. In this study, we investigated
the acoustic collapse pressure and experimental and theoretical behavior of Halobacterium salinarum gas vesicles at
transmit center frequencies ranging from 12.5 to 27.5 MHz.
Methods: Halo GVs were purified and quantified as previously described[1] . GVs were diluted to an optical density
equal to 1.0 (at 500 nm: OD500) in PBS for hydrostatic collapse measurements. GV solutions were further diluted for
high frequency ultrasound characterization. The probe beam characteristics and pressure levels were determined
from measurements performed in water using a 40-µm needle hydrophone (HPM04/01, Precision Acoustics,
Dorchester, Dorset, UK), which was calibrated to 60 MHz (National Physical Laboratory, Teddington, Middlesex, UK).
Collapse pressure was investigated in two sets of experiments performed in a phantom consisting of GVs embedded
in a low concentration agar matrix. In such a phantom, GV motion potentially induced by micro-streaming and/or
radiation force was prevented. In vivo tumor studies were performed on Lewis Lung Carcinoma in SHO mice at 14 and
20 days. The total injected volume was 300 ul and an infusion rate of 500 um/min.
Results: 
The acoustic collapse pressure was found to be above 550 kPa at all frequencies, 9 fold higher than the critical
pressure observed in hydrostatic conditions (Fig 1a below). We show that gas vesicles behave non-linearly with strong
2nd harmonics when exposed to ultrasound at incident pressure ranging from 160 kPa to the collapse pressure(Fig
1b), and generate second harmonic amplitudes of -2 to -6 dB below the fundamental in media with viscosities ranging
from 0.89 to 8 mPa-s. Simulations performed using a Rayleigh-Plesset type model accounting for buckling, and a
dynamic finite element analysis, suggest that buckling is the mechanism behind the generation of harmonics. We
found good agreement between the level of second harmonic relative to the fundamental measured at 20 MHz and
the Rayleigh-Plesset model predictions. Finite element simulations extended these findings to a non-spherical
geometry, confirmed that the acoustic buckling pressure corresponds to the critical pressure in hydrostatic conditions,
and support the hypothesis of limited gas flow across the GV shell during the compression phase in the frequency
range investigated. From simulations, estimates of GV bandwidth-limited scattering indicate that a single GV has a
scattering cross-section comparable to that of a red blood cell. These findings will inform the development of GV-
based contrast agents and pulse sequences to optimize their detection with ultrasound. Preliminary visualization of
GV contrast in the LLC tumors will be presented. Wash-in kinetics were clearly visible and further indicate the potential
value of GVs as contrast agents.
 
 
[1] M. G. Shapiro et al Nat Nanotechnol, vol. 9, pp. 311-6, 2014.
AUTHORS (LAST NAME, FIRST NAME): Cherin, Emmanuel2; Melis, Johan M.3; Bourdeau, Raymond W.5; Yin,
Melissa2; Kochmann, Dennis M.4; Shapiro, Mikhail G.5; Foster, F. Stuart1, 2

INSTITUTIONS (ALL): 
1. Medical Biophysics, University of Toronto, Toronto, ON, Canada.
2. Physical Sciences, Sunnybrook Research Institute, Toronto, ON, Canada.
3. Division of Biology and Biological Engineering, California Institute of Technology, Pasedena, CA, United States.
4. Engineering and Applied Science, California Institute of Technology, Pasedena, CA, United States.
5. Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA, United States.



Figure 1. a) 20MHz US image of GVs in a gel phantom pre-exposed to high frequency us pressures ranging from 217
kPa to over 1.0MPa. Regions of exposure show disruption of GVs at pressures over about 550 kPa. The zone of
disruption increases with increasing pressure. b) levels of backscatter from GVs exposed near the disruption threshold
for frequencies ranging from 12.5 MHz to 27.5 MHz. Note the increased 2nd harmonic of the GVs relative to those
coming from solid microbeads. This non linearity is essential for effective contrast imaging.



CONTROL ID: 2493640
TITLE: Targeting phosphatidylserine with a 68Ga- and 64Cu-labeled peptide for imaging apoptosis
PRESENTER: Melinda Wuest
ABSTRACT BODY: 
Abstract Body: Aim: To date, no imaging probe is in routine clinical use for the detection of apoptosis. Molecular
targeting of phosphatidylserine (PS) as early biomarker of cell death is on the current forefront for the development of
an apoptosis imaging agent. Various 18F-labeled PS-binding hexapeptides were not suitable as PS-binding PET
imaging agents [1]. The goal of the present study was to study radiometal-labeled PS-targeting peptide sequence
PSBP-6 (FNFRLKAGAKIRFG) [2] in a preclinical apoptosis model.
Methods: NOTA-modified PSBP-6 was labeled with 68Ga and 64Cu. Non-radioactive complexes were studied as
reference compounds in a competitive radiometric binding assay using 64Cu-NOTA annexin V as radiotracer.
Metabolic stability in vivo was tested in mouse plasma samples. Specific targeting of PS as biomarker of apoptosis
was analyzed (A) in camptothecin-treated EL4 cells in vitro and (B) with cyclophosphamide / etoposide-treated EL4
tumors in vivo using PET imaging. In addition, FITC-labeled PSBP-6 was analyzed with flow cytometry and confocal
microscopy in the same in vitro model.
Results: NOTA-modification of the 14-mer PSBP-6 lowered IC50 from 600 to 30 mM to compete with 64Cu-NOTA
annexin V for binding to PS. Introduction of metal ions Ga3+ and Cu2+ did not further change potency (33 and 23
mM). Compared to hexapeptides [1] binding of modified 14-mer PSBP-6 was 2 to 3 orders of magnitude higher.
Labeling with 68Ga and 64Cu resulted in radiochemical yields of 63% and >95% with logD7.4 values of -1.6 to -1.7.
Compared to 68Ga-NOTA-PSBP-6, the 64Cu-NOTA PSBP-6 was slightly less stable in vivo: 78% vs. 83% after 5 min
p.i. and 58% vs. 31% after 60 min p.i.. After 60 min binding of 64Cu-NOTA-PSBP-6 to camptothecin-treated EL4 cells
increased from 185 to 286 % radioactivity/mg protein. Presence of 2.5 mM Ca2+ increased binding further to 429 %
radioactivity/mg protein. Dynamic PET experiments in cyclophosphamide/ etoposide-treated EL4 tumors revealed
significant higher binding of 64Cu-NOTA-PSBP-6 after 5 min p.i. (SUV 0.74 vs. 0.95), however, over time, the
radioactivity was washed out with no detectable difference in uptake levels after 60 min p.i.. Flow cytometry using
FITC-PSBP-6 revealed doubled binding to apoptotic EL4 cells and confocal microscopy showed FITC-PSBP-6 binding
to cell membrane in early apoptotic cells, while it was internalized in late apoptotic cells.
Conclusions: The present analysis of 68Ga- and 64Cu-NOTA 14-mer PSBP-6 showed that this peptide has a higher
binding potency to PS compared to 18F-labeled hexapeptides, and that this sequence binds to early apoptotic cells in
vitro. The 14-mer peptide is also more stable in vivo and PET imaging analysis revealed higher binding in apoptotic
tumor cells. The 68Ga- and 64Cu-NOTPSPB-6 represents a novel PET radiotracer for Ca2+ independent molecular
imaging of early apoptosis. Further fine tuning is required to increase tumor uptake and retention in vivo. 
[1] Wuest M, Perreault A, Kapty J, Richter S, Foerster C, Bergman C, Way J, Mercer J, Wuest F (2015) Nucl Med Biol
42: 864. 
[2] Xiong C, Brewer K, Song S, Zhang R, Lu W, Wen X, Li C (2011) J Med Chem 54:1825.
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A) Left: Binding of 64Cu-NOTA-PSBP-6 to control and camptothecin-treated EL4 cells in the absence of Ca2+. Right:
Confocal microscopy images of EL4 cells treated with 1.5 mM camptothecin for 22-24 h. A) apoptotic cells stained
with NucView 405 Caspase-3 substrate (blue), B) cells stained with FITC-PSBP-6 (green), C) necrotic/late apoptotic
cells stained with propidium iodide (red), D) all three stains superimposed.<br />
 <br />
B) Left: Representative PET images after injection of 64Cu-NOTA-PSBP-6 into EL4 tumor-bearing mice at 5 min p.i..
Responses to treatment with cyclophosphamide and etoposide in comparison to untreated control mice. Images are
shown as coronal, sagittal and transaxial slices from the tumor region. Right: Time-activity curves for the radioactivity
uptake into EL4 tumors in comparison to muscle tissue in chemotherapy-treated und -untreated animals.



CONTROL ID: 2493753
TITLE: Alk5-Inhibition Increases Tumor Delivery of Nanoparticles
PRESENTER: Suchismita Mohanty
ABSTRACT BODY: 
Abstract Body: Limited transendothelial permeability across tumor microvessels represents a significant bottleneck in
the development of tumor-specific diagnostic agents and theranostic drugs. Here we show a novel approach to
increase transendothelial permeability of nanoparticle-based contrast agent-ferumoxytol, via inhibition of the type I
transforming growth factor (TGF)b receptor, Alk5 (activin-like kinase 5), in tumors. TGFb1 restricts both homeostatic
and tumoral vascular leakage, while inhibition of the type I TGFb receptor Alk5 expressed by vascular cells leads to
enhanced vascular leakage in mammary and cutaneous carcinomas. Since clinically applicable Alk5-inhibitors are
readily available and could be applied prior to administration of diagnostic drugs, we evaluated if Alk5 inhibition could
improve the tumor delivery and enhancement of ferumoxytol in vivo.
Methods: Pharmacological inhibition of Alk5 was achieved by intraperitoneal (i.p.) administration of increasing doses
of 0.5, 1, 2 and 4mg/kg Alk5 kinase inhibitor [3-(pyridin-2-yl)-4-(4-quinonyl)]-1H-pyrazole (Calbiochem, CA), in 2%
DMSO every other day for 6 days prior to imaging. We examined forty mice bearing transgenic MMTV (mammary
tumor virus)-PyMT (polyoma middle T oncogene) adenocarcinomas and thirty-six NSG (NOD-SCID x RAG g/d dko)
mice implanted with orthotropic glioblastomas for improved tumor delivery of nanoparticles in presence of Alk5
inhibitor (Alk5i). At 1mg/kg dose of Alk5i we evaluated tumor delivery of the FDA-approved iron supplement
Ferumoxytol (dose 0.5 mmol Fe/kg) in a 1T desktop MR scanner (Aspect M2Ô Compact High Performance MR
System, Toronto, ON). T2-weighted MR images were obtained with the following parameters: T2 spin echo-TR 2500
ms, TE 20, 40, 60, 80 ms. T2-relaxation times were converted to R2-relaxation rates (R2=1/T2). The relative change
in relaxation rates between pre- and post-contrast MR scans, DR2 values for Alk5i treated tumors were determined
and compared to vehicle-treated mice using a two-tailed student t-test.
Results: Alk5-inhibition significantly increased tumor delivery of the fluorescent marker indocyanine green (ICG) in
mice bearing transgenic MMTV-PyMT tumors in a dose dependent manner. Studies conducted with 1mg/kg of Alk5i
showed significant negative (hypointense) T2-enhancement of MMTV-PyMT tumors after intravenous injection of
ferumoxytol. Alk5 inhibition improved mean tumor enhancement by 2 fold compared to controls (p<0.05) while no
significant effect of Alk5-inhibition on tissue contrast of normal non-tumor-bearing organs was observed. In addition,
Alk5i treatment significantly enhanced ferumoxytol delivery into glioblastomas (p<0.05). Imaging data correlated with
significantly decreased tumor interstitial fluid pressure, while tumor vascular density remained unchanged.
Conclusion: This immediately clinically-translatable concept involving Alk5i pre-treatment prior to an imaging study
could be used for improved tumor-delivery of nanoparticle-based imaging probes, and facilitate development of
imaging tests for cancer detection, tumor characterization, and personalized, image-guided therapies.
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CONTROL ID: 2493946
TITLE: Assessing breast cancer metastatic potential by extracellular tumour pH imaging
PRESENTER: Lorena Consolino
ABSTRACT BODY: 
Abstract Body: INTRODUCTION: Predicting the tendency of a primary tumour to form secondary metastatic lesions,
or its metastatic potential, remains a major challenge in cancer research [1]. Established breast cancer prognostic
markers are based on size and grade of the primary tumour, on the presence of lymph-node metastasis and on biopsy
samples that can assess only limited portions of the tumour tissue [2]. Tumour acidity is a consequence of elevated
rates of glucose consumption, combined with poor perfusion. Tumour pH has shown to affect most of the steps in the
metastatic cascade. In fact, acidic microenvironment is closely associated with increased mutagenesis, progression,
drug resistance and leads to more aggressive behaviour and metastasis [3].
Our goal in this study is to investigate whether extracellular tumour pH values can distinguish between more and
lessaggressive breast cancers in several murine models.
 
METHODS: BALB/C mice have been inoculated with breast cancer cell lines with different metastatic potential: 4T1
and TS/A (derived from a spontaneously arising BALB/c mammary tumor) are aggressive metastatic cell lines, while
TuBO (established from a lobular carcinoma that arose spontaneously in a BALB-neuT mouse) are indolent. BALB-
neuT mouse is a poorly metastatic transgenic HER2+ breast cancer model. MR images were acquired on a 7T Bruker
MRI scanner. Extracellular tumor pH (pHe) was quantified by MRI-CEST imaging with a pH-responsive contrast agent.
Mice were sacrificed, tumor tissues were immunostained against CD44 for assessing metastatic propensity and
spontaneous pulmonary metastases were studied by histological examination.
 
RESULTS: All the breast tumours showed an acidic microenvironment with mean pHe values of 6.8, 6.8, 6.9 and 7.0
for TS/A, 4T1, TUBO and BALB-neuT, respectively (Fig. S1). Significant differences were observed between the mean
pHe values of the more aggressive breast cancer lines (TS/A and 4T1) and the less aggressive BALB-neuT model
(P<0.01 and P<0.05 for TS/A and 4T1, respectively, Fig. 1A). An higher number of lung metastases was observed in
more aggressive breast cancer cell lines in comparison to the less ones (Fig. 1C). A strong inverse correlation was
observed between mean tumor extracellular pH and metastatic potential (Pearson’s r = -0.69, Fig. D).
 
CONCLUSIONS: In summary, our results indicate that tumour pHe is a sensitive and quantitative biomarker for
distinguishing the more metastatic from the indolent breast tumour models.
 
IMPACT: Our preclinical studies have correlated in vivo tumour acidity with the metastatic potential in breast cancer
cell lines. These results highlight that the extracellular acidic microenvironment has a strong impact on the metastastic
propensity of cancer cells.
 
INNOVATION: This work provides a novel non-invasive imaging tool for measuring extracellular tumour pH with high
accuracy and spatial resolution, overcoming previous limits (low in-depth penetration and spatial resolution) of other
imaging modalities (optical imaging and MR spectroscopy).
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CONTROL ID: 2461434
TITLE: A dual-isotope 3D Cryo-Imaging Quantitative Autoradiography (CIQA) method for simultaneous and
quantitative assessment of both antibody and drug conjugate tumor distribution and kinetic
PRESENTER: Ohad Ilovich
ABSTRACT BODY: 
Abstract Body: Antibody-drug conjugates (ADCs) are optimized extensively in in vitro studies. Including drug-
conjugate selection, linker stability and antibody affinity, most ADC characteristics have been studied to improve
affinity, stability, efficacy and the bystander effect. Most nuclear medicine molecular imaging modalities’ resolution is
too low to enable accurate in vivo intratumoral tracer distribution analysis. Thus, they have focused on understanding
in vivo PK profiles and antigen-dependent tumor accumulation. We set out to develop a novel method for studying the
intratumoral distribution of both antibody and drug conjugate simultaneously ex vivo.
MLN0264, an ADC targeting guanylyl cyclase C (GCC) investigated in phase 1/2 clinical trials (NCT02391038), was
labeled with both 3H (MMAE drug conjugate) and 111In (DTPA-mAb) and injected into GCC-positive (GCC-293) and
GCC-negative (HEK-293) subcutaneous tumor bearing female SCID mice. The tumors were excised 1, 8, 24, and 96
hours post injection (n = 2 per tumor line per time point), blocked and sectioned (30 µm) for analysis. High resolution
optical images were acquired for all sections and every 10th section was evaluated for radioactivity content via
autoradiography, first to evaluate the distribution of 111In immediately after tumor excision and again following 111In
decay to evaluate the 3H-specific signal. Analysis of accumulation, distribution and overlap of the two signals enables
the estimation of antigen-mediated metabolism of the ADC, the tumoral distribution of the drug metabolites and the
time course of the bystander effect (See persuasive data). The distribution of 3H and 111In signals at 1 h was very
similar for the two cell lines. At 24 and 96 hours, substantial differences in the co-localization of signals were observed
between the antigen-positive and antigen-negative tumors. Quantitatively, of the top 3% of pixel values in the 3H and
111In images at 96 hours, only 0.8% of GCC-293 tumor voxels show an overlap of signals while over 15% of voxels in
the HEK-293 tumors express both signals suggesting increased ADC metabolism and bystander effect in antigen
positive tumors (see supporting image).
Cryo-Imaging Quantitative Autoradiography (CIQA) is a novel technique to extend conventional autoradiography by
combining it with digital imaging and advanced 3D image analysis. We demonstrate here the use of CIQA to quantify
and visualize mAb and small molecule drug simultaneously in three dimensions over time (4D). We believe this
powerful and unique tool will allow for increased insight into the influence of ADC properties on tumor spatial
distribution, in vivo bystander effect, off-target ADC metabolism and correlation of 3D distribution and heterogeneity
with immunohistochemical markers to enable more accurate determination of pharmacodynamic profiles.
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2; Hoppin, Jack2; Polyak, Ildiko2; Seaman, Marc2; Czarnecki, Paige2; Gottumukkala, Vijay2; Yardibi, Ozlem N.1;
Bradley, Daniel P.1

INSTITUTIONS (ALL): 
1. Biomedical Imaging, Takeda Pharmaceuticals Inc., Cambridge, MA, United States.
2. inviCRO, Boston, MA, United States.



Co-localization of the top 3% of voxels in antigen positive and negative tumors (96h post injection) suggesting an
increase in bystander effect in antigen positive tumors
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TITLE: Can loading temozolomide into PLGA nanoparticles increase targeted drug delivery to glioblastoma cells?
Biophysical characterization and theranostic implications
PRESENTER: Tarik Massoud
ABSTRACT BODY: 
Abstract Body: Background. Malignant gliomas are heterogeneous and invasive brain tumors of glial origin. Despite
advances in surgery, chemotherapy and radiotherapy, the success of glioblastoma (GBM) treatment remains poor (5
year survival rate of less than 10%). The inadequacy of current treatment modalities can partly be attributed to tumor
heterogeneity, the invasive nature of tumors, non-specific targeting of chemotherapy, and poor drug concentrations
within tumors. Polymeric nanoparticles have useful physico-chemical properties that make them promising as drug
delivery platforms for GBM therapy. Poly[lactic-co-glycolic acid] (PLGA) nanoparticles encapsulating temozolomide
(TMZ) could improve localized delivery and sustained drug release to GBMs.
Methods. Considering the hydrophilic nature of TMZ, its low molecular weight of 194.15 g/mol, and the general
difficulty in encapsulating such molecules in PLGA nanoparticles, we investigated three different loading procedures.
We studied the physico-chemical characteristics of nanocarriers, including their size, shape, surface properties, and
TMZ release profile. We also evaluated the antiproliferative and cytotoxic effects of TMZ loaded PLGA nanoparticles
on U-87 MG cells.
Results. Overall, we observed low loading and poor encapsulation efficiency for TMZ in PLGA nanoparticles. A single
emulsion technique using saturated aqueous phase produced nanoparticles ≤ 200 nm in size with a maximal drug
loading of 4.4% w/w of polymer. We observed a bi-phasic release behavior for TMZ, with a dominant (about 80% of
the loaded drug) burst release in the first 6 hours followed by a sustained release over 72 hours. Based on scanning
electron microscopy analysis and the hydrophilic nature of TMZ, we propose that diffusion controlled release through
aqueous pores is likely the mechanism for TMZ release from PLGA nanoparticles. TMZ loaded PLGA nanoparticles
accumulated in the cytoplasm of U87 MG cells after effective endocytosis. We observed no significant difference in
cytotoxic effect of TMZ encapsulated within PLGA nanoparticles and free TMZ at 24 h. The observed trend is likely
due to the dominant burst release of TMZ (~80 % of concentration) from PLGA nanoparticles.
Conclusions. The high IC50 value of TMZ necessary for GBM cell treatment combined with poor loading and rapid
and excessive release of TMZ suggest that in their current state, PLGA nanoparticles are not suitable as drug delivery
carriers for TMZ in GBM therapy. Further developments aimed at improving the loading of TMZ in PLGA nanoparticles
or co-delivery of molecular sensitizers aimed at improving TMZ response of GBM cells are needed for future clinical
translation of this approach.
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TITLE: Early detection of pancreatic intraepithelial neoplasia (PanINs) prior to aggressive disease in genetically
engineered mouse model by hyperpolarized 13C metabolic magnetic resonance imaging
PRESENTER: Prasanta Dutta
ABSTRACT BODY: 
Abstract Body: Introduction: Pancreatic cancer, one of the most lethal solid tumors, is an aggressive disease that
develops relatively symptom-free. Pre-invasive pancreatic intraepithelial neoplasia (PanINs) have been identified as
precursor lesions to pancreatic cancer. While there is growing evidence supporting PanIN's genetic links to pancreatic
cancer, there is no non-invasive method to detect them. There is an unmet need of novel strategies for detection of
pancreatic cancer at the earliest stages, preferably at the early stage of PanINs. Hyperpolarized magnetic resonance
imaging (HP-MRI) has shown potential for early detection of cancers and monitoring therapeutic efficacy [1,2]. Here
we have employed in-vivo 13C pyruvate metabolic imaging and ex-vivo nuclear magnetic resonance (1H-NMR)
metabolomics to identify and understand metabolic changes, to enable detection of early PanINs and its progression
to advanced PanINs and pancreatic cancer.
Experimental Methods: Genetically engineered mouse (GEM) models with progression of PanIN lesions and control
animals, with no pancreatic lesions, were employed in this study. Hyperpolarization of pyruvate and in-vivo 13C MRS
were performed using Hypersense (Oxford Instruments) and 7T MRI scanner with a dual tuned 1H/13C volume coil
(Bruker) respectively. Ex-vivo tissue alanine and lactate concentrations were determined using a Bruker 500 MHz
NMR spectrometer coupled with cryo-probe. Histology and immunohistochemistry were performed on excised tissue
samples.
Results & Discussion: P48Cre mice were used as controls and P48Cre;LSLKrasG12D; LSL-p53R172H  mice were
used for detection of early, advanced PanINs and pancreatic cancer which usually develop in these mice at 6 weeks,
12 weeks and 6 months of age, respectively. The imaging experiments were performed at the different stages of the
disease (Figure 1). Progression of diseases from tissue containing low-grade PanINs to tissue of high-grade PanINs
showed a decreasing alanine/lactate concentration ratio (Figure 2A &B). Real time in-vivo 13C MRS was used to
measure the changes of alanine and lactate metabolites with disease progression and in control mice, following
injection of hyperpolarized pyruvate. The alanine-to-lactate (Ala/Lac) signal intensity ratio was decreased as the
diseases advanced from low-grate to high-grade PanINs ( Figure 2C). These results demonstrate that there is an on-
set of lactate dehydrogenase (LDH) activity which favors the transformation of aggressive pancreatic cancer from
PanINs lesion. In addition, our research capability and acquired results were presented as persuasive data (attached
Figures) to establish metabolic imaging biomarkers for assessing the early stage of pancreatic diseases.
Conclusions: Metabolic imaging with hyperpolarized pyruvate and NMR metabolomics enable detection and
monitoring of the progression of pancreatic cancer precursor lesions. Translation of this HP-MRI technique to the clinic
could result in early detection of pancreatic cancer in patients at high risk for developing the disease.
References: 1. P. Dutta et. al. Biophysical Reviews 5:271-281, 2013.  2. P. Dutta et. al, Cancer Research 75: 3355-
3364, 2015.
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Figure 1. A schematic of the different stages of pancreatic intraepithelial neoplasia (PanINs) progression. Figure 2.  1

H NMR and hyperpolarized 13C MR spectra showed for two different stages of disease progression. The predominant
lesion present is indicated in the tissue sections obtained post mortem. The 1H spectra (Figure A) were acquired from
pancreatic tissue (Figure B) extracts and the 13C spectra (Figure C) were acquired in-vivo following injection of
hyperpolarized 13C pyruvate. The alanine-to-lactate ratio (Ala/Lac) is significantly lowered in high-grade PanIN
compared low-grade PanIN.<br />
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Ultrasound
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ABSTRACT BODY: 
Abstract Body: Introduction: High Intensity Focused ultrasound (HIFU) is considered as a promised non-invasive
therapy that thermally and/or mechanically ablates tumors. Perfluorocarbon nanoemulsions (PFCNE) are highlighted
as agents that can nucleate cavitation activity so that the energy and time required for treatment can be significantly
reduced1. While this procedure is usually guided by imaging modalities such as ultrasonography and magnetic
resonance imaging (MRI), the accumulation and distribution of PFCNE in a tumor cannot be quantified so that PFCNE
delivery and therapeutic efficacy are not correlated. We hypothesized that 19F MRI can be introduced to this
procedure so that fluorine atoms in PFCNE can be directly imaged in a quantitative fashion. The feasibility of tracking
PFCNE delivery to a tumor using 19F MRI was tested, and the amount of PFCNE delivered to a tumor was correlated
with therapeutic efficacy, which was measured by bioluminescence imaging (BLI) and apparent diffusion coefficient
(ADC) mapping.
 
Methods: PFCNE was prepared by sonicating 60 mg/ml of Poloxamer 188, 60% w/v perfluoro-15-crown-5-ether, 4
μl/ml of DiI and PBS2. For animal experiments, 6-week old female BALB/c-nu mice were subcutaneously inoculated
with luciferase-expressing HCT116 cells at a left flank. 50, 100, 200, or 400 μl of PFCNE was intravenously injected (n
= 4 for each) 48 hours before the HIFU treatment. Tumors were exposed to a single-shot HIFU (f = 1.05MHz) for 15
seconds at the peak-negative pressure of 3.52 MPa. Before and after HIFU treatment, MRI (1H, 19F and diffusion-
weighted images) and BLI were performed up to 14 days.
 
Results: 19F MRI showed that PFCNE is accumulated in the rim of a tumor (Fig.1A). Based on the 19F signal from a
reference tube, the amount of PFCNE delivered to a tumor was quantified, which ranges from 0.9 to 6.3 mg/ml (see
Persuasive Data). ADC maps clearly delineated the lesions formed from HIFU treatment with increased values up to
day 14, indicating cellular and nuclear membrane disruption3. With increasing PFCNE dosage, lesions had higher
ADC values until the dosage reached 200 μl (Fig.1B). BLI signal significantly decreased after HIFU treatment at day 1
(Fig.1C). Similar to ADC mapping, the BLI signal decrease became more significant with increasing PFCNE dosage
up to 200 μl. Correlation of BLI signal decrease and the amount of PFCNE delivered to a tumor also shows the same
trend (see Persuasive Data).
 
Discussions & Conclusions: We showed the feasibility of using 19F MRI to quantitatively track PFCNE delivery to a
tumor. 19F MRI visualized intratumoral distribution of PFCNE and quantified their accumulation in tumors. Both ADC
mapping and BLI showed that 200 μl injection of PFCNE gives the highest therapeutic efficacy under the same HIFU
condition. With the information provided from 19F MRI, PFCNE formulation, dosage, and delivery route can be
optimized in future. We believe 19F MRI will be a valuable imaging modality for PFCNE-enhanced HIFU.
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Figure 1. 19F MR tracking of PFCNE accumulation in a tumor and evaluation of therapeutic outcome. (A) In vivo 19F
MRI before HIFU treatment. Mice were imaged along with a reference tube (yellow arrowhead) with a known
concentration of PFCNE (5 mg/ml for PFC50+ and PFC100+; 7.5 mg/ml for PFC200+ and PFC400+). PFCNE
accumulation in a tumor rim is clearly visible (white arrowhead) in all conditions. For mice injected with 200 or 400 μl
of PFCNE, 19F signals were also detected from vertebra (blue arrowhead) and lymph nodes (green arrowhead). (B)
ADC mapping of mice. Lesions with elevated level of ADC values are detected up to day 14, especially from PFC200+

 group. (C) BLI of mice before and after HIFU treatment. Significant decrease of BLI signal is observed 1 day after
treatment.
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TITLE: Review of pharmacokinetic models of FET in a rat glioblastoma model
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ABSTRACT BODY: 
Abstract Body: Context: O-(2-[18F]Fluoroethyl)-l-tyrosine (FET) can be used to assess brain tumors, both in the
clinical and preclinical setting. However, quantitative pharmacokinetic modeling is seldom applied to this radiotracer
and no consensus exists on the appropriate model(s) to use. The purpose of this study is to apply common models
and identify those that best describe FET data.
 
Methods: Positron emission tomography (PET) and magnetic resonance imaging (MRI) scans were performed on F98
glioblastoma-bearing rats 10 ± 1 days post-inoculation. Dynamic PET data was acquired over a period of 50.5 minutes
on a LabPET4 small animal scanner. Injection of FET was performed through the tail vein 0.5 minutes after the
beginning of the scan and arterial blood samples were drawn to determine the input function.
 
PET images were registered with MR images using ANTs (Fig. 1-A). Regions of interest were drawn manually over
the MR image and copied onto each PET frame.
 
Kinetic modeling was performed using an in-house MATLAB program. Two compartment models (one-tissue and two-
tissue) were tested [1]. In addition, to assess the irreversibility of the tracer, a Patlak plot was produced. Models were
evaluated based on qualitative and quantitative criteria, including goodness of fit (visual inspection and R2) and
Akaike information criterion [2].
 
Results: Initial parameter guesses may significantly influence non-linear fit results of compartment modeling. For this
reason, different sets of initial guesses were provided to the algorithm; best fits are shown here (Fig. 1-B). The two-
tissue model is very robust to initial guess variations: changes as large as 100% caused no difference in the derived
kinetic parameters. Moreover, this model proves superior to the one-tissue model in terms of fit quality and Akaike
criterion (Table 1).
 
All values of k4 for the tumor and the brain are close to zero, but this is not the case for face muscles. The Patlak plot
(Fig. 1-C) confirms these observations, showing regions of good linearity for the brain and tumor; whereas, some
deviation was observed for muscles. In all cases, the slope value is coherent with predictions of the two-tissue model.
 
Discussion: The zero-value k4 indicates trapping of the FET in F98 cells over the scan period, which is consistent with
the literature [3]. However, previous studies found non-zero k4 for human glioblastoma [4-5]. It is possible that
treatment applied in these previous studies may have modified the cell environment, notably the vasculature, and
hence the kinetics of FET.
 
Conclusion: The two-tissue model provides the best fit for FET kinetic data in a rat model of glioblastoma. The
existence of an irreversible compartment for tumors is confirmed by Patlak plots.
 
[1] H. Watabe et al. Ann. Nucl. Med., vol. 20, no. 9, pp. 583–588, 2006.
[2] H. Akaike IEE Trans. Autom. Control, vol. 19, pp. 716–723, 1974.
[3] H. J. Wester et al. J. Nucl. Med., vol. 40, no. 1, pp. 205–212, 1999.
[4] F. Thiele et al. Phys. Med. Biol., vol. 54, no. 18, pp. 5525–5539, 2009.
[5] C. Kratochwil et al. Neuro. Oncol., vol. 16, no. 3, pp. 434–440, 2014.
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A) PET-MRI image registration; B) best fits for the two-tissue and one-tissue compartment model; C) representative
Patlak plots.
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ABSTRACT BODY: 
Abstract Body: Jun Gao, Feng Zhang and Yin Jin contributed equally to this work. This study was supported by an
NIH RO1EBO12467 grant
Purpose: Recurrence often occurs in the margin of radiofrequency (RF) ablation-treated hepatocellular carcinoma
(HCC), due to residual tumor cells in the peritumoral zone. One potential strategy to overcome this disadvantage is
combining RF ablation with adjuvant treatments. In this study, we investigated the possibility of using RF hyperthermia
(RFH) to enhance intratumoral therapeutic effect of liposomal doxorubicin on HCC via an interventional molecular
imaging approach.
Materials and Methods: For both in-vitro confirmation and in-vivo validation, Luciferase/mCherry-labeled human HCC
cells (HepG2) and mice subcutaneous hepatic cancerxenografts were treated by: (i) combination therapy of liposomal
doxorubicin plus RFH at 42 C; (ii) liposomal doxorubicin alone; (iii) RFH at 42 C alone; (iv) phosphate buffered
saline（PBS） as a control. For in-vitro confirmation, MTS assay, confocal microscopy and flow cytometry were used
to evaluate and compare cell viabilities and apoptosis among different treatment groups. For in vivo validation,
liposomal doxorubicin was directly injected into the tumor and RF hyperthermia was performed subsequently under
ultrasound imaging guidance. Changes of tumor sizes were quantified by ultrasound imaging and bioluminescence
signal intensities after treatments were measured and by optical imaging modality over 14 days, which were correlated
with subsequent histology analysis.
Results: Of in vitro experiments, MTS assay demonstrated the lowest cell proliferation in combination therapy group
compared with the other three groups (25.0±5.6% vs 49.7±5.2% vs 94.2±3.9% vs 100%, respectively, P<0.001). Flow
cytometry showed the highest percentage of early apoptotic HepG2 cells in combination therapy compared to the
other three groups (37.9±3.2% vs 32.2±1.7% vs 2.9±1.7% vs 1.8±0.7%, respectively, P<0.001). Of in vivo
experiments, optical imaging demonstrated a significantly decreased bioluminescence signal intensities in the
combination therapy group, compared with three control groups (0.53±0.10 VS 1.4±0.5 VS 2.8±0.8 VS 3.0±0.3, P
<0.05). Ultrasound images showed the smallest tumor volumes of the combination therapy group, in comparison to
other control groups (0.7±0.1 VS 1.8±0.4 VS 3.0±0.8 VS 3.3±0.3, P <0.05). Both imaging findings were confirmed by
histologic correlation (Figure).
Conclusion: We validated the feasibility of using RFH to enhance intratumoral therapy with liposomal doxorubicin for
HCC, which is effectively monitored by ultrasound imaging and tumor optical imaging techniques. This concept may
provide new avenues for eradicating the residual tumor cells when combining RF ablation with interventional
molecular imaging guided direct intratumoral chemotherapy of HCC.
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TITLE: Early detection of radiation response in a prostate cancer mouse model using 18F-FDG with ex vivo nuclear
magnetic resonance corroboration
PRESENTER: Gigin Lin
ABSTRACT BODY: 
Abstract Body: Purpose  
Radiation therapy invokes a series of metabolic changes in cancer cellular signals as well as in the extracellular tumor
microenvironment. A PET image with 18F-FDG, which are related to tumor glycolysis, has potential as an index for
diagnosis and therapeutic evaluation. We aimed to characterize the metabolic changes associated with early radiation
response in prostate cancer and to develop surrogate biomarkers using FDG PET with ex vivo nuclear magnetic
resonance tissue corroboration.
 
Materials and Methods  
A density of approximately 1 x 106 TRAMP-C cells per flask (n=7/group) were received irradiation (3 Gy), following the
analysis of cellular metabolites with the high resolution NMR at 600 MHz at 6 h and 24 h after irradiation. 18F-FDG
PET for transgenic adenocarcinoma of mouse prostate (Tramp-C) xenografts were carried out prior to irradiation (15
Gy) and at Days 3 and 6 after irradiation. The changes in the SUVmax, SUVmean, periSUVmean and coreSUVmean
of 18F-FDG uptake in the irradiation group were compared with those of the non-irradiation group. The analysis of
metabolites of ex vivo evaluation of the prostate tumor at Days 3 and 7 after 15 Gy irradiation were conducted by
NMR.
 
Results  
Following 3 Gy irradiation treatment, the number of Tramp-C cells was reduced by 12.5% at 6 h and 37.5% at 24 h
compared with the non-irradiation group. The analysed aqueous metabolites (glucose, lactate, glutamate and
glutamine) and the lipophilic metabolite ((CH2)n) of irradiation-treated Tramp-C cancer cell increased by an average of
50% at 6 h (P<0.05 for glucose), and these metabolites continued to increase and doubled at 24 h (P<0.05 for all)
relative to the non-irradiated cells. The percent change of SUVmax of 18F-FDG uptake of the treated tumor
demonstrated a 3-fold increase 3 days after irradiation. The SUVmean of 18F-FDG uptake in peripheral tumor was
1.6-fold increased at 3 day and 6 day. The SUVmean of 18F-FDG in tumor core was a 2-fold decreased at 3 day and
0.75-fold in day 6. An ex vivo NMR analysis showed a 1.70-fold increase in glucose, a 1.16-fold increase in acetate,
1.17-fold increase in lipid and 1.28 increase in glutamine in the radiation-treated group 3 days after irradiation
compared to the non-irradiation group (P<0.05). There is no significant different in NMR result at day 7, which was
comparable to 18F-FDG PET results.
Conclusion
The combination of increased SUVmax and SUVmean of 18F-FDG PET and alternative cellular metabolites provides
a promising strategy to evaluate early tumor response in radiation therapy by reflecting the underlying metabolic
alterations in cancer cells and the tumor microenvironment.
 
Keywords: 18F-FDG PET, NMR, metabolism, prostate cancer, radiation
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Image A: The representative images of decay-corrected whole body coronal small-animal 18F-FDG PET of Tramp-C
prostate tumour-bearing mice in the irradiation group and non-irradiation group at Day 0 and at Days 3 and 6 after
irradiation. The peripheral zone of the Tramp-C prostate tumour is indicated with white arrows, and the tumour core is
represented as a white circle.<br />
<br />
 Image B: The aqueous and lipophilic metabolites in irradiated (RT) and non-irradiated (non-RT) tumours in the
glycolysis process based on NMR analysis (b). At Day 3 after radiation treatment, the increases in glucose, acetate,
lipid and glutamine were statistically significant (*, P<0.05).<br />
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TITLE: Preclinical MRI and FDOPA-PET/CT for monitoring therapeutic response in a syngeneic mouse model of
multiple myeloma
PRESENTER: Deep Hathi
ABSTRACT BODY: 
Abstract Body: Introduction. Multiple myeloma (MM) is the 2nd most lethal plasma cell malignancy, implicated in over
15% of deaths resulting from hematologic malignancies1. Current clinical staging uses lesion detection with MRI and
2-deoxy-2-[18F]fluoro-D-deoxyglucose (18F-FDG) PET/CT. However, due to the hypoproliferative nature of MM and
the presence of glucose avid inflammatory cells in the bone marrow, FDG-PET/CT has poor sensitivity in detecting
intramedullary MM2. 6-[18F]fluoro-3,4-dihydroxy-L-phenylalanine (18F-FDOPA) is a radioactive analogue to L-DOPA
that is transported into MM cells by system L amino acid transport, which also mediates melphalan transport. High
levels of the system L transporter (LAT-1) may lead to poor prognosis of MM3. MRI and FDOPA-PET/CT were
hypothesized to correlate to melphalan treatment efficacy and LAT-1 levels in a preclinical MM model.
Methods. 106 syngeneic mouse MM cells (5TGM1-GFP) were injected subcutaneously into the flank of
C57Bl/KaLwRij mice. Melphalan was administered by intraperitoneal injection 1x/week at 10mg/kg4. All MRI
experiments were performed on a 4.7 T (200MHz) scanner with the mouse placed in a quadrature radiofrequency coil.
Dynamic contrast (DCE) data with 1.3s temporal resolution was collected following bolus intravenous injection of Gd-
DTPA. Diffusion-weighted imaging was used to construct apparent diffusion coefficient (ADC) maps. FDG and FDOPA
PET/CT were performed on different days with radiotracer introduced by tail vein catheter. Tumors were extracted for
immunohistochemistry and histology after imaging.
Results. Steady state SUVmax was lower (p < 0.001) in melphalan treated mice (3.58 ± 1.19) relative to untreated
controls (11.37 ± 1.74). Although SUVmax for FDOPA was not significantly different in treated (1.99 ± 0.75) and
untreated mice (1.71 ± 0.62), the rate of uptake of FDOPA into tumor was lower in treated mice, suggesting positive
tumor response to melphalan (Figure 1). SUVmax for both contrast agents was higher in tumor than muscle (p <
0.001), indicating contrast agent specificity for the tumor. FDOPA levels correlated with LAT-1 expression from
immunohistochemistry. ADC signals in the tumors of treated (63 ± 9 μm2/ms) and untreated mice (60.6 ± 6.6 μm2

/ms) showed no difference. The washout rate of Gd-DTPA was increased in treated mice, which correlated with
histology and reduced tumor burden.
Conclusion. Initial results suggest that FDOPA is responsive to melphalan treatment and LAT-1 signal in a syngeneic
model of MM, while DCE-MRI correlated with tumor burden. Further studies will look at tumor viability in a less
glucose avid tumor model and necrosis during and after melphalan treatment. Tumor volumes delineated by FDOPA
and FDG uptake will serve as an additional measure of treatment response. This work suggests the use of FDOPA as
a supplemental approach to FDG with high sensitivity and specificity to MM.
References 
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Figure 1: FDG and FDOPA uptake in subcutaneous 5TG tumors in C57Bl/KaLwRij mice. (Left) FDOPA uptake and
tumor delineation (0.21 mCi activity injection) in a maximum intensity projection (MIP) μPET/CT in untreated
subcutaneous tumors. (Middle) FDG uptake and tumor delineation (0.21 mCi activity injection) in MIP μPET/CT in
untreated subcutaneous tumors. (Right) FDG and FDOPA SUVmax in tumor and muscle of treated and untreated
mice with subcutaneous 5TG tumors.
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ABSTRACT BODY: 
Abstract Body: Advances in cancer therapeutics have provided effective treatments for many cancers, yet many
therapeutics are only useful on a subset of patients, even within a type of cancer as defined by tissue [1]. Positron
emission tomography (PET) can inform personalized treatment plans by enabling identification, localization, and
characterization of primary tumors and metastases, while being non-invasive, quantitative, and sensitive to picomolar
quantities. Clinical PET to detect epidermal growth factor receptor (EGFR) could empower prediction of response to
treatment in wild-type KRAS metastatic colorectal cancer patients, tumor staging, and treatment monitoring [2].
A small protein scaffold, 45-residue Gp2, was developed to push the limits of a combination between small probe size
and robust evolution of stable, high affinity ligands (Fig. 1). Small scaffolds provide molecular imaging agents that
benefit from increased extravasation, tissue penetration, and clearance compared to larger proteins or particles. For
cancer biomarker detection, a Gp2 domain targeting EGFR was evolved with 18 ± 8 nM affinity, receptor-specific
binding, and high thermal stability with refolding [3]. Binders to MET and insulin receptor have also been evolved and
results of ongoing characterization will be presented (Fig. 2).
For PET imaging, Gp2 domains were site-specifically conjugated with 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid chelator, radiolabeled with 64Cu and purified. Mice, xenografted with human A431 (EGFRhigh) or
MDA-MB-435 (EGFRlow) tumors, were intravenously injected with 64Cu-Gp2 and imaged at 45 min, 2 h, and 24 h
post-injection (Fig. 3). Dissected tissues and fluids were also analyzed via gamma counting after the 2 h and 24 h time
points to corroborate imaging results. At 2 hours post injection, Gp2EGFR localized significantly more to xenografted
EGFRhigh tumors (7.0 ± 1.9 % ID/g) as compared to EGFRlow tumors (1.4 ± 0.3 % ID/g; p < 0.001). The targeted
Gp2EGFR had 14 ± 8 tumor-to-blood ratio and 23 ± 6 tumor-to-muscle at 2 h, compared to 1.8 ± 1 tumor-to-blood (p =
0.005) and 3.3 ± 3.1 tumor-to-muscle (p < 0.001) for a non-targeted Gp2. In addition, the non-targeted Gp2 showed
significantly lower EGFRhigh tumor uptake with 1.4 ± 0.4 % ID/g (p = 0.001) (Fig. 4). Gp2 exhibited equivalent or
favorable tumor:blood and tumor:muscle ratios compared to fibronectin and affibody small scaffold EGFR probes (Fig.
4C). However, similar to other the other small scaffolds, high kidney and modest liver signal were observed for Gp2. A
25-minute dynamic PET scan with the Gp2EGFR probe showed that these domains quickly clear from the blood and
accumulate in the tumor (Figure 5). The ease of Gp2 evolution and successful imaging results here show the promise
of future Gp2 domains as imaging probes for many cancer types. To aid clinical translation, the bioactivity and
immune response of Gp2EGFR are being characterized and will be presented.
[1] Weinstein IB, Joe AK (2006) Nat Clin Pract Oncol 3(8):448–457.
[2] Laurent-Puig, P, et al. (2009) J Clin Oncol 27(35):5924-5930.
[3] Kruziki MA et al. (2015) Chem Biol 22(7):946–956.
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Graphical Abstract. Showing selection of a Gp2 that binds EGFR and a non-binding Gp2 from a library of mutated
Gp2 domains. These Gp2 molecules were conjugated with a chelator and copper-64 for use as positron emission
tomography agents. Static PET scans were carried out at 45 min, 2 h and 24 h, and verified with tissue gamma counts
at 2 h and 24 h. A 25 minute dynamic PET scan was also carried out with the EGFR binding Gp2 agent.
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TITLE: Thermosensitive Magnetoliposomes as a Drug Delivery System: In Vivo Near Real-Time Relaxometry
Monitoring of Accumulation and Release.
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ABSTRACT BODY: 
Abstract Body: Introduction: To alleviate the limitations originating from conventional chemotherapy, e.g the
cardiotoxicity of doxorubicin, the use of nanocarriers as drug delivery systems is actively being investigated.
Thermosensitive liposome (TSL) formulations have been proposed to increase the drug bioavailability in a locally
heated region [1]. This drug delivery strategy consists of two steps: first, distribution of the drug carrier is
superimposed on the drug biodistribution, so it is important that the availability of the drug-loaded carrier at the target
site is confirmed before triggering the release. Second, the drug has to be actively released from its carrier to interact
with its target and in this context, [2] have shown that MRI can be used, in-vivo, for mapping of the heat-induced drug
release of TSL by co-encapsulating a paramagnetic MR contrast agent. However, these TSL could not be detected by
MRI before release.
Purpose: Iron oxide-loaded thermosensitive liposomes (TSM) have previously been designed for MR monitoring of
carrier accumulation as well as heating-triggered release of its contents [3]. We investigated, in vivo, whether TSM in
combination with near real-time MR relaxation mapping and thermometry techniques allowed for assessment of
intratumoral distribution of nanocarriers as well as detecting the release of their contents in-vivo.
Material & Methods: MR Imaging was performed on a 1.5T clinical scanner (Philips Healthcare, Best, The
Netherlands). Local hyperthermia was applied using a water-bath 5 min after TSM were injected intravenously in 5
RNU rats (Crl:NIH Foxn1rnu, Harlan) bearing two subcutaneous C6 rat glioma tumors, one of which was treated by
local mild hyperthermia (< 43°C) (Fig.1 a). TSM distribution and release of contrast agents in the tumors was
monitored using an dynamic MRI procedure allowing for mapping R2

*, R1 and temperature, simultaneously based on
a multi-echo RF-spoiled gradient echo with the following sequence parameters: TR/TE1/ΔTE = 45/4.61/4.61 ms; α =
25°; 9 echoes; fly-back; voxel size = 1×1×3 mm3; scan time = 5 s/dynamic. [4]. Computation time was < 0.6 s/slice.
Results: 5 minutes after the TSM injection, R2

* values reached an equilibrium value: a mean increase of R2
*= 6.6 ±

2.4 ms was measured. The hyperthermia-induced release resulted in a mean decrease of R2
* = -5.2 ± 2.1 ms while

no change was observed for the untreated tumors. No significant R1 increase was measured at the tumor site (Fig.1).
Discussion&Conclusions: Loading of thermosensitive liposomes with iron oxide nano particles provided an original
drug delivery system that was detectable by quantitative monitoring R2

* increases on MRI in-vivo. Since an R2
*

decrease during heating was consistently observed, it is unlikely that R2
* can serve as a indicator of resulting drug

concentration, as was suggested for R1 using Gadolinium-based contrast agents [2].
[1] A.M. Ponce et al.,J Natl Cancer Inst, vol.99, no.1,pp.53–63,Jan.2007
[2] M. de Smet et al.,Invest Radiol, vol. 48,no.6,pp.395–405,Jun.2013
[3] C. Lorenzato et al.,Contrast Media Mol Imaging, vol.8,no.2,pp.185–192,2013
[4] C. Lorenzato et al.,NMR Biomed, vol.27,no.11,pp.1267–1274,2014
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Schematic representation of the rat loaded onto the MR-compatible dual water bath setup (a.).T2w anatomical image
used for tumor localization (b.). MR-thermometry (c.) and changes of mean relaxation rate R1 (d.) and R2

*(e.)
measured over time at the unheated tumor sites (grey lines and ×) and the heated tumor sites (black lines and ×) of
the corresponding ROIs (in red). Green and the red dashed lines indicate to the injection time point and the starting of
the secondary heating device, respectively. Release windows are indicated in orange, starting as soon as temperature
was above Tm of the TSM (41.7°C, as was measured by Differential Scanning Calorimetry) and ending when the
mean temperature decreased below Tm.
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ABSTRACT BODY: 
Abstract Body: The chemokine receptor type 4 (CXCR4) is a G-protein coupled receptor encoded by the CXCR4
gene. Upon binding to its natural ligand, SDF1, a downstream signaling pathway is activated leading to biological
responses that promote tumor progression1. The increasing understanding of the CXCR4 role in tumor survival,
metastatic spread and angiogenic phenotype has granted this receptor attention as a therapeutic target. Thus,
imaging ligands capable of fast and sensitive detection of CXCR4 expression are needed. Previous work focused on
development of radioligands based on peptides2 and small molecule antagonists3,4. However, most of the probes
developed to date have been radiolabeled with metal isotopes. Additionally, particularly peptide-based ligands, are
unlikely to cross into the intracellular space, thus targeting mainly CXCR4 expressed in the cell membrane. However,
it has been shown that CXCR4 is expressed intracellularly, and this predicted poor outcome5. The aim of this work
was to develop a fluorine-18 cyclam-based CXCR4 ligand, [18F]MCFB, and investigate the targeting of whole cell
receptor expression.
[18F]MCFB was designed based on the structure of AMD3465 (Fig. 1A), and the affinity of the cold compound to
CXCR4 determined with [125I]SDF1 was comparable to that of AMD3465 (111.3 and 89.9 nM, respectively).
Incubation of MDA-MB-231 breast cancer cell line with [18F]MCFB at 4°C did not prevent intracellular accumulation,
thus indicating a role for passive diffusion in radioligand uptake (Fig. 1B). This was further confirmed with [68

Ga]CCIC16, which due to size and charge, is unlikely to cross the cell via passive diffusion. Redistribution of CXCR4
to the cell membrane by treatment with herbimycin A increased [68Ga]CCIC16 uptake compared to control (p<0.01),
but had no significant impact on [18F]MCFB uptake (p>0.05).
CXCR4 knockdown with an inducible shRNA construct and hypoxia-induced overexpression were used to modulate
receptor expression in the breast cancer cell line. The uptake of [18F]MCFB was consistent with differences in CXCR4
expression as determined by western blot. Furthermore, blocking with AMD3465 decreased [18F]MCFB uptake (16.7
to 4.2 %ID/mg in the presence of AMD3465).  In vivo Positron Emission Tomography imaging studies were performed
in breast cancer xenografts grown in athymic nude mice. [18F]MCFB accumulated in the tumor allowing its
visualization at 60 min post-radiotracer injection (Fig. 1C). Heterogeneous uptake was due to large tumor necrotic
cores and hence 25% highest voxel analysis was performed, yielding a 3.9 tumor-to-whole-body ratio. High
physiological uptake in liver and kidneys was also verified. [18F]MCFB was shown to be specific for whole-cell CXCR4
expression. Although its use in abdominal regions requires further optimization, [18F]MCFB has demonstrated
potential for imaging of CXCR4 using fluorine-18.
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5. Salvucci O et al, Breast Cancer Res Treat. 2006;97(3):275-283.
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A. Chemical structure of [18F]MCFB. B. In vitro [18F]MCFB internalization studies in MDA-MB-231 breast cancer
cells. Cells were incubated with [18F]MCFB at 37°C or 4°C for 30 min and the internalized radioactivity normalized to
cellular protein determined to assess comparative temperature-dependent effect on uptake. Although low levels of
receptor internalization can be assumed at 4°C, cell uptake of [18F]MCFB was not prevented. This constitutes
evidence for passive diffusion transport of the radioligand. Data are expressed as the percentage of the incubated
radioactivity per mg of total cellular protein (%ID/mg) (mean ± SEM, n=6). C.  In vivo uptake of [18F]MCFB.
Representative PET image showing coronal view of a mouse encompassing the tumor (arrowed).
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TITLE: A Novel immunoPET tracer to image human PD-1 expressing activated T cells
PRESENTER: Arutselvan Natarajan
ABSTRACT BODY: 
Abstract Body: Purpose/b> Immune checkpoint inhibitors such as programmed death 1 (PD-1) receptor and its ligand
(PD-L1) exhibit anti-tumor immune responses. Blocking this signaling has exhibited high therapeutic efficacy (20-40%)
in cancer patients with advanced solid tumors, and lymphomas. Although this immunotherapy is a promising
approach, all patients do not respond to immune checkpoint blockade therapy. Hence, there is a compelling need for
diagnostic and prognostic imaging tools to assess the PD-1 expression status on tumor infiltrating lymphocytes (TILs)
i>in vivo>i>. Materials and Methods:/b> To assess human PD-1(hPD-1) expression on TILs in living subjects, we
developed a novel immunoPET tracer to image hPD-1 status of TILs from human peripheral blood mononuclear cells
(hPBMC) adoptively transferred to humanized NSG (hNSG) mice bearing A375 human skin melanoma tumors (tumor
volume mm3 : mean ± SD = 435 ± 209). An anti-PD-1 human antibody (IgG; Keytruda) was labeled with 89-Zr
(immunoPET tracer) to image PD-1 expressing human TILs. Results:/b> Quality control of the tracer showed >95%
purity by SEC-HPLC and >60% immunoreactivity in an i>in vitro>i> cell binding assay. Each mouse of the two groups
(NSG [control] and hNSG, n=3-5) received the anti-PD-1 tracer (85 ± 10 μCi/15-16 μg/200 μL; 5 μCi/ μg specific
activity). After tracer injection PET-CT scans were performed over 1 - 120 h on NSG and hNSG mouse bearing A375
human melanoma xenografts. hNSG exhibited a high tracer uptake in lymphoid organs and tumors (Fig 1).
ImmunoPET ROI measurements shows tracer uptake in tumor / muscle were 3- and 15- fold higher for control NSG
mice, and 18- and 36- fold higher for hNSG mice, at 4h (P = 0.02) and 24h (P = 0.002), respectively (Figure 1).
Biodistribution measurements of hNSG performed at 120 h p.i. revealed a high (20×) tumor to muscle uptake ratio of
the PET tracer (p < 0.05). At 24h, human TILs homing into tumors of hNSG exhibited high signal 4.2 ± 2.7 (mean
%ID/g ± SD), which was 4× fold higher uptake compared to NSG mice (p = 0.05). Conclusion:/b> Our immunoPET
study clearly indicates that imaging of human PD-1 expressing TILs within the tumor and lymphoid tissues is possible.
Only mild liver PET signal related to clearance of tracer was observed. This suggests anti-human-PD-1 tracer could
be clinically translatable to asses and monitor cancer treatment response to check point blockade therapy. To the best
of our knowledge this data is the first report to image human PD-1 expression in living subjects using immunoPET.
AUTHORS (LAST NAME, FIRST NAME): Natarajan, Arutselvan1; Mayer, Aaron T.1, 2; Reeves, Robert E.1; Habte,
Frezghi1; Gambhir, Sanjiv S.1, 2
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TITLE: Endothelin A Receptor as a Target for Colorectal Cancer Detection and Characterization in Live Mice by
Fluorescence Endoscopy
PRESENTER: Christiane Geyer
ABSTRACT BODY: 
Abstract Body: Introduction: Patients suffering from ulcerative colitis are at an increased risk for developing colorectal
cancer (CRC). Accordingly, current guidelines recommend white light surveillance colonoscopy with additional
chromoendoscopy or random biopsies for affected patients. In various malignant diseases, including colorectal
cancer, the Endothelin A Receptor (ETAR) is known to be highly expressed. Therefore, the aim of this study was to
detect and characterize early colorectal dysplastic lesions in mice by ETAR-guided fluorescence endoscopy (FE) and
fluorescence reflectance imaging (FRI).
Material and Methods: For colorectal cancer induction in C57Bl/6 wt mice, a single dose azoxymethane was injected
intraperitoneally followed by cyclic administration of dextran sodiumsulfate in drinking water. A non-peptidic ETAR-
Probe (CH230-Cy5.5) was applied via the tail vein 24 hours prior to endoscopy. Additionally, binding specificity was
assessed by simultaneous injections of an equimolar amount of an unspecific fluorochrome (Glycin-Cy3.5). Tumor
development was evaluated in vivo by white light endoscopy and FE (Coloview, Karl Storz, Germany; Ex=630–680nm,
Em=716±40nm). Afterwards, colons were dissected and fluorescence images were captured with an In Vivo MS FX-
PRO Imaging System (Bruker Biospin MRI GmbH, Germany; Ex=630nm, Em=700nm; 10sec). White light images
were taken simultaneously for co-registration. Upon imaging, tumors were prepared and underwent hematoxylin and
eosin staining for histological grading and evaluation. Finally, ETAR expression within tumors was assessed by
immunohistochemistry and western blot analysis.
Results: In vivo detection of ETAR expression in early dysplastic lesions was feasible by FE employing the specific
tracer CH230-Cy5.5. Histological examination confirmed colorectal adenomas up to high grade dysplasia. FRI
analysis of the CH230-Cy5.5 tracer accumulation in the murine colon revealed a significantly increased tracer uptake
in colorectal adenoma compared to healthy mucosa (1336.8au vs 544.1au, p<0.001). The tracer uptake of low and
high grade adenoma was comparable (tumor-to-background ratio: 2.5 vs 2.3, p<0.637). Specificity evaluation showed
a significantly reduced tumor-to-background ratio comparing the accumulation of the unspecific tracer Glycin-Cy3.5 to
the specific CH230-Cy5.5 tracer (1.4 vs 2.5, p<0.001).
Conclusion: The ETAR expression in murine colorectal dysplasia was significantly increased as compared to healthy
mucosa. By detecting ETAR applying FE in live mice, a biomarker for CRC development was directly visualized during
ongoing colonoscopy, emphasizing the possibility for an in vivo characterization of CRC on a molecular level.
AUTHORS (LAST NAME, FIRST NAME): Geyer, Christiane3; Mücke, Marcus2; Bettenworth, Dominik2;
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By applying the CH230-Cy 5.5 probe, which binds to the Endothelin A Receptor (ETAR), a significant higher contrast
of colonic adenomas (asterisk) as compared to the adjacent non-malignant mucosa could be achieved during
Fluorescence Endoscopy (FE). WE = White Light Endoscopy
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TITLE: Phosphatidylserine-targeted nanoplatform for enhanced glioma-selective imaging 
PRESENTER: Dawen Zhao
ABSTRACT BODY: 
Abstract Body: Phosphatidylserine (PS), which is normally intracellular, becomes exclusively exposed on the outer
surface of viable endothelial cells (ECs) of tumor vasculature, but not normal blood vessels. Utilizing a PS-targeting
antibody, we have recently established a PS-targeted liposomal (PS-L) nanoplatform that has demonstrated to be
highly tumor-selective. Because of the vascular lumen-exposed PS that is immediately accessible without a need to
penetrate the intact blood brain barrier (BBB), we hypothesize that the systemically administered PS-L binds
specifically to tumor vascular ECs, becomes subsequently internalized into the cells and then enables its cargos to be
efficiently delivered to glioma parenchyma by penetrating the BBB. To test this, we exploited the dual MRI/optical
imaging contrast agents-loaded PS-L and injected it intravenously into mice bearing intracranial U87 glioma. At 24h,
both in vivo optical imaging and MRI depicted enhanced tumor contrast, distinct from the surrounding normal brain.
Intriguingly, longitudinal MRI revealed temporal and spatial intratumoral distribution of the PS-L by following MRI
contrast changes, which appeared punctate in tumor periphery at an earlier time point (4h) and became clustering and
disseminated throughout the tumor at 24h post injection. Immunohistochemical studies confirmed that the dynamic
MRI changes coincided with the earlier vascular phase followed by the tissue phase of PS-L. Importantly, glioma-
targeting specificity of the PS-L was antigen specific, since a control probe of irrelevant specificity showed minimal
accumulation in the glioma. Together, these results indicate that the PS-L nanoplatform enables the enhanced,
glioma-targeted delivery of imaging contrast agents by crossing the tumor BBB efficiently, which may also serve as a
useful nanoplatform for anti-glioma drugs.
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TITLE: Can anti-VEGF Antibody Reverse Radiation Necrosis? A Preclinical Investigation
PRESENTER: Chong Duan
ABSTRACT BODY: 
Abstract Body: Purpose: Recently, Radiation-induced necrosis (RN) in the brain has been treated clinically using
bevacizumab, an anti-VEGF antibody (Ab). While bevacizumab reduces radiographic volume of RN-associated
vascular leakage and resultant edema (1), the treatment has potentially serious complications (2) and rebound
phenomena after the discontinuation of the therapy (3). A comprehensive study of the treatment effect, validated with
gold-standard histology, is warranted. Preclinical models present a unique opportunity to study the effects of anti-
VEGF Ab treatment on pure RN, independent of the complication of recurrent tumors. In the present study, we
investigated the anti-VEGF treatment of RN in a mouse model via anatomic and diffusion MRI. We also evaluated the
treatment responses using standard H&E and immunohistochemistry stains, an evaluation that is, generally,
impractical in humans.
Methods: Animal Model: All experiments were performed on female BALB/c mice. A single-fraction 50 Gy dose of
radiation was focused on the cortex of the left hemisphere. At this dose, moderate focal RN can be observed at
approximately week 8 post-irradiation (PIR). At week 8 PIR, mice were randomly divided into two groups: (i) an anti-
VEGF group treated with B20, a murine VEGF Ab, and (ii) an isotype-control group treated with GP120, a murine Ab
of the same isotype that targets the HIV capsid protein. Each Ab was administrated at 10 mg/kg twice weekly ip until
week 12 PIR. Imaging: Images were acquired with a 4.7-T small-animal Agilent/Variant scanner. Diffusion-weighted
images, post-contrast T1-weighted images (T1W) and T2-weighted images (T2W) were acquired. Data analysis: RN
volumes were derived on both T1W and T2W images. Apparent diffusion coefficient (ADC) maps were calculated as
the average of three diffusion datasets with a b-value of 1000 s/mm2. Statistical analysis was performed using a
paired-sample t-test.
Results and Discussion: As shown in Figure 1, anatomic MR-derived lesion volumes decreased 52% (P<0.001) after
the treatment, while that of the control group increased 84% (P<0.001). Similarly, the abnormally high median ADCs
across the lesions also decreased for the treated mice (see Supplementary Data). Histologically, the treated mice
demonstrate decreased RN-related pathologies. Interestingly, dystrophic calcification was observed in roughly half of
the treated subjects, while none of the control group showed any mineral deposits (see Supplementary Data). Further,
despite the treatment, VEGF and HIF-1a, a well-known transactivator of VEGF, were still upregulated, which presents
the potential risk of RN recurrence after the discontinuation of therapy (see Supplementary Data).
Conclusions: Despite the initial improved radiographic appearance of RN lesions following anti-VEGF treatment, the
lesions are not completely resolved histologically. Subsequent calcification and continued upregulation of VEGF and
HIF-1a merit further follow up and investigation.
References: 1 Gonzalez, et al. Int. J. Radiat. Oncol. Biol. Phys. 2007;67:323–326; 2 Lubelski, et al. J. Neurooncol.
2013;115:317–322; 3. Jeyaretna, et al. J. Clin. Oncol. 2011;29:e159–e162.
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Figure 1. Anti-VEGF treatment response detected by anatomic MRI. The top panels show representative images at
week 8 PIR (pre-treatment) and week 12 PIR (post-treatment) for the isotype-control and anti-VEGF groups. The
bottom panels are plots of MR-derived lesion volumes (mean ± SD, n = 12) vs. time after irradiation for both groups
(black, isotype-control group; red, anti-VEGF group). “***” indicate P<0.001 as calculated by a paired-sample t-test.
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aggressiveness
PRESENTER: Kejia Cai
ABSTRACT BODY: 
Abstract Body: Introduction: The combined creatine and phosphocreatine resonance reflects the bioenergetics
metabolism in the MR spectrum of the tissue. Although MR spectroscopy can measure metabolites, it suffers from low
spatial resolution and long acquisition times. Recently, creatine CEST (CrCEST) MRI has been used for molecular
imaging of creatine based on the chemical exchange between the water protons and the exchangeable protons in
creatine, providing over 1000 fold of detection sensitivity compared to 1H MR spectroscopy [1-4]. The previous study
on 9L glioma brain tumors demonstrated that the CrCEST contrast correlated to bioenergy deficiency in tumor. The
present study was performed to investigate whether the bioenergetic state revealed by CrCEST MRI is useful to
differentiate tumors with different levels of aggressiveness.
Methods: 9L gliosarcoma and the more aggressive F98 glioma models were created according to previous protocols
[4, 5]. Tumor-bearing rats (n=5 for each tumor model) were scanned on a 9.4T horizontal bore small-animal MRI
scanner using a commercial rat head-coil (35 mm) at two size-matched time points (week 3 and 4 post-tumor
implantation). All animal experiments were approved by the IACUC. CEST Z-spectra were collected using a
customized sequence with a frequency selective rectangular saturation pulse (B1=50 Hz, duration=3s) followed by a
single shot Fast Low-Angle Shot (FLASH) readout [6]. Pixel-wise Z-spectra data were fitted with five Lorentzian
functions corresponding to Nuclear Overhauser Effect (NOE), semi-solid magnetic transfer (MT), direct saturation,
amide proton transfer (APT), and the CrCEST centered at ~2ppm, respectively (Fig. 1A)[4]. CrCEST integrals within
tumor areas were averaged and the standard errors were calculated. One-tailed paired and unpaired student’s t-tests
were performed with significance set at p<0.05.
Results: Pixel-by-pixel Z-spectral fitting provided with the line-width, amplitude, and integral maps of CrCEST from
tumor-bearing brains. Fig. 1B shows that CrCEST integral reduced in tumors compared to normal brain tissues. With
tumor progression from week 3 to 4, CrCEST contrast reduced further, in conjunction with an increase in tumor
volume. These observations were consistent in both 9L and F98 phenotypes, supporting creatine as a tumor
bioenergetic marker. More importantly, F98 tumors have significantly lower CrCEST integral compared to 9L tumors (
Fig. 1C, p<0.05). Given that F98 is more aggressive than 9L[5], our results suggest that CrCEST is inversely related to
tumor metabolic rate.
Conclusion: Our results indicate that CrCEST contrast tends to be lower in more aggressive tumors, suggesting that
CrCEST MRI may be useful for the differentiation of tumor malignancy.
References: [1]Haris M, et al. Nat. Med. 2014,20:209-214. [2]Kogan F, et al. Magn. Reson. Med. 2014,71:164-172.
[3]Kogan F, et al. JMRI 2014,40:596-602. [4]Cai K, et al. NMR Biomed. 2015,28:1-8. [5]Kim S, et al. NMR Biomed.
2008,21:208-216. [6]Cai K, et al. Nat. Med. 2012,18:302-306.
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Fig. 1. A) Demonstration of the multi-component fitting of a representative tumor Z-spectrum. B) Anatomical images
(left: gray scaled, arrows indicate tumors) and the corresponding CrCEST integral maps (right: false colored) from 9L
and F98 brain tumors at the 3rd or 4th week post tumor implantation. C) CrCEST integral reduced with tumor
progression and was significantly lower in F98 tumors compared to 9L tumors.
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ABSTRACT BODY: 
Abstract Body: Lung cancer is the leading cause of cancer deaths worldwide. Many lung cancer patients are
diagnosed with advanced disease. These patients have a low 5-year survival rate and limited treatment options. Thus,
novel treatments are needed to improve outcomes for these patients. The goal of this work was to develop a targeted
agent for molecular imaging and immunotherapy of lung cancer. Recently, immunotherapy agents have been
approved for use in lung cancer and many more are being tested in clinical trials. Several of these approved agents
are checkpoint inhibitors. By blocking the inhibitory signal, these agents result in an activation of the immune system
against the tumor. The current immune checkpoint inhibitor agents are not tumor-targeted. Targeting the
immunotherapy agent to specific receptors on tumor cells should concentrate the conjugate in the tumor
microenvironment and enhance the immune response in the tumor while reducing the systemic dosages needed,
resulting in lower out of tumor toxicity.
 
The delta opioid receptor (DOR) has been reported to be overexpressed in some lung cancers and not in normal lung.
We have previously validated expression of the DOR in lung cancer patient samples by immunohistochemical staining
of a tissue microarray. In addition, the synthesis of fluorescently-labeled DOR-targeted imaging agents (DORL-Cy5
and DORL-800) based on a synthetic peptide antagonist (Dmt-Tic) have been previously reported. These agents have
high DOR binding affinity in vitro, demonstrate selectivity for the DOR in vitro and in vivo, and exhibit good
pharmacokinetic and biodistribution profiles in vivo. Thus, we decided to develop lung cancer-specific immunotherapy
agents targeting the DOR by conjugating DORL to immunomodulatory molecules. In the current work, we synthesized
a fluorescently-labeled DOR targeting ligand (N,N-Dimethyl-Dmt-Tic-Lys-Lys-Cy5.5-dPEG5) and conjugated it to an
anti-PD1 antibody as the immunomodulatory molecule (DORL-PD1) (Figure 1A). We engineered 344 murine lung
cancer cells to constitutively express the DOR (344/DOR) and characterized these cells for expression of the DOR at
the mRNA and protein levels using qRT-PCR, confocal microscopy, and lanthanide time-resolved fluorescence
(LTRF) competitive binding assays. We evaluated the binding affinity of DORL-PD1 in the 344/DOR cells using LTRF
competitive binding assays. DORL-PD1 retained high binding affinity for the DOR (IC50 = 31.15 nM, n = 4) (Figure
1B). Finally, we characterized the binding and uptake of DORL-PD1 in vitro using live-cell fluorescence microscopy
(Figure 1C). DORL-PD1 remains on the cell-surface for 24 hours and then is slowly internalized.
 
In conclusion, we have synthesized a novel fluorescent DOR-targeted immunotherapy agent, DORL-PD1, and shown
that this agent has high affinity for the DOR in vitro. Future studies will evaluate DORL-PD1 in vivo in
immunocompetent mice. This agent could be useful for molecular imaging and immunotherapy of lung cancer.
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Figure 1. Synthesis and in vitro characterization of DORL-PD1, a novel DOR-targeted immunotherapy agent for lung
cancer. A) Structure of DORL-PD1. Shown in blue is the targeting ligand (N,N-dimethyl-Dmt-Tic) and shown in red is
the fluorescent dye (Cy5.5). B) Combined results from lanthanide time-resolved fluorescence (LTRF) competitive
binding assays. 344/DOR cells were incubated with Eu-DPLCE, a europium labeled DOR agonist (5 x 10-9 M) and
increasing concentrations of DORL-PD1 (4.88 x 10-10 to 1 x 10-6 M). DORL-PD1      competes with Eu-DPLCE for
binding to the DOR on 344/DOR cells. This results in lower signals at higher concentrations of DORL-PD1. C) In vitro
live cell labeling of 344/DOR tumor cells with DORL-PD1. 344/DOR cells were incubated with 150 nM DORL-PD1 for
30 min and then rinsed. Shown are representative live cell fluorescence images of the same region of cells acquired at
select time points from 1 h to 72 h post-administration of DORL-PD1.
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ABSTRACT BODY: 
Abstract Body: Tumors have high requirement of glucose, commonly described as the Warburg Effect1-3. A well-
known mechanism of glucose uptake into cells is facilitative diffusion through the glucose transporters (GLUTs),
frequently over-expressed in advanced carcinomas3. This is the basis of the clinical detection of tumors by positron-
emission tomography (PET) using 2-[18F] fluorodeoxyglucose (FDG)4. A GLUT-independent glucose import system,
using the sodium-dependent glucose transporters (SGLTs, see Image), has been recently discovered in cancer5.
SGLT2 has been identified as the major sodium-dependent glucose transporter upregulated in pancreatic and
prostate carcinomas5. The SGLT-specific radioactive tracer α-methyl-4-[18F] fluorodeoxyglucose6 (Me4FDG, see
Image) can be used to functionally measure SGLT2-dependent glucose uptake both in freshly resected human tumors
and in mouse xenograft models of pancreatic cancer by PET imaging5. In addition, the selective pharmacologic
SGLT2 blockers dapagliflozin and canagliflozin inhibit tumor survival in mouse pancreatic cancer xenografts5. The
gliflozins, approved by the FDA for diabetes, can be repurposed as anti-cancer agents.
In addition to pancreatic and prostate tumors, SGLT2 is functionally active in lung non-small cell lung cancer
(NSCLC). Our data in oncogenic Kras-driven genetically engineered mouse models (GEMMs) suggest that SGLT2
activation is an early event in lung carcinogenesis. We detected SGLT2 activity in GEMMs using Me4FDG-PET and
confirmed elevated SGLT2 expression in Kras-mutant lung tumors. Furthermore, dapagliflozin selectively inhibited
Me4FDG uptake in lung tumors, thus demonstrating selective inhibition of SGLT2-mediated glucose transport in
GEMMs. Taken together, these data suggest that Me4FDG represents a novel PET imaging tracer that can be used
(a) as a diagnostic probe to identify metabolically active lung tumors undetected by FDG and (b) as a prognostic
predictor of response to SGLT2 inhibitors.
The discovery of a new glucose import system in cancer opens an innovative field of investigation. Research on
cancer metabolism has focused only on GLUTs, assuming that FDG-negative tumors have low glucose utilization. The
presented results highlight the need for a re-interpretation of FDG-negative lesions, which may utilize SGLT2-
dependent transport, and may be detected by Me4FDG-PET (see Persuasive Data). The introduction of Me4FDG has
the potential to help the clinicians in the difficult decision between careful observation vs surgery in FDG-negative
single pulmonary nodules. Lastly, the search for biomarkers that predict response to therapy lies at the core of
personalized medicine. We propose that Me4FDG-PET will identify the patients who are likely to respond to SGLT2
inhibition with dapagliflozin or canagliflozin.
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Mechanisms of glucose import in cancer cells. Both SGLTs and GLUTs transport glucose, but SGLTs co-transport
glucose with sodium. Me4FDG can only be transported by SGLT2, whereas FDG can only be transported by GLUTs.
Both tracers accumulate inside the cell with different mechanisms. FDG phosphorylation by hexokinase traps FDG-P
inside the cell; Me4FDG is not phosphorylated, and its accumulation depends on the gradient of sodium across the
plasma membrane.
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ABSTRACT BODY: 
Abstract Body: Trastuzumab is currently a standard of care in the management of human epidermal growth factor 2
(HER2) overexpressing breast cancer (BC). Nonetheless, issues of resistance still remain, including the impaired
accessibility of HER2 caused by mucin 4 (MUC4) overexpression. In a previous study using Zirconium-89 radiolabeled
trastuzumab (89Zr-T), a significant increase of tracer accumulation was observed when BC cells overexpressing
MUC4 were challenged with the mucolytic drug N-Acetylcysteine (NAC). Here, using the same approach, the effect of
the combination of trastuzumab at therapeutic doses associated to NAC was investigated in a model of dual HER2
human BC-bearing nude mice.
Methods:  
Dual SKBr3 (HER2+/MUC4-) and JIMT1 (HER2+/MUC4+) BC tumors bearing nude mice were randomized to four
different treatment arms (9-10 animals/arm): i.p. injections of saline (S) or trastuzumab (T; 5mg/kg) in combination
with sweetened drinking water supplemented with NAC (N;4g/L) or not (Control, C). Therapeutic effect was monitored
by 89Zr-T HER2-immunoPET-CT, 18F-FDG PET-CT, measurement of tumor volume and pathological examination.
Significance was assessed by t-student test and two-way ANOVA and set at p<0.05.
Results: 
In JIMT1 tumors, NAC supplementation led to higher accumulation of 89Zr-T compared to control (increase of SUV

max: 33.7±7.4%) with no significant effect on 18F-FDG uptake. Trastuzumab treatment of animals under NAC
resulted in a more efficient control of tumor growth reflected by smaller tumor volume (NT=0.36±0.11 cm3 vs
CT=0.80±0.13 cm3, NS=0.84±0.15 cm3 and CS=0.82±0.21 cm3) and weight (NT=0.63±0.14 g vs CT=1.61±0.25 g,
NS=1.42.1±0.28 g and CS=1.57±0.18 g). In addition significantly lower increase in 18F-FDG uptake (ΔSUVmax:
NT=12.6 ±7.8 vs CT=78.6±10.7, NS=62.1±12.1 and CS=75.1±15.6) could also be demonstrated in MUC4
overexpressing JIMT1 tumors compared to NAC untreated controls. These findings were validated by
immunostaining, with lower percentage of cells expressing Ki67 (-55%) and pAkt (-45%) when NAC was combined to
trastuzumab. NAC alone or combined with trastuzumab, caused a substantial decrease of MUC4-expression but did
not affect HER2 as measured by immunohistochemistry. Accordingly, NAC did not change the sensitivity of the
MUC4-negative SKBr3 tumor to trastuzumab.
Conclusion: 
Our study suggests the possible benefit of combining the widely available drug NAC to trastuzumab to treat a subset
of HER2-positive BC tumors overexpressing MUC4.
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Correlation between %ΔSUVmax of 18F-FDG after trastuzumab treatment and 89Zr-T uptake before treatment for
SKBr3 (HER2+/MUC4) and JIMT1 (HER2+/MUC4+) tumors in dual-tumor-bearing mice randomized to the
trastuzumab-based treatment arms (CT and NT).
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ABSTRACT BODY: 
Abstract Body: Tyrosinase (TYR), a copper-containing monooxygenase enzyme that participates in melanin synthesis,
has been identified as a key target for medical and cosmetic applications. Abnormally elevated TYR levels were found
to be associated with skin cancer, while over reactive TYR could lead to esthetic issues. A sensitive TYR activity
assay would be critical for both fundamental research and practical applications in clinical diagnosis and the cosmetic
industry. Thus, a luminescence probe that exhibits a bioluminescence turn-on signal upon reacting with TYR was
developed. A luminescent tyrosinase probe, LumiTYR is derived from amino-D-luciferin. In the presence of TYR,
LumiTYR was converted into an orthoquinone intermediate , which prompted a spontaneous intramolecular
rearrangement and the release of amino-D-luciferin. The enzymatic conversion of LumiTYR to amino-D-luciferin
catalyzed by TYR was confirmed by HPLC and MALDI-mass spectrometry analysis. As amino-D-luciferin is a
substrate of firefly luciferase (FLuc), the activity of TYR can be measured and imaged by bioluminescence. The
correlation between luminescent signal intensity and TYR concentration was validated biochemically. The optimal pH
of the enzymatic conversion of LumiTYR was determined to be 6.8. Thereafter, LumiTYR was further evaluated using
melanoma (B16-F10) and breast cancer (MDA-MB-231) cells. The parent melanoma B16-F10 cells are known to
express high levels of TYR, but MDA-MB-231 cells have none. After introducing the FLuc gene to these cells, four cell
lines demonstrated a distinct expression pattern of TYR. These cell lines were then used for the biological validation of
FLuc (Table). Upon incubating LumiTYR with the cells, very low bioluminescent signal was detected in three control
cell lines, which have none or only one enzyme. A high luminescent signal was observed in the TYR+ and FLuc+ B16-
F10 cells (B16-F10-Luc), confirming the specificity of LumiTYR (Figure). With benzaldehyde, a TYR inhibitor, TYR
specific luminescent signal intensities were reduced in a dose-dependent manner. In conclusion, the luminescence
probe LumiTYR is sensitive and specific in sensing TYR activity. This luminescence system could potentially be
applied to screen TYR inhibitors for clinical applications both in vitro and in vivo.
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Tyrosinase specific bioluminescence of LumiTYR. (A) Bioluminescent signal intensities of LumiTYR in four cancer
cells with distinct tyrosinase and firefly luciferase expression pattern. (B) Bioluminescence image of LumiTYR in TYR
containing melanoma cells with (bottom) or without (top) firefly luciferase. a.u. arbituary unit.
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TITLE: A Toll-like Receptor 2 (TLR2) Antagonist-based Fluorescence Imaging Probe for Intraoperative Surgical
Guidance
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ABSTRACT BODY: 
Abstract Body: Expression of toll-like receptor 2 (TLR2) is typically observed in cells involved with the immune
response and is associated with a number of related pathologies, including sepsis, inflammation, autoimmune
diseases and cancer. We have reported that TLR2 is broadly expressed among many cancer types and has
particularly broad and high expression among pancreatic adenocarcinomas. Because primary pancreatic tumor
surgeries often result in incomplete resection with residual disease and achievement of a clean (R0) margin has a
strong correlation with patient survival, we had previously developed a TLR2 targeted molecular imaging agent based
on an agonist ligand conjugated to near-infrared fluorescent (NIRF) dye (TLR2L-800) (Figure 1A) that has potential for
use in intraoperative surgical guidance. Although TLR2 agonists have been used as immune adjuvants of cancer
vaccines without serious deleterious effects, it is possible that an agonist-based imaging agent could generate an
unwanted immune response and increased background signal.
There is significant interest in the development of TLR2 antagonists for treatment of TLR2 expression related
pathologies. Recently, a few small molecule-based TLR2 inhibitors have been developed and in vitro studies reported.
Also, a monoacylated lipopeptide with reduced agonist activity was reported. To further explore the antagonist
potential of a monoacyl ligand, we have generated a monoacylated NIRF dye conjugate version (TLR2Li-780) (Figure
1B) of our existing TLR2 targeting agent that retains high TLR2 binding affinity (16 nM Ki), that does not stimulate
TLR2 activity and has higher antagonist activity (361 nM IC50) relative to any of the known small molecule TLR2
inhibitors.
Initial in vivo imaging studies have shown that TLR2Li-780 can be used to specifically image SU.86.86 pancreatic
tumor xenografts with endogenous TLR2 expression levels, .e.g. an excess of the TLR2 agonist Pam2CSK4
significantly decreased tumor associated signal (p<0.0001). We have also demonstrated the feasibility of the
intraoperative detection of pancreatic tumors using both the TLR2L-800 and TLR2Li-780 agents. Prior to surgery,
SU.86.86 orthotopic pancreatic tumor xenografts were generated by our published ultrasound-guided injection method
and volumes were measured in vivo weekly by 3D ultrasound imaging (Figure 1C). In vivo fluorescence guided
intraoperative surgical removal of orthotopic pancreatic tumors 24h post-injection of TLR2Li-780 was performed using
a clinical real-time imaging platform (Figure 1D). Ex vivo fluorescence images were acquired that correspond to the in
vivo real-time images (Figure 1E). In vivo tomographic fluorescence imaging was also performed pre- and post-
surgery confirming removal of the orthotopic tumor (Figure 1F).
Future studies are needed to confirm whether the agonist or antagonist version of the TLR2 targeted NIRF agent is
superior for real-time fluorescence guided surgery. In addition, the novel antagonist is the most potent TLR2 inhibitor
reported to date and may have utility in the treatment of a number of immune-system related pathologies that involve
aberrant TLR2 signaling.
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Figure 1. A) Structure of TLR2L-800, the diacylated TLR2 targeted agonist-ligand based NIRF conjugate. B) Structure
of TLR2Li-780, the monoacylated TLR2 targeted antagonist-ligand based NIRF conjugate. C) The orthotopic
pancreatic tumor xenograft volume was measured prior to surgery in vivo by 3D ultrasound imaging 5 weeks post-
injection of SU.86.86 human pancreatic tumor cells. D) In vivo real-time NIRF image acquired using a clinical imaging
platform during fluorescence guided surgical removal of an orthotopic SU.86.86 pancreatic tumor, 24h post-injection of
TLR2Li-780. E) Ex vivo fluorescence image of the same tumor imaged in panel D.  F) In vivo fluorescence
tomographic imaging was performed pre- and post-survival surgery confirming removal of the tumor.
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TITLE: Dynamic 18F-FDG PET for chemotherapy response monitoring of breast cancer xenografts
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ABSTRACT BODY: 
Abstract Body: Introduction: Tumor cell proliferation, tissue drug delivery and the cell killing effect were identified as
key factors of efficacy of chemotherapy (ChT), a standard of care for breast cancer (BC) patients [1, 2, 3]. Dynamic 18

F-FDG PET (dPET) with pharmacokinetic (PK) modeling of the tracer uptake depicts temporal and spatial 18F-FDG
distribution, allowing non-invasive evaluation of ChT response [4, 5, 6]. In this study we employ dPET as a tool to
evaluate changes in three breast cancer xenografts in mice following three ChT regimens.
Materials and Methods: Sixty-six athymic nude mice bearing two basal-like and one luminal-like bilateral BC
xenografts (BCx) were subjected to three 60 minute dPET scans before and 3 and 10 days after treatment with
doxorubicin, paclitaxel or carboplatin using 18F-FDG as a tracer. Tumor growth was monitored and used as a
response measure. Transfer rates constants k1, k2 and k3 between the vascular, non-metabolized and metabolized
compartments and intravascular fraction vB were estimated by fitting tumor uptake curves with a two-tissue
compartment model. Early and late standardized uptake values (SUVE and SUVL) were also estimated. A partial least
squares regression (PLSR) model was established to explain the PET parameters’ impact on treatment response.
Results: In this study we demonstrated feasibility of a high throughput imaging in preclinical studies using a clinical
PET/CT scanner. Tumor growth inhibition by ChT and changes in PK parameters were different for all three breast
cancer xenografts. Irrespective of BCx and treatment type, pre-treatment SUVL for treatment responders was
significantly lower than for non-responders (P<0.05), while non-responders had lower k1 and k2 and higher k3
compared to responders at day 10. PLSR analysis supported this, showing that k1 and k2 at day 10 and changes in k

3 and SUVL explained most of the variability in response to ChT. Different drug types had different effect on tumor
growth rate and PK parameters. PLSR model correctly identified all but two HBCx39 tumors as responders or non-
responders. Still, the prediction of the magnitude of the response differed for PDX lines.
Conclusions: dPET was shown to be superior to static PET in treatment monitoring of breast cancer [7], as SUVL
struggle to address tumor perfusion and metabolism at the same time [8]. In this study, SUVL was not the main
explanatory parameter and the PK parameters related to tumor perfusion and metabolism predicted the response.
Despite the fact that dPET can be a valuable and more sensitive tool for evaluation of treatment-induced changes in
the tumor, changes in SUVL are still being used in clinical treatment monitoring, as this parameter is easier to
measure and may be more reproducible between different centers [8].
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Changes in pharmacokinetic parameters and SUVs after chemotherapy, Mean ± SEM
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TITLE: In vivo tumor molecular imaging strategy using fluorescence and bioluminescence fused tomography
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ABSTRACT BODY: 
Abstract Body: Background: Fluorescence and bioluminescence imaging are frequently used for the non-invasive
study of ongoing biological processes in molecular and cellular level in small animal tumor models. Because the
conventional 2D optical imaging strategy can only offer qualitative tracing of optical molecular probes, the optical and
CT fused tomographic imaging technologies, such as fluorescence molecular tomography (FMT) and bioluminescence
tomography (BLT), were developed to achieve quantitative 3D whole-body imaging. However, since BLT and FMT
employ different molecular probes and reveal different biological events in the tumor microenvironment, either one of
them can provide substitutable information to the other. Here, we present a novel fluorescence and bioluminescence
fused tomographic imaging strategy that can combine the molecular information of both optical probes in 3D. This
FMT-BLT-CT approach holds great promise to enable more comprehensive observation of the tumor
microenvironment.
Method: Three 4T1-luc2 (luciferase-expressing mouse adenocarcinoma cell) xenografts were used for FMT-BLT-CT
imaging. The imaging system was house-made in the Key Laboratory of Molecular Imaging, Chinese Academy of
Sciences (Figure 1.a). Both optical images (fluorescence probe: indocyanine green, ICG; emission wavelength: 820
nm; exposure time: 1 s; bioluminescence probe: luciferin; emission wavelength: 620 nm; exposure time: 5 s) and CT
images were acquired in the system. Then, the diffusion model and fast iterative shrinking method was applied to
reconstruct the 3D distribution of both kinds of light sources inside the tumor tissue.
Result: The FMT-BLT-CT fused 3D image (Figure 1.b) showed that the bioluminescent light (blue coded) mainly came
from the peripheral area inside the tumor, which indicated necrotic cells filled in the tumor center. The fluorescence
light (yellow coded) also came from the tumor peripheral area, but it only took a partial space, which revealed that the
ICG was not sufficiently accumulated inside the tumor due to its non-specificity. Both light sources were not
homogeneously distributed inside the tumor lesion. This vividly demonstrated the tumor heterogeneity. This novel
dual-optical and CT hybrid imaging strategy may offer a new way to understand the tumor with more comprehensive
information.
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Figure 1. a) The small animal optical-CT hybrid imaging system. It can acquire multispectral optical images for both
fluorescence and bioluminescence imaging. The EMCCD camera, illumination laser and micro-CT are placed on the
gantry surrounding the central mouse holding bed; b) FMT-BLT-CT fused 3D image. The tumor was in the left upper
limb armpit of the mouse. The red, orange and green regions represent heart, lung and liver which segmented from
CT. The blue and yellow regions represent the reconstructed results of BLT and FMT, respectively.
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ABSTRACT BODY: 
Abstract Body: Purpose: The correlation between glutamine metabolism and oncogene expression in cancers has
lead to a renewed interest in the role of glutamine in cancer cell survival. Prostate cancer cells are only modestly
responsive to cytotoxic effects of current available chemotherapeutic agents. Resveratrol and sulforaphane are two
examples of natural compounds that have attracted attention for their selective toxicity to cancer cells and their ability
to sensitize cancer cells to other therapies1,2. In the current study, we evaluate non-invasive observations of
glutamine metabolism as a biomarker for the treatment of prostate cancer cells. Hyperpolarized 13C NMR
measurements were used to probe the metabolic conversion of hyperpolarized [5-13C]glutamine to [5-13C]glutamate
in aggressive living prostate cancer cell lines (DU145 and PC3).
 
Methods: [5-13C]glutamine was hyperpolarized3 using Dynamic Nuclear Polarization techniques under microwave
irradiation at 94 GHz in a magnetic field of 3.35 T at a temperature of 1.2 K. After dissolution in hot phosphate buffer
the glutamine solution is used to measure real time glutamine metabolism by manual injection into a cellular
suspension placed in a 10 mm NMR tube at 14.1 T. Two prostate cancer cell lines (PC3 and DU145) were
investigated before and after treatment with the two natural anticancer drugs resveratrol and sulforaphane. An
invasive biochemical assay based on RP-HPLC simulating the hyperpolarized experiment is used to independently
quantify glutamine metabolism.
 
Results: Real time glutamine metabolism in DU145 cells is shown in Fig. 1A and a single spectrum taken 20 s after
start of the experiment (where glutamate is highest) is shown in Fig. 1B. Area under the curves of hyperpolarized [5-
13C]glutamate is found to be 4 times higher in the more glutaminolytic DU145 cells compared to PC3 cells under
proliferating growth conditions by using hyperpolarized [5-13C]glutamine as a non-invasive probe (Fig. 1C). Invasive
RP-HPLC assay determining the glutaminase activity similarly shows higher glutaminase activity in DU145 compared
to PC3 (Fig. 1D). Treatment response to sulfuraphane is shown in Fig. 1E and F using hyperpolarization and RP-
HPLC measurements respectively. Glutamine metabolism is decreased after drug treatment as determined by both
assays.
 
Conclusion: Hyperpolarized NMR using [5-13C]glutamine as a probe permits the non-invasive observation of
glutaminolysis in different cell lines and under different treatment conditions. Hyperpolarized [5-13C]glutamine
metabolism thus is a promising biomarker for the non-invasive detection of tumor response to treatment, as it directly
monitors one of the hallmarks in cancer metabolism - glutaminolysis - in living cells.
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Figure 1. A) Real time glutamine metabolism in DU145 cells using [5-13C] glutamine. B) Single spectrum from the
dynamic series shown in A) after 20 s. C) Area under the metabolic build-up curves from [5-13C] glutamate in DU145
and PC3 cells. D) Glutaminase activity determined by RP-HPLC in DU145 and PC3 cells. E) Area under the metabolic
build-up curves from [5-13C] glutamate in DU145 cells treated with resveratrol. F) Glutaminase activity determined by
RP-HPLC in DU145 treated with resveratrol.
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TITLE: Evaluation of Peptide-mediated Fc Region-specific Radiolabeling on Antibody Distribution by using PET with
Tumor-bearing Mice.
PRESENTER: Yousuke Kanayama
ABSTRACT BODY: 
Abstract Body: Antibody-drug conjugates (ADCs) are expected to be useful tools for targeted therapy of cancer. To
realize ADCs, site-specific drug conjugation technology is required for maintaining antibody reactivity to target
molecules. Recently, Ito et al. have developed a human IgG Fc-region specific binding peptide (IGBP). Using the
IGBP, human IgG can be easily modified with various kinds of drugs without interfering the reactivity. However, IGBP
may affect the reactivity against Fc-receptors, thus the information of cancer-targeting efficacy and biodistribution
properties of IGBP-conjugated antibody are required to evaluate the usefulness as ADC. In this study, we compared
in vivo dynamics of radiolabeled IGBP-antibody with randomly radiolabeled antibody by PET imaging in tumor-bearing
mice.
The IGBP containing 4 molecules of DOTA was synthesized and conjugated to anti-HER2 antibody trastuzumab.
Since an IGBP binds to a heavy chain, 2 kinds of IGBP-conjugated trastuzumab (P1T, contains 4 DOTA; P2T,
contains 8 DOTA) were purified by ion exchange chromatography. For control experiments, comparable number of
DOTA was randomly conjugated to trastuzumab by DOTA-NHS-ester (D4T, 4 DOTA; D8T, 8 DOTA). Dissociation
constants (Kd) of antibody-antigen interactions were determined by Quartz Crystal Microbalance analysis. After
radiolabeling with 64Cu, each antibody was intravenously injected to dual-tumor-bearing mice which were xenografted
with HER2-expressing A431 cells and HER2-non-expressing C6 cells. At the time points of 30 min, 1 d and 2 d after
injection, 30 min of PET scan was performed.
As the results, P1T and P2T showed the same levels of antibody reactivity as intact trastuzumab (Kd= ca. 1.1 nM)
while D4T and D8T showed reduced one (D4T, 4.6 nM; D8T, 6.4 nM). In the HER2-positive tumor accumulations, P1T
showed the highest level but P2T showed the lowest. As for the radioactivity in the blood pool, P1T showed slightly
faster clearance than D4T and D8T, whereas P2T showed significant reduction even at 1 d. In the HER2-negative
tumor, comparable accumulations were observed except P2T.
In this study, we successfully demonstrated in vivo distribution characteristics of the peptide-mediated Fc-region
specific radiolabeled antibodies. However, the Fc-receptor binding affinity was impaired especially in P2T, which may
result in the accelerated blood clearance by disturbing the neonatal Fc-receptor mediated antibody re-circulation.
Because of the intact reactivity to antigen and moderate retention in the circulation, the monovalent IGBP-conjugated
antibody will be useful for ADC.
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CONTROL ID: 2494984
TITLE: Comparison of the migration patterns of granulocytic and monocytic myeloid-derived suppressor cells to
primary and metastatic breast cancer by PET/MRI
PRESENTER: Sabrina Eilenberger
ABSTRACT BODY: 
Abstract Body: Immunosuppressive granulocytic and monocytic myeloid-derived suppressor cells (G-/M-MDSCs) are
abundant in different cancer types and actively recruited to tumor tissues where they contribute to tumor progression
by potent inhibition of innate and adaptive immune responses. Moreover, MDSCs contribute to the formation of the
premetastatic niche (PMN) in secondary organs and thereby facilitate metastasis. In previous studies, our group has
visualized the homing of adoptively transferred G-MDSCs to primary PyMT tumors in vivo by optical imaging and
PET/MRI. Consecutively, this study focuses on differences in the migration patterns of G- and M-MDSCs to primary
and metastatic PyMT breast cancer tumors in vivo.
 
MDSCs were differentiated in vitro from bone marrow cells with GM-CSF and IL-6. G- and M-MDSC subpopulations
were separated according to Ly6G and Gr-1 expression by magnetic cell sorting. Both subpopulations were
radiolabeled with a 64Cu-NOTA-antiCD11b monoclonal antibody. Primary tumors were inoculated by orthotopic
injection of 0.5x106 PyMT cells into the 4th mammary fat pad of C57BL/6 mice. On day 19 after inoculation, tumor-
bearing mice (n=6) and controls (n=5) were injected with 2x106 64Cu-NOTA-antiCD11b-labeled G- or M-MDSCs
intravenously (i.v.). Breast cancer metastases were generated by intracardiac injection of 0.25x106 Luciferase-
transgenic PyMT cells. Metastatic growth was monitored by optical imaging. Metastases-bearing mice (n=5) received
an adoptive transfer of 2x106 64Cu-NOTA-antiCD11b-labeled G- or M-MDSCs 18 days after inoculation. For both
models, static PET and T2-weighted anatomical MR scans were acquired 3, 24 and 48h post injection (p.i.).
 
Early homing sites of G- and M-MDSCs were the lung, liver and spleen in the primary tumor and metastatic model 3h
after i.v. injection. Homing of G- and M-MDSCs to the primary tumor could be detected 24h p.i. (1.69±0.17%ID/cc and
1.74±0.26%ID/cc, respectively). A slightly higher fraction of M-MDSC homed to the tumor (2.44±0.33%ID/cc)
compared to G-MDSC (3.37±0.55%ID/cc) 48h p.i. Compared to M-MDSCs (1.33±0.61%ID/cc) 24h p.i., a higher
fraction of G-MDSCs (4.16±1.36%ID/cc) tended to migrate to the lungs of tumor-bearing animals and was retained
after 48h (2.64±0.46%ID/cc compared to 1.29±0.51%ID/cc, respectively) (Sceneay et al. Cancer Res 2012).
Compared to healthy lung tissue in quantitative PET data analysis, metastatic lesions in the lung had significantly
higher uptake values for G-MDSCs (2.58±0.48%ID/cc vs 1.11±0.19%ID/cc, p<0.001) and M-MDSCs
(3.87±1.13%ID/cc vs 1.66±0.0.23%ID/cc, p<0.001). Moreover, M-MDSCs had a 1.5-fold higher uptake in metastatic
lungs lesions compared to G-MDSCs 48h p.i.
 
We present here the first visualization of differences in migration patterns of G- and M-MDSCs to the primary tumor
microenvironment and established metastasis which is in accordance to previous findings (Kumar et al. Trends
Immunol. 2016). Immunosuppressive MDSC seem to play a role not only in PMN formation but also within the
microenvironment of established metastases. Next, MDSC cell tracking studies will be performed in tumor, PMN and
metastases models with increased cytokine secretion.
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CONTROL ID: 2495300
TITLE: Targeted tumor PET/MR imaging with 64Cu-labeled polyethyleneimine-coated manganese oxide nanoparticles
PRESENTER: Kai Chen
ABSTRACT BODY: 
Abstract Body: Objectives: The unique properties of Mn3O4 nanoparticles (NPs) provide a great opportunity for
developing PET/MR imaging probes. In this study, we developed multifunctional polyethyleneimine (PEI)-coated Mn3
O4 NPs and radiolabel the NPs with 64Cu for folate receptor (FR)-targeted dual-mode PET/MR imaging in mice
bearing human cervical cancer xenografts.
 
Methods: A solvothermal route was used to create PEI-coated Mn3O4 NPs by decomposition of acetylacetone
manganese in the presence of PEI. Fluorescein isothiocyanate (FI), PEGylated folic acid (FA), and NOTA chelator
were conjugated on the surface of PEI, and followed by acetylation of the remaining amines. The resulting NOTA-Mn3
O4-PEI-Ac-FI-(PEG-FA) NPs were characterized, and the cytotoxicity of NPs was evaluated by MTT cell viability
assay. The specific binding of NPs with HeLa cells overexpressing FR was confirmed by flow cytometry and confocal
microscopy. The NOTA-Mn3O4-PEI-Ac-FI-(PEG-FA) NPs were then radiolabeled with 64Cu and subjected to small
animal PET/MR imaging, and biodistribution studies. The FR binding specificity of NPs was further evaluated by in
vivo blocking studies.
 
Results: Multifunctional FR-targeted Mn3O4 NPs were successfully synthesized, and radiolabeled with 64Cu in >85%
decay-corrected yield with radiochemical purity of >99%. The MTT assay showed that NOTA-Mn3O4-PEI-Ac-FI-(PEG-
FA) NPs are non-cytotoxic at the concentration up to 100 µg/mL. The FA modification renders the NPs with targeting
specificity to cancer cells overexpressing FR, which is confirmed by flow cytometry and confocal microscopy studies.
MicroPET imaging results showed that 64Cu-labeled Mn3O4 NPs exhibit excellent tumor uptake in FR-positive HeLa
tumor xenografts (T/M ratio: 6.03 ± 2.35 at 18 h pi) via FR-mediated active targeting pathway, and significantly lower
tumor uptake in the FR-blocking group (T/M ratio: 2.78 ± 0.68 at 18 h pi). Tumor binding specificity was also confirmed
by ex vivo PET imaging and biodistribution studies. In addition, FR-targeted Mn3O4 NPs enabled efficient T1-
weighted MR imaging, and the excellent tumor MR imaging was achieved at 18 h pi.
 
Conclusions: The 64Cu-labeled multifunctional Mn3O4 NPs have been successfully developed for PET/MR imaging of
FR overexpression. PET/MRI with 64Cu-NOTA-Mn3O4-PEI-Ac-FI-(PEG-FA) NPs may provide a unique approach to
quantitatively localize and characterize FR-expressing tumors.
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CONTROL ID: 2495458
TITLE: Priming tumor blood vessels and the tumor microenvironment
with liposomal corticosteroids to improve drug delivery
PRESENTER: Tarun Ojha
ABSTRACT BODY: 
Abstract Body: Introduction: Tumors typically possess defective blood vessels, and a dense and disorganized
microenvironment. Together, these two features result in inefficient and heterogeneous drug delivery. By employing
clinically relevant corticosteroid-loaded liposomes, and by targeting them to tumor-associated macrophages (TAM),
we aimed to inhibit macrophage-mediated angiogenesis and inflammatory signaling. Via mechanisms such as
vascular normalization, stroma remodeling and collagen breakdown, the goal of such neo-adjuvant nano-treatments is
to improve the accumulation, penetration and intratumoral distribution of subsequently administered drugs and drug
delivery systems.
 
Methods: Mice bearing subcutaneous MLS ovarian cancer xenografts, which were previously shown to be highly
angiogenic and stromal (Ehling et al, Am J Pathol 2014), were treated with three different doses of liposomal
dexamethasone (LipoDex: 2.5, 5 and 10 mg/kg), once weekly for three weeks (n=7-8 per group). The effect of
LipoDex pretreatment on drug delivery was evaluated by in vivo and ex vivo optical imaging of the target site
accumulation of fluorophore-labeled model drugs (1 nm), polymers (10 nm) and liposomes (100 nm). Techniques
employed include computed tomography - fluorescence molecular tomography (CT-FMT; Kunjachan et al, ACS Nano
2013), fluorescence reflectance imaging (FRI), standard fluorescence microscopy (FM) and two-photon laser scanning
microscopy (TPLSM).
 
Results: Mice pre-treated with LipoDex showed a 20-40% increase in the tumor accumulation of the 1 nm-sized free
dye and of the 10 nm-sized polymeric drug delivery system (Fig. 1A-B). Liposome concentrations were not affected.
These findings were validated ex vivo using FRI, FM and TPLSM. Microscopy showed that LipoDex pretreatment
resulted in vascular normalization, as exemplified by an increase in vessel maturation (aSMA/CD31 ratio), in an
increase in vessel functionality (lectin/CD31 ratio), as well as a significant reduction in collagen content, which
together resulted in a significantly improved penetration and intratumoral distribution of both the 10 nm-sized
polymeric drug carriers, as well as of 100 nm-sized liposomes (exemplarily shown for polymers Fig. 1C-D).
 
Conclusion: Our findings demonstrate that pretreating tumors with liposomal corticosteroids affects tumor blood
vessels and the tumor microenvironment, and that it beneficially affects the accumulation, penetration and intratumoral
distribution of subsequently administered drugs and drug delivery systems.
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Figure 1: Effect of tumor priming on drug delivery and tumor microenvironment. A: Representative in vivo CT-FMT
images showing segmented tumors and organs, as well as probe (polymer) biodistribution. B: Quantification of the
effect of tumor priming on the accumulation of model drugs, polymers and liposomes, exemplifying somewhat higher
overall accumulation for small model drug and polymers, and no change in the overall accumulation for liposomes. C:
Immunohistological analysis of CD31 vessel density, the maturation (aSMA/CD31) and functionality (lectin/CD31) of
tumor blood vessels, analysis of collagen content and analysis of polymer penetration out of blood vessels into the
tumor interstitium in control and pretreated tumors. D: Quantification of the images in panels C (n=5 images per tumor,
n=3-4 tumors per group). For penetration analysis, the mean polymer area percentage in concentric rings surrounding
blood vessels is shown, indicating improved penetration.



CONTROL ID: 2476656
TITLE: Evaluation and comparison of 99mTc-HYNIC and 99mTc-HYNIC-GSG-labeled anti-VEGF peptide targeting
neuropilin-1 for breast cancer imaging
PRESENTER: Ximena Camacho
ABSTRACT BODY: 
Abstract Body: Objectives: Neuropilin-1 (NRP-1), a non-tyrosine kinase receptor of vascular endothelial growth factor-
165, is expressed on endothelial and some breast cancer cells [1]. Its overexpression was correlated with tumor
angiogenesis and growth. Heptapeptide ATWLPPR (A7R) binds specifically to NRP-1 and selectively inhibits VEGF

165 binding [2]. The aim of this work was to evaluate and compare 99mTc radiolabel A7R peptide through HYNIC with
via a Gly-Ser-Gly (GSG) spacer between HYNIC and the N-terminus of the peptide.
Methods: HYNIC-A7R and HYNIC-GSG-A7R were purchased from Genscript SA and Siquimia Srl. Both peptides
were radiolabeled with 99mTc at 50 °C in the presence of different coligands including tricine, ethylenediaminediacetic
acid (EDDA), Tricine/EDDA and Tricine/nicotinic acid (NA) looking for the best combination the described peptides,
coligands and radioisotope. Radiolabeling conditions (i.e., pH, temperature, and reaction time) were optimized in order
to standardize the procedure. Radiochemical evaluation was performed using ITLC and confirmed by reversed-phase
HPLC. The coefficient partition, stability in serum and L-Cysteine were determined. In-vitro studies were performed
using breast cancer MDA-MB-231 cells lines. Biodistribution studies were performed in healthy Balb/c at various time
points.
Results: Both peptides could be labeled at high specific activities using differents coligands. From the explored
combination of the described peptides, coligand and 99mTc, we found that [99mTc]tricine/HYNIC-A7R and [99m

Tc]tricine-NA/HYNIC-GSG-A7R revealed the highest labeling yields and in vitro stability. The [99mTc]tricine-
NA/HYNIC-GSG-A7R was more hydrophilic (log P = -2.97 ± 0.11) than [99mTc]tricine/HYNIC-A7R (log P = -2.19 ±
0.27). The biodistribution evaluation confirmed this hydrophilicity of [99mTc]tricine-NA/HYNIC-GSG by revealing
greater kidney uptake and low blood retention. In vitro evaluation of [99mTc]tricine/HYNIC-A7R showed low binding
and internalization to breast cancer cells while [99mTc]tricine-NA/HYNIC-GSG-A7R showed a 10 fold increase of
binding and internalization. .
 
Conclusion:  
We evaluated and compared two 99mTc radiolabeled peptides targeting neuropilin-1 in breast cancer. Our results
revealed that [99mTc]tricine-NA/HYNIC-GSG-could potentially be used for non-invasively follow up of those of
neuropilin-1 expressing tumors, such as breast cancer.
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CONTROL ID: 2486306
TITLE: Development and characterization of a multi-modality anti-PSMA targeting agent for immuno-SPECT/CT, near-
infrared fluorescence imaging and targeted photodynamic therapy of PSMA-expressing tumors
PRESENTER: Susanne Lütje
ABSTRACT BODY: 
Abstract Body: Aim: The prostate-specific membrane antigen (PSMA) was shown to be overexpressed on prostate
cancer as well as in the neovasculature of other malignancies, which renders it a target for imaging and therapy.
Targeted photodynamic therapy (tPDT) is a highly selective cancer treatment based on targeting molecules
conjugated to photosensitizers which can induce cell destruction upon exposure to near-infrared (NIR) light. Here, the
development and in vivo characterization of the multi-modality anti-PSMA targeting agent 111In-DTPA-D2B-
IRDye700DX is described for both pre- and intra-operative tumor localization, image-guided surgery, as well as for
eradication of tumor tissue by PSMA-targeted PDT.
 
Materials and methods: The anti-PSMA monoclonal antibody D2B was conjugated with IRDye700DX and DTPA and
subsequently radiolabeled with 111In. To determine the optimal dose and time point of tPDT, BALB/c nude mice with
PSMA+ s.c. LS174T-PSMA xenografts received 3, 10, or 30 µg of the conjugate intravenously (8 MBq/mouse, n=5 per
group) followed by µSPECT/CT and NIR fluorescence imaging at 24, 48, 72, and 168 h p.i.. Tumor growth and overall
survival of 3 mice treated with 30 µg of the conjugate followed by 30 min of NIR light irradiation at 72 h p.i. was
compared to mice that did not receive any treatment. The tumor lesions were resected under image-guidance using
intraoperative NIR fluorescence imaging and stained for marker for double strand DNA breaks (yH2AX and 53BP1).
 
Results: PSMA+ tumors were clearly visualized both with SPECT/CT and NIR fluorescence imaging. Highest tumor
accumulation was observed in mice treated with 30 µg at 72 h p.i., which was confirmed by quantitative analysis of the
SPECT data (73 ± 10% ID/g) and biodistribution studies at 168 h p.i. (52 ± 16% ID/g). tPDT with 30 µg of the tracer
and irradiation at 72 h p.i. caused significant of tumor growth inhibition in the treatment group compared to the control
tumors. Median survival in the treatment group was significantly improved from 12.6 to 23.3 days.
 
Conclusion: These studies provided proof-of-principle that 111In-DTPA-D2B-IRDye700DX enables pre- and intra-
operative visualization of PSMA+ tumors with radionuclide and fluorescence imaging, image-guided surgery and
PSMA-targeted PDT.
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TITLE: Investigation of the glucose-stimulated release of Zn(II) in normal prostate – an insight for non-invasive
imaging of prostate cancer progression
PRESENTER: Su-Tang Lo
ABSTRACT BODY: 
Abstract Body: It is known that healthy prostate has highest level of zinc content in the body. However, during the
progression of prostate cancer, deregulation of zinc influx transporter (ZIP1) leads to decreased zinc accumulation.
Consequently, there is approximately a 6-fold decrease in Zn(II) content in prostate cancer tissue versus the normal
prostate or BPH. Thus, cellular Zn(II) has become a potential biomarker for prostate cancer progression. Previously,
our group reported a series of gadolinium-based MR contrast agents (Gd-CP027 and its derivatives) that response to
zinc release during insulin secretion in pancreas.
We have now discovered that this zinc-sensing MR imaging technology was able to monitor the tumor progression of
cancer in Transgenic Adenocarcinoma of the Mouse Prostate (TRAMP) mice. Interestingly, the release of Zn(II) ions
from normal, healthy prostate tissue was triggered by glucose in fasted mice. Hence, in this report, we further
investigated the role of glucose transport in releasing zinc from normal prostate in vitro and in vivo.
For the in vitro study, a cell membrane-bound zinc-responsive fluorescence probe, ZIMIR, was utilized to capture
Zn(II) released from normal prostate epithelial cell line PNT1A (WT) or PNT1A cells deficient of major glucose
transporters GLUT1 and GLUT4 (PNT1A-GLUT1-KD and PNT1A-GLUT4-KD), respectively. Cells were incubated with
or without a supplement of 75 µM of ZnSO4 for 72 h prior to glucose stimulation. Zinc-treated PNT1A-WT cells
showed higher ZIMIR intensity after glucose stimulation. On the other hand, PNT1A-GLUT1-KD showed significantly
lower release of Zn(II) after glucose stimulation, compared to normal PNT1A-WT and PNT1A-GLUT4-KD. To verify
this result in vivo, we performed MR imaging on GLUT1-knockdown (GLUT1-KD) or wild type (WT) litter mates using
Gd-CP027. Two pre-injection 3D T1-weighted gradient-echo scans were obtained using a 9.4T Varian MRI scanner.
After IP injection of glucose, 0.07 mmol/kg of Gd-CP027 was slowly infused. Then, a series of 3D T1-weighted scans
of the regions of interest (ROIs: kidneys and prostate) were collected.
Since kidneys are the main excretion route of Gd-CP027, the signal intensity of prostate was normalized to the signal
intensity of kidney to account for any differences in clearance rates of the agent. GLUT1-KD mice showed a
significantly lower signal enhancement ratio (prostate/kidney) compared to WT mice during 10 min post-infusion (WT:
1.282 ± 0.152; KD: 0.850 ± 0.075, p < 0.05). This indicates the GLUT1-KD mice were less sensitive to glucose-
stimulated zinc release from the prostate. However, the total zinc content between GLUT1-KD and WT mice needs to
be further determined to verify whether the GLUT1-KD mice are deficient in Zn(II). Although the evidence indicating
the zinc release in prostate is specific to GLUT1, the mechanism of zinc release via GLUT1 signaling is still under
investigation.
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GLUT1-KD mice showed lower zinc release in response to glucose stimulation in prostate compared to the WT litter
mates.
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TITLE: Imaging of Liver Tumors with Surface-Enhanced Raman Scattering Nanoparticles
PRESENTER: Chrysafis Andreou
ABSTRACT BODY: 
Abstract Body: Objective: The improved visualization of liver tumors using image-guidance is a sought after goal by
surgeons and interventional radiologists, and could lead to improved patient outcome by enabling minimally invasive
resection techniques. We hypothesized that "surface-enhanced Raman scattering" nanoparticles (SERS NPs) [1,2]
would be taken up avidly by healthy liver tissue, and less so by tumor tissue, acting as a contrast agent for optical
spectroscopic imaging of liver malignancies. The objective of the study was to test this hypothesis, and to compare the
performance of SERS NPs to a frequently used and well understood optical imaging method using the small molecule
dye Indocyanine Green (ICG) [3].
Methods: SERS NPs were prepared as described in [2] and administered intravenously (25 picomoles/kg) in
genetically engineered Myc-driven mouse models of hepatocellular carcinoma (HCC) and histiocytic sarcoma (n=7).
These models develop tumors spontaneously and closely mimic human pathology. After 16-20 h, Raman imaging was
performed in vivo, simulating an intraoperative setting. Ex vivo imaging was performed in excised tissue (livers and
spleens) and histological correlation performed for validation. In another cohort of HCC bearing mice (n=3),
fluorescence imaging using ICG (administered i.v., 0.5 mg/kg) was performed, with a fluorescence scanner as well as
a confocal Raman scanner. Finally, animals with both agents co-administered (n=2) were imaged, to enable a direct
comparison of the two agents.
Results: Using in vivo SERS imaging, liver tumors in both animal models were readily identifiable. In addition, SERS
imaging correctly detected microscopic lesions in the liver and spleen, as confirmed by histology. Tumors as small as
250 µm were detected. Fluorescence imaging with ICG produced non-uniform contrast in different tumors in the same
animal, with signal-to-background ratio ranging from SBR<1 to SBR>10. Upon combined administration of the SERS
NPs and ICG in HCC-bearing mice, we found that SERS NPs delineated tumors more accurately, with clearer
margins, due to the specificity of the Raman signal, and also demonstrated higher sensitivity (by about 20%) than
ICG. Additionally, SERS NPs were found to be photostable, whereas ICG was prone to photobleaching.
Conclusion: Our data show that SERS NPs have the ability to delineate liver tumors with high spatial resolution —as
small as a few hundred micrometers—in genetically engineered models that closely mimic human pathology.
Given the high sensitivity, highly specific spectroscopic detection, and photostability provided by SERS NPs, this
approach holds promise for improved surgical treatment of hepatic malignancies.
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SERS NPs delineate liver tumors with higher specificity as compared to ICG. (a) Schematic, TEM, and characteristic
Raman spectrum of the SERS NPs. (b) In vivo intraoperative imaging with SERS NPs. SERS NPs delineated tumors
with higher accuracy than ICG in direct intra-individual comparisons in a Myc-driven hepatocellular carcinoma mouse
model after co-injection and subsequent spectral deconvolution of both imaging agents. Unlike the SERS NPs, ICG
demonstrated variable uptake in tumors and also significant uptake in normal liver parenchyma, leading to false
positive (as shown in this example, arrowhead), or false negative tumor detection.



CONTROL ID: 2489671
TITLE: Optical Imaging of Intra-Esophageal Radiofrequency Hyperthermia-Enhanced Local HSV-TK Gene Therapy of
Rat Orthotopic Esophageal Cancers
PRESENTER: Feng Zhang
ABSTRACT BODY: 
Abstract Body: Purpose: To investigate the feasibility of using bioluminescent optical imaging to monitor intra-
esophagus radiofrequency hyperthermia (RFH)-enhanced local HSV-TK gene therapy of rat models with orthotopic
esophageal squamous cancers (ESCs).
Materials and Methods: Human ESC cells were first transduced with lentivirus/luciferase. Rat models with orthotopic
ESC masses were established by inoculating luciferase-ESC cells into cervical esophagus walls of nude rats via a
specifically designed ultrasound imaging-guided transesophageal approach. Twenty four rats with ESC cancers in four
study groups (n=6/group) were treated by: i) combination therapy of MR imaging-heating-guidewire (MRIHG)-
mediated RFH (420C) plus local HSV-TK/lentivirus gene therapy; ii) HSV-TK/lentivirus gene therapy alone; iii) RFH
alone; and (iv) phosphate-buffered saline (PBS). Bioluminescent optical imaging and transcutaneous ultrasound
imaging were used to follow up bioluminescence signal and size changes of tumors among the four groups over two
weeks, which were correlated with subsequent histology analysis.
Results: Follow-up optical imaging demonstrated a significant decrease of relative photons in the group treated by
HSV-TK gene therapy plus RF hyperthermia, in comparison to gene therapy alone group (0.81±0.17 vs 1.51±0.28,
P=0.0041), RF hyperthermia alone group (0.81±0.17 vs 3.73±0.55, P<0.0001) and the control group (0.81±0.17 vs
4.18±0.58, P<0.0001). Ultrasound images showed the smallest average relative tumor volume in the group treated by
HSV-TK gene therapy plus RF hyperthermia, as compared with gene therapy alone (0.90±0.15 vs 1.65±0.35,
P=0.0004), RF hyperthermia alone (0.90±0.15 vs 3.44±0.44, P<0.0001) and control group (0.90±0.15 vs 3.88±0.58,
P<0.0001)(Figure). Both imaging findings were confirmed by histologic correlation.
Conclusion: Optical imaging is a useful tool for monitoring the response of rat esophageal squamous cancers to intra-
esophageal RFH-enhanced HSV-TK gene therapy, which may provide a new opportunity for effective management of
esophageal malignancies.
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CONTROL ID: 2489708
TITLE: Theranostic Nanoparticles with Native Short Wave IR and MR Contrast for Plasmonic Photothermal Therapy of
Breast Cancer in a Rat Model
PRESENTER: Abdul Parchur
ABSTRACT BODY: 
Abstract Body: Objectives 
Near-infrared (NIR) fluorescence and magnetic resonance (MR) contrast loaded, nanoparticle (NP) guided plasmonic
photothermal therapy (PTT) can destroy tumors while sparing normal tissue. Although NPs with MR contrast and NIR
contrast in the 700–900 nm range have been reported, additional tissue transparency windows in the short wave IR
(SWIR) spectrum with reduced tissue scattering and autofluorescence background have not been fully exploited. We
report a first of its class multimodal theranostic nanoparticle (TNP) construct that integrates stable SWIR fluorescence,
T1 MR contrast, and photothermal heating via the inorganic synthesis of Au nanorods (GNRs) containing epilayers of
neodymium (Nd) and gadolinium (Gd) fluorides, and demonstrate its efficacy in the image-guided ablation of triple-
negative breast cancer orthotopic xenografts in a rat model following systemic delivery.
Methods 
PEGylated Au@NdF3@GdF3 TNP were synthesized by growing epilayers of NdF3 and GdF3 on 808 nm resonant
GNRs, functionalized with carboxyl-terminated PEG for enhanced in vivo circulation (Supp. data). The emission
spectrum acquisition and NIR imaging were performed using a –60 °C deep-cooled NIRvana:640ST high-resolution
InGaAs SWIR camera equipped with an Acton SP-2156 spectrograph (Princeton Instruments). An 808 nm (~200 mW)
diode laser (Thorlabs) was used as the excitation source, and an 808 nm notch filter and a 950 nm longpass filter
were used for emission detection. Orthotopically implanted Luciferase-tagged triple-negative MDA-MB-231 tumors
(size 1–1.2 cm3) were grown in Sprague-Dawley rats, which were injected either with saline (control) or TNPs (200 µL
of ~1013 NPs/mL). The MR imaging was carried out using a Bruker 9.4 T/30 cm MRI scanner (Bruker BioSpin,
Billerica, MA). Fluorescence and MR images were acquired at 0, 4, and 24 h to confirm the optimal uptake of TNP.
The tumor surface was illuminated (5 min) using an expanded 808 nm laser (2.5 W/cm2) beam for PTT. The tumor
response was monitored by bioluminescence imaging for up to four weeks.
Results 
The GdF3 coating on TNPs provided a strong T1 MR contrast, and the Nd(III) doping provided SWIR contrast upon
808 nm illumination with a strong emission peak at ~1064 nm (4F3/2→4I11/2) (Supp. data). The size of the TNPs
(TEM) was 70 nm, and the charge and hydrodynamic radius were –13.2 mV and 110 nm, respectively. Both the T1-
weighted MR images (Fig. 1(A-C)) and NIR fluorescence (Fig. 1(D-F)) images confirmed a significant uptake of the
NPs at 4 h time point after the post-TNP injection. NIR imaging enabled the directed PTT of tumors. A complete tumor
regression in the TNP-treated SD rats was observed, whereas no significant difference was observed in the tumor
viability of the saline group (Fig. 1(G-J)) after the PTT.
Conclusions 
In summary, we successfully prepared Au@NdF3@GdF3 TNPs with native SWIR and MR contrast as an NIR-
triggered and targeted theranostic platform for the image-guided PTT of triple-negative breast cancer.
AUTHORS (LAST NAME, FIRST NAME): Parchur, Abdul K.1; Jagtap, Jaidip M.1; Gogineni, Venkateswara1; Sharma,
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Figure 1. An effective strategy for the cancer diagnosis, treatment at a higher temporal resolution, and its prevention.
In vivo MR images of an SD rat (A) Pre-TNP, (B) 4-h Post-TNP, and (C) 24-h Post-TNP and the corresponding NIR
fluorescence imaging in (D–F). MR and NIR fluorescence imaging-guided PTT in the TNP and saline-treated groups at
Pre-T (G, I) and Post-T (H, J), respectively.



CONTROL ID: 2489877
TITLE: PEG-chain Modified 68Ga-labeled uPAR Targeting Peptides with Improved Performance for Imaging of
Glioblastoma
PRESENTER: Mathias Loft
ABSTRACT BODY: 
Abstract Body: INTRODUCTION 
Overexpression of the urokinase-type plasminogen activator receptor (uPAR) has been found in many cancers
including glioblastoma (GBM)1 and is associated with poor outcome2. PET probes based on the high uPAR-affinity
linear peptide AE105 have shown promising non-invasive uPAR detection in human cancer xenograft mice models 3-
6. In the present study, we investigated the performance, using small-animal PET/CT, of two novel 68Ga-radiolabeled
AE105-probes with 1) a tri-ethylene-glycol chain (PEG3) and 2) a hepta-ethylene-glycol chain (PEG7) linking AE105
and NODAGA for imaging of GBM. The probes were compared with a 68Ga-labeled NODAGA-AE105 probe without a
linker.
 
METHODS 
AE105-peptide was synthesized using standard Fmoc solid-phase peptide chemistry. PEG3/7 conjugation with AE105
was accomplished in a two-step copper-free alkyne-azide click reaction followed by conjugation with NODAGA.
Radiolabeling of the resulting NODAGA-PEG3/7-AE105 and of NODAGA-AE105 with 68Ga were performed in NaOAc
buffer (pH=4.5) at 80oC for 15 min. Stability of the probes were confirmed with RP-HPLC after 2 hour serum
incubation at 37 oC. In-vivo static PET/CT-imaging (n=4 for each probe) were performed in U87MG tumor-bearing
nude mice 30 min, 60 min and 120 min post injection (p.i.).
 
RESULTS  
All three probes were prepared in high radiolabeling yield (>80%) and purity (>95%) and showed high stability with no
degradation observed after 2 h incubation in mouse serum. Tumor uptake (mean±SD) of both 68Ga-NODAGA-PEG3-
AE105 and 68Ga-NODAGA-PEG7-AE105 were significantly higher (p<0.05) than 68Ga-NODAGA-AE105 30 min p.i.
(PEG3: 2.68±0.71 %ID/g, PEG7: 2.39±0.39 %ID/g, NODAGA-AE105: 1.18±0.51 %ID/g) and 60 min p.i. (PEG3:
2.08±0.64 %ID/g, PEG7: 2.00±0.43 %ID/g, NODAGA-AE105: 0.70±0.40 %ID/g). 68Ga-NODAGA-PEG7-AE105
showed a significantly better tumor-to-liver ratio than 68Ga-NODAGA-AE105 60 min p.i. (PEG7: 0.99±0.08, NODAGA-
AE105: 0.73±0.10) that became significantly higher than both 68Ga-PEG3-NODAGA-AE105 and 68Ga-NODAGA-
AE105 120 min p.i. (PEG7: 1.05±0.29, PEG3: 0.65±0.07, NODAGA-AE105: 0.53±0.17). Relatively high kidney
uptakes 60 min p.i. were found for all three probes suggesting predominantly renal excretion (PEG3: 4.39±0.65 %ID/g,
PEG7: 3.98±0.49 %ID/g, NODAGA-AE105: 3.89±2.36 %ID/g).
 
CONCLUSION 
Using PET/CT imaging we have shown that introduction of a tri-ethylene-glycol chain (PEG3) and hepta-ehylene-
glycol chain (PEG7) linking 68Ga-labeled NODAGA with the high uPAR-affinity linear peptide AE105 dramatically
improves tumor uptake in U87MG tumor-bearing nude mice. The PEG7-based probe shows superior tumor-to-liver
contrast 120 min p.i. The results are encouraging and warrant further investigation of the PEG-conjugated probes for
uPAR targeted PET imaging of GBM.
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FIGURE 1. (A) Representative PET/CT image of 68Ga-NODAGA-AE105, 68Ga-NODAGA-PEG3-AE105 and 68Ga-
NODAGA-PEG7-AE105 in U87MG tumor-bearing nude mice 60 min p.i. White arrows indicate tumor location. (B)
Quantitative ROI analysis with tumor uptake values (%ID/g) 30 min, 60 min and 120 min p.i. Significantly higher tumor
uptake was found for 68Ga-NODAGA-PEG3-AE105 and 68Ga-NODAGA-PEG7-AE105 compared with 68Ga-
NODAGA-AE105 30 min and 60 min p.i. (C) Tumor-to-liver ratios from quantitative ROI analysis 30 min, 60 min and
120 min p.i. 68Ga-NODAGA-PEG7-AE105 had significantly higher tumor-to-liver ratio than 68Ga-NODAGA-AE105 60
min p.i. and significantly higher tumor-to-liver ratio than both 68Ga-NODAGA-AE105 and 68Ga-NODAGA-PEG3-
AE105 120 min p.i. Results are expressed as mean±SEM (n= 4 mice/probe). *P<0.05.



CONTROL ID: 2490110
TITLE: Ultrasound Molecular Imaging of Tumor Angiogenesis with a Nucleolin-Targeted Microbubble
PRESENTER: Hua Zhang
ABSTRACT BODY: 
Abstract Body: Introduction 
Ultrasound (US) molecular imaging combines many advantages of US imaging, including low cost, non-invasive and
real-time protocols, with the opportunity to assay vascular receptor expression. To accomplish US molecular imaging,
microbubble (MB) contrast agents are coated with targeting ligands and injected into the vascular space[1]. Here, with
a nucleolin-targeting peptide, F3 peptide[2], we constructed nucleolin-targeted MBs (Sup. Fig. A) and compared the
performance of F3 MBs with non-targeted (NT) MBs both in vitro and in vivo.
Methods 
F3 peptide and F3 lipo-PEG-peptide (LPP) were made with standard Fmoc chemistry[3]. NT MBs contain 90 mol%
DSPC and 10 mol% DSPE-PEG2K, while F3 MBs were created by replacing 1% of the DSPE-PEG2K with F3 LPP.
In vitro testing was performed on a nucleolin expressing cell line and in vivo experiments were conducted in the
syngeneic orthotopic NDL breast tumor model. Ten-sec clips of images were acquired in CPS mode at 0, 0.5, 1, 2, 4,
6, 8, and 8.5 min post MB injection, and MB destruction (MBD) pulses were applied at 8.25 min post injection. Each
clip was first motion-corrected, the average or minimum intensity of each pixel within the whole clip (10-sec) was
calculated and finally the resulting average or minimum intensity images were analyzed.
Results 
In an in vitro study, F3 MBs bind 188 and 433 times more than NT MBs at a concentration of 1 to 2 x 10^7 MBs/ml
(n=4, p<0.01), respectively. Pretreating cells with 0.5 mM of the free F3 peptide reduced the binding of F3 MBs by
84% (n=4, p<0.001), indicating the specificity of the binding.
When evaluated in vivo, the F3 MBs bind to the tumor vasculature and give a clear US image of tumor angiogenesis
(Fig.1). In details (Sup. Fig. B), the tumor intensity within the average intensity images reaches a maximum at 0.5-1
min post MB injection, and decreases over the following 7 min, due to MB clearance from circulation. The tumor
intensity decreases more rapidly for NT MBs and scrambled F3 MBs as compared with F3 MBs, and the intensity drop
at MBD was 1.9 (n=4, p<0.05) and 2.9 (n=4, p<0.01) times higher for F3 MBs than NT and scrambled F3 MBs,
respectively.
For minimum intensity images, the tumor intensity increased over the first 4 min after the injection of F3 MBs and did
not change during the following 4min, indicating binding of F3 MBs (Sup. Fig. C). Alternatively, the tumor intensity of
NT MBs and scrambled F3 MBs reached a maximum at 0.5-1 min and then decreased for the following 7 min. The
intensity drop at MBD was 4.4 (n=4, p<0.01) and 7.3 (n=4, p<0.01) times higher for F3 MBs than NT and scrambled
F3 MBs, respectively (Sup. Fig. D). A comparison between average intensity images and minimum intensity images
indicates that minimum intensity images discriminate the bound MB and flowing MB signals more effectively.
Conclusion 
In summary, we find that F3 MBs specifically bind to nucleolin-expressing cells and provide an effective new agent for
molecular imaging of angiogenesis.
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Fig. 1 Typical CPS mode ultrasound tumor image at 8min after F3 MB injection (average image from a 10-sec clip).
The scale bar represents 5 mm; and the white arrows denote the tumor area.
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TITLE: Contrast Enhanced Ultrasound in Combination with Multispectral Optoacoustic Tomography for Whole-Body
Mouse Imaging
PRESENTER: Elena Mercep
ABSTRACT BODY: 
Abstract Body: Introduction: Multispectral Optoacoustic Tomographic (MSOT) imaging, based on laser-induced
generation of ultrasound waves, has been established as a useful imaging tool in preclinical research. Although highly
vascularized structures do provide anatomical reference, the implementation of a hybrid imaging solution in a form of
combined optoacoustic tomography and conventional pulse-echo ultrasound (US) is potentially advantageous thanks
to mutually complementary contrasts of the respective modes. We demonstrate in-vivo imaging performance of the
first hybrid preclinical imaging scanner that integrates both reflection-mode ultrasonography and optoacoustic
tomography modes.
 
Methods: Fast interleaved OA and US image acquisition with up to 10 fps is facilitated through a custom-made
multiplexer unit. Whereas a fast-tunable laser enables the analysis of chromophore biodistribution and
pharmacokinetics at high temporal resolution. The spatial resolution of the system was characterized in numerical
simulations1 and further validated in phantom experiments and comprises 150 and 350 μm in the respective OA and
US imaging modes. To investigate capabilities of the contrast-enhanced US imaging, the microbubbles generated by
the ‘Horizon’ microbubble system where utilized in a range of imaging scenarios.
 
Results: In-vivo applicability of the developed hybrid OA-US tomography system was experimentally shown in a series
of mouse studies. While whole-body scans of naive mice demonstrate excellent OA contrast for visualizing
hemoglobin distribution, US contrast visualizes complementary structural features. Using microbubble contrast agents
in a tumor model, the capabilities of multiparameter imaging were demonstrated including visualizing tumor physiology
using OAT, tumor anatomy using US and tumor perfusion kinetics based on microbubble clearance kinetics.
 
Conclusions: The newly introduced OPUS imaging technology combines the complementary contrasts of the two
modalities, and may expand the applicability of the developed hybrid imaging approach into a wide range of
applications, such as cardiovascular and tumor biology, studies of pharmacokinetics, organ metabolism, and
neuroimaging.
 
References: [1] J. A. Jensen, in 10th Nordic-Baltic conference on biomedical imaging. 4, 1-1 (1996).
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Microbubble distribution in a tumor region. A) images of microbubble distribution at approx. 1 and 2 minutes after
injection overlaid on US images; B) uptake and crearance times of the microbubble agent pseudo-colored using CMR
map and overlaid to the US images; C) normalized mean US signal obtained in the tumor region with agent uptake
and clearance times determined with a one-compartment PK model.
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TITLE: Preclinical longitudinal imaging of bone marrow with MRI to assess treatment response in a syngeneic model
of multiple myeloma
PRESENTER: Deep Hathi
ABSTRACT BODY: 
Abstract Body: Introduction. MRI is a versatile, powerful, non-ionizing imaging technique used widely in both clinical
and preclinical settings. Already well established in neuroimaging, MRI is a promising modality for other anatomical
locations, including the bone marrow rich skeleton. Multiple myeloma (MM) is a hematologic malignancy in the bone
marrow characterized by monoclonal gammopathy and end organ damage1. In vivo MRI is well-suited to longitudinal
imaging studies, and MR signal is sensitive to the complex cellular environment of the bone marrow. Bortezomib, a
proteasome inhibitor used in frontline MM therapy, has been shown to induce marrow remodeling in MM2. It is
hypothesized that time course MRI studies can show bone marrow remodeling resulting from tumor progression and
treatment response in a syngeneic preclinical model of intramedullary MM.
Methods. 106 syngeneic mouse MM cells (5TGM1-GFP) were injected intravenously into the tail veins of female 4-6
week old C57Bl/KaLwRij mice. Bortezomib was administered by intraperitoneal (i.p.) injection 2x/week at 1mg/kg3.
MRI experiments were performed on a 4.7 T (200MHz) scanner with a radiofrequency surface coil placed above the
knee joint of the mouse. Mice were anesthetized under 1% isoflurane and the mouse body temperature was
maintained at 37 ± 1 oC. T1 and T2 parametric maps were generated using fast spin echo with inversion recovery and
multiple echo sequences, respectively. 3D T1-weighted contrast-enhanced (CE) images were produced using a 3D
gradient echo following i.p. injection of Gd-DTPA. At the end of the imaging experiments, mice were sacrificed and
their hind legs were harvested for histology.
Results. Hematoxylin and eosin (H&E) staining on the femur and tibia showed dense tumor infiltration in untreated
tumor-bearing mice, while bortezomib-treated mice showed regions of diffuse and compact cellularity (Figure 1). T2
signal in both femur and tibia was homogenous, with a higher mean T2 (p < 0.05) in the femur of treated mice at the
end stage (41.9 ± 4.1 ms) relative to earlier stages of treatment (36.4 ± 2.1 ms) and the control, non-tumor bearing
mice (34.8 ± 1.2 ms). T1-weighted CE signal was spatially heterogeneous within the bone marrow, which correlated to
the histology (Figure 2).
Conclusion. This study demonstrates an approach for studying diffuse tumor infiltration and progression of MM in
bone marrow tissue using MRI in a preclinical setting. Preliminary results suggest longitudinal MRI as a valuable
model for studying treatment efficacy in osseous MM. T1 and T2 data are consistent with histology, while anatomical
differences within the bone marrow are indicative of tumor progression and treatment effects. Future experiments will
include diffusion weighted imaging to study regional cell densities seen in histology. In addition, MR spectroscopy will
be incorporated to study the changes in adipose deposition within the bone marrow through treatment and tumor
progression.
References 
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Figure 1: Summary of T2 and T1-weighted images. (Top left) Mean T2 (±SEM) in treated and untreated tumor-bearing
mice and control, non-tumor bearing mice. * p < 0.05, compared to femur tissue in treated mice at weeks 3 and 4 post
tumor injection; + p < 0.05, compared to control, non-tumor bearing femur tissue. (Bottom left) Skewness of
normalized T1-weighted CE-MRI (Mean ± SEM) at various time points in treated and untreated tumor-bearing mice
and control, non-tumor bearing mice. ** p < 0.01, compared to tibia tissue in tumor-bearing mice at week 6 post tumor
injection. * p < 0.05, compared to femur tissue in treated tumor-bearing mice at week 6. (Middle) T1-weighted CE-MRI
anatomical scan of the femur in treated, tumor-bearing mice at week 6. (Right) T1-weighted CE-MRI anatomical scan
of the femur in untreated, tumor-bearing mice at the end of the experiment.



CONTROL ID: 2490657
TITLE: A novel wireless wearable fluorescence surgical navigation system used in pulmonary segmentectomy
PRESENTER: Kunshan He
ABSTRACT BODY: 
Abstract Body: Introduction: Recently, segmentectomy has become a secure and effective treatment for certain small,
early-stage lung cancer, especially in patients with emphysema. To achieve complete segmentectomy, it is critical to
precisely identify adjacent lung segments, which is difficult for surgeons without suitable interventions. Thus, a novel
technique by transbronchial or intravenous injection of indocyanine green (ICG) has been developed, which can
efficiently avert needless resection, lower the costs and reduce complications. However, lack of intraoperative
fluorescence imaging systems has seriously impeded the further development of this method. So, we developed a
novel wireless wearable fluorescence surgical navigation system (WFNS), which combined the mobility of the goggle
system and the sensitivity of other imaging systems. To test the mobility and sensitivity of WFNS, twelve in vivo
studies of pulmonary segmentectomy in swine by intravenous injection of ICG were executed.
 
Methods: WFNS is composed of a laptop, Google glass, light source (center wavelength 785nm, maximum power 2W)
and handle, which consists of a filter (wavelength 810-870 nm), C mount lens (f/1.4 12.5 mm) and CCD camera
(MVC1300F-M00, Microview, China). Firstly, NIR light excited by the light source transmitted through the filter,
illuminated the target and then was collected by the NIR camera installed in the handle. An application was written to
capture real-time images. Finally, the result was displayed simultaneously on the Google glass in real-time mode at
video-rate capacity of 20 frames per second, which was achieved by synchronizing the Google glass with the laptop.
 
Results: Twelve swine were equally divided into two groups. Group A was injected with 0.2mg/kg ICG into the
marginal ear vein and Group B was injected with 0.6mg/kg ICG. Five seconds later after injection, the black-and-white
transition borders among the targeted segment and the non-targeted segments were easily recognized visually in all
swine. Real-time videos were displayed on the prism screen of the Google glass during the surgery. Using ImageJ
(Image Processing and Analysis Application in Java), the corresponding SBR of the two groups (Group A and Group
B) were 9.00±0.70 and 8.96±1.23 respectively. The NIR fluorescent images of Group A lasted ten minutes and those
of Group B lasted up to fourteen minutes until the SBR was 1. Besides, the surgical field was 200 mm×200mm.
 
Conclusions: This study demonstrates our system has major advantages in identifying intersegmental planes and
potentials in determining the margin of tumors.
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FIG.1 NIR fluorescence imaging using WFNS in pre-clinical ICG experiments. a.WFNS was used in swine trials; b.
The picture of WFNS. There are four parts as follows: a handle, NIR light source, Google glass and laptop; c.ICG
(0.2mg/kg) fluorescent image of intraoperative pulmonary segmentectomy in vivo; d.ICG (0.6mg/kg) fluorescent image
of intraoperative pulmonary segmentectomy in vivo.
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TITLE: Diffusion-weighted MR imaging after Near Infrared Photoimmunotherapy in an animal model
PRESENTER: Yuko Nakamura
ABSTRACT BODY: 
Abstract Body: Introduction
Near infrared photoimmunotherapy (NIR-PIT) is a new cancer treatment that combines the specificity of antibodies for
targeting tumors with the toxicity induced by photoabsorbers after irradiation with NIR light (1). NIR-PIT induces nearly
immediate necrotic cell death, rather than apoptotic cell death which is more typical of the majority of cancer
treatments. Within minutes, cells treated with NIR-PIT rapidly increase in volume leading to rupture of the cell
membrane, and extrusion of cell contents into the extracellular space (1). The role of MRI in monitoring NIR-PIT has
not been well described. The purpose of this study was to evaluate the temporal course of changes in apparent
diffusion coefficient (ADC) values in NIR-PIT treated tumors.
Methods
A431 cells were injected subcutaneously in the right and left dorsi of 12 mice. Five or six days later, the mice were
injected with a photoabsorber, IR700, conjugated to panitumumab, an antibody targeting epidermal growth factor
receptor. One day later, only right sided tumors were exposed to NIR light (treated tumor). MRI was performed 1 day
before and 1-2 hours after NIR-PIT in six mice (group A), and 1-2 hours before and 1 day after NIR-PIT in another six
mice (group B). ADC values using the following combinations of b-values: 0-1000, 200-1000 and 500-1000 s/mm2

were compared before and after NIR-PIT using a two-sided paired t-test.
Results
For treated tumors 1-2 hours after NIR-PIT (group A), all three ADC values decreased after NIR-PIT (p < 0.01). For
treated tumors 1 day after NIR-PIT (group B), for the b= 0 and 1000 s/mm2 pair, an increase in ADC was seen
(p=0.01) but was not seen with the combinations of b=200 and 1000 (p=0.22) or b=500 and 1000 s/mm2 (p=0.09). For
non-treated tumors, for the b= 0 and 1000 s/mm2 pair, a decline in ADC was seen (p=0.04 and 0.03, for group A and
B, respectively) but was not seen with the combinations of b=200 and 1000 (p=0.13 and 0.17, for group A and B,
respectively) or b=500 and 1000 s/mm2 (p=0.07 and 0.84, for group A and B, respectively).
Discussion
Unlike most treatments in which ADC increases, due to increased water diffusion, NIR-PIT treatment results in early
reductions in ADC. For instance, 1-2 hours after NIR-PIT, ADC values were lower in treated tumors regardless of how
it was calculated. It is possible that cell expansion and increases in viscosity due to the sudden extrusion of
intracellular contents after cell rupture leads to decreased water diffusion, at least early after NIR-PIT (2). On the other
hand, 1 day after NIR-PIT, for the b= 0 and 1000 s/mm2 pair, an increase in ADC was seen. This likely due to the
breakdown of cellular barriers and dilution of intracellular contents resulting in increased water diffusion with higher
ADC values.
In conclusion, NIR-PIT results in early reductions in ADC followed by increases in ADC within 24 hours of treatment.
Unlike most cancer treatments NIR-PIT produces this unique temporal course of ADC values which could be a useful
imaging biomarker for detecting therapeutic changes after NIR-PIT.
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1-2 hours after NIR-PIT the three ADC values decreased in treated tumors. On the other hand, 1 day after NIR-PIT a
slight increase in ADC was seen, for the b= 0 and 1000 s/mm2 pair,  but not with b=200 and 1000 or b=500 and 1000
s/mm2 pairs.
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TITLE: Visible light enhancement through radionuclide interactions with nanoparticles
PRESENTER: Edwin Pratt
ABSTRACT BODY: 
Abstract Body: Cerenkov Luminescence (CL) is produced when a charged subatomic particle exceeds the velocity of
light in a given medium. While CL has recently emerged as a new imaging modality in the preclinical and lately also
the clinical space, the low photon intensity has impeded adoption and translation through the clinic. Nanoparticles
(NP) however have been widely used in preclinical studies as platforms for molecular probes. Use of a higher RI
medium as defined by the Frank-Tamm formula explains classically how CL flux can be increased through the use of
higher velocity particles or higher RI mediums. Use of NPs represent a break from conventional theory with a
heterogeneous medium and NPs have specific properties in addition to CL as defined through Frank-Tamm. Here we
report the use and methods by which optically relevant NPs enhance the visible light intensity from a wide variety of
CL radionuclides. Furthermore we explore visible light generation from unconventional radionuclides with low energy
emitters expanding the arsenal for optical imaging. SPECT, PET or therapeutic β- radionuclides were mixed with NPs
at a fixed activity and NP concentration. NPs tested include silica, germanium, titanium dioxide (Anatase), and other
metal oxides. Visible photon flux enhancements using high energy emitters achieved a modest 5 times enhancement
of light compared to water. Medium energy emitters increased the enhancement to almost 200 times that of water.
Remarkably low energy radionuclides, which do not produce CL but minimal radioluminescence could with
nanoparticles now produce optical photons yielding 2500 times more light. Titration of the low energy emitter show
amounts as low as 1μCi can be visually detected in NP #1, opening visualization strategies for low energy radiation
detection via optical imaging. Spectral analysis revealed uniform enhancement by most particles, indicative of CL.
Here the use of optically relevant NPs increases the visible light flux without increasing the dose and with the addition
of low energy emitters to the CL arsenal, new smart agents can be realized, in addition to new radiation detection
methods for low emitters.
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TITLE: Longitudinal MEMRI Characterization of a Novel Mouse Medulloblastoma Model
PRESENTER: Harikrishna Rallapalli
ABSTRACT BODY: 
Abstract Body: In vivo imaging modalities provide powerful tools for the noninvasive longitudinal characterization of
preclinical cancer models. Medulloblastoma (MB) is the most common malignant brain tumor in children, and the
subject of intense research, much of which involves mouse models. Manganese-enhanced magnetic resonance
imaging (MEMRI) produces unparalleled images of the cerebellum, the site of most MBs [1,2]. For this reason,
longitudinal MEMRI of preclinical medulloblastoma models enables analysis of the region of origin, monitoring of
tumor progression, and treatment response evaluation. In this study, we present the initial MEMRI characterization of
a novel mouse medulloblastoma model with an activating mutation in the Smo gene, which exhibit different growth
characteristics than those observed in previous studies of Ptch1 knockout mice [1].
 
SmoM2 mice were engineered by crossing Atoh1-CreER [3] male mice with homozygous R26-floxedSTOP-SmoM2
females [4]. The SmoM2 mutation was induced by subcutaneous injection of low dose (1µg/g) Tamoxifen (TMX) at
postnatal day P2. Biweekly imaging sessions using 7-Tesla MRI (Bruker) began at postnatal day P21. MnCl2 (50-60
mg/kg) was injected intraperitoneally 24 hours before imaging. Scan protocol: 1 min low-resolution pilot, 20 min
150µm resolution T1-weighted GE sequence (TE/TR = 4/30 ms; FA = 20°; FOV = 19.2 mm × 19.2 mm × 12 mm;
Matrix = 128 × 128 × 80). Images were analyzed in 3-space using Amira and Fiji. Morphological characterization was
corroborated with histology as shown in Fig1. 
 
Longitudinal MEMRI results are summarized in Fig2. Based on our preliminary results, all SmoM2 mice had pre-
neoplastic lesions, while approximately half developed into full tumor morphology (n=21). Of the mice with tumors,
approximately 72% developed bilateral tumors and the remaining developed tumors in either the right or left
hemisphere. Approximately 50% of animals with bilateral tumors exhibited regression in one lateral tumor and
progression in the other, or progression in both tumors (n=8). General disease progression is as follows: at
approximately postnatal week W3, small lesions are apparent in the majority of interlobule spaces including the mid
vermis; at ~W7, regions of proliferative lesion thickening are apparent and smaller lesions regress; at ~W13 significant
tumor encroachment into the forebrain as well as expansion of the third and fourth ventricles are apparent. Tumors
were observed to originate in the posterior hemispheres, shift and compress the normal appearing cerebellum as they
progress, and finally encroach into the forebrain. Estimated tumor volume doubling time is approximately 4.5 days at
early timepoints (<W11.5). Noticeable symptoms - including delayed tail-pull reflex, ataxia, and hydrocephalus - in
SmoM2 mice were apparent as early as W10.
 
In addition to qualitative understanding of tumor progression, we have manually segmented and quantified tumor
volume at these key timepoints in an effort to produce a unified growth model. Current efforts in automated
segmentation and hierarchical clustering-based classification of tumors will guide upcoming preclinical trials of anti-
cancer therapeutics.
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TITLE: Kinetic Modeling and Graphical Analysis of 18F-Fluoromethylcholine (FCho), 18F-Fluoroethyltyrosine (FET)
and 18F-Fluorodeoxyglucose (FDG) PET for the Discrimination between High-grade Glioma and Radiation Necrosis in
Rats.
PRESENTER: Julie Bolcaen
ABSTRACT BODY: 
Abstract Body: Background: Discrimination between glioblastoma (GB) and radiation necrosis (RN) post-irradiation
remains challenging but has a large impact on further treatment and prognosis. In this study, uptake of 18F-
fluorodeoxyglucose (18F-FDG), 18F-fluoroethyltyrosine (18F-FET) and 18F-fluoromethylcholine (18F-FCho) positron
emission tomography (PET) tracers were investigated in a F98 GB and RN rat model applying kinetic modeling (KM)
and graphical analysis (GA), with the aim to clarify our previous results. Methods: Dynamic 18F-FDG (GB n=6 and RN
n=5), 18F-FET (GB n=5 and RN n=5) and 18F-FCho PET (GB n=5 and RN n=5) were acquired with continuous
arterial blood sampling. Arterial input function (AIF) corrections, KM and GA were performed. Results: The influx rate
(Ki) of 18F-FDG uptake described by a 2-compartmental model (CM) or using Patlak GA, showed more trapping (k3)
in GB (0.07 min-1) compared to RN (0.04 min-1) (p=0.017). K1 of 18F-FET was significantly higher in GB (0.06
ml/ccm/min) compared to RN (0.02 ml/ccm/min), quantified using a 1-CM and Logan GA (p=0.036). 18F-FCho was
rapidly oxidized complicating data interpretation. Using a 1-CM and Logan GA no clear differences were found to
discriminate GB from RN. Conclusions: Based on our results we concluded that using KM and GA both 18F-FDG and
18F-FET were able to discriminate GB from RN. Although KM is the only method for absolute quantification, based on
our semi-quantitative results and due to the laborious set-up for obtaining an AIF, SUV is proposed for translation into
the clinic. 18F-FCho PET did not allow discrimination between GB and RN.
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TITLE: Non-invasive Akt kinase imaging reveals therapeutic efficacy in an orthotropic mouse model of erlotinib
resistant human lung cancer 
PRESENTER: Karina Suchowski
ABSTRACT BODY: 
Abstract Body: Introduction 
Akt signaling is a key mediator of cell survival, proliferation, growth as well as resistance, and its aberrant expression
is considered a hallmark of oncogenesis. Lung cancer, the most lethal malignancy for both men and women in the
United States, is characterized by increased expression levels of phosphorylated Akt [1, 2]. Here, we utilize an Akt-
sensitive functional bioluminescence reporter to non- invasively asses the therapeutic efficacy of the epidermal growth
factor receptor (EGFR) inhibitor erlotinib in KRAS-mutated lung cancer therapy.
 
Methods 
Three different lung cancer cell lines (A549, H1975 and HCC827), engineered to express the bioluminescent Akt
reporter (BAR) [3], were tested in vitro measuring the fold-induction of the reporter bioluminescent light emission after
treatment with compounds modulating the EGFR/PI3K/Akt pathway. In vivo, erlotinib-resistant A549-BAR cell line was
either injected s.c. or i.v. into immunocompromised mice. Treatment was done using different doses of small molecule
kinase inhibitor erlotinib. Besides bioluminescence imaging, longitudinal tumor growth was monitored by caliper (s.c.)
and micro-computed tomography (lung). Ex vivo validation was done by immunohistochemistry (IHC), western blot,
and 3D light-sheet microscopy.
 
Results 
In vitro, all tested BAR-expressing lung cancer cell lines (A549, H1975 and HCC827) with different inhibitors resulted
in strong induction of bioluminescence activity, which correlated well with levels of pAkt as determined by western blot.
In vivo, Erlotinib (100 mg/kg, p.o.) treatment of mice with s.c. tumors (A549-BAR) showed a 15-fold increase of
bioluminescence emission compared to untreated control 3 h after treatment, and found to be significantly (p< 0,01)
lower after 6 h. Ex vivo IHC analysis of pAkt correlated well with the in vivo bioluminescence readout. Erlotinib
treatment of the orthothopic A549-BAR xenograft model, with three different doses (100 mg/kg, 50 mg/kg, 25 mg/kg)
showed a clear dose and time-dependent response, which lead even for the low dose of Erlotinib (25 mg/kg) to a
minimum inhibition of 10-fold 3 h after treatment (Figure 1A-B). In addition, IHC analysis of pAkt of lung sections in
treatment group corresponded well to the bioluminescence induction of the BAR reporter. Repeated erlotinib treatment
(daily, 5 times a week, for 2 weeks) of lung tumor bearing mice resulted in transient, but strong (17,2-fold at 100
mg/kg; 4,9-fold at 25 mg/kg) Akt kinase inhibition cycles that translated well to the reduction of tumor volume as
observed longitudinally by in vivo micro-CT imaging of the lungs. Tumor volume corresponded well to the weight of the
lungs that also correlated well with pAkt protein expression in sections of the lungs.
 
Conclusion  
In this study, we successfully apply the BAR-reporter technology to non-invasively observe changes in the Akt activity
in preclinical studies using Akt-modulating inhibitors. Our results demonstrate that functional bioluminescence imaging
is a valuable tool with potential application in routine preclinical drug research to derive information about drug dosing,
treatment schedules and treatment efficacy.
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Fig. 1: In vivo evaluation of BAR activity in lung cancer xenografts treated with different doses of erlotinib. (A)
Representative BLI images showing a dose-dependent BAR-mediated luciferase activity obtained from the lungs. (B)
Quantitative dynamic profile of BAR activity reveals a maximum Akt inhibition at 3 h after drug application.
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TITLE: Filling the MR void with BLI: A multimodality imaging model to track viable cancer cells from single arrest to
metastasis
PRESENTER: Katie Parkins
ABSTRACT BODY: 
Abstract Body: Introduction: Breast cancer is the second leading cause of cancer related deaths in North America with
the majority of deaths due to metastasis1. Therefore, the clinical need to better understand and prevent metastasis is
high. Cellular magnetic resonance imaging (MRI) is an emerging tool that aims to non-invasively visualize and quantify
cells in vivo. This technique uses iron oxide nanoparticles to label specific cells, enhancing their detectability by MRI2.
The presence of iron in cells causes a distortion in the magnetic field which leads to signal loss in iron-sensitive
images2. However, cellular MRI has limited ability to differentiate between dead and viable cells. Thus,
complementary bioluminescence imaging (BLI) can provide a more holistic view of cell fate in living subjects by
providing a direct readout of cell viability.
Methods: Brain trophic human breast carcinoma cells (JIMT1BR3), expressing a luciferase reporter gene, were
incubated with micron-sized iron particles for 24 hours. 1.75x105 cells were injected into the left cardiac ventricle of 4-
week-old nude mice using ultrasound guidance. On days 0, 8, 21 and 28, mice received an intraperitoneal injection of
D-luciferin (0.3 mg) and BLI images were captured for up to 30 minutes using a hybrid optical/Xray scanner. BLI was
used on day 0 to screen mice for successful injection and only mice with BLI signal detected in the brain proceeded to
MRI. 3T MRI of the brain was performed on days 0, 8, 21 and 28 using a balanced steady state free precession
(bSSFP) imaging pulse sequence, which has been previously optimized for iron detection. The number of signal voids
and the volume of each brain metastasis were measured from MR images acquired at each timepoint. Brain BLI signal
(photons/second/mm2) was measured using region-of-interest analysis and correlational analysis of BLI/MRI
measures was performed.
Results: On day 0, iron labeled cells were visualized as signal voids by MRI, distributed throughout the brain. BLI
signal was detectable on day 0, and the number of signal voids correlated with the BLI signal (Fig. 1 & 2). On day 28,
brain metastases appeared as regions of hyperintensity by MRI and BLI signal was detected in the brain and spinal
cord (Fig. 3). Total brain tumour burden measured by MRI at endpoint showed a strong correlation with BLI signal
(Fig. 4).
Conclusions: In this work we applied multimodality imaging to monitor the growth of metastatic breast cancer cells in
the brain from single arrested cells to overt tumours. BLI complemented our sensitive cellular MRI technologies well,
allowing us for the first time to get direct longitudinal measures of cellular viability, as well as screen animals for
successful intracardiac injections prior to MRI. Future work will extend these tools for whole-mouse MRI/BLI of
metastatic burden, which will be extremely valuable for enabling an improved understanding of the fate of single
cancer cells throughout the body and evaluation of current and emerging treatment paradigms.
References:1.Siegel R, et al. Cancer statistics, 2014.CA:a cancer journal for clinicians 2014, 64(1) 9-29. 2. Heyn et
al.(2005) MRM (53) 312-320
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Figure 1: Positive correlation between the number of signal voids measured with MRI (A) and BLI signal intensity in
the brain (B). Data represents 9 mice imaged on day 0 (C).
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TITLE: Prediction of Anti-Angiogenic Treatment Response in Colon Cancer Using Three-Dimensional Ultrasound
Molecular Imaging in Mice
PRESENTER: Huaijun Wang
ABSTRACT BODY: 
Abstract Body: Purpose 
Three-dimensional (3D) ultrasound molecular imaging (USMI) is a promising imaging approach for evaluating
treatment response to targeted therapies at the molecular level, overcoming sampling errors common to two-
dimensional approaches as a result of spatial heterogeneity in tumors (1). We performed a preclinical proof of concept
study to evaluate whether 3D USMI using clinical grade vascular endothelial growth factor receptor 2 (VEGFR2)-
targeted contrast microbubbles (MBVEGFR2) could accurately assess longitudinal treatment responses to anti-
angiogenesis therapy in responding versus non-responding mouse models of colon cancer.
Materials and Methods  
Subcutaneous human LS174T colon cancer xenografts (modelling responders to angiogenic treatment) and murine
CT26.WT colon cancer tumors (non-responders) were induced in 32 nude mice and animals were randomized into
two groups: 1) the treatment group (n=8 from each tumor type; i.v. anti-angiogenic agent, bevacizumab at 10 mg/kg
administered at day 0, 3 and 7) the control group (n=8 each; saline treatment only). 3D USMI was performed with a
clinical US system (EPIQ 7; Philips) and clinical matrix array transducer (X6-1; 3.2MHz) following i.v. injection of MB

VEGFR2 at a dose of 5x107 at days 0 (baseline), 1, 3, 7, and 10 after anti-angiogenic treatment initiation. Vascular
VEGFR2 expression was assessed ex vivo using immunofluorescence.
Results  
In responding tumors, the relative increase in tumor volume in bevacizumab-treated mice was significantly (P=0.001)
smaller compared to saline-treated mice at day 3, 7, and 10, while there was no significant difference at day 1
(P=0.67). In non-responding tumors, there were no significant differences in relative increase of tumor volumes
between bevacizumab- and saline-treated tumors at any time point (P>0.35). In responding tumors, 3D USMI signal
was significantly lower in bevacizumab-treated compared to saline-treated mice at day 1, 3, 7, 10 (by 64-88%;
P=0.001). In non-responding tumors, there were no significant differences in 3D USMI signals between the groups at
any time point (P>0.75). At 30% or more decrease of the 3D USMI signal at day 1, a positive treatment response
could be predicted in 100% of responding and non-responding tumors, respectively (95%CI, 68%, 100%). In
responding tumors, VEGFR2 expression levels were significantly (P=0.001) lower in bevacizumab-treated compared
to saline-treated tumors. In non-responding tumor, there were no significant differences in VEGFR2 expression levels
(P=0.72).
Conclusions  
3D USMI using a clinical US system with a clinical 3D transducer and clinical grade VEGFR2-targeted contrast
microbubbles allows longitudinal monitoring of anti-angiogenic treatment response in two colon cancer models
simulating clinical responders and non-responders to anti-angiogenic therapy. Since ultrasound is widely available,
relatively inexpensive, and does not expose patients to radiation, our study lays the foundation to further develop 3D
USMI for clinical translation to allow assessment of early treatment response at the molecular level in cancer patients.
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Figure 1. (A) Representative volume-rendered VEGFR2-targeted 3D USMI signals of responding and non-responding
tumors imaged over the 10-day treatment course. In responding tumor, one day after initiation of anti-angiogenic
therapy, 3D USMI signal substantially decreased and remained low during the subsequent days in treated (T; lower
row) versus control tumors (C; upper row). In non-responding tumors, there was no significant difference in the 3D
USMI signal between the two groups. C, control saline treated tumors; T, anti-angiogenic treated tumors. Scale bar =
10 mm. (B) Representative micrographs of CD31-stained (green; outlining tumor vessels), VEGFR2-stained (red), and
merged (yellow) tissue slices from both responding and non-responding tumors, following anti-angiogenic treatment
(T) and control saline treatment (C). Scale bar = 100 μm.
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TITLE: Assessing Vascular Disruption in Tumors Using Photoacoustic Tomography and Multiparametric MRI
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ABSTRACT BODY: 
Abstract Body: Vascular disrupting agents (VDAs) selectively shutdown tumor vasculature, and, therefore, induce
tumor hypoxia and consequent necrosis. Active research seeks novel agents with enhanced activity, which may be
assessed non-invasively using various imaging modalities (Integrat. Biol., 3, 375-387, 2011). Photoacoustic
tomography (PAT) appears particularly relevant since it is a non-ionizing imaging technique exploiting the high
sensitivity of optical imaging and high spatial resolution and penetration depth of ultrasound to provide in vivo images
at high temporal and spatial resolution. In particular, the well characterized endogenous absorption spectra of oxy-
and deoxyhemoglobin can be utilized to determine the composition of oxy- and deoxyhemoglobin in blood-filled
vasculature using a linear regression technique for multispectral unmixing of photoacoustic data. We used
photoacoustic imaging to assess the dynamic changes of oxy- and deoxyhemoglobin following the administration of
OXi6197, a promising new dihydronaphthalene-based VDA inspired by combretastatin A-4 phosphate (CA4P) and
colchicine, in a subcutaneous lung cancer rat model and compared results with MRI and immunohistochemistry based
on pulse chase administration of vascular reporter agents.
Human A549-luc lung cancer cells were implanted subcutaneously in the thigh of nude rats. Baseline MRI and PAT
were performed before the administration of OXi6197. MRI was repeated one day after VDA and PAT one day later.
The anesthetized rats breathed air (21%O2) for 5 minutes followed by 100% oxygen for 8 minutes. Five wavelengths
(715, 730, 760, 800 and 850 nm) were selected to assess oxy- and deoxyhemoglobin concentrations. Reconstruction
was performed using a back-projection algorithm and multispectral analysis used a linear regression model. MRI was
performed at 4.7 T including interleaved BOLD (blood oxygen level dependent R2*: multi-echo gradient echo) and
TOLD (tissue oxygen level dependent T1w: gradient echo) with respect to an oxygen challenge (from air to 100% O2
). DCE-MRI (dynamic contrast enhanced) was performed with IV injection of gadolinium contrast (Gadavist; 0.1
mmol/kg).
At baseline, tumors showed a decrease in deoxyhemoglobin and increase of oxyhemoglobin upon oxygen breathing.
Post administration of OXi6197, photoacoustic imaging showed lack of response to oxygen breathing for both oxy-
and deoxyhemoglobin (Fig. A-F). Oxygen-sensitive MRI showed progression of hypoxia 24 hours after administration
of VDA. The observation is consistent with a decrease in perfusion after VDA administration, revealed by maximum
intensity projection (MIP) images, area under the curve (AUC; Figure G and H) and slope. Following VDA treatment
maximum signal enhancement was delayed significantly especially for the central tumor regions. Both photoacoustic
imaging and multiparametric MRI revealed heterogonous perfusion in the tumor. A decrease of perfusion was evident
in response to OXi6197 indicating efficiency as a VDA.
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<br />
 <br />
Photoacoustic imaging showed increase of oxyhemoglobin from air (A) to oxygen breathing (B) at baseline (tumor
outlined in A and C). Only minimal responses to oxygen were observed two days after the administration of VDA.  (C:
air breathing; D: oxygen breathing). Comparison of normalized (E) deoxy-(ΔHb) and (F) oxyhemoglobin (ΔHbO2) at
both time points. A significant decrease in AUC from DCE MRI was observed confirming reduction of perfusion (G:
before treatment; H: one day post VDA).<br />
 <br />
 <br />
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TITLE: Non Invasive Imaging Assessment of the Biodistribution of an ADCC and CDC Optimized anti HER3 mAb
(GSK2849330) in human tumor-bearing mic
PRESENTER: Hasan Alsaid
ABSTRACT BODY: 
Abstract Body: Introduction GSK2849330 (GSK’330) is an IgG1/IGg3, glyco-engineered, humanized monoclonal
HER3 antibody1. GSK’330 was labeled with Zirconium-89 or with a fluorescent probe for in-vivo Immuno-PET and in-
vivo/ex-vivo optical imaging to investigate the biodistribution of GSK’330, and to determine the relationship between
dose and receptor-occupancy in HER3 negative (MIA-PaCa-2) and positive (CHL-1 & BxPC3) expressing human
tumor-bearing mice.
Methods Immuno-PET was performed to assess the specific uptake of 89Zr-GSK’330 (0.5mg/kg, ~5MBq, iv) in CHL-1
and MIA-PaCa-2 tumor bearing mice. A 3rd group of mice bearing CHL-1 tumor (n=5/group, C.B-17 SCID female, 10
week old) received 50mg/kg of GSK’330 16h before 89Zr-GSK’330 to evaluate the HER3 specificity of GSK’330.
PET/CT images were acquired using a Siemens Inveon system at 24, 48, 72 & 144h post 89Zr-GSK’330 injection.
Dose dependence was assessed ex-vivo at 72h post injection of 89Zr-GSK’330 (0.14mg/kg, ~100kBq) and a non-
labeled dose of GSK’330 (0, 0.3, 1, 3, or 10mg/kg, n=4/group).
Separately, GSK’330 was labeled with fluorescent VivoTag 680 (VT680) probe. BxPC3 tumor-bearing mice
(n=4/group) received 0.5, 1, or 5mg/kg of VT680-GSK’330. A 4th blocking group received 5mg/kg of VT680-GSK’330
24h post unlabeled GSK’330 (50mg/kg) administration. In vivo optical imaging was performed at 24, 48, 72 & 96h post
injection. Additionally, CHL-1 tumor-bearing mice were injected with either VT680-GSK’330 or VT680-IgG control
(5mg/kg) to qualitatively assess the binding and internalization of the labeled antibody in tumor cells using confocal
microscopy at 0.5, 1, 3, 6, & 24h post injection.
Results As quantified by immuno-PET (FigA), tumor:blood uptake ratio of 89Zr-GSK’330 was significantly higher in
groups 1 (MIA-PaCa-2) and 2 (CHL-1) compared to group 3 (CHL-1 pre-treated with GSK’330) at 48 & 72h, and it was
significantly higher in group 2 compared to groups 1 & 3 at 144h. The tumor:blood ratio in the dose escalation study
(FigB) showed a significant increase from 0mg/kg to reach a plateau for 0.3 & 1mg/kg. This ratio decreased
significantly with the higher non-labeled doses of GSK’330 (3 & 10mg/kg) reflecting increasing receptor saturation.
Optical imaging of GSK’330 demonstrated changes in intensity over time (FigC). The 5mg/kg and the blocking groups
were significantly different compared to the other groups at all time points. The confocal microscopy images showed
GSK’330 binding and internalization in the CHL-1 tumor cells. The IgG control showed little or no binding to tumor
cells.
Conclusions The data do show in part some specificity and dose dependence of GSK’330. The specific characteristics
of GSK’330 (ADCC and CDC enhancement) and the complexity of evaluating this type of mAb in a mouse model may
have contributed to the small differences observed between negative and positive HER3 tumor response. The
difference between the Immuno-PET and the optical data could be related to the HER3 level and physiological
differences in tumors, and to the internalization/ residualization differences between VT680 and 89Zr labeled-
GSK’330.
Reference 1) Clarke N, et al. European Journal of Cancer, 2014, 50, 98-99.
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A) Tumor:blood ratio at 24, 48, 72, & 144h post injection of 89Zr-GSK'330 in MIA-PaCa-2 & CHL-1 tumors. B) The
CHL-1 tumor:blood uptake ratio of 89Zr-GSK'330 (0.14mg/kg) in the dose escalation study showed significant
decrease with the increased non-labeled dose of GSK'330. C) Optical imaging of VT680-GSK'330 in BxPC3 tumors
demonstrates changes in intensity over time. The bloking group intensity decreased significantly over time. The 5
mg/kg group shows significantly higher intensity compared to the blocking group at 96h.



CONTROL ID: 2491970
TITLE: Early In Vivo Detection of Bladder Tumors in Mice using Molecular MRI
PRESENTER: Rheal Towner
ABSTRACT BODY: 
Abstract Body: Introduction: Early detection of bladder tumors would assist in initiating treatment options that could
help with the treatment of bladder carcinoma. We used a bladder tumor-binding peptide (BTBP)1 coupled to a Gd-
DOTA MRI contrast agent (BTBP-probe) to visualize early detection of bladder cancer in an orthotopic mouse model,
and verified the detection of BTBP coupled to a Cy5 florescence probe.
Methods: Mice (8-10 weeks old; female; n=12; n=7 BTBP-probe and n=5 control) were anesthetized with isoflurane (2-
3%) for bladder cancer cell (MB49-TR) injection into the bladder via an intravesical catheter, and for MRI scans. A
contrast agent, BTBP (CSNRDARRC)-Gd-DOTA was used. A non-specific scrambled peptide (CASRRNRDC) was
used as a control contrast agent. MRI experiments were done on a Bruker Biospec 7.0 Tesla/30 cm horizontal-bore
imaging system. Multiple bladder region 1H MR image slices were taken using a RARE multislice (repetition time (TR)
1.3 s, echo time (TE) 9 ms, 256x256 matrix, 4 steps per acquisition, 3x3 cm2 field of view, 0.75 mm slice thickness).
Mouse bladders were imaged at 0 (pre-contrast) and at 3-4 hours post-contrast agent injection. Mice were injected
intravenously with the BTBP-Gd-DOTA contrast agent (100µl/mouse; 50µmol/L). T1-weighted images were obtained
using a variable TR (repetition time) spin-echo sequence (TR, 200-1600 ms; TE, 15 ms; NA, 2). Pixel-by-pixel
relaxation maps were reconstructed from a series of T1-weighted images using a nonlinear two-parameter fitting
procedure. The T1 value of a specified region-of-interest (ROI) was computed from all the pixels in the identified ROIs.
Results: MRI was used to detect the presence of the BTBP-probe via a substantial decrease in T1 relaxation,
measured as T1 relaxation difference (Fig. 1), within bladder tumor regions of mice administered the BTBP-probe
(p<0.05) compared to the controls.
Discussion: Here we used mMRI to show for the first time non-invasive in vivo early detection of bladder tumors in a
mouse model for bladder carcinoma. Using mMRI with a bladder tumor-binding peptide targeted probe provides the
advantage of in vivo image resolution and spatial differentiation of regional events in early tumor detection.
References: Lee SM et al. Targeting bladder tumor cells in vivo and in the urine with a peptide identified by phage
display. Mol Cancer Res 2007; 5: 11-9.
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Figure 1: mMRI early detection of bladder tumors in mice. (A) Bladder tumor-bearing mouse administered the BTBP-
probe probe showed an increase in MRI signal intensity. (B) Bladder tumor-bearing mice given the control peptide
contrast agent. (C) Fluorescence image of a tumor-bearing mouse administered BTBP-Cy5. (D) Same mouse as in C,
also administered BTBP-Gd-DOTA. (E) T1 relaxation differences, 3-4 hours post-contrast, between BTBP-probe
(Targeted) or control peptide contrast agent (Control) mice, shows a significant difference in the BTBP-probe vs the
control group (p<0.05).



CONTROL ID: 2491980
TITLE: The added value of longitudinal micro-CT-derived biomarkers for early lung metastasis detection in a
syngeneic mouse model
PRESENTER: Greetje Vande Velde
ABSTRACT BODY: 
Abstract Body: Introduction: With more patients dying from metastasis than from primary cancers, metastasis is a very
important area in cancer research. Investigators thereby heavily rely on animal models of metastasis to common
organs such as the lung in order to improve our insight into the pathogenesis and to research novel therapeutic
approaches to combat metastasis. In this experimental context, novel tools that allow longitudinal monitoring of lung
metastasis in individual animals are highly needed. We have therefore evaluated for the first time micro-computed
tomography (μCT) as a very efficient and cross-validated means to non-invasively and repeatedly monitor metastasis
to the lung in individual, free-breathing syngeneic mice.
Methods: Two individual clones of KLN205 cancer cells were intravenously injected in syngeneic DBA/2 mice and lung
metastasis was weekly monitored during 3 weeks using μCT, and compared to the current gold standard histology
and the more recently introduced bioluminescence imaging (BLI).
Results: μCT enabled us to visualize diffuse tumor morphology, but also to extract four different biomarkers that
quantify not only tumor load, but also aerated space in the lung as a marker of vital lung capacity and potential
compensatory mechanisms. Complementary to BLI, applying this novel μCT-based approach enabled us to sensitively
and efficiently unravel differences in metastatic potential between two cellular clones. In conclusion, μCT and BLI offer
biomarkers that describe different and complementary aspects of lung metastasis, underlining the importance of multi-
modality follow-up. The added value of µCT-findings is important to better assess lung metastasis and host/lung
response in preclinical studies, which will be valuable for translational applications.
Conclusion: μCT and BLI offer biomarkers that describe different and complementary aspects of lung metastasis,
underlining the importance of multi-modality follow-up. The added value of µCT-findings is important to better assess
lung metastasis and host/lung response in preclinical studies, which will be valuable for translational applications.
Acknowledgements: This research was supported by the Research Foundation-Flanders (FWO), the KU Leuven, the
STK Foundation Against Cancer and the Flemish League against Cancer (VLK).
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CONTROL ID: 2491996
TITLE: In Vivo Biodistribution of Radiolabeled Gas Vesicles in Mice using Single Photon Emission Computed
Tomography (SPECT) and MicroCT
PRESENTER: Johann Le Floc'h
ABSTRACT BODY: 
Abstract Body: INTRODUCTION 
Gas vesicles (GVs) are biologically derived gas-filled protein nanostructures recently developed as ultrasound contrast
agents (Shapiro). The in vivo biodistribution of GVs has not been studied with methods other than ultrasound. Here,
we report the first quantitative spatio-temporal distribution study of radiolabeled GVs in mice using SPECT/CT.
METHODS 
Radiolabeling. GVs were purified from Halobacterium salinarum to an optical density (OD500nm) of 40, and
radiolabeled with technetium-99m (99mTc-GVs) under mild conditions using the bio-orthogonal reaction between
trans-cyclo octene (TCO) and tetrazine (Tz). TCO-conjugated GVs (TCO-GVs) were prepared by adding (E)-cyclooct-
4-enyl-2,5-dioxopyrrolidin-1-yl carbonate (100eq) to GVs and incubating at room temperature for 2.5hrs (pH=9-9.5).
TCO-GVs were then purified by dialysis overnight and concentrated by centrifugal flotation (300rpm). 99mTc labeled
Tz derivative (140MBq, 0.5mL) was then added to a solution of TCO-GVs (OD500nm=40,1mL), incubated for 30min at
room temperature and purified by centrifugal flotation. The radiochemical yield was 59%. Preclinical Studies.
SPECT/CT experiments were performed using mice (n=5) and compared to quantitative biodistribution (n=12). For
imaging, studies were performed following i.v. injection in the tail vein of intact and collapsed 99mTc-GVs (2.2-
5.4MBq, 80-130µL, OD500nm=18). For biodistribution, mice were injected with 666kBq of 99mTc-GVs and euthanized
at 5, 20, 60 and 120min. Tissues and fluids were then collected and activity counted. Acquisition of Images. Dynamic
whole body scans were performed on U-SPECT using a high energy collimator. Mice were anaesthetized with
isoflurane (2-2.5% maintenance) and body temperature was maintained at 37°C. Following dose calibration of 99mTc-
GVs, a frame was acquired prior to its injection. Subsequent frames were then collected at frame rate ranging from 30
to 70s for up to 90min. Mice were then scanned in vivo with microCT(pixel size=35µm,65kV,385µA) to obtain
anatomical details. For calibration of SPECT images, a 1mL syringe filled with a solution of known activity of 99mTc-
GVs in PBS was scanned. Data Analysis. SPECT images were reconstructed (voxelsize=0.512mm3, 16subsets,
15iterations), corrected for decay, scattering and attenuation and calibrated. Images were then processed using the
segmentation and 3D rendering tools in PMOD(PMOD Technologies Ltd).
RESULTS AND CONCLUSION 
99mTc-GVs uptake (averaged over time in %ID/cc) was observed in the liver (42), spleen (27), duodenum (15),
stomach (2) and bladder (15). GVs were rapidly and consistently taken-up in the liver, reaching a plateau within 60s
and then decreasing slightly after 30min. In contrast, duodenum uptake was only observed after 20min (see Figure1 in
Persuasive data file). Uptake trends were similar to biodistribution study. 3D renderings of segmented volumes
showed the extent of GVs distribution in major organs (Image1). Visualization of GVs in vivo being established in
healthy mice, further work will investigate the uptake of GVs in tumor-bearing mice models.
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Left side. Time averaged Maximun Intensity Projection of 99mTc-GVs. Right side. Corresponding 3D segmentation of
main mouse organs where 99mTc-GVs were taken up over 1 hour. Lungs in green, liver in light brown, spleen in
yellow, stomach in purple, duodenum in light blue and bladder in dark brown.



CONTROL ID: 2492194
TITLE: MRI monitoring of chemotherapeutic response in a transgenic mouse model of pancreatic cancer
PRESENTER: Ping Wang
ABSTRACT BODY: 
Abstract Body: Objectives: Our search for biomarkers that forecast the progression of adenocarcinoma identified the
underglycosylated mucin 1 tumor antigen (uMUC1) as a candidate (1,2). The uMUC1's abundance appears to be
tightly linked to tumor progression and tumor response to chemotherapy (3). In this study, we evaluated the utility of a
dual-modality imaging approach based on targeting uMUC1 for predicting chemotherapeutic response in a transgenic
pancreatic cancer murine model.
 
Methods: An uMUC1-specific contrast agent (MN-EPPT) was synthesized for MRI and optical imaging. It consisted of
iron oxide nanoparticles conjugated to Cy5.5 dye, and to an uMUC1-specific peptide (EPPT). A human uMUC1-
expressing mouse model of pancreatic cancer, KCM mice were used in this study. The experimental mice (n=4) were
given gemcitabine (20 mg/kg. i.p.) twice weekly for ten weeks. The control mice (n=4) received saline. Changes in
uMUC1 levels following chemotherapy were monitored using MRI before and 24 hrs after intravenous injection of the
MN-EPPT (15 mg Fe/kg). In vivo T2 map MRI was performed using a 9.4T Bruker horizontal bore scanner on weeks
3, 5, 7, 11, 12 and 13 after the beginning of chemotherapy. Average T2 times in free-hand selected ROIs surrounding
the pancreatic sections were calculated using ImageJ. Delta-T2 values were calculated and were used as an indicator
of relative MN-EPPT accumulation. Cy5.5 epifluorescence imaging was performed on weeks 10, 11, 13, and 26 after
the beginning of chemotherapy using an IVIS Spectrum system. Pancreatic tissues were collected for uMUC1
immunostaining analysis and qRT-PCR.
 
Results: We observed that changes in uMUC1 expression in pancreatic lesions after treatment with gemcitabine could
be detected using MN-EPPT-enhanced MRI. In gemcitabine-treated animals, there was a smaller delta-T2 than in
control (p = 0.0008). This indicated lower accumulation of MN-EPPT and, accordingly, lower levels of uMUC1
expression in gemcitabine treated animals (Fig. 1A). Optical imaging confirmed the MRI findings. Ex vivo histology of
pancreata derived from non-treated control animals revealed high expression of uMUC1 distributed throughout the
pancreatic lesions. The accumulation of MN-EPPT, indicated by the Cy5.5 signal, mirrored the distribution of uMUC1.
By contrast, uMUC1 expression in the pancreatic lesions from the experimental group was lower and restricted to the
apical membrane of the glandular epithelium. In addition, Cy5.5 signal from the MN-EPPT probe was limited to the
apical glandular surface in the pancreatic tissues of experimental mice (Fig. 1B). qRT-PCR results confirmed the
different expressions of uMUC1 between experimental and control group.
 
Conclusion: Our data proved that changes in uMUC1 expression after chemotherapy could be evaluated using MN-
EPPT-enhanced MR and optical imaging. These results suggest that the uMUC1-targeted imaging approach could
provide a useful tool for the predictive assessment of therapeutic response for pancreatic cancer.
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Figure 1A: MRI of therapeutic response. Figure 1B: Levels of uMUC1 in pancreatic sections of treated or non-treated
animals. The detailed figure legends were included in the Persuasive Data.
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TITLE: ABT-700 Dose Dependent Target Binding in the Hs746T Xenograft Model by SPECT/CT Imaging and ex vivo
Tissue Dissection
PRESENTER: David Reuter
ABSTRACT BODY: 
Abstract Body: ABT-700 is an anti-human c-Met monoclonal antibody that inhibits both ligand-dependent and -
independent c-Met signaling and demonstrates anti-tumor activities in cMet amplified human xenograft models. In
both in vitro and in vivo efficacy studies, ABT-700 exhibited a bell-shaped dose-efficacy response necessitating
careful dose prediction and selection for an optimal treatment outcome. The current study characterizes the in vivo
tumor uptake and dose-dependent saturation of ABT-700. Male SCID CB17/lcr mice were inoculated with Hs746T
(MET amplified) cells in the flank. Single photon emission computed tomography (SPECT/CT) imaging studies were
performed to assess the in vivobiodistribution of ABT-700 using 111In-labeled ABT-700. Cold ABT-700 antibody (0, 1,
3, 10, 20, and 40 mg/kg, n=5/group) and a tracer dose of 111In-ABT-700 (50 μg/mouse) was administered i.v.
SPECT/CT imaging was performed 96 hours post dosing when tumor uptake reached peak levels. Various tissues
were collected following imaging to quantify 111In-ABT-700 uptake. Amongst all tissues measured, radiolabel uptake
of 111In-ABT-700 (as measured by percent injected dose per gram of tissue, %ID/g), was highest in the tumor. Similar
tumor uptake was observed when co-dosed with 1 or 3 mg/kg of ABT-700. In contrast, at doses of 10mg/kg, tumor
uptake of 111In-ABT-700 decreased by approximately 50% (p < 0.05). Higher doses (30, or 40 mg/kg) did not reduce
tumor uptake further, indicating saturation was achieved at approximately 10 mg/kg.
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TITLE: HIF Modulation of ECM in Triple Negative Breast Cancer Xenografts
PRESENTER: Eibhlin Goggins
ABSTRACT BODY: 
Abstract Body: Introduction: Initiation, progression and spread of cancer cells is accomplished by molecular and
structural changes and interactions between cancer cells and the extracellular matrix (ECM) [1]. Molecular changes in
cancer cells arising from intratumoral hypoxia are mediated by activation of the transcription factors, hypoxia inducible
factors (HIFs), resulting in adaptive responses mainly through stabilization of HIF-1α and HIF-2α [2]. Structural change
is accomplished by deposition and stiffening of various proteins in the ECM [1]. Collagen 1 (Col1) fibers are a major
structural component of breast cancer ECM and we have previously observed significantly reduced Col1 fiber
distribution in hypoxic tumor regions [3]. Using a loss-of-function approach for HIF-1α, 2α or both in MDA-MB-231
(231) cells and xenografts, we have identified a relationship between HIFs and Col1 fibers.
Methods: 231 cells expressing shRNA against HIF-1α (231-1α), HIF-2α (231-2α), or both (231-DS) were established
as previously described [4]. Engineered cells were inoculated in the mammary fat of SCID mice, and monitored for
tumor growth. Tumors were excised and processed for immunohistochemistry (IHC) and molecular analysis by
standard protocols. H&E stained tumor sections were used to detect Col1 fibers using second harmonic generation
(SHG) microscopy. An in-house fiber analysis software was then used to quantify the fiber distribution for parameters
such as inter-fiber distance and fiber volume [3]. Expression of Col1 degrading enzymes, matrix metalloproteinases 1
and 14 (MMP1, MMP14) was determined by quantitative real-time polymerase chain reaction (qRT-PCR) and
immunoblotting. Adjacent 5μm tumor sections were stained for alpha-smooth muscle actin (α-SMA) to detect cancer-
associated fibroblasts (CAFs).
Results: Engineered 231 cells had reduced tumor volume and delayed growth, especially 231-DS tumors, which were
associated with reduced HIF-1α and -2α mRNA levels (Fig.1A-B). As shown in Fig.1C, knockdown of HIFs resulted in
changes in Col1 fibers compared to 231-empty vector (231-EV) tumors (231-wild type (231-WT) data not shown).
Both 231-2α and 231-DS tumors had significantly higher percent fiber volume compared to 231-WT, 231-EV, and 231-
1α tumors. Additionally 231-1α and -2α tumors had significantly lower inter-fiber distance (Fig.1D). Detection of α-SMA
correlated with the increase in Col1 fibers (Fig.1E). Increased Col1 fiber volume was associated with a decrease in
expression of MMP1 and MMP14. Specifically, 231-2α tumors displayed a dramatic reduction in the active form of
MMP1 and 231-1α tumors displayed a modest reduction in the active form of MMP14 (Fig.S1B). 231-1α tumors
showed a decrease in MMP14 mRNA (Fig.S1A).
Conclusions: Molecular analysis and imaging data presented here suggest a differential modulation of Col1 fibers
upon interfering with HIF expression.
References: 1. Plodinec M et al. Nat.Nanotech. 2012; 2. Semenza, GL et al. Oncogene. 2013; 3. Kakkad S et al.
Neoplasia. 2010; 4. Shah T et al. Oncotarget. 2015.
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CONTROL ID: 2492503
TITLE: Synthesis and biological Evaluation of [18F]Fm-329 as F-18 labeled Cetuximab fragment for the imaging of
EGFR expression in mouse model
PRESENTER: EunHye CHO
ABSTRACT BODY: 
Abstract Body:  
Purpose: Generally, the intact mAb has longer biological half-life than half life (109 min) of [18F]fluoride. Therefore
metal radioisotopes which has long half-life such as 64Cu (12 hr) or 89Zr (3.3 day) is widely used for Immuno-PET
study. However these radioisotopes show higher radiation exposure in patient than [18F]F-labeled radiotracer.
Recently, small size of protein such as affibody, nanobody and Fab fragmenthave been developed and labeled with
68Ga or 18F for the PET imaging because they have short half-life than intact mAb. We developed new [18F]F-
labeled Cetuximab fragment ([18F]Fm-329 expressed from E-coli) for tumor imaging and evaluated the in vitro/in vivo
properties.
 
Method: N-Succinimidyl4-[18F]fluorobenzoate ([18F]SFB) was automatically synthesized using AIO chemistry
module(Trasis). Three step synthesis and SPE (Solid phase extraction) purification method were used for the
synthesis of [18F]SFB. The [18F]SFBwhich was dissolved in MeCN was obtained from chemistry module and MeCN
was completely evaporated. Dried [18F]SFB was dissolved in PBS (pH=7.8) and used to conjugated with Fm-329 and
Cetuximabat room temperature for 30 min, respectively. The crude mixture was purified using centrifugal filtration with
Amicon®Ultra centrifugal Filter (30K). After washing with PBS buffer, concentrated [18F]Fm-329 was recovered from
the centrifugal filter. After formulation, the radiochemical purity and quantificationof [18F]Fm-329 and [18

F]Cetuximabwere evaluated with SEC(size exclusion chromatography)-HPLC and nanodrop, respectively. The binding
affinity of radiolabeled Fm-329 and Cetuximab was evaluated with in vitro cell-binding assays with A431 cell line. The
biodistribution in the nude mice model bearing A431 tumor xenografts were evaluated using PET/MR.
 
Results: [18F]Fm-329 and [18F]Cetuximab were prepared with high labeling yield as 14.8±7.0% and 14.6±2.8%
respectively. The in vitro cell uptake of [18F]Fm-329 showed 86.57% binding compare with [18F]Cetuximabwhich
were normalized by protein quantity of cells, independently. The result of blocking study showed that cold Cetuximab
inhibited the uptake of [18F]Fm-329 and [18F]Cetuximab to 4.85% and 2.93%, respectively.From the PET imaging
analysis, tumor to muscle ratio of [18F]Fm-329 at 2 hr, 3 hr and 4 hr after injection were 4.86, 5.11 and 7.87,
respectively.[18F]Cetuximab showed lower tumor to muscle ratio than [18F]Fm-329 as 2.53, 3.45 and 3.58, at the
same time point.
 
Conclusion: [18F]Fm-329 shows high affinity and good targeting to EGFR overexpressed A431 cell line. It is a
promising PET radioligand for imaging of EGFR expression.
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TITLE: In vivo quantifying dose-dependent pharmacokinetics of Cy5.5-gx1 with dynamic fluorescence imaging
PRESENTER: Dai yunpeng
ABSTRACT BODY: 
Abstract Body: GX1, a cyclic 9-mer peptide of CGNSNPKSC that binds specifically to the gastric tumor-derived
vascular endothelial cells, has been conjugated with the NIR fluorescent dye of Cy5.5 (Cy5.5-GX1) for optical imaging
in vivo. The aim of this article is to evaluate the impact of injection dose on the obtained binding potential (Bp) of the
tracer, when Cy5.5-GX1 is injected at a dose ranging from 0.5 to 3 nmol/mouse in gastric BCG-823 tumor xenografted
mouse model. The BCG-823 cancer cells were harvested during the logarithmic growth phase and suspended in PBS
(1*107 cells/ml). By subcutaneous injection, a total of 200μl cell suspension was injected into the right shoulder of the
mouse (2*106 cells per mouse). The tumor volume was measured by caliper three times a week, until it reached
around 300 mm3. According to the injection of free GX1, the exposure time of CCD camera and the dose amount of
injected Cy5.5-GX1, thirty-two mice were randomly subdivided into eight groups and underwent a 60 min dynamic
fluorescence imaging. The tracer injection doses were 0.5 nmol, 1 nmol, 1 nmol, 1 nmol, 1 nmol, 1.5 nmol, 2 nmol,
and 3 nmol respectively. The exposure time of CCD camera corresponding to each injection dose was 1 s, 0.5 s, 1 s,
1.5 s, 1 s, 1 s, 1 s and 1 s. The fifth group (termed as the blocked group, in which the tracer injection dose is 1 nmol
and the CCD integration time is 1 s) received excess free GX1 peptide (about 500 nmol) in one hour before the tracer
injection. Combined with principal-component analysis, the binding potential (Bp) of tracer was determined by
Lammertsma simplified reference tissue model. In addition, the ratio of tumor to normal tissue (TNR) as a function of
time also was determined using the same image acquisition parameters. Preliminary results are described in Fig. 1,
which indicates the following useful conclusions. First, the molecular specificity of Cy5.5-GX1 was confirmed by
blocking the tumor uptake with excess GX1. Second, results of statistical analysis confirm that the obtained Bp value
was not sensitive to the changes of the probe injection dose and the CCD exposure time. Third, the acquired TNR
was dependent on the CCD exposure time. Our results illustrated that dynamic fluorescence imaging in conjunction
with kinetic analysis may provide more robust quantitative results than static fluorescence imaging.
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Fig. 1 Representative raw fluorescence images (no background subtraction) at different time points generated from 1
hour dynamic optical imaging and 24 hours after administration of (A) 1 nmol Cy5.5-GX1 injection alone and (B)
excessive free GX1 injection 1 hour prior to Cy5.5-GX1 injection. Arrows indicate tumor locations and fluorescent
images generated from 24 hours after tracer injection are displayed on the same linear color scale to allow for
qualitative comparison. (C) Ratio of tumor to normal tissue (TNR) as a function of time. The TNR of 1 nmol dose group
(exposure time: 1.5 s), 1 nmol dose group (exposure time: 1 s) and 2 nmol dose group (exposure time: 1 s) are
represented by square, circle and regular triangle, respectively. The inverted triangle represents 1 nmol dose 1 hour
prior to excessive free GX1 injection group (exposure time: 1 s). (D) The Bp values of Cy5.5-GX1 for each group.
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TITLE: A Peptide Targeted to Fibronectin-fibrin Complexes with Colon Cancer in Mice by 7.0T MRI
PRESENTER: Heng Zhang
ABSTRACT BODY: 
Abstract Body: Purpose To evaluate a new low molecular weight AKERC targeted contrast agent AKERC-dl-(Gd-
DOTA)4 .It is a small peptide that specifically binds to the fibronectin-fibrin complexes in tumor extracellular matrix.
Fibronectins are found abundantly present in the extracellular matrix of a spectrum of malignant human tumors but not
in normal human tissues.
Methods Male athymic nu/nu mice(4-5 weeks old, N=10) weighing 18-22 g were subcutaneously implanted in both
flanks with SW1116 cells until the tumor size reached 0.8-1.2 cm in diameter in 2-3 weeks. Tumor-bearing mice were
randomly divided into the experimental group and the control group. MRI contrast agents were administered via a tail
vein at a dose of 0.1 µmol/g mice. The mice were placed in a nude mouse coil and scanned on a Bruker 7T MRI
scanner before and at 5, 10, 20,30,40, 50 and 60min after injection using a 2D spin-echo sequence (TR=500 ms ,
TE=8.0 ms, 90° flip angle, 1.5mm slice thickness, FOV=3cm). Signal intensity was measured and analyzed using
PV5.0 software. Contrast to noise ratios were calculated at each time point and averaged from different mice for the
tumor tissue. The P values were calculated using the repeated measures analysis of variance , assuming statistical
significance at p < 0.05. Mice were sacrificed 24 h post-injection, and tumor tissues were removed and fixed and used
to Immunohistochemical Study.
Results Statistical shows the CNR of the tumor tissue in tumor before and at various time points after injecting the
contrast agents. AKERC-dl-(Gd-DOTA)4 showed higher CNR at 20 min after injection in the tumor and decreased
gradually. At the same time, CNR in tumor Continuously maintain a high level during the period of 60 min post-
injection. The CNR in tumor tissue with Gd(DTPA-BMA) decreased rapidly after it reached the maximum values at 10
min post-injection. The AKERC-dl-(Gd-DOTA)4 showed significantly higher CNR than the control Gd(DTPA-BMA) in
tumor since 10 min post-injection (p < 0.05).
Immunohistochemical analysis using an anti-fibronectin antibody confirmed the presence of the elevated fibronectin
expression in the tumor tissue. The staining clearly indicated the existence of fibronectin in extracellular spaces of
tumor tissue, not in the normal muscle tissue.
Conclusion Compared with the clinical contrast agent, the new contrast agent specifically binds to the fibronectin-fibrin
complexes with high degree of enhancement and the fast peak time and long duration. The new magnetic resonance
contrast agent AKERC-dl-(Gd-DOTA)4 has potential pre-clinical application values.
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PURPOSE: The RGD specifically recognizes the integrin αvβ3 which is overexpressed on various malignant tumors.
One major drawback of small peptide such as RGD, however, is short half-life in the blood, which greatly
compromises their targeting efficacy. To improve blood circulation time and targeting efficacy, we developed cyclic
RGDyK (cRGDyK) conjugated human serum albumin (HSA) using click chemistry reaction.
 
METHODS: HSA was conjugated with DBCO-NHS (dibenzyl cyclooctyne) under physiologically favorable reaction
condition for the preparation of strain promoted azide-alkyne reaction. Using this reaction group, DBCO-HSA was
conjugated with N3-c RGDyK (azido cRGDyK) for integrin αvβ3 targeting, N3-FNR648 for fluorescence labeling and
64Cu labeled N3-NOTA (3-azidopropyl-NOTA) for radiolabeling. Cell binding of cRGDyK-HSA were analyzed with
FNR648 labeled probes. Cellular uptake of 64Cu-cRGDyK-HSA were tested for integrin αvβ3 specific binding at cell
level. PET images were acquired after tail vein injection of 64Cu-HSA, 64Cu-cRGDyK-HSA in integrin αvβ3 positive
tumor (SK-OV3, ovarian cancer cell line) bearing BALB/c nude mice. PET signals were quantitatively analyzed with
PET image analysis program, AMIDE.
 
RESULTS: The number of cRGDyK on DBCO-HSA conjugates was confirmed using MALDI-TOF MS. cRGDyK-HSA
was successfully conjugated with 64Cu labeled N3-NOTA. Integrin αvβ3 mRNA and protein was highly expressed in
SK-OV3 cell line. At fluorescence labeled probes were treated in SK-OV3, cRGDyK-HSA were highly bound to cell
membrane and this pattern were decreased with pre-treatment of excess cRGDyK. When compared to cellular uptake
level, 64Cu-cRGDyK-HSA were more accumulated at integrin αvβ3 positive cells (SK-OV3) than integrin αvβ3
negative cells (P < 0.05) and there were no difference in 64Cu-HSA. Serial PET images were acquired 0, 4, 24, 48
hours after tail vein injection of 64Cu-cRGDyK-HSA. Radioactivity of 64Cu-cRGDyK-HSA in SK-OV3 tumor was
higher than that of 64Cu-HSA. 64Cu-labeled-cRGDyK-HSA can be observed at 48 hours after injection, which shows
longer circulation time in mice.
 
CONCLUSION: We successfully conjugated cyclic RGDyK to HSA using click chemistry approach. We demonstrated
that cRGDyK-HSA specifically bind to integrin αvβ3 in in vitro and in vivo model. And in animal model, 64Cu-labeled-
cRGDyK-HSA can be observed at 48 hours after injection, which shows longer circulation time. Our results indicated
that cRGDyK-HSA have a potential to diagnosis and therapy response monitoring of tumor expressing integrin αvβ3.
AUTHORS (LAST NAME, FIRST NAME): Park, Cho Rong3; Song, Myung Geun1; Park, Ji Yong3; Youn, Hyewon2;
Chung, June-Key7; Jeong, Jae Min6; Lee, Yun-Sang5; Kang, Keon Wook4

INSTITUTIONS (ALL): 
1. Nuclear Medicine, Cancer Research Institute, Seoul, Korea (the Republic of).
2. Cancer Imaging Center, Seoul National Univ, Seoul, Jongno-Gu, Korea (the Republic of).
3. College of Medicine, Seoul National University, Seoul, Korea (the Republic of).
4. Nuclear Medicine, Seoul National University, Seoul, Korea (the Republic of).
5. Department of Nuclear Medicine, Seoul National University College of Medicine, Seoul, Korea (the Republic of).



6. Nuclear Medicine, Seoul National University College of Medicine, Seoul, Korea (the Republic of).
7. Nuclear Medicine, Seoul National University Hospital, Seoul, Korea (the Republic of).
(No Image Selected)



CONTROL ID: 2492579
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ABSTRACT BODY: 
Abstract Body: Introduction: Organic nano photosensitizers are clinically attractive agents for image-guided cancer
phototherapy. These theranostic agents can concentrate tumoricidal effects to target lesions and mitigate off-target
systemic toxicity via their localized activation by laser light, and high payload incorporation of non-toxic, biodegradable
photosensitive constituents.1 Despite these promising properties, the widespread clinical translation of these
nanomedicines is hampered by their reliance on the enhanced permeability and retention (EPR) effect for tumor
accumulation, the clinical relevance of which is highly disputed. To this end, recently invented porphyrin microbubbles
(pMBs) harbour the capacity of bypassing the EPR effect for the targeted delivery of photosensitive porphyrin
nanoparticles (pNPs) to tumor.2 Upon ultrasound exposure, pMBs undergo an in situ micro to nano conversion,
generating pNPs which can extravasate to tumor tissue, presumably via ultrasonic pMB cavitation effects on vascular
permeability and independently of the EPR effect.
 
Objective: To formulate and take advantage of the multimodal (ultrasound, fluorescence and PET) imaging properties
of novel pMBs for the in vivo verification of EPR-independent pNP delivery to insonated tumors following in situ pMB-
to-pNP acoustic conversion.
 
Methodology and findings: An established2 mechanical agitation technique was used to formulate 2 micron sized
pMBs. Fluorescence microscopy demonstrates the successful incorporation of porphyrin throughout the MB shell,
which gives rise to pMB fluorescence imaging contrast, and the opportunity for 64Cu chelation of porphyrin centres for
PET imaging (Fig. 1A). The pMBs undergo a pressure-dependent acoustic conversion (Fig. 1B), which is expected to
yield differential uptake of pNPs in subcutaneous mice tumor xenografts. Fluorescence and PET imaging, following
the intravenous administration pf pMBs and tumor insonation, allows for the quantitative evaluation of EPR-
independent pNP uptake (as determined via temporal comparison of uptake against systemically administered pNPs
and un-sonicated tumor controls) and subsequent treatment planning.
 
Innovation and impact: The in situ pMB-to-pNP acoustic conversion is an unprecedented phenomenon which, via the
unique high payload packing of porphyrin within a single microbubble agent, holds the potential of targeting the
delivery of pNPs to tumors independently of the EPR effect. By overcoming this major crux in the clinical translation of
cancer nanomedicine, and by taking advantage of the phototherapeutic properties of pNPs, the pMB platform widens
the doorway to the phototreatment of human tumors with heterogenous and intact vasculature. For example, and of
particular interest, is the application of the pMB-to-pNP conversion for the delivery of nano photosensitizers across the
blood-brain barrier for the treatment of highly lethal glioma, for which brain-sparing targeted phototherapy is desirable.
 
1Lovell et al. Nat Mater 2011;10:324
2Huynh et al. Nat Nano 2015;10:325
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Figure 1: (A) Multimodal imaging capabilities of pMBs, derived from the incorporation of fluorescent porphyrin moieties
throughout the pMB shell, as evident from fluorescence microscopy (i; excitation 708 nm, emission 788 nm). In
addition their near-infrared fluorescence contrast (ii), pMBs also demonstrate strong ultrasound contrast signals (iii) in
gel phantoms (arrows in the direction of increasing pMB concentration). (B) These multimodal pMBs undergo a micro
to nano size conversion as observed by a decrease in pMB concentration and increase in sub-micron population size
upon application of increasing acoustic pressures (1 MHz, 1 ms pulses, 10 Hz prf, 30 second ultrasound duration).
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ABSTRACT BODY: 
Abstract Body: Purpose: Vascular disrupting agents (VDAs) are a class of cancer drug designed to damage the
vascular structures of solid tumors. This causes ischemia and necrosis in susceptible tumors, with an acute effect
observed over hours (J. Cell Biochem; 99; 1021–1039, 2006). We evaluated the use of multispectral optoacoustic
tomography (MSOT) for observation and evaluation of combretastatin-A4-phosphate (CA4P) in a mouse MDA-MB-
231-luc cancer model. Results were validated by pre- and post-imaging injections of fluorescently labeled tomato (
lycopersicon esculentum) lectins, which bind to blood vessels as a robust vascular imaging agent (Histochem. Cell
Bio, 143; 225–234 (2015).)
 
Methods: MDA-MB-231-luc human breast cancer cells were implanted in the mammary fat pad of female nude mice.
Bioluminescent imaging (BLI) was performed every 3-4 days using firefly luciferin to monitor tumor growth prior to
experiment. Upon reaching sufficient tumor size, mice were imaged using multiwavelength photoacoustic tomography
based on wavelengths selected to resolve oxy-hemoglobin (HbO2) and deoxy-hemoglobin d(Hb). Prior to imaging, the
mice were injected with fluorescein-labeled tomato lectin (2mg/kg). Mice were imaged for 15 mins to allow stabilization
and provide a baseline. Oxygenation response was assessed by oxygen challenge (air-O2-air-O2) over 40 minutes.
CA4P was injected intraperitoneally (120mg/kg), and mice were observed for an additional 80 minutes. After imaging,
mice were injected with Texas Red-labeled tomato lectin (2mg/kg), and sacrificed 10 minutes later. Total hemoglobin
(HbT) and oxygenation (O2Sat) were determined in the spine, liver, feeder vessels, and within various regions of the
tumor. Response to intervention was determined by normalizing to the response of the spine. Vascular shutdown was
validated by measuring total tomato lectin signal change, thresholding histology images using Otsu’s method.
 
Results and Discussion: Tumors of a modest (125mm3) size were seen to be heterogeneously responsive to VDA
administration, with differential morphology and oxygenation visible in situ. Hypoxic regions such as the tumor core
reduced in oxygenation by 50%, while the tumor surface and feeder vessels decreased in oxygenation by 30% relative
to oxygenated baseline. The liver and spine had no appreciable reduction in oxygenation, but the liver showed
substantially increased HbT, approximately 250% relative to baseline. Other HbT changes were more modest, on the
order of 130% relative to baseline. Tomato lectin staining confirmed vascular shutdown, with substantially lowered
staining from Texas-Red labeled lectin as compared with fluorescein label in tumors.
Conclusions: Decreased O2Sat was noted in several vessels associated with tumors, as well as significant changes in
HbT in various intratumoral regions. These results suggest the high value of MSOT as an in vivo monitoring approach
to analyze dynamic response to VDAs, even in highly heterogeneous environments.
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Figure 1- Graph depicting regional oxygen saturation over experimental time course. Oxygen saturation in perispinal
vessels and within the liver remained steady with time, while a notable decrease is seen in the tumor and supporting
vessels. (A,B,C) depict the resolved photoacoustic image, HbO2 map, and tumor region HbO2 map immediately
before VDA injection. (D,E,F) depict the same information at 80 minutes post-injection. Substantial decrease in HbO2
signal can be seen, as well as fine resolution of heterogeneous response.
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ABSTRACT BODY: 
Abstract Body: Peritoneal carcinomatosis is metastatic stage aggravating digestive, gynecological or bladder cancer
dissemination and the preoperative evaluation of lesions remains difficult. There is therefore a need for minimal
invasive innovative techniques to establish a precise preoperative assessment of cancer peritoneal cavity [1]. Probe-
based confocal laser endomicroscopy (pCLE) provides dynamic images of the microarchitecture of tissues during
endoscopy [2]. The PERSEE project proposes new developments in robotics and pCLE for the exploration of the
peritoneal cavity during laparoscopy.
 
Two fluorescent dyes, Patent blue V (PB) and Indocyanine (ICG) green have been evaluated on human ex vivo
samples to improve the contrast of pCLE images. For a future implementation in clinical study, two topically staining
protocols operable in vivo have been validated on 70 specimens from 25 patients with a peritoneal carcinomatosis.
The specimens were then imaged by pCLE with an optical probe designed for the application. A histo-morphological
correlative study was performed on 350 pCLE images and 70 standard histological preparations. All images were
interpreted in a random way by two pathologists.
 
All presented images were interpreted by both pathologists with 100% sensitivity (tumoral vs. non-tumoral tissue
discrimination) reported on tissues stained with ICG. Differential histological diagnostics such as normal peritoneum or
pseudomyxoma could be achieved on fluorescence images. Global scores were always better for pCLE trained
pathologist (major concordance between PB: 86% and ICG: 94%) than for pathologist without prior experience of
pCLE (major concordance PB: 77% and ICG: 89%), particularly after ICG staining. This later dye appears optimal for
review of pCLE peritoneum images for experimented and non-experimented pathologists.
 
1. Schols RM, Bouvy ND, van Dam RM, Stassen LP (2013) Advanced intraoperative imaging methods for
laparoscopic anatomy navigation: an overview. Surg Endosc 27:1851–1859. doi: 10.1007/s00464-012-2701-x [doi]
2. Newton RC, Noonan DP, Vitiello V, Clark J, Payne CJ, Shang J, Sodergren M, Darzi A, Yang GZ (2012) Robot-
assisted transvaginal peritoneoscopy using confocal endomicroscopy: a feasibility study in a porcine model. Surg
Endosc 26:2532–2540. doi: 10.1007/s00464-012-2228-1 [doi]
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ABSTRACT BODY: 
Abstract Body: Objective: The use of ligand-decorated microbubbles as targeted ultrasound contrast agents has been
well-studied for potential pre-clinical applications, including enhanced signal sensitivity in detection of cancer and
cardiovascular disease. However, in order for targeted microbubbles to be clinically translatable, it is useful to reduce
the amount of microbubbles injected to the lowest possible dose that remains diagnostically effective. To the best of
the authors’ knowledge, the minimum injection dose for all pre-clinical ultrasound molecular imaging applications is 1 ×
106 microbubbles per animal. In this study, an in vivo mouse model was used to determine the minimum dose of
targeted microbubbles necessary to achieve statistically significant detection of tumor angiogenesis, using high frame
rate imaging with a novel multi-frame imaging sequence.
 
Methods: Adherent microbubble signal was measured using the targeting-destruction-replenishment method on a
Verasonics (Vantage 256) programmable ultrasound system. A multi-frame compounding pulse inversion imaging
sequence was performed continuously for 300 s. A train of high intensity destruction pulses were transmitted during
the 180-185 s time interval. Pre-destruction intensity was measured at 175 s, while post-destruction intensity was
measured at 200 s. A subtraction of post-destruction intensity from pre-destruction intensity was used to calculate
adherent microbubble signal.
 
Targeted and non-targeted microbubbles were prepared by coupling of antibody against vascular endothelial growth
factor 2 (VEGFR2) (MBVEGFR2) or isotype control IgG (MBControl), respectively, to biotinylated lipid microbubbles
via streptavidin. Microbubbles were injected via tail vein catheter into mice carrying subcutaneous adenocarcinoma
tumors (MC38 cells). Injection doses ranged between 5 × 104 and 1 × 107 microbubbles per mouse.
 
Results: Using the imaging sequence described, statistically significant detection (p < 0.05, n = 5) of angiogenesis in
mouse tumors was achieved with a minimum injection dose of 5 × 104 microbubbles per mouse (equal to DSPC at
0.05 µg/kg body mass, and 3.5 µg per human with 70 kg body weight) (Fig 1). Non-specific adhesion of MBControl at
this injection dose was negligible. It was also demonstrated that the binding efficacy of MBVEGFR2 decreased at
lower microbubble doses, and non-specific adhesion of MBControl increased at higher microbubble doses.
 
Conclusions: 5 × 104 microbubbles per mouse is lower than any published injection dose in ultrasound molecular
imaging that also achieves statistically significant detection of molecular targets in vivo. The findings of this study
provide evidence that molecular imaging is diagnostically effective at much lower injection doses than previously
indicated in existing literature.
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Figure 1: Signal intensity profiles of 5 × 104 microbubble doses of MBControl (A) and MBVEGFR2 (B). Solid lines
show the average normalized signal intensity among all mouse trials (n = 5), while dashed lines represent the
standard deviation. Microbubbles were administered at 5 s, and a series of destruction pulses was transmitted during
the 180-185 s time interval. Vertical dotted lines delineate the time at which pre-burst and post-burst signal intensity
was measured within a manually selected microbubble region of interest. (C) Bar plot of the pre-burst and post-burst
normalized signal intensity of MBControl. (D) Bar plot of the pre-burst and post-burst normalized signal intensity of MB

VEGFR2. Pre-burst intensity measurements were taken at 175 s, 5 s before the beginning of destruction pulse
transmissions. Post-burst intensity measurements were taken at 200 s, 15 s after the cessation of destruction pulse
transmissions.
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ABSTRACT BODY: 
Abstract Body: The objective of this project is to develop a feasible and robust method to utilize the emission of
Cerenkov radiation from functional fluorinated chromophores to determine redox state in tissue. Our lab has
previously shown the synthesis and characterization of fluorinated derivatives of resazurin (RA), also known as
Alamar Blue, a commonly used viability dye and redox sensor. Reduction by the mitochondria converts RA into
resorufin (RAred), a highly fluorescent molecule. In this study, both cold- and radio-labeled monofluorinated resazurin
(MFRA) and difluorinated resazurin (DFRA) were synthesized using electrophilic fluorination. The reduction capability
of MFRA and DFRA was determined chemically using sodium dithionite. Analysis of Cerenkov emission using an IVIS
Spectrum determined that both MFRA (with the addition of FDG as photon source) and 18F-MFRA could be
chemically reduced and the reduced product is highly fluorescent. The increase in photon emission of the labeled
MFRAred, relative to MFRA, was greatest at 620-660 nm suggesting that these are the optimum filters to use for in
cellulo and/or in vivo detection. At 620 nm, the ratio of emission between MFRAred and MFRA was ~3.5. Similar
results were found with 19F- and 18F-labeled DFRA, showing the greatest difference in emission from 575-650 nm
with an emission ratio of ~2. The fluorescent capability of MFRAred and DFRAred leads to Cerenkov Radiation
Energy Transfer (CRET) to longer wavelengths and accounts for the increased emission ratio between the oxidized
and reduced compounds. Cell studies were used to determine that two cancer cell lines (DU145 and 4175Luc+) were
able to reduce both MFRA and DFRA readily. In vivo studies using mice with xenograft 4175Luc+ tumors were
performed to determine the delivery of the probe to the tumor, tracking the probe with both aPET and optical imaging.
Injection of 18F-DFRA i.v. via tail vein or intraperitoneally showed accumulation of ~0.25% of the injected dose.
Elimination occurred by renal and, to a lesser extent, hepatic routes. Cerenkov time course studies using a tumor
bearing mouse administered with 400 mCi of 18F-DFRA showed that the probe arrives at the kidneys within minutes
of injection. At 1 - 2 hours, probe accumulation occurs primarily in the periphery of the tumor. When imaging with
different emission filters, a notable difference could be detected between 580 and 640 nm. These results demonstrate
that we can detect Cerenkov radiation in vivo using this probe.
 
The ability to measure redox stress in vivo allows for non-invasive detection in several medically relevant scenarios
including inflammation, cancer, and studies on the effects of antioxidants. The eventual impact of this technique lies in
the ability to translate it into the clinic coupled with PET for a dual imaging modality.
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ABSTRACT BODY: 
Abstract Body: Sensitivity and specificity of tumor detection can be significantly improved by the specific uptake of
targeted fluorescence probes by tumor. Conventional optical detection technologies can detect advanced stages of
cancer, however they have limitations to assess cancer at the early stages. Fluorocoxib A is a rhodamine-conjugated
analog of indomethacin (Figure 1A) that selectively targets cyclooxygenase-2 (Cox-2) in solid tumors. Treatment with
a carcinogen, N-butyl-N-4-hydroxybutyl nitrosamine (BBN) is a well-established model of bladder carcinogenesis that
strongly resembles human low-grade papillary and high-grade invasive urothelial neoplasia.
 
The aim of this study was to evaluate a novel optical imaging agent, fluorocoxib A, for detection of the early stages of
Cox-2-expressing and carcinogen-induced bladder cancer in mice. Mice exposed to BBN in drinking water for 12
weeks (n=10; Group 2) and 18 weeks (n=10; Group 3) have allowed us to study the carcinogenesis of bladder cancer.
Mice from the group (n=10; Group 1) without BBN for 18 weeks served as a control. Specific fluorocoxib A uptake by
Cox-2-expressing bladder tumor was detected 4 hours after subcutaneous administration (1 mg/kg) using IVIS Lumina
optical imaging system in vivo. The averaged radiant efficiencies of selected tissues, including bladder, liver, lung,
kidney, spleen, pancreas, heart, and muscle were normalized to blood and compared between treatment groups. After
imaging, the histopathology of the dissected bladder tissues was assessed using H&E and immunohistochemistry
(IHC) staining for detection of Ki67, uroplakin-1A, and Cox-2 expression.
 
The specific uptake and increased intensity of fluorocoxib A in developed bladder cancers of mice treated with BBN
(Group 2 and 3) in vivo correlated with the progression of bladder carcinogenesis and also with the increased Cox-2
expression. No fluorocoxib A uptake was detected in bladder from healthy mice from control Group 1 in vivo (Figure
1B). The progression of bladder cancer from normal urothelium detected in mice from Group 1 to hyperplasia with
inflammation (Group 2) to invasive carcinoma (Group 3) over time was confirmed by H&E staining (Figure 1C). The
progression of carcinogenesis in the bladder was confirmed by increased expression of Ki67, a proliferation marker, in
mice from Group 2 and 3. In addition, uroplakin-1A, a protein that is highly expressed in normal bladder urothelium
(Group 1), was downregulated in BBN-induced bladder cancers (Group 2 and 3) by IHC analysis.
 
Taken together, fluorocoxib A selectively bound to Cox-2-expressing bladder cancer in the carcinogen-induced mouse
model in vivo. Fluorocoxib A was sufficiently sensitive for detection of early stages of bladder tumorigenesis.
Fluorocoxib A specifically detected Cox-2-expressing cancerous tissue during imaging of the bladder tissue, but was
not detected in normal bladder urothelium. This mouse model offers a unique translational application for evaluation of
novel imaging agents to detect early stages of bladder cancer in vivo.
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ABSTRACT BODY: 
Abstract Body: Background: Phosphatidylserine (PS) is a biomarker transiently exposed on the outer surface of the
cells during apoptosis. Its externalization occurs within a few hours of an apoptotic stimulus by an active transport
mechanism that leads to presentation of 50-100 million molecules per apoptotic cell on the cell surface. This makes
PS an abundant and accessible target for molecular imaging. Currently, Annexin V labeled with a radio-isotope,
99mTc, is used for imaging apoptosis which shows an elevated uptake of the tracer in some lesions which respond to
chemotherapy. Other 18F labelled tracers also showed promise in imaging apoptosis. However, it is crucial to image
at the optimal time when the apoptosis change is at the maximal. Radionuclide imaging technique can be limited by
plasma and radio isotope half-life and may require frequent injection in order to find this optimal imaging time. This
limitation can be overcome by using non-radioactive ICG-PS monoclonal antibody (mAb) which has a long plasma
half-life and imaged easily with a relatively new imaging modality known as multispectral photoacoustic tomography
(MSOT).
Objective: To track and image apoptosis in triple negative breast cancer by using ICG-PS mAb and MSOT.
Materials and Methods: PS mAb was tagged with succinimide activated ICG. The mixture was incubated at room
temperature for 1 h and subjected to gel filtration purification. Nude female mice were inoculated with MDA-MB-231
breast cancer (triple negative) cell line on the right flank. The treatment group received single IP injection of
Doxorubicin at 10mg/kg, followed by IP injection of ICG-PS mAb. The control group received a single dose of ICG-PS
mAb in the peritoneum. The temporal window at which apoptosis occurs was identified by exploiting the longer
circulatory time of ICG-PS mAb and periodic scanning. MSOT scans were performed on day 1, 3, 5, 7 and 10 to
investigate the localization of the ICG-PS mAb.
Results: There was significantly higher uptake of ICG-PS mAb in the tumor of the treatment group indicating
occurrence of apoptosis. However, there was no uptake of ICG-PS mAb in the control mouse, indicating that the
tumor continued to grow. Tumor ROI was drawn to estimate the percentage increase in signal intensity due to the
uptake of ICG-PS mAb. The treatment group showed almost 100% increase in intensity on day 5 as compared to the
baseline on day 0. However, the control group showed very minimal change in signal intensity on all the scan days.
This result correlated very well with the treatment results as the tumor in the treated mouse reduced in size while the
tumor in the control mouse continued its growth.
Conclusion: The PS mAb tagged with ICG is non-radioactive and had a longer plasma half-life. Hence imaging of
apoptosis was performed over a period of time without the limitation of radioisotope half-life, while taking advantage of
the high sensitivity and high resolution of MSOT. MSOT images showed the occurrence of apoptosis in the treatment
group with a steady increase in intensity in the tumor region as compared to control group. Combined with suitable
probes, MSOT is of potential in imaging of apoptosis.
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Figure. (a) MSOT images showing an increased uptake of ICG-PS antibody in the treatment group tumor region
indicating the cell have undergone apoptosis. The control group shows no uptake ICG-PS antibody in the tumor
region. (b) Three-dimensional rendering of scanned tumor area on day 5 (treatment group). (c) The percentage
change in the signal intensity in the tumor region on different scan days.<br />
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TITLE: Infra Red Dye labled programmed death 1 (PD-1) as a novel probe for fluorescence molecular imaging and
image guided intraoperative surgery in 4T1 breast tumors
PRESENTER: Yang Du
ABSTRACT BODY: 
Abstract Body: Backgroud: Triple-negative breast cancer (TNBC), characterized by a lack of expression of estrogen
receptor (ER), progesterone receptor (PR), and HER2/neu (HER2), are generally high-grade, aggressive tumors with
poorer disease-specific survival than other breast cancer subtypes. Therefore, novel imaging and therapeutic
strategies are needed to improve the management of TNBC. Previous studies showed that intratumoral expression of
T-cell inhibitory molecule programmed cell death ligand 1 (PD-L1) was associated with high histologic grade and
TNBC. Early-phase trials targeting immune checkpoint signaling through the PD-1 axis to its ligand PD-L1 have shown
antitumor activity of several types of tumors.
Aims: The aim of this study is to create a novel infra red fluorescence imaging probe PD-1-IRDye 800 CW, which may
facilitate a targeted in vivo fluorescence imaging of breast tumors and guide the intraoperative sugery of breast
tumors.
Methods: The 4T1 breast tumor bearing Balb/c mice were used in this study. PD-1-IRDye 800 CW probes were
injected intravenously, and the rat IgG-IRDye 800CW was used as control. The fluorescence imaging was performed
at different time points including 0, 1h, 4h, 8h, 12h and 24h after probe injection. And the surgery was performed 8h
post-injection with the aid of fluorescence imaging guieded surgical navigation system.
Results: Results showed that PD-1-IRDye800CW reached the tumor site 30 min after tail vein injection. And then the
fluorescence signal gradually acccumulated at the tumor region 1h to 8h postinjection and then the tumor signal
decreased 12 h thereafter. While in the IgG-IRDye800CW control mice, the fluorescence signal can also be detected
in the tumor region 30 min after injection, and then the signal was restricted to the tumor and kidney regions 1 to 4h
postinjection. Thereafter, most probe was urinated, and the signal in the tumor regions decreased after 8h. The
fluorescence signal intensities of PD-1-IRDye800CW and IgG-IRDye 800CW probes at the tumor regions were
compared under the same fluorescence scale bar, and we found that the PD-1-IRDye800CW probe showed a more
targeted and stable signal at the tumor region. To confirm the in vivo observation, the tumors and major organs were
dissected out 8h postinjection, and we found that the fluroescence signal of the PD-1-IRDye800CW probe in the
tumors was more specific and stronger than the control probe.
Conclusion: Our data suggested that through specific binding to the PD-1 expressing tumor infiltrating lymphocytes
(TIL) in tumors, the PD-1-IRDye 800CW probe achieved a targeted imaging of breast tumors in vivo. Furthermore, the
PD-1-IRDye 800CW can work as an intraoperative imaging probe for the guidance of breast tumor surgery. These
findings reinforce the potential of PD-1-IRDye 800CW for the theranostic applications in clinics in the future.
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Figure legend. The fluorescence imaging of PD-1-IRDye800CW probe in the 4T1 breast tumor bearing mice. (A) The
dynamic in vivo fluorescence imaging of PD-1-IRDye800CW probe and rat IgG-IRDye800CW control probe from 0,
30min, 1h, 2h, 4h, 8h and 12h postinjection. (B) Comparison of fluorescence signal of PD-1-IRDye800CW probe and
IgG-IRDye800CW under the same fluorescence scale bar 8h postinjection. (C) Comparison of the fluorescence signal
intensity of tumors and different organs 8h postinjection of PD-1-IRDye800CW probe and IgG-IRDye800CW.



CONTROL ID: 2493148
TITLE: Reflectance confocal microscopy can guide sub-millimetre targeted nevus sampling in volunteers using
Microbiopsy
PRESENTER: Tarl Prow
ABSTRACT BODY: 
Abstract Body: The borderline between benign and malignant in dermatopathology is not as clear cut as the common
scholastic lesion classification suggests it should be (Cerroni et al., 2010). Reflectance confocal microscopy (RCM)
has been demonstrated to increase specificity and sensibility compared to dermoscopy alone, and provides a more
accurate correlation between pre-surgical diagnosis and histopathology using a non-invasive approach. The
pioneering work of Malvehy and co-workers on ex vivo dermoscopy guided sampling of melanocytic lesions (Malvehy
et al., 2013), opens the new prospective of integrating a non-invasive method of diagnosis, histology and molecular
sampling for the large scale investigation of equivocal melanocytic proliferations.
 
We propose that a sub-millimetre skin biopsy device known as the Microbiopsy for minimally invasive and suture-free
skin sampling for molecular diagnosis be used for this purpose (Lin et al., 2013). RCM provides images with lateral
resolution around 0.5 µm and allows the evaluation of the skin layer by layer from the stratum corneum to papillary
dermis (up to 150 µm in depth). In adjunct to dermoscopy, RCM has the capacity to show cellular details of
melanocytes or keratinocytes aggregates (nests) that can be easily assessed. This, in turn, facilitates the selection of
targeted area for Microbiopsy sampling. This technique requires the use of an “adhesive plastic window” and a “metal
ring” (Figure 1) that centers the melanocytic lesion of interest. RCM can provide an overview of the lesion through an
8 x 8 mm en face mapping of the lesion (mosaic) that overlaps the dermoscopy picture (Figures 1f-h). The
configuration of an 8 x 8 mm mosaic is made up of 16 by 16 0.5 x 0.5 mm square sampling grid (Figure 1f). The RCM
mosaic acts as a “virtual grid” that can guide users to target site of sampling. The microbiopsy site of interest can be
identified through higher magnification dermoscopic image and/or smaller mosaic (Figure 1h).
 
Patient consent was obtained with approval from Metro South Human Research Ethics Committees
(HREC/13/QPAH/551) located in Princess Alexandra Hospital, Brisbane, Australia. A total of 4 melanocytic lesions, a
reticular nevus, a reticular and globular nevus and a globular nevus from a human volunteer and then a reticular and
globular nevus from the left arm a second volunteer were selected to evaluate this targeted sampling approach. All the
Microbiopsy samples were assessed for tyrosinase, a melanocyte-specific biomarker (Abrahamsen et al., 2005), using
real time polymerase chain reaction (qRT-PCR). Seven out of eight samples were classified positive for tyrosinase
gene expression while the remaining sample was below the designated cut-off Cq limit due to low total RNA yield.
 
RCM-guided, sub-millimetre targeted Microbiopsy using the spatially registered approach has the potential to provide
more precise correlation between in vivo microscopic features and molecular information. Molecular classification of
skin tumours will inevitably lead to new targeted therapeutic approaches reshaping the dermatology landscape.
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TITLE: Evaluation of an EGF Receptor-Targeted Centyrin for Near-Infrared Fluorescence-Guided Surgery of Cancers 
PRESENTER: Sakkarapalayam Mahalingam
ABSTRACT BODY: 
Abstract Body: Surgical resection of malignant disease remains one of the most effective tools for treating cancer.
Tumor-targeted near-infrared dyes have the potential to improve contrast between normal and malignant tissues,
thereby enabling surgeons to more quantitatively locate and resect malignant disease. Centyrins are small protein
scaffolds (~10 kDa) that can be infinitely mutated to develop high specificity and affinity for any desired conformational
epitope, but may be preferred over antibodies because of their much smaller size and better tissue penetration
properties. Here we describe the use of a Centyrin that was designed at Janssen Inc. to bind the human epidermal
growth factor receptor (EGFR) to target a near infrared fluorescent dye for intra-operative imaging of EGFR over-
expressing cancers (e.g. cancers of the lung, breast, ovary, etc.). We first outline the synthesis of the Centyrin-NIR
dye conjugate (CNDC) and then summarize its biological properties both in vitro and in vivo. We demonstrate that
CNDC binds selectively to EGFR+ cancer cells with low 2 nM affinity. We further show that CNDC localizes primarily
to EGFR-expressing HCC827 NSCLC tumor xenografts in athymic nude mice, and that dye uptake in these
xenografts is significantly reduced when EGFR are blocked by pre-injection of excess unlabeled Centyrin. Taken
together, these data suggest that CNDC has the potential to facilitate intraoperative identification and removal of
malignant disease during fluorescence guided surgeries of EGFR+ cancers.
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CONTROL ID: 2493342
TITLE: Validation of in vivo FLIM FRET in Heterogeneous Breast Cancer Xenografts as a Measure of Target
Engagement
PRESENTER: Alena Rudkouskaya
ABSTRACT BODY: 
Abstract Body: Introduction: Fluorescence Lifetime Förster Resonance Energy Transfer (FLIM-FRET) is a unique non-
invasive imaging platform to monitor and quantify in vivo target engagement in pre-clinical studies [1]. FLIM FRET is a
valuable tool in targeted drug delivery due to its nanoscale-range molecular resolution that detects NIR labeled ligand
binding to dimeric receptors followed by their uptake into cancer cells in vivo. Various imaging platforms, including
PET, lack the ability to directly discriminate between unbound and internalized ligands. Since transferrin receptor (TfR)
level is significantly elevated in cancer cells compared to non-cancerous cells, transferrin (Tfn) has been successfully
used in molecular imaging and targeted anti-cancer drug delivery. The dimeric nature of TfR allows for the
quantification of Tfn internalization into cancer cells by measuring FRET between receptor-bound Tfn donor and
acceptor NIR fluorophore pairs, based on the reduction of donor fluorophore lifetime in live mice [1-4].
Methods: Athymic nude mice carrying T47D breast cancer xenografts were injected intravenously with holo-Tfn-AF700
and holo-Tfn-AF750 at an Acceptor-to-Donor (A:D) ratio of 2:1 and used for live imaging experiments. Image
acquisition was performed on a wide-field time-domain tomographic system and the fluorescent decay was fitted with
bi-exponential model to retrieve FRET donor fraction (FD%) [2-4]. After imaging, tumors were explanted, fixed and
processed for immunohistochemical staining. Tumor area was determined by measuring approximate dimensions of
tumor sections using stage micrometer.
Results: We analyzed tumor morphology, the level of expression of TfR, estrogen receptor (ER) and Tfn accumulation
using xenografts from two independent data sets. We found a remarkable heterogeneity of T47D tumors regarding
their size, cell density, TfR and ER expression. In relatively small tumors we saw a direct correlation between tumor
size, morphology, TfR expression level and FD% (Fig. 1). However, in larger densely packed tumor this direct
correlation was lost (Fig. 2) likely due to high interstitial pressure preventing efficient ligand penetration. Importantly,
across all the tumors we consistently observed correlation of FD% levels with Tfn accumulation inside the cancer
cells.
Conclusion: The results of this study confirm a strong association of in vivo NIR FLIM FRET and ex vivo evaluation of
TfR and Tfn in tumor tissues, thus validating FD% as a robust measure of the target engagement of TfR-Tfn in tumor
cells in vivo. 
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TITLE: Catheter-Directed Delivery of Interferon-Gamma-Eluting Microspheres for MRI-Guided Immunotherapy of Liver
Cancer
PRESENTER: Dong-Hyun Kim
ABSTRACT BODY: 
Abstract Body: PURPOSE  
The purpose of the study was to develop MRI visible IFN-γ eluting polymeric microspheres a) to avoid systemic
toxicities via selective transcatheter infusion and b) permit follow-up imaging confirmation of selective delivery to the
targeted liver tumors.
METHODS  
To prepare IFN-γ eluting polymeric microspheres, IFN-γ and iron oxide nanoparticles were co-encapsulated in
poly(lactide-co-glycolide) microspheres (IFN-γ -MS) via double emulsion methods. The morphology and particle size
of as-prepared MSs were characterized using optical microscopy. In vitro IFN-γ release studies was performed using
ELISA assays. To generate an orthotropic liver tumor model, VX2 tumors were grown in the hind limbs of New
Zealand White rabbits and subsequently harvested when the tumors reached approximately 3 cm in diameter. Once
harvested, small fragments were sectioned for direct injections via a biopsy needle into the livers of additional New
Zealand White rabbits under ultrasound guidance (M7, Mindray Medical Intl. Ltd., Shenzhen, China). IFN-γ -MSs were
infused via hepatic artery route under X-ray DSA and the delivery of IFN-γ –MS were monitored with R2* scans using
a 7T MRI scanner (Clinscan, Bruker, Billerica, MA, USA). To confirm NK cell infiltration into tumors post-IA infusion of
IFN-γ -MS, sections of both liver and VX2 tumor tissue were harvested and stained for immunohistochemistry (IHC)
analysis. Anti-CD56 IHC slides were analyzed using a TissueFAXS microscope (TissueGnostics GmbH, Vienna,
Austria).
RESULTS  
Our MR visible drug-eluting polymeric microspheres co-encapsulating IFN-γ and iron-oxide nanoparticles were
approximately 10 µm in size. In vitro drug release tests for IFN-γ loaded microspheres exhibited rapid IFN-γ release
during initial 24hr time period and then a sustained release over remaining 10 days. Successful hepatic intra-arterial
delivery of the IFN-γ MS was confirmed with both MRI (Figure 1) and follow-up histology. IFN-γ MS administration
clearly elicited potent IFN-γ mediated immunomodulatory effects, with markedly greater natural killer (NK)-cell
infiltration observed for treated animals versus matched controls (treated with either transcatheter PBS or unloaded
PLGA microspheres).
CONCLUSION 
IFN-γ eluting microspheres were developed as an immunotherapeutic approach for the treatment of liver tumors. Our
IFN-γ MS system demonstrated image contrast effects for MRI visualization of catheter-directed delivery. Given the
promising results of these initial studies, additional investigations are now warranted to rigorously examine longitudinal
therapeutic efficacy.
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Figure 1. In vivo axial R2* map images acquired pre and post transcatheter infusion of IFN-γ MS in the rabbit VX2 liver
tumor model. Red dashd line indicates the VX2 tumor regions.
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TITLE: Fast In Vivo FRET Imaging for the Monitoring of Dynamic Ligand-Receptor Interactions in Breast Cancer
Xenografts
PRESENTER: Nattawut Sinsuebphon
ABSTRACT BODY: 
Abstract Body: Introduction: Ligand-receptor binding assays are usually confined to in vitro or a few in vivo
applications; however, these methods lack dynamic capabilities [1,2]. However, the ability to observe in vivo dynamic
responses in pathophysiological contexts will be very attractive for precision medicine. Imaging techniques commonly
used for drug efficacy assessment are non-invasive, but generally have long acquisition time, expensive setup and
limited information. Wide-field fluorescence lifetime imaging provides an alternative approach for molecular and
functional drug assessment in vivo. We have already demonstrated that a Förster Resonance Energy Transfer (FRET)
lifetime-based sensing technique is an ideal platform to assess receptor engagement in vivo. Herein, wide-field
lifetime-based imaging was applied to quantitatively and dynamically assess ligand-receptor interaction of transferrin
(Tfn)-transferrin receptor (TfR) binding and internalization by measuring FRET between receptor-bound Tfn
conjugated with donor and acceptor near-infrared fluorophore pairs in live animals [3].
Methods: Human breast cancer cells were orthotopically implanted into female athymic nude mice. The anesthetized
mice were subjected to catheter insertion via tail vein before transfer onto the time-resolved fluorescence imaging
platform designed for pre-clinical imaging [4]. Multiple-phase injections were performed with continuous image data
acquisition. Phosphate buffered saline (PBS) was injected first and image data were acquired for 10 minutes as a
baseline, followed by Tfn-AF700 injection (30 minutes imaging) and Tfn-AF750 injection (60-90 minutes imaging). The
FRETing donor fraction, as a quantitative measure of ligand-receptor binding, was retrieved by bi-exponential fitting.
Results: As expect, intensity-only signals provided a relative measure of the probe bio-distribution, but did not reflect
ligand-receptor interaction. After Tfn-750 injection, FRET signals were recorded in the three main organs: tumor, liver
and urinary bladder. The result showed that FRET response was seen in the liver and tumor approximately 10
minutes after injection of Tfn-AF750, whereas urinary bladder had minimal FRET, as expected from physiology.
Conclusion: This study demonstrated the ability of wide-field fluorescence lifetime imaging to monitor in vivo the
dynamics of ligand-receptor interaction. This approach is expected to be a valuable tool for dynamic monitoring of
drug distribution and internalization in preclinical studies.
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Figure 1: Dynamic response of multiple-phase injection of transferrin. (A) Fluorescence intensity (photon count) and
(B) Quantitative FRET (%FRET donor fraction). The PBS phase (yellow zone) showed background fluorescence
intensity that didn’t reach the FRET lifetime fitting threshold. Tfn-AF700 phase (green zone) showed increased
fluorescence intensity of the organs. FRET started to appear when the intensity reached threshold (500 photons at
maximum peak). The Tfn-AF700 and Tfn-AF750 phase (orange zone) showed FRET response of the liver and the
tumor. FRET at the urinary bladder remained within baseline. Each point is an interval of approximately 2 minutes,
and bold-lines are the 5-period average mean.
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TITLE: The SPECT/CT Imaging of 188Re-Cetuximab in a NCI-H292 Human Lung Tumor-Bearing Mice Model
PRESENTER: Ya-Jen Chang
ABSTRACT BODY: 
Abstract Body: Cetuximab is a fully humanized IgG1 subclass monoclonal that binds specifically to the human
epidermal growth factor receptor (EGFR). Although EGFR is expressed in normal cells, but the overexpression of
EGFR is detected in many human cancers, such as colon and rectum tumors. Cetuximab binds specifically to EGFR
on both normal and tumor cells, and competitively inhibits the binding of ligands for EGFR. In this study, we using Re-
188 labeled with cetuximab for cancer diagnostic imaging. Methods: 188Re-Cetuximab administered by the i.v. route
in human NCI-H292 lung tumor-bearing mice were investigated. NanoSPECT/CT images were performed to evaluate
the distribution and tumor targeting of 188Re-Cetuximab in mice. Results: For SPECT/CT imaging study, the highest
SUV in tumor was 10.85 at 24 h after injection of 188Re-Cetuximab. The tumor uptake of 188Re-cetuximab at 1, 4
and 16 h was 2.94±0.38, 7.32±1.19 and 8.43±0.95, respectively. The Tumor/Muscle ratio at 1, 4, 16 and 24 h after
administration was 2.16±0.52, 5.16±0.74, 8.88±0.30 and 15.46, respectively. The SPECT/CT imaging study results
suggested potential benefit and advantage of 188I-Cetuximab was suitable as a diagnostic tracer for the imaging of
lung cancer.
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The nanoSPECT/CT of 188Re-Cetuximab targeting NCI-H292 lung tumors in mice. The 188Re-Cetuximab were
administered to mouse by intravenous injection. The nanoSPECT/CT images were acquired at 1, 4, 16 and 24 h after
injection.
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TITLE: Monitoring therapeutic response on medullary thyroid carcinoma in chemotherapy by amide proton transfer
(APT) imaging in an orthotopic mouse model
PRESENTER: Keisuke Ishimatsu
ABSTRACT BODY: 
Abstract Body: Introduction: 
Amide proton transfer (APT) imaging is one subset of the chemical exchange saturation transfer (CEST) imaging
methods that are practical molecular magnetic resonance imaging (MRI). Our previous study in mice demonstrated
that the APT imaging provided a useful imaging biomarker on the brain tumors, which predicted the treatment
outcomes prior to the anatomical changes1. The objective of present study was to investigate if APT signal is useful
for evaluating treatment responses on the medullary thyroid carcinoma which is a neuroendocrine cancer originating
from parafollicular cells in the thyroid gland.
 
Methods: 
We used a novel orthotopic mouse model (NSE/p25-gfp bi-transgenic mouse line)2. Twenty-two mice were subjected
to the first MRI session (Day0) at 14-15 weeks after transgene induction and were divided into four groups with
different treatments: romidepsin (N=4), nintedanib (N=4), both romidepsin and nintedanib (combination; N=8) and
vehicle control (N=6). The same MRI session was repeated at Day14 and Day21. The tumors were harvested after the
final MRI session for histological analysis.
MRI: All MRI sessions were conducted in a 7T animal MRI. For volume measurement, high-resolution axial multislice
T2-weighted images (T2WI) were obtained on entire tumor using a fast spin-echo sequence. On a single slice
delineating the tumor, APT imaging was performed in which the presaturation pulse (B1 = 2.3 μT, duration = 5 s) was
applied from 7 to -7 ppm and 300 ppm for a reference.
Image Analysis: Tumor volumes were manually measured on the T2WI. The MTR asymmetry (MTRasym) maps were
generated from the z-spectra after correction of B0 inhomogeneity. The APT signal was measured in the regions of
interest placed on the MTRasym map at 3.5 ppm and the averaged signal of left and right thyroid tumors was
calculated. APT signal was also measured in the brain stem for a reference in each mouse. Corrected APT signal was
calculated as the difference between the signals (tumor-brain).
 
Results and Discussion: 
Figure 1A shows the typical axial T2WI delineating the thyroid carcinoma in all groups at Day0 and Day14. The tumor
growth in volume was inhibited and the volumes were substantially smaller in the nintedanib group and the
combination group than that in the control group at Day21 (Fig.1B). By contrast, the corrected APT signal relative to
baseline (Day0) showed substantial reduction only in the combination group at Day14 and Day21 while it stayed
almost constant in the other groups (Fig.1C). The results indicated that the temporal change of the APT signal was
independent of that of the tumor volume and could distinguish among treatment responses of the thyroid carcinoma in
the time course of chemotherapy, which was consistent with previous results in the brain tumor1. APT imaging might
provide more sensitive molecular metabolite changes in anticancer treatment and may have prognostic potential to
provide a definitive diagnosis before additional follow-ups on medullary thyroid carcinoma.
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Figure 1. (A) Typical T2-weighted images of the control, romidepsin, nintedanib and combination groups at Day0 and
Day14. Tumors (surrounded by yellow dotted lines) became substantially bigger in the control and romidepsin groups
while it became a little bigger in the nintedanib and combination groups. (B) Temporal change (%change) of tumor
volume relative to that at Day0. The tumor volume increased rapidly in the control group while it slowly increased in
the nintedanib and combination groups. *: < 0.05 vs. control by Tukey’s multiple comparison test. (C) Temporal
change (%change) of corrected APT signal (MTRasym at 3.5 ppm) relative to that at Day0. The APT signal
substantially reduced at Day14 only in the combination group. *: < 0.05 vs. control, #: < vs. romidepsin, †: < 0.05 vs.
nintedanib by Tukey’s multiple comparison test.
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TITLE: Synthesis and evaluation of 18F labeled 4-amino-N-(2-diethylaminoethyl)benzamide as a potential PET agent
for malignant melanoma
PRESENTER: Ayoung Pyo
ABSTRACT BODY: 
Abstract Body: Objectives: Malignant melanoma is a very aggressive and the most serious form of skin cancer. The
incidence of this cancer has been increasing worldwide and there is still no effective treatment. Early detection in the
earliest stages is very important to accomplish positive result and improve the survival of patients through therapy. In
this study, we synthesized 18F labeled 4-amino-N-(2-diethylaminoethyl)benzamide ([18F]SFB-PCA) using N-
succinimidyl 4-[18F]fluorobenzoate ([18F]SFB) and evaluated characteristics in B16F10 (mouse melanoma) bearing
nude mice.
Methods: [18F]SFB was synthesized from ethyl 4-(trimethylammoniumtriflate)benzoate as the precursor via three-step
reactions1. 4-Amino-N-(2-diethylaminoethyl)benzamide was dissolved in DMSO and added to dried [18F]SFB2. The
mixture was heated at 120°C for 30 min. At the end of reaction, the mixture was purified by using HPLC with Vydac
protein and peptide column. The mircoPET images were obtained at 10, 30, and 60 min after i.v. injection of 18SFB-
PCA (7.4MBq) in B16F10 bearing nude mice. The static images at 10, 30, and 60 min were acquired for 10 min. The
ROIs were drawn in the tumor and liver. The tumor-to-liver ratio (T/L) was obtained by % ID/g of ROI.
Results: Radiochemical yield of 18SFB-PCA was approximately 10 %. B16F10 tumor was visible after injection of 18

SFB-PCA in xenograft tumor mice. 18SFB-PCA accumulated in tumor early after i.v. injection (10, 30 and 60 min %
ID/g: 2.03, 1.61, 1.41) and retained for 60 min in small animal models. Liver uptake of 18SFB-PCA (10, 30 and 60 min
% ID/g: 5.83, 1.42, 0.88) decreased from 10 to 60 min. 18SFB-PCA showed fast clearance from liver as T/Ls were
0.35, 1.13, 1.72 respectively at 10, 30 and 60 min.
Conclusions: 18SFB-PCA demonstrated specific uptake in B16F10 tumor bearing model and might have a potential to
be utilized as a novel melanoma imaging agent for PET.
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Figure 1. MicroPET images of 18SFB-PCA at 10, 30 and 60 min after i.v. injection in B16F10 bearing nude mice
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TITLE: In vivo optical imaging of protumoral functions of adherent myeloid cells
PRESENTER: Tetsuya Kadonosono
ABSTRACT BODY: 
Abstract Body: Solid tumor is infiltrated by a variety of myeloid-derived cells (MDCs), such as tumor-associated
macrophages (TAMs), dendritic cells, neutrophils, and myeloid-derived suppressor cells, which can be identified by
their specific cell surface markers. Functions of these cells in tumor microenvironment have been extensively
investigated and reported to play several protumoral roles, such as immunosuppression, angiogenesis, and enhancing
tumor cell invasion, intravasation, and seeding at distant organs. However, the roles of unidentified MDCs on tumor
progression have been suggested. In this study, we isolated adherent MDCs (AMCs), which strongly adhere to culture
dishes and consist of both F4/80+ TAM and F4/80− unidentified cell populations (F4/80− AMC), from subcutaneous
Lewis lung carcinoma (LLC) tumors and analyzed their protumoral functions by using in vivo bioluminescence
imaging.
To investigate the role of F4/80− AMCs on tumor progression, luciferase-expressing LLC (LLC/Luc) was
subcutaneously transplanted with or without F4/80− AMCs into syngenic C57/BL6J mice and bioluminescence signals
corresponding to tumor burden were monitored every few days by IVIS-Spectrum imaging system. We found that the
bioluminescence signal from tumors co-transplanted with F4/80− AMCs increased significantly faster than the tumors
transplanted with LLC alone, indicating that F4/80− AMCs play a positive role in tumor growth in subcutaneous cancer
models.
Next, to explore a potential role of F4/80− AMC in metastatic activity of cancer cells, we analyzed lung metastasis of
C57/BL6J mice subcutaneously co-transplanted LLC/Luc cells with F4/80− AMCs and found that co-injection with
F4/80− AMCs clearly enhanced the number of metastatic foci of LLC/Luc in the lung. In addition, to assess the effects
of tumor-secreted factors on the accumulation of AMCs to lung tissue, mice were intravenously injected with tumor
conditioned medium (CM) prior to administration of AMCs labeled with a near-infrared fluorescent dye. Ex vivo
fluorescence imaging analysis of the lung 30 h after the injection of AMCs revealed that more AMCs were migrated
into the lung of the mice administered with the CM prior to AMCs’ injection compared with the lung without the CM-
treatment. These results strongly suggest that F4/80− AMCs also have crucial function in the metastatic process.
Our study sheds light on the diverse functions of F4/80− AMCs and further characterization of F4/80− AMCs will
contribute to understanding of overall roles of MDCs in the malignant process. Finally, we want to identify the cell
surface markers of F4/80− AMCs responsible for tumor progression and develop a novel treatment strategy for
advanced cancers.
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TITLE: In vivo toxicity of topically administered quantum dots for optical imaging of bladder cancer
PRESENTER: Ying Pan
ABSTRACT BODY: 
Abstract Body: Introduction: Optical imaging with targeted nanoparticles is a promising diagnostic tool for epithelial
cancer. Outstanding questions include potential non-specific systemic absorption and toxicity that may limit in vivo
application of nanoparticles. This may be especially problematic for intravenous administration of nanoparticles such
as quantum dots (QD) that contain heavy metal cores. However, for diagnosis of urothelial cancer, agents may be
administered topically (e.g. intravesically). Recently, we demonstrated bladder cancer detection ex vivo with QD-
based molecular imaging. In this study, we aimed to evaluate the in vivo safety of intravesically instilled QD in mice to
assess for potential systemic absorption and toxicity.
 
Methods: Two cohorts of female C57BL/6 mice (n=19 and 20) were catheterized transurethrally under anesthesia at
7~8 weeks age. QD (n=10 and 11) or PBS (n=9 and 9) was instilled into the bladder and drained after 30 minutes via
catheter. Mice were sacrificed at 1 day (n=6 and 6), 3 (n=6 and 7) or 7 days (n=7 and 7) post instillation and blood and
organ specimens (heart, liver, spleen, lung, kidneys and bladder) harvested. As an additional control, same
specimens were collected from untreated mice (n=3). Blood studies including complete blood count, liver and kidney
function tests were performed. Organs were weighed and analyzed histologically. Data from both cohorts were
combined for analysis.
 
Results: Two mice were excluded from analysis due to leakage of solution and blood in drained solution indicating
bladder injury during catheterization. In both cohorts, blood test results and organ weights for QD-instilled mice were
similar to untreated and PBS-instilled control mice. While slight increase was observed in average number of
neutrophils (654/μl for PBS and 1133/μl for QD) at 1-day post QD-instillation, the increased number was still within
reference range (710~1730/μl) for normal female C57BL/6 mice. Weight of spleen increased slightly (0.07±0.02g for
PBS and 0.1±0.02g for QD) at day 3 with largely overlapped standard deviations (P=0.09). The histology of organs
from QD-instilled mice at all time points was overall normal except transient inflammation in kidneys of 6 of QD-
instilled mice (n=19). Neutrophils were found in the renal pelvic lumen with or without submucosal inflammation (1 of 6
mice at day 1,4 of 7 mice at day 3, 1 of 6 mice at day 7). However, all bladders appeared normal with intact mucosa
despite direct exposures to QD. Normal histology with sporadic inflammatory foci was observed in mouse livers
independent of QD exposure.
 
Conclusions: These results indicate no significant abnormalities in immune response, liver and kidney functions of
normal mice until 7 days after intravesical exposure to QD. Systemic toxicity to mice with bladder cancer requires
further evaluation in orthotopic models. Topical administration may provide a safe route for in vivo application of
targeted nanoparticles in optical imaging of epithelial malignancies.
 
*Y.P. and C.L. contributed equally to this work.
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TITLE: 13C NMR and MS Metabolic Flux Analysis of Melanoma and Lymphoma in Cells and Tumor Xonografts
PRESENTER: Seung-Cheol Lee
ABSTRACT BODY: 
Abstract Body: Objective of the study: Determining detailed metabolic fluxes in melanoma and lymphoma cells and in
vivo tumors by 13C NMR and mass spectrometry (MS).
Innovation: Very limited metabolic flux studies have been performed previously for cancer cells. Bonded cumomer
model is an efficient method for solving metabolic flux equations.
Impact for current or future applications: The metabolic flux analysis delineates the metabolic alteration following
treatment with specific targeted signaling inhibitors.
 
Metabolic fluxes have previously been measured in brain, heart, liver and microorganisms. We have recently
developed a novel method for metabolic flux analysis of cancer cells and tumor xenografts called bonded cumomer
analysis (1), which we have applied to perfused melanoma cells. Using this method, we have determined 28 metabolic
fluxes along various pathways including glycolysis, TCA cycle, pentose phosphate pathway, etc., and have validated
the model comparing calculated and experimental rates of oxygen consumption, glucose consumption, lactate
production and glutamate pool size (1). We have also modeled metabolic fluxes of lymphoma cells and determined
changes resulting from treatment with mTOR and BTK inhibitors using both the steady state 13C enrichment data of
cells in the culture flask and the time course of 13C NMR data of immobilized cells in a perfusion system. The 13C
enrichments of C4, C3 and C2 glutamate, C3 and C2 aspartate, C3 lactate and C3 alanine were determined as well
as multiplet isotopomer information. A preliminary analysis indicated that mTOR inhibition suppressed both glycolysis
and the TCA cycle while BTK inhibition suppressed glycolysis but not the TCA cycle. Using [U-13C] glutamine mass
spectrometry (MS) and a newly developed fragmented cumomer analysis model, we have calculated 6 fluxes related
to glutamine metabolism and their changes following treatment with rapamycin (mTOR inhibitor) and ibrutinib (BTK
inhibitor). From in vivo 13C NMR data of tumor xenografts during infusion of [1,6-13C2]glucose, we monitored the time
course of labeling of C4, C3 and C2 glutamate as well as C3 lactate. This is the first in vivo 13C NMR study of tumors.
A preliminary analysis of the C1,6-glucose and C3-lactate time courses with a two-compartment model yielded lactate
production and clearance rates, which indicated that the major change in lactate upon mTOR inhibition originates from
lactate production. These results indicate that tumor lactate changes following mTOR inhibition that we previously
detected in lymphoma xenografts (2) resulted from decreased glycolysis. 13C NMR and MS flux analyses measure
metabolic flux in cancer cells in vitro and in vivo, detect flux changes following treatment with specific signaling
inhibitors, and suggest metabolic targets for diagnostic and therapeutic imaging. For example, lactate is detectable in
tumor of lymphoma patients by the 1H MRS Had-Sel-MQC-CSI pulse sequence (3, 4).
References: 1. Shestov et al., J Biol Chem. 291:5157-71 (2016). 2. Lee et al., NMR Biomed 26:106-114 (2013). 3.
Mellon et al., Magn Reson Med. 62:1404-13 (2009). 4. Lee et al., Adv Exp Med Biol. 701:129-35 (2011).
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TITLE: Metastatic Breast Cancer Cell Tracking Using PET and NIR- Fluorescence Imaging.
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ABSTRACT BODY: 
Abstract Body: Introduction: The ability to non-invasively track the delivery of various cell populations has the potential
to provide a better understanding of the mechanisms of cancer development and therapy. Besides immune and stem
cell tracking, direct monitoring of cancer cell distribution in vivo can also further our understanding of cancer
development and metastatic processes. Our study reports the non-invasive labeling and in vivo tracking of LM2-4-
Luc+ breast cancer cells, a metastatic variant of MDA-MB-231 cells, with PET and NIR-fluorescence imaging.
Methods: For short term tracking, cells were incubated with Cu64–labeled liposomes (10%vol in cell culture media) for
2h, and then IV injected via the tail vein of female SCID mice at a concentration of 1X10^6 cells in 100uL of PBS. A
120 minutes dynamic PET scan was performed post injection, and followed by CT imaging for anatomical reference.
PET/CT imaging was repeated at 24h, and BLI imaging was performed on both days to confirm presence and viability
of the injected luc+ cells. For long term tracking, cells were incubated with indocyanine green (ICG) encapsulated
liposomes (CF800) at 10%vol for 24 hours, and either (i) IV injected, as described above, or (ii) orthotopically
inoculated into the inguinal mammary fat pad (MFP) of female SCID mice. For the latter, 4x10^6 liposome-labeled, or
unlabeled (control mice) cells were inoculated. The primary MFP tumor was surgically removed 4 weeks post-
inoculation, and the metastatic progression was further monitored for one week. All mice were imaged using both NIR-
fluorescence and BLI at 30 min, 24h post-inoculation, and twice per week thereafter, up to (i) 4, and (ii) 5 weeks,
respectively. At the study end point, NIR-fluorescence, BLI and MR imaging were performed, and tumors and organs
collected for histological examination. Results: Cell labeling was time dependent. The liposome uptake efficiency
increased from ~1% after 2h incubation, to ~25% after 24h, without affecting cell viability. PET imaging of Cu64-
liposome labeled cells (Fig1) showed the majority of the IV injected cells to be confined within the lungs at 30min post
injection, and systemically spread out 24h later. Longitudinal NIR tracking of the IV injected CF800-labeled cells also
showed progressive formation of multiple fluorescence positive metastatic lesions, including brain lesions (Fig2), still
detectable 4 weeks post-injection. For orthotopically implanted cells, longitudinal NIR fluorescence tracking was also
possible for at least 4 weeks post-inoculation (Fig3). Specific and significantly higher NIR signal was found in the
resected MFP primary tumors and at the metastatic sites, compared to control mice and background signal. The
presence and location of primary and metastatic tumor were confirmed by BLI and MRI. Conclusion: A dual-modality
PET/NIR fluorescence cell labeling protocol was hereby proposed as a suitable method for the direct labeling of
metastatic cancer cells. Such simple and efficient labeling method allowed for effective short term and long term cell
tracking, and for monitoring of both tumor growth and metastatic spread progression over 5 weeks post-inoculation.
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ABSTRACT BODY: 
Abstract Body: The human epidermal growth factor receptor 3 (HER3) has been in the spotlight over recent years as a
key signaling node in the activation of the PI3K/AKT pathway1. HER3 has been shown also to play a major role in
mediating resistance to HER-targeted therapies. Consequently, a number of therapeutic antibodies targeting HER3
have been developed 2. However, their effectiveness has not yet been robustly demonstrated most likely due to the
lack of effective biomarkers defining the HER3 status in patients. Presently, HER3 alterations (e.g. receptor
overexpression) can be assessed by immunohistochemistry (IHC) using tumor tissue obtained via biopsy. However, it
is an invasive method prone to sampling errors and confounded by inter- and intratumor heterogeneity of receptor
expression.
To overcome these limitations an affibody-based PET radioconjugate has been developed that quantitatively
assesses HER3 expression in vivo (Fig.1.). 
The ZHER3:8698 affibody was conjugated via the C-terminus cysteine with DFO-maleimide for 89Zr radiolabeling.
The probe was characterized in vitro in a panel of human breast cell lines with different receptor levels.
Pharmacokinetic studies in vivo were performed 1, 3 and 24 h following 89Zr-DFO-ZHER3:8698 injection (1-3 μg, 2.7-
8.1 MBq) in mice bearing MCF-7 (HER3-positive) and MDA-MB-231 (HER3-negative) xenografts. Additionally, the
radioconjugate was tested as a tool to monitor the outcome of AUY922, an Hsp90 inhibitor known to induce
proteasome mediated degradation of phosporylated HER2 and HER3. AUY922 was administered i.p. every second
day for a total of 7 doses. The animals were imaged before treatment initiation, and two weeks after the first dose.
Following the last scan, the animals were euthanized and the tumors fixed and/or frozen for further analysis.
The Kd of the conjugate was determined to be 0.55+0.05 nM. Pre-incubation with either unlabeled affibody or HRG-1,
reduced binding of the tracer in vitro, confirming the binding specificity of the probe. 89Zr-DFO-ZHER3:8698 (SA: 2.6-
2.8 MBq/mg) specifically accumulated in HER3-positive MCF-7 xenografts (2.7+0.32 %ID/g) as early as 1 h p.i. but
not in HER3-negative MDA-MB-231 tumors. Rapid clearance of the probe allowed for acquisition of high-contrast
images (e.g. TMCF-7/Blood: 4.73, TMCF-7/Muscle: 19.3). Additionally, in vitro data suggested that AUY922 treatment
leads to the increase in HER3 expression in cells with non-amplified HER2 but with high-HER3 level e.g. MCF-7.
Accordingly, AUY922 therapy led to a significant increase in tumor uptake of 89Zr-AffibodyHER3:8698 in mice bearing
MCF-7 tumors compared to control animals. This enhancement in uptake following treatment correlated with an
increase in HER3 and IGF-R expression, which were found to co-precipitate in vitro in MCF-7 cells in response to
AUY922 treatment promoting activation of the PI3K/AKT pathway. These data underline the potential of 89Zr-DFO-Z

HER3:8698 imaging for providing real-time information about HER3 expression, and to monitor the receptor levels
following therapeutic interventions. 
1. Arteaga et al.; Cancer Cell, 2014; 25: p. 282-303.
2. Yarden et al.; CCR Nature Reviews, 2012: 12: p.553-563.
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Figure 1. 89Zr-AffibodyHER3:8698 uptake 1 h post injection in mouse bearing MCF-7 tumor (right). A diagram
illustrating potential routes of inhibiting HER2/HER3 pathway activation (left).
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TITLE: Bi-modal imaging of genetically engineered dendritic cell homing in lymph nodes
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ABSTRACT BODY: 
Abstract Body: Background: Dendritic cells (DCs) are able to identify various tumor antigens and serve as essential
antigen-presenting cells that stimulate helper and killer T cells and therefore induce an immune response against
tumor antigens in the host1. Although immunotherapeutic strategies with DCs have been applied to the treatment of
diverse cancer models, their outcomes are only partially effective due to the inability to monitor the behavior of DCs in
vivo2. Genetically encoded reporters have been proposed as a solution for longitudinal and non-invasive therapeutic
cell tracking in a deep tissue of an intact subject. Here we describe a unique platform that uses a single gene,
Drosophila melanogaster 2’-deoxynucleoside kinase (Dm-dNK) and a single probe, pyrrolo-2’-deoxcytine (pyrrolo-dC),
a substrate that can be detected by both optical and chemical exchange saturation transfer (CEST) MR imaging.
Methods: Mouse DC2.4 cells were transfected with a lentivirus encoding for the Dm-dNK reporter gene. DCs
expressing the Dm-dNK reporter gene (DCDm-dNK) were selected with 0.5mg/mL blasticidin. Fluorescent activated
cell sorting (FACS) analysis was performed on DCwt and DCDm-dNK after 3h of incubation with 4mM pyrrolo-dC or
DCwt without pyrrolo-dC as control. Ten million DCwt and DCDm-dNK were mixed 1:1 with AddaVax™ Vaccine
Adjuvant and injected to the footpad of C57BL6 mice. Forty-eight hours post cell injection, mice were i.v. injected with
pyrrolo-dC (150 mg/kg) and the popliteal lymph nodes (PLNs) were analyzed by MRI and by FACS. CEST-weighted
images were acquired with a modified RARE pulse sequence (TR/TE=6000/35 ms), using a 213 Hz/4000 ms
saturation pulse from -7 to +7 ppm around the water resonance, which was assigned to 0 ppm.
Results:  MRI analysis shows accumulation of pyrrolo-dC in the PLNs of mice injected with DCDm-dNK (Fig 1a) with
no accumulation in the injected DCwt mice (Fig 1b). In vitro FACS analysis demonstrated higher pyrrolo-dC
accumulation in DCDm-dNK (96.8%) compare to DCwt (13.2%; Fig. 1c). FACS analysis on single cell suspension of
PLNs obtained from DCDm-dNK injected mice indicates that approximately 10,000 migrating DCDm-dNK are
accumulating the fluorescent pyrrolo-dC.
Conclusions: These findings indicate the feasibility of imaging DCs migration into the draining PLNs with MRI. The
combination of pyrrolo-dC with Dm-dNK creates a single platform for bi-modal in vivo monitoring of reporter gene
expression. This unique system uses the signal from both optical imaging and MRI from the same probe and they
share the same gene.
1. Lett H.W, et al. Scientific Reports 5: 9865 (2015).
2. Ardavin C.,et al., Immunity 20: 17–23 (2004).
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TITLE: Molecular Imaging and Targeting of Hypoxic Microenvironments Using Hypoxia Regulated Prodrug Enzyme
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ABSTRACT BODY: 
Abstract Body: Introduction: Hypoxic environments frequently exist in solid tumors and result in resistance to therapy
and the evolution of a more lethal phenotype. Here, we genetically engineered human prostate cancer PC-3 cells to
detect hypoxic cells by expressing luciferase [1], and target hypoxic cells by expressing yeast cytosine deaminase
(yCD), under the control of hypoxia response elements (HREs). yCD converts the nontoxic prodrug 5-fluorocytosine
(5-FC) to the anticancer drug 5-Fluorouracil (5-FU). Cancer cells display an adaptive response to hypoxia through the
activation of several genes mediated by the binding of hypoxia inducible factors (HIFs) to HREs in the promoter region
of targeted gene that results in their increased transcription [2]. HIFs have been reported to promote key steps in
tumorigenesis, including angiogenesis, metabolism, proliferation, metastasis, and differentiation [2]. Tumors derived
from these cells will allow us to understand the effects of eliminating hypoxic cells on reducing aggressive
subpopulations in tumors.
Methods: A plasmid expressing the luciferase gene under the control of five tandem repeats of hypoxia response
elements (5X-HRE) and yCD (schematic in Fig.1A) were sub cloned into a lentiviral vector (HRE-Luc, HRE-yCD).
Virions generated as previously described [3], were used to transduce PC-3 cells with HRE-Luc (PC-3-Luc), HRE-yCD
(PC-3-yCD), or HRE-yCD+Luc (PC-3-yCD+Luc). Transduction efficiency and reporter activity in response to hypoxia
were evaluated by performing luciferase assays, and bioluminescent imaging (BLI) of cells in culture or in vivo using a
Xenogen IVIS Spectrum scanner. MTS assay was used to assess cell viability. In vivo studies were performed by
inoculating PC-3-Luc and PC-3-yCD+Luc on either side of the flank of male SCID mice. BLI was performed prior to
injection of 5-FC as detailed in the Supplemental figure (S.1.A). Tumors were non-invasively imaged by 19F MR
spectroscopy to detect formation of 5-FU from 5-FC. Excised tumors were processed for immunohistochemistry to
determine CD44 and HIF-1α expression.
Results and Discussion: Luciferase was detected in both Luc and yCD+Luc cells in response to cobalt chloride
(Fig.1B) or 1% O2 (Fig.1C) confirming the regulation of luciferase by hypoxia. Cell viability assay validated yCD gene
activity and its ability to convert the prodrug 5-FC to 5-FU. A significant increase in cell kill was observed in PC-3-yCD
and PC-3-yCD+Luc cells when exposed to hypoxia followed by treatment with 1mM of 5-FC (Fig.1D). Engineered cells
were tested in vivo for their ability report on hypoxia and selectively kill hypoxic cells. Following 5-FC treatment, BLI
detected reduction of hypoxic regions in PC-3-yCD+Luc tumors with HRE-driven yCD (Fig.1E). Tumor volumes
decreased by day 11 (Fig.1F) and 5-FU accumulation was detected as shown in S.1B. References: [1] Danhier P et
al. Neoplasia, 2015; [2] Philip B et al. Carcinogenesis, 2013; [3] Krishnamachary B et al. PLoS One, 2012.
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TITLE: Generalized paired-agent kinetic model for in vivo quantification of cancer cell-surface receptors under
receptor saturation conditions
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ABSTRACT BODY: 
Abstract Body: The role of molecular imaging in the preclinical and clinical detection, diagnosis, and treatment of
cancer is continually evolving, with the full benefits yet to be realized. Kinetic modeling provides useful information on
quantitative drug evaluation. One promising method for quantifying tumor receptor concentrations and drug binding in
solid tumors is paired-agent imaging. Paired-agent molecular imaging employs co-administration of a control (non-
targeted) imaging agent with a molecular targeted imaging agent (or labeled molecular therapeutic), the kinetics of
which are used to account for non-specific binding of the targeted agent as well as eliminating the need of taking
arterial blood samples. Previously, appropriate forms of simplified reference tissue models (SRTM) were applied to
find the kinetic parameters with this approach. However, these models require that the concentration of targeted
imaging agent must be negligible (at “trace” levels) compared to targeted receptor concentrations. In many
experimental models such conditions are easily achievable; however, there are important applications where this may
not be true:
Obtaining adequate signal to noise ratio (SNR) especially in fluorescence imaging sometimes requires higher doses of
targeted agent, particularly for adaptations of paired-agent imaging to fluorescence tomography.
In targeted cancer therapy studies, blocking or endocytosis of receptors when treatment with small or large molecules
is carried out, can cause significant reduction in number of receptors over time of imaging.
In this study, we introduced a new model, Generalized SRTM (GSRTM), which is a kinetic model capable of
accurately estimating receptor concentrations despite receptor saturation.
To test the GSRTM, simulation studies as well as animal experiments have been investigated. Three different cell
lines (A431, U251 and 9L-GFP) with high to low overexpression of epidermal growth factor receptors (EGFR) were
injected into the flank of three groups of 6-week-old severe combined immunodeficient (SCID) male mice (n = 5). It
was expected that EGFR in 9L-GFP tumors would be more saturated than U251 and A431 because of a lower EGFR,
causing underestimation in binding potential (BP; a parameter linked to directly to receptor concentration) with SRTM.
After tumors grew, mice were anesthetized followed by a tail vein injection of 1 nmol of an EGFR-targeted reporter
(IRDye 800CW EGF) mixed with 1 nmol of a control reporter (carboxylate form of the IRDye 700DX NHS Ester). Their
uptakes were imaged over 60 min at 5-min intervals using a two-wavelength fluorescence imaging system (Odyssey
Scanner, LICOR). Data were fitted to the two kinetic models. Fig. 1(a) is a schematic of the paired agent imaging
approach. Fig. 1(b) and (c) compare the BPSRTM and BPGSRTM. For the 9L-GFP, U251, and A431 cell lines, the
ratios of BPSRTM/BPGSRTM were 0.7, 0.99, and 0.89, respectively. The apparent BP underestimation in 9L-GFP
with SRTM compared to GSRTM was supported by simulation studies (see suppl. data), indicating saturation was
indeed a problem in this cell line and was accounted for by GSRTM.
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ABSTRACT BODY: 
Abstract Body: Introduction 
The dynamic and proliferative nature of bone marrow makes it highly sensitive to chemotherapeutic agents, radiation,
and other drugs. Therefore, the protection and revival of bone marrow using a variety of drugs is an important aspect
of cancer treatment. Presently, systemic administration of drugs is used to protect and revive bone marrow, but high
doses are needed to achieve pharmacologically relevant concentrations in the marrow, which last only for short time
periods necessitating repetitive administration.
This can lead to increased drug delivery to the non-target tissues including tumor, with unfavorable consequences. To
circumvent these problems, we have developed a liposome-based nanocarrier that can selectively target bone marrow
and is retained for longer periods of time while having minimal tumor uptake. Additionally, to permit high-resolution
non-invasive imaging, we have introduced a DOTA-labeled lipid that can be labeled with a PET isotope such as
copper-64 that will enable us to follow the pharmacokinetics of liposomes in vivo and quantitatively determine the
liposomal distribution in different organs.
 
Results 
We synthesized DOTA-Bn-DSPE by coupling SCN-Bn-DOTA and DSPE at pH11 to chelate copper-64 or other
radiotracer on the surface of liposomes. Optimized liposomal formulations were prepared with a composition
comprising succinyl PE, DSPC, cholesterol, and mPEG-DSPE (69:39:1:10:0.1) through extrusion method with 30 nm
and 100 nm pore size membrane. The diameters of liposomes were measured by dynamic light scattering and the
diameters are 90 and 140 nm respectively. Zeta potential of the liposome was -18.8 mV at pH7.4. Bone marrow
targeting liposomes were doped with DOTA-Bn-DSPE to chelate copper-64 for PET imaging and chelation efficiency
was near 100% at pH 5.5 for 1 h at 50oC. Copper-64 labeled liposomes was stable for 24 hours in 50% FCS and
copper-64 was not removed from the liposomes.
PET/CT image clearly showed that the accumulation of liposome in bone marrow and biodistribution studies with
copper-64 labeled liposomes indicate that the accumulation in bone marrow was as high as 15.18 ± 3.69 %ID/g for 90
nm liposomes and 7.01 ± 0.92 %ID/g for 140 nm liposomes at 24 h post administration. In vivo biodistribution studies
in tumor (PC9) xenografts bearing mice indicate that the uptake of 90 nm particles is about 1.61 ± 0.52 %ID/g in tumor
and 13.87 ± 8.72 %ID/g in bone marrow.
 
Conclusion 
We believe our PET traceable liposomal nanocarriers have the potential for selective and preferential delivery of
drugs/agents to the bone marrow in normal or tumor-bearing animals while allowing quantitative estimates of drug
concentration through PET imaging.
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ABSTRACT BODY: 
Abstract Body: Lung cancer is one of the most prevalent pulmonary diseases and leading cause of oncologic mortality
in the world[1]. MRI has proven to be a powerful imaging technique with high soft tissue contrast, good spatial
resolution, and absence of ionizing radiation, which is successfully applied to many pathologies, but it has typically
been limited in the context of the lung due to low proton density, chemical shift artifacts, and respiratory motion[2]. The
objective of the present research was to assess if intratracheal delivery of a paramagnetic and fluorescent
multimodality perfluorocarbon(PFC) nanoprobe could be used effectively for high-resolution MR imaging of lung
cancer in living rabbits. This hypothesis capitalizes on the favorable biocompatibility of perfluorocarbons and their high
gas dissolving capacity for oxygen and carbon dioxide[3] as well as the common abundance of phospholipids
encapsulating the PFC nanoprobe and in the pulmonary surfactant lining the airways and alveolae. New Zealand
White rabbits bearing VX2 carcinoma received paramagnetic, fluorescent PFC nanoprobe via intratracheal instillation
or intravenous injection (n=3/treatment group, 1mL/kg). As expected, the T1 of the VX2 cancers receiving intravenous
paramagnetic PFC nanoprobe had a transient increase in MR signal post injection that rapidly diminished as the
contrast agent was cleared from the blood pool. In contradistinction, the tumor T1 signal was persistently high in
rabbits instilled with the PFC probe to at least 72 hours, showing that the nanoprobe penetrated into the cancer
interstitium from the airway. Muscle T1 was transiently decreased by the blood pool presence of the paramagnetic
PFC probe but there was no impact on muscle T1 following intrabronchial instillation. These MR imaging were
corroborated by fluorescence microscopy, which revealed dense accumulations of the PFC nanoprobes within the
VX2 tumors and indicated that the tumor had breached the bronchial endothelium and was accessible from the
airway. In a separate cohort in healthy mice, serial examination of PFC biodistribution over 48 hours following
intratracheal or intravenous administration was determined. Intravenous PFC nanoprobes followed a well-known
distribution pattern into the MPS system, predominantly liver, spleen, and gut, whereas intra-tracheal delivery of PFC
was constrained only within the lung. To our knowledge this is the first example of intratracheal delivery of PFC
nanoprobes to detect, quantify, and monitor the lung tumor in vivo in live animals using a clinical 3T MR scanner.
Further, the substantial payload of PFC nanoprobe observed within the tumor via the airway route suggests that future
incorporation of highly potent chemotherapeutic compound might be more effectively delivered into the tumor with an
improved safety profile.
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2011, 365(5):395.
2. Wielpütz M, et alMRI of the lung: state of the art. Diagn Interv Radiol 2012, 18(4):344.
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In vivo accumulation of NPs at tumor site. (A) Representative In vivo T1 color mapped MR images of tumor site after
I.T.(upper) and I.V.(lower) delivery of NPs (circle indicate selected ROI). (B) The quantitative calculation of the
enhancement at tumor and muscle site and their specific value of T1 and R1 after different administration point versus
pretreatment baseline(Unpaired t test, P＜0.0001,***)<br />
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TITLE: SPECT/CT Imaging of 111In-ethylenedicysteine Liposome Demonstrates High Tumor Accumulation and Rapid
Background Clearance in a Human Cancer Xenograft Model
PRESENTER: Shusei Hamamichi
ABSTRACT BODY: 
Abstract Body: Objective: Liposome is capable of passively targeting tumor, but it is also well-known to accumulate in
the reticuloendothelial system (RES) such as liver and spleen. To optimize effectiveness of radiolabeled liposome for
tumor diagnosis and/or therapy, we have developed a two-fold strategy wherein: 1) properties of liposome lead to
retention in the tumor, and 2) characteristics of radionuclide (RN)-ligand complex encapsulated inside the liposome
allow rapid clearance from the RES. Previously, we have reported that administration of 111In-ethylenedicysteine
(EC) liposome (2 μmol of phospholipids) to S180-bearing ddY mice resulted in accumulation of the radiolabeled
liposome in both tumor and RES; however, after degradation of the liposome in the RES, rapid clearance of 111In-EC
from the RES was observed through urinary excretion. Toward therapeutic evaluation of EC-encapsulated liposome,
we further tested our concept by assessing biodistribution of 111In-EC liposome in a mouse xenograft model bearing
human head and neck cancer (FaDu).
Materials and Methods: We initially injected various doses (0.1 μmol - 2 μmol) of 111In-EC liposomes to BALB/cnu / n u

mice to determine appropriate doses for rapid removal of 111In-EC from the RES at 24 hr after administration. We
next performed in vivo SPECT/CT imaging to longitudinally observe tumor accumulation of 0.2 μmol 111In-EC
liposomes with or without PEGylation, as well as clearance of 111In-EC from the RES. To confirm degradation of the
liposomes, tumor and liver were homogenized and ultracentrifuged at 105000 x g. The resulting tumor and liver
supernatants were analyzed by HPLC equipped with a GPC column to separate intact liposomes from small
molecules.
Results: In contrast to the results obtained from S180-bearing ddY mice, administration of 2 μmol of 111In-EC
liposomes to BALB/cnu / n u mice resulted in significant accumulation of RNs in the RES. By reducing liposomal doses
(at least to 0.5 μmol), removal of RNs was significantly improved due to proper degradation of the liposomes in the
liver. SPECT/CT imaging demonstrated rapid RES clearance of 0.2 μmol 111In-EC liposomes in FaDu-bearing mice;
however, tumor accumulation was inadequate. To address the latter issue, we reasoned that prolonged blood
retention of the liposomes through PEGylation might consequently lead to increased tumor accumulation. As
predicted, administration of 0.2 μmol 111In-EC PEGylated liposomes resulted in higher tumor accumulation than non-
PEGylated version while maintaining substantial clearance from the RES.
Conclusion: Through applying our concept to a new mouse xenograft model bearing human head and neck cancer,
we demonstrate that proper hepatic degradation of liposome is required for rapid clearance of 111In-EC. Additionally,
since liposomal dosage was decreased, PEGylation of 111In-EC liposome is needed to enhance tumor accumulation.
To optimize the effectiveness of EC, these findings suggest critical factors associated with diagnostic and therapeutic
application of 111In-EC PEGylated liposome.
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CONTROL ID: 2499146
TITLE: Phosphatase-Sensitive Stable Prodrugs of 5-aminolevulinic acid for Tumor Fluorescence Photodetection
PRESENTER: Andrej Babic
ABSTRACT BODY: 
Abstract Body: 5-aminolevulinic acid (5-ALA) is one of the most important small molecules for fluorescence-guided
tumor resection and photodynamic therapy. It is a natural precursor of fluorescent protoporphyrin IX (PpIX) in heme
biosynthesis. Here, we present new classes of 5-ALA derivatives aiming at stabilization and controlled release of
active 5-ALA moiety by incorporating a phosphatase sensitive group, with or without self-cleavable linker.
Compared to 5-ALA hexyl ester (5-ALA-Hex, Hexvix®) which has a half-life of around 3 h at physiological pH, these
compounds display an excellent stability under acidic, basic and physiological conditions with less than 10%
degradation in 12 h under all tested conditions. The activation and conversion into the 5-ALA can be controlled and is
structure-dependant as shown by the alkaline phosphatase assay giving a fast release (FR-5-ALA) and slow release
(SR-5-ALA) class compounds.
Direct analogues of 5-ALA-Hex, the hexyl esters FR-ALA-Hex and SR-ALA-Hex both showed dose-response profiles
of protoporphyrin IX induced fluorescence comparable or better than the best known derivative 5-ALA-Hex in vitro.
Robust fluorescence was induced in several cell lines, such as PC3 prostate cancer, A549 lung cancer, T24 bladder
cancer and U87Mg human glioblastoma cells. Confocal microscopy fluorescence imaging of U87Mg tumor spheroids
confirmed fluorescence throughout the 400 μm U87Mg spheroids providing evidence of good transport properties and
bioactivation.
Glioblastoma microtumors in vivo were obtained several days after implantation onto the chick chorioallantoic
membrane (CAM) using the same type of U87Mg glioblastoma spheroids. The ALA prodrugs were injected
intravenously and statistically significant fluorescence was observed highlighting the tumor mass within 30 min.
Maximum fluorescence was observed at 2h which decreased thereafter as PpIX was converted to non-toxic and non-
fluorescent heme in vivo. One of the major obstacles for intravenous use of ALA-Hex in vivo is its acute toxicity. As
direct analogues to ALA-Hex, FR-ALA-Hex showed 2-fold and SR-ALA-Hex 5-fold lower acute toxicity after
intravenous injection in CAM model.
Finally, U87Mg glioblastoma xenograft mouse model in vivo, showed tumor fluorescence and significantly decreased
skin and brain accumulation of both FR-ALA-Hex and SR-ALA-Hex compared to 5-ALA at equivalent doses (20
mg/kg). These results open the doors for further development of new injectable 5-ALA prodrugs for fluorescence-
based detection of tumors with substantial translational potential.
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TITLE: PET imaging of PD-L1 induction during radiotherapy
PRESENTER: Dexing Zeng
ABSTRACT BODY: 
Abstract Body: While the immune system has the capacity to inhibit tumor growth, tumor cells can evade death
through the expression of PD-L1 (B7-H1) which exerts an immunosuppressive effect. PD-L1, upregulated through a
variety of mechanisms, binds its cognate ligand PD-1 on T-cells, thus inactivating the cytotoxic effect of the T-cells.
Immunotherapies that block immune checkpoint inhibition have had stunning success in some but not all patients
putatively due, in part, to inaccurate assessment of PD-L1 expression levels which have been positively correlated
with patient response. Therefore, PD-L1 could serve as a predictive biomarker for immunotherapy. To clarify the role
of PD-L1 in preclinical models, we investigated the changes of PD-L1 density on irradiated and control (non-irradiated)
tumors.
 
A syngeneic model of B16F10 (neck and flank) was used as a model, with irradiation of the neck tumor (4 x 2 Gy)
where the flank tumor served as a non-irradiated control. Zr-89-DFO-anti-mouse-PD-L1 (clone 10F.9G2) was
administered after irradiation, followed by PET imaging and a biodistribution (48 h, post injection). A second cohort of
mice with the same irradiation protocol was sacrificed for flow cytometric analysis of the disaggregated tumors.
 
Flow cytometric analysis showed that there was no significant changes in the numbers of tumor associated
macrophages relative to tumor cells before or after irradiation. However, after irradiation, PD-L1 receptor densities in
the tumor associated macrophages increased (1.3- to 1.6-fold). Moreover, PD-L1 receptor densities in tumor
associated macrophages greatly exceeded that of tumors (3.9- to 25.8-fold). In addition, the numbers of myeloid-
derived suppressor cells (MDSCs) with higher PD-L1 receptor densities than those of tumors (2.9- to 22.4-fold)
significantly increased after irradiation although PD-L1 receptor densities in MDSC did not change after irradiation.
 
The biodistribution showed uptake in PD-L1-enriched liver, spleen and thymus with statistically significant differences
between irradiated tumor (neck, %ID/g ± SD, 23% ±2.2%), and the non-irradiated control tumor (flank, %ID/g ± SD,
14% ± 3.1%, P .05) which were readily visualized by pre-clinical PET/CT. The tumor/muscle ratios were statistically
significant (neck, 14 ± 4.5, flank, 8.1 ± 1.8, mean ±SD, P 05) but those of the blood were not, possibly due to high
blood pool.
 
These results demonstrate that the 89Zr-labeled-Mab is sensitive to changes in PD-L1 receptor densities after
irradiation and localizes to tissues that are known to be enriched in PD-L1. Additionally, the increased number of
MDSCs and the increased PD-L1 densities of tumor associated macrophages comprise a relatively high PD-L1-
enriched cellular component of the tumor. Future work will entail a biodistribution at longer time points with competitive
inhibition of PD-L1-mediated tracer accumulation.
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CONTROL ID: 2499419
TITLE: ImmunoPET imaging of endogenous and transfected prolactin receptor breast cancer tumor xenografts
PRESENTER: Sarah Cheal
ABSTRACT BODY: 
Abstract Body: Purpose: The prolactin receptor (PRLR) is a type-1 cytokine receptor that is overexpressed on a
variety of breast cancer subtypes (~25% of human breast tumors). PRLR is a single transmembrane receptor, and
binding of its cognate ligand, prolactin, leads to an intracellular Jak2/Fyn/MAP kinase signaling cascade. Therapeutic
strategies centered on targeting PRLR with PRLR antagonists or anti-PRLR antibody (mAb)-drug conjugates have
been developed as means of treating PRLR-positive cancers. Our objective was to examine the potential of a 89Zr- or
124I-labeled-anti-PRLR mAb to image PRLR-positive breast cancer in mouse models.
Methods: To prepare the 89Zr immunoPET tracers, anti-PRLR or isotype control mAbs were modified with
desferrioxamine-isothiocyanate to form the respective desferrioxamine-conjugates (DFO-mAb) prior to addition of 89

Zr. For the 124I immunoPET tracers, the IODOGEN method was used for direct radioiodination of the mAbs with
sodium 124I solution (e.g.,124I-anti-PRLR mAb). The immunoreactivity of 89Zr-DFO-anti-PRLR mAb or 124I-anti-
PRLR mAb (specific activities: 111-185 MBq/mg; radiochemical purities: ≥98%) were determined to be on average
88.2% and 53.9%, respectively. The effects of the mAb (anti-PRLR mAb or isotype non-specific control) and the
choice of immunoPET radiolabel were examined by serial microPET imaging. We compared the time-dependence and
specificity of tumor uptake of the tracers in nude mice bearing subcutaneous tumor xenografts. Three PRLR-positive
breast cancer lines with low (MCF7), moderate (T47D), and high (MCF7/PRLR transfectants) levels of PRLR
expression were evaluated in biodistribution and microPET studies.
Results: As evidenced by immunoPET, there were significant differences in tumor uptake and retention by
MCF7/PRLR tumors depending on the choice of immunoPET label. For 89Zr-DFO-anti-PRLR mAb or 124I-anti-PRLR
mAb, the tumor uptake at 7 days p.i. (as decay-corrected percent of injected dose per gram of tumor, %ID/g) was
approximately 60-80 %ID/g (tumor-background ratio ≥15) and <5 %ID/g, respectively. For the PRLR-moderate (T47D)
and PRLR-low (MCF7) lines, the %ID/g tumor uptake for 89Zr-DFO-anti-PRLR mAb was approximately 35 and 20
%ID/g at 6 days p.i., respectively. We hypothesize that this large disparity in tumor uptake of tracer between isotopes
may in part be due to the rapid internalization of PRLR into lysosomes upon binding of the anti-PRLR mAb (tracer).
Non-linear immunokinetic modeling is underway to quantify the rates of tracer internalization, accumulation, and efflux
from the tumor based on image-derived time-activity curves. Tumor targeting was almost completely displaceable with
high-dose specific antibody, and uptake of 89Zr-DFO-isotype control mAb was only 5-10 %ID/g at 7 days p.i..
Conclusion: These studies demonstrate that PRLR-positive breast cancer can be imaged with high contrast and
specificity using 89Zr-DFO-anti-PRLR mAb in preclinical models.
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CONTROL ID: 2499539
TITLE: Biomedical Imaging of Cancer Employing SERS Tags.
PRESENTER: Laura Fabris
ABSTRACT BODY: 
Abstract Body: Surface enhanced Raman scattering (SERS) has been historically considered a tool for physical
scientists. Recently however it has emerged as a powerful technique for medical imaging and biodetection [1]. One of
the major drivers of this evolution has been the development of SERS tag. SERS tags are nanostructured reporter
systems comprising a plasmonic nanoparticle for electric field enhancement, a Raman reporter molecule, a capping
layer to impart biocompatibility, and a tagging moiety. They serve the role in SERS that fluorescent dyes have in
fluorescence microscopy, i.e. to detect, indirectly, the presence of a specific target molecule. Because of the high
sensitivity and selectivity afforded by SERS, SERS tags can be employed to selectively detect molecules of biological
interest, such as oligonucleotides and proteins. In particular, they can be used to target surface- or integral proteins
expressed in healthy and diseased cells providing a unique identification tool at the hand of the biomedical scientist or
the physician [1]. Compared to fluorescent dyes, SERS tags provide significant advantages, such as lack of
photobleaching, insensitivity to ambient conditions, and extensive multiplexing capability. Recently, for the first time,
SERS tags were shown to improve to remove residual cancerous cells at tumor margins when employed in
conjunction to hand-held Raman microscopes [2]. Therefore, there is now concrete proof that SERS could be
employed to complement other imaging modalities such as MRI.
 
In this work, a presentation of the fundamental properties of SERS tags will be provided, followed by a proof of
concept study carried out using gold nanoparticle dimer tags to sensitively discriminate U87 and A172 glioblastoma
cells only after 3 hours tag incubation, a case study in which fluorescence confocal microscopy provided
discrimination only after 18 hours [3]. Results obtained on SERS tags synthesized starting from gold nanostars will
then be presented. In particular, the fundamental properties of these nanoparticles, and the improvements in synthesis
and functionalization necessary to render them biocompatible will be highlighted. It will be demonstrated, through a
multiparametric cytotoxicity study, that these nanoparticles are equally or less toxic than their spherical counterparts,
and the fundamental toxicity mechanisms will be highlighted. Via transmission electron micrographs, it will be possible
to appreciate that, after 24-hour incubation times, the nanostar-based SERS tags will have retained their shape, a fact
that is of fundamental importance for retention of labeling power and brightness. Compared to fluorescent tags, which
suffer from photobleaching, limited multiplexing capability, and sensitivity to intracellular environment, SERS tags
promise to become a much-improved tool in medical imaging.
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TITLE: Metabolically-stable 68Ga-NOTA-bombesin derivative for targeting GRP receptor in prostate cancer xenografts
and influence of protease inhibitor phosphoramidon
PRESENTER: Susan Richter
ABSTRACT BODY: 
Abstract Body: Objective: Peptide receptor-based targeted molecular imaging and therapy of cancer plays a major
role in nuclear medicine preclinical research and clinical practice. The frequent overexpression of gastrin-releasing
peptide (GRP) receptor in prostate cancer prompted the development of radiolabeled bombesin derivatives as high
affinity peptidic ligands for selective targeting of the GRP receptor.1 This study evaluates a novel radiometal-
complexed bombesin derivative for its ability to target the GRP receptor in various models of prostate cancer in mice
using positron-emission-tomography (PET). Moreover, we tested the influence of recently proposed “serve-and-
protect” strategy using protease inhibitor phosphoramidon2,3 on 68Ga-NOTA-BBN2 as a radiopeptide with intrinsic
metabolic stability.
Methods: Bombesin analogs were tested in a competitive binding assay against 125I-[Tyr4]-BBN for their binding to
the GRP receptor. A calcium release assay in human prostate cancer cells (PC3) was performed to elucidate on
agonistic or antagonistic pharmacological profile. BBN2 analog was modified with chelator NOTA and radiolabeled
with gallium-68. Tumor-targeting and clearance properties of 68Ga-NOTA-BBN2 were evaluated in PC3 and LNCaP
tumor-bearing male nude mice using dynamic small animal PET studies and influence of phosphoramidon was tested.
For blocking studies animals were pre-dosed with NOTA-BBN2 before radiotracer injection. Metabolic stability studies
in vivo were carried out by collecting mouse blood samples at multiple time points after radiotracer injection (in the
presence and absence of phosphormamidon) and analysis via HPLC.
Results: Peptides NOTA-BBN2 and natGa-NOTA-BBN2 demonstrated high binding affinity towards the GRP receptor
(IC50=4.6–8.2 nM), with NOTA-BBN2 being an antagonist. Radiopeptide 68Ga-NOTA-BBN2 was obtained from
NOTA-BBN2 in RCY above 62% d.c. within 35±4 min including purification. LogD7.4 was determined to be -2.1. 68

Ga-NOTA-BBN2 exhibited great resistance against degradation by peptidases in vivo with ~45% of peptide found to
be intact after 60 min. Application of protease inhibitor phosphoramidon did not have an enhancing effect on metabolic
stability. PET studies displayed high tumor uptake in PC3- and LNCaP-BALB/c mice (SUV > 0.6 at 5 min p.i. and SUV
> 0.5 at 60 min p.i.).
Conclusion: The PET radiotracer 68Ga-NOTA-BBN2 represents a novel radiometal-labeled bombesin derivative with
favourable tumor uptake and profound renal clearance for specific targeting of GRP receptor in PC3 and LNCaP
prostate cancer-bearing mice. 68Ga-NOTA-BBN2 is a suitable radiotracer for clinical translation according to the
theranostics concept. Interestingly, its remarkable metabolic stability profile in vivo and excellent tumor uptake could
not be further improved by co-administration of protease inhibitor phosphoramidon.
References: (1) Yu Z. et al. Curr. Pharm.Des. 2013, 19, 3329-41. (2) Nock, B.A. et al. J. Nucl. Med. 2014, 55, 121-27.
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Figure 1. Structure of metabolically-stabilized 68Ga-NOTA-BBN2 and its unnatural amino acids for intrinsic
stabilization in red (top). Representative PET images (bottom) of 68Ga-NOTA-BBN2 60 min p.i. in PC3 (left) and
LNCaP (middle) tumor-bearing BALB/c mouse and in phosphoramidon-treated PC3-BALB/c mouse (right).



CONTROL ID: 2499583
TITLE: Retinography as a model for studying chemotherapy-induced neuropathy: Proof of concept in an induced
glaucoma model
PRESENTER: Lucia Le Roux
ABSTRACT BODY: 
Abstract Body: Background: There are 6.6 million blind or visually impaired people in the US (National Foundation for
Blindness 2012 estimates), 2.2 million people with glaucoma (Glaucoma Research Foundation, 2004), chemotherapy-
induced neuropathy occurs in 4.6 million cancer survivors in the US (Neuropathy Association, 2014) and thousands of
new cases cancer of the head, neck and brain will be treated with radiation therapy. Threats to vision and cancer
treatment frequently intersect, and it is vital that we understand the threats to vision in cancer patients, particularly
those threats that we ourselves cause iatrogenically. The immediate goal of this study is to use a to use a fluorescent
molecular nerve imaging probe based on a fast retrograde neural transport mechanism to visualize and quantitate
retinal ganglion cell (RGC) neural uptake in an established glaucoma model. The long term goal is to extend this
model to study the mechanism involved in the development of chemo-induced neuropathy as it pertains to neural
transport.
Materials and Methods: Excitotoxic glaucoma was induced in rat eyes by injecting NMDA into the vitreous of one eye.
This model is known to induce apoptosis in RGCs. The contralateral control eye received no treatment. Twenty-four
hours after the NMDA injection, a fluorescently labeled neural imaging probe consisting of the non-toxic, C-fragment of
Tetanus Toxin (TTc790 and TTc546) was injected into the vitreous of both the glaucomatous and normal eyes. In vivo
imaging of the distribution of TTc790 was performed using a confocal-scanning laser ophthalmoscopy. Both eyes and
associated neural tissues were harvested at 2-3 hours after TTc790 injection for ex vivo microscopy.
Results: RGCs showed extensive TTc790 & 546 uptake and demonstrated localization of TTc in the projecting axons,
the dendritic inputs and the neuronal cell bodies. This localization could be demonstrated by in vivo imaging in live
animals, and was confirmed by ex vivo, fluorescent immuno-histology, illustrating the co-localization of TTc with
Gamma-Synuclein, a marker for RGCs. The NMDA-induced model of glaucoma showed greatly reduced uptake and
transport of TTc, demonstrated in both living animals and excised tissues. Preliminary statistical data analysis of raw
fluorescent output from the retina showed 11,460 +/- 1,601 AU for normal and 9,255 +/- 224 NMDA-treated eyes
(p<0.05, two-tailed paired t-test).
Conclusions: The novel nerve imaging probe, TTc, allows the visualization and quantitation of retinal ganglion nerve
cells in both the normal and diseased states. Glaucoma decreases neuronal uptake and transport of TTc in a
glaucoma model, a condition in which the hallmark pathology is loss of RCGs. We have shown in previous work
dealing with chemotherapy induced neuropathy that failure of retrograde axonal transport is a key feature of this
disease also in the peripheral nervous system. The retrograde transport mechanism is highly conserved and known to
be present in all neurons, including both retinal neurons and peripheral nerve neurons. This suggests that the retina
might be a suitable model system for the investigation of chemotherapy induced neuropathy also.
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TITLE: Claudin-4 Targeted PET Imaging in Ovarian Cancer: Comparison of NODAGA-NCS-CCPE and NODAGA-Mal-
CCPE Conjugates
PRESENTER: Changhao Liu
ABSTRACT BODY: 
Abstract Body: Objectives:
Claudin-4, a protein in epithelial cell tight junction complexes, is overexpressed in various subtypes of ovarian cancers
and correlates with the tumor prognosis. Clostridium perfringens enterotoxin (CPE) is a peptide that binds to claudin-4
with high affinity. Its C-terminus fragment (CCPE) is adequate for high-affinity binding without causing cytolysis, and
therefore has the potential to be a promising targeting molecule for ovarian cancer detection and prognosis prediction.
In the present study, we demonstrate the synthesis and characterization of 64Cu labelled CCPE PET probes for
ovarian cancer imaging.
 
Methods:
CCPE peptide with cysteine residue at N-terminal was prepared. Chelators NODAGA-NCS and NODAGA-Maleimide
were conjugated with CCPE, respectively. 64CuCl2 was further used for radiolabeling of the conjugates. Probes
stability were evaluated. The cell uptake and binding affinity test of CCPE PET probes were conducted using claudin-4
positive OVCAR3 and negative SKOV3 ovarian cancer cell lines. In vivo small animal PET/CT imaging and
biodistribution studies were performed on ovarian tumor xenograft mice models with or without claudin-4
overexpression, respectively. The mice were injected with approximately 7.4 MBq of either 64Cu-NODAGA-NCS-
CCPE or 64Cu-NODAGA-Mal-CCPE and subjected to imaging at 1 h, 4 h and 24 h post-injection. For blocking
studies, the probes were co-injected with 250 µg of unlabeled CCPE.
 
Results:
CCPE with both chelators were successfully synthesized and labeled with 64Cu in high radiochemical purify (>95%)
and demonstrated high serum stability for up to 4 h incubation (>95%). Both probes exhibited significant higher uptake
in OVCAR3 cells than in SKOV3 cells in a time-course manner. For example, the uptake for 64Cu-NODAGA-NCS-
CCPE in OVCAR3 cells and SKOV3 cells were 13.9% and 3.2% (P < 0.05) of applied activity after 2 h incubation,
respectively. This high uptake could effectively be blocked by co-incubation with unlabeled CCPE (the uptake reduced
from 13.9% to 4.4% at 2 h incubation for OVCAR3, P < 0.05). Interestingly, in vivo small animal PET/CT imaging
showed that 64Cu-NODAGA-NCS-CCPE had higher tumor accumulation than the 64Cu-NODAGA-Mal-CCPE (3.4
%ID/g vs. 0.5 %ID/g at 24 h post injection, P < 0.05). Furthermore, uptakes of both PET probes were blocked by
coinjection of unlabeled CCPE protein. The 64Cu-NODAGA-NCS-CCPE probe at 24 h post injection time point had a
tumor uptake of 3.4 %ID/g compared with 1.0 %ID/g with blocking (P < 0.05). Biodistribution results also indicated that
the probes were accumulated in tumor specifically in moderate levels and metabolized through both kidneys and liver.
 
Conclusions:
64Cu labeled CCPE conjugated to NODAGA-NCS and NODAGA-Mal have been successfully synthesized and in vitro
experiments show both probes can specifically target claudin-4 overexpressing ovarian cancer cell. In vivo imaging
reveals the NODAGA-NCS conjugate exhibits better in vivo distribution and imaging contrast than those of the
NODAGA-Mal conjugate. Overall, 64Cu-NODAGA-NCS-CCPE demonstrate to be a novel PET probe for claudin-4
positive ovarian cancer detection.
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Figure. CCPE based PET probes preparation (left), and representative transaxial micro-PET (colored images)/CT
(grey-scale images) images of probes in mice (n=4 per group) bearing OVCAR3 tumor at 24 h post-injection (right)
(red arrow indicate the location of tumor).



CONTROL ID: 2499710
TITLE: Development of molecular-guided surgery of glioblastoma through microdose toxicity study of ABY-029, an
anti-EGFR Affibody labeled with IRDye800CW
PRESENTER: Kimberley Samkoe
ABSTRACT BODY: 
Abstract Body: Successful surgical resection of glioblastomas relies heavily on the maximal removal of tumor tissue
while preserving normal brain tissue. Molecular guidance for surgical resection can greatly improve the identification of
cancerous tissues, yet currently the majority of contrast agents being tested are non-specific perfusion agents, such
as indocyanine green (ICG). Perfusion agents like ICG are excellent agents for monitoring vascular function, tissue
perfusion, and lymphatic vessel and node imaging; however, they lack the specificity required to clearly identify tumor
tissue. There are few truly molecular targeted agents being produced for surgical resection and this is likely due to the
financial barriers from lack of commercial backing to advance agents into clinical trials. We have developed a pathway
for US Food and Drug Administration (FDA) approval of small fluorescent peptides as molecular targeting agents that
is completely funded by National Institutes of Health grants and targets phase 0 trials. Here we have produced under
Good Manufacturing Practices (GMP) the molecule ABY-029, an anti-EGFR Affibody molecule made using peptide
synthesis, which is uniquely conjugated to IRDye 800CW. We have demonstrated in pre-clinical rodent xenograft
models that fluorescently labeled anti-EGFR Affibody distinguishes the tumor margins more clearly than higher
molecular weight agents, such as antibodies, and that the EGFR expression and distribution of the Affibody molecule
are spatially correlated. In addition, we have shown that tumor-to-normal contrast remains high for the first several
hours, allowing time for surgical resection post-injection. We have recently completed Good Laboratory Practices
(GLP) based safety testing, which included 14-day toxicity testing, biodistribution and pharamacokinetics of the ABY-
029 molecule in Sprague Dawley rats. It is projected that the GMP production, fill and finish of ABY-029 will be
completed later this year with early phase clinical trials with image guidance in humans starting at Dartmouth-
Hitchcock by the end of 2016.
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CONTROL ID: 2499723
TITLE: An orthotopic canine prostate cancer model expressing human gastrin releasing peptide receptors for image
guided therapy
PRESENTER: Michael Tweedle
ABSTRACT BODY: 
Abstract Body: We envision treating in situ prostate cancer by delivering therapeutic agents via super selective
catheterization of the prostatic arteries. The large mass difference between the prostate gland (25 g) and the whole
body (70,000 g) should allow very low effective doses of powerful drugs that would not be considered via intravenous
dose in early stage patients. A large animal model is required to test this hypothesis.
Objective. To develop an orthotopic canine prostate cancer (CPC) model expressing human huGRPr receptors.
Methods. ACE-1 CPC cells were transfected with huGRPr (human Gastrin Releasing Peptide Receptor, found in most
human PC) and grown orthotopically in immune compromised beagles (12-16 kg with ~ 30 g prostate glands. Ace-1-
huGRPr cells expressed biologically active GRPr (by Ca activation) and bound the GRPr agonist fluor, IR800-G-Abz4-
t-BBN (IC50=8 nM vs 125I-Tyr4-BBN). Implantation of 5-20x106 cells into 6 dogs’ prostate glands under US guidance
was followed in 4 -6 wk by MRI that detected ~1 cm tumors. Dog 1 received cyclosporine (200-300 mg/d). Dogs 2-6
were administered 10 mg/kg/d cyclosporine, 25 mg/kg/2d azathioprine, and 1 mg/kg/d prednisolone. Dogs 3-6 had the
implantation wound sealed with Vetbond. A prostatic artery was catheterized via the carotid artery. IR800-Abz4-t-BBN
was infused in 2 mL followed by euthanasia in Dogs 1 -2, and in Dogs 3 -6, carotid artery ligation, 24 h recovery, then
euthanasia. Dissection of excised tissues was made under 800 nm optical guidance with a Fluobeam imager. Excised
tissues were sectioned, imaged, and histopathology performed.
Results. (see Table) Tumor cells were rejected by a local immune response in Dog 1. A heavier immunosuppressive
regimen for 4 wk led to 1–2 mm tumors on the prostate capsule in Dog 2. In Dog 3, at 6 wk, we found multinodular
tumors (1-2 cm) in the prostate gland, with tumor on the capsule and implantation needle tract. In Dogs 4-6, with the
implantation wound sealed, intra capsular tumor and some LN metastases were detected. High tumor to background
(mostly BPH, benign prostatic hypertrophy) signal in optical images resulted from the 100 nmol dose (8 nmol/kg-dog),
compared to 10 nmol (500 nmol/kg-mouse) needed intravenously in 20 g mice xenografts. 25 nmol was too faint to
image (Dog 6) and 50 nmol yielded bright tumor and high tumor: BPH ratio (Dog 5). Histopathology confirmed tumor
location by the imaging agent, including imaging of a lymph channel and micro metastases in a lymph node in Dog 4.
The 5 fold difference between effective mice and dog nmol dose is probably due to dilution that limits accumulation to
the first pass of the agent in the dog.
Conclusion. ACE-1huGRPr cells create viable, huGRPr expressing tumors when implanted orthotopically into immune
compromised dogs. Local delivery through the prostatic artery is a viable dose reduction strategy that could enable
therapeutic agents to be used safely for treatment of early prostate gland localized cancer as adjuvant therapy for
active surveillance or focal ablation therapies, or for treating multifocal gland localized disease where focal ablation
therapies are not indicated or ineffective.
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CONTROL ID: 2499890
TITLE: Tumor targeting assessed by microscopic fluorescence at the cellular level
PRESENTER: Jessica Crisp
ABSTRACT BODY: 
Abstract Body: Detailed knowledge of the microscopic spatial distribution of a targeted therapeutic within a tumor can
provide invaluable information for improving drug efficacy. Activatable cell penetrating peptides (ACPPs) have
successfully delivered imaging agents, chemotherapeutics and radiosensitizers to tumors in various cancer models.
To advance ACPP targeting, we decided to look beyond gross tumor contrast alone and focus on how these
molecules interact with both malignant cells and surrounding tissue. Visualization with confocal microscopy of live
cells along the margin of GFP expressing Cal-27 (head and neck SCC) xenografts revealed that ACPP uptake did not
typically colocalize with GFP expressing tumor cells. The peptide was heavily localized to endocytic vesicles of what
appear to be host-derived cells in the tumor stroma. Immunohistochemistry (IHC) was used to identify some ACPP
labeled cells as F4/80+ macrophages, although a significant portion of the ACPP tumor signal comes from host cell
types whose identity is still unknown. Uptake by these host cells is dependent on matrix metalloprotease (MMP)
activity, as PLGC(Me)AG is a substrate cleaved primarily by MMP2/9/14, and when that sequence is rendered
uncleavable, tumor uptake is almost completely lost. IHC also showed that tumor macrophages were intermingled with
GR-1+ neutrophils and c-kit positive mast cells but neither of these latter cell types showed prominent ACPP signal.
We also examined the nonspecific accumulation of >40 KDa biomolecules in tumors, which give examples of
enhanced permeability and retention (EPR). Cy5 was conjugated to three molecules that possess no specific targeting
mechanism: a 70kDa dextran, albumin and a mouse IgG. Cellular uptake in Cal-27 and murine breast Py8119 tumors,
both GFP-expressing, was imaged at 30min, 5hr and 24hr post injection. The 70kDa dextran had the fastest rate of
host cell internalization, with endocytic uptake observed at the earliest timepoint. The IgG retained some diffuse Cy5
signal 24hrs after the animal was dosed, consistent with slow clearance from the circulation. In all three cases the
tumors showed comparable contrast typical of EPR when looking at the whole animal, yet at cellular resolution there
was little colocalization of the Cy5 fluorescence with GFP expression. To contrast with these EPR agents, a tumor
targeted IgG, cetuximab-Cy5, was examined. Cal-27 cells are EGFR+ and cetuximab is approved for HNSCC. In
frozen tumor cross sections, cetuximab-Cy5 targeted EGFR+ GFP+ cells with some diffuse signal along the margins
and much less targeting in the stromal regions of the tumor core, whereas ACPPs exhibit a reciprocal pattern of
labeling, with host cell staining along tumor margins and within the stroma (Figure 1). Since mAbs and ACPPs localize
to different regions of the tumor, novel combination therapies are possible, targeting not only malignant cells but also
the pro-tumor microenvironment including localized host inflammatory cells. For drugs carried by EPR agents or
ACPPs to target the actual malignant cells, bystander effects reaching 10-20 µm would be necessary.
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Figure 1: Cal-27 GFP flank tumors with either A-B) 5 nanomoles of cetuximab-Cy5 at 24hr or C-D) 10 nanomoles
PLGC(Me)AG Cy5/Cy7-labeled RACPP at 2hr. Both sets of tumors were flash frozen in liquid N2. A block face is cut
and imaged while still frozen with a Nikon confocal microscope, while keeping the objective at room temperature via
sophisticated thermal insulation. Green is GFP expressed in the tumor cells, magenta is Cy5 fluorescence. Magenta is
used for the benefit of colorblind viewers: see Wong (2011) Nature Methods 8: 441.  A and C are lower magnification
images that show labeling of the tumor cells (T) in the context of stroma (S) and surrounding normal muscle (M). B
and D are higher magnification images that illustrate cetuximab homing to EGFR expressing tumor cells and RACPP
being activated by MMP2/9 and taken up predominantly in stromal regions of the tumor microenvironment.



CONTROL ID: 2499895
TITLE: Imaging of hypoxia-driven regulation of metabolic markers in breast cancer: Role of GLUT1, GLUT2 and
GLUT5
PRESENTER: Ingrit Hamann
ABSTRACT BODY: 
Abstract Body: Aim: Elevated growth and metabolism in cancer cells lead to hypoxia, activation of transcription factor
HIF1α and downstream targets, including hexose transporter GLUT1 [1]. Function of GLUT1 can be visualized with 2-
deoxy-2-[18F]fluoro-D-glucose ([18F]FDG). However, the rather low sensitivity of [18F]FDG still limits clinical breast
cancer (BC) imaging with [18F]FDG-PET [2]. GLUT5 (dominant fructose transporter) and GLUT2 (glucose and
fructose transporter) provide possible alternative targets for BC imaging [3]. Here we examined the effects of hypoxia
on GLUT1, 2 and 5 protein levels and related uptake characteristics of [18F]FDG and 6-deoxy-6-[18F]fluoro-D-
fructose (6-[18F]FDF) in different human BC cells and tumors.
Methods: The following PET radiotracers were used in this study: [18F]FDG, 6-[18F]FDF for imaging of hexose
metabolism; [64Cu]-ATSM, [18F]FAZA for hypoxia imaging. Non-cancerous MCF10A, estrogen receptor positive
MCF7 and triple-negative MDA-MB231 (MB231) cells were used in radiotracer uptake experiments in vitro. PET
imaging was performed in MCF7 and MB231 tumor-bearing mice. GLUT1, GLUT2, GLUT5 and HIF1α protein levels
were analyzed with western blot in cell lysates and with immunohistochemistry in tumor tissues.
Results: Cell uptake of [64Cu]ATSM correlated well with increased HIF1α protein levels under hypoxia. Both [18

F]FDG uptake and GLUT1 protein levels were highest in MB231 cells, while MCF10A and MB231 cells showed higher
GLUT5 protein levels and about 2 times more uptake of 6-[18F]FDF compared to MCF7 cells. High GLUT2 levels
were detected in all cell lines. Uptake of 6-[18F]FDF into MB231 cells was blocked with fructose, glucose and
cytochalasin B, supporting the functional involvement of GLUT2 transport. MB231 tumors showed positive staining for
HIF1α, while MCF7 tumors remained HIF1α negative. Uptake of [18F]FAZA into MCF7 and MB231 tumors was
comparable with slightly higher uptake in MB231 tumors. In MB231 tumors, [18F]FDG showed continuous increase in
uptake, whereas a lower plateau uptake level was reached in MCF-7 tumors. In accordance with PET imaging data,
stronger GLUT1 staining was observed in MB231 versus MCF7 tumor tissue. 6-[18F]FDF revealed similar but overall
lower uptake in both tumor types. GLUT5 staining intensity was overall lower in both tumors with stronger GLUT5
staining in MB231 tumors. Interestingly, GLUT2 staining was also strongly positive for both BC tumors.
Conclusion: The present study revealed a good correlation between GLUT1 and HIF1α protein levels and uptake of [
64Cu]ATSM, [18F]FAZA and [18F]FDG in BC cells and tumors. Correlation of 6-[18F]FDF tumor uptake with GLUT5
protein expression in tumor tissue was rather poor. In vitro blocking experiments pointed to GLUT2 as possible
alternative transporter for 6-[18F]FDF. Identification of metabolic tumor marker as molecular “fingerprints” will help to
select the most specific, non-invasive imaging probe for breast cancers in the long run.
[1] Semenza GL(2012), Trends in Molecular Medicine, 18, 9, 534–543 
[2] Vermeulen JF et al (2013) Cell Oncol (Dordr) 36:333. 
[3] Godoy A et al (2006), J Cell Physiol, 207, 3, 614-627
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Figure 1A: Representative PET images for 2-[18F]FDG, 6-[18F]FDF and [18F]FAZA in MCF7 and MDA-MB231 tumor-
bearing NIH-III nu/nu mice 2h and 3h p.i., respectively.<br />
Figure 1B: Immunohistochemical staining of GLUT1, GLUT2 and GLUT5 in MCF7 and MDA-MB231 tumor tissue.
Shown are representative pictures, which were taken using a 20x objective.



CONTROL ID: 2499909
TITLE: Quantitative Image Features from 3D Contrast-Enhanced Ultrasound Parametric Maps as Surrogate of
Treatment Response
PRESENTER: Ahmed El Kaffas
ABSTRACT BODY: 
Abstract Body: Background 
Dynamic contrast-enhanced ultrasound (DCE-US) is being investigated for monitoring cancer therapies1. To date, the
use of DCE-US has been limited to 2D. This is problematic because tumors are highly heterogeneous. The hypothesis
of this work is that 3D DCE-US can overcome 2D limitations by minimizing sampling errors, and can be used to yield
3D parametric maps of to assess spatial variations in perfusion during treatment. The aim of this work is to investigate
spatial variations of conventional DCE-US parameters and to assess quantitative image features as surrogates of
treatment response. 
 
Methods 
Mice bearing LS174T (n = 6) colon tumors on the hind leg were imaged at baseline and during anti-angiogenic
therapy (Bevacizumab; 3x 10 mg weekly) at 1, 3, 7, and 10 days after treatment initiation. A control subset of animals
was left untreated (n=5). Another subset of animals (n=5) was used to assess reproducibility of quantitative methods
by acquiring repeated pairs of imaging for bolus (2 injections) and disruption-replenishment (2 disruptions) perfusion
imaging1. Imaging was performed using Philips EPIQ7/iU22 with an X6-1 transducer. Each bolus consisted of 5x107

Definity microbubbles. Disruption-replenishment was carried out by infusing 2x107 microbubbles at 40 µl/min2.
Following imaging, segmentation tools were used to delineate a volume-of-interest (VOI). Conventional DCE-US
parameters were computed from time-intensity curves and plotted as parametric maps. Quantitative image features
(histogram, co-occurrence, wavelet, canny) were extracted from full or sub-volumes of parametric maps and used to
assess reproducibility and treatment response. These features can be broadly classified into low-level features (i.e.
histograms), high-level non-texture features (i.e. canny; segmented lesions size/shape) and texture features (i.e. co-
occurrence/wavelet; relationship of neighboring voxels to one-another)3. Gold standard assessment of treatment
response was based on tumor growth and histology.
 
Results  
Preliminary results confirmed heterogeneity of conventional DCE-US parameters in tumor volume. The average
concordance correlation coefficient (CCC) of histogram parameters over all parametric maps between repeated pairs
of measurements was 0.19, suggesting low reproducibility. In contrast, sets of texture features were more
reproducible. For instance, the average CCC in sub-regions were found to be up to 0.80, 0.90 and 0.95 for the co-
occurrence, wavelet and canny features, respectively. The average CCC between baseline and day 7 for the full VOI
in treated animals was found to be 0.01 and 0.05 for co-occurrence and wavelet features respectively, suggesting
good sensitivity to treatment.
 
Conclusions  
Results demonstrate high conventional parameter heterogeneity within 3D volumes. These also suggest that texture
features could potentially be more reproducible than conventional DCE-US parameters while remaining sensitive.
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CONTROL ID: 2499989
TITLE: Monitoring the impact of the microenvironment on metastasis targeting
PRESENTER: Larissa Rizzo
ABSTRACT BODY: 
Abstract Body: Introduction: Despite extensive knowledge on the microenvironment and factors regulating the
Enhanced Permeability and Retention effect in primary tumors, little is known for metastases (MET). Using in vivo and
ex vivo optical imaging, we here systematically evaluated the ability of different types of drug delivery systems (DDS;
10nm polymers, 30nm micelles, 100nm liposomes) to accumulate in breast cancer MET. We extensively
characterized the vasculature and the microenvironment in different types and sizes of MET, and correlated these
features with the accumulation and penetration of DDS.
Methods: 4T1-iRFP transfected breast cancer cells were orthotopically implanted in female nude mice. Tumor growth
and MET colonization were monitored using hybrid computed tomography and fluorescence molecular tomography
(CT-FMT). At 5-6 weeks post tumor inoculation, upon late stage MET colonization, 2 nmol of NIR-labeled polymeric,
micellar and liposomal DDS (n=6-7 per group) were administered iv., and their accumulation in primary tumors, MET
and healthy organs was quantified. Same was performed in excised organs analyzed ex vivo through fluorescence
reflectance imaging (FRI) upon sacrifice. The vasculature and the microenvironment in tumors and MET were
evaluated using high resolution ex vivo µCT (upon vascular casting), standard fluorescence microscopy (FM) and two-
photon laser scanning microscopy (TPLSM).
Results: In vivo CT-FMT imaging enabled the longitudinal monitoring of primary tumors and MET, as well as the
visualization and quantification of DDS target site accumulation (Fig 1A,B). Ex vivo FRI confirmed efficient targeting to
both tumors and MET, as exemplified by the colocalization of the NIR-labeled DDS signal with the iRFP-expressing
MET in lungs, lymph node, bone and ovary (Fig 1C). Ex vivo µCT and microscopy techniques demonstrated that MET
are more extensively and more homogeneously vascularized than solid tumors (Fig 1D). Overall collagen content was
not significantly different between solid tumors and metastases, but the shape, arrangement and crosslinking of the
collagen fibers were different (Fig.1D-E). Results obtained on vessel and collagen diameter, density and distribution
(periphery vs. core; homogeneous vs. heterogeneous; distance maps; Fig 1E) were correlated with FRI, FM and
TPLSM results on DDS accumulation and penetration. Together, these analyses indicate that the MET colonization
site strongly determines its vascular and microenvironmental features, suggesting that the interplay between vessels
and collagen determine its targetability.
Conclusion: Using multimodal optical imaging, we show that nanocarriers are suitable DDS for both solid tumors and
MET targeting. The findings evidenced in this work suggest a correlation of vascular and microenvironmental factors
in DDS target site accumulation. The comprehensive characterization of specific microenvironment signatures at
primary tumors, as well as at (different types and sizes of) metastatic lesions greatly supports our understanding on
the factors regulating DDS targetability, as well as potentially enables more efficient target site delivery, accumulation
and penetration.
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CONTROL ID: 2500229
TITLE: Development of efficient high-throughput drug screening platform for detecting enhancers for sodium/iodide
symporter (NIS) promoter using dual reporter gene system
PRESENTER: JIMIN OH
ABSTRACT BODY: 
Abstract Body: Objectives 
Anaplastic thyroid cancer (ATC), is the most aggressive and resistant cancer to the radioiodine treatment, which leads
to poorest prognosis among thyroid cancers. NIS, which is a transmembrane to transport each iodide anion (I-) and
two sodium cations (Na+), is required for efficient iodide uptake in thyroid. Since NIS allows highly efficient iodide
accumulation, expression of NIS confers for the diagnostic and therapeutic application of radioactive iodine. Although
ATC has insufficient NIS expression, enhancement of NIS expression is able to make the ATC susceptible to
radioiodine therapy. The aim of this study is to develop high-throughput drug screening (HTS) platform for NIS
expression enhancer using dual reporter gene system in ATC.
 
Methods 
8505C cells (ATC) were transfected with a plasmid vector having NIS promoter driven firefly luciferase (Fluc) gene
and CMV promoter driven renilla luciferase (Rluc) gene system (pNIS-Fluc-TurboFP635-pCMV-Rluc plasmid). Stably
transfected cells were selected with 600µg/ml geneticin (8505C-pNIS-pCMV cells) and expression of the reporter
system was confirmed by FACS, bioluminescence and fluorescent imaging. 8505C-pNIS-pCMV cells were used as a
screening platform for detecting strong NIS enhancers among thousands of tyrosine kinase inhibitor (TKI) candidates
(25μM ± 0.28). RT-PCR and Western blotting of NIS and radioactive I-125 uptake assay was performed with 8505C-
pNIS-pCMV cells before and after exposure to screened TKIs.
 
Results 
8505C-pNIS-pCMV cell line having the dual reporter gene system was stably established. The luciferase activities
(Fluc and Rluc) and TurboFP635 expression were confirmed by bioluminescent and fluorescent imaging, respectively.
In vitro BLI signals of Fluc (R2=0.9245, p>0.0001) and Rluc (R2=0.9820, pi>0.05) increased by increase of cell
number and FACS analysis confirmed stable expression of TurboFP635. Three chemicals which enhance NIS
promoter activity more than 2 fold were selected by HTS platform and the selected chemicals increased mRNA and
protein of NIS and also increased radioactive I-125 uptake significantly.
 
Conclusion 
We successfully developed high-throughput NIS enhancer screening platform using the optical dual reporter gene
system and screened TKI chemicals which enhance NIS expression among numerous candidates. The chemicals can
be applied to restore iodine avidity to the ATC and the modified ATC can be successfully treated with I-131.
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TITLE: 68Ga-labeled Strained Cyclooctyne Peptide Targeting GRPR for PET Imaging of Prostate Cancer 
PRESENTER: Daijuan Huang
ABSTRACT BODY: 
Abstract Body: Gastrin-releasing peptide receptor (GRPR) serves as an attractive target for cancer molecular imaging,
thus there has been vast interest in developing bombesin (BBN) analogs based molecular probes for GRPR targeted
cancer imaging. To develop BBN probesanalogs with favorable tumor targeting and in vivo pharmacokinetic
characteristics for potential clinical translation use, a novel strained cyclooctyne (BCN) platform was designed to
facilitate the preparation of high-performance probes for PET imaging of GRPR-positive prostate cancer (PCa).
 
METHODS 
Metal chelator NODAGA, PEG molecule and RM1 were chosen to be coupled with BCN, and the resulting conjugate
compound, NODAGA-ZY8 (Fig.1A), was then radiolabeled with 68Ga at 70°C in NaOAc buffer. And the serum
stabilities was further evaluated. Cell uptake with 68Ga-NODAGA-ZY8 was measured in PC-3 cells with or without
blocking dose of BBN. Micro-PET/CT imaging study and bio-distribution study were conducted on male nude mice
(n=4 per group) bearing PC-3 tumor xenografts at 30min, 1h, 2h after the injection of 68Ga-NODAGA-ZY8 with or
without coinjection of unlabeled BBN. As a comparison, 68Ga-NODAGA-RM1 was also prepared and evaluated in
PC-3 cells and PET/CT imaging study.
 
RESULTS 
NODAGA-ZY8 was successfully synthesized via a facile chemical strategy with a high yield (>95%), and then
radiolabeled with 68Ga in high labeling yield. 68Ga-NODAGA-ZY8 demonstrated excellent serum stability and showed
no degradation at 2 h incubation. The radiolabeled probe displayed high and specific accumulation (19.0±0.01%,
27.7±0.03%, 21.8±0.03% for non-blocking and 0.52±0.06%，0.89±0.25%，and 0.90±0.24% for blocking, at 30min,
1h, 2h, respectively) in the PC3 cells. PET imaging study revealed that 68Ga-NODAGA-ZY8 could clearly delineated
PC-3 tumor with the best contrast at 2 h after injection. Quantification analysis of PET images showed that tumor to
background ratio (T/NT) was 4.21±0.49, 7.21±0.79, 24.57±3.16 at 30min, 1h and 2h, respectively, due to fast
excretion through kidneys and liver, which can be also demonstrated by the increased tumor–to–normal-tissue (blood,
muscle, kidney, and liver) ratios observed in the biodistribution study. Furthermore, 68Ga-NODAGA-ZY8 exhibited
significantly improved tumor imaging contrast, compared with 68Ga-NODAGA-RM1 (T/NT was 24.57±3.16
vs.10.80±0.80, p< 0.01, Fig.1B).
 
CONCLUSIONS 
BCN platform has been successfully used as a versatile scaffold for the facile preparation of high-performance BBN
probes. The high-stability, efficient tumor uptake and optimal pharmacokinetic properties highlight 68Ga-labeled
NODAGA-ZY8 a promising PET probe for possible clinical GRPR targeted imaging of PCa.
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CONTROL ID: 2500310
TITLE: Assessment of Aberrant Glycoprotein Expression in Novel Murine Models of Colonic Adenoma Formation,
Progression, and Neoplastic Transformation  
PRESENTER: Jeffrey Souris
ABSTRACT BODY: 
Abstract Body: To determine the utility of targeting aberrant glycosylation in the detection, staging, and treatment of
colorectal adenomas prior to their neoplastic transformation, we have developed pathology-targeted fluorescent
mesoporous silica nanoparticles for in vivo use as endoscopic contrast agents and theranostic/prophylactic
compounds. In conjunction with our nanoplatform development, we have also embarked upon a series of studies
aimed at deriving murine models that more rapidly and realistically emulate human colonic adenoma formation,
progression, and neoplastic transformation. To this end we have crossed a well-established murine model of human
familial adenomatous polyposis (FAP) syndrome, Apc+/Min mice, with mice that carry the Cre-recombinase transgene
controlled by the caudal-type homeobox transcription factor 2 (Cdx2) promoter. Motivation for this hybrid arose from
the observation that, while Apc+/Min mice harbor only one functional Apc allele and therefore provide a good platform
for studying environmental factors that trigger Apc-driven carcinogenesis (e.g., high-fat diets, chemical exposure, etc.),
the vast majority of their tumors arise in the small intestine not the colon, are difficult to reach endoscopically, rarely
progress to invasive adenocarcinomas, and do not reflect the pathophysiology of colonic adenomas that can progress
to sporadic human colon cancer. Moreover, in human colon carcinogenesis, genetic instability is found at early stages
of disease, with chromosomal instability preceding Apc mutations. As we anticipated the co-expression of Cre and
Apc would shift Apc tumorigenesis distally into the colon and simultaneously mitigate small intestine pathology,
ApcLoxP/+ mice were mated to Cdx2-Cre mice to generate Cre-ApcΔ/+ (experimental) and ApcLoxP/+ (controls). To
further enhance adenoma production in the colon, several groups also received 2 injections of azoxymethane (AOM)
at 6 and 8 weeks of age. AOM is routinely used to chemically induce tumorigenesis as a murine model of sporadic
colorectal cancer. Animals were maintained on 20% Western-style lipid rich diets, with white light colonoscopies
performed every 2-3 weeks for assessment of tumor emergence and progression. Following screening colonoscopies
at 2, 3, and 5 months of age, some animals were euthanized, colons harvested, and the tissues flash frozen for
subsequent qRT-PCR measurement to determine mRNA expression of EGF-Like Repeats And Discoidin I-Like
Domains 3 (EDIL-3), and mucins, MUC1 and MUC15. Tissues showing up-regulated mRNA expression of these
moieties were then characterized for protein expression by Western blotting and immunostaining. Ongoing studies are
aimed at correlating our current findings with those previously obtained using conventional murine models of colonic
adenoma tumorigenesis and neoplastic transformation.
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TITLE: Replication conditional HSV-1 therapeutics for breast cancer meningeal metastases.
PRESENTER: Darshini Kuruppu
ABSTRACT BODY: 
Abstract Body: Background: Meningeal metastasis is a fatal complication of breast cancer which results when cancer
cells seed in the meninges affecting 6-8% of patients. Their subsequent growth results in severe neurological
complications of the cranial nerves, cerebrum and spinal cord. Prognosis is poor with a life expectancy of less than 4
months. Currently there is no cure. Aggressive multimodal therapies such as radiation, systemic and intra-CSF
chemotherapy are ineffective. These agents are often cleared rapidly from the CSF while optimal doses are highly
toxic, highlighting an urgent need for new treatment options. We investigated replication conditional oncolytic HSV-1 in
this regard. Destruction of cancer cells by replicating virus is based on the model of lytic replication in cancer cells and
is under clinical investigation. Multiple virus replication cycles in cancer cells amplify the injected dose until replication
is ceased when cancer cells are destroyed. Our investigation was conducted in a murine model of meningeal
metastases.
 
Methods: Meningeal metastases were induced in nude balb/c mice by stereotactic injection of MDA-MB-231 human
breast cancer cells into the right lateral ventricle of the brain. Tumor growth in this model occurs in a lag, exponential
and plateau phase over 3 weeks. Oncolytic HSV-1 was injected into the right lateral ventricle to target early (day 9),
intermediate (day 12) or late (day 16) disease stages. Tumor response to oncolytic HSV-1 was monitored sequentially
with body weight changes, external neurological symptoms and in vivo imaging and compared with controls. Tumor
was imaged with Rluc bioluminescence and Gd-MRI and virus replication was imaged with Fluc bioluminescence and
18F-FHBG-PET. The brains were studied ex vivo for Lac-Z, HSV-TK IHC and plaque assay to confirm in vivo scans.
 
Results: Oncolytic HSV-1 treated mice showed a marked reduction in tumor burden in the base of the brain and spinal
cord identified by reduced or near absent contrast uptake in Gd-MRI scans compared to that before virus injection.
Virus replication was identified as waves of contrast uptake in 18F-FHBG-PET and Fluc scans over time where peaks
represented virions released upon completion of a replication cycle. Virus was confirmed in tumors by Lac-Z and HSV-
TK in ex vivo brain sections. Treated mice displayed a significant delay in the onset of neurological symptoms
(bradykinesia, ataxia, anorexia, and paralysis) that accompany a heavy tumor burden in the base of the brain and
gained weight compared to the control mice. Response to treatment was dependent on the disease stage at
treatment. Mice treated early in the disease stage (day 9) with a single virus dose of 1x108 pfu survived 12 days
beyond the control group. Mice treated at the intermediate (day12) and late (day 16) stages of disease survived 7 and
4 days beyond the control group.
 
Conclusion: Replication conditional HSV-1 inhibits life threatening disease progression when administered at early
stage disease with potential to target late stage disease. Oncolytic HSV-1 holds promise as a potential therapy for
breast cancer meningeal metastases that can be translated to the clinic.
AUTHORS (LAST NAME, FIRST NAME): Kuruppu, Darshini1, 2; Bhere, Deepak1, 4; Farrar, Christian T.1, 3;
Brownell, Anna-Liisa1, 3; shah, khalid1, 3; Mahmood, Umar1, 3; tanabe, kenneth1, 2

INSTITUTIONS (ALL): 
1. Massachusetts General Hospital/ Harvard Medical School, Charlestown, MA, United States.
2. Surgery, Massachusetts General Hospital, Boston, MA, United States.
3. Radiology, Massachusetts General Hospital, Charlestown, MA, United States.
4. Pharmacology, Manipal College of Pharmaceutical Sciences, Manipal, Karnataka, India.





CONTROL ID: 2500458
TITLE: Preferential Tumor Cellular Uptake of Indocyanine Green Administered via Enema for In Vivo Colon Tumor
Imaging
PRESENTER: Nobuhiko Onda
ABSTRACT BODY: 
Abstract Body: Introduction: Molecular imaging using exogenous tumor-targeting fluorescent agents can be applied to
endoscopic systems as well as laparoscopic systems. Indocyanine green (ICG) is a fluorescent contrast agent
approved by the Food and Drug Administration and European Medicines Agency for clinical applications. The utility of
ICG in tumor detection has also been reported in experimental models and in clinical cancers, such as those of the
liver, breast, ovaries, head and neck, and lungs. Recently, we have found that the tumor cellular uptake of ICG in the
cultured-cells is driven by high endocytic activity of tumor cells in association with tight junction (TJ) disruption, in
parallel with the membrane transporter-mediated cellular uptake of ICG. In the present study, we aimed to investigate
the colon tumor detection capability of ICG using an azoxymethane (AOM)-induced rat colon carcinogenesis model.
Materials and Methods: Imaging experiments were performed at 11–13 months post initiation of subcutaneous
injections of AOM (15 mg/kg body weight) once a week for 3 weeks. To examine the tumor uptake capability of ICG,
ex vivo fluorescence imaging was performed after enema administration of 10 mL (0.03 mg/mL) of ICG followed by
retention of ICG solution within the large intestine for 30 minutes under anesthesia. Fluorescence endoscopy was
performed to examine the in vivo endoscopic detectability of the colon tumors after enema administration of ICG. To
investigate the mechanism underlying tumor cell-selectivity of ICG, immunofluorescence of TJ molecules and
membrane transporters were performed. Results: Ex vivo wide-field fluorescence imaging showed that ICG
administered via enema successfully enhanced the contrast of the colon tumor tissues to the normal colon epithelial
tissues. Ex vivo high-power view imaging revealed that the ICG was internalized into the tumor cells of the colon
tumor tissues. Furthermore, by using fluorescence endoscopy, the colon tumors were detected by its strong ICG
fluorescence signal in vivo. Immunofluorescence of occludin, which is one of key molecules for TJ formation, revealed
that the occludin expression was elevated in the tumor cells in comparison with the normal colon epithelial cells. On
the other hand, the expression level of the membrane transporters, such as organic anion transporting polypeptides
1B2 (OATP1B2), the mouse ortholog of human OATP1B1 and OATP1B3, and sodium-taurocholate co-transporting
polypeptide (NTCP), in the tumor cells was similar to the normal colon epithelial cells. Conclusions: Current data
suggest that ICG can be used as a colon tumor imaging agent by enema administration. The preferential tumor
cellular uptake of ICG in the present model is likely the result of the altered TJ structure, which may promote
endocytotic activity of tumor cells.
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TITLE: MT1-MMP-specific gold nanocluster as fluorogenic probes for targeted imaging of metastatic cancer cells
PRESENTER: Minhee Ku
ABSTRACT BODY: 
Abstract Body: Gold-derived nanoplatforms including gold nanoparticles, gold nanorods and gold nanoclusters
(GNCs) have been extensively studied as useful tools for bio-sensing, cellular labeling, and molecular imaging. In
particular, the systemic gold nanoprobes have reported unique construction and distinctive properties and exhibit
great potentials in a molecular imaging field in recent years. A specific type of gold nanostructures, GNCs, with
smaller size than 6 nm, have been reported to fluorescent molecular probes with advantages for the colloidal stability,
water solubility and biocompatibility. In general, the optical characterization of GNCs protected by serum albumin (SA)
have the emission in the range of 600~800 nm that is suitable for applying sensitive molecular imaging agents.
For the advanced diagnosis of cancer, GNCs can be functionalized with specific peptides that target and bind to
biomarkers of interest. In this presentation, we thus developed fluorogenic molecular probes based on GNCs modified
with MT1-MMP-specific cleavable peptide (CP) (CP-GNCs) using SA as a template. MT1-MMP is known as a critical
indicator for metastatic cancer cells and enabled to facilitate the transportation of CP-GNCs through cell membranes.
The biomarker-specific targeted imaging potentials of CP-GNCs were confirmed using MT1-MMP-expressing MDA-
MB-231 and MT1-MMP-deficient MCF7 cells. The obtained results represented that the ultrasmall GNCs lead to
effective MT1-MMP-specific imaging capability in comparison with other bare imaging agents. Furthermore, CP-GNCs
exhibited significantly higher internalization and emit the fluorogenic signal in MT1-MMP-expressing MDA-MB-231
cells and xenograft mice model. Therefore, we presented the potential of peptide-modified GNCs as a promising
fluorogenic molecular probe for biomarker-specific optical imaging.
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TITLE: New Antibody Conjugation Method for Nanomaterials Using Cu-Free Click Chemistry: Quantification and
Application for Lung Cancer Tissue Imaging.
PRESENTER: Ji Yong Park
ABSTRACT BODY: 
Abstract Body: Purpose:
Antibodies have been widely used as a targeting moiety in diagnostic and therapeutic application due to high affinity,
specificity, and applicability with well-established library. To date, various strategies have been developed to
conjugated antibody (Ab) on the solid surface involving the silica encapsulated NPs (SiNPs). Here in, we made a
versatile and orientation controlled Ab conjugation strategy using cupper free click reaction with simple and facile
reaction.
 
Materials and Method:
For the click chemistry, the azide functional groups were introduced on the surface of silica NPs via silane coupling
between hydroxyl group on silica surface of nanoparticle and silane group in NTPA. To control the orientation of
antibodies, we optimized reducing condition for a conjugation with ADIBO using site specific thiol functional group in
Ab, instead of primary amine group in conventional Ab coupling methods. To verify a fragmentation and exact number
of functional group, SDS-PAGE analysis and MALDI-TOF were performed. To quantitatively evaluate the number of
conjugated Ab using this click chemistry, the fluorescent (FL) Ab was utilized. Above mentioned, FL-Ab was
functionalized with ADIBO using ADIBO-PEG4-maleimide and was subsequently reacted with azido-SiNPs as
increasing the concentration of FL-Ab. To validate targeting ability of antibodies conjugated on a single SiNP, we used
Herceptin (HER2-Ab) and quantitative evaluation using fluorescent labeled HER2/neu (Antigen). Finally, we confirmed
its applicability on lung cancer specimen by comparing with IHC.
 
Results:
As increasing the amount of reducing agents, we can confirm that the amount of heavy and light chain also increased
by observing stained bands at corresponding to those weights. However, in case of specific condition, any
fragmentation was not observed in SDS-PAGE analysis. After conjugating, the mass of Ab was increased by ca. 2200
g/mol, which matched to mass of three molecules of ADIBO-PEG4-maleimide. Radio TLC data was shown that
successful modification of SiNPs and Ab. For the fluorescence analysis, FL-Ab immobilized SiNPs were measured by
fluorescence imaging instrument (IVISTM). Each FL-Ab conjugated SiNPs was quantitatively analyzed based on the
standard curve of ADIBO-FL-Ab; as a result, a single SiNP having diameter of 230 nm could be conjugated with max
ca. 500 number of Ab on their surface. Theoretically, the 230 nm sphere shaped SiNPs is able to conjugate with ca.
900 number of Ab as regarding only dimension of Ab and surface area of SiNPs. the Herceptin-SiNP using click
chemistry conjugation could bind to ca. 800 number of fluorescent antigens; this result indicated that almost all
antibodies conjugated on SiNP was bio-active as considering the ca. 500 number of Ab conjugated on the SiNP.
Confocal images of tissue were matched on IHC of adjacent tissue sample.
 
Conclusion:
We performed quantitative validation of functional binding properties of Ab conjugation method on silica nanoparticles
between EDC and Click chemistry and confirmed its applicability on lung cancer tissue. This method allow us the
extend field of veiw on application of Ab conjugated nanoparticle.
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TITLE: Investigation of tumor physiology in superficial and deep-seated orthotopic gliomas via multimodal
MRI/optoacoustic imaging
PRESENTER: Chris Jun Hui Ho
ABSTRACT BODY: 
Abstract Body: Introduction: Oncogenesis coincides with various physiological changes in the brain, such as
oxygenation status and blood perfusion. Multimodal imaging is useful in studying these tissue parameters to gain
insights into tumor physiology. In this context, image coregistration algorithms are required to coalign spatial
information from multimodal data. In addition, coregistration can be used for MRI-based segmentation and fluence
correction, which in turn can potentially provide more accurate multispectral optoacoustic tomographic (MSOT)-
derived oxygen saturation (sO2) estimates within superficial and deep-seated tumors.
Hypothesis/Aims: In this study, we propose the concept of using multimodal MRI/optoacoustic imaging, coupled with
image coregistration, segmentation and fluence correction, to study tumor physiology in an orthotopic glioma model.
Methods: U87MG glioma cells were stereotaxically injected into the brain parenchyma of female NCr nude mice to
develop the orthotopic model. Several MRI techniques such as pseudo-continuous arterial spin labelling (pCASL)
perfusion imaging and T2-weighted structural imaging were performed on a 7T scanner (Bruker, Germany), while
MSOT imaging was conducted on an iThera inVision 512 system. MRI measurements were coregistered and
correlated with oxygen saturation information from multispectral optoacoustic images. Fluence correction was then
applied to MSOT data on Matlab-based software, and its influence on quantitative accuracy was compared between
superficial and deep-seated glioma tumors.
Results and Discussion: As shown in Figure 1, MRI and MSOT data revealed lower perfusion and higher oxygen
saturation respectively at the tumor core compared to those at the rim, for both superficial and deep-seated tumors.
The MSOT-measured sO2 (82.7%±7.5%) at the superficial tumor core was higher than that (72%±2.4%) of the deep-
seated tumor core; while the sO2 at the rim was approximately 55.5%±3.5% in both cases. On the other hand, the
MRI-measured cerebral bloodflow (CBF) (14.4±13.9 ml/g/min) at the superficial tumor core was lower than that
(52.2±24.4 ml/g/min) of the deep-seated tumor core; while the CBF at the rim of the superficial and deep-seated
tumors were 126.2±67.4 ml/g/min and 173.8±62.2 ml/g/min respectively.
Conclusion: Multimodal MRI/optoacoustic imaging could resolve multiple tissue parameters in an orthotopic glioma
model. The multimodal approach enables the quantitative measure of several physiological parameters for gaining
insight into tumor pathophysiology.
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TITLE: Automated microfluidic device for reformulation and concentration of PET tracers
PRESENTER: Philip Chao
ABSTRACT BODY: 
Abstract Body: Background:  
Following synthesis of most positron emission tomography (PET) tracers, purification is performed via semi-prep high
performance liquid chromatography (HPLC). Purified product is collected in a mobile phase with volumes up to 10s of
mL. Since the mobile phase contains solvents such as acetonitrile (MeCN) or ethanol (EtOH), formulation involves
removal of these solvents to acceptable levels. Formulation is performed using solid-phase extraction (SPE) and/or
evaporation. In reversed-phase SPE, the sample is diluted with water, then passed through a cartridge to trap the
tracer. After washing the cartridge, the tracer is eluted with 1-2 mL of EtOH. Dilution with saline (10-20 mL) could
make the probe unusable for preclinical imaging, e.g. mice, where the maximum injection volume is ~100 µL, so the
EtOH is often evaporated first and the dried tracer reconstituted in saline. Direct evaporation of the original sample is
also possible, but requires bulky apparatus (rotary evaporator) and involves manual intervention. To avoid problems
associated with rotary evaporation, a compact microfluidic device for rapid concentration of PET tracers was
previously reported [1], but the ability to sufficiently remove solvents was not explored. We investigate here how to use
the device for both formulation and concentration.
Methods: 
Fabrication of the device (Fig. 1) was previously reported [1]. Concentration involves evaporating solvent through a
porous PTFE membrane. The possibility to perform reformulation in addition to concentration was investigated via 2
approaches. First, gas chromatography (GC) was used to compare EtOH content before and after concentration as a
function of initial EtOH content, evaporation temperature, and starting volume. In the second case, we attempted
complete evaporation of solvent and explored the ability to recover solute (tracer) in a low buffer volume.
Results: 
The rate of solvent removal is >2 mL/min. GC measurements showed that EtOH composition decreases at least ~5x
during the concentration process (Fig. 2). Since up to 10% EtOH v/v content is usually allowed for human injection,
this suggests that sufficient removal of EtOH will occur for mobile phases containing up to 50% EtOH. For mobile
phases >50% EtOH, or containing toxic solvents such as MeCN, complete solvent removal can be performed. Initial
experiments using [18F]fluoride with K2.2.2 and K2CO3 in H2O showed that, after drying, the solute could be
recovered in ~1 mL water with high efficiency (~99%) (Fig. 3). As a another demonstration, a sample of 2'-[18F]fluoro-
5-ethyl-1-β-D-arabinofuranosyluracil (18F-FEAU) in the mobile phase 8:92 MeCN:H2O was evaporated to dryness
and efficiently recovered in an injectable solution (~94-98%) (Fig. 3).
Conclusions: 
The microfluidic system can rapidly perform both formulation and concentration of tracers in a single device without
the need for large dilution reservoirs. Two modes of operation (Fig. 4) are possible: concentration of the initial mobile
phase to 1.0-1.5 mL, or complete removal of solvent and replacement with 1.0-1.5 mL of injectable buffer.
References: 
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TITLE: Optical projection tomography for three-dimensional analysis of cancer models following anti-vascular therapy
PRESENTER: Angela d'Esposito
ABSTRACT BODY: 
Abstract Body: Introduction: Colorectal cancer is the second most common cancer in both men and women in the UK1

. In the past decade, low molecular weight vascular disrupting agents (VDA) have been shown to cause rapid and
selective blockage of the established tumor vasculature, leading to cancer cell death2. This study demonstrates the
ability of Optical Projection Tomography (OPT) to detect the therapeutic effect of OXi4503 on the vessel architecture
of subcutaneous colorectal tumours, in three-dimensions.
Methods: 
Animal Model: Two human colorectal carcinoma cell lines (SW1222 and LS147T) were injected in 12 MF1 nu/nu mice
(1x106 cells). After 10 days, 6 mice were injected with OXi4503 combretastatin (250µl, 4 mg/ml) and 6 with sterile
saline (250µl).
Ex-vivo Preparation: After 48 hours animals were perfuse-fixed following intravenous injection of 100µg of lectin-
AlexaFluor 647, to fluorescently label blood vessels. Optical clearing of the tumours was achieved with BABB (1:2
benzyl alcohol: benzyl benzoate).
OPT: Transmission (white light) and emission (NIR: exciter 655/40 nm, emitter 716/40 nm), isotropic resolution 5 µm,
0.9 degree angular increments, exposure times 400÷600 ms.
Image Analysis: OPT images were reconstructed with NRecon software. Lectin signal (blood vessels) was segmented
from background autofluorescence using simple thresholding, and skeletonised with a thinning algorithm (Amira 5.4
and ImageJ).
Results: Individual tumour blood vessels were easily visualised on OPT images. Skeletonisation of vessels revealed
no difference in vessel size distribution or between tumour types, but blood volume in LS174T tumours was
signficantly lower than in SW1222 tumours (p<0.05, Wilcoxon rank sum). OXI4503 at a dose of 40mg/kg caused
blockage of central tumour blood vessels at 48 hrs after drug administration (Fig. 1). Also, a significant reduction of
vessel volume, and an increase in average vessel size within tumours was observed (p<0.05, Wilcoxon rak sum).
Conclusions: In this study, 3-dimensional OPT images of tumour microvasculature were produced by labelling with a
fluorescent marker and performing optical clearing. The detailed analysis of the vasculature afforded by this technique
allowed differences in vessel size and blood volume to be measured between control and treated tumours, This 3-
dimensional histological approach enables a more complete and quantitative analysis than could be performed using
conventional 2-dimensional approaches.
References: 1. Forner, Lancet, 2012, 2. Tozer, Nat Rev Cancer, 2005
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Figure: 3D renderings of the blood vessels, segmented from OPT data, and colour-coded for vessel size. Example
control and treated SW1222 tumours are shown in (a) and (b), respectively; example control and treated LS174T
tumours are shown in (c) and (d).
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TITLE: High resolution monitoring of B16F10 (melanin) cancer development using raster scan optoacoustic
mesoscopy in vivo
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ABSTRACT BODY: 
Abstract Body: Angiogenesis is a central cancer hallmark[1], understanding it is necessary for a better understanding
of cancer biology, as well as for a better development of cancer therapies and devising therapeutic strategies.
Unfortunately, either macroscopic systems exist which image the bulk properties of angiogenesis, or microscopic ones
which image microvasculature, but within a small field of view, and only within the first 200-300 µm. Additionally
contrast agents are needed to monitor angiogenesis in most the cases.
 
We used a high resolution raster-scan optoacoustic mesoscopy (RSOM) at acoustic frequencies of 50 MHz and at
100 MHz to image melanin, B16F10, tumor development in vivo. Based on the optoacoutic effect it is possible to do
this in a label free fashion, and beyond the microscopic depth[2].
 
RSOM allows imaging of large fields of view, up to 20 x 20 mm2, and depths of 2-5 mm. The system is based on an
epi illumination implementation of RSOM. The used ultrasound detectors are spherically focused, and custom
designed for ultra-widebandwidth. They also enable the coupling of light from the same side as the detector. The scan
head is raster-scanned in the xy-plane. Afterwards beamforming is used to reconstruct a three dimensional volume.
Because of the way optoacoustic waves are generated, small features such as microvasculature do not appear on the
finaly image. To retrieve them, multifrequency recosntruction is applied; by reconstructing the low frequencies, and the
high frequencies separately, then overlaying them on the final image, both the microvasculature, and the large vessels
appear on the same image.
 
Comparing the system performance at the different frequencies shows as expected a higher resolution in case of the
100 MHz detector system compared to the 50 MHz. On the other side the 50 MHz has a better signal to noise ratio
(SNR), thus they can detect features from deeper structures and layers, additionaly the 50 MHz detector has a larger
numerical aperture, which enables it to detect tilted structures, e.g. tilted vessels. Based on the comparison between
the 50 MHz and the 100 MHz we chose the 50 MHz for monitoring the development.
 
Following the performance comparison, we monitored the development of B16F10 cells, melanin tumor, over the
course of 9 days. The images shows the growth of the tumor, and it's interaction with the vascular bed. Additionally,
starting at day 4-5 after injection, looking at areas close to the tumor sprouting of new vasculature, or
neovascularization could be observed, this sprouting corresponds to angiogenesis, which is a centeal hallmark of
cancer[1,3].
 
[1] Hanahan, Douglas, and Robert A. Weinberg. "Hallmarks of cancer: the next generation." cell 144.5 (2011): 646-
674.
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Tumor development and angiogenesis in a mouse model of melanin cancer. A maximum intensity projection (MIP) of
a tumor on day 4, the image shows the vascular bed, and the vessels inside the tumor, inside the circule (a), an area
close to the tumor, which shows the new microvasculature sprouting, corresponding to angiogenesis inside the tumor
through days 4 to 9 (b-d). Red: large vasculature, Green: microvasculature. Scale bars: 1 mm (a), 0.5 mm (b-d)
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ABSTRACT BODY: 
Abstract Body: Cancer in the peritoneal cavity accounts for approximately 250,000 new cancer cases annually in the
USA. Conventional chemotherapy for the treatment of peritoneal tumors, such as pancreatic, gastric, colon, liver, and
ovarian cancers, presents clinical challenges due to diagnosis at the advanced stage, high incidence of tumor
recurrence, and chemoresistance. The development of novel, multimodal molecular imaging approaches for detection
and staging of primary and metastatic tumors, and monitoring drug delivery and therapeutic responses has the
potential to overcome several major obstacles in the clinical management of those patients. We have developed
multifunctional and multi-imaging modality magnetic iron oxide nanoparticles (IONPs) carrying therapeutic agents,
such as chemotherapeutics, cisplatin and doxorubicin, and a potent bacterial toxin PE38. These theranostic
nanoparticles are conjugated with NIR 830 dye labeled targeting ligands, including the amino terminal fragment (ATF)
of urokinase plasminogen activator (uPAR) or HER-2 affibody fused with or without the PE38 toxin. We found that
uPAR or HER-2 targeted IONPs or theranostic IONPs selectively accumulated in peritoneal tumors following
intravenous (i.v.) or intra-peritoneal (i.p.) delivery, which allowed non-invasive imaging of orthotopic pancreatic or
ovarian tumors as well as peritoneal metastatic tumors as small as 1 mm in diameter by optical, photoacoustic and
MR imaging approaches.  We further found that i.p. delivery of the targeted nanoparticles had a higher efficiency in
delivery into tumors compared to that of i.v. delivery. About 17% of injected dose/gram of tissue was detected in
tumors following i.p. delivery of uPAR-targeted IONPs, which was three fold higher than that of i.v. delivery.
Importantly, i.p. delivery of uPAR or HER-2 targeted theranostic IONPs carrying chemotherapy drugs, cisplatin or
doxorubicin, significantly inhibited the growth of orthotopic pancreatic or ovarian tumors without apparent systemic
toxicity. The detection of strong optical signals in residual tumors following i.v. or i.p. therapy using targeted,
theranostic IONPs suggested the feasibility of image-guided surgery using fluorescence, spectroscopic and
photoacoustic imaging devices to remove drug-resistant tumors. Additionally, i.p. delivery of targeting ligand-PE38
conjugated IONPs induced tumor cell death in primary and i.p. metastatic tumors in ovarian and pancreatic tumor
xenograft models.  Therefore, results of our study support future development of i.p. delivery of targeted theranostic
IONPs for image-guided treatment of peritoneal tumors.
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TITLE: Towards real-time cell tracking and imaging of metastasis formation with MPI
PRESENTER: Vera Paefgen
ABSTRACT BODY: 
Abstract Body: Magnetic Particle Imaging (MPI) is a new, non-invasive, highly sensitive tracer-based imaging
modality. It also allows quantification of the SPIO-based tracers and a high time resolution. We here present first in
vitro and in vivo results underlining the advantages of using MPI for tumor cell tracking and visualization of metastasis
formation.
 
Methods 
In vitro: To investigate the detection limit for pure tracers, several dilutions of Resovist® were made, scanned and
reconstructed. Murine 4T1 cells were cultured under standard conditions and incubated with 5 µl undiluted Resovist®
per ml medium in presence of 1.5 µg Poly(L-Lysine) (PLL) per ml medium for 24 hours. The tracer-labeled cells were
washed and diluted. Between 103 to 106 cells were placed in 0.5 ml tubes and centrifuged, cell pellets were scanned
after removal of the supernatant to define the detection limit of labeled cells.
In vivo: High temporal resolution was shown in vivo. Anesthetized female balb/c mice received i.v. bolus injections of
Resovist® or UW-1 in a clinically approved dose of 40 µmol Fe/kg body weight (injection volume was approx. 70 µl)
during the scans to measure and visualize the heartbeat.
Scanner protocol: The MPI scanner was operated in 3D acquisition mode with a high selection field gradient of 5.5
T/m/ and drive field amplitudes of 20 mT/ at about 25 kHz. Twenty volumes were recorded within 0.5 s and
reconstructed. For image reconstruction a system matrix for Resovist® (27.9 mg Fe/ml) and UW-1 (1.99 mg Fe/ml)
was recorded with an overall volume of 20×16×7.8 mm3.
 
Results 
In vitro: Phantom measurements with diluted tracers showed detectable signal and successful reconstruction up to a
dilution of 1/1024 for Resovist® which equals 0.4 nmol Fe (Fig. 1A, marked in yellow). Cells that were incubated with 5
µl Resovist®/ml medium with PLL were detectable down to approximately 5×103 - 104 cells per pellet which was
equivalent to 8.3 nmol Fe in this experimental setup (Fig. 1B).
In vivo: In a region of interest, drawn around the heart region, voxel intensities were analyzed from reconstructed
images (Fig. 1C, CT/MPI fusion) and a time series with a certain periodicity was detected. After Fourier
transformation, a heart rate of 318-336 beats per minute was extracted (Fig. 1D).
 
Discussion and outlook 
With our first MPI results, we were able to show the great advantages of MPI and the potential this technology holds
for further preclinical research. With a specific detection of very low amounts of a biocompatible tracer like Resovist®
that also gets taken up well by cells ex vivo, we are looking forward to track labeled tumor cells immediately after
injection with a high time resolution, and compare this immediate cell distribution with follow-up scans to detect
metastasis formation. Since the signal is expected to decrease around 50% per cell division, we also hope to gather
information on cell proliferation after comparison of MPI results with histology and FMT (iRFP-expressing 4T1 cells).
Investigating the migratory behavior or homing preferences of tumor cells with MPI might be a new promising way to
longitudinally monitor efficacy of drugs inhibiting metastasis formation.
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A: Reconstruction of Resovist in different dilutions<br />
B: Determination of cell number detection limit (approx. 8.3 nmol Fe/ 5*103 - 104 cells)<br />
C: Reconstruction of the heart region after a bolus injection, used for heart rate measurements<br />
D: Signal intensity (ROI seen in C) over time after bolus injection and the extracted heart rate (318 - 336 bpm)
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TITLE: In vivo imaging of CXCR4 expressing human cancer cells with a novel Near-Infrared labelled-CXCR4 cyclic
peptide antagonist Peptide R
PRESENTER: ANTONELLA ZANNETTI
ABSTRACT BODY: 
Abstract Body: Introduction: CXCL12/CXCR4 plays a major role in tumor invasion, proliferation and metastasis. Early
cancer detection, praecox relapse and monitoring therapy efficacy will benefit from effective imaging methods. A new
family of CXCR4 antagonist cyclic peptides was recently described. Three Peptides R, S and I were identified as the
most promising CXCR4 antagonist as they inhibited CXCR4 in vitro and in vivo (1). Peptide R is the best candidate
following in vivo studies. To realize a suitable probe for molecular imaging that will selectively target CXCR4
expressing tumors, a Peptide R antagonist based-(NIR)fluorescent probe was developed and evaluated for specific
CXCR4 binding in vitro and in vivo.
Material and Method: Peptide R was conjugated with NIR fluorescent VIVOTAG-S750. In vitro binding was evaluated
in B16-huCXCR4 murine melanoma, PES43 human melanoma and FB-1 human anaplastic thyroid cancer cells
expressing respectively high and low CXCR4 level. In vivo studies were performed in athymic nude mice
subcutaneous injected on the left flank with wild-type Chinese hamster ovarian (CHO) cells and on the right flank with
CHO cells stably transfected with CXCR4. Furthermore, PES43 cells were injected via the tail vein in an established
model of lung metastasis. Mice bearing tumor xenografts and lung metastasis were injected via the tail vein with
peptide R-IR-750 vs VIVOTAG-S750 alone and imaging was performed 4h to 3 days after probes injection using
Fluorescence Molecular Tomography (FMT4000). Mice were also imaged on a microCT scanner for spatial
localization of the FMT signal. CT images were point-based co-registered to the FMT datasets using OsiriX.
Quantitative analysis of the specific fluorescent signal was performed using dedicated software. At experimental end-
points, animals were euthanized, tumors and lungs were excised, and ex vivo imaging was performed.Then, tumor
sections were imaged using confocal microscopy.
Result and discussion: In vitro results showed that Peptide R-VIVOTAG-S750 binds distinctly cells overexpressing
CXCR4. In vivo studies showed that Peptide R-IR-750 specifically targeted CHO-huCXCR4 subcutaneous xenograft,
while no fluorescent signal was observed in wt-CHO xenograft. Thus Peptide R-IR-750 discriminated CHO-huCXCR4
from wt-CHO tumor cells, proving its applicability in the detection of CXCR4 expressing cells. Furthermore, Peptide R-
IR-750 specifically labeled PES43 lung metastases and localization were confirmed by co-registered CT images.
Conclusion: The novel probe for CXCR4, Peptide R-IR-750, is a promising tool for detection of high CXCR4-
expressing tumors and in particularly for lung metastasis.
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TITLE: Characterizing tumour microenvironments in triple negative breast cancer
PRESENTER: Di Chang
ABSTRACT BODY: 
Abstract Body: Introduction: The tumor microenvironment (TME) of solid tumors consists of stromal cells, the
extracellular matrix (ECM), and abnormal physiological environments, such as hypoxia and acidic extracellular pH
(pHe), which are associated with increased tumor metastasis and therapy resistance. However, the relationship of
these components is still poorly explored. The aim of this study was to visualize hypoxia and acidic pHe in a human
triple negative breast cancer xenograft by optical imaging, and to further examine the relationship between hypoxia,
pHe and the distribution of collagen 1 (Col1) fibers in the ECM, and cancer associated fibroblasts (CAFs) in solid
tumors using image co-registration and co-localization analyses.
 
Method: Human triple-negative breast cancer cells (MDA-MB-231) were stably transfected with red fluorescence
protein (RFP) expressed under the control of hypoxia response elements (HREs) (MDA-MB-231-HRE-tdTomato) to
detect hypoxia. 2×106 MDA-MB-231-HRE-tdTomato cells were orthotopically inoculated in the mammary fat pad of
the female severe combined immunodeficient mice. Once the tumor volume reached 200 mm3, the pH-sensitive NIR
probe DiIRBS was injected into the mice at a dose of 20 nmol through the tail vein. At 2h post injection, mice were
imaged sequentially with a Xenogen IVIS® Spectrum scanner to acquire the in vivo fluorescence signals from RFP
and the NIR probe in the tumor. Immediately after in vivo imaging, mice were sacrificed and the tumors were excised,
cut into 1-mm slices and imaged again. Second harmonic generation microscopy (SHG) and alpha-SMA staining were
further performed to measure the distribution of Col 1 fibers and CAFs in the tumors in relation to hypoxia.
 
Results and Discussion: The pH-sensitive NIR probe DIRBS was made by connecting two NIR fluorescent IR783 dyes
(ex/em: 760/780 nm) through an acid liable hydrazone bond, and the quenched fluorescence is dissociated by the
hydrolysis of the hydrazone linkage, resulting in NIR signal (Figure 1A). NIR (Figure 1B) and RFP (Figure 1C)
fluorescence signals were acquired to detect pHe and hypoxic regions in the xenografted tumors and tumor slices.
Heterogeneous distributions of the hypoxic and pHe regions were observed in the tumors. The resultant images were
analyzed for co-localization and showed overlap between the hypoxic and acidic pHe regions, while the acidic pHe
regions was found extending beyond and surrounding the hypoxic regions (Figure 1D). Col 1 fibers and CAFs are
currently being mapped to the hypoxic and pHe regions. These studies will provide further insight into the interactions
between hypoxia, pHe, Col1 fibers, and CAFs in the TME.
AUTHORS (LAST NAME, FIRST NAME): Chang, Di1; Jin, Jiefu1; Li, Cong2; Kakkad, Samata1; Bhujwalla, Zaver1

INSTITUTIONS (ALL): 
1. Department of Radiology and Oncology, Division of Cancer Imaging Research, The Johns Hopkins University
School of Medicine, Baltimore, MD, United States.
2. School of Parmacy, Fudan University, Shanghai, China.



Figure 1. (A) Molecular structure of DiIRBS consisting of two IR783 molecules linked by a hydrazone bond. The
quenched fluorescence is dissociated by the hydrolysis of the hydrazone bond, resulting in NIR signal. Representative
NIR (B) and RFP (C) fluorescence color-coded images of a tumor pre injection (left panel) and at 2h post injection
(middle panel) of DiIRBS and the corresponding sectioned slices (right panel). (D) Representative NIR (left panel) and
RFP (middle panel) fluorescence color-coded images of tumor slices. The merged images on the right panel show
acidic pHe regions surrounding the hypoxic regions.
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ABSTRACT BODY: 
Abstract Body: Introduction 
 
The accumulation of nanomedicine formulations at pathological sites often depends on the enhanced permeability and
retention effect (EPR)1. EPR is known to be very heterogeneous, both in animal models and in patients, and even
within a single patient and tumor, certain vessels are more leaky than others. To better understand the (patho-)
physiological parameters contributing to EPR, we visualized and quantified the tumor accumulation of 10 nm-sized
fluorophore-labeled polymeric drug carriers in three tumor models.
 
Methods 
 
A431 epidermoid, CT26 colon and MLS ovarian carcinoma cells were subcutaneously inoculated into CD-1 nude mice
(n=5 per model). When tumors reached a diameter of 7-10 mm, alexa-750 and alexa-488-labeled pHPMA-based
polymers were injected intravenously, and tumor accumulation was longitudinally monitored using hybrid computed
tomography / fluorescence molecular tomography (CT-FMT2). Findings were validated using ex-vivo fluorescence
reflectance imaging (FRI), fluorescence microscopy and a two-photon laser-scanning microscope (TPLSM).
 
Results 
 
The fluorophore-labeled polymeric drug carrier gradually accumulated in tumors over time. Figure 1 shows clear
difference of polymer accumulation among the tumor models. The highest overall amounts of tumor accumulation
were observed in CT26 (10 % injected dose (ID) per 250 mm3 tumor), followed by MLS (8 % ID) and A431 (5 % ID).
Fluorescent microscopy showed a dense vascular network in CT26 tumors, and a relatively deep penetration of the
polymers out of the blood vessels into the tumor interstitium. Collagen content was assessed by second-harmonic
generation TPLSM imaging, showing significantly higher levels of collagen in CT26 and in MLS than in A431 tumors.
CT26 presented with an increased collagen value especially directly next to the vessels, which indicates that a certain
amount of collagen might be necessary to stabilize the vessels and hinder them from collapsing and thus enhancing
perfusion, extravasation and nanomedicine accumulation. A correlation between selected tumor-specific markers was
performed, showing that tumor volume, cellularity, vessel maturity, angiogenesis and macrophage content play an
important role in EPR-mediated tumor accumulation.
 
Conclusions 
Different factors contribute to EPR-mediated tumor accumulation of nanocarriers. We here demonstrate that not only
vascularization and collagen content play an important role, but also vessel maturity, angiogenesis, macrophage
content, cellularity and the tumor volume need to be considered. In currently ongoing experiments, we are attempting
to correlate tumor accumulation with antitumor efficacy. Such systematic and mechanistic studies looking at the
principles of EPR and at the correlation between EPR imaging and therapeutic efficacy are considered to be important
for improving the clinical translation of nanomedicines.
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Figure 1: EPR mediated tumor accumulation of pHPMA-DY750 polymers<br />
A) 2D and 3D CT-FMT images of pHPMA-DY750 tumor accumulation in  A431, MLS and CT26 (tumor indicated by
yellow arrows or circle). B) 2-photon images showing a highly different accumulation of polymers and distribution of
vessels. C) Injected dose (%) normalized on 250 cubic millimeter for each tumormodel (n=5) indicating different
accumulations according to the tumors EPR. D) Ex-vivo fluorescent FMT 2D-images showing different fluorescence
intensities for each tumormodel. E) Correlation between injected dose (%) and various tumor-specific factors.
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ABSTRACT BODY: 
Abstract Body: Prostate cancer (PCa) claims the lives of nearly 30,000 men each year the United States alone. PCa
biopsies, the second step following PSA testing, are commonly performed using ultrasound (US) guidance, but the
delineation of tumors within the prostate with US is not clear. This has led to rising morbidity from current standard of
care biopsies that are not aimed at a specific target but rather typical locations where cancer can be found. The
development of a new tool to accurately depict cancer within the prostate is thus urgently needed to aid in staging and
biopsy guidance. To mitigate this need, we have developed a nano-sized US contrast agent (called a nanobubble –
NB) targeted to prostate-specific membrane antigen (PSMA) via a new highly specific peptide. The targeted NBs, are
similar in structure to clinically used microbubbles (MB) and are clearly visible on clinical US. In contrast to MB which
remain in the vasculature, the <200 nm NB size enables them to accumulate in tumors and directly bind to cancer
cells. In this study, we have covalently coupled a novel PSMA targeting ligand to highly echogenic nanobubbles to
differentiate between human PCa cell lines PC3pip (PSMA+) and PC3flu (PSMA-) both in vitro and in vivo using a
clinical diagnostic ultrasound system. In our preliminary proof of concept studies, mice bearing both tumor cells
(PSMA+ and PSMA-) showed an 11-fold increase in US signal in PSMA expressing tumors compared to PSMA- tumor
20 minutes post-injection of the targeted NB agent. The slower washout of targeted NBs from the tumor parenchyma
is likely due to the ligand-receptor interaction, creating greater sensitivity for detection of PSMA positive tumors. These
studies show that PSMA targeted nano-sized contrast agents have the potential to improve both specificity and
sensitivity of prostate cancer detection by improving the delineation of tumors during contrast-enhanced US exams. In
future applications, PSMA targeted NB agents could aid in performance of more specific, prostate tumor targeted
biopsies.
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TITLE: Intravital and MR imaging of xenograft tumors guide the use of ferumoxytol-MRI for personalized
nanomedicine delivery to tumor associated macrophages.
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ABSTRACT BODY: 
Abstract Body: Therapeutic nanoparticles (TNPs) have been developed to deliver cytotoxic compounds more safely
and effectively to solid cancers [Bertrand et al., 2014, Adv Drug Deliv Rev, 66, 2-25], yet many clinical trial results
have been heterogeneous and unpredictable [Schutz et al., 2013, Nanomedicine (Lond), 8, 449-67; Rugo et al., 2015,
J Clin Oncol, 33, 2361-9], owing to our limited understanding of in vivo TNP transport and activity. Recent work has
shown that ferumoxytol, an iron-oxide nanoparticle that is FDA-approved for anemia and also is an investigational MRI
contrast agent, can prospectively identify tumors that avidly accumulate nanoparticles via enhanced permeability and
retention (EPR) factors and that subsequently respond well to TNP treatment [Miller et al., 2015, Sci Transl Med, 7,
314ra183]. However, how this predictive correlation occurs at the single-cell level, especially with respect to
substantial heterogeneity within regions of even the same tumor, remains unclear. 
 
To address this issue, here we used multi-channel high resolution confocal fluorescence microscopy to simultaneously
monitor multiple processes in real-time and at the single-cell level in live animal models of cancer. A recently
described model TNP [Miller et al., 2015, Nat Commun, 6, 8692] was used to image the delivery of i) a fluorescent
TNP nanoparticle vehicle based on poly(D,L-lactic-co-glycolic acid)-b-polyethylene glycol (PLGA-PEG), ii) its cytotoxic
fluorescently-tagged pro-drug payload related to the widely-used platinum chemotherapy cisplatin, iii) fluorescently-
tagged ferumoxytol, and iv) single-cell DNA damage response to the platinum TNP using a fluorescent reporter of the
non-homologous end joining pathway, 53BP1-mApple [Miller et al., 2014, ChemMedChem, 9, 1131-5]. 
 
We found that ferumoxytol co-localized more strongly with the TNP vehicle compared to it payload, with highest levels
for both observed in tumor associated macrophages (TAMs).  Combining intravital imaging with automated 3D image
segmentation and computational analysis revealed that although tumor cells did not accumulate substantial
ferumoxytol, tumor cells closely neighboring the ferumoxytol-positive TAMs exhibited higher levels of TNP payload
and correspondingly higher levels of DNA damage response.  Evidence from histology and flow-cytometry confirms
that both ferumoxytol and the TNP vehicle accumulate in TAMs, but that TNP payload gradually redistributes to
neighboring tumor cells, forming a quantifiable spatial gradient.  As a control, no similar relationship was found
between ferumoxytol and local DNA damage when the non-encapsulated cisplatin was administered in a traditional
solvent-based formulation.  Furthermore,  chemical macrophage depletion dramatically decreased TNP delivery and
longitudinal efficacy. 
 
Overall, these results show that ferumoxytol accurately predicts enhanced nanomedicine accumulation in tumors both
by MRI and at high spatial resolution, as visualized by TNP payload redistribution from TAMs to neighboring tumor
cells. This work has implications for designing nanomedicine clinical trials and improved delivery strategies.
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TITLE: Imaging EGFR by PET in head and neck cancer: current issues and future perspectives
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ABSTRACT BODY: 
Abstract Body: The epidermal growth factor receptor (EGFR) is a key player in the proliferation and survival of cells.
Studies have found that EGFR mRNA is elevated in 92% and EGFR protein in 38%-47% of head and neck cancer
cases1. Clinical findings have revealed that high levels of EGFR are associated with poor prognosis in HNSCC
patients, but treatment with EGFR targeted monotherapies has thus far yielded limited success2,3. To evaluate EGFR
expression, IHC is currently the method used, but is invasive and can be affected by non-representative sampling.
These findings highlight the importance of developing molecular imaging agents for non-invasive in vivo visualization
of EGFR expression, with the potential for patient stratification.
 
ZEGFR:03115Affibody molecules were conjugated to desferrioxamine (DFO) via the C-terminal cysteine and labeled
with 89Zr. In vitro tracer binding specificity and affinity was evaluated using a panel of HNSCC cells expressing
different levels of EGF receptors. Mice bearing CAL27 (EGFR+++), Detroit 562(EGFR+) and MCF7 (EGFR-) tumors
were injected with 100 µl (1.3-3.6 MBq, 1-2 µg) of 89Zr-ZEGFR:03115Affibody via the tail vein. Biodistribution studies
were carried out on the mice at 3, 24, 48hr post administration of the radioconjugate, which was spiked with 0-20 µg of
nonradioactive ZEGFR:03115Affibody. Selected organs were dissected and their radioactivity measured using a γ-
counter. The in vivo imaging profile of the optimum dose of 89Zr-ZEGFR:03115Affibody was investigated by PET at 3,
24 and 48hr post tracer injection. Tracer metabolites were evaluated in the blood plasma using ITLC. The presence of
neoplastic cells, EGFR expression and distribution of the tracer was assessed ex vivo by IHC and autoradiography.
 
In vitro assays confirmed high-affinity binding of the 89Zr-ZEGFR:03115Affibody probe to CAL27 cells (Kd =2.78 ±
0.13 nM). Pre-incubation with non-labelled Affibody inhibited the binding of the radioconjugate to the cells in a dose-
dependent manner. In vivo the affibody radiotracer was able to distinguish high EGFR expressing tumors (CAL27
3.88±0.18%ID/g) from low expressing (DT562 2.42±0.13%ID/g) and EGFR negative tumors (MCF7 1.67±0.15%ID/g).
The dose titration of unlabeled affibody exhibited that, when imaging EGFR, it is imperative to use a spiked dose of
unlabeled affibody to increase tumor to liver ratio. Tracer was eliminated quickly from the blood and normal tissues,
producing high tumor-to-blood ratios (24hr T:B=2.5; T:M=16.0, 48hr T:B=9.34; T:M=13.56). The highest normal tissue
uptake of radioactivity was seen in the kidneys. A strong correlation was observed between PET and ex vivo
estimates of tracer concentration and the receptor expression in the tumor tissue, as assessed by biodistribution,
western blot, autoradiography and IHC. Stability tests of 89Zr-ZEGFRAffibody in vitro revealed that the tracer is stable
in blood after 3 hours.
 
Our results suggest that the described 89Zr-ZEGFR03115-Affibody can assess different levels of EGFR expression in
vivo and has the potential to be used to stratify patients for treatment.
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ABSTRACT BODY: 
Abstract Body: Objectives 
Most hereditary factors underlying breast cancer are considered tumor cell-autonomous, with far less emphasis
placed on testing germline variants that impact the tumor microenvironment, which is expected to play a major role
both in tumor cell proliferation but also in chemo or radiotherapy delivery and response. Herein, we report for the first
time a rapid and inexpensive dynamic near-infrared fluorescence (DyNF) imaging for identifying and characterizing the
impact of germline microenvironment variation on vascular function in orthotopic MDA-MB-231 xenografts.
 
Methods 
An immune compromised (IL2Ry mutant) parental salt sensitive rat strain (SS-IL2Ry) was generated and
characterized, and selectively bred onto the SS.BN3 consomic background (SS.BN3-IL2Ry), essentially substituting
the 3rd chromosome in SS strain by the Brown normal (BN) strain (CXM: a new tool for mapping breast cancer risk in
the tumor microenvironment. Cancer Res. 74, 6419–6429 (2014)). MDA-MB-231 cells were orthotopically implanted in
these strains and tumor growth and morphology measured. The data demonstrated that vascular density and structure
was altered in SS.BN3-IL2Ry rats, with an increase in vascular disorganization, and reduction in growth and
metastasis. The DyNF imaging of rats were performed using a deep-cooled intensified charge-coupled device
(PiMAX, Princeton Instruments) at 50 ms temporal resolution for 6 minute following a 1 mL bolus injection of 400 µM
indocyanine green (ICG) delivered via a tail vein cathetar (λex/λem=785nm/830nm).The kinetic data was decomposed
by principal components to generate anatomical maps, and pharmacokinetics analyzed by the two compartment
model in whole-body, liver, lungs, and tumors.
Results 
Principal component analysis was sufficient to segment and identify organs; lung, liver and tumor, etc. Fig 1(a-d) in
~200 gm rats (following the methods reported for nude mice by Hillman et.al. Nature Photonics, 2007). The uptake
and release of ICG biodistribution in these regions were analyzed by two compartmental pharmacokinetics (PK)
models. The uptake significantly differs based on germline variation in the tumor microenvironment (Fig 1e). Lower
uptake (wash-in) rate and higher release (wash-out) rate for SS as compared SS.BN3 rat was observed, which
verifies the more aberrant vessel structure reported for SS strain. PK model ( , where A, α and B, β describes the
wash-in (uptake) and wash-out (release)) was applied to normalized fluorescent intensity time series (Supplementary
data). The PK parameters extracted from pre and post-tumor ICG fluorescence data demonstrated significant
differences in wash-out rate from lung, liver, whole-body and tumor. These observations confirmed the impact of
change in the tumor microenvironment on vascular function with implications for therapy efficacy.
Conclusions 
In this study, we have developed a new non-invasive imaging method for quantitatively characterizing the whole body
circulation in rat models of cancer, and demonstrated its sensitivity in discriminating vascular differences and tumor
growth in consomic rats differing by a single chromosome.
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Fig. 1 The ROI’s mask generated from (a) PC1, (b) PC123(T), (c) PC2(P) and (d) PC3(N)  principal components to
segment the whole body, tumor, liver and lungs to study the biodistributions dynamics. (e) Time courses of ICG
fluorescence after correcting for motion artifacts, averaged over target organs in SS and SS.BN3  rat strains.
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TITLE: Assessment of parameter sensitivity in pharmacokinetic analysis of hyperpolarized pyruvate
PRESENTER: Changyu SUN
ABSTRACT BODY: 
Abstract Body: Purpose 
Imaging of hyperpolarized (HP) pyruvate can give insight into tumor metabolism and the Warburg effect; therefore,
quantitative assessment of the conversion of HP pyruvate to HP lactate in vivo is of great interest for monitoring
response to cancer therapy [1]. The exchange of HP pyruvate with HP lactate can be described using a
pharmacokinetic model with two chemical and two physical compartments [2]. The model employs several parameters
that must be determined by 1H or 13C MRI which will impact the accuracy of the apparent chemical conversion rate
constant (kpl). In this work, we use simulation to examine and compare the effects of errors in ‘nuisance parameters’
on quantitative assessment of tumor metabolism.
Methods 
The simulated HP data was generated using a perfused Bloch-McBonnell simulator [3]. A simple dynamic pulse-
acquire sequence (FA = 20°, TR = 2s, SW = 4096 Hz, NOP = 2048) was used to simulate HP data; a perfectly
homogeneous B0 of 7T was assumed with a radio frequency excitation pulse modeled as a five-lobed sinc pulse with
5-kHz bandwidth centered halfway between the lactate and pyruvate resonances. T1 for pyruvate and lactate were
assumed as 43 and 33 seconds, respectively. The vascular input function was modeled as a gamma-variate function.
The ground truth of kpl was set to be 0.1 s-1. Pyruvate extravasation (kve) was varied over a physiologically relevant
range (0.005~0.04 s-1), as was the fractional blood vascular volume (vb, 0.02~0.1). To test the effects of errors error
scaling factors were applied to known parameter values during PK analysis for kpl. Error factors were applied
following:
 
Pe=Pt×ef (1)
 
where Pe was the parameter value used analysis, Pt was true value of the parameter in the driving simulation, and ef
was the error factor for that iteration.
Results & Discussion 
The proposed algorithm allowed investigation of the relative error imparted by mis-estimation of model parameters.
Representative results illustrating the effects of errors in tumor perfusion parameters vb and kve are shown in Figure
1: vb and kve accuracy both impact estimation of kpl, but the estimation was more sensitive to the errors of vb than k

ve. The effects of all model parameters can be quantified and compared to help optimize imaging strategies that will
result in the best accuracy and reproducibility for quantitative analysis of tumor metabolism.
References 
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Figure 1 Evaluation of effects of error in model parameters on pharmacokinetic analysis kpl. The black vertical dotted
line shows the estimated kpl errors of ±10%. The red vertical dotted line shows kpl with no error (error factor=1).
Relationship between error factors of different vb (left), kve (right) and the estimated kpl (solid dots), and comparison
of the true values of kpl (hollow red dots).
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TITLE: Combined efficacy and toxicity imaging following acute 5-FU treatment of HT-29 tumor xenografts
PRESENTER: Jeffrey Peterson
ABSTRACT BODY: 
Abstract Body: Cancer chemotherapy can produce severe side effects such as suppression of immune function and
damage to heart muscle, gastrointestinal tract, and liver. If serious enough, tissue injury can be a major reason for late
stage termination of drug discovery research projects, so it is becoming more important to integrate safety/toxicology
assessments earlier in the drug development process. There are a variety of traditional serum markers, tailored
mechanistically to specific tissues, however there are no current non-invasive assessment tools that are capable of
looking broadly at in situ biological changes in target and non-target tissue induced by chemical insult.
 
We used non-invasive near infrared (NIR) fluorescence tomography for whole-body imaging of luciferase-expressing
HT-29 human colon adenocarcinoma tumors implanted in nude mice. Both tumor and host tissue responses were
imaged using a cocktail of near infrared fluorescent imaging agents, specific for cell death (Annexin-Vivo 750TM

[AV750]), inflammatory matrix metalloproteases (MMPSenseTM 750 FAST [MMP750]), and metabolic changes in
transferrin receptor expression (Transferrin-VivoTM 750 [TfV750]). Vascular changes were imaged using AngioSense
® 680 (AS680). As a means of validating this efficacy/tox screening approach, HT-29-bearing nude mice were dosed
with 5-Fluorouracil (5-FU). 5-FU has been a mainstay in the treatment of many cancers, including colorectal, but is
associated with several peripheral toxicities, including gastrointestinal, hepatic, renal, vascular, and (less frequently)
cardiac. Dosing was performed as a single IP bolus administration, using doses (50 and 100 mg/kg) known to have
minimal overt effects on body weight or tumor mass using this acute dosing regimen. At 2h and 24h post-5-FU,
independent cohorts of mice were injected IV with the AV750/MMP750/TfV 750 cocktail (AMT 750) combined with
AS680. Imaging was performed 24h later. No apparent effects were seen on tumor mass with this very short treatment
regimen, although there was a trend for decreased bioluminescence 2h following 5-FU. Interestingly, there was a
measureable increase in tumor AMT750 signal, in a dose- and time-dependent manner. A similar, but more dramatic,
response profile was seen in the heart, suggesting rapid tissue damage and vascular changes that resolved by the
later imaging timepoint. Kidneys showed enhanced AMT750/AS680 at the early timepoints; liver showed only AMT750
signal increases at the early timepoint and high dose; and lungs showed a trend of both AMT750 and AS680
increases that peaked at the early time and high dose. No obvious effects were seen in the intestines, but the stomach
showed increased vascular agent accumulation. These results agree well with observations in the literature and in
patients and suggests that NIR fluorescence tomography of the reported imaging agents provides a sensitive
approach to simultaneously detect both chemotherapeutic tumor efficacy and suggestions of adverse effects on
tissue.
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HT-29 Tumor-bearing mice were untreated or treated with a single IP dose of 5-FU.  Two hours later, mice were
injected IV with a cocktail of imaging probes, including Annexin-Vivo 750, MMPSense 750, and Transferrin-Vivo 750
to detect overall changes in cell death, inflammation, and metabolism in both tumor and non-tumor tissue.  Mice were
imaged tomographically on the FMT® 4000 optical imaging system.
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TITLE: Pre-clinical evaluation of DDAO arachidonate as a contrast agent for fluorescence guided surgery of basal-like
breast cancer
PRESENTER: Michael Chiorazzo
ABSTRACT BODY: 
Abstract Body: Fluoresence guided surgery is a field rapidly gaining attention as a method of increasing the ability of
surgeons to discriminate between cancerous and healthy tissue during the resection of a tumor. This technique uses
fluorophores which either activate selectively or accumulate within a tumor to guide the removal of a greater
percentage of cancerous tissue, thus decreasing the probability of relapse and metastasis.1 Previously, we have
presented the activatable construct, DDAO arachidonate, a fluorophore quenched through esterified arachidonic acid
and activated selectively through the actions of cytosolic phospholipase A2 (cPLA2).2 cPLA2 is a signaling
phospholipase demonstrated to be elevated in several cancers. In breast cancer cPLA2 is correlated to sub-type, with
aggressive basal-like cancers having high expression and less aggressive luminal-like breast cancers having low
expression.3 
 
Here, we explore the ability of DDAO arachidonate to activate in basal-like breast cancers compared to luminal-like
and healthy mammary tissue. Using fluorescence spectroscopy combined with fluorescence microscopy (ex/em
600/660) we show that fluorescence activation of DDAO arachidonate varies with breast cancer sub-type. In
established human cell lines we demonstrate that DDAO arachidonate activation correlates with cPLA2 expression in
breast cancer sub-types with basal-like breast cancer having higher fluorescence than Her2+ cells and luminal-like
breast cancer having the lowest fluorescence. To test the ability to resolve these cell lines as tumors, basal-like and
luminal-like breast cancer cell lines were grown as orthotopic tumors in mice. Tumors and normal mammary fat pads
were resected from mice, sectioned and cultured ex vivo. Incubation with DDAO arachidonate showed significantly
higher fluorescence from basal-like versus luminal-like tumors and mammary fat pad. Control probes that are non
sensitive to cPLA2 did not activate. Finally, in order to mimic a surgical setting, mice bearing basal-like orthotopic
tumors were injected with DDAO arachidonate i.p. One hour later, mice were euthanized, the peritoneal cavity was
exposed and analyzed with whole body fluorescence imaging (ex/em 660/680). Strong fluorescence was observed
from the site of the tumor (Figure 1A). Resection of individual organs revealed that fluorescence was present to a high
degree in the tumor, but not in the mammary fat pad (Figure 1B). We conclude that DDAO arachidonate may serve as
a useful agent for the intra-operative fluorescence guided surgery of basal-like breast cancer.
 
1) Vahrmeijer, et al. (2013) Nature Reviews Clinical Oncology, 10, 507-518.
2) Chiorazzo, et al. (2015) Bioconjugate Chemistry, 26, 2360-2370.
3) Caiazza, et al. (2011) British Journal of Cancer, 104, 338-344.
AUTHORS (LAST NAME, FIRST NAME): Chiorazzo, Michael2; Popov, Anatoly V.3; Delikatny, Edward J.1

INSTITUTIONS (ALL): 
1. University of Pennsylvania, Philadelphia, PA, United States.
2. Pharmacology, University of Pennsylvania, Philadelphia, PA, United States.
3. Radiology, University of Pennsylvania, Philadelphia, PA, United States.



Figure 1. Intra operative Imaging of basal-like breast cancer. 4175Luc+ triple negative (basal-like) breast cancer cells
were grown as orthotopic tumors and tumor xenografts in mice. DDAO arachidonate was injected into the peritoneal
cavity near where the orthotopic tumor lay. Mice were euthanized after one hour. (A) Intra-operative imaging showing
the opened cavity where DDAO arachidonate was injected. Orthotopic tumor is marked with a white arrow. (B) Ex vivo
analysis of excised tumors and mammary fat pads. Control is shown with no DDAO arachidonate injected.



CONTROL ID: 2500948
TITLE: 68Ga-DOTA-NT20.3 a PET imaging probe for targeting neurotensin receptor 1 in mouse models of human
ductal pancreatic carcinoma
PRESENTER: Aurélie Prignon
ABSTRACT BODY: 
Abstract Body: Introduction 
Early diagnosis of pancreatic ductal adenocarcinoma (PDAC) is difficult. 2-deoxy-2-[18F]-fluoro-D-glucose (18F-FDG)
is an approved positron emission tomography (PET) imaging agent for PDAC. However, 18F-FDG has limited
sensitivity and specificity. PDAC expresses high density of neurotensin receptor 1 (NTSR1) as compared to normal
human pancreas [1].
We radiolabeled neurotensin (NT) analogue with gallium 68 (68Ga) and assessed its use as a PET imaging probe for
targeting neurotensin receptor-1 (NTSR1) in mice bearing subcutaneous human PDAC. 68Ga-DOTA-NT20.3 was also
evaluated in a clinically more relevant orthotopic model of pancreatic cancer and compared to 18F-FDG radiotracer.
Methods 
AsPC1 human ductal pancreatic cells were grafted in nude mice. NT analogue (DOTA-NT20.3, 12nmol) was
radiolabeled with 68Ga (150 to 250MBq). Dynamic PET imaging (MOSAIC, Philips) were performed during 50 min
post-injection (p.i.) of 68Ga-DOTA-NT20.3. By drawing volume of interest (VOI), time activity curves (TACs) were
generated and SUVmax uptake ratios (tumor-to-non tumor) were calculated. Ex-vivo biodistribution in organs (%ID/g)
was investigated 1h p.i. 68Ga-DOTA-NT20.3 specificity was tested with a co-injection of a 400-fold excess of NT20.3
peptide. 68Ga-DOTA-NT20.3 and 18F-FDG PET imaging were performed on orthotopic AsPC1 tumor–bearing mice at
14 and 30 days after implantation of tumor cells into the head of the pancreas. Ex-vivo quantification of each tracer
was evaluated in tumors.
Results 
DOTA-NT20.3 peptide was radiolabeled in 30 min with radiochemical yield (RY) from 76 to 95%, radiochemical purity
≥ 99% and specific activity (SA) of 8.1 ± 2.7 MBq/nmol.
Mice were characterized by a rapid delivery of 68Ga-DOTA-NT20.3 up to 2 min p.i. into blood compartment, a renal
excretion between 5 to 10 min p.i. and elimination by urinary bladder reaching 55 to 61% of ID in 50 min p.i. ASPC-1
tumors were clearly visible on PET imaging as early as 10 min after tracer injection and high-contrast PET images
were obtained between 40 and 50 min p.i. No uptake was observed in pancreas, the organ of interest.
Ex vivo biodistribution, investigated 1h p.i., showed high uptake in AsPC1 tumor 5.28 ± 0.93 %ID/g. moderate kidneys
retention 5.38 ± 0.54 %ID/g, low activity in the pancreas 0.22 ± 0.03 %ID/g and remaining organs, consistent with
findings on PET imaging.
The specificity of 68Ga-DOTA-NT20.3 tracer for NTSR1 was confirmed in a blocking study with a 70% of reduction in
SUVmax uptake ratio and in %ID/g.
Orthotopic pancreatic tumors were detectable by PET imaging only 14 days after implantation giving good contrast. 18
F-FDG uptake in tumor seemed to be low, with poor contrast.Biodistribution analyses confirmed specific retention of
68Ga-DOTA-NT20.3 in orthotopic pancreatic tumor xenograft.
Conclusions 
68Ga-DOTA-NT20.3 has a favorable pharmacokinetics and biodistribution profile, which results in high quality PET
images. 68Ga-DOTA-NT20.3 seems to be a good PET imaging probe for targeting over-expression of NTSR1 in
human ductal pancreatic carcinoma.
1. Ehlers, R.A., et al., Annals of Surgery, 2000.
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Representative 68Ga-DOTA-NT20.3 (a) and 18F-FDG (b) PET imaging in mice bearing AsPC1 tumor orthotopically.
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TITLE: Color Magnetic Particle Imaging Based on Neel and Brownian Relaxation Contrast
PRESENTER: Daniel Hensley
ABSTRACT BODY: 
Abstract Body: Introduction 
Magnetic particle imaging (MPI) is a new, safe, and sensitive vascular and cellular imaging modality [1-3]. An MPI
scan is created by flipping iron oxide magnetic nanoparticle (MNP) tracers in the presence of a translating field
gradient, using an oscillating uniform magnetic field (typically, 25 kHz). Note that an MPI scan cannot be created in an
MRI scanner. The tracer response reveals the Brownian or Neel relaxation time required to flip the MNP in the 25 kHz
magnetic field [4-6]. Researchers are now exploring this relaxation signature as a separate imaging axis in MPI. By
analogy with multi-color fluorescent probes, this is termed “color MPI” [7,8]. This work explores color MPI approaches
and whether relaxation measurements can reveal the local viscosity, tracer binding, or cell internalization. This effort
could launch color MPI as a powerful new molecular imaging tool.
 
Materials and Methods 
Color MPI experiments were conducted with two different magnetic particle tracers: commercially available Chemicell,
largely Neel in character, and nanoMag MIP with mixed Neel and Brownian character. The phantom geometry and
FFP MPI scanner [9] used are shown in Fig. 1(a). A multi-acquisition pulse sequence was used to accentuate
relaxation-based differences. Standard MPI reconstruction [10] was applied followed by a custom unmixing algorithm.
The two “component” images corresponding to each tracer were color coded and superposed as shown in Fig 1(a).
 
MPI relaxometers have been validated to predict MPI spatial resolution [5]. As shown in Fig. 1(b), a relaxometer was
used to test for detectable relaxation changes under various stimuli: 1) variable viscosity environments via differing
glycerol-water mixtures, 2) addition of biotinylated albumin applied to streptavidin-coated tracers to test the effects of
binding events, and 3) the location of tracers inside or outside of cells using standard labeling and cell lysing
procedures [11]. Tracers from different manufacturers were used in different experiments.
 
Results and Conclusions 
Color MPI shows excellent ability to unmix tracers, however current techniques can be improved, especially for
robustly and consistently unmixing co-localized tracers. The relaxometry experiments show that changes to the MPI
signal are apparent for all three tested cases: when MPI tracers are exposed to different viscosities, are bound by
ligands, and are present inside or outside of a cell. These results are highly encouraging and indicate there is great
flexibility in multiplexing and attaining physiologic contrast in future color MPI and contrast-enhanced imaging studies.
Work is ongoing for improved data acquisition and reconstruction methods in this context.
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Figure 1 Color Magnetic Particle Imaging and Relaxation-based Contrast. (a) Color MPI experimental data: (left) Field-
free point (FFP) scanner used (right) MPI tracer phantom, standard MPI image, and colorized image after applying a
tracer unmixing color algorithm to multi-acquisition MPI pulse sequence data from a phantom composed of MPI
tracers with different relaxation properties (b) (left) MPI Arbitrary waveform relaxometer (AWR) used in relaxation
sensitivity experiments. (right) Experimental data demonstrating the ability of the AWR to detect relaxation-based
changes in MPI signal due to variable viscosity, cell internalization, and streptavidin-biotin binding events.
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TITLE: Evaluation of OTL38, a Folate Receptor-targeted Near Infrared Agent, in Orthotopic, Subcutaneous, and
Metastatic Tumor Models of Ovarian, Breast, NSCLC, Colorectal, and Kidney Cancers
PRESENTER: Dhwani Haria
ABSTRACT BODY: 
Abstract Body: Image-guided surgery is an emerging technology that aids in the accurate identification and removal of
malignant tissues without compromising healthy tissues. An inherent challenge in the field is the development of
imaging agents that are specific and sensitive for the cancer tissue and selectively accumulate in the tumor, especially
occult lesions that would not have been identified by usual techniques. While FDA approved indocyanine green (ICG),
a non-targeted near infrared (NIR)-dye, has been used in image-guided surgery for certain cancers, it has been found
to have significant limitations with respect to sensitivity and specificity in the identification of tumor tissue due to its
non-targeted nature. Tumor-targeted NIR dyes are getting increased attention because of their ability to increase
sensitivity and specificity to resect tumor during image-guided surgery. One of the more attractive molecular targets to
emerge in this area is the folate receptor (FR), because (i) it is overexpressed on many tumors, including cancers of
the ovarian, endometrial, kidney, non-small cell lung, liver, breast, bladder, colorectal, gastric and pancreatic, and (ii) it
is present in low or non-detectable quantities in most normal tissues. Motivated by a need for improved tumor
identification, we developed a novel FR-targeted NIR probe (OTL38) that has very high affinity to FR for use in image-
guided tumor surgery. OTL38 has been proven safe in phase I clinical trials and effective in completed phase II clinical
trial for the detection of ovarian cancer. Current study demonstrates the utility of OTL38 for visualization and removal
of tumor margins in ovarian, non-small cell lung, liver, breast, kidney, and colorectal cancers using both orthotopic and
subcutaneous tumor models. We found that OTL38 mainly accumulated in the primary tumors with minimal or no
uptake in the other tissues (except kidney) leading to very high tumor-to-background ratios. Moreover, OTL38 was
able to illuminate metastatic tumors in lung, liver, spleen and thyroid gland in metastatic tumor models. We conclude
that OTL38 serves as an exceptional tool for use in image-guided surgery of many cancers.
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CONTROL ID: 2501002
TITLE: Development of Pb203Pb-SPECT imaging probes for image guided targeted alpha particle therapy of
metastatic melanoma.
PRESENTER: Nilesh Wagh
ABSTRACT BODY: 
Abstract Body: Objective:  
The image-guided targeted alpha-therapy (TAT) using matched pair of isotope Pb203/Pb212 allows for dosimetry
based on 203Pb-SPECT imaging and selection and plan treatment for patients using 212Pb-alpha-particle therapy.
The objective of these studies was to validate the in vivo biodistribution and pharmacokinetic of Pb203-labeled agents
targeting the glucose transporters (GLUTs) in B16 melanoma cell xenograft model and select the lead candidate for
therapy using Pb212-analog. This Pb203/Pb212 TAT GLUT-targeting approach will potentially circumvent melanoma
multi-drug resistance and immune response resistance observed in metastatic melanoma which limit the effectiveness
available systemic therapies.
Method:  
[203Pb]BNCO-GC (555 MBq) and [203Pb]-TCMC-GC (370 MBq) were prepared by labeling 10ug of glycoconjugate
with prep-purified Pb203 isotope according to protocol described previously.1 Both agents have shown target-specific
accumulation/retention in B16(F10) and A357 melanoma cancer cell lines with confirmed GLUT1/HKII overexpression.
  The biodistribution studies of BNCO-GC and TCMC-GC were done in B16 melanoma xenograft mice model at
30min, 1h and 4h after admisnitration of 3.7MBq of tested agent.
Results:  
The [203Pb]TCMC-GC has shown faster tumor accumulation in the first 30min post-injection (5.67%±2.76 ID/g) than
[203Pb]BNCO-GC analog (3.55% ±0.04 ID/g). Also, the tumor retention of [203Pb]TCMC-GC (2.15%±0.84 ID/g) was
higher at 4h after injection than [203Pb]BNCO-GC (1.22%±0.178 ID/g). Both agents were cleared through bladder and
kidneys with limited/no uptake by other organs (brain, liver, pancreas, bone).
Conclusion:  
Both 203Pb -glucosamine derivatives, BNCO-GC and TCMC-GC, showed fast accumulation and retention in tumor
compared with normal tissues (tumor-to-muscle was 15±2.3 for BNCO-GC and 33±6.6 for TCMC-GC). The
[203Pb]TCMC-GC demonstrated more favorable pharmacokinetic properties than [203Pb]BNCO analog. This
promising results support hypothesis that [203Pb] glucosamine conjugates can potentially serve as SPECT imaging
agents for [212Pb] GLUT/HXII -targeted therapy.
 
1. a) Pb203-labeled radiotracers targeting metastatic melanoma - Optimization of labeling of DOTA- and TCMC-
conjugates.I. Tworowska, N Wagh, S. Thamake, J. Reedy, D. Ranganathan, I. Goldman, M. Brechbiel, M. Schultz and
E. Delpassand, J Nucl Med May 1, 2015 vol. 56 S 3 1061; b) A simple cartridge-based method to concentrate and
purify cyclotron produced 203Pbfor routine production of Pb203 SPECT imaging probes
M. Li, I. Tworowska, K.R. Olewine, M. Schultz, SNMMI Winter Meeting 2016
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CONTROL ID: 2501023
TITLE: Design, Synthesis, and Preclinical Analysis of Cholecystokinin 2 Receptor-Targeted Near Infrared Dye
(OTL81) Conjugate for Gastrointestinal Stromal Tumor and Pancreatic Cancers
PRESENTER: Carrie Mayers
ABSTRACT BODY: 
Abstract Body: Tumor-specific near infrared (NIR) dyes have the potential to improve quantitative resection of
malignant tissues. Cholecystokinin 2 Receptor (CCK2R) and its tumor-specific splice variant (CCK2i4svR) are belong
to G-protein coupled receptor family and express in cancers of the lungs, colon, thyroid, pancreas, and stomach, but
absent in most of the normal tissues. Since we found that CCK2R mRNA is overexpressed in Gastrointestinal Stromal
Tumor (GIST) and pancreatic cancer, we expect that CCK2R- and CCK2i4svR–targeted NIR dyes will prove useful in
image-guided surgery to improve contrast between normal and malignant tissues, thereby enabling surgeons to
remove malignant tissues effectively. Here we report design and synthesis of CCK2R- CCK2i4svR–targeted NIR dye
(OTL81) and it’s in vitro and in vivo studies. OTL81 was able to bind to CCK2R–(positive) cancer cells with high affinity
and specificity. Whole body imaging and biodistribution demonstrated that OTL81 was mainly accumulated in the
CCK2R–(positive) tumors, with no or little fluorescence in other tissues leading to very high tumor-to-background
ratios. With appropriate stability and toxicity data, OTL81 should qualify for examination in human clinical trials for
pancreatic cancer and GIST.
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TITLE: Imaging and ex vivo evaluation of integrins αvβ3 and α4β1 in multiple myeloma using NIR optical probes
PRESENTER: Monica Shokeen
ABSTRACT BODY: 
Abstract Body: Integrins such as α4β1 and αvβ3 are glycoprotein cell receptors that transmit signals bi-directionally
across the plasma membrane by undergoing conformational changes in response to stimuli from the intra-cellular
products and extra-cellular components1. This outside-in and inside-out signaling modulates cell functions including
proliferation, polarity, gene expression, differentiation, and survival. Integrins play a prominent role in hematopoiesis,
immune response, cell development, and trafficking in normal as well as in diseased cells2,3. In cancer, integrins
modulate proliferation and drug resistance. Very-late-antigen-4 (VLA-4, also known as alpha 4 beta 1 (α4β1) or
CD49d/CD29) integrin is over-expressed in multiple myeloma, and is strongly implicated in the disease pathogenesis,
such as cell trafficking, proliferation, and drug resistance4,5. Integrin alpha v beta 3 (αvβ3) is a well-known receptor
that is upregulated in tumor angiogenesis, metastasis, inflammation, and bone resorption. In this study, we sought out
to investigate the relative expression and tissue location of the integrins α4β1 and αvβ3 in the immunocompetent
syngeneic mouse model of multiple myeloma, 5TGM1-GFP/KaLwRij using near-infrared targeted fluorescent
molecular probes for the respective targets. For the optical imaging of α4β1, we have developed a near-infrared
targeted fluorescent molecular probe as a non-radioactive analog to our PET/CT tracer based on the peptidomimetic
LLP2A, currently being developed for human diagnostics. The fluorescent analog LLP2A-Cy5 emits about 700 nm and
demonstrated high affinity to the α4β1 integrin receptor (VLA-4) similar to the PET tracer. For comparison, integrin αvβ

3 expression was evaluated using the commercial agent, IntegriSense680. Cell binding and specificity for multiple
myeloma cells was investigated in vitro by tissue staining and flow cytometry. Preclinical optical imaging studies were
performed to evaluate tumor specificity in murine subcutaneous and metastatic multiple myeloma models expressing
green fluorescent protein (GFP). The VLA-4-targeted molecular probe showed high affinity for subcutaneous MM
tumor xenografts. Relative to LLP2A-Cy5, IntegriSense680 demonstrated low uptake in the 5TGM1-GFP/KaLwRij
mouse model. Importantly, accumulation of LLP2A-Cy5 in the bone marrow of metastatic multiple myeloma correlated
with GFP signal from transfected cells. Ex vivo flow cytometry of tumor tissue and bone marrow samples further
corroborated in vivo imaging data, demonstrating the specificity of the novel agent and potential for quantitative
imaging of MM tumor burden in mouse models.
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TITLE: Progress towards the development of a novel immunoPET tracer for imaging androgen receptor independent
lesions in metastatic prostate cancer
PRESENTER: Manisha Singh
ABSTRACT BODY: 
Abstract Body: Objectives: Prostate cancer (PC) is driven by androgen receptor (AR) and is the second leading cause
of cancer death in men. PC patients initially respond to androgen deprivation therapy (ADT) but eventually resistance
develops, both at primary and metastatic sites and leads to malignancy. While many different mechanisms of
resistance involving AR mutations, signaling, amplification, etc. are involved in conferring the resistance; the evidence
for existence of AR independent (AR-) lesions is increasing. AR- lesions are aggressive and do not respond to ADT
including MDV3100 or Abiraterone®.(AR+) lesions can be identified using PET with tracers such as [18F]-FDHT or [89

Zr]-J591. However currently there are no non-invasive methods to study the presence of these unique AR- PC lesions
that are contributing to treatment failure. We have observed that integrin β4 is highly expressed in AR- human prostate
cancer lesions including PC3 cells in human samples. Earlier study has showed that targeted deletion of the β4
signaling domain delays tumor initiation and inhibits tumor growth. More interestingly the study also showed that
expression of integrin β4 is up-regulated in the patients treated with anti-androgens (Yoshioka et al, JCI, 2012) and
therefore presents a unique target for developing a PET probe. Our objective is to evaluate the potential of
radiolabeled 3E1 (anti-β4 antibody) as a PET tracer for identifying AR- lesions.
Methods: 3E1 is a murine monoclonal antibody with high affinity in vitro for β4 integrin. The antibody was radiolabeled
with iodine-124 and purified using PD-10 column. Saturation binding assays were performed on β4 expressing PC3
cells and LNCaP cells as negative control. A bilateral subcutaneous xenograft model was established in non-castrated
male nude mice using AR+ and AR- cells. Tumor bearing mice were injected with 160 µCi and imaged up to 215 hours
p.i using a small animal PET/CT scanner. Animals were at sacrificed 215 h p.i. for ex vivo biodistribution of
radioactivity in tumor and normal tissue. Tumors were analyzed ex vivo by
immunohistochemistry/Immunofluorescence to check the expression of β4, AR and vimentin.
Results: The antibody was labeled with >85% efficiency and had specific activity of 2.5 mCi/mg and purity >95%. In
vitro saturation binding assays confirmed the expression of β4 is confined only to AR- PC3 cells. PC3 cells displayed
specific binding with Bmax of 27.4 fmoles/106 cells and Kd of 3.8 nM. In vivo studies revealed AR- tumors exhibited
higher uptake of tracer in comparison to AR+ tumors, even though the overall uptake was low (< 5% ID/g).
Biodistribution study at 215 h p.i. revealed 4 fold higher uptake of [124I]-3E1 in AR- tumors compared with the AR+
LNCaP tumor (1.69 ± 0.87 vs 0.40 ± 0.39). Autoradiograpgy, IHC, IF and western blot analysis confirmed the
presence of b4 and vimentin, and, absence of AR in PC3 cells. As expected, LNCaP tumors displayed opposite
behavior.
Conclusions: Our preliminary in vitro and in vivo studies suggest that radiolabeled 3E1 specifically targets β4
expressing PC lesions that exhibit AR loss. Therefore radiolabeled 3E1 can identify tumors with AR loss.
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TITLE: Dynamic PET-CT study of targeted nanomedicine uptake in tumours : Validation of targeted therapeutics using
bispecific antibodies.
PRESENTER: Kristofer Thurecht
ABSTRACT BODY: 
Abstract Body: Background. Next generation bio-nanomaterials, created through integration of nanomaterials with
biological entities is finding increasing application in development of new nanomedicines. Nanomaterial formulations
that have progressed to clinical use typically do not utilise an active targeting approach, relying instead on enhanced
permeability and retention effect. 1 2 This is because in many cases the complexities associated with ligand
conjugation, formulation, up-scaling and industrial exploitation are prohibitive.3 It is clear that new developments in
targeted nanomedicines is required to promote clinical utility of such therapeutics; advanced molecular imaging
techniques offer validation of such technologies.
Hypothesis. Bispecific antibodies (BsAb), in which one component of the protein shows high affinity for synthetic
polymers such as PEG, will provide a new and facile route to next generation therapeutics, theranostics and
diagnostics. Dynamic PET-CT imaging with compartmental modeling in conjunction with optical imaging provides a
unique methodology for testing efficacy of targeting and binding of such constructs.
Aims. The aim of this study was to develop new nanomedicines that directly target prostate cancer cells by way of the
EphrinA2 receptor, and measure the relative uptake of Cu-64/Cy-5 labelled nanomedicine into the tumours using
dynamic PET-CT and optical imaging. Targeting to tumours was achieved through antigenic interaction with
PEGylated nanomedicines using a BsAb that showed further affinity to EphA2 expressed on prostate cancers.
Results. Pegylated nanomedicines incorporated a reactive NOTA cage for Cu-64 and fluorophore for optical imaging.
The BsAbs were developed in-house and subsequently attached to the periphery of the nanomedicine for targeting
the EphA2 antigen. The mouse model utilised growth of PC3 cells in the right flank of BalbC nude mice. Dynamic
imaging of the animals following injection of ~10 MBq nanomedicine via catheter was achieved over the first 2 hours
(Siemens Inveon PET-CT). The PC3 tumour showed significant uptake of the nanomedicine that was coated in the
bispecific antibody directed towards EphA2, but minimal uptake of the nanomedicine in tumours that did not.
Depending on the density of the bispecific antibody, biodistribution at 48 hrs was spread amongst the various organs
that dictate phagocytic clearance, as well as the tumour – this was attributed to the increased protein fouling that
occurs when modifying PEG structures. Enhanced uptake of targeted protein to EphA2 at 48 hr is shown in Fig. 1 by
PET imaging.
Summary. We present a new and facile approach for targeting pegylated nanomedicines to disease. Dynamic PET-CT
and optical imaging provide powerful insight into the effect of ligand density, concentration and targeting efficiency.
This informs on depth of penetration away from primary blood vessels and can lead to development of more
efficacious delivery vehicles.
1. Sanna, V et al. International journal of nanomedicine 2014, 9, 467-83.
2. Matsumura, Y et al., Cancer research 1986, 46 (12 Pt 1), 6387-92.
3. Lammers, T et al., Journal of Controlled Release 2012, 161, 175-187.
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PET-CTof nanomedicine uptake in prostate PC3 tumours at 48 hrs postinjection.
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ABSTRACT BODY: 
Abstract Body: Objectives 
Colorectal liver metastases (CRLM) are the fourth most common type of cancer worldwide. Interventional radiology
based therapies including image guided delivery of chemotherapy can extend survival in CRLM patients, but these
therapies still fail due to de novo or acquired drug resistance. Herein, we report site directed and image guided
nanoparticle mediated photo-ablation of CRLM, which piggybacks on the interventional access routes developed for
local chemotherapy delivery. We designed theranostic nanoparticles (TNP) with near-infrared (NIR) triggered
plasmonic photothermal therapy (PTT), shortwave (SW)IR luminescence, and magnetic resonance (MR) imaging
contrast, and present the proof of concept data for CRLM imaging and therapy in a rat model, with the image guided
procedure conducted on a clinical dyna CT scanner and C-arm fluoroscope.
Methods 
PEGylated triple modality Au@NdF3@GdF3 TNPs were synthesized by growing epilayers of NdF3/GdF3 over Au
nanorods and concentrated to ~1013 NPs/mL. The emission spectrum and SWIR imaging was acquired with a deep
cooled NIRvana:640ST high resolution InGaAs shortwave IR camera. An 808 nm (Pmax = 200 mW) diode laser
(Thorlabs) was used as an excitation source and a 808 nm notch filter and 950 nm long pass filter used for TNP
emission imaging. Three identical rats (500 g), one without tumor (control) and other two with CRLM tumors were
selected for the experiment. 500 µL of TNP were directly injected through the catheter via mesenteric vein into the
liver and ~180 µm fiber-optic laser probe was inserted for the PTT ablation (Fig.1A). PTT ablation was performed for 3
min after TNP injection using a 808 nm (~4 W) laser. A clinical DynaCT Seimens scanner (66 and 81 kV) was used to
track the uptake of the TNP into the liver and tumors. CT image based TNP accumulation was also verified and
directly observed with the InGaAs shortwave IR camera.
 
Results 
TNPs (~70 nm) had strong SWIR emission peaks at 1064 nm (Nd3+:4F3/2→4I11/2) upon 808 nm laser irradiation.
The Au nanorod core in TNPs resulted in the presence of significant and observable X-ray contrast with a scale similar
to skeletal tissue at 66 and 81 kV. TNPs were observable in DynaCT reconstructions (Fig.1B and D). SWIR imaging
was performed pre- and post- therapy to verify the TNP delivery to tumors as depicted in Fig.1C and C, respectively.
The site selective ablation at tumor region had the impact of enhancing and localizing the CT and optical contrast,
possibly as a result on vascular ablation which trapped the TNPs in the tumor region. TNPs had MR contrast due to
GdF3 layer as well (supplementary data), which was not utilized in this experiment.
Conclusions 
In summary, we have successfully prepared Au based TNPs as an SWIR triggered and targeted theranostic platforms
for the trimodal (CT-MRI-Optical) image guided PTT for CRLM tumors and demonstrated for the first time the ability of
clinical DynaCT scanners in imaging the site directed delivery of these nanoconstructs in an animal model.
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Figure 1. (A)  Representation of the catheter placed via mesenteric vein into the liver and TNP’s were injected directly
into the tumor. Comparison of a DynaCT image of (B) TNP-only and (D) TNP+PTT groups at 61 kV. SWIR imaging of
(C) Pre-PTT and (E) Post-PTT.
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ABSTRACT BODY: 
Abstract Body: NIR absorption and emission are important for biological optical imaging as the lower-energy radiation
penetrates tissues more deeply, doesn’t damage living cells, and reduces the prevalence of background signal due to
autofluorescent molecules. There are currently only two FDA-approved near-infrared (NIR) fluorescent contrast agents
that can be used clinically but these fluorophores either have low quantum yields or are difficult to modify synthetically.
There is a need for NIR fluorophores that are bright and can be modified to target specific biomarkers and/or respond
to a stimulus that may include pH, enzymatic activity, receptor binding, analyte binding, etc.
 
We have developed a novel NIR fluorophore scaffold and tested its photophysical properties as well as its usefulness
as fluorescence and photoacoustic imaging agents. The fluorophore has excellent photostability and a remarkably
long Stokes shift. We tailored it to incorporate an NHS ester and then bioconjugated it to cetuximab, a ligand for
EGFR which is upregulated in many cancers. The goal was to develop a tumor-targeting agent to be used for
fluorescence-guided surgical resection. A xenograft mouse model with human colorectal cancer cells (HCT116)
injected into the flank was used as a proof-of-concept. Four weeks post-inoculation, the mice were injected
intravenously with the fluorescent bioconjugates and observed over several days. Fluorescence emission was
observed in the tumor as well as the liver and spleen and was compared to an established conjugate (IRDye800-
cetuximab) which is currently being used for fluorescence-guided surgery in phase I clinical trials.
 
The fluorophores were also tested for their photoacoustic properties and compared to commercially available dyes.
Photoacoustic imaging is an upcoming and attractive because it provides even greater tissue penetration depth (~5
cm) than NIR fluorescence (~1 cm). Higher photoacoustic signal was observed in the novel dyes compared with
certain cyanine dyes that are currently being used for their favorable photoacoustic properties. These new imaging
agents show great promise for clinical imaging applications and could give researchers and clinicians more tools with
which to conduct biomedical research and perform clinical procedures.
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ABSTRACT BODY: 
Abstract Body: Chemokine receptor type 4 (CXCR4) is the chemokine receptor for stromal cell derived factor 1 (SDF-
1). The interaction between CXCR4 and SDF-1 is a natural regulatory process involved in cell homing, migration and
tumor metastasis. CXCR4 overexpression in primary tumor cells has been found to play an important role in the organ
specific metastasis to the locations that naturally over-express the SDF-1 ligand. The expression level of CXCR4 is
reported to correlate to the invasiveness and metastatic potential of various types of malignant cancer. Metastases
mediated through this interaction raised the interest in diagnostic oncology field to study CXCR4 as a molecular
imaging biomarker. Near-infrared (NIR) dyes-labeled molecular probes and PET tracers with CXCR4 targeting
capability have been successfully applied for CXCR4 molecular imaging. In comparison with other imaging
techniques, MR imaging shows advantages of non-radiation, high-penetration and high resolution, but CXCR4
targeted MRI imaging has not yet achieved. The reported CXCR4 targeted MRI agents are limited by low sensitivity,
stability and endothelial penetration capability. Therefore, there is an urgent need for CXCR4 targeted MRI contrast
agent with improved relaxivity, targeting specificity and endothelial penetration capability.
In this work, we developed the targeted Protein-based MRI contrast agent ProCA32-CXCR4 for the CXCR4 molecular
imaging we report our development of the CXCR4 targeted Protein-based MRI contrast agent (ProCA32-CXCR4).
ProCA32-cxcr4 shows 10 to 20 times improvement of both r1 and r2 relaxivity values compared with clinical approved
contrast agent Eovist. The strong CXCR4-targeting capability was quantitatively determined by indirect ELISA and
verified by immunohistology study using CXCR4 expressed melanoma cells (Fig.1). The targeted protein contrast
agent enables in vivo tumor specific enhancement in MR signal after tail vein injection in Mel 290 liver-implanted
mouse model and consistent with histological analysis. Furthermore, CXCR4 targeted ProCA32 enables the first
detection of small liver metastasis (~0.7 mm) in an orthotopic ovarian mouse model. We further demonstrated that
addition of CXCR4 targeting moiety does not reduce its strong gadolinium binding affinity that is similar to DTPA. It
exhibits even better metal selectivity over physiological metal ions than DTPA. The development of ProCA32-CXCR4
is likely to have strong applications in detection of metastatic and invasive potential of cancers as well as to patient
stratification for targeted therapy.
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ABSTRACT BODY: 
Abstract Body: OBJECTIVES: Demonstrate the feasibility of multiple contrast aided murine 3D colonoscopy as a
method for screening lesions.
METHODS: The animals are fed a calorie dense, barium contrast mixture 48hrs prior to imaging. One day prior to
imaging, the animals are fasted and moved to clean cages. On the day of imaging, the animals are given 1 mL of
iohexol as an intraperitoneal injection and then anesthetized with 1.5% isoflurane. While in the supine position, on a
heating pad, under maintenance anesthesia, 2 mL of air are rectally administered with a soft ended gavage needle.
Abdominal massage accompanies the air ingress to ensure proper passage and no twisting or obstruction occurs. The
animal is then subjected to a short microCT scan to gain the 3D image. Three dimensional post processing of the
microCT data is then performed to extract the GI tract according to the contrast threshold values.
RESULTS: The feeding/fasting periods may need to be extended to increase the discrimination or eliminate the
presence of fecal material within the intestinal lumen. Obstructions and incomplete administration of contrast volumes
can confound the results, but it is possible to trace through all of the colon, cecum, ileum, and distal jejunum.
Generally the duodenum and proximal jejunum remain collapsed due to lack of additional air. Thickening in the
intestinal wall as well as polyps are quantifiable as long as the scan is free of motion artifacts. The uncertainty on the
approximate distance from the distal colon depends upon the contraction of the intestine as well as values reported as
a result of handling during necropsy.
CONCLUSIONS: The introduced methodology enables screening for murine colonic lesions and facilitates longitudinal
evaluation. Conventional image analysis is labor intensive and benefits greatly further software automation.
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Figure one illustrates three axial views of the intestinal lumen in addition to the 3D view.  The lesion is circled in red.
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ABSTRACT BODY: 
Abstract Body: Overexpression of fatty acid synthase (FASN) expression has been reportedly associated with poor
prognosis of several cancers including hepatoma. FASN Inhibitors show antitumor potential against cancers that over-
express FASN. Recently, 11C-acetate/PET, developed to detect the expression of FASN expression, shows great
potential as a method to predict FASN-targeted therapy. However, acetyl-CoA synthetase enzyme (ACSS2), upstream
to FASN in acetate utilization, also plays a key role to regulate acetyl-CoA for tumors by capturing acetate as a carbon
source. This study aimed to further investigate the relationship in the expression of FASN, ACSS2 and 11C-acetate
uptake in hepatoma cells. mRNA, protein expression of ACSS2 and FASN were assessed in two hepatocarcinoma
cell line HepG2 and Hep3B. In vitro 11C-acetate and 18F-FDG uptake were evaluated in these two lines. The results
showed that HepG2 and Hep3B lines exhibited similar cell proliferative ability assessed by MTT assay, which was
correlated with similar 18F-FDG uptake in these two lines. HepG2 cells showed significantly higher 11C-acetate
uptake than Hep3B cells. Similar expression of FASN in these two lines but higher expression of ACSS2 in HepG2
were noted. 11C-acetate uptake correlates with ACSS2 but not FASN expression. Also, cell proliferation dose not
necessarily correlate with 11C-acetate uptake. These results indicate 11C-acetate/PET predicts the on/off of acetate
utilization pathway, rather than FASN expression in hepatoma. Also, development of ACSS2 inhibitor for cancer
treatment may be an alternative potential therapy for hepatoma.
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ABSTRACT BODY: 
Abstract Body: Introduction:- Tissue hypoxia has important biological and clinical  implications in various pathological
states. In tumors, the level of tumor oxygenation correlates with response to radiation therapy Therefore, the in vivo
measurement of the level of tumor oxygenation is clinically important. Primarily a specific molecular probe is
prerequisite and automation and method development for production of clinical grade radiopharmaceutical is a
challenge. The aim of this study is develop automated synthetic protocol as per USP guidelines for synthesis of [131I]-
IAZA and to evaluate and validate the theranostic applicability of [131I] IAZA a novel hypoxia marker in 4T1 mice
model.
 
Methodology: - Under the Collaborative Research and Innovation Opportunities (CRIO) with the Alberta Innovative
Health Solution, University of Alberta, Canada our aim to study the pharmacokinetic and radiation dosimetry
evaluations of IAZA and its translation in molecular theranostic management of solid tumors. At first phase of study,
we developed the automated synthesis protocol for clinical grade [131I] IAZA using Sumitomo FCN multipurpose
synthesizer in 75% yield (EOS) in 50 minutes (n =15). The cold IAZA was labeled with 131I using pivalic acid melt
method followed by sep-pak purification and eluting the final product with 3 mL ethanol to in build rotary vapour to
reduce the etanol volume to 1 ml followed by dilution woth 0.9 % saline and transfer to sterile vial for dose dispensing.
The wide arrays of quality control test were performed as per USP guidelines.  The pharmo kinetic and bio-distribution
of [131I] IAZA was studied in 8-11 weeks old Balb/c mice caring 4T1 carcinoma tumor. The mice were divided in two
groups [One group received thyroid blocking agent (Lugol’s iodine) and another without blocker) and approx 14-18
MBq/mice were inject via tail vein and image were performed at 3h, 24 and 48h post injection.
Results: Robust and repeatable automated protocol was developed with good radiochemical purity. Both group
showed good tumor uptake and tumor/blood radioactivity ratio reached maximum at after 24h. Transient activity was
also observed in liver, but organ showed no retained radioactivity in the liver.
Conclusion: 131I IAZA can be efficiently radiolabeled with high specific activity and stored with little radiolysis. 4T1
tumor model showed good tumor uptake and further histo-chemistry studies need to be evaluated.
AUTHORS (LAST NAME, FIRST NAME): DIXIT, MANISH1; SAXENA, PRIYA1; VERMA, Shristi1; DATTA,
Deepanksha1; Meeran, Syed Musthapa2; GAMBHIR, SANJAY1; KUMAR, PIYUSH3

INSTITUTIONS (ALL): 
1. NUCLEAR MEDICINE, SANJAY GANDHI POSTGRADUATE INSTITUTE OF MEDICAL SCIENCES , LUCKNOW,
UTTAR PRADESH, India.
2. ENDOCRINOLOGY, CENTRAL DRUG RESEARCH INSTITUTE, LUCKNOW, UTTAR PRADESH, India.
3. ONCOLOGY, University of Alberta, EDMONTON, AB, Canada.
(No Image Selected)



CONTROL ID: 2501325
TITLE: PET and MR imaging response to combination docetaxel/carboplatin therapy in breast cancer patient-derived
tumor xenografts
PRESENTER: Kooresh Shoghi
ABSTRACT BODY: 
Abstract Body: Triple Negative Breast Cancer (TNBC) is a highly heterogeneous and aggressive tumor.  While these
aggressive tumors have more intrinsic responsiveness to neoadjuvant chemotherapy (NAC) than estrogen
receptor–positive tumors, TNBC patients exhibit higher relapse rates than other breast tumor types.  It is therefore
critical to identify patients who will respond to NAC therapy, and to avoid the use of an ineffective treatments in
nonresponding patients with an opportunity to devise adaptive treatment strategies.   To that end, preclinical imaging
is a critical component in evaluating the efficacy of novel treatments paradigms for TNBC, as well as to assess the
utility of advanced imaging methods.  More realistic preclinical cancer models are thought to be provided by
transplantable, patient-derived tumor xenograft (PDX).  The objective of this work was to perform preliminary studies
evaluating the utility of FDG-PET and multi-parametric MRI (MP-MRI) to assess response to combination
docetaxel/carboplatin therapy in PDX mice generated from patients with TNBC.
 
Patient-derived tumors were engrafted in NSG mice to generate PDX mice.  When tumor volume, as measures by
caliper, was approximately 200-250mm3, PDX mice (N=6) were imaged at baseline with FDG-PET (100-200mCi) and
a multi-parametric MRI (MP-MRI) protocol.  Following baseline imaging, PDX mice were treated weekly with combined
docetaxel (20mg/kg) and carboplatin (50mg/kg).  To assess response to therapy, FDG-PET and MP-MRI were
performed at 5 days and 12 days following baseline imaging.  In all cases, a 60min dynamic FDG-PET imaging was
performed using the microPET Focus F220 and Inveon PET/CT.  The MP-MRI protocol included T1, T2, diffusion-
weighted imaging (DWI) and dynamic-contrast enhanced (DCE) MR collected on a 4.7-T small-animal MRI system
using a laboratory-built, actively decoupled, volume-transmit/surface-receive coil configuration.  PET images were
analyzed using established analyses pipelines to generate average standardized-uptake values (SUVavg), measures
tumor volume (TV), ktrans maps, and average apparent diffusion coefficient (ADCavg).
 
At baseline, SUVavg=2.41 with a coefficient-of-variation (CV) of 11.93% suggesting little variability in FDG uptake
across PDX mice and ADCavg=0.66x10-3 mm2/sec (CV=36.8%).  At 5 days following therapy, SUVavg=1.58
(CV=11.54%) and ADCavg=0.81x10-3 mm2/sec (CV=37.1%) suggesting approximately 35% decrease in SUVavg
(significant at P<0.001) and 31% increase in ADCavg (P=0.11) compared with baseline. Of the 6 mice, 2 survived
following approximatly 3 weeks of therapy.  On average, tumor volume did not change significantly between baseline
and day 5, and there was no correlation between percent in change in tumor volume and percent change in SUVavg
and ADCavg. 
 
The high variability in image metrics, in particular ADC, can be attributed to the heterogeneous nature of PDX tumors.
Our data suggests that FDG-PET and MP-MRI are responsive to therapy; however additional studies are needed to
assess whether FDG-PET and MP-MRI metrics can predict response to therapy in light of the tumor heterogeneity.
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ABSTRACT BODY: 
Abstract Body: Objectives: Fluorescence imaging in the second near-infrared window (NIR-II, 1000 - 1700 nm) instead
of the traditional NIR-I window (650 - 950 nm) provides deep tissue penetration and high spatial and temporal
resolution. Photoacoustic (PA) imaging takes advantage of optical and acoustic imaging to provide tomographic
images with excellent spatial resolution. Since each modality has its own particular advantages, there is an urgent
need to develop a multimodal imaging probe so that it can combine the strengths while overcoming the weakness of
each modality to provide complimentary information. Our development of dual-modal imaging probes aims to integrate
the benefits from both NIR-II fluorescence and photoacoustic imaging, with the ultimate goal of improving overall
diagnosis of cancer such as head-and-neck squamous cell carcinoma.
 
Methods: Herein we designed a donor-acceptor chromophore based nanoparticle (DANP) which has an absorption in
NIR-I window and a fluorescence peak in NIR-II region. The nanoprobes composed of D-π-A-π-D type chromophores
were PEGylated through nanoprecipitation. The DANP surface was then conjugated with EGFR Affibody (Ac-Cys-Z

EGFR:1907) for selectively targeting EGFR-positive cancers. Specific uptake and cellular internalization of EGFR-
DAPs were evaluated by PA and NIR-II fluorescence imaging. PA and fluorescent signals were measured by an
Endra system and a customized NIR-II fluorescence imaging system (Princeton Instruments). To characterize their in
vivo behavior and tumor targeting properties, the dual PA and NIR-II fluorescence imaging and ex-vivo biodistribution
were performed in SAS head-neck squamous cell tumor-bearing nude mice (two groups, each group n = 4).
 
Results: The Affibody- DANPs are highly monodisperse nanoparticles with an average size of 24 nm, strong
absorption in the NIR-I window (at c.a. 680 nm) and a relatively high fluorescence in the NIR-II region (peak maximum
at 1000 nm). They showed significantly enhanced photoacoustic and NIR-II fluorescence contrast effects in both
phantom and small animal imaging experiments. With the probes, a fast wide-field acquisition rate (10 to 20 frames
per second) was achieved in in vivo NIR-II fluorescence imaging. Meanwhile, high spatial resolution (20~50 microns)
PA images were obtained with those probes. The PA and NIR-II fluorescence signals produced by the Affibody-
DANPs were highly linear and correlated with each other. The PA imaging provided functional and molecular
information of tumors with high spatial resolution, which was well correlated with the results obtained by NIR-II
fluorescent images.
 
Conclusions: The donor-acceptor chromophore based nanoparticles display the unique ability to combine both PA and
NIR-II fluorescence imaging modalities for tumor detection. Affibody-conjugated probes target EGFR-positive tumors
in SAS subcutaneous mouse model with high photoacoustic and fluorescence signals. By using dual modal contrast
agents, targeted photoacoustic/NIR-II fluorescence imaging allows us to specifically image and detect head-and-neck
carcinomas in an accurate and quantitative manner.
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CONTROL ID: 2492344
TITLE: Core-shell and anisotropic hybrid nanoplateforms combining MRI and therapy. 
PRESENTER: Sylvie Begin
ABSTRACT BODY: 
Abstract Body: There is currently a well-identified medical need to create novel efficient nanovectors for cancer
treatment. Besides, the follow-up of therapy by imaging is reported of a paramount importance because it brings
precious information spatially and in real-time to improve and optimize the therapy efficacy. Therefore in the field of
the synthesis and functionalization of inorganic nanoparticles (NPs) for biomedical applications, most researches aim
at developing multifunctional theranostic NPs which can both identify disease states and deliver therapy and allow
thus following the effect of therapy by imaging. The main challenges are the design of NPs which will allow, in one
nano-object, combining imaging and efficient therapy, the design of an organic coating bearing different functions
allowing optical imaging, furtivity, biodistribution, and targeting, while keeping NPs at the nanoscale and their in vitro
and then in vivo validation.
Our main originality in the widely developped field of iron oxide NPs for biomedical is a new concept consisting in the
coating of NPs with dendron molecules using phosphonate anchors. Our master in the design of NPs allows us  to
develop dendronized NPs efficient both for imaging and therapy by magnetic hyperthermia requiring NPs with high Ms
and anisotropy (octopod and cubic shaped and core-shell NPs). New original nano-objects are also developped to
combine also targeted therapeutic and imaging properties such as carbon nanotubes filled with ferrite NPs and
silica/protein coated NPs.
Combining NPs and Carbon nanotubes (CNTs) leads to original plateform diplaying the recognized imaging and
therapeutic properties of both NPs and CNTs. The filing of CNTs with ferrite NPs was optimized by a two step filling
process to develop their magnetic manipulation and theranostic applications. They are capable of absorbing and
efficiently converting NIR light into heat to generate thermoablative temperatures and cell lysis. They were shown
efficient as contrast agent for MRI. They are promising as T2 agents for MR image-guided photothermal therapy
The very good in vitro and in vivo MRI properties of dendronized core-shell and cubic shape NPs, especially at low
concentration, were confirmed by both in vitro relaxivity measurements and NMRD profiles. Their high heating values
at low concentration are attributed to dipolar interactions inducing different clustering state as a function of
concentration. Finally 10 nm dendronized NPs bearing melanin vectors were demonstrated very suitable to specifically
target in vivo tumoral cells. Therefore dendronized NPs are very promising for in vivo imaging by MRI and targeted
therapy by magnetic hyperthermia
Mesoporous silica at the surface of iron oxide NPs was shown efficient to encapsulate chemotherapeutic drug such as
doxorobucin. A protein shell consisting of an albumin coating assembled via isobutyramide grafts was used as a
gatekeeper and allowed a local and specific delivery of the drugs through enzymatic degradation
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CONTROL ID: 2492420
TITLE: Diagnosis of metastatic melanoma with 99mTc-ixolaris in a preclinical model
PRESENTER: Thiago Barboza
ABSTRACT BODY: 
Abstract Body: Objective: Melanoma is a cancer originating in melanocytes (cells responsible for melanin production)
with an annual incidence estimated at 160 thousand new cases worldwide. The early and differential diagnosis is
extremely important in such cases, since it allows the establishment of tumor therapy in early stage. Thus, we
evaluated the capacity of a new radiopharmaceutical called ixolaris labeled with Technetium-99m (99mTc-ixolaris) to
identify metastatic melanoma tumor cells in a mouse model. Methods: Pulmonary metastasis was induced by
intravenous administration of B16-F10 murine melanoma cells in C57BL/6 mice (CONCEA 01200.001568 / 2013-87).
The labeling of ixolaris with 99mTc occurred by direct method using stannous chloride as a reducing agent. A whole
body scan was obtained using a small animal microPET/SPECT/CT (CENABIO / UFRJ) 30, 60 and 180 minutes after
99mTc-ixolaris administration, then the organs were isolated and the radioactivity measured in a gamma counter.
Results: There was no uptake in lung topography of the animals without induced tumor. However, animals with lung
metastasis showed a significant uptake of 99mTc-ixolaris (Figure 1). Discussion: Ixolaris, an anticoagulant protein,
previously described as a potent inhibitor of angiogenesis, was labeled with 99mTc resulting in a radiopharmaceutical
able to identify with high affinity metastatic melanoma cells in the lungs of tumor induced animals. Conclusion: The
99mTc-ixolaris is a promising radiopharmaceutical to detect metastatic cells in animals with induced tumors, therefore
the use of this radiopharmaceutical can contribute to a cancer differential diagnosis, to assess the effectiveness of
introduced therapies and also for the investigation of widespread metastasis.
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Figure 1. SPECT / CT fusion showing the uptake of 99mTc-ixolaris in lung topography, confirming the uptake by
pulmonary metastasis.



CONTROL ID: 2492595
TITLE: In vitro evaluation of a novel apelin-receptor targeted contrast agent for molecular ultrasound imaging of tumor
angiogenesis
PRESENTER: Alexander Stiglbauer
ABSTRACT BODY: 
Abstract Body:  
Introduction: The apelin-receptor (APJ) and its endogenous ligand, apelin, not only induce neoangiogensis but also
promote the maturation of newly formed tumor vessels. This APJ-driven process appears to make tumors more
susceptible to anti-cancer therapies (1). Considering this fact, APJ expression of tumor vessels may predict treatment
response. Molecular ultrasound imaging enables quantification of a target receptor expressed by vascular endothelial
cells using targeted microbubbles as a contrast agent (2). To date, in vitro evaluation of a suitable target precedes
molecular ultrasound imaging studies (3). Our aim in the current preliminary in vitro study was to evaluate the binding
specificity of a novel APJ-targeted contrast agent for molecular ultrasound imaging.
 
Materials and Methods: APJ expression of human umbilical vein endothelial cells (HUVECs) was confirmed with
immunofluorescent microscopy after staining of HUVECs with a biotinylated anti-APJ antibody and a streptavidin-
conjugated fluorescent dye. Commercially available target-ready microbubbles were either conjugated with the
biotinylated anti-APJ antibody or a biotinylated isotype-matched control antibody. HUVECs were grown on
microscopic glass slides for two days. After incubation with APJ-targeted microbubbles or control microbubbles for 5
min, HUVECs were washed with phosphate buffered saline and the binding of each type of microbubbles per cell was
visually assessed under an inverted brightfield microscope by counting microbubbles manually.
 
Results: Mean number of microbubbles bound to HUVEC was 5.57 per cell for APJ-targeted and 1.78 for control
microbubbles, respectively. APJ-targeted microbubbles showed a significantly higher binding specificity to HUVECs
than control microbubbles (p=0.021). Binding of microbubbles corresponded to findings of immunofluorescent
microscopy (Figure 1).
 
Conclusion: APJ expression of HUVECs targeted by a novel contrast agent for molecular ultrasound imaging may
serve as a potential imaging biomarker in tumor angiogenesis.
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Figure 1. (A) Microscopy image of HUVECs after incubation with APJ-targeted microbubbles. (B) Microscopy image of
HUVECs after incubation with isotype-matched control antibody targeted microbubbles. In (A) and (B) microbubbles
are visualized as small, round and white structures (arrows) indicating that more microbubbles are bound to cells in
(A) than in (B). (C), (D) Immunofluorescent images of HUVECs, nuclei are visualized in blue. (C) is showing APJ
expression in green (arrowheads) targeted by the anti-APJ antibody. (D) is showing low unspecific binding of the
isotype-matched control antibody.



CONTROL ID: 2492886
TITLE: A New Photophysical Strategy for Achieving Nanostructure-Dependent Ratiometric NIR Fluorescence Imaging
PRESENTER: Danielle Charron
ABSTRACT BODY: 
Abstract Body: Fluorescence is a versatile modality for reporting nanomedicine structural state due to the inherent
sensitivity of fluorophores to dye interactions. This sensitivity enables manipulation of dye photophysical properties
through controlled supramolecular assembly and disassembly.1, 2 Dye interactions encoding unique fluorescence
signals for intact and disrupted nanoparticles are particularly useful for monitoring nanomedicine stability and drug
release by ratiometric fluorescence imaging.3-6 Current photophysical strategies including Förster resonance energy
transfer employ two spectrally distinct dyes, which increases complexity for clinical translation.7, 8 We have recently
achieved nanostructure-dependent ratiometric fluorescence using a single dye that forms ordered dye aggregates
exhibiting red-shifted emission from 765 nm to 825 nm.9 Naturally-derived bacteriochlorophyll conjugated to a
phospholipid10, 11 was incorporated within a compact lipoprotein nanocarrier. This nanosystem mimics the lipid and
protein environment that promotes and modulates dye interactions within light harvesting complexes of photosynthetic
bacteria.12 Bacteriochlorophyll aggregates exhibit excellent photostability, a stable fluorescence dynamic range, and
are amenable to co-loading with hydrophobic payloads for theranostic applications. Ratiometric fluorescence imaging
distinguishes intact and disrupted bacteriochlorophyll aggregates with sufficient dynamic range in biological
environments and using currently available instrumentation. Bacteriochlorophyll aggregation is a powerful new tool for
drug delivery and theranostics due to its simplicity, robustness, and versatility.
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Ratiometric fluorescence imaging of a lipoprotein nanocarrier is enabled by nanostructure-dependent ordered
bacteriochlorophyll aggregation. Intact and disrupted nanoparticles are distinguished in Chinese hamster ovarian
cancer cells overexpressing scavenger receptor class B type 1 (scale bar 25 μm).



CONTROL ID: 2493282
TITLE: A novel 19F self-assembled termoresponsive probe for tumor imaging
PRESENTER: Daniel Jirak
ABSTRACT BODY: 
Abstract Body: Purpose: Fluorine 19F MR represents a promising tool for experimental and diagnostic imaging due to
its high specificity caused by negligible abundance of fluorine in tissues. Here we present a novel 19F MR contrast
agent so called ‘polyphile’, which consists from the molecular hydrophilic, lipophilic and fluorophilic blocks. This
nanoparticle agent contains fluorine core and apolipoprotein targeting unit and it has a self-assembled nature
dependent on temperature what could be potential for delivery into the tumor tissue. In this study, we characterize
probe sensitivity and relaxivity dependence on temperature in the phantoms and in vivo.
Methods: Nanoparticles were formed by self-assembly of poly[dodecyl methacrylate - co - perfluoroalkyl methacrylate
- co - poly(ethylene oxide) monomethyl ether methacrylate] graft copolymers. The temperature dependent MR
properties of the probe were assessed by relaxometry, 19F MR spectroscopy and 19F MR imaging. Relaxometry of
the probe was performed on a 0.5T relaxometer (r1 - saturation recovery sequence, TR: 12s; r2 – CMPG sequence,
TR: 10s). Temperature-dependent 19F MR spectroscopy and imaging were carried out on a 4.7T scanner (MRS:
single pulse, TR: 1000ms, MRI: RARE sequence, TR/TE: 3000ms/7ms). The sensitivity of the probe was assessed by
19F MR imaging on a phantom containing various concentration of the probe (4.5 mM-92 mM). To check the feasibility
of the 19F MR probe in vivo, two healthy Brown Norway male rats were scanned for 2 hours following the contrast
agent administration (92 mM, 300ml injection into the muscle (right hind leg) and into the subcutaneous area (left hind
leg) by using a RARE sequence (TR: 2000ms, TE: 7ms).
Results/Discussion: The relaxometry showed relaxivity dependence on temperature, both relaxivity r1 and r2 were
lower with increasing temperature (Fig. 1-Persuasive Data File (PDF)). Temperature-varied MRS and MRI experiment
confirmed that dependence; we observed markedly lower MR signal in the phantoms with increasing temperature (Fig.
2-PDF). The minimal concentration of the agent detected within reasonable measurement time for in vivo experiments
(34 min) was 18 mM (Fig. 3-PDF). In the in vivo measurement, strong 19F MR signal was detected at both injection
sites (Figure), the highest signal was detected 2 hours after contrast agent administration; it probably reflects body
temperature decrease of animal due to anesthesia. The apolipoprotein targeting and the size of the nanoparticles
(less than 200 nm) allowing spontaneous accumulation in solid tumors (enhanced permeation and retention effect)
might be attractive for use as a probe for tumors imaging.
Conclusion: Here, we presented a novel efficient termoresponsive and self-assembled 19F MR probe. The results
obtained from the phantoms and in vivo experiments showed sufficient MR sensitivity of the probe allowing reflecting
the physiology parameters and thus it is a promising 19F MR contrast agent for theranostic tumor imaging.
Acknowledgement: Supported by Czech Science Foundation GACR (P205-16-03156S), MH CZ-DRO (Institute for
Clinical and Experimental Medicine–IKEM, IN 00023001.
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In vivo experiment. 1H a 19F  (red color) overlaid MR images. 19F image was acquired 2 hours after contrast agent
(92 mM fluorine concentration) application into the subcutis (left) and muscle (right).<br />
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TITLE: Detection of Tumoral Netrin-1 Protein Levels using Ultrasound Microbubble Contrast Agents: In Vitro
Validation
PRESENTER: Jennifer Wischhusen
ABSTRACT BODY: 
Abstract Body: Introduction 
Ultrasound (US) molecular imaging is developed for the detection of netrin-1 protein which is implicated in tumor cell
survival and angiogenesis, and the target of a therapy under development1,2,3,4. We propose US molecular imaging
as a companion diagnostic because it is non-invasive and can reveal the tumor heterogeneity. This approach requires
the use of microbubbles (MBs), which are intravascular contrast agents. MBs can be targeted to endothelial markers
like VEGFR2 for which a clinical MB (BR55, Bracco) is currently in a phase I clinical trial for prostate cancer detection5
,6. Our challenges are to target MBs to netrin-1, which is produced by the tumor cells instead of the endothelium, and
to use US molecular imaging for prediction of therapy response. The objectives are to validate anti-netrin-1 MBs in
vitro and to characterize netrin-1 as a target for US molecular imaging.
Results 
MBs (Vevo MicroMarker Target-Ready, VisualSonics) were loaded with 10,000 anti-netrin-1 antibodies per MB, which
did not interfere with their size distribution, surface charge, and echogenic response. MBs bound to netrin-1 protein at
37°C and in presence of plasma in a specific and dose-dependent manner. Dynamic binding of anti-netrin-1-MBs was
specific and intensity of binding decreased with increasing shear stress (1-2 dynes/cm2 in a parallel flow chamber).
HeLa model cells presented netrin-1 on the cell surface in absence and presence of its receptor UNC5B whereof the
latter signal was significantly higher. Heparan sulfate proteoglycans were shown to be involved in the receptor-
unrelated extracellular immobilization of netrin-1. Anti-netrin-1-MBs specifically bound to netrin-1-overexpressing HeLa
cells and had sufficient affinity to recognize netrin-1 without presentation by UNC5B. Flow chamber assays showed
specific binding of MBs to human and murine cancer cell lines that expressed netrin-1 at endogenous levels
confirming the affinity of the anti-netrin-1-MBs (Figure 1).
Conclusions 
Anti-netrin-1 MBs were functional in in vitro assays reflecting physiological conditions. Netrin-1 was immobilized in the
extracellular matrix and did not diffuse freely which supports our hypothesis that netrin-1 might be a potential target for
molecular imaging. Due to the lack of tools, netrin-1 presentation on the tumor endothelium could not be verified. We
will now proceed to an in vivo study on the feasibility of US molecular imaging of netrin-1 in a breast cancer animal
model. In contrast to previous studies, this approach targets a protein expressed by the tumor cells and not by the
microenvironment. The translation of our in vitro findings into an in vivo study will promote the application of US
molecular imaging to a new class of targets.
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CONTROL ID: 2493603
TITLE: The X-ray dose of a low-dose micro-CT
PRESENTER: Inneke Willekens
ABSTRACT BODY: 
Abstract Body: Purpose 
 
Micro-computed tomography (micro-CT) is accepted as a non-invasive research tool to monitor tumor growth in small
animal imaging studies. Serial micro-CT imaging allows longitudinal investigation of the same animal.
Radiation exposure is a potential concern for in vivo micro-CT imaging studies, particularly in serial imaging. Serial
micro-CT imaging could deliver sufficiently large radiation doses, being able to influence experimental results. The aim
of our study is to determine the radiation dose of the new SkyScan 1278 micro-CT system for in vivo imaging.
 
Materials & Methods 
 
Two normal C57Bl/6 mice were euthanized. Radiation exposure was measured using individually calibrated lithium
fluoride thermoluminescent dosimeters (TLDs). Thirteen TLDs were placed in the mice at the thyroid, lungs, liver,
stomach, colon, bladder and near the spleen. One mouse was scanned with the SkyScan 1278 at a resolution of 50
µm, 50 kV and a standard 0.5 mm Al filter. The other mouse was scanned with the same scan settings and a low dose
filter. The TLDs were removed after each scan. Image quality of the 2 scan protocols was evaluated.
 
Results 
 
The median organ dose of the scan with the standard Al filter was 14.1 mGycm/s, while the median organ dose of the
scan with the low dose filter was reduced to 3.8 mGycm/s.
Internal TLD analysis of the thyroid was 1.5 mGy/s with the 0.5 AL filter versus 0.38 mGy/s with the low dose filter.
The radiation dose of the lung was 0.96 mGy/s versus 0.25 mGy/s. The radiation dose of the liver was 1.3 mG/s
versus 0.28 mGy/s. The radiation dose of the stomach was 1.24 mGy versus 0.27 mGy. The radiation dose of the
spleen was 0.96 mGy/s versus 0.34 mGy/s. The radiation dose of the colon was 1.16 mGy/s versus 0.26 mGy/s. The
radiation dose of the bladder was 1.26 mGy/s versus 0.34 mGy/s.
 
Conclusion 
The new SkyScan 1278 is able to produce high-resolution micro-CT images at a low radiation dose. The radiation
dose of could be reduced up to 74%.
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CONTROL ID: 2493676
TITLE: The Cytotoxicity and Imaging Evaluation of Radiolabeled-Human Serum Albumin Nanospheres in MDA-MB-
231 breast cancer model
PRESENTER: Yuan-Ruei Huang
ABSTRACT BODY: 
Abstract Body: Objectives: The aims of this study were to explore the cytotoxicity of radiolabeled -human serum
albumin nanospheres (HSANP) in MDA-MB-231 human breast cancer cell line, and demonstrated radiolabeled-
HSANP may offer images for tumor.
 
Method(s): Human serum albumin nanospheres were synthesized and labelled with 188Re in Institute of Nuclear
Energy Research (INER). Cytotoxicity assay was performed using 96-well plates. Each well was inoculated with 1 ×
104 cells and incubated for 24 h to achieve 60–70% confluency. The serial dilutions of 188Re-HSANP from 0 to 2 mCi
were added to each well of 96-well plates, respectively. After 24 hours incubation with 188Re-HSANP at 37 degrees
Celsius, cells were washed twice with PBS and then added DMEM for another 24-hours incubation. We evaluated the
viabilities of cells by alamarBlue assay. Tumor xenografts were produced in 6-wk-old female BALB/c nude mice by
subcutaneous injection of 1 x 107 MDA-MB-231 cells, and used for 99mTc-HSANP nanoSPECT/CT imaging which
the tumor-to-muscle ratio was evaluated.
 
Result(s): The labeling efficiency of 188Re-HSANP was more than 90%. The viabilities of MDA-MB-231 cells
incubated with 188Re-HSANP were 108.4±3.9%, 115.2±4.5%, 110.6±3.4%, 112.0±18.6%, 76.4±5.3% and
40.47±7.6% in 0.0625, 0.125, 0.25, 0.5,1 and 2 mCi, respectively. NanoSPECT/CT images acquired 1 hr and 7 hr
postinjection of 99mTc-HSANP showed an accumulation in the MDA-MB-231 tumor, which the tumor-to-muscle ratios
were 1.88 and 3.75, respectively.
 
Conclusion: This study showed that 188Re-HSANP could suppress cell growth of MDA-MB-231 human breast cancer
cell line and nanoSPECT/CT imaging showed 99mTc-HSANP was accumulated in the tumor. We are going to prove
188Re-HSANP has the capability as radiotherapy drug for breast cancer in the future.
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TITLE: The Characterization and Biodistribution of Novel Targeting Nanogolds for Imaging Hypoxia
PRESENTER: Chien-Chung Hsia
ABSTRACT BODY: 
Abstract Body: Objectives: Tumor growth beyond the region where vascular oxygen can reach results in hypoxic
domain. Hypoxia wills upregulate many genes, including Carbonic Anhydrase-IX (CA-IX), through HIF-1α. Intact anti-
CA-IX antibody, antibody fragment and chimeric antibody had used as imaging and therapeutic probe for colon and
renal cancer. However, antibody will be excluded via renal system, rapidly. Nanogolds are stable and biocompatible
drug-carrier used to combine several chemo-drug and radioisotopes and can passively transport to tumor region via
enhanced permeability and retention effects (EPR effect). This study developed novel CA-IX targeting nanogolds for
imaging the hypoxic tumor.
 
Methods: Nanogolds drug anti-CA-IX-AuNP-NOTA-Ga-67 was prepared via a multi-step synthesis and radio-labeling.
In vitro cell uptake assays in HT29 were compared under anaerobic and normal environment. MicroSPECT image and
bio-distribution assay were carried out in HT29-bearing nude mice.
 
Results: The radio-chemical purity of anti-CA-IX-AuNP-NOTA-Ga-67 was over 94%. In HT29 cell assay, 15.62 ± 1.85
%dose/106 cells and 10.11 ± 0.54 %dose/106 cells were uptake under anaerobic and normal environment,
respectively. In MicroSPECT imaging, radio-activity had highly accumulated in heart, bladder and abdomen and was
decreasing with time. In bio-distribution, the radio-activity in blood and heart rapidly decreased during 24h. The radio-
activity was excluded via renal and hepatic-gastric pathway, dominating in renal in early 24h. The accumulation of
radio-activity in lung was extremely high in 1h. There were slowly increased and eliminated in liver, spleen, stomach
and pancreas. The maximum accumulation in tumor was 6.01 ± 0.94%ID/g (n=3) at 48h and tumor-muscle ratio was
24.83. MicroSPECT image and bio-distribution assay were consistent.
 
Conclusions: In this study, anti-CA-IX-AuNP-NOTA-Ga-67 was synthesized and evaluated its specific binding ability
in vitro. This modified with anti-CA-IX nanogolds drug could successfully accumulate in HT29-bearing hypoxic tumor.
This study provided its potential clinical trials in various medical applications and applied for thermotherapy to hypoxia.
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CONTROL ID: 2493734
TITLE: Plasmonic Gold Nanostar Theranostic Probe for Brain Tumor Sensitive Detection with PET/CT Scan, High-
resolution Margin Delineation with Optical Imaging and Specific Photothermal Therapy on Mice
PRESENTER: Yang Liu
ABSTRACT BODY: 
Abstract Body: Malignant brain tumor has caused over 14,000 deaths each year in the United States and the median
overall survival (OS) for glioblastomas (GBM) is just 15 months. Therefore, there is an urgent need to develop novel
methods for early brain tumor detection and specific therapy. Nanomedicine has attracted significant attention in
recent years because it has potential to provide personalized cancer detection and treatment with the aim of improving
patients’ prognosis. A gold nanostar (GNS) multifunctional nanoprobe with tip-enhanced plasmonics (“lightning rod”
effect) has been developed for brain tumor sensitive pre-operative detection with positron emission tomography
(PET), high-resolution intraoperative margin delineation with two-photon photoluminescence (TPL) imaging and
surface-enhanced Raman spectroscopy (SERS), and specific photothermal therapy with near-infrared (NIR) light. The
developed GNS nanoprobe has been demonstrated to accumulate selectively in the brain tumor but not in the
surrounding normal brain tissue with the enhanced permeability and retention (EPR) effect, which is because the brain
tumor disrupts the blood-brain-barrier (BBB), resulting in the GNS nanoprobe selective accumulation. By combining
the specific accumulation of GNS in brain tumor and high sensitivity of the PET scan, 1-mm limit of brain tumor
detection has been demonstrated to be feasible with the I-124 labeled GNS radiotracer. The obtained brain tumor-to-
normal (T/N) ratio in PET/CT scan is up to 10:1, which shows significant improvement over the traditional
fluorodeoxyglucose (FDG) PET contrast agent, whose T/N is typically less than 1.5:1. The results show great potential
for brain tumor diagnostics at an early stage (less than 1 mm in size). What is more, the developed GNS nanoprobe
has tip-enhanced plasmonics, which enhances local electromagnetic field dramatically at its multiple sharp branches,
resulting in high two-photon photoluminescence cross-section (four orders higher than nanosphere) and SERS
enhancement (two orders higher than nanosphere). TPL imaging has been performed to delineate brain tumor margin
with excellent sensitivity (single particle) and high spatial resolution (µm level). In addition, a sensitive in vivo Raman
instrument has been developed in the lab and applied with the GNS SERS nanoprobe to perform fast intraoperative
brain tumor identification. The SERS method has potential for multiplex cancer biomarkers detection with its unique
fingerprint spectrum. Furthermore, the GNS nanoprobe has been used as a superior photon-to-heat transducer with
high absorption coefficient (109 M-1 cm-1) due to tip-enhanced plasmonics to perform brain tumor specific
photothermal therapy since the near infrared laser can penetrate the skull and water has minimal absorption. The in
vivo toxicity has also been investigated and experiment results indicate no deleterious effect after infusion of the GNS
nanoprobe. In conclusion, the biocompatible GNS theranostic nanoprobe with multifunctional capabilities, exhibits
great promise to fulfill the unmet needs of early brain tumor detection and specific treatment in future translational
medicine studies.
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CONTROL ID: 2493769
TITLE: CD44 and its splice variant CD44v6 as Potential Imaging and Treatment Targets for Colorectal Adenomas 
PRESENTER: Elmire Hartmans
ABSTRACT BODY: 
Abstract Body: BACKGROUND & AIMS: Colorectal cancer (CRC) is the third leading cause of cancer-related deaths
worldwide. Early lesion detection, which is the most effective method for preventing CRC development, remains
challenging. By fluorescently ‘highlighting’ specific molecular properties and enhancing optical discrimination,
endoscopic molecular imaging has great potential for improving diagnostics. To implement this technique effectively,
target proteins that distinguish adenomas from normal tissue must be identified.
 
METHODS: We used the recently introduced Functional Genomic mRNA profiling method to identify functional
genomic mRNA (FGmRNA) overexpressing genes in colorectal adenomas (n=47) compared to normal colon tissue (n
=26). Via immunohistochemistry (IHC) we validated the protein overexpression of the top identified genes in sporadic
adenomas. Furthermore, we evaluated CD44 expression in Lynch lesions. Finally, we evaluated the expression of
splice variant CD44v6 in sporadic adenomas, followed by CD44v6-targeted adenoma imaging and treatment in APC
Min/+ mice.
 
RESULTS: Using FGM profiling, we identified 4,524 genes that are overexpressed in adenomas compared to normal
tissue. We validated the top genes, AXIN2, KIAA1199, CD44, and JUN, showing clear protein overexpression in
sporadic colorectal adenoma samples. We identified CD44 as an attractive target in both sporadic and Lynch
adenomas. Its splice variant CD44v6 is overexpressed in sporadic adenomas and, with use of a CD44v6-targeting
peptide, we were able to visualize intestinal adenomas and significantly decrease their formation in vivo.
 
CONCLUSIONS: We identified CD44 as an attractive molecular target for both sporadic and high-risk Lynch
adenomas. In addition, our results demonstrate the applicability of a small peptide drug, directed against splice variant
CD44v6, for targeted adenoma imaging and treatment strategies.
 
Keywords: Cancer Genetics; Colorectal adenomas; Molecular Targeted Strategies.
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CONTROL ID: 2493781
TITLE: An Investigation into the use of Positron Emission Tomography (PET) and Desorption Electrospray Ionisation
Mass Spectrometry (DESI-MS) Imaging in a Zebrafish model of Melanoma
PRESENTER: Michael Batey
ABSTRACT BODY: 
Abstract Body: Introduction: Imaging technologies are widely used in cancer research and treatment, and techniques
such as Positron Emission Tomography (PET), are used both preclinically and in patients to image tumours and
metastases. PET imaging requires the use of radiolabelled probes, such as Fluoro-6-thia-heptadecanoic acid (FTHA),
a fatty acid analogue used in the visualisation of lipid metabolism. Lipids are involved in membrane formation and
signalling, and can be altered during cancer progression. As such, an understanding of this lipid heterogeneity is
necessary for elucidation of mechanisms of tumour lipid metabolism and has importance in both diagnosis and
treatment. Mass Spectrometry Imaging (MSI) is an untargeted technique which does not require a radio labelled tracer
and can provide a wide range of molecular information.
Methods: In the work described here, we compare the use of a radioactive [18F] (FTHA) tracer administered to
tumour-bearing zebrafish and imaged by PET, to an imaging stable FTHA imaged by Desorption Electrospray
Ionization Mass Spectrometry (DESI-MS). Zebrafish, (wild type or lipoprotein lipase mutant), were exposed to water
containing FTHA tracer. Static PET scans were carried out for either 5 or 10 minutes on a pre-clinical PET scanner
(Inveon, Siemens, Germany), and showed a homogenous tumour uptake of FTHA tracer. MSI experiments were
carried out using a DESI stage mounted on a Xevo G2-XS mass spectrometer (Waters, UK) over the mass range m/z
50-1,200. Tissue sections were analysed using DESI-MS, firstly in negative mode to visualise the FTHA tracer and
then in both negative and positive mode to analyse endogenous lipid heterogeneity at higher spatial resolution. DESI-
MS Imaging datasets were processed and visualized with the High Definition Imaging (HDI) 1.4 software package
(Waters, UK).
Results and Conclusions: DESI-MS images of tumours were found to show distinctive heterogeneity of lipid signals,
demonstrating that the spatial resolution of mass spectrometry imaging is capable of visualising tumour heterogeneity.
DESI-MS was shown to be a complementary imaging technique to PET scanning, which allows the visualization of
both tracer and endogenous lipid profiles. Data will be presented showing the correlation of lipid signals from DESI-
MS imaging with PET imaging.
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CONTROL ID: 2493997
TITLE: Simplified paired-agent model (SPAM) to rapidly estimate cell surface receptor concentration in live tissue
culture
PRESENTER: Xiaochun Xu
ABSTRACT BODY: 
Abstract Body: Methods of quickly and accurately assessing differential cell surface antigen expression between
cancerous and healthy cells provide crucial information in live tissue culture. Targeting and imaging of tissue-specific
cell surface receptors would ideally provide information about how the expression difference would influence cancer
growth, respond to therapy and improve the accuracy of tissue sorting [1-4]. And this information would largely help
our understanding of molecular mechanisms in cancer to identify optimal targeting drugs for molecular therapy. To
date, all conventional measures of assaying molecular expression in cell culture are ill-suited to the application in 3D
tissue culture, owing to expected high levels of nonspecific retention of molecular imaging agents within the tissue
mimicking scaffold. For instance in initial studies, where 3D cultures of either 5×104 or 5×105 cells showed no
statistically significant difference in fluorescence signal after staining with and repeated rinsing of a fluorescent
imaging agent targeted to epidermal growth factor receptor (EGFR), a cell surface protein only expressed by the
cancerous cells in the medium.
To account for the obfuscating background signal, a 3D-cell-culture adaptation of a paired-agent imaging approach, a
family of techniques that employ co-administration of a control (untargeted) imaging agent with the targeted imaging
agent essentially to account for variability in targeted agent delivery and nonspecific retention, was developed and
tested. After preparation, each well was incubated with a mixture of targeted and control imaging agents, IRDye-800-
EGF and IRDye-700DX (LICOR Biosciences) for 45 min. Staining solution was then removed and the 3D cell cultures
were rinsed and imaged [on a dual-channel fluorescence scanner (Pearl®, LICOR)] repeatedly (see supplementary for
more details). Eight repeat studies of two cell lines with about 4 times difference in Epidermal Growth Factor Receptor
(EGFR) expression level, human glioblastoma (U251) and human epidermoid carcinoma (A431), were chosen to
assess the ability of the paired-agent cell culture imaging approach to distinguish the difference.
Details of the novel simplified paired-agent model (SPAM) can be found in the supplemental. Fig. a demonstrates the
compartment model founding the basis of SPAM. SPAM was compared to alternative models for paired-agent imaging
in stained/rinsed tissue and cell culture, namely a paired-agent model with nonspecific binding, PAM-NS [6] and a
Ratiometric approach, which also provides a simple estimation of receptor concentration which requires faster
clearance and longer retention of the signal [7,8]. SPAM demonstrated far more accurate and precise estimates of 3D
cell culture receptor concentration and provides a better separation between all cell concentration groups compared to
raw fluorescence signal and two other models, Fig. b.
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CONTROL ID: 2494178
TITLE: Immune Check Point Inhibitor Response in C1498 Syngeneic Systemic Disease Model using Bio-Imaging
PRESENTER: Vivek Mahajan
ABSTRACT BODY: 
Abstract Body: The majority of the leukemia cases (~91%) are diagnosed in adults of 20 years age or older among
which acute myeloid leukemia (31%) and chronic lymhocytic leukemia (37%) are the most common. Currently,
blockade of immune checkpoints offers the most promising approaches to activate an immune based antitumor
response. Therefore, we used an AML systemic disease model in syngeneic C57BL/6 mice and evaluated the
therapeutic response to immune checkpoint inhibitors. As a detection modality we transduced C1498 cells with a
lentivirus vector containing luciferase and GFP constructs in vitro and upon establishment of a stable expressing
population administered 1x106 C1498-GFPhi-Luc+ cells intravenously (i.v.) to syngeneic C57BL/6 mice. We
evaluated the anti-tumor response to the following monotherapy and combination therapy check point inhibitor
regimens; anti-CTLA4 (clone 9H10), anti-PD-1 (clone RMP1-14), anti-PD-L1 (clone 10F.9G2), anti-CTLA4 + anti-PD-1
and anti-CTLA4 + anti-PD-L1. Dosing regimens were administered on Day 8, 11, 15 and 18 post-implant for anti-PD-
1/anti-PD-L1 and on Day 8, 11 and 14 post-implant for anti-CTLA-4 (n = 10 per group). Treatment responses were
compared to vehicle treated animals. We monitored disease progression in vivo by bioluminescence (BLI) using
Spectrum CT, GFP signal in peripheral blood samples, body weight and Kaplan-Meir log rank survival analysis.
C1498- GFP+-Luc+ cells were positive for PD-L1 expression both in vitro and in vivo. Results based on Kaplan-Meier
plot did not indicate a significant difference in survival in the treatment group compared to control group. In contrast,
BLI analysis indicated strong decrease in anti-PD-L1 therapy from day 15 to day 28 with significant decrease at day
19. Marginal to non significant decrease in other monotherapies and combination therapies was observed at different
imaging time points. BLI analysis also enabled us to analyze and describe organs of metastasis (bones, liver, lungs,
lymph nodes, ovaries, urogenital area and in some cases to CNS). In summary, BLI allowed us to evaluate the
therapeutic value of immune checkpoint inhibitors in a systemic AML disease model.
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CONTROL ID: 2494579
TITLE: A molecular imaging biosensor for detection of protein folding and misfolding in cells and living subjects
PRESENTER: Anjali Sheahan
ABSTRACT BODY: 
Abstract Body: Objective: Misfolded proteins cause many important diseases and are an emerging class of promising
targets for molecular therapy. Technologies applied to real-time monitoring of protein conformation include
fluorescence resonance energy transfer 1 and second-harmonic generation2. However, both techniques are difficult to
adapt for molecular imaging in living subjects. Here, a new bioluminescence-based biosensor based on a protein-
fragment complementation assay is developed and used to determine the conformation of full-length proteins of
interest (POIs) in live cells and animal models, a step toward applications in high throughput screening (HTS) of
chemical libraries for discovery of anti-misfolding drugs, and in vivo validation of candidate drugs.
Methods and Results: Biosensors were constructed by labeling the N- and C-termini of a POI with rationally split N-
and C- terminal fragments of firefly luciferase (Fluc) (NFluc-POI-CFluc). Biosensors for enhanced green fluorescent
protein (EGFP), renilla luciferase (Rluc), and gaussia luciferase (Gluc) were used to demonstrate recovery of Fluc
bioluminescence with minimal disruptions to POI function in 293T and A549 cells. The use of non-functional mutants
of EGFP as POIs, generated by T66K and/or G68C chromophore mutations, resulted in a loss of Fluc
bioluminescence in live 293T cells and cell lysates (P≤0.0001). Analysis of several other variants of EGFP, including
previously described circularly permuted EGFPs3 and a truncated EGFP [EGFP(1-230)], revealed a strong correlation
between fluorescence activity and Fluc bioluminescence in live 293T cells (r=0.977, P<0.0001), validating the use of
this methodology in the quantification of EGFP conformation. Following the transient expression of a biosensor
featuring a slow-folding POI [truncated Gluc, tGluc(17-185)], a strong correlation between Gluc and Fluc
bioluminescence acquired in 293T cell lysates over a 4h window (r=0.929, P=0.0008), indicated that Fluc fragment
complementation recapitulates the dynamic folding status of tGluc as it progresses through its nascent folding phases.
Additionally, a loss-of-function mutant of SIRT1 (R446E), resulted in decreased Fluc bioluminescence in live 293T
cells (P=0.0028), suggesting that this methodology can assay the folding status of a biologically important protein.
Finally, significantly higher in vivo and ex vivo Fluc bioluminescence signals (P=0.0274 and P=0.007, respectively)
were acquired from subcutaneous xenografts established using 293T cells stably expressing the EGFP biosensor,
compared to a mutant group [EGFP (T66K, G68C)], demonstrating the applicability of the biosensor in preclinical
animal models.
Conclusion: This novel biosensor detects protein folding status in a biologically relevant context of live cells and
animal models, enabling cell-based HTS approaches for discovery of anti-misfolding drugs, and in vivo validation
methods in small animals, thus offering significant potential in the drug discovery pipeline.
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Schematic of the strategy developed to assay protein folding status. Complementation of the N-terminal (NFluc) and
C-terminal (CFluc) fragments of firefly luciferase (Fluc) upon folding of the attached protein of interest (POI, ribbon
diagram of GFP as an example) results in restoration of Fluc enzymatic function. Fluc bioluminescence
measurements, which are readily acquired in live cells and animals, thus enable quantification and visualization of the
folding status of a POI in vivo.



CONTROL ID: 2495329
TITLE: A new mitochondrial-derived peptide for fluorescence imaging of prostate cancer in living mice
PRESENTER: Kai Chen
ABSTRACT BODY: 
Abstract Body: Objectives: A new 16-amino-acid peptide (MOTS-c) encoded within the mitochondrial 12S rRNA has
been identified. Cellular actions of MOTS-c inhibit the folate cycle and tether de novo purine biosynthesis, leading to
AMPK activation. In this study, we developed a new fluorescent MOTS-c probe and evaluated its tumor-targeting
efficacy and pharmacokinetics in athymic nude mouse model with a subcutaneous xenograft of PC3 prostate cancer
cells.
 
Methods: The N-terminal protected MOTS-c was conjugated with an alkyne-containing PEG unit followed by mixing
with an azide-terminated Cy5.5 fluorophore (Cy5.5-N3). After deprotection, the Cy5.5-MOTS-c probe was obtained
and subject to in vitro studies, and in vivo fluorescence imaging in subcutaneous PC-3 tumor mouse xenografts. A
Cy5.5 filter set was used to acquire the fluorescence signals. Each animal bearing a PC-3 tumor received 1.5 nmol of
Cy5.5-MOTS-c intravenously and imaged at various time points with or without a mixture of 20 mg/kg of unlabeled
MOTS-c. The animals from non-blocking and blocking groups were euthanized at 4h pi. The tumors, tissues, and
organs were dissected for ex vivo fluorescence imaging.
 
Results: The click chemistry approach provided a rapid conjugation of MOTS-c with Cy5.5 in a quantitative yield. In
vitro studies confirmed the fluorescence property of Cy5.5-MOTS-c. For in vivo fluorescence imaging, Cy5.5-MOTS-c
showed rapid PC-3 tumor targeting at 0.5 h pi (T/M ratio: 1.87±0.33), and good tumor retention (T/M ratio: 2.16 ± 0.08
at 4 h pi). The specific PC-3 tumor accumulation of Cy5.5-MOTS-c was accomplished by a blocking study with
unlabeled MOTS-c peptide in PC-3 tumor bearing mice. The tumor-to-muscle ratio of Cy5.5-MOTS-c at 2 h pi reached
2.14 ± 0.55 in non-blocking group vs. 1.53 ± 0.42 in blocking group. Ex vivo fluorescence imaging further confirmed
the in vivo findings, demonstrating that Cy5.5-MOTS-c displayed an excellent PC-3 tumor uptake at 4h pi for the non-
blocking group and significantly reduced PC-3 tumor uptake (p<0.05) for the blocking group.
 
Conclusions: We have successfully developed a Cy5.5-MOTS-c peptide for highly sensitive and target-specific
imaging of PC-3 tumors. Cy5.5-MOTS-c has the potential as a promising molecular probe for non-invasively localizing
and characterizing prostate cancer.
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CONTROL ID: 2495804
TITLE: A Multi-Modal Optical-PET workflow for rapid assessment of Zr-89 labeled antibody pharmacokinetics and
therapeutic efficacy in a breast cancer model
PRESENTER: Chongzhao Ran
ABSTRACT BODY: 
Abstract Body: It is currently estimated that as many as 3 in 5 patients do not respond to initial therapies associated
with their cancer treatment. In addition to the unwanted potential off-target side effects of these drugs, the patient and
physician lose valuable time while the cancer continues to spread. Improving our ability to better assess the tumor’s
genetic and phenotypic attributes as well as evaluate drug PK/PD will positively impact treatment outcomes. To this
end, multi-modal imaging has emerged as an indispensable tool.
 
Non-invasive optical imaging is widely employed in preclinical studies of therapeutic efficacy for evaluation of
underlying pathways. In parallel, Positron Emission Tomography (PET), a clinically translatable modality, is being
extensively used in both preclinical and clinical settings to evaluate the PK/PD of various cancer therapeutics. In an
effort to harness the complementary utility of these two technologies, we designed a multi-modal optical-PET co-
registration study to assess the bio-distribution, targeting and therapeutic potential of Zr-89 labeled antibody for
treatment of orthotopic HER2+ breast tumors.
 
We utilized a highly sensitive, low-dose G4 PET scanner, which despite its benchtop footprint, offers 14% imaging
sensitivity and improved uniformity of spatial resolution across the entire imaging field of view. The scanner can
accommodate an entire mouse in one scan, providing the ability to perform dynamic scans to assess uptake and
distribution of PET agents. Additionally, PET data can be seamlessly co-registered with our 3D optical tomography
datasets imaged on the IVIS Spectrum optical imaging platform.
 
Luciferase-expressing BT474 (HER2+) and MDA-MB-231 (HER2-) breast cancer cells were orthotopically implanted
into athymic nude mice. Prior to initiating drug treatment, mice were injected with 35 µCi of Zr89-labeled-Trastuzumab
and imaged using the PET scanner to assess compound pharmacokinetics. Within 1 hour of injection, the probe
preferentially targeted and accumulated in HER2+ tumors. This served as a validation of compound specificity and
offered an early indication of possible tumor responsiveness to treatment. Therapeutic treatment consisted of
intraperitoneal injections of cold Trastuzumab (50µg twice/week for 5 weeks). Therapeutic response was monitored by
bioluminescence imaging. As expected, HER2+ tumors showed a dramatic treatment response to Trastuzumab, as
tumors shrunk by nearly 74% and in some mice disappeared entirely. In contrast, control Her2- tumors showed about
210% growth.
 
While previous studies have separately explored different aspects of Trastuzumab PK/PD and treatment outcomes,
this study combines all therapeutic readouts into a single co-registration study. This multi-faceted workflow is designed
to highlight the utility of optical-PET synergies for rapid and efficient investigation of the therapeutic prowess of new
PET imaging agents, biologics and diagnostics.
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CONTROL ID: 2488091
TITLE: Nanomedicine for cancer immunotherapy: Tracking cancer-specific T-cells in vivo with gold nanoparticles and
CT imaging
PRESENTER: Rinat Meir
ABSTRACT BODY: 
Abstract Body: Cell-based therapy is the transplantation of living cells for the treatment of diseases and injuries. Such
therapy offers a promising solution for the treatment of various pathologies that conventional medicine cannot cure
effectively, thus encouraging future medical breakthroughs. For instance, stem cells may treat neurodegenerative
diseases, heart disease, muscular dystrophy and diabetes and cancer-fighting T cells may be injected in the course of
cancer immunotherapy.
However, application of cell-based therapy in routine clinical practice is challenging, due to the poorly-understood
mechanisms underlying success or failure of treatment. Development of accurate and quantitative imaging techniques
for non-invasive cell tracking can provide essential knowledge for elucidating these mechanisms.
A novel method was designed for longitudinal and quantitative in vivo cell tracking, based on the superior visualization
abilities of classical X-ray computed tomography (CT) combined with state-of-the-art nanotechnology[1]. This imaging
tool will have broad impact on many disease fields treated with living cells.
To explore the abilities of this method, T-cells were transduced to express a melanoma-specific T-cell receptor and
then labeled with gold nanoparticles (GNPs) as a CT contrast agent. The GNP-labeled T-cells were injected
intravenously to mice bearing human melanoma xenografts, and whole-body CT imaging allowed examination of the
distribution, migration and kinetics of T-cells. Using CT, it was found that transduced T-cells accumulated at the tumor
site, as opposed to non-transduced cells[2].
Labeling with gold nanoparticles did not affect T-cell function, as demonstrated both in vitro, by cytokine release and
proliferation assays[3], and in vivo, as tumor regression was observed[2]. Moreover, to validate the accuracy and
reliability of the proposed cell tracking technique, T-cells were labeled both with green fluorescent protein for
fluorescence imaging, and with GNPs for CT imaging. A remarkable correlation in signal intensity at the tumor site
was observed between the two imaging modalities, at all time points examined, providing evidence for the accuracy of
the CT cell tracking abilities.
This new method for cell tracking with CT offers a valuable tool for research, and more importantly for clinical
applications, to study the fate of the transplanted cells in all cell-based therapies.
1. Betzer O, Shwartz A, Motiei M, et al. ACS Nano. 8(9), 9274–85 (2014).
2. Meir R, Shamalov K, Betzer O, et al. ACS Nano. 9(6), 6363–72 (2015).
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Tracking cancer-specific T-cells as they accumulate at the tumor. T-cells were engineered to express a melanoma-
specific T-cell receptor and then labeled with gold nanoparticles as a CT contrast agent. The nanoparticle-labeled T-
cells were injected intravenously to mice bearing human melanoma xenografts. Before injection, the small tumor
cannot be observed in the CT scan. Then 24 h after injection , a clear CT signal can be observed at the tumor site due
to the concentration of gold nanoparticles within the T-cells that migrate to the tumor site. After 48 h, the signal
intensified showing an increase in the amount of targeted T-cells at the tumor site. After this time point, the signal
decreased, indicating that the T-cells left the tumor.



CONTROL ID: 2490307
TITLE: Mechanistic interrogation of combination Bevacizumab/dual PI3K/mTOR inhibitor response in Glioblastoma
implementing novel MR and PET imaging biomarkers
PRESENTER: Annette Byrne
ABSTRACT BODY: 
Abstract Body: Purpose: Resistance to bevacizumab (BEV) in glioblastoma (GBM) is believed to occur via activation
of molecular networks including the mTOR/PI3K pathway. Implementing an MRI/PET molecular imaging biomarker
approach, we sought to interrogate response to combining BEV with the mTOR/PI3K inhibitor BEZ235. Methods:
Tumors were established by orthotopically implanting U87MG-luc2 in mice. Animals were treated with BEZ235 and/or
BEV, and imaged using diffusion weighted-MRI, T2 weighted (T2w), and T2* weighted (T2*w) before and following
delivery of superparamagnetic iron oxide (SPIO) contrast. Maps for changes in relaxation rates: ΔR2, ΔR2* and
apparent diffusion coefficient (ADC) were calculated. Vessel Size Index (VSI) and micro vessel density index (MDI)
were derived. 3-deoxy-3-[18F]fluorothymidine ([18F]FLT)- and O-(2-[18F]fluoroethyl)-L-tyrosine ([18F]FET) PET was
further performed and tumor endothelium/proliferation markers assessed by immunohistochemistry.
 
Results: Treatment with BEV resulted in a pronounced decrease in tumor volume (T2w MRI). No additive effect on
tumour volume was observed in BEV/BEZ235 combination compared with BEV monotherapy. Ki67 proliferation index
staining and [18F]FLT uptake studies were used to support observations. Using ΔR2* and ΔR2 values respectively,
BEZ235 + BEV combination significantly reduced tumor microvessel volume in comparison to BEV alone. Decreased
MDI was further observed in the combination group; supported by von Willebrand Factor (vWF)
immunohistochemistry. We observed decreased [18F]FET uptake following BEV, but failed to observe further reduced
[18F]FET uptake in the combination cohort. vWF IHC analysis showed tumor vessel size increased in all cohorts.
 
Conclusions: Assessing MR imaging biomarker parameters together with [18F]FET and [18F]FLT PET, informed drug
combination mechanism of action and provided clues as to potential clinical response. Translation of a BEZ35/BEV
combination regimen could support reduction of peritumoral edema obviating the requirement for steroids.
Implementing hypothesis driven molecular imaging studies facilitates the interrogation of drug response in the pre-
clinic. These data may more accurately predict the clinical potential of novel therapeutic approaches in oncology.
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TITLE: Improved hyperpolarized [1-13C]pyruvate imaging in DEN induced liver cancer
PRESENTER: Way Cherng Chen
ABSTRACT BODY: 
Abstract Body: Introduction 
Magnetic resonance spectroscopic imaging of hyperpolarized [1-13C]pyruvate metabolism in vivo can provide
important localized biochemical information [1]. In cancerous tissues, the increase in lactate dehydrogenase (LDH)
flux after the introduction of pyruvate as reported by various research groups is a direct manifestation of the Warburg
effect. Spectroscopic imaging provides additional spatial information compared to routine 1D MR spectroscopy which
is particularly important in the case of tumor detection/monitoring. However, spectroscopic imaging generally requires
extra application of radio frequency (RF) excitations for the additional spatial encoding which inevitably results in
faster RF induced signal decay. In this work, we introduced a novel yet easy to implement RF excitation that
selectively not excite the [1-13C] pyruvate species for improved rapid metabolic imaging [2] of diethylnitrosamine
(DEN) - induced mouse model of liver cancer [3].
Methods and materials 
A mixture of [1-13C]pyruvic acid, OXO63 and gadolinium was hyperpolarized in a HyperSense DNP system (Oxford
Instruments) and subsequently dissolved with alkaline solution and then injected via tail vein into the anesthetized
mouse. Experiments were performed on a 9.4T/31cm horizontal bore MRI scanner (Agilent Technologies Inc) with a
38mm dual-tuned (1H/13C) volume coil. A custom designed Hanning windowed sinc shape RF pulse with eight side
lobes, pulse width 8ms and centered at 750Hz from alanine resonance frequency was used for a bandwidth limited RF
excitation. 30 dynamic multi-echo data sets were obtained every 2s using a multiple-echo gradient echo (GRE)
sequence. After Fourier transformation, each spectral species corresponding to pyruvate hydrate, lactate and alanine
were identified and the area under the spectral peaks were summed across the 30 time points to obtain the metabolite
maps. DEN was injected at 10ug/g body weight into mice at 2 weeks and scanning was performed at 24 weeks.
Results and discussions 
Metabolic maps were obtained from the spectroscopic images. The higher concentration of pyruvate in the heart can
be clearly seen in the AUC pyruvate maps. Both lactate and alanine concentrations are generally higher at the tumor
regions (highlighted in red outline in c).
Conclusion  
The novel RF excitation scheme has been previously shown [2] to increase total metabolite signal by up to 3 folds and
metabolite signal duration by up to 60% when compared to a conventional non-selective RF excitation scheme. This
novel excitation scheme of not exciting [1-13C]pyruvate also places less demand on the gradient performance thus
facilitating implementation on older MRI systems with poorer gradient performances. The imaging advantages enable
the easy detection of cancerous tissues in the liver. This simple excitation scheme is a good alternative to non-
selective excitation schemes and can be implemented relatively easily.
References 
[1] Golman et al Cancer Res 2006 [2] Chen et al NMR Biomed 2015 [3] Vesselinovitch et al Cancer Res 1983
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TITLE: Metabolomic studies of cancer cells and ascitic fluid in ovarian cancer models
PRESENTER: Santosh Bharti
ABSTRACT BODY: 
Abstract Body: Epithelial ovarian cancer is the leading cause of death from gynecologic malignancy among women in
developed countries. Malignant ascites, a complication observed in terminal ovarian cancer, is a devastating condition
that significantly contributes to poor quality of life and to mortality. In our orthotopic ovarian cancer models, mice
frequently develop ascites. We have been working with 2 ovarian cancer cell lines that induce ascites differently. The
mouse cell line ID8-VEGF-Defb29 induces large volumes of ascites, often more than 10 mL, the human OVCAR3 cell
line, on the other hand, induces ascites less frequently and at smaller volumes of usually less than 0.2 mL. We
compared the metabolic composition of the two different ascitic fluids, and their relationship to cell and cell culture
media metabolites to characterize the ascites composition and better understand the differences between both cell
lines, using high-resolution 1H magnetic resonance spectroscopy (MRS). The metabolomic analysis of biofluids,
detected by high-resolution MRS, may help to identify metabolite profiles, which could serve as useful biomarkers for
ovarian cancer detection. Such MRS derived biomarkers would not only help in ovarian cancer detection, but also
expand our understanding of the biochemical and metabolic changes associated with ovarian cancer.
High-resolution proton MRS of cells, media and ascitic fluids was performed on an Avance III 750 MHz Bruker MR
spectrometer. 1H MR spectra with water suppression were acquired using a one-dimensional Carr-Purcell-Meiboom-
Gill pulse sequence. The ascites, cells and media MRS analysis revealed significant differences between OVCAR3
and ID8-VEGF-Defb29. The ID8-VEGF-Defb29 ascitic fluid was characterized by higher levels of glutamine and
glucose compared to the OVCAR3 fluid, and by lower levels of glutamate, lactate, choline and acetate. Metabolite
patterns in cells and cell culture media differed from what was observed in ascitic fluid. The ID8-VEGF-Defb29 cells
and their culture media were characterized by higher concentrations of lactate, alanine, glutamate, pyruvate, and by
lower glutamine, choline, glucose, tyrosine, phenylalanine, leucine, and valine. The creatine level, higher in the ID8-
VEGF-Defb29 cells compared to the OVCAR3 cells, was lower in the ID8-VEGF-Defb29 culture medium compared to
the OVCAR3 culture medium. Our results showed significant differences between the metabolite profiles observed in
the ascites compared to the ones from the cells and culture media for the 2 cell lines used in our study, especially for
glucose, glutamine, and glutamate. Further investigations are necessary to better understand these differences. This
study is a first step in profiling ovarian cancer biofluids, and can be extended to the analysis of serum and urine to
provide information about changes in metabolite profiles, about ascites formation and to identify potential new
biomarkers.
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TITLE: Evaluation of radioiodine-induced apoptotic and autophagic cell death in colon cancer cells 
PRESENTER: Kyung Oh Jung
ABSTRACT BODY: 
Abstract Body: Purpose: Colorectal cancer is one of the most prevalent cancers worldwide. There are many
researches about cell death in colorectal cancer after chemotherapy and radiation therapy. However, cell death for
internal radiation was not clarified. Evaluation of cell death such autophagy and apoptosis is important for more
effective therapeutic strategies. Here, we evaluated apoptotic and autophagic cell death after 131I therapy in different
colon cancers.
Methods: The HCT116 and HT29, human colorectal carcinoma cells, were transfected with NIS specific reporter
(pCMV-NIS) which could uptake radioiodine. The apoptosis and autophagy was confirmed by caspase 3 and LC3
antibody in western blot. HT29 cells were transfected with LC3 specific reporter (pCMV-LC3-GFP) to show LC3
located in autophagosome. TEM images and confocal microscopy were performed. In tumor xenografts, activation of
caspase 3 was imaged by vivoglo imaging and IHC in tissues was performed for detecting caspase 3 and LC3.
Results: The HCT116 and HT29 cells, transfected with pCMV-NIS, showed higher I uptake and NIS expression than
control cells. In HCT116 cells, caspase 3 was increased in NIS expressing cells after 131I therapy. Whereas caspase
3 in NIS expressing HT29 cells was not increased after 131I therapy, LC3 was increased after 131I therapy. In TEM
images, HT29 cells with NIS expression also showed morphologic change such as autophagosome and autolysosome
after 131I therapy. In confocal microscopy, NIS expressing HT29 cells, transfected with pCMV-LC3-GFP, has more
green fluorescence dots than non-expressing HT29 cells after 131I therapy, indicating the presence of
autophagosome. In xenografts, vivoglo images showed that there were no differences of caspase 3 activity between
NIS expressing and non-expressing HT29 cells. In tissues, whereas there was no difference of caspase 3
expressions, there were more green fluorescence dots and expression of LC3 in NIS expressing HT29.
Conclusions: Apoptotic and autophagic cell death induced by 131I therapy were successfully visualized in different
colon cancer cells. These evaluation of cell death such autophagy and apoptosis could be useful information for more
effective therapeutic strategies.
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TITLE: Regulated TetOn expression of HSV-tk with reporter gene engineered mesenchymal stem cells for targeted
suicide anaplastic thyroid cancer therapy
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ABSTRACT BODY: 
Abstract Body: Objectives Anaplastic thyroid cancer (ATC) is the most aggressive form of thyroid cancer has a very
poor prognosis and also resistance to cancer treatments. Therefore, new therapeutic modality is urgently needed for
the thyroid cancer. The gene-directed enzyme/prodrug therapy by genetically engineered stem cell mediated gene
delivery is evolving as a new strategy for current cancer gene therapy methods. Recent evidences also indicate that
systemically administered MSCs can migrate and deliver therapeutic genes to tumors. The present study aimed to
develop and investigate the therapeutic MSC having suicidal gene which can be induced by an artificial cue and to
verify the therapeutic gene expression by the cue in vitro and in vivo models using optical molecular imaging. In
addition, therapeutic effect of the MSC to the ATC was assessed in vitro and in vivo lung cancer model.
Methods We designed the Tet on system in retroviral vector fused with Herpes simplex virus thymidine kinase (HSV-
sr39tk) with dual reporters (GFP-Fluc2). Then mouse bone marrow derived MSC was transduced retrovirally. The
transduced cells were screened and characterized. The engineered MSC (MSC-Tet-TK/Fluc2) were co-cultured with
rennila luciferase engineered ATC (Cal62/Rluc) cells and then Dox was induced for activation of suicide gene and
prodrug ganciclovir given with different concentration for 2 days. Rluc and Fluc activity was measured by
bioluminescence imaging (BLI). Lung tumor model was generated with Cal62/Rluc (1x106) cells through i.v injection.
The tumor growth was confirmed by BLI then MSC-Tet-TK/Fluc2 (1x106) cells was injected via the tail vein of ATC
lung tumor bearing nude mice and 1mg/kg of doxycycline (DOX) and ganciclovir (GCV) were injected (i.p) daily. MSC-
Tet-TK/Fluc2 was visualized by BLI. The treatment efficiency was periodically evaluated using the Rluc activity from
Cal62/Rluc by BLI.
Results MSC-Tet-TK/Fluc2 was established and demonstrated enhanced therapeutic effect of Cal62/Rluc cells by
DOX and GCV treatment. In vivo BLI successfully revealed expression of Tet-TK-Fluc2 in the transduced MSC cells
in vitro and in vivo models. In addition, MSC-Tet-TK/Fluc2 cell injection coupled with DOX and GCV administrations
significantly decreased the tumor growth compared to without DOX as well as control tumor having naïve MSC
injection.
Conclusions We successfully developed the MSC having TetOn gene-directed enzyme/prodrug (TK/GCV) therapeutic
system and verified its therapeutic effect in ATC both in vitro and in vivo models. The innovative therapeutic approach
using the TetOn system can reduce adverse effects by artificial controlling of the suicidal TK gene expression by DOX.
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TITLE: A multi-bioluminescence reporter system visualized molecular basis
of bone metastasis
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ABSTRACT BODY: 
Abstract Body: Bone metastasis is a major cause of poor prognosis in various cancers including prostate, breast and
lung cancers. However, current treatments for bone metastasis are palliative and insufficient to improve overall
survival of patients, emphasizing a need for novel therapeutic strategies based on understanding molecular
mechanisms governing the bone metastatic process. However, current biochemical approaches have significant
limitations in dynamic analysis of cancer cells in the bone. We thus developed a unique multi-bioluminescence
reporter system (MRS) which allows noninvasive, quantitative and long-term monitoring of the activities of NF-κB and
hypoxia-inducible factor (HIF) which are important factors for tumor progression in solid tumors and may play
important roles during bone metastasis.
The MRS utilizes three different luciferases derived from the firefly (Fluc), Renilla reniformis (Rluc) and Cypridina
(Cluc) to independently monitor three parameters: transcriptional activities of NF-κB and HIF, and tumor mass. For
NF-κB and HIF reporter genes, NF-κB-responsive or HIF-responsive promoter was combined with Fluc (κB-Fluc) or
Rluc (HRE-Rluc), respectively. For monitoring tumor mass, Cluc was fused with the C-terminal domain of CD91 to
anchor Cluc to the plasma membrane via glycosylphosphatidylinositol (GPI)-anchor (Cluc-GPI) because Cluc is
naturally secreted and circulates in the bloodstream, increasing background signal in whole-body as shown by
imaging using cancer cells tagged with wild-type Cluc (Nat Commun 2014, 5, 3981). Constitutive expression of Cluc-
GPI under control of the cytomegalovirus promoter (CMV-Cluc-GPI) confirmed that Cluc activity in culture medium
was decreased by 10 times over wild-type Cluc, successfully improving signal to background ratio for whole-body
imaging.
To construct clinical relevant bone metastasis model in mice, we established a human prostate cancer PC-3 cell line,
PC-3/MRS, which stably carries these three bioluminescence reporter genes. Bone metastasis was frequently formed
in hind legs after intra-arterially injection of PC-3/MRS into immune-deficient mice. We then monitored MRS-mediated
bioluminescence signals by sequentially injecting coelenterazine, vargulin and D-luciferin at 2-hour intervals. In a first
study using PC-3/MRS, we monitored MRS signals emanating from bone metastasis during treatment with zoledronic
acid (ZA) which suppresses osteolysis, a key event accelerating progression of bone metastasis. Interestingly, ZA
treatment suppressed both HIF and NF-κB activities as well as the progression of bone metastasis although it did not
influence any of HIF and NF-κB activities in cultured PC-3/MRS cells. This observation was consistent with earlier
studies that activation of HIF and NF-κB was involved in osteolysis-mediated progression of bone metastasis as
described by our and other groups (Cancer Sci 2014, 105, 553, Cancer Res 2012, 72, 4238). Taken together, MRS
successfully visualized activities of HIF and NF-κB in PC-3/MRS metastasized to the bone and provides a powerful
tool to understand molecular basis of bone metastasis.
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TITLE: Near-infrared in vivo imaging of breast cancer xenografts using novel CMKLR1-targeted peptide tracers 
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ABSTRACT BODY: 
Abstract Body: Targeted near-infrared fluorescence imaging is an emerging approach in personalized cancer
diagnostics. Altered expression of certain molecules enables targeted imaging and selective treatment of cancer cells.
One of these challenging targets is the chemokine-like receptor 1 (CMKLR1), with its peptide ligand chemerin being
an encouraging molecular entity for tracer development. The aim of this study was the utilization of three novel
chemerin probes for optical in vivo imaging with near-infrared fluorescence (NIRF).
A highly specific and affine CMKLR1 peptide ligand was developed by substitution of wild type chemerin-9 and
structure-activity relationship analysis. This peptide was combined to three different linkers with different chemical
properties and the near-infrared dye ITCC. Tumor uptake of the conjugates and their scrambled variants as a negative
control in target positive and target negative tumor model as well as their liver accumulation were tested by NIRF
imaging.
The novel chemerin peptide demonstrated significantly improved properties compared to the wild type peptide
concerning biological activity, affinity and metabolic stability. Its target is known to be over-expressed in different
pathologies, including cancer. A CMKLR1 overexpression could be demonstrated in the human breast cancer cell line
Du4475 which was used as a target-positive tumor model. After the establishment of the target positive and a negative
tumor model, NIRF imaging of the different conjugates revealed a ligand specific tumor uptake compared to their
scrambled variants. Depending on the hydrophobicity of the specific linker, the conjugates exhibited highest tumor
uptake between three and twenty-four hours. Correspondingly, circulation within the body as well liver accumulation
interrelated with hydrophobicity of the conjugates and their scrambled variants due to the hydrophilic properties of the
linkers. Thus, we developed promising candidates for potential clinical translation.
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TITLE: Indocyanine green loaded with mesoporous silica nanoparticles-PEG coating for in vivo diagnosis and
imaging-guidied photothermal therapy of pancreatic cancer
PRESENTER: Chaoting Zeng
ABSTRACT BODY: 
Abstract Body: Objective:To develop MSNs loaded with ICG and investigate its diagnostic value and photodynamic
therapeutic value in the experimental pancreatic cancer.
Methods:ICG was loaded into MSNs to compound the ICG/MSNs probe. The probe toxicity was evaluated by MTT
assays. Near infrared stereo fluorescence microscope (NIS FM) was applied to investigate whether the ICG/MSNs
would be taken by the human pancreatic cancer cells. After treated by PBS, ICG (10 μg/ml), MSNs or ICG/MSNs (10
μg/ml ICG) for 24 h and then treated with photothermal therapy (PTT, (780±25) nm laser, 1 W/cm2), the human
pancreatic cancer cells survival rate was determined by MTT method to assess the therapeutic effect. The human
pancreatic cancer cells were implanted to nude mice for building subcutaneous tumor model. The distribution of
ICG/MSNs in subcutaneous tumor model was studied with a small animals IVIS Imaging System Spectrum (IVIS).
Reference to ICG concentration of 0.5 mg/kg of injection quantity, the mice in PBS group, ICG group, ICG/MSNs
group (4 mices per group) were injected with 150 μl PBS, ICG solution and ICG/MSNs solution respectively via tail
vein. After treated by PTT ((780±25) nm laser, 1 mW/cm2) for 48 h, the mice were observed by IVIS for 2 weeks using
biofluorescence intensity (BLI) to evaluate the therapeutic effect of PTT. NIS FM was used to observe the
fluorescence in tumor region. Data were analyzed with completely random design analysis of variance.
Results:The diameter of ICG/MSNs was about 100 nm and it could be taken by pancreatic cancer cells. After treated
by PTT, the viability of pancreatic cancer cells were (22.5±5.0)%, (71.2±1.6)%, (92.7±2.0)% and (91.4±1.7)%
（F=212.289，P<0.05） in ICG/MSNs group, ICG group, MSNs group and PBS group, respectively; and ICG/MSNs
group showed better therapy effect than ICG group（P=0.000）. The tumor-burdened nude mice treated by PTT after
12 days, the tumor did not recurrent or growth in ICG/MSNs group. However, the tumor growed obviously in ICG
group and PBS group. The tumor area BLI of PBS group, ICG group and ICG/MSNs group were [(62.2 + 7.67) × 108],
[(55.7 + 9.0) × 108] and [(2.1 + 1.5) × 108] (F = 67.098, P < 0.05) , respectively. And the differences between
ICG/MSNs and ICG group have statistical significance (P=0.000). Meanwhile, the NISFM showed clearly tumor
location with the ICG/MSNs.
Conclusion: ICG/MSNs have good biocompatibility, good PTT effect on pancreatic cancer cells and pancreatic cancer
xenografts. ICG/MSNs also show good near infrared fluorescence imaging to delineate the tumor location.
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suppression MRI image: a pilot study
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ABSTRACT BODY: 
Abstract Body: Purpose 
Liposome-form anti-cancer drugs have been developed in recently years. The liposomes were tracked by
radiolabeling, paramagnetic materials labeling as well as fluorescent labeling in previous reports. However, the
additional substances could not fully represent the behavior of nanoparticles within the living body. Herein, the novel
combination of blank liposomes tracking with water-suppression MRI techniques was proposed in cholangiocarcinoma
rat model for monitoring the liposomal accumulation in order to the early prediction of therapeutic efficacy of liposomal
formation anti-cancer drugs.
Methods 
Male Sprague-Dawley rats were administrated water with TAA 300 mg/l orally. TAA-induced rat CCA model have well-
established in pervious study. The liposomal formulation, dipalmitoyl - phosphatidy-choline (DPPC)/Cholestrol(Chol)
(45/50) were manufactured in house by sonication. An aliquot of 0.5ml of 20mM of liposomes was given to a
cholangiocarcinoma rat via the tail vain in 24 h before MR imaging session. The FDG PET and T2-MRI studies were
performed to confirm the tumor growth in liver. The T2-water suppression MRI study by spectral water saturation was
imaged immediately following T2-MRI study (TR=3000 mSec ; TE=37 mSec) in the same regions. The ungiven
liposomes rat served as a control group.
Results 
Incubating with PBS and BSA, the particle size of liposomes were 99.07+/-2.8 nm and 101.89+/-2.9 nm at 20 h from
101.67+/-1.7 nm in vitro study.
The tumors was detected with FDG PET ( tumor 1 SUV=2.38; tumor 2 SUV=2.06) and T2-MRI ( tumor 1 D=0.538 cm;
tumor 2 D=1.024 cm) images. With water-suppression MR techniques, the liposomes within tumor can be significantly
observed after 24 h liposomes administration (tumor 1 MR signal=49.14; tumor 2 MR signal=21.44). It indicates that
the tumor 2 with lower FDG uptake and larger size may less liposomes accumulation. MR signal of the tumor in a
control group was 20.56 comparable to tumor 2.
Conclusion 
The lipid formed liposomes combined with water suppression MRI techniques have a great potential to detect the
liposomes accumulation in tumor non-invasively, in which the therapeutic efficacy and prognosis of disease could be
predicted.
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The representative images of MRI T2, water suppression and decay-corrected whole body coronal small-animal 18F-
FDG PET of cholangiocarcinoma rat. The liposomes accumulation in the tumor was observed after 24 h blank
liposomes injection utilizing the MRI-water suppression technique.
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ABSTRACT BODY: 
Abstract Body: The development of noninvasive imaging is biomedically high-demanding. Non invasion in vivo
imaging system (IVIS), magnetic resonance imaging (MRI), computer tomography (CT), and positron emission
tomography (PET) are applied wildly. Fluorescence imaging such as IVIS is a convenient method to detect tumor
growth, it location, and drug screen through luciferin or green fluorescent protein signal. However, it is hard to get the
depth of tumor cells. MRI has unlimited penetration depth diction capability and free of ionizing radiation that is ideal
for living organism observation. The challenging of MRI is the sensitivity strength of the signal.
We try to create a dual reporter both in IVIS and MRI. OATP1B3, a transporter protein, can enhance MRI signal by
absorbing Gd-EOB-DTPA (Primovist) as contrast medium. Also, it is also capable of been transporter for indocyanine
green (ICG), a cyanine dye used in medical diagnostics.
Firstly, we transduced OATP1B3 into HT1080, a human fibrosarcoma cell line. We proved that OATP1B3 could
uptake ICG and primovist via ELISA, flow and MRI in vitro. Then, HT1080 carrying OATP1B3 was xenografted into
nude mice subcutaneously. The ICG and Primovist were given to xenograft mice. The IVIS and MRI signal both could
be traced clearly.
We conclude that using OATP1B3 to create a dual reporter both in IVIS and MRI is feasible and the system is a
powerful tool in noninvasive imaging for cancer biology and treatment.
AUTHORS (LAST NAME, FIRST NAME): Wu, Menq-Rong1, 2; Shen, Way-Hone2; Lin,  I-Jou2; Huang, Yi-You1; Liu,
Hon-Man3; Hsieh, Ming-Jium1; Hsiao, Jong-Kai2

INSTITUTIONS (ALL): 
1. Biomedical engineering, National Taiwan University, New Taipei City, Taiwan.
2. Medical Imaging, Buddist Tzu Chi General Hospital, New Taipei City, Taiwan.
3. Medical Imaging , Nation Taiwan University Hospital, Taipei, Taiwan.
(No Image Selected)



CONTROL ID: 2493140
TITLE: Highly Sensitive Trityl-loaded Mesoporous Silica Nanoparticles (MSNs) for In Vivo Tumor Oxygen
Measurements Using Electron Paramagnetic Resonance Imaging (EPRI)
PRESENTER: Nai-Tzu Chen
ABSTRACT BODY: 
Abstract Body: Tumor oxygenation is a critical parameter influencing the efficacy of cancer therapy. Low level of
oxygen in solid tumor has been recognized as an indicator of malignant progression and metastasis, as well as poor
response to chemo- and radiation therapy. Being able to measure the oxygenation for an individual's tumor would give
doctors a valuable way of identifying the best treatment for patients. Electron paramagnetic resonance imaging (EPRI)
in combination with an oxygen measuring paramagnetic probe have been attempted to measure tumor oxygenation in
vivo. Triarylmethyl (trityl) radical exhibits high specificity, sensitivity and resolution for the quantitative measurement of
O2 concentration. However, its in vivo applications in previously studies have been limited by the required high
dosage, its poor intracellular permeability. To address these limitations, we hereof propose the development of high
capacity nano-radicals that employs mesoporous silica nanoparticles (MSNs) as the trityl radical carriers. The high-
surface area nanostructure and easy-surface modification physiochemical properties of MSNs enable the efficient
targeted delivery of highly concentrated, non-self-quenched trityl radicals, protected from environmental degradation
and dilution, to profile intracellular oxygen distributions of tumor in a real-time and quantitative manner using in vivo
EPRI. These multifunctional nanoplatforms were designed and synthesized with (a) fluorescein isothiocyanate (FITC)
within the MSN’s silica framework during co-condensation – to protect the fluorophore from photobleaching and O2
quenching, and to maximize the nanoparticle’s available surface area for targeting ligand conjugation and trityl
labeling (b) PEGylation: polyethylene glycol (PEG) not only can improves nanoparticle’s water solubility but also
provides sufficient space to preclude steric hindrance for targeting moiety (c) TAG72 mAb: Tumor-associated
glycoprotein 72 (TAG-72) is a glycoprotein found on the surface of many cancer cells. TAG72 mAb were conjugated
on the surface of MSNs and served as a targeting moiety in this study. (d) Trityl radical: trityl molecules were
conjugated with the positive charge of trimethylammonium functional group within MSNs via electrostatic interaction
and responsed to the surrounding oxygen levels. We have successfully demonstrated the loading capacity of MSN
could reach 30 wt% of trityl and the conjugation neither affects the shape nor broadens the line width of trityl’s EPR
spectrum. Furthermore, the trityl-loaded MSNs display high sensitivity/response to oxygen in the pO2 range from 0 to
155 mmHg (0~21% oxygen). Cell uptake and subcellular localization of trityl-loaded MSNs were confirmed by
fluorescence confocal microscopy and flow-cytometry. We have also tested the oxygen consumption by simply sealing
106 cells with trityl-loaded MSNs in a glass vial and monitored the EPR spectrum as a function of time. The oxygen
consumption rate is 0.13 mmHg/sec/106 cells. Ongoing studies are aimed at in vivo tumor oxygen measurements and
mapping quantitatively the intracellular oxygen distribution.
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CONTROL ID: 2493153
TITLE: A Mixture of Tc-99m Phytate and Indocyanine Green is a Promising Multimodality Tracer for Sentinel Node
Mapping.
PRESENTER: Hirofumi Fujii
ABSTRACT BODY: 
Abstract Body: Objective: Currently, sentinel node (SN) mapping plays an important role to conduct less invasive
therapy for various kinds of malignant tumors in early stages. To accurately identify SNs, the combined method using
both radiopharmaceuticals and optical imaging agents is useful. Recently, we reported that a mixture of phytate and
indocyanine green (ICG) could be an advantageous tracer for SN mapping because this mixture demonstrated clear
fluorescence with a longer retention time in SNs than ICG alone (Otolaryngol. Head Neck Surg., 2014). If a mixture of
radioactive phytate, i.e., Tc-99m phytate, and indocyanine green (ICG) showed similar biodistribution, then this could
be a promising multimodality tracer of nuclear and optical imaging for SN mapping. In this study, we experimentally
investigated the usefulness of this unique tracer for multimodality SN mapping.
Methods: Tc-99m phytate (300 MBq/ml) and ICG (1 mg/ml) were mixed with the ratio of 9:1 and this solution was used
as a multimodality tracer for scintigraphy and optical imaging. This mixture (5-10 ml) was subcutaneously injected to
footpads of forearms, tails and auricles of BALB/c mice. The biodistribution of this mixture was observed by a
SPECT/CT scanner dedicated for small animal imaging and a near-infrared (NIR) fluorescence imaging system.
Obtained NIR fluorescence images were 3-dimensionally reconstructed by using an algorithm incorporating lp (0<p
<1) sparsity regularization (Biomed. Opt. Express, 2014). SPECT and reconstructed NIR fluorescence images were
superimposed by using commercially available software. The visualization of SNs in both imaging tests was
evaluated.
Results: SPECT could clearly visualize SNs as hot spots and these hot spots corresponded well with LNs in CT
images regardless of injection sites. Reconstructed optical images successfully depicted SNs when tracers were
injected in footpads and tails. However, when tracers were injected in auricles, SNs were located near the injection
site and they were obscure and distorted on reconstructed optical images. When tracers were injected in footpads and
tails, hot spots in SPECT images and bright signals in optical images corresponded well in superimposed images.
Conclusions: A mixture of Tc-99m phytate and ICG is a promising multimodality tracer for SN mapping. Nuclear and
optical fusion imaging would be useful for SN mapping when SNs are located away from the injection site. Since
identification of SNs under such conditions is often difficult, this dual-modality tracer would be promising for clinical
application.
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TITLE: A novel Fibroblast Activation Protein Radiotracer for Imaging of Lung Fibrosis
PRESENTER: Sunil Kumar Udumala
ABSTRACT BODY: 
Abstract Body: Background: Fibroblast activation protein (FAP) is a type II membrane-bound serine protease which is
not encountered in normal adult tissue but is over-expressed in activated stromal fibroblasts and pericytes in tissue
remodelling sites as found in fibrosis. A small molecule has been developed for the inhibition of FAP which can be
radiolabeled with 18F and imaged using PET. This radiotracer was evaluated by in vitro autoradiography on tissue
obtained from liver and lung induced fibrosis models. Here, we report our results obtained from the lung fibrosis
model. Currently, there is no existing technique for clinical imaging and quantification of lung fibrosis.
Methods: 
Radiochemistry: The FAP inhibitor RO7016970 was synthesized and radiolabeled with F-18. The tosylate precursor of
RO7016970in dry acetonitrile was added to a dried 18F complex containing K2,2,2/K2CO3 and heated to reflux for
10min. The crude tracer was loaded onto a Phenomenex Luna C18 column and eluted with AMF buffer/MeCN to
obtain a pure fraction of 18F-RO7016970. The purified fraction was reformulated using a C18 Sep Pak cartridge in
ethanol and saline (0.9%v/v) to provide a dose of 18F-RO7016970 in high radiochemical purity and high specific
activity.
Autoradiography and IHC: In this study, 4 groups of C57 black 6 male mice (n =2) were used with group 1 as the
control and the other three as experimental groups. The 3 experimental groups were subdivided into day 8, day 13
and day 21. The experimental groups were instilled with bleomycin to induce lung fibrosis on the same day. 2 mice
from each group were sacrificed on days 8, 13, 21 and 0 respectively. The lungs from the mice were harvested and
fixed in formalin for subsequent IHC studies. The lung sections were stained with H&E, Sirius Red,
Masson’sTrichrome and FAP to visualize fibrosis. Another set of lung sections was used for in vitro autoradiography.
Selectivity and specificity was assessed by incubation of the radiotracer alone and blockade experiments with a FAP
inhibitor of different structure.
Results: A dose of 17.7mCi of 18F-RO7016970 in 2.35mL of ethanol and saline was produced after 2.5h on receiving
the 18F in 18O-water. Radiochemical purity of the reformulated dose was 97.7% and specific activity measured
according to the HPLC calibration curve of cold RO7016970 was 14.01mCi/nmol. IHC of the lung tissue sections
confirmed the presence of high levels of FAP in the animals treated with bleomycin. The fibrotic lung tissues from days
8, 13 and 21 displayed higher radioactivity signal when incubated with the radiotracer than the control. To confirm the
selective binding of the FAP tracer, the lung tissues were co-incubated with a FAP inhibitor and the radiotracer,
resulting in blockade of radioligand binding in the fibrotic samples.
Conclusions: The radiolabeled FAP inhibitor 18F-RO7016970 was successfully developed and used to image FAP-
positive lung tissue sections in vitro. The observed selective and specific binding of this novel 18F-labeled FAP
inhibitor in fibrotic lungs warrants further studies towards the development of the first radiotracer for clinical imaging of
lung fibrosis.
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TITLE: Efficient reconstruction for fluorescence molecular tomography via variable splitting and alternating direction
strategy
PRESENTER: Jinzuo Ye
ABSTRACT BODY: 
Abstract Body: Fluorescence molecular tomography (FMT) is a promising imaging technique in preclinical research,
enabling three-dimensionally locate the specific tumor position in small animals. However, FMT presents a challenging
inverse problem that is quite ill-posed and ill-conditioned. The reconstruction for FMT faces various challenges in its
robustness and efficiency. In this study, an efficient method using variable splitting and alternating direction strategy
was introduced for FMT reconstruction. In this paper, an efficient method based on variable splitting and alternating
direction strategy is proposed for FMT reconstruction. First of all, the variable splitting strategy was introduced in the
proposed method to obtain an equivalent optimization formulation of the original problem. Then the alternating
direction scheme was introduced to solve the optimization problem and accelerate its convergence. To evaluate the
performance of the proposed method, several simulation experiments, including multisource cases as well as
comparative analyses, have been conducted. The results indicate that the proposed method is accuracy, robust and
efficiency for FMT reconstruction. Finally, an in vivo experiment based on a heterogeneous mouse model further
confirmed the advantages of the proposed method.
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The reconstruction results by the proposed method (c,f) and the contrast methods (a,d;b,e)
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TITLE: In vivo detection of colonic dysplasia with peptide specific for EGFR
PRESENTER: Juan Zhou
ABSTRACT BODY: 
Abstract Body: Colorectal cancer is one of the most common cancers in the U.S. Traditional white-light endoscopy
relies on gross architectural changes and is not sensitive to molecular changes. Target-specific peptides can be
labeled with fluorescent dyes and administered topically for endoscopic imaging, and may be useful as an adjunct for
early diagnostic evaluation. Cell surface targets are particularly appealing because of their accessibility. EGFR have
been found to be amplified in colorectal cancer, providing an excellent target for molecular imaging.
Many colorectal cancers originate and initially lie dormant on the epithelial surface, which provides a window of
opportunity for early detection. Pre-malignant lesions that are flat in morphology can be missed on endoscopy
because of poor visualization and give rise to colorectal cancer. We identify a peptide QRHKPRE that binds to domain
2 of EGFR with high affinity kd=50 nM and rapid binding k=0.406 min-1 (2.46 min). We deliver this specific contrast
agent topically and demonstrate in vivo detection of flat dysplasia on wide-field imaging in mouse colon on near-
infrared fluorescence that were not seen on white light endoscopy. We validate specific peptide binding to colonic
dysplasia on immunohistochemistry and immunofluorescence. In human colonic specimens, greater binding to
dysplasia than normal was found with 19.4 fold difference in the means. This peptide may be useful for guiding tissue
biopsy and improve methods for early detection of colonic dysplasia and potentially other cancers that overexpress
EGFR.
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CONTROL ID: 2494091
TITLE: Detecting Renal Cell Carcinoma Utilizing Vitamin B12
PRESENTER: Jayme Workinger
ABSTRACT BODY: 
Abstract Body: The American Cancer Society estimates about 63,000 new diagnosed cases of renal (kidney) cancer
for 20161. According to the National Cancer Database, patients diagnosed with Stage IV metastasized renal cancer,
have an 8% 5-year survival rate1. Unfortunately, renal cancer is difficult to detect early due to small tumor size and
few symptoms. Therefore, a test to specifically detect renal cancer would provide: 1) earlier detection of the disease
and 2) a significantly higher chance of survival. Cubilin (CUB) is a peripheral membrane receptor protein that has two
significant roles in the body: 1) in dietary uptake of vitamin B12 (B12) in the gastrointestinal track and 2) binding and
recirculating its ligands (e.g. albumin, holo-transferrin, cholesterol, holo-vitamin D binding protein) into the blood
stream to prevent their loss through urinary excretion in renal cells2. It is hypothesized that specific and early
detection of kidney cancer can be achieved through a cubilin-dependent process. We will describe the synthesis and
in vivo small animal evaluations of zirconium-89-labeled B12-deferoxamine (B12-DFO) compounds targeted to cubilin.
Radiolabeling of B12-DFO with 89Zr achieved a ~ 230 mCi/µmol specific activity. iTLC analysis suggests >99%
radiolabeling efficiency. Small animal studies were conducted.
1. American Cancer Society. Kidney Cancer(adult) – Renal Cell Carcinoma.
www.cancer.org/acs/groups/cid/documents/webcontent/003107-pdf (accessed March 1, 2016)
2. Christensen, E. I., Nielsen, R., and Birn, H. Nephrol Dial Transplant. 2013, 28, 274-281
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TITLE: The Compatibility of Barcode Eartags for Automated Animal Identification in Small Animal Imaging Modalities.
PRESENTER: Brett Swope
ABSTRACT BODY: 
Abstract Body: Accurate, reliable and unequivocal identification of research animals using methods compatible with
common small animal imaging modalities, is essential to obtaining meaningful results in biomedical research studies
and, to date, has been impossible using existing automated identification methods. The importance of unequivocal
animal identification on longitudinal studies is self-evident, as identification errors commonly associated with non-
automated identification methods, such as metal eartags, ear-punches, ear-notches, tattoos and others may seriously
impact the integrity of study conduct and results. Currently two of the most popular identification methods used in pre-
clinical research, RFID microchips and metal eartags, are completely incompatible with various small animal imaging
systems due to their ferrous metal composition. In contrast, barcode eartags (RapID Tags® produced by RapID Lab)
are comprised of non-ferrous metal and a highly- advanced, biologically-inert polymer used in the medical device
industry. Due to the novel material composition of the barcode eartags, they appear to offer the potential for
compatibility with multiple small animal imaging methods while enabling automated and unequivocal animal
identification. The results of tests performed by multiple research labs using a variety of methods are summarized
here. RESULTS: In an initial test, it was demonstrated that the barcode eartags unattached to animals did not become
attached to or react to the magnet of an MRI imaging system. In a test using a 7T Small Animal MRI System and a
RapID tag taped between the eyes of a rat, no artifacts were observed in the brain. In a second MRI test using tags
taped between the eyes and to the side of the head of mice some artifacts were observed in gradient echo and fast
echo images, but were considered manageable for imaging the brain, spinal cord and areas away from the brain. In a
test using an MRI system at a third lab where barcode eartags were applied to animals’ ears, no artifacts were
observed. In images acquired using a small animal microCT system with RapID Tags taped to a rat’s shoulder, the
tags could be seen, but no artifacts were produced. In a test at a second lab with CT, tags applied to the animals’ ears
produced minimal-to-no image distortion. In a single test scanning an isolated barcode eartag using CT-attenuated
PET scans, the eartag did affect the CT attenuation of the PETscan. No tests using PET imaging alone have been
performed, but it is believed that no artifacts should be produced using barcode eartags in PETscans. CONCLUSION:
The advent of barcode eartags provides the first automated and unequivocal small animal identification method
available which is compatible with MRI and CT imaging in small animals. Further testing is needed to evaluate the
compatibility with other imaging methods.
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Image 3 (top left): Anterior MicroCT         Image 4 (top right): Dorsal MicroCT<br />
Image: tag affixed on the shoulder.           Image: tag affixed on the shoulder.       <br />
Image 5 (bottom left): Orthagonal        <br />
Cross-Section MicroCT Image: tag affixed<br />
between the eyes.
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TITLE: STAT3/NF-κB-regulated Lentiviral TK/GCV prodrug therapy of MDA-MB-231 Triple Negative Breast Cancer in
Mice
PRESENTER: Wei-Ying Kuo
ABSTRACT BODY: 
Abstract Body: Triple-negative breast cancer (TNBC) were negative on estrogen receptor (ER-), progesterone
receptor (PR-) and HER2-, represents approximately 20% of all breast tumors and appears resistance to conventional
cytotoxic chemotherapy, demonstrating a particularly poor prognosis and a significantly worse clinical outcome than
other types of cancer. Suicide gene therapy have been used for the in vivo treatment of various solid tumors in recent
clinical trials. In tumor microenvironment, STAT3/NF-κB pathways is constitutively activation in stromal cells as well as
in cancer stem cells (CSCs). In this study, we have cloned a novel STAT3/NF-κB-based reporter system to drive the
expression of herpes simplex virus thymidine kinase (HSV-TK) and the red fluorescence protein (DsRed) against
breast cancer. Lentiviral (LV) vector expressing HSV-TK under the regulation of STAT3/NF-κB fused response
element was developed. In this setting, we exploited the constitutive STAT3/NFkB activation in tumors as a way to
achieve higher transgene expression than a vector in which HSV-TK expression was driven by a constitutively active
CMV promotor in vivo. An orthotropic MDA-MB-231 triple negative breast cancer mouse model for evaluating the
feasibility of STAT3-NF-κB-TK/GCV suicide gene therapy system was also established.
3H-FEAU uptake assay was performed to compare the basal promoter activities of LV-CMV-TK and LV-STAT3-NF-
κB-TK (Fig. 1A) in MDA-MB-231 cells. The LV-CMV-TK showed ~5 fold higher 3H-FEAU uptake compared to LV-
STAT3-NF-κB-TK (Fig. 1B). Immunofluorescence staining with antibodies against HSV1-TK showed the different
expression level in cells (Fig. 1C). Western blot analysis showed the increased level of HSV-TK in TNF-α treated-LV-
STAT3-NF-κB-TK expressing cells (Fig. 1D). In vitro effect of STAT3-NF-κB-induced transgene expression were also
observed by TNF-α induction (Fig. 2A) and confirmed by DsRedm fluorescent microscopy (Fig. 2B). In clonogenic
assay, cells expressing LV-CMV-TK were 2-fold more sensitive to GCV than LV-STAT3-NF-κB-TK transduced cells
(Fig. 3). In vivo therapeutic evaluation in animal models indicated that LV-STAT3-NF-κB-TK showed more tumor
growth inhibition than LV-CMV-TK when GCV was administered (Fig. 4). Moreover, the invasion and the expression of
CSC markers were both decreased after STAT3/NF-κB-regulated HSV-TK/GCV therapy.
This study successfully established a theranositic approach to treat triple negative breast cancer via STAT3-NF-κB
responsive element-driven suicide gene therapy. This platform also may be an alternative strategy to handle with
CSCs.
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TITLE: Modulation of [18F]FDG uptake in tumor and inflammatory lesions via stimulation of vascular endothelin B
receptors
PRESENTER: Anna Yatsyna
ABSTRACT BODY: 
Abstract Body: Objectives: Positron emission tomography (PET) imaging with [18F]FDG, a radiolabeled analogue of
glucose, is a widely-used technique for cancer diagnosis. However, many signaling pathways activated in cancer are
identical to those during inflammation and high [18F]FDG uptake is also observed in inflammatory tissues.
Interpretation of PET images may be difficult when differentiating cancerous lesions from tumor-associated
inflammation or inflammatory response triggered by radiotherapy and could result in false-positive scans. Tumor-
associated blood vessels are different from normal vasculature: they are chaotically organized, fragile, permeable, and
lack smooth muscle cells. Smooth muscle layer controls blood flow at normal conditions but cannot provide required
autoregulation in tumor. [1] As a result, activation of ETB receptors expressed in endothelial cells of the blood vessels
produces selective and transient vasodilation of tumor vasculature. [2,3] The goal of this study is to evaluate the
potential of ETB agonist IRL-1620 to modulate [18F]FDG uptake in different organs and tissues and ultimately, help
distinguish tumor from inflammatory lesions in [18F]FDG-PET imaging.
Methods: BALB/c mice were inoculated with MC7-L1 mouse mammary carcinoma and tumors were allowed to grow to
~4 mm3 in diameter. Acute inflammation was induced with turpentine oil. Mice were injected with either, phosphate
buffered saline or selective ETB agonist IRL-1620 (Suc-Asp-Glu-Glu-Ala-Val-Tyr-Phe-Ala-His-Leu-Asp-Ile-Ile-Trp, 3
nmol/kg) followed by [18F]FDG (approximately 10 MBq per mouse). Tissue distribution of [18F]FDG was monitored
using small animal PET/CT. ROIs were manually drawn over the tumor, inflammation, muscle tissue and other organs
of interest, and the radioactivity uptake was quantified. Ex vivo biodistribution and histological staining was performed
to validate the results of in vivo studies. Effect of IRL-1620 on blood vessels was visualized using intravital
microscopy.
Results: [18F]FDG uptake in tumor increased on average by 50% when [18F]FDG was administered 15 minutes after
the treatment with IRL-1620 as evidenced by PET. Tumor-to-muscle ratio rose by 30%. Tumor-to-inflammation
selectivity showed negative correlation with the daily progression of inflammation, with or without IRL-1620
administration. Results of ex vivo biodistribution revealed similar trend: while tumor-to-background ratio has
substantially improved with IRL-1620 administration, tumor-to-inflammation selectivity depended more on the degree
of acute inflammation. Higher selectivity toward tumor was observed at early stages of inflammation, when structural
changes in muscle fibers were still minor.
Conclusions: Vasodilation via ETB receptors can improve the delivery of diagnostic imaging agents to tumors.
Influence of the vasodilatory effect on inflamed tissue is less pronounced at early stages of acute inflammation.
References: [1] Jordan BF and Sonveaux P (2012) Front Pharmacol, 3, Article 94. [2] H. F. Galley HF and Webster
NR (2004) Brit J Anaesth, 93,105-113. [3] Rai A and Gulati A (2003) Cancer Chemother Pharmacol, 51, 21-28
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TITLE: Quantitative paired-agent imaging for resection during surgery (PAIRS) in head and neck cancers
PRESENTER: Kimberley Samkoe
ABSTRACT BODY: 
Abstract Body: Ninety percent of patients with head and neck squamous cell carcinomas (HNSCC) have
overexpression of epidermal growth factor receptor (EGFR), which is correlated with poor prognosis. Complete
surgical resection of HNSCC tumors has a large impact on patient survival, where detection of tumor at or close to
surgical margins increases the risk of death at 5-years by 90%. In addition, large surgical margins can greatly increase
the morbidity experienced by the patient due to functional and cosmetic damage of oral and facial structures. Single
fluorescence targeting agents are often used for tumor detection in in vivo pre-clinical imaging; however, the arising
signal is qualitative at best because it is a complex mixture of vascular perfusion, vascular leakage, inhibited lymphatic
clearance, and receptor binding. In vivo paired-agent image (PAI) allows quantification of receptor expression (hence
identification of cancerous tissue) by utilizing co-administered targeted agent and non-targeted perfusion agents to
reference the plasma delivery and leakage. PAI for resection during surgery (PAIRS) has been investigated in a panel
of HNSCC tumors with varying levels of EGFR expression (SCC-15 > SCC-25 > SCC-09) ABY-029, a clinically
relevant anti-EGFR affibody labeled with IRDye 800CW, and affibody control imaging agent labeled with IRDye
680RD. PAI maps of in vivo tissue have been created and are spatially correlated with EGFR and CD31
immunohistochemistry and basic H&E staining. The PAI threshold parameters for distinguishing tumor from normal
tissues (skin and muscle) and the accuracy of margin detection in these tumors will be presented. RCI surgical
resection will be further developed using a novel multi-channel, gated fluorescence-guided surgery (FGS) imaging
system that is capable of performing RCI in normal room light.
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TITLE: Differentiating Between Cancer and Inflammation: A Novel Metabolic-Based Method for Functional CT Imaging
PRESENTER: Tamar Dreifuss
ABSTRACT BODY: 
Abstract Body: Cancer detection is based on both structural and functional imaging techniques. Structural techniques
provide anatomic information, but they are not sufficiently sensitive for detecting critically small tumors or metastases
which lack structural manifestation.
The main applicable functional imaging technique, positron emission tomography (PET) using the glucose analog 18

F-2-fluoro-2-deoxy-d-glucose (FDG), is based on the increased metabolic profile of malignant cells, and provides the
ability to discern cellular alterations associated with pathological conditions even before structural modifications occur.
However, one of its main limitations is its inability to distinguish between cancerous and inflammatory conditions,
which are also characterized by increased glucose metabolic profile. In addition, it lacks anatomical information and
thus necessitates incorporation of a structural imaging modality in order to obtain accurate anatomic information. The
combination of PET with CT (PET/CT) enables both functional and anatomical information in a single setting.
However, in view of the relatively high cost of PET scans, the dependence on the short-lived FDG and its non-
specificity for cancer, the development of a single modality which will overcome these drawbacks is highly desirable.
Here we demonstrate the development of a novel metabolic-based CT imaging technique using Glucose-
Functionalized Gold Nanoparticles (GF-GNPs), which provides simultaneous functional (metabolic) and structural
imaging capabilities, with the most widely available imaging modality– CT.
Based on previous knowledge that newly formed blood vessels in growing tumors differ from those in inflammation,
we hypothesized that the proposed nanoparticle-based technique may provide the ability to differentiate tumors from
non-malignant metabolically active processes. Indeed, our approach has demonstrated specific tumor targeting and
has successfully distinguished between cancer and inflammation in a combined tumor-inflammation mouse model.
Both CT and quantitative measurements showed high-density accumulation of gold in the tumor, while practically no
gold was detected in the inflammation region. For comparison, FDG-PET/CT scans have showed no differentiation
between cancer and inflammation, which exhibited equal accumulation of FDG with no visible nor quantitative
differentiation between the two.
We further showed that despite the conjugation to the GNP, the glucose molecule preserves some of its activity,
allowing glucose recognition and cellular internalization, probably by receptor mediated endocytosis.
In conclusion, our new concept of functional CT imaging overcomes the main drawbacks of the currently used FDG-
PET and provides a new set of capabilities in cancer detection, staging and follow-up. This novel technology can be
applicable to a wide range of cancers which exhibit high metabolic profiles.
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Differentiation between cancer and inflammation in a combined tumor & inflammation mouse model: Green
arrowheads indicate location of inflammation; red arrowheads indicate location of A431 tumors. Left: FDG-PET/ CT
slice image of a representative mouse after FDG injection. Right: CT image of the same mouse after IV injection of
2GF-GNP. FDG accumulates equally in both tumor and inflammation, and does not distinct between them. However,
gold accumulation is observed in the tumor, yet not in the inflammation, allowing a clear distinction between the two.
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TITLE: Preclinical studies of nanofiber analogues as multiplexed tumoral delivery platform using imaging
PRESENTER: Benedict Law
ABSTRACT BODY: 
Abstract Body: Conventional nanoparticles and liposomes suffer from a number of drawbacks including poor tumor
penetration and nonspecific uptakes by the recticuloendothelial system and other organs. We describe a drug delivery
system that can accurately control the in vivo trafficking, pinpoint solid tumors, and prevent long-term nonspecific body
accumulation, and can be generated on demand for precision treatment. A self-assembling peptide nanofiber (PNF)
has a novel two-dimensional geometry and a high aspect ratio- that enhances tumoral uptake. Remarkably, PNF does
not require active targeting ligand to achieve specific tumor-biodistribution. The objective of this study was to develop
an accurate delivery platform for treatment of cancers lacking cognate receptors like triple negative breast cancer.
PNF analogues with different charges, lengths, functionalities, and payloads were prepared by adding assemble-as-
you-go peptide constructs in aqueous buffers. Optical imaging was used as a screening tool to investigate the shape-
controlled tumoral and liver uptakes. Initial study identified a glutathionylated format of the nanofiber has a superior
tumoral uptake (Figure 1), and the results were confirmed by PET imaging as well as end-point biodistribution studies.
The optimized PNF was further evaluated as the carrier of aldoxorubicin, a doxorubicin derivative, and was shown to
be more effective in inhibiting tumor growth compared to the free drug and the liposomal formulation of doxorubicin.
The developed multiplexed tumoral delivery approach would have far-reach potential of refining the pharmacokinetics
and biodistribution of cytotoxic agents and rehabilitating the clinical potentials of abandoned therapeutics for toxicity
reasons, and other imaging applications.
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TITLE: Treatment response to an anti-cMet antibody assessed by FDG-PET
PRESENTER: Martin Voorbach
ABSTRACT BODY: 
Abstract Body: ABT-700 is an cMet (MET, hepatocyte growth factor receptor) antagonist antibody that inhibits both
ligand-dependent and -independent human cMet signaling. cMet affects glucose utilization through its influence on
PI3-K/AKT, which affects glucose transporters. The purpose of this positron emission tomography (PET) study was to
evaluate the pharmacodynamic response of ABT-700 in a mouse model of human gastric carcinoma overexpressing
cMet using [18F]fluorodeoxyglucose (FDG). Male SCID CB17/lcr mice (n = 5 – 8) with approximately 300 mm3

Hs746T (human cMet amplified) xenograft tumors were treated once a week starting at day 0 for three weeks.
Animals received vehicle, 1, 3, 10, or 40 mg/kg ABT-700. Animals underwent FDG-PET imaging at baseline and at 1,
5, 13, and 20 days after treatment initiation. ABT-700 treatment caused significant decreases in tumor FDG uptake in
a dose dependent manner with changes in tumor FDG uptake preceding changes in tumor volume. These results
suggest that FDG uptake may be used as an early PD marker for the anti-cMet treatment.
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TITLE: Dual isotope in vivo imaging of lymphatic uptake of different sized radiolabeled nanoparticles in a tumor model
PRESENTER: Pontus Kjellman
ABSTRACT BODY: 
Abstract Body: Background: Solid tumors have been known to increase the lymphatic pressure and the flow of lymph
in their vicinity as the tumor grows. This increase will affect the lymphatic drainage of peritumorally administered
nanostructures by allowing larger particles to enter the lymphatics and being transported to the regional lymph nodes.
Previous studies have shown the difference in lymphatic drainage of two different sizes of ultra-small
superparamagnetic iron oxide nanoparticles (USPIOs) injected around a rapidly growing subcutaneous tumor
(Kjellman et. al., Future Science OA 2015). Here we investigate the potential of using radiolabeled USPIOs to quantify
lymphatic retention in preclinical oncology studies.
 
Materials and Methods: By coating 10 nm iron oxide cores with polyethylene glycol of varying length two different
sizes of USPIOs (26 nm and 64 nm) were constructed. The three dimensional structure of the coating act as a natural
chelate and the particles can be labeled with metallic radionuclides through simple mixing in buffer. Here the 26 nm
USPIOs were labeled with 111In and the 64 nm USPIOs were labeled with 177Lu by incubating in 0.2 M ammonium
acetate buffer pH 5.5. The labeling mixture was purified and fractioned using size exclusion columns and the fractions
with the highest activity were collected. Radiolabeled USPIOs of the two sizes were mixed and injected peritumorally
in mice with small subcutaneous EL-4 tumors (approximately 5 mm). 24 h post injection the animals were imaged with
SPECT/CT. After imaging the animals were sacrificed and the inguinal lymph nodes were harvested. The SPECT-
images were analyzed with respect to the presence of USPIOs in the lymph nodes and the results were compared to
autoradiography images of the cryo-sectioned lymph nodes.
 
Results: The labeling efficiency of the radionuclides was determined to be approximately 90% for 111In and 58% for
177Lu. Both sizes of particles were readily detected in vivo. Yet, not all animals had detectable amount of USPIOs in
the lymph nodes 24 h post injection. the majority of the administered USPIOs were located at the injection site. This is
likely due to the rather small tumor size at the time of injection and as lymphatic transport of subcutaneous
administered nano-compounds is normally low This is an expected finding. The small tumors have not put enough
strain on the lymphatics to change the dynamics to allow the USPIOs to enter the lymph vessels and be transported to
the lymph nodes. However, in the animals where USPIOs were found in the lymph nodes, both sizes of particles could
be observed. There was no significant difference in the concentrations of the two sizes of particles in the lymph nodes.
The autoradiography confirmed the SPECT results.
 
Conclusion: The study reveals that it is possible to detect and separate different sizes of USPIOs in vivo with the use
of dual isotope imaging. The results also show the potential of the model to be used as a quantitative approach for
preclinical oncological studies of lymphatic retention.
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Coronal SPECT/CT images of mouse with radiolabeled USPIOs in the right inguinal lymph node. Left: whole animal.
Right: zoomed in view of area in the red rectangle. Green-scaled signal: 111In-labeled 26 nm USPIOs. Purple-scaled
signal: 177Lu-labeled 64 nm USPIOs.
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TITLE: Involution of filopodia: An early pharmacodynamics marker of near infrared photoimmunotherapy
PRESENTER: Yuko Nakamura
ABSTRACT BODY: 
Abstract Body: Introduction
Filopodia are highly organized cellular membrane structures that facilitate intercellular communication. Filopodia have
been reported to be critical not only for driving cancer cell metastasis, but also for promoting survival and proliferation
of disseminated carcinoma cells at a secondary organ (1, 2). Loss of filopodia on cancer cells after therapy could have
implications for cancer cell function and could also serve as a pharmacodynamic marker of therapy. Near infrared
photoimmunotherapy (NIR-PIT) is a newly developed cancer treatment that causes rapid degradation of cellular
membrane integrity resulting in necrotic cell death (3). Three-dimensional low-coherent quantitative phase microscopy
(3D LC-QPM) is based on a newly established full-field interference microscope which uses a low-coherent light
source to obtain serial topographic images of the cellular membrane in living cells at nanometer resolution without any
cellular 'label' (4, 5). In this study, we report rapid involution of filopodia after NIR-PIT using 3D LC-QPM.
Methods
Cancer cells with expression of either epidermal growth factor receptor (EGFR) or human epidermal growth factor
receptor type II (HER2) were incubated with either an anti-EGFR-photoabsorber conjugate or an anti-HER2-
photoabsorber conjugate as appropriate to the cell line, 3T3/HER2 and MDA-MB-468 cells, were serially evaluated
with 3D LC-QPM before and after NIR-PIT. Morphological changes of cellular membrane including presence of
filopodia, cell volume, degree of attachment to the dish, and relative height of cells, were evaluated before and after
treatment.
Results
For 3T3/HER2 cells, the number of filopodia decreased immediately after treatment (p=0.015, <0.01 and <0.01 for 5,
10, and 15 min after NIR light exposure, respectively). Volume and relative height of 3T3/HER2 cells increased
immediately after NIR light exposure, but significant differences were not observed until 15 min after NIR light
exposure. For MDA-MB-468 cells filopodia also decreased after treatment (all p=0.01 for 5, 10, and 15 min after NIR
light exposure, respectively), but cell volume did not change.
Discussion
The temporal course of membrane changes after NIR-PIT clearly indicate that the elimination of filopodia is the first
demonstrable event in cell membrane damage. Other morphological changes such as changes in volume or
decrements in bottom area of cellular attachment started immediately after NIR light exposure, but did not reach
significant differences until 15 min after NIR light exposure.
In conclusion, disappearance of filopodia is an early indicator of cell membrane damage after NIR-PIT whereas
volume changes in the cell were not as predictable. 3D LC-QPM is useful for imaging earlier cell membrane damage
induced by NIR-PIT.
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Change in number of filopodia on 3T3/HER2 cells after NIR light exposure. In the NIR-PIT treated cells the number of
filopodia decreased after NIR light exposure reaching significance at all time points (p = 0.015 at 5 min, <0.01 at 10
and 15 min after NIR-light exposure). On the other hand, in the control cells incubated without any antibody-
photoabsorber conjugate the number of filopodia was unchanged.
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TITLE: Early In Vivo Detection of Metastatic Breast Tumors in Rodents using Molecular MRI
PRESENTER: Rheal Towner
ABSTRACT BODY: 
Abstract Body: Introduction: Early detection of breast cancer metastatic tumors would assist in initiating treatment
options that could help with the treatment of secondary tumors associated with breast cancer. We used a CD44v6-
targeting antibody coupled to an albumin-Gd-DTPA-bioyin MRI contrast agent to visualize early detection of breast
cancer metastatic lesions in rat and mouse flank-inoculated with either DMBA or 4T1 breast cancer cells, respectively.
Methods: Rats (2-3 months old; male; n=10; n=5 anti-CD44v6-albumin-Gd-DTPA-biotin (anti-CD44v6-probe) and n=5
IgG-albumin-Gd-DTPA-biotin (IgG-control)), or mice (8-10 weeks old; male; n=10; n=5 anti-CD44v6-probe and n=5
IgG-control) were anesthetized with isoflurane (2-3%) for breast cancer cell into the flank region s.c., and for MRI
scans. A contrast agent, albumin-Gd-DTPA-albumin (200 µg/rat or 20µg/mouse) conjugated to anti-CD44v6 antibody
was used. Non-specific IgG conjugated to the same construct was used as a control contrast agent. MRI experiments
were done on a Bruker Biospec 7.0 Tesla/30 cm horizontal-bore imaging system. Multiple whole body region 1H MR
image slices were taken using a spin echo multislice (repetition time (TR) 0.8 s, echo time (TE) 23 ms, 128x128
matrix, 4 steps per acquisition, 3x4 cm2 field of view, 1 mm slice thickness). Rat/mouse whole bodies were imaged at
0 (pre-contrast) and at 20 min. intervals up to 90 min. post-contrast agent injection. Mice were injected intravenously
with the anti-CD44v6-probe or IgG-contrast agent (200 μL/kg; 1 mg antibody/kg; 0.4 mmol Gd+3/kg). T1-weighted
images were obtained using a variable TR (repetition time) spin-echo sequence. Pixel-by-pixel relaxation maps were
reconstructed from a series of T1-weighted images using a nonlinear two-parameter fitting procedure. The T1 value of
a specified region-of-interest (ROI) was computed from all the pixels in the identified ROIs.
Results: MRI was used to detect the presence of the anti-CD44v6 probe via a substantial increase in MRI signal
intensity or a decrease in T1 relaxation, measured as T1 relaxation difference (Fig. 1), within lymph nodules and the
lungs of tumor-bearing rats/mice (p<0.05) compared to the IgG controls, or between primary and metastatic tumors
(p<0.0001).
Discussion: Here we used mMRI to show for the first time non-invasive in vivo early detection of metastatic breast
cancer tumors in rodent models. Using mMRI with a CD44v6-targeting probe provides the advantage of in vivo image
resolution and spatial differentiation of regional events in early metastatic tumor detection.
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Figure 1: mMRI early detection of metastatic breast tumors in rats and mice. (A) Metastatic tumor-bearing rat
administered the anti-CD44v6 probe showed an increase in MRI signal intensity. (B) Metastatic tumor-bearing mice
given the anti-CD44v6 probe. (C) T1 relaxation change between metastatic tumor-bearing rats either administered the
anti-CD44v6-probe (CD44v6) or the IgG control (IgG) contrast agent, shows a significant difference in the CD44v6 vs
the IgG group (p<0.05). (D) %T1 decrease between primary tumor and lymph nodules in metastatic tumor-bearing
mice (p<0.0001).
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TITLE: An enzymatically activatable fluorescence probe for the rapid diagnosis of pancreatic cancer obtained using
endoscopic ultrasound-guided fine needle aspiration
PRESENTER: Kazumichi Kawakubo
ABSTRACT BODY: 
Abstract Body: Purpose: Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) is the most reliable method
for the histological diagnosis of pancreatic tumors. Rapid on-site fluorescence-guided histological diagnosis was
evaluated by topically applying an enzymatically activatable probe onto the EUS-FNA samples; the probe fluoresces
in the presence of γ-glutamyltranspeptidase (GGT).
Methods: We evaluated GGT expression in pancreatic cancer cell lines in vitro. EUS-FNA was performed in 10
pancreatic tumors. After topical application of the probe, signal intensity was measured using a fluorescence imaging
system for 13 min.
Results: GGT was expressed in Panc-1, AsPC-1 and AR42J, but not in KP4 cells. In samples from six cases, several
regions of the specimens fluoresced and contained adequate tissue for pathological diagnosis. The remaining four
non-fluorescent samples contained very small amounts of carcinoma, normal epithelial cells or no epithelial cells. The
signal intensity at 5 min was 25.5±7.7 and 7.7±0.5 in fluorescent and non-fluorescent regions, respectively (p<0.05).
Conclusions: Application of enzymatically activatable probe onto EUS-FNA samples would be feasible for the rapid
evaluation of tissues suitable for histological diagnosis.
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TITLE: Valproic Acid as a Novel Radiosensitizer in the Therapy of Pancreatic Carcinoma
PRESENTER: Sunil Kumar Udumala
ABSTRACT BODY: 
Abstract Body: Background: Pancreatic Carcinomas are known to be associated with poor prognosis. Curative surgery
is only possible in approximately 20% of cases; hence the impetus for novel treatment strategies.One such avenue is
the intratumoural brachytherapy. Histone Deacetylase Inhibitors (HDACi) are an emerging class of chemotherapeutics
which exert their cytotoxicity through epigenetic modification. By maintaining DNA in an open conformation, it
increases the surface area exposed for radiation damage- a postulated mechanism of its radiosensitizing effect. It is
envisioned that HDACi will greatly augment therapeutic efficacy in brachytherapy. Here, the radiosensitizing effects of
valproate, a known HDACi is investigated as potential brachytherapy adjunct in Pancreatic Cancer.
Methods: The Pancreatic Carcinoma cell line (PANC1) was used in this study. The cells were first treated at various
concentrations of valproate and cell viability was assessed. Next, a Caspase-3/7 assay was carried out to assess cell
apoptosis. Westernblot analysis was performed on treated cells to elucidate histone acetylation status with Anti-Acetyl
H3/H4 Antibodies. Finally, a clonogenic survival assay compared the effect of Yttrium-90, Lutetium-177, Valproic Acid
and combination treatment on clonogenic proliferation.
Results: Cell viability studies showed that valproate is cytotoxic to pancreatic cancer cell lines at concentrations from
10mM. Westernblot analysis demonstrated that valproate treatment maintained histone acetylation in panc1 cell line
validating it’s mechanism of action. Clonogenic Survival demonstrated a significant reduction of cell survival in PANC1
cell line treated with valproic acid and Isotope as compared to monotherapy.
Conclusions: The combinatorial use of HDACi with brachytherapy is not only novel but also yields great promise as an
effective treatment for pancreatic cancer. Experiments not only demonstrated its cytotoxicity, but also, reduction in
clonogenic and proliferative ability of cancer cells. It can be postulated that the co-administration of valproate with
radioisotopes will enhance therapeutic efficacy, allowing more aggressive and efficacious treatment of pancreatic
cancer.
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TITLE: Testing the limits of therapeutic benefit from molecular image guided local therapy
PRESENTER: Howard Halpern
ABSTRACT BODY: 
Abstract Body: Molecular imaging has had crucial benefit in distinguishing malignant from normal tissues in guiding
therapy to malignant targets, intraoperatively where resection of e.g. breast cancer can be guided using optical
techniques and radiation can be directed to tissue portions with 18FDG uptake can guide local radiation therapy to
portions of lung masses. However, other aspects of malignant tissue have been posited to confer resistance to local
therapy. For over a century hypoxic tumor regions, those with low oxygen tension, pO2, have been believed to resist
to radiation toxicity. However key questions include whether or not hypoxia indicates a general resistant phenotype or
whether the specific hypoxic regions of a tumor are the source of the resistance, requiring higher doses of radiation. A
related question is whether or not transient hypoxia is important in the tumor resistance. If so, this might make specific
hypoxic targeting useless, unless done within the time scale of the change in hypoxia. Schemes to target tumor
hypoxia with additional radiation have been published. But little has been tried with human subjects involving
specifically targeting hypoxic because of the risk of overtreatment and nearby normal tissue toxicity. Small animal
models need to be used to answer these questions. However, small animal tumor treatments require techniques to
rapidly translate images of hypoxia to local treatments that can provide additional radiation to all but a percent or so of
resistant low pO2 tumor clonogens. We have developed a novel block fabrication system to rapidly produce highly
conformal radiation distributions to direct radiation from an isocentric small animal radiation system, the XRAD225Cx.
Blocks are fabricated from tungsten loaded ABS like plastic. These are used to direct radiation to large fractions of the
tumor with pO2 less than 10 torr. Such regions of the tumor can be defined using spin lattice relaxation rate based (R

1e) Electron Paramagnetic Resonance (EPR) pO2 images, registered with T2 MRI to define tumor tissue. Such a
block system can treat hypoxic region boosts in small animal tumors covering greater than 99% of the hypoxic
regions. Such coverage is necessary to treat reistant tumor clonogens. Data will be presented showing the necessity
of such high fractional hypoxic coverage and its advantage in tumor cure in small animal models. Navigator based
sequential pO2 images will be obtained to investigate the effect of transient hypoxia on this targeting. This preliminary
data is required to test the limits of therapeutic benefit from molecular image guided local therapy in human subjects.
Grant Support: P41EB002034 R01CA098575
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TITLE: GOLD NANOPARTICLE – PAMAM G4- NIMOTUZUMAB AS CONTRAST THERANOSTIC AGENT USED IN
CT SCAN EXAMINATION FOR LUNG CANCER IN INDONESIA: PRECLINICAL TRIAL
PRESENTER: Iyus Yusup
ABSTRACT BODY: 
Abstract Body: Computed Tomography Scan (CT-Scan) modality are used for the diagnosis of infectious trauma,
congenital disorders, detecting cancer in various organs of the body have been shared by almost every hospital in
Indonesia. Lung Cancers Deaths in Indonesia reached 30,901 or 2.21% of total deaths.The age adjusted Death Rate
is 17.16 per 100,000 of population. University of Padjadjaran (UNPAD) in collaborates with National Nuclear Energy
Agency Republic of Indonesia (BATAN) and PT Kalbe Pharma has create targeted contrast agent Gold Nano
Particles-DendrimerG4-Nimotuzumab as Theranostic agent for lung cancer, This experimental research has been
conducted preclinical trials. Gold Nanoparticles has a higher absorption coefficient than iodine. The biocompatibility
and high surface energy of Au allow it to bind to a large amount of protein without altering its activity. The Gold
Nanoparticles were prepared by reduction of tetrachloroauric acid using sodium borohydride with addition of Pamam
Generation 4 Dendrimer as stabilizing agent and Nimotuzumab as antibody monoclonal for lung cancer (cell line
A549). Conjugation results characterization (AuNP-PAMAM G4-Nimotuzumab) made using High Performance Liquid
Chromatography (HPLC), Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS page) and Transmission
Electron Microscopy (TEM). HPLC assay results from Aunp-PAMAM G4-Nimotuzumab and 198AuNP (Au-
NP)–PAMAM G4-Nimotuzumab using columns Size Exclusion Chromatography (SEC) 3 Agilent produce a retention
time (Rt) of 5.2 minutes (detector UV (280 nm)) and Rt 5.3 min (radioactive detector (NaI / Tl)). The results of
measurements using TEM shows that the size of Aunp-PAMAM G4-nimotuzumab particle is about 2 nm. Confirmation
of formed AuNP-PAMAM G4-Nimotuzumab compound shown by the results of the examination using SDS Page gel
electrophoresis and analysis has been done using infra red and Spectra UV / Vis to obtain overlay AuNP-PAMAM G4-
nimotuzumab with excellent results. The results of imaging tools autoradiography using 198AuNP-PAMAM G4-
nimotuzumab at 3 hours, 24 hours, 48 hours and 96 hours on white mice found accumulation occurs in the liver,
spleen and kidneys. After 144 hours post-injection, the accumulation of each organ is reduced considerably once as
most already excreted through urine and feces. The result of the calculation of the half-life values obtained 11.2 days.
CT scan imaging examination results obtained in mice increase in Hounsfield units (HU) value of the pre contrasted
51-65 (mean 57, 4) and post contrast 92-117 (means 106.8)
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TITLE: Study of Inflammation in solid tumor with Optical tomography/CT: A true 3D quantitative approach
PRESENTER: Tsuyoshi Tahara
ABSTRACT BODY: 
Abstract Body: Objectives: Simultaneous in vivo anatomical and molecular imaging of rodent tumor models remains
challenging in preclinical cancer research, although small animal PET/CT/MR imaging has been applied to numerous
studies. As an alternative, optical imaging has been widely utilized for its high sensitivity and a variety of non-targeted,
targeted, and activatable near-infrared (NIR) fluorescent probes. With recent advances in fluorescence imaging
technologies, the aim of this study was to establish a 3D in vivo imaging method to quantitatively assess solid tumors
in mice using a dual modality system FLECT/CT (Fluorescence Emission Computed Tomography) in conjunction with
the FDA approved NIR contrast dye indocyanine green (ICG).
Methods: Female Balb/c-nu/nu nude mice were inoculated subcutaneously with 5×10^2 human adenocarcinoma A431
cells on the right shoulder. Non-invasive FLECT/CT imaging experiments were performed approximately 2 weeks after
tumor inoculation. Mice were dosed with 5 mg/kg of ICG via intravenous injection. During imaging, mice were
anesthetized with 1-1.5% isoflurane and imaging data were acquired at 4, 24 and 48 hours after ICG administration.
 
Results: The reconstructed FLECT images 4 hours post ICG administration showed the biodistribution of ICG in
different organs including tumor with strong signal from liver/stomach, small intestine, and large intestine, which
corresponded well with the excretory pathways of ICG by the biliary system. On the other hand, the FLECT image at
24 hours showed significant ICG retention in the tumor and no ICG in surrounding normal tissues. The FLECT images
at 48 hours showed very weak signal, suggesting ICG had been cleared from the animals. While the tumor mass was
visible in the X-ray CT image, the CT contrast was insufficient to separate the tumor from normal tissues. Interestingly,
the heart was also clearly visualized in the FLECT image as there was ICG remaining in the blood after 24 hours.
Volumes of interest (VOIs) were drawn based on the CT images to cover the tumors. The average tumor volume was
97.1 mm^3 and the fluorescence signal was 1.55×10^8 photons/s.
Conclusions: FLECT/CT imaging with ICG is able to visualize the xenograft tumors. The high intensity retention of ICG
by the tumors corresponded to the high permeability of the neovasculature in the tumor. Further quantification of ICG
retention can serve as an imaging marker to assess antiangiogenic therapies that target to normalize the vasculature
in solid tumors. Visualization of the heart suggests the potential for imaging deep-seated orthotopic tumors.
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TITLE: MR/CT compatible phantom: Feasibility study for MR-only based radiation treatment
PRESENTER: Min-Joo Kim
ABSTRACT BODY: 
Abstract Body: Development of hybrid MR/CT compatible phantom was introduced to fully establish MR image only
radiation treatment and this suggested technique using in-house developed hybrid MR/CT compatible phantom image
would utilize to generate radiation treatment planning and perform dose calculation without multi-modal registration
process or generation of pseudo CT.
Fundamental characteristics for "hybrid MR/CT compatible phantom" was established: Relaxation times equivalent to
human tissue, dielectric properties, homogeneous relaxation times, sufficient strength to fabricate a torso, ease of
handling, a wide variety of density material for calibration, chemical and physical stability over an extended time. For
this requirements, chemical component in each tested plug which would be tissue equivalent to human tissue on MR
and CT image and production of phantom body and plug was performed. Chemical component has described below:
Agaros, GdCl3, NaN3, NaCl, K2Co3, deionized-distilled water. Various mixture of chemical component to simulate
human tissue on both MR and CT image was tested by measuring T1, T2 relaxation time and signal intensity (SI) on
MR image and Hounsfield unit (HU) on CT and each value was compared. The hybrid MR/CT compatible phantom
with 14 plugs was designed and has made. Total height and external diameter was decided by internal size of 32
channel MR head-coil.
Tissue-equivalent chemical component materials and hybrid MR/CT compatible phantom was developed. The range
of T1, T2 relaxation time and SI on MR image, HU on CT was acquired and could be adjusted to correspond to
simulated human tissue.
Current result shows its possibility for MR-only based radiotherapy and the best mixing rate of chemical component for
tissue-equivalent image on MR and CT was founded. However, additional technical issues remain to be overcome.
Conversion of SI on MR image into HU and dose calculation based on converted MRI will be progressing.
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CONTROL ID: 2497755
TITLE: Effective Radioiodine Therapy using Human Applicable Dose in vivo by Bromodomain Overexpression
PRESENTER: Juri Na
ABSTRACT BODY: 
Abstract Body: Objectives: Brahma-related gene 1 (BRG1), the catalytic subunit of SWI/SNF chromatin-remodeling
complex, involves in DNA double strand breaks (DSB) repair. The BRG1 assists DSBs repair by stimulating γ-H2AX
formation. DSBs repair is not completed without BRG1 binding to acetylated histones at DSBs via bromodomain
(BRD). Therefore, we overexpressed BRD artificially to develop genetic radiosensitizer and the effect of BRD
overexpression was previously reported, resulting inhibition of BRG1 binding, in case of high I-131 dose (500 μCi).
However, this dose (500 μCi) is compatible to 1,500 mCi in human being (60 kg). In this study, we investigated
therapeutic effect of BRD overexpression in case of low I-131 dose (60 μCi), which is converted from clinical
therapeutic dose (180 mCi) in human by their weights.
Methods: FRO anaplastic thyroid cancer cells were transfected by optimized human sodium iodide symporter
(pMSCV-oNIS) and pMX-BRG1-BRD retro-viral vector. The cell lines were divided into three groups: Control, oNIS,
and oNIS+BRD expressing cell lines. Clonogenic assay, γ-H2AX foci staining, and Western blotting were conducted.
Each cell lines of the three groups were subcutaneously injected into BALB/c nude mice. I-131 was treated and animal
SPECT/CT imaging was also acquired to visualize I-131 uptake. To investigate the effect of BRD on I-131 therapy,
tumor size was measured with caliper and tumor proliferation was measured with optical signal obtained by IVIS
imaging system.
Results: The results of clonogenic assay, γ-H2AX foci staining, and Western blotting indicated that radiation
sensitizing effect of BRD overexpression. Survival colonies of oNIS+BRD were 12.14%, while oNIS cells survived
28.60%, and control cells survived 64.84% after I-131 therapy. Especially, the luciferase signal of oNIS tumor was 3.4
times higher than oNIS+BRD tumors. Also, the tumor size of oNIS tumor was 2.1 times higher than oNIS+BRD tumors
at 6 days after treating 60 μCi of I-131.
Conclusion: Radiosensitizing effect of human applicable dose (60 μCi) combined with BRD overexpression was
occured. Human application of this system may be possible. We have shown that radio-sensitizing effect induced by
BRG1-BRD overexpression on radioiodine therapy, and our results indicating that BRG1-BRD overexpression could
be used as a therapeutic gene by combination with NIS for reducing therapeutic dose of radioiodine.
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CONTROL ID: 2499147
TITLE: Pump-probe absorption spectroscopy monitors structural alteration of hierarchically assembled eumelanin
PRESENTER: Kuk-Youn Ju
ABSTRACT BODY: 
Abstract Body: Eumelanin, the predominant black human pigment, has long been one of the most mysterious
biomarkers. For example, efficient UV dissipation provides photoprotection1,2, but eumelanin also exhibits
photochemical reactivity to generate reactive oxygen species (ROS)3-5, and it has been suggested that eumelanin in
cutaneous pigment cell is one source ROS for the development and progression of malignant melanoma6,7. These
behaviors are likely related to its complex, characteristic hierarchical structure, where stacked layers of oligomers are
three dimensionally aggregated. Small subunits of the hierarchical structure appear to be responsible for the
photochemical reactivity8; in addition, structural disintegration of the hierarchical structure into small subunits is more
frequently observed in malignant melanoma than normal pigment cell7,9. This suggests that eumelanin structure is
disrupted, possibly by phagosomal enzymatic activity during melanomagenesis, and its biological functionality may be
changed to play a role in progression of melanoma.
Here we use a novel nonlinear optical technique (pump-probe microscopy), which has been shown to be sensitive to
clinically relevant melanoma characteristics such as malignancy and metastatic potential, to quantify signal changes
with structural alteration.10,11 We use a well-characterized model system (Sepia eumelanin particles and melanin-like
nanoparticles) to understand the effects of aggregation, oxidation, and disassembly into subunits and further
oxidation. It is found that disintegration of hierarchical eumelanin structure into subunits and further oxidation of
subunits makes its pump-probe response changed from ground-state dominant to excited-state absorption dominant
spectrum. These substantial and systematic changes of pump-probe signal in response to their structural alteration
gives crucial insight to predict different biological aspects of eumelanin production, and capture clues to the
development of malignant melanoma. Details on the correlation between characterized pump-probe response of
eumelanin particle model and its structural disruption in the process of melanomagenesis will be discussed.
 
(1) J. Photoch. Photobio. B 1992, 12, 215-258.
(2) P. Natl. Acad. Sci. USA 2005, 102, 8978-8983.
(3) Biochem. Bioph. Res. Co. 1978, 84, 335-341.
(4) Photochem. Photobiol. 1987, 45, 185-190.
(5) Biochem. Biophys. Res. Commun. 1979, 88, 456-461.
(6) Arch. Biochem. Biophys. 2014, 563, 51-55.
(7) Expert Rev. Anticancer thera. 2008, 8, 1751-1757.
(8) Free Radic. Biol. Med. 2002, 32, 720-730.
(9) Cancer 1988, 61, 358-369.
(10) Sci Transl Med 2011, 3, 71.
(11) Biomed Opt Express 2015, 6, 3631-3645
AUTHORS (LAST NAME, FIRST NAME): Ju, Kuk-Youn1; Warren, Warren2

INSTITUTIONS (ALL): 
1. Chemistry, Duke University, Durham, NC, United States.
2. Duke University, Durham, NC, United States.
(No Image Selected)



CONTROL ID: 2500490
TITLE: Evaluation of PSMA Targeting Agents for Prostate Cancer Detection Using Confocal Microscopy 
PRESENTER: Irene Evans
ABSTRACT BODY: 
Abstract Body: Objective: Prostate-specific membrane antigen (PSMA) is a class II transmembrane glycoprotein that
is overexpressed in prostate cancer (PrCa). It contains a short intracellular amino terminus of 18 amino acids, a
transmembrane region of 24 amino acids, and a glycosylated extracellular domain of 706 amino acids1. The function
of PSMA is controversial. It is not known why it is over-expressed on prostate cancer. PSMA shows some sequence
and structural homology with the transferrin receptor and both receptors undergo endocytosis and internalization
ending up in similar cell compartments.1-5 Due to its overexpression in prostate cancer, PSMA provides an attractive
biomarker and target for therapy. Nearly all prostate tumors express PSMA and levels of PSMA are increased with
aggressive tumors6,7. PSMA on PrCa cells is the target of several targeted molecular imaging agents (TMIAs) in
development for PrCa containing second-generation antibodies, aptamers and low-molecular-weight ligands for
imaging and therapy. 7-12 We are developing modular TMIAs with urea inhibitors such as DCL12 coupled directly or
via linkers to NIR dyes for use in photoacoustic imaging. In order to compare the binding and uptake of TMIAs, 2D and
3D PrCa cell models are evaluated using confocal fluorescence microscopy (CFM) to determine the amount of TMIA
bound, the amount of internalization, and how well the TMIA illuminates the tumor. Methods: In order to evaluate TMIA
agents, human prostate cell lines were cultured using traditional two-dimensional methods as well as several three-
dimensional matrices. TMIAs labeled with a Cy5.5 fluorescent dye were synthesized and tested in CFM. Results: The
CFM images show the presence and cellular location of the PSMA-targeted TMIAs that stain the surface of the cells
as well as being endocytosed into the tumor cells. Three dimensional tumor models utilizing Matrigel, collagen or
agarose formed spheroid-like structures and more closely resembled a tumor mass than did 2D cultured cells. We
observed that the TMIA agents penetrated 3D cancer models and stained cells buried inside the spheroid tumor
model indicating the agents tested had good penetrability characteristics. Conclusion: The use of 3D cellular models
which mimic more closely in vivo tumors should facilitate development of TMIAS and result in agents which target to
metastatic tumors illuminating their presence, size, and structure thus allowing better clinical treatment and enhanced
cancer survival.
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Liu The Prostate 68:955 (2008)
Rajasekaran Mol Biol Cell 14:4835 (2003)
Liu Cancer Res 58:4055 (1998) '
Wang J.Cell Biochem 102:571 (2007)
Tasch. Critical Reviews in Immunology 21:1 (2001)
Kiess Q J Nucl Med Mol Imaging 59:241-68 (2015)
Hilderbrand Curr Opinion Chem Biol 14:71 (2010)
Dassie Mol Ther 22:1910 (2014)
Olson Front Biosci 19:12 (2014)
Rowe J Nuclear Med, 57:46 (2015)
Chen Bioconjug Chem 23:2377 (2012)
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CONTROL ID: 2500571
TITLE: NMR-based analysis of combinatorial effects of chemotherapy drug and polyherbal formulation
PRESENTER: Rama Jayasundar
ABSTRACT BODY: 
Abstract Body: Introduction 
There is a gradual shift from mono- to combination drugs in cancer. This study presents a novel NMR analysis along
with bioassay to study combinatorial effects of chemodrugs with an anticancer polyherbal formulation (PF)1. The
chemodrugs [Cisplatin (C), Paclitaxel (P), Vinblastine(V)] were combined with PF [PF+C (PC), PF+P (PP), PF+V (PV)]
and tested on hepatocellular carcinoma cells (HCC) and analysed using NMR.
 
Materials and methods 
NMR: Water suppressed proton spectra were obtained at 700 MHz from PF, chemo- and combination drugs using 15s
relaxation delay, 64 scans, 10 ppm spectralwidth. Spectrum from PF was subtracted from that of the combination drug
and compared with the corresponding chemodrug.
MTT cell proliferation assay: 6 x 103 cells were plated into each well of a 96-well plate and allowed to grow for 24 h
and treated with different doses of the drugs for 24 h,48 h and 96 h - PF (5, 10, 20, 40, 80, 160, 320 µg/ml),
chemodrugs (0.5, 1, 2, 4, 8, 16, 32 µg/ml) and drug combinations (chemodrug:PF in 1:9 ratio). Inhibitory
concentrations (IC50) were calculated with viability of untreated cells taken as control and 100%.
Combinatorial effects: Assessment of combinatorial and synergistic activities were based on concentration-effect
curves generated as a plot of the fraction of affected cells vs drug concentration and determined by isobologram
analysis2. Combination Index CI<1 indicate synergism, >1.1 antagonism, and 0.9-1.1 additive effect 2.
 
Results and Discussion 
Decrease in IC50 for drug combinations were both dose and time-dependent compared to single drugs. There was
reduction in cytotoxicity (beneficial to normal cells) but also a slight reduction in cancer cell kill. Further work to
determine a judicious combination of correct dose of PF and chemodrugs for balance between cytotoxicity reduction
and efficient cell kill is under way. PP demonstrated maximum synergistic combinatorial effect followed by PV (Table
1). The latter demonstrated synergistic effect except for the highest dose at 24 h time point, where it showed an
antagonistic effect (CI = 1.2). Combination of PF and cisplatin showed antagonistic effect for the highest dose at 24h
and 72h, and a near additive effect at 48h.
 
Figures 1a-1d show NMR spectra of PF, chemo- and combination drugs, and the deducted spectra (combination -
PF). The subtracted spectrum was not equal to that of the drug alone indicating interaction between the drug and
phytochemicals in PF. The combination with paclitaxel showed maximum and striking variation. It is pertinent to note
that the drug combination of PF and P also showed maximum synergistic activity.
 
Conclusion 
While MTT assay showed that the drug combination reduced cytotoxicity, the NMR spectra showed striking changes
in the phytochemical profile of the drugs when combined. NMR along with bioassay can play an interesting role in the
study of combinatorial effects of drugs. In particular, NMR spectral analysis can give an insight into the phytochemical
changes that occurs when toxic chemodrugs are combined with polyherbal formulations.
 
References 
1. G Sharma et al. J Carcinogenesis, 11, S31, 2012.
2. Chou T. Pharmacol Rev, 621-681, 2007.
AUTHORS (LAST NAME, FIRST NAME): Jayasundar, Rama1; Sharma, Gaurav1; Chauhan, Shyam S.2; Velpandian,
Thirumurthy3

INSTITUTIONS (ALL): 
1. Department of NMR, All India Institute of Medical Sciences, New Delhi, India, New Delhi, India.
2. Department of Biochemistry, All India Institute of Medical Sciences, New Delhi, India, New Delhi, India.



3. Department of Ocular Pharmacology & Pharmacy, All India Institute of Medical Sciences, New Delhi, India, New
Delhi, India.



Table 1: Combination Index and combinatorial effects of polyherbal formulation (PF) and cisplatin (C), paclitaxel (P),
vinblastine (V). Interpretation of CI values: very strong synergism (<0.1), strong synergism (0.1-0.3), synergism (0.3-
0.7), moderate synergism (0.7-0.85), slight synergism (0.85-0.90), nearly additive (0.9-1.10),  slight antagonism (1.10-
1.20), moderate antagonism (1.20-1.45), antagonism (1.45-3.3).



CONTROL ID: 2500573
TITLE: Quantitative imaging of blood oxygenation gradients in healthy tissue and hypoxic tumors with eigenspectra
MSOT
PRESENTER: STRATIS TZOUMAS
ABSTRACT BODY: 
Abstract Body: The ability to image tissue blood oxygen saturation (sO2) in high spatial resolution is a highly desirable
but still unattainable target for understanding oxygen metabolism in healthy tissue and for studying cancer hypoxia1.
Multi-spectral Optoacoustic Tomography (MSOT) can resolve oxygenated and deoxygenated hemoglobin in high
resolution, and therefore appears ideally suited for this task2. However, quantitative measurements of blood
oxygenation using optoacoustic methods have been restricted so far to superficial vasculature3. Studies that
characterize oxygenated and deoxygenated hemoglobin deeper in tissues are limited by the effects of wavelength-
dependent attenuation of optical fluence leading to spectral corruption of the recorded spectra with depth3.
 
We introduce a novel concept that describes the wavelength-dependence of light fluence within tissue as a
superposition of a few reference base spectra, termed eigenspectra. Using this novel model we develop a
computational methodology termed eigenspectra MSOT (eMSOT), that can account for the effects of wavelength-
dependent light attenuation in tissue; thus offering much higher accuracy in blood sO2 estimation in deep tissue as
compared to previously utilized approaches. We validate eMSOT using extensive simulations, blood phantoms and in
vivo animal measurements with available gold standard. We find that eMSOT can quantitatively image tissue sO2,
reaching in many occasions a better than 10-fold improved accuracy over previously considered spectral optoacoustic
methods.
 
We apply eMSOT to obtain in vivo quantitative images of blood oxygenation gradients in animals, in the area of the
muscle and within hypoxic tumors. We quantify blood oxygenation in the hind-limb muscle under an O2 challenge
experiment, and we find excellent agreement between our measurements and the expected physiological state. We
further compare the oxygenation values of prominent vasculature and soft tissue, corresponding to capillary bed, and
our results appear in agreement with previous reports based on invasive microscopy studies. Finally, we quantify
blood oxygenation gradients in orthotopic 4T1 tumors during tumor growth and during O2 challenge and relate label-
free, non-invasive eMSOT readings to post-mortem tumor hypoxia measurements using histological gold standard.
We find that eMSOT could not only quantitatively distinguish between high and low hypoxia levels in individual tumors,
but the spatial sO2 maps further presented close congruence to the spatial appearance of hypoxia spread and
reduced perfusion seen in the Pimonidazole and Hoechst staining of the excised tumors.
 
High-resolution non-invasive imaging of blood oxygenation across entire tissues and tumors offers novel abilities in
studying physiological and pathological conditions. Due to its ability to quantify blood oxygenation with high accuracy,
in high resolution, and non-invasively, eMSOT is expected to play a significant role in future tissue and tumor
oxygenation studies.
 
1Vaupel, et. al., The Oncologist 9, 4-9 (2004).
2Razansky, D., et. al., Nature Protocols 6, 1121-1129 (2011).
3Maslov, K., et. al., Inverse Problems 23, S113 (2007).
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CONTROL ID: 2500843
TITLE: Comparison of 18F-RGD and 68Ga-RGD for PET imaging of angiogenesis in human glioblastoma mouse
model.
PRESENTER: Claire Provost
ABSTRACT BODY: 
Abstract Body: Introduction 
Tumour angiogenesis is a target in oncology. Neovessels overexpress integrin αvβ3, several ligands of these
integrines have been designed including the same sequence of three amino acids, RGD (Arg-Gly-Asp). Radiolabeled
RGD ligands have been proposed, with Positron Emission Tomography (PET) (1), for non-invasive in vivo imaging of
angiogenesis (2). Since glioblastoma overexpresses ανβ3 integrin (3), RGD-K5-18F (4) and RGDfK-68Ga (5) PET
imaging can be performed. The purpose of this study was to compare, in a mouse model bearing human glioblastoma,
two RGD PET tracers, labelled with 18F or 68Ga.
 
Methods 
Radiolabeled RGD-K5-18F was obtained from PET NET Solutions (France), and RGDfk was labelled with 68Ga in our
laboratory (LIMP). An animal model of glioblastoma was obtained by engrafts of U87MG cell lines in 10 nude mice
(5/tracer). PET acquisitions were performed on similar tumours volumes. PET static acquisitions were started 40
minutes after 5 MBq tracer injections, during 10 minutes. Images were reconstructed and visualised as maximum
intensity projection (MIP). Regions of interest were drawn to measure maximum standardized uptake values. One
hour after injection of tracers, mice were sacrificed and tumours counted for obtain percentage injected dose/gram
(%ID/g).
 
Results 
Imaging analyses gave a significantly better result for RGD-K5-18F with SUVmax ratio tumour over background of
4.19 ± 0.71 compared with 2.36 ± 1.16 for RGDfk-68Ga (p= 0.02). Ex-vivo analyses gave a significantly better result
for RGD-K5-18F with a 5.97 ± 0.82 %ID/g compared with 3.89 ± 1.26 for RGDfk-68Ga %ID/g (p= 0.04).
 
Conclusions 
18F-RGD-K5 and 68Ga-RGD-fK allows to visualize human glioblastoma in mouse model. 18F-RGD-K5 seems to yield
the best image contrast the best of those two tracers to visualize angiogenesis in U87MG tumour mice model.
Complementary studies are necessary to determine if the tracers allow to predict efficacy of an antiangiogenic
treatment.
RGD-K5-18F seems to be the best of those two tracers to visualize angiogenesis in U87MG tumour mice model.
Complementary studies are necessary for knowing if the tracers are allow to predict efficacy of an antiangiogenic
treatment, with an immunohistochimistry study on tumours tissue.
 
Acknowledgement 
This project was supported by PETNET Solutions (Siemens) and an academic UPMC laboratory (LIMP).
AUTHORS (LAST NAME, FIRST NAME): Provost, Claire1, 2

INSTITUTIONS (ALL): 
1. Plateforme LIMP, UMS 028, Université Pierre  et Marie Curie, Paris, France.
2. PET NET Solutions, Les Lisses, France.





CONTROL ID: 2500856
TITLE: Preparation, quality control and nanoSPECT/CT imaging of 111In-DOTA-cetuximab in mice bearing human
lung cancer NCI-H292 xenografts
PRESENTER: Wei-Chuan Hsu
ABSTRACT BODY: 
Abstract Body: Objectives: Cetuximab, a chimeric (mouse/human) monoclonal antibody, is classified as a signal
transduction inhibitor by binding to epidermal growth factor receptors (EGFR). In this study, a high specific activity of
Indium-111 labeled 1,4,7,10-tetraazacyclo-dodecane-1,4,7,10-tetraacetic acid-cetuximab (DOTA-cetuximab) was
synthesized and evaluating its in vitro stability and in vivo biodistribution. 
 
Materials and Methods: The conjugation of cetuximab with p-SCN-Bn-DOTA was performed. After conjugation and
purification of DOTA-cetuximab, the antibody drug ratio (ADR) of DOTA-cetuximab was determined by matrix-assisted
laser desorption/ionization time-of-flight mass spectroscopy (MALDI-TOF). After radiolabeling, labeling efficiency and
stability of 111In-DOTA-cetuximab was determined by high performance liquid chromatography (HPLC) and thin layer
chromatography (TLC) analysis. The radioimmunoreactivity study of 111In-DOTA-cetuximab was performed by EGFR
overexpressed A431 human epidermoid carcinoma cells. Nano-SPECT/CT imaging was performed in NCI-H292 lung
tumor-bearing B/c-nu mice (about 300 mm3) at 1, 24 and 48 h after injection of 5 MBq of 111In-DOTA-cetuximab.
 
Results: The ADR of DOTA-cetuximab was 2-3. Labeling efficiency of 111In-DOTA-cetuximab is > 90%. The specific
activity of 111In-DOTA-cetuximab is > 6 mCi /mg. The stability of 111In-DOTA-cetuximab in rat serum is > 90% after
72 h incubation at 37°C. The radioimmunoreactivity of 111In-DOTA-cetuximab was 75.73%. NanoSPECT/CT imaging
study showed an obviously specific accumulation of 111In-DOTA-cetuximab in tumor region. The tumor/muscle ratio
at 1, 24 and 48 h after drug administration were 3.8, 10.2 and 24.2, respectively.
 
Conclusions: The superior stability and highly specific targeted property of 111In-DOTA-cetuximab suggest that it is
suitable as a molecular imaging biomarker of EGFR+ cancers.
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CONTROL ID: 2489496
TITLE: The value of SUVmax is related with major chemotherapy-related tumor marker expression and serum tumor
markers in gastric adenocarcinoma patients
PRESENTER: Xiaoyi Duan
ABSTRACT BODY: 
Abstract Body: Gastric adenocarcinoma is the most common cancer in Eastern Asia with low 5-year survival rates.
Previous research found that 18F-fludrodeoxyglucose (18F-FDG) positron emission tomography/computed
tomography (PET/CT) is used as an important non-invasive tool for maximal measuring standardized uptake value
(SUVmax) in patients with various tumors, including gastric adenocarcinoma. In our previous studies, we investigated
the relationship between chemotherapy-related tumor marker expression and SUVmax. Our results showed that the
expression of p53 was significantly correlated with SUVmax in non-small-cell lung cancer (NSCLC) patients. In this
study, we analyzed the correlation between SUVmax and the status of the chemotherapy-related tumor marker
expression (Her2, p53, and Survivin) and serum tumor markers (Serum CA72-4, CA19-9 and CEA). Our results
showed that SUVmax was associated with Her2 and p53 which reflected chemotherapy-resistant of cancer patients.
Moreover, the relationship between SUVmax and serum tumor markers was analyzed by linear correlation analysis. At
last, Serum CA72-4, CA19-9 was used as independent parameters to establish equations for SUVmax by the linear
regression models. These results suggested that SUVmax which was calculated either by 18F-FDG PET/CT or serum
tumor markers, could be used to predict and evaluate Her-2 or p53 related chemotherapy resistant of gastric
adenocarcinoma patients.
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TITLE: In vitro and in vivo centimeter-deep tissue fluorescence microscopic imaging
PRESENTER: Baohong Yuan
ABSTRACT BODY: 
Abstract Body: Deep-tissue micro-events, such as microcirculation, angiogenesis, lymphangiogenesis, neurovascular
coupling, etc., are very important for both healthy and diseased tissues (1). Noninvasively visualizing deep-tissue
micro-events is always desirable and important for studying tissue structures, functions and dysfunctions (2, 3).
Unfortunately, the limited imaging depth of optical microscopy (<1 mm) is insufficient to see them in an opaque tissue
(1, 4). Ultrasound-switchable fluorescence (USF) imaging technique uses a tightly focused ultrasound beam to switch
on/off fluorescence from its contrast agents(5-8). USF can image micro-events via fluorescence contrast with high
resolution in centimeter-deep tissues by using USF contrast agents and low frequency ultrasound (2.5-15 MHz) (5-8).
We synthesized a serial of USF contrast agents and characterized their USF performance. The emission intensity on-
to-off ratio (ION/IOFF) can reach much higher than 200 (some of them can even reach above 1000), which is
significantly improved compared with current USF agents. The large value of ION/IOFF is one of the keys to achieve
high SNR or low background and therefore high sensitivity in centimeter-deep tissue. Also, we developed two types of
imaging systems (in frequency- and time-domain) to sensitively detect USF signal while significantly suppressing
noise. Lastly, we developed algorithms to effectively differentiate USF signal from noise. With these unique
technologies, high-resolution fluorescence imaging in centimeter-deep tissue has been achieved with high SNR and
sensitivity in both a tissue-mimic phantom and real biological tissues. Multi-color fluorescence microscopic imaging in
centimeter-deep tissue that can potentially detect multiple targets is also demonstrated, which is extremely difficult for
non-optical technologies. This technology can be applied for both pre-clinical research and clinical applications.
1. (2003) Imaging of angiogenesis: from microscope to clinic. Nature Medicine 9(6):713-725.
2. (2008) Multimodality molecular imaging of tumor angiogenesis. Journal of nuclear medicine : official publication,
Society of Nuclear Medicine 49 Suppl 2:113S-128S.
3. (2012) Photoacoustic Tomography: In Vivo Imaging from Organelles to Organs. Science 335(6075):1458-1462.
4. (2009) Infrared multiphoton microscopy: subcellular-resolved deep tissue imaging. Curr Opin Biotechnol 20(1):54-
62.
5. (2014) Development of Ultrasound-Switchable Fluorescence Imaging Contrast Agents Based on Thermosensitive
Polymers and Nanoparticles. Ieee J Sel Top Quant 20(3).
6.(2014) High resolution imaging beyond the acoustic diffraction limit in deep tissue via ultrasound-switchable NIR
fluorescence. Sci Rep-Uk 4:4690.
7.(2012) High-resolution imaging in a deep turbid medium based on an ultrasound-switchable fluorescence technique.
Appl Phys Lett 101 (3):033703.
8. (2013) Breaking the acoustic diffraction limit via nonlinear effect and thermal confinement for potential deep-tissue
high-resolution imaging. Appl Phys Lett 102(6).
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TITLE: Octreotide Functionalized Branched Copolymer Nanoparticles for Active Tumor Targeting MRI Contrast Agent
PRESENTER: Changtong Yang
ABSTRACT BODY: 
Abstract Body: Background and Objectives: The direct synthesis of stable Gd(III) chelated branched copolymer
nanoparticles, started from novel monomers via reversible addition-fragmentation chain transfer (RAFT)
polymerization without self-assembly was reported [1-2]. The presence of the succinimidyl ester benzoate
functionalities within the nanoparticle coronas allows for surface modification with targeting moieties or biomolecules
for targeting diseased tissue or receptor [2]. Higher surface area per volume of nanoparticles would allow for a higher
number of targeting moieties and Gd chelates per particle, which in turn translates into higher affinity and improve the
tumor targeting ability. The branched copolymer nanoparticles both incorporated with Gd(III) chelating and conjugated
with somatostatin analog octreotide have been explored as an efficient MRI contrast agent for targeting
neuroendocrine tumor cell for the first time.
Methods and Results: The branched copolymer nanoparticles have been prepared via direct synthetic methodology
without self-assembly [1-2]. Conjugation with octreotide to branched copolymer nanoparticles was successful and
characterized by NMR. Chelation of Gd(III) with branched copolymer nanoparticles was analyzed by ICP which
confirmed chelation values of approximately 90%. Relaxivity measurements in deionized water showed that
longitudinal relaxivity (r1) is 8.3 and 7.6 mM-1s-1 for NP with octreotide (NP-Oct) and NP without octreotide (NP)
respectively, which are higher than that of the clinically used ones (3.9 and 4.1 mM-1s-1 for Gd-DOTA and Gd-DTPA,
respectively). It indicated the conjugation with octreotide did not influence the interaction of the water with the
gadolinium ion. The in vivo evaluation of targeting ability has been conducted on a 7T system through DCE-MRI of
typical neuroendocrine tumor mice models with two kind of tumor xenograft, somatostatin receptor (SSTr) positive
expression AR42J and SSTr negative expression A549. NP-Oct nanoparticles demonstrated higher uptake in AR42J
tumor compared to the uptake in negative A549 tumors after injection, suggesting active SSTR tumor targeting ability.
Conclusions: The octreotide functionalized branched copolymer nanoparticles demonstrated as an active
neuroendocrine tumor cell targeting MRI contrast agent through the enhanced permeability. The active tumor targeting
contrast agent can be further used as a carrier for specific delivery of targeting biomolecules or imaging probe.
References: [1] He T at al, Angew. Chem. Int. Ed. 2007, 46, 9243-9247. [2]Yang, C.-T et al, Int. J. Nanomedicine,
2015, 10, 5895-5907.
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CONTROL ID: 2490981
TITLE: Photosensitizer-conjugated EGFR (epidermal growth factor receptor) targeting peptides for activatable
fluorescence imaging and photodynamic therapy of EGFR-overexpressing cancers
PRESENTER: Jisu Kim
ABSTRACT BODY: 
Abstract Body: Photodynamic therapy (PDT) has been successfully used to treat cancers and other malignant
conditions in clinics. Even though targeted PDT agents have been developed to enhance target selectivity in imaging
and therapy, the fundamental disadvantage of “always on“ type of targeted PDT agents is that they emit fluorescence
signals regardless of their proximity or interaction with target cells, and unwanted phototoxicity in normal tissues is still
possible. Therefore, development of targeted PDT agents with activatable optical properties is highly challenging.
Here, we showed that small-sized activatable PDT agents could be developed by conjugating PDT agents with
cancer-targeting short peptides in the absence of additional conjugation of quenchers. PDT agents were conjugated
with EGFR-targeting peptide via cyclic disulfide linkers. EGFR overexpression is frequently found in a variety of
human cancers, and considered as an important target for receptor-mediated delivery system of drugs. In this study,
EGFR-targeting peptide GE11 was conjugated with chlorin e4 (Ce4) via cyclic disulfide linkers (i.e., C-EGFR). We
hypothesized that C-EGFR conjugates are nonfluorescent and nonphototoxic in its native state, but becomes highly
fluorescent and phototoxic after internalizion into EGFR-positive cancer cells via receptor-mediated endocytosis and
subsequent cleavage of the disulfide bonds by intracelluar reducing agents. As expected, both fluorescence and
singlet oxygen generation (SOG) of C-EGFR were turned off. When C -EGFR were treated with 5 mM dithiothreitol
(DTT), fluorescence and SOG were increased by 3.47 and 5-folds, respectively. Treatment of C-EGFR with 2 μM DTT
did not induce any increase in fluorescence and SOG.
Next, the utility of C-EGFR in activatable nearinfrared (NIR) fluorescence imaging of EGFR-postive cancer cells was
tested in in vitro live cell imaging study. Since it is expected that NIR fluorescence of C-EGFR is quenched outside the
cells and turned on only inside target cells, we obtained NIR fluorescence images every 15 min “without washing the
cells“ immediately after treating the EGFR-positive breast cancer (HCC70) cells with free Ce4 and C-EGFR. As
expected, NIR fluorescence of C-EGFR was quenched in the extracellular region but becomes highly fluorescent
inside HCC70 cells with time, enabling clear discrimination of each cancer cells. In contrast, free Ce4 produced strong
fluorescence signals in the extracellular regions for 4 h, and therefore it was difficult to detect cancer cells from the
fluorescence images. Next, target-cell-specific PDT of the C-EGFR was evaluated. EGFR-positive HCC70 and EGFR-
negative normal (PCA-SMC) cells were incubated with C-EGFR for 4 h at various concentrations, washed 2 times,
and then irradiated using a 670-nm laser. As a result, IC50 value of 0.28 μM was obtained in the HCC70 cell whereas
> 70% of PCA-SMC cells were alive even at 10 μM treatment of C-EGFR. These data indicate that C-EGFR is highly
useful not only for activatable NIR fluorescence imaging with high tumor-to-background ratio but also for selective
PDT of EGFR-positive cancer cells.
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CONTROL ID: 2490649
TITLE: Monitoring immunotherapeutic efficacy using a multifunctional cell fate tracker
PRESENTER: Seung Koo Lee
ABSTRACT BODY: 
Abstract Body: Cell therapies, such as pancreatic islet, stem cell, and adoptive T cell therapies, promise to
revolutionize translational medicine by recovering tissue and organ function as well as combating various disorders
including cancers. A key approach driving the improvement of cell therapies is a real-time monitoring capability that
can assess the statuses of injected therapeutic cells, including their localization, numbers, and viability. Here, we
present a longitudinal multifunctional cell fate tracker (MCFT) capable of monitoring the efficacy of cell-based
therapies by following their biodistribution and assessing their viability within the therapeutic cells’ native environment,
without the help of a reporter gene such as luciferase, GFP, and thymidine kinase.[1, 2] MCFT is comprised of two
types of optical reporters, a life indicator and a death indicator, and an iron oxide nanoparticle (IONP) through
electrostatic interactions (Fig. 1a). IONP is capable of detecting a cell’s location with high-resolution by MRI, while the
optical indicator distinguishes cell viability by near infrared fluorescence (NIRF) imaging. Because MCFT is designed
with interchangeable modular functional units, its functionalities can be adjusted on demand, and importantly, the
therapeutic cells can be efficiently labeled with MCFT under normal culture conditions. In clinical trials, chimeric
antigen receptor (CAR)-based immunotherapy has shown great promise in treating many and otherwise untreatable
cancers. In this cancer immunotherapy model, CEA (carcinoembryonic antigen)-positive and CEA-negative SKOV3
ovarian cancer cells, labeled with MCFT, were co-cultured with CEA targeting CAR-T cells. The selective
immunotherapeutic effects were followed in real time under a fluorescence microscope. The engineered CAR-T cells
selectively killed CEA-positive SKOV3 cells, whose live signal was turned into a dead signal, while sparing the CEA-
negative SKOV3 cells (Fig. 1b). This innovative dual-modality imaging technology can noninvasively image not only
cell survival and persistence of adoptively transferred CAR-T cells after homing to CEA-positive ovarian tumor sites,
but also provide a clear prediction of cancer immunotherapeutic outcomes resulting from injected CAR-T cells.
 
[1] Lee SK, Tung CH. Layered nanoprobe for long-lasting fluorescent cell label. Small. 2012;8:3315-20.
[2] Lee SK, et al. An authentic imaging probe to track cell fate from beginning to end. Nat Commun. 2014;5:5216.
AUTHORS (LAST NAME, FIRST NAME): Lee, Seung Koo1; Medine, Ilker2; Ponomarev, Vladimir2; Akin, Oguz2;
Tung, Ching1; Aras, Omer2

INSTITUTIONS (ALL): 
1. Radiology, Weill Cornell Medical College, New York, NY, United States.
2. Radiology, Memorial Sloan Kettering Cancer Center, New York, NY, United States.



Figure 1. (a) Schematic illustration of the process of multifunctional cell fate tracker (MCFT) which are coated with
PDL-cy7 (dead cell imaging) / PLL-cy5.5 (live cell imaging) onto iron oxide nanoparticles (IONPs). In vivo T cells
tracking and viability will be examined by MRI and NIRF optical imaging. (b) Monitoring of the cancer
immunotherapeutic efficacy induced by target-specific CAR-T cells. CEA (+) or CEA (-) SKOV3 cells labeled with
MCFT (core: AuNPs) were cultured with or without CEA targeting CAR-T cells.



CONTROL ID: 2490920
TITLE: 131I-Labeled Multifunctional Dendrimers With BmK CT-modification to Enable Targeting Single Photon
Emission Computed Tomography Imaging and Radiotherapy of Gliomas
PRESENTER: Yong Cheng
ABSTRACT BODY: 
Abstract Body: Recent efforts have combined cancer research with nanotechnology to focus on glioma-targeted
imaging and therapy. This report details the development of a new type of multifunctional dendrimers for glioma-
targeting single photon emission computed tomography (SPECT) imaging and radiotherapy. Using amine-terminated
poly(amidoamine) (PAMAM) dendrimers of generation 5 (G5.NHAc) as a platform, polyethylene glycol (PEG), the
Buthus martensii Karsch chlorotoxin targeting ligand (BmK CT), and 3-(4’-hydroxyphenyl) propionic acid-OSu (HPAO)
were loaded onto its surface in sequence. Radioactive 131I was then labeled onto the surface of the delivery system,
resulting in 131I-G5.NHAc-HPAO- (PEG-BmK CT)-(mPEG). Before and after labeling 131I, the dendrimers were
evaluated for stability and found to be largely stable under the test conditions. Unlabeled dendrimers exhibited
excellent biocompatibility over a given concentration range (0.1-50 μM) for both C6 glioma cells and normal RLE-6TN
cells. BmK CT-modification increased the cellular uptake of dendrimers in C6 glioma cells, but not in the normal RLE-
6TN cells. 131I-labeled complexes were radiochemically pure and could be applied in glioma-targeting nuclear
imaging and radiotherapy both in vitro and in vivo with BmK CT-modification. Together, these findings indicate that the
131I-G5.NHAc-HPAO-(PEG-BmK CT)-(mPEG) complex is a promising multifunctional nanoplatform for glioma-
specific nuclear imaging and radiotherapy.
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TITLE: Core/Shell Fe3O4/Gd2O3 Nanocubes as T1-T2 Dual Modal MRI Contrast Agents
PRESENTER: Fenfen Li
ABSTRACT BODY: 
Abstract Body:  
INTRODUCTION 
T1-T2 dual modal magnetic resonance imaging (MRI) has attracted considerable interests because it offers
complementary diagnostic information, leading to more precise diagnosis. To date, a number of nanostructures have
been reported as T1-T2 dual modal MR contrast agents (CAs). However, to the best of our knowledge, nanocubes
hybrided with both iron and gadolinium elements as T1-T2 dual modal CAs have not been reported. Moreover, Gd
species are always collected on (or near) the surface of a nanoparticle to enhance its T1 contrast effect. Herein, we
report the synthesis of novel core/shell Fe3O4/Gd2O3 nanocubes and their applications as T1-T2 dual mode CAs for
MRI in vitro and in vivo (see Figure 1 below).
RESULTS AND DISCUSSION 
Preparation and Characterization. The core/shell Fe3O4/Gd2O3 nanocubes were synthesized via one-pot thermal
decomposition approach with oleic acid (OA) as surfactant. The as-synthesized nanocubes have an average edge
length of 9.2 ± 1.4 nm (Figure S1a). HRTEM image, XRD and XPS analysis confirmed the existence of Fe3O4 and Gd

2O3 (data not shown). The Fe3O4 content is mainly concentrated in the core while a thin layer of Gd2O3 is embedded
in the surface of the nanocube (Figure S1b, c, d) with a molar ratio 6/1 of Fe/Gd. Small molecule dopamine was used
to replace the OA to switch the nanocubes into water-soluble.
Relaxivity Measurements. Relaxivity study at 1.5 T indicated that our Fe3O4/Gd2O3 nanocubes had r1 value of 45.24
mM-1s-1 and r2 value of 186.51 mM-1s-1, which were 7.5 and 2.0-fold higher than that of Gd-DTPA and that of self-
prepared Fe3O4 nanocubes (10.1 ± 1.6 nm), respectively (Figure S2). Compared with the molecular CA Gd-DTPA,
the much higher r1 of the Fe3O4/Gd2O3 nanocubes is probably caused by its slower tumbling rate. Meanwhile, the
Gd2O3 collected near the surface of the nanocubes can directly contact with water and therefore cooperatively exert a
greater influence on the longitudinal relaxation of the water proton. Moreover, the cubic shape of the nanoparticle
provides not only a large surface-to-volume ratio but also a large effective radius which both synergistically enhance
its T1 and T2 contrast effect. 
In vivo MR Imaging. Cytotoxicity studies indicated that the Fe3O4/Gd2O3 nanocubes did not impose toxicity on
HepG2 and A549 cell lines, suggesting they are suitable for in vivo applications (data not shown). For in vivo MR
imaging of rats at 3.0 T, we chose liver as region of interest (ROI) to calculate the signal-to-noise (SNR) changes. The
most powerful enhancement of the average negative-contrast and positive-contrast signal intensity (transverse and
coronal planes) appeared at 30 min post-injection, which was about 58% and 12%, respectively (Figure S3, Table 1).
These results confirm that the Fe3O4/Gd2O3 nanocubes can act as dual-mode T1 and T2 MRI contrast agents.
CONCLUSION 
In summary, our work provides researchers with a dual modal platform for MR imang to provide complementary
diagnostic information that leads to more precise diagnosis. We envision that our Fe3O4/Gd2O3 nanocubes could be
applied as T1-T2 dual modal MR CAs for a wide range of theranostic applications in near future.
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Figure 1. Illustration of the core/shell Fe3O4/Gd2O3 nanocubes and in vivo MR images of rat livers showed both T1
positive and T2 negative contrast enhancement effects, indicating their potential as T1-T2 dual-modal MRI contrast
agents for a wide range of theranostic applications.
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TITLE: New Near Infrared Dyes for the Synthesis of Agents for Confocal Fluorescence Microscopy, Multispectral
Fluorescence and Photoacoustic Imaging of Cancer
PRESENTER: Ryan Le Tourneau
ABSTRACT BODY: 
Abstract Body: Objective: New, stable near infrared (NIR) dyes and effective methods to combine different dyes in a
controlled manner are needed for the rapidly evolving imaging modalities of confocal fluorescence microscopy (CFM),
multi-spectral fluorescence imaging (MSF) and photoacoustic imaging (PAI). The ability to conjugate new dyes and
dye-pair systems to agents which target biomarkers in disease to form targeted molecular imaging agents (TMIAs) is
needed to make important strides in medical imaging. Imaging systems which rely on NIR dyes are among the most
effective methods for diagnosis, directed biopsies, surgery and treatment of cancer, infections and heart and brain
diseases. However, shortcomings persist in the availability, cost and the stability of dyes, particularly for laser based
instrumentation. TMIAs containing chromophores for in-vivo use must operate within the “biological window” to limit
interference from endogenous absorbers in cells. For multi-spectral imaging NIR dye pairs with high extinction and
fluorescence are needed with a means to combine them in a controlled sequence. For PAI, the dye systems have the
additional requirement of producing maximal heat in the cells to produce the ultrasound signal by thermos-elastic
expansion. All of these dye and dye-pair systems need methods for conjugation to targeting agents, ideally in the last
step Our objective was to design new dyes for all three techniques of CFM, MSI, and PAI, then apply the use of a new
modular method for TMIAs developed in our lab to create targeted probes, then test these in systems with various
collaborators. Method: Previously reported syntheses of carbo-cyanine dyes were reinvestigated systematically, then
optimized for the synthesis of four new carbo-cyanine dyes in wavelengths ranging from a λmax of 680 to 805. A new
Cy 5.5 analog we term IR680RL was thus synthesized in a reproducible and cost-effective synthesis. Utilizing our
modular approach a TMIA for prostate cancer (PrCa) was synthesis by incorporating this dye into a lysine “puzzle
piece” that was conjugated to the targeting urea DCL in the final step. Similarly, dyes for PAI analogous to the
published IRdye800CW, including NIR770JL, NIR770MM, NIR780SS and NIR805RL were synthesized. Results: A
straightforward and cost effective synthesis of four unique dyes and dual dye pairs for multispectral imaging, CFM and
PAI was developed. Fluorescent spectroscopy of the new dyes exhibited the multispectral capabilities of the four dyes.
Individual dyes and dye pairs were assembled in a versatile modular synthesis of TMIAs which enabled targeted
imaging. CFM was utilized to image C42B PrCa cells which express PSMA+ receptors to demonstrate the
effectiveness of the modular derived TMIA. A new photoacoustic spectroscopy method utilizing a newly designed
under-water photoacoustic lens was utilized to measure PA signal paving the way for studies in cell cultures and
phantoms for PAI of PrCa as shown in Figure 1.
1. Zackrisson S, Cancer Res 2014;74(4):979
2. Zhou, Lanlan, J. Nuclear Imaging 2009 7564,756410
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TITLE: Efficient Synthesis of a PET probe, O6-(3-[11C]methylbenzyl)guanine by Pd0-mediated rapid C-[11

C]methylation toward imaging the DNA repair protein O6-methylguanine-DNA methyltransferase in glioblastomas
PRESENTER: Hiroko Koyama
ABSTRACT BODY: 
Abstract Body: Objectives: O6-Methylguanine-DNA methyltransferase (MGMT) affects drug resistance to
temozolomide (TMZ) based chemotherapy in the majority of glioblastoma multiforme. O6-Benzylguanine (O6-BG) is
powerful agent used as an inhibitor of MGMT, serving as a pseudo-substrate for MGMT and irreversibly inactivates
the DNA repair protein. Our aim is to radiolabel O6-BG for quantitative non-invasive imaging of MGMT on a real time
basis in view of cancer treatment and diagnosis. Methods: We performed a labeling by 11C on the benzyl moiety of O
6-BG by applying our-developed rapid Pd0-mediated cross-coupling reaction between [11C]methyl iodide and an
organotributylstannane.[1] Results & Discussions: O6-(3-Methylbenzyl)guanine (mMeBG) showed the similar inhibiting
effect for MGMT to O6-BG in in vitro biological assay using fluorometrically labeled oligonucleotide substrates
containing MGMT-specific DNA lesions and capillary electrophoresis to detect and quantify these lesions. We firstly
tried the synthesis of [11C]mMeBG using [11C]CH3I and non-protected corresponding stannyl precursor by selecting
the use of CuCl/K2CO3 basic synergic system to avoid the side destannylation reaction, but the desired product was
not obtained at all. In the next, the stannyl derivative protected by trifluoroacetyl (TFA) group at 2-amino group of
guanine moiety was subjected to rapid C-[11C]methylation followed by deprotection to give the desired [11C]mMeBG
in 72% as radio-HPLC analytical yield, and eventually the use of the doubly amine-proected stannylprecursor, N9-(tert
-butoxycarbonyl)-O6-[3-(tributylstannyl)benzyl]-N2-(trifluoroacetyl)guanine, which was synthesized from 2-amino-6-
chloropurin in 5 steps, gave the desired [11C]mMeBG in 97 ± 1% radio-HPLC analytical yield (n = 3) by the rapid C-[
11C]methylation under [Pd2(dba)3]/P(o-CH3C6H4)3/CuCl/K2CO3 in NMP followed by quick deprotection with
hydroxide ion. The total synthesis time was 47 min. The isolated radioactivity was 1.76 ± 0.42 GBq, the specific
radioactivity was 95–99 GBq/micro mol. The decay-corrected radiochemical yield was 20 ± 1%. The chemical and
radiochemical purities were >92 and >97% (n = 2), respectively. References: [1] M. Suzuki et al., Chem. Rec. 14,
516–541 (2014).
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TITLE: Looking for alternatives to metal-based relaxation enhancers: a comparison of tumor perfusion parameters
estimated using Gd-based and iodinated contrast media within the MRI modality
PRESENTER: Dario Longo
ABSTRACT BODY: 
Abstract Body: INTRODUCTION 
Gd-based agents are an indispensable part of MRI examinations to characterize tumor physiology and delineate
tumor margins. However, in the past decades, two major clinical studies questioned their safety profiles [1] and
alternatives to Gd-based agents (Mn-complexes or iron oxide particles) are not readily available. Iodinated contrast
media (CM) are commonly used x-ray contrast agents, playing a key-role in oncological imaging [2]. Recently it has
been shown that iodinated CM can provide contrast enhancement in tumors (by exploiting the MRI-CEST approach)
that is correlated with corresponding CT enhanced images [3]. We hypothesize that since both iodinated and Gd-
based CM have similar molecular weights, they should likely possess similar tumor extravasation/perfusion properties.
The aim of this study was to compare MR contrast enhanced-tumor images and perfusion values between several
iodinated CM and a Gd-based contrast agent.
 
METHODS 
MRI experiments were carried out on a 7T Bruker MRI scanner in a murine HER2+ breast tumor model. On the same
tumor bearing mouse iodinated CM and a Gd-based contrast agent have been sequentially injected. CEST spectra
and T1w-images have been acquired, in the same tumor region, before and after i.v. injection of a iodinated CM
(Iodixanol, Iohexol and Iopamidol, dose of 4 g I/kg bw, n=6 mice for each molecule) and of a Gd-based contrast agent
(ProHance, dose of 0.1 mmol Gd/kg bw). Contrast enhancements maps have been calculated for both CEST and T1w
 images and tumor perfusion was quantified in term of the extravasation fraction. The similarity of the spatial
distribution of both parametric maps was evaluated using a correlation analysis on a pixel-by-pixel basis.
 
RESULTS 
Both iodinated CM and Gd-based contrast agent were able to induce contrast enhancements within the tumor region
(Fig. S1). Iopamidol and Iohexol showed higher contrast enhancements within the tumor region (Fig. 1A). Strong
correlation was found between extravasation mean values as measured by iodinated CM and Gd-based contrast
agent (Pearson r=0.61, P<0.05; Fig. 1B). Significant spatial correlation (0.70-0.86) was found in perfusion maps
between iodinated and ProHance derived images (Fig. 1C). High spatial similarity was observed in contrast
enhancements maps inside the tumor region (Fig S1).
 
CONCLUSION 
Iodinated contrast media provide similar tumor contrast enhancement and perfusion values as those obtained by
using a commercial Gd-based agent.
 
IMPACT 
Our approach provides both good correlation between mean values and similar spatial information of tumor
enhancement and perfusion estimates, suggesting that iodinated CM, within the MRI-CEST approach, can be
considered promising alternatives to Gd-based agents.
 
INNOVATION 
This work is the first direct comparison of tumor contrast enhancements and tumor perfusion capabilities between
iodinated CM and a Gd-based agent using the MRI technique, opening new indications for this class of contrast
agents.
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Figure 1 (A) CEST contrast enhancement in tumor regions; (B) regression analysis of mean tumor extravasation
fraction values and (C) direct voxel-by-voxel comparison of tumor perfusion maps calculated upon iodinated CM and
ProHance injection.
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ABSTRACT BODY: 
Abstract Body: Introduction:  
2′-deoxy-2′-[18F]-fluoro-5-iodo-1-β-Darabinofuranosyluracil (FIAU) is an excellent substrate for the viral kinases such
as herpes simplex virus Types 1 and 2 as well as hepatitis B virus and Epstein Barr virus thymidine kinase. FIAU has
been radiolabeled with 124I and 131I for radiotherapy with great success. However the radionuclidic properties of 124

I and 131I is not suitable for imaging due to their long half-lives and medium to high energy beta ray emissions,
especially when repeated imaging is necessary. Other radiolabeled FIAU such as [18F]-FIAU has already shown great
potential as PET probes for imaging HSV1-tk gene expression. However, the synthesis of [18F]-FIAU is tedious and
requires multiple steps. Herein we reported an improved and reliable method for production of 18F-FIAU. We have
applied this production method in a clinical trial involving nasopharyngeal carcinoma patients.
Method:  
Our radiosynthesis of 18F-FIAU is modified from the one-pot synthesis developed by Peter S.Conti et al. using a
Synthra RNPlus module. In short, [18F]fluoride ion from cyclotron is trapped on a QMA cartridge , eluted with TBA and
dried azeotopically with acetonitrile . The [18F]fluoride ion then incorporated onto 2-O-(trifluoromethylsulfonyl)-1,3,5,-
tri-Obenzoyl-α-D-ribofuranose , followed by a second step of Friedel Craft alkylation of TMS ether of 5-iodouracil, and
then deprotectied with potassium methoxide in methanol and neutralization with 4N hydrochloric acid. Semi-
preparative HPLC purification for the β anomer of 18F-FIAU was optimized using the Phenomenex Gemini -NX C18
and the Evo C18 column was used to reduce high back pressure in the radio-HPLC analytical method. Mobile phase
was modified to eliminate the need for rotary evaporation of MeCN from the final tracer.
Results:  
The β anomer of 18F-FIAU was produced in high specific activity and radiochemical purity of ≥95%. Radiochemical
yield was 6±3% (without correction for decay). Production time was significantly shortened by 60 minutes. Final
activity produced was routinely ≥ 35mCi.
Conclusions: 
This improved method of production of 18F-FIAU is reliable and robust. We have begun a clinical trial with 18F-FIAU
and with this production method and at least 3 patients can be dosed daily. It can also be utilised for other research
purposes in the near future.
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TITLE: PET facilitate right diagnosis and therapy to primary central nervous system lymphoma at unusual location
PRESENTER: Deling Li
ABSTRACT BODY: 
Abstract Body: Objectives: 
Most primary central nervous system lymphoma (PCNSL) tumors arise in the periventricular region, likely the corpus
callosum, thalamus and basal ganglia. The unusual location, and atypical radiologic appearance may confuse the right
preoperative diagnosis and lead to craniotomy with more complications rather than stereotactic biopsy recommended
by the guideline if the tumor was more suspected of lymphoma. The aim of this study was to explore whether brain
PET/CT, whether 18F-FDG, 68Ga-PRGD2 or 11C-MET could help with correct preoperative diagnosis and change
the former decision of neurosurgeon from craniotomy to stereotactic biopsy.
Methods:
Our database of brain tumor patients with preoperative PET was searched by postoperative pathology diagnosis of
PCNSL and unusual location. Usual location for PCNSL were defined as frontal lobe, temporal lobe, parietal lobe,
deep nuclei and cerebellum. Semi-quantitative analysis using SUVmax were analyzed. The surgery mode was chosen
by 3 independent experienced neurosurgeon without nuclear medicine (NM) doctor’s differential diagnosis. Then the
last decision was made in a tumor board including NM doctors. Whether the PET differential diagnosis could change
the surgery mode and decrease the patients’ complications were determined.
Results:
Overall 5 patients with newly developed PCNSL at unusual location, including occipital lobe, cerebellar pontine angle
(CPA), et al. underwent 18F-FDG, 68Ga-PRGD2 and 11C-MET PET/CT preoperatively. The 18F-FDG SUVmax of the
tumor was ranged from 20.06-39.3.
 
Conclusions:
Brain PET/CT imaging is a noninvasive modality that is useful in improving preoperative correct diagnosis for PCNSL,
especially for those at unusual locations. It may help experienced neurosurgeon for right medical decision with
stereotactic biopsy, avoiding much complications of craniotomy.
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The MRI and PET/CT for patient No.1. A-C, MRI T2 and enhancement; D, 18F-FDG PET/CT; E, 68Ga-PRGD2; F, the
postoperative pathology indicated lymphoma.
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PRESENTER: Dustin Demoin
ABSTRACT BODY: 
Abstract Body: Introduction: Low pH environments, namely tumor sites, have been shown to be targeted by pHLIP®

peptides, which undergo pH-dependent membrane-associated folding.1 At low pH, pHLIP® peptides insert across the
cellular membrane and form a transmembrane alpha-helix. pHLIP® peptide-based pharmaceuticals have been shown
to deliver a variety of molecules and nanoparticles to tumor sites.2 Because of the presence of an extracellular portion
of the peptide, TCO-derivatized pHLIP® peptide could be used as a part of a pretargeting strategy to image and treat
many cancer types. Two variants of pHLIP® peptides (WT and Var3) have shown utility in PET-imaging studies to
target tumor environments and persist at the tumor site for extended periods of time (>12 h), which allows for sufficient
clearance of the remaining activity from the blood.2b,3 
Methods: Variant 3 was derivatized with trans-cyclooctene (TCO) on the cysteine residue (of the non-inserting end) of
the peptide (83% and 38.4% yield, respectively) for pretargeting a radiolabeled tetrazine via the inverse electron-
demand Diels-Alder click reaction. Initial studies with TCO-cysVar3 were carried out in orthotopic 4T1 tumor-bearing
female BALB/c mice with a 20-24 h preinjection of the TCO-cysVar3 prior to injection of the radiolabeled tetrazine.
One group was only injected with the radiolabeled tetrazine, without the pretargeting injection to determine the uptake
of the tetrazine in the 4T1 tumors. Additionally, one group of mice was injected with preclicked 18F-AlF-NOTA-PEG11
-Tz-TCO-cysVar3. All of the mice were evaluated at 6 h p.i. of the radiolabeled material, but the pretargeted groups
were also evaluated at 4 h p.i.
Results and Discussion: The tumoral uptake (at 6 h p.i.) from ex vivo biodistribution data showed that the radiolabeled
tetrazine (1.2 ± 0.2 %ID/g) was slightly lower than the pretargeted TCO-cysVar3 (1.9 ± 0.2 %ID/g and 1.77 ± 0.11
%ID/g at 20 and 24 h preinjection, respectively), which was lower than the preclicked material (3.7 ± 0.4 %ID/g). All of
these were significantly lower than the 18F-AlF-NO2A-cysVar3 from a previous study (13.9 ± 1.4 % ID/g). In this
study, the preclicked material showed significant kidney clearance, probably due to the PEG11 spacer. The increased
clearance of the preclicked material also resulted in a significant decrease in the amount of tracer in the blood, which
resulted in a decrease in the amount of tracer that perfused into the tumor tissue. Further investigations on TCO-PEG

12-cysVar3 will be conducted to determine if the inclusion of a PEG12 spacer will increase the availability of the TCO
to interact with radiolabeled tetrazine in the blood.
Funding: NIH F32 CA186721 (D.W.D.), NIH R01 CA138468 (J.S.L.), NIH MSKCC Center Grant (P30-CA08748),
Academy of Finland 278056 (MS) and 272908 (OK), CHEMS Doctoral Program (University of Helsinki, OK)
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M. P., et al. PNAS 2015, 112, 5372.
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TITLE: Tumor Microenvironment Targeted Paramagnetic Nanoparticle for Non-invasive Triple Negative Breast Cancer
Imaging
PRESENTER: Meser Ali
ABSTRACT BODY: 
Abstract Body: Introduction & Purpose: Triple-negative breast cancer (TNBC) refers to a subtype of breast cancer that
is negative for expression of estrogen receptor and progesterone receptor, and lacks HER2 overexpression.
Therefore, this subtype of breast cancer lacks the benefits of specific diagnosis and therapies which target these
receptors. A hallmark of TNBC is extracellular acidosis. However, tumor intracellular pH is either neutral or alkaline.
Interestingly, a similar pH gradient is not observed in normal tissues. Recently, a pH low insertion peptide (pHLIP)
derived from the protein bacteriorhodopsin has been found to target tumor acidic pH. The peptide inserts across cell
membranes as an alpha-helix when extracellular pH (pHe) is acidic, but does not form the helix at normal or alkaline
pH. Since TNBC has an acidic environment, the pHLIP will insert into the cancer cell membrane, but the pHLIP will not
insert into the cell membranes of normal tissues, providing excellent specificity for targeting. Here, we demonstrate
that pHLIP-tagged paramagnetic nanoparticles bind to and are internalized by TNBC cells in vitro. Systemic delivery of
the Gd-G5-pHLIP leads to accumulation of the nanoparticles in a flank mouse model of TNBC that are detected by
optical and MR imaging.
Materials & Methods: We have synthesized pH-responsive MRI nanoprobe, phosphonate G5-(GdDOTA-4AmP) by
following our published synthetic method. The MW of the conjugated G5 dendrimer was estimated at 79,082 g/mole
by maldi-tof analysis. This corresponds to a G5-dendrime with an average of 44 chelated Gd3+ ions per dendrimer.
Gd44-G5 dendrimer was reacted with heterobifunctional cross-linker, succinimidyl-4-[N-
maleimidomethyl]cyclohexane-1-carboxylate (sulfo-SMCC) to form reactive maleimides and then maleimide- Gd44-G5
dendrimer was coupled with C-terminus cysteine group of biotinylated Bt-pHLIP
(AEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG-pegBiotin) (New England Peptide, Gardner, MA, USA).
Results & Conclusion: To study pH-dependent translocation of molecules across the cell membrane, we have added
Rho-Gd-G5-Bt-pHLIP to the cells and incubated for 3 h at pH 7.4 and 6.5. The cellular uptake of Rho-Gd-G5-pHLIP
was significantly higher at pH 6.5. When Rho-Gd-G5 was used, the cellular uptake was considerable lower at both, pH
6.5 and 7.4 (data not shown). Therefore, non targeted fluorescent labelled nanoparticle, Rho-Gd-G5 did not exhibit
any non-specific cellular uptake. Hence, we have shown the ability of pHLIP peptide for intracellular delivery of Gd-G5
nanoparticles in vitro at pH 6.5 but the same ability is attenuated significantly at neutral pH. We have created a mouse
model of MDA-MB-231 as TNBC. The pharmacokinetics of Gd48-G5-pHLIP was visualized in the MDA-MB-231 tumor
over the course of 105 min post-contrast administration.
AUTHORS (LAST NAME, FIRST NAME): Ali, Meser M.1; Janic, Branislava1; Zhang, Li1; Ewing, James R.1

INSTITUTIONS (ALL): 
1. Neurology, Henry Ford Hospital, Detrit, MI, United States.
(No Image Selected)



CONTROL ID: 2499788
TITLE: Targeted High-Relaxivity Gadolinium Based MRI Agents for Early Detection of Breast Cancer
PRESENTER: Sarah Roelle
ABSTRACT BODY: 
Abstract Body: Objectives: The objective of this study is to develop a targeted high-relaxivity magnetic resonance
imaging (MRI) contrast agent for early and sensitive detection of breast cancer. Breast cancer is the second-leading
cause of cancer death in women in the United States1,2. Unfortunately, current breast cancer diagnostic methods,
such as mammography and ultrasonography, fail to provide accurate early detection and differential diagnosis.
Contrast-enhanced MRI, which uses Gd-based contrast agents, is an effective modality for early detection of breast
cancer due to its high spatial resolution3. However, the clinical utility of contrast-enhanced MRI is limited by the lack of
specificity to tumor, low relaxivity of commercial contrast agents, and toxicity associated with Gd release during
metabolic processes. To address these limitations, we aim to design an extradomain-B fibronectin (EDB-FN) targeting
contrast agent based on gadofullerenes. EDB-FN, an isoform of fibronectin4, is a biomarker of angiogenesis and
malignant cancers5,6,7. Previously, an EDB-FN targeting peptide, ZD2, was discovered7,8. When modified with ZD2,
these tumor targeting gadofullerenes can be used in low dose to generate sufficient contrast enhancement in tumor.
They also encapsulate Gd3+ ions in their inert fullerene cages to prevent Gd release. The new design will provide
sensitive breast cancer detection with greater contrast enhancement and lower toxicity risk.
Methods: The 7-amino acid peptide, ZD2, was synthesized using solid-phase synthesis. It was then conjugated to
oxidized Gd3N@C80 via OH groups on Gd3N@C80 and relaxivities of the final contrast agent were measured at
1.5T. The breast cancer model was developed in mice by subcutaneously injecting 2×106 MCF-7 cells. ZD2-Gd3
N@C80 or oxidized Gd3N@C80 was i.v. injected at a dose of 0.02 mmol Gd/kg, followed by imaging using a T1
weighted multi-slice multi-echo sequence (Sequence details: field of view (FOV): 3 cm; slice thickness: 1.2 mm;
interslice distance: 1.2 mm; TR: 500 ms, TE: 8.1 ms; flip angle: 80°; average: 2; matrix size: 128×128). Images were
acquired at pre-injection of the contrast agent and up to one hour post-injection at 10-minute intervals. Contrast-to-
noise ratio (CNR) and normalized signal intensity ratio (SI) were measured in the tumor and other organs for both
agents.
Results: The contrast agent exhibited high T1 and T2 relaxivities at 1.5T (r1=74.6 mM-1s-1 and r2=114.9 mM-1s-1).
Enhancement of the contrast agent became pronounced in tumors as early as 10 minutes post injection. CNR in the
tumor post injection of ZD2-Gd3N@C80 nearly doubled that of post injection of non-targeting Gd3N@C80. Comparing
the SI of ZD2-Gd3N@C80 versus Gd3N@C80 in tumor and other organs validated the superior contrast
enhancement brought by ZD2-Gd3N@C80.
Conclusions: This study demonstrated the possibility of using peptide-labeled gadofullerenes for breast cancer
imaging. Injected at a low dose of 0.02 mmol/kg (one-fifth of the clinical dose, 0.1 mmol/kg), ZD2-Gd3N@C80
provided a high CNR in MCF-7 tumor. Future studies involve evaluating the biodistribution of ZD2-Gd3N@C80, as
well as evaluating its in vivo toxicity.
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Fig. 1. a. Whole body mouse MR images pre- and post-injection of ZD2-Gd3N@C80 (top, abbrev. ZD2-C80) and non-
targeted Gd3N@C80 (bottom, abbrev. C80) show that the contrast enhancement is more specific to the tumor with
ZD2-C80.  Contrast enhancement appears as early as 10 minutes post-injection of ZD2-C80 and can still be seen at
60 minutes post. b. Contrast-to-noise ratio (CNR) in the tumor is almost 2x higher with injection of ZD2-C80 versus
non-targeted C80, with a peak CNR at 30 minutes (black = ZD2-C80, gray = C80, *p < 0.05, **p < 0.01). c. Normalized
signal intensity ratio (SI) shows the most dramatic difference between the two agents in the tumor with ZD2-C80
reaching 1.8, while C80 maximizes at only 1.4 (black = ZD2-C80, grey = C80). d. The plots of 1/T1 and 1/T2 versus
the concentration of ZD2-Gd3N@C80.
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ABSTRACT BODY: 
Abstract Body: Aim 
Most solid tumors, regardless of originating sites, contain hypoxic regions, and they are closely related to tumor
malignancy and treatment-resistance; therefore, in vivo visualization of tumor hypoxia promises to greatly contribute
for optimization of cancer therapy. However, there is no general clinical probe for hypoxia imaging at present. Most
available probes in the nuclear medicine are nitroimidazole derivatives that are labeled with positron-emitters and
unsuitable for general use. Additionally, their accumulation mechanisms are not clear. We herein designed new
probes as compact compounds that consisted of 99mTc-binding ligand components and 4-nitrobenzyl ester or 4-
nitrobenzyl sulfide groups. We postulated that, under excessive reductive conditions after the uptake in hypoxic cells,
4-nitrobenzyl ester or sulfide groups would be reduced and released from the original structure, resulting in production
of hydrophilic and negatively charged 99mTc-complexes. These 99mTc-complexes will not be able to penetrate the
cell membrane, consequently remaining inside hypoxic cells. To test this hypothesis, we synthetized some candidate
compounds and evaluated them by using cell and animal models.
Methods 
We synthetized some candidate compounds that consisted of 99mTc-binding ligand components [triamide mercaptide
(N3S) or diamide dithiolate (N2S2)] and 4-nitrobenzyl ester or 4-nitrobenzyl sulfide groups, and labeled them with 99m

Tc. Their cellular uptake and biodistribution were evaluated by using FM3A and EMT-6 tumor cells and tumor-bearing
mice. Their biodistribution patterns were confirmed by in vivo SPECT/CT imaging.
Results 
Twelve candidate compounds were successfully synthesized and labeled with 99mTc with high radiochemical purity.
In cell-based assay, they demonstrated significantly higher uptake in hypoxic cells than in normoxic cells, indicating
the validity of our strategy. However, in animal studies, not all of the candidates were able to reach the tumor after
intravenous administration. In our early trial, one of the probes was eliminated from the body in a few minutes after
administration. Biodistribution analyses revealed that their blood retention and accumulation pattern including tumor
retention were greatly different depending on the structure of ligand components. By modifying them, the tumor uptake
was improved as high as 4-5% administered dose/g at 3 h after injection, yielding good tumor-to-muscle (T/M) and
tumor-to-blood (T/B) ratios of 19.4 and 2.5, respectively. In vivo SPECT/CT images clearly depicted their uptake in
tumors. Additionally, intratumoral localization of our probes shown by autoradiography correlated well with positive
areas stained with pimonidazole, a marker of hypoxia.
Conclusion 
Newly developed 99mTc-labeled probes successfully accumulated in the hypoxic region in the tumor according to our
unique retention mechanism, differing from conventional nitroimidazole derivatives. 99mTc is the most common
nuclide for nuclear medicine probes, therefore they are quite promising as general clinical probes for hypoxia imaging.
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TITLE: Al18F labeling: Choice of Chelators
PRESENTER: Noeen Malik
ABSTRACT BODY: 
Abstract Body: Introduction 
For PET-imaging, [18F]-labeled biomolecules are preferred to those that are [68Ga]-labeled, particularly for the
purposes of obtaining both the better resolution and quantification of biochemical processes in vivo. For these
reasons, it is essential to develop procedures that are feasible for radiofluorination of long peptides bound with
chelators. The newly developed method, not yet ready to be implemented for production of clinical PETtracers,
involves Al18F. Being trivalent like Ga3+, aluminum shows stable chelation with some hexadentate chelators. In the
present work, different chelators labeled with Al18F were investigated in order to find the most stable complex.
Methods 
For radiofluorinations with Al18F, various chelators such as NOTA-SCN, DOTA-SCN, TRAP, DTPA-CHX-A”, HBED,
and Df (Desferal) were studied. [18F]Fluoride (1-2 GBq) was loaded on a QMA-light cartridge (preconditioned: 10 mL
of 0.5 M NaOAc, 10 mL water) and Na18F was eluted by 700 µL of 0.9% NaCl solution (first fraction up to 60 MBq /
200 µL and second fraction up to 760 MBq / 500 µL). Na18F eluent (100 µL, up to 150 MBq) of F-18 activity was
added to each vial containing 20 µL of solutions with different amounts of chelators (200 µg, 100 µg, 50 µg, 25 µg) in
0.05 M NaOAc of pH 5 and 3 µl (7.26 µg) of AlCl3.6H2O in 0.05 M NaOAc. Total reaction volume was 123-150 µL.
Reactions were performed at 90°C for 15 min. Afterwards, purification was done using C18-light cartridges and elution
by 1 mL of EtOH. The quality control was performed by reversed-phase HPLC column (Gemini C18, 250 x 4.6 mm,
Phenomenex) and gradient elution of MeCN/Water/0.1%TFA. All radiolabeled chelators showed retention time
between 6-8 min. In addition, the radiochemical purity was analyzed by TLC (eluent: MeCN: water=3:1), to check for
the presence of any free fluoride. All experiments were repeated at least 3 times (n =3).
Results 
All experiments were performed at 90°C for 15 min. Comparing NOTA-SCN to DTPA-CHX-A”, both showed higher
radiochemical yields (RCYs) (ca. 88%) when high amounts of peptide (200 µg) were used. However, when the
amount of precursor (chelator) was decreased, the RCY was stable for DTPA-CHX-A” (ca. 85%) but the RCY
decreased in the case of NOTA-SCN (81±0.7 at 100 µg to 49±1.2 at 25 µg) (Fig.1). A similar decreasing trend in
RCYs was seen in the case of HBED (81±2 at 200 µg to 53±2 at 25 µg), which seemed comparable to NOTA-SCN.
Another new potent chelator, TRAP, recently used for 68Ga-labeling with ca. 98% RCYs was also tested with Al18F;
however, the highest RCY obtained using the latter was 65±2.1% when 200 µg of precursor was used. DOTA-SCN
and Desferal (Df) showed negligible RCYs (ca. 5%) (Fig.1).
Conclusion 
In addition to NOTA-SCN, a well-known suitable chelator for Al18F, HBED and DTPA-CHX-A” also seemed to be
potential suitable chelators; especially, the later. That is, high RCYs were achieved even with low amount of DTPA-
CHX-A” (25 µg). However, TRAP, a suitable chelator for 68Ga, did not work well with Al18F. Thus, for future
development work, DTPA-CHX-A” appears to be the most promising chelator among those we tested for Al18F
labeling.
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Fig. 1: RCYs of different chelators with different amounts of precursors at 90°C (15 min) (n = 3) (R1 = SCN, R2 =
CHX-A”, Df = Desferal)
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TITLE: Automation of [18F]Fluoro-pivalic acid synthesis and biological evaluation
PRESENTER: Laurence Carroll
ABSTRACT BODY: 
Abstract Body: Positron emission tomography (PET) is widely utilised in the diagnosis of a wide variety of tumor types,
from prostate cancer through to breast cancer. [18F]2-Fluoro-2-deoxyglucose ([18F]FDG) is by far the most common
tracer to be employed for clinical imaging, but a need for more personalised imaging, along with inherent drawbacks
with [18F]FDG in some biological examples, has come in recent years, with tracers such as [18F]fluoro-L-thymidine ([
18F]FLT) and [11C]acetate.1 [11C]Acetate was developed for use in cardiology, but has subsequently been applied in
oncology for assessing fatty acid synthesis pathway. Based upon this work, [18F]fluoroacetate ([18F]FAC) was
synthesised, to improve resolution and the half-life of the tracer, with some success.
[18F]Fluoro-pivalic acid ([18F]FPIA) was initially designed based upon the structure of [18F]FAC, with the added
potential of removing any defluorination that has been seen when [18F]FAC has been used previous in in vivo
imaging.2 Due to the promising biological results in prostate cancer cell lines with no bone uptake seen, translation of
the process has begun to take [18F]FPIA into clinical imaging.3 The radiochemical synthesis, consisting of an SN2
reaction with [18F]fluoride, followed by a semi-preparative HPLC purification, deprotection of the ester protecting
group and reformulation into saline for injection, has been altered significantly to adapt to a cassette-based labelling
process (GE Fastlab). Each step has been adjusted to fit to the constraints of a GMP process, such as alteration of
the reaction solvent, times and temperatures of each step, concentrations of base for deprotection and adaptation of
the system to allow for a final concentration of the tracer dose via evaporation. Additionally, the purification is now
carried out via a solid phase extraction, and the overall radiosynthesis time is approximately 90 minutes from EOB,
with a radiochemical yield of 12 ± 3 % (n =5). Radiochemical purity is greater than 99.5% measure by analytical radio-
HPLC, whilst quantification of cold impurities has been carried out using analytical UV-HPLC and GCMS.
Further investigation has been carried out into the utility of [18F]FPIA clinically in the context of imaging brain tumors,
due to its relative low uptake within the brain. Orthotopic brain tumors (LN229 and U87.luc tumors) were grown in
mice, and imaging using both [18F]FDG and [18F]FPIA was carried out. [18F]FPIA showed an improved tumor-to-
brain ratio 1.64 compared to 1.02 for [18F]FDG (p>0.0001), providing clear images of the whole tumor within the brain.
As such, [18F]FPIA promises to be an excellent new tracer in the context of prostate and brain tumors, and will begin
clinical testing in patients in the coming year.
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Top: Optimised radiosynthesis of [18F]FPIA on GE FASTlab. Bottom left: [18F]FPIA and [18F]FDG uptake in U87.luc
tumor model normalised to brain and whole body uptake. [18F]FPIA imaging was performed on the 29th day and [18

F]FDG on the 30th day of tumor progression, in the same U87.luc tumor-bearing mice. Bottom right: Representative
PET image of [18F]FPIA in orthotopic U87.luc tumor-bearing mouse.
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TITLE: A Unified Approach to Shape-Controlled Nanoparticle Synthesis
PRESENTER: Matthew Wall
ABSTRACT BODY: 
Abstract Body: OBJECTIVE
 
The applications of nanoparticles in diagnostics and medicine have increased nearly exponentially over the past two
decades. This sustained interest is driven by the uniquely advantageous properties that arise when nanoscale
materials achieve precisely the right shape and size. The design rules that govern the the relationship between
chemistry and morphology (i.e nanoparticle shape and size) are therefore critically important to anyone that wishes to
design nanoscale probes for optimized function. Here we seek to present a new, unified approach to explaining why
nanoparticles take the shapes they do, and how to control them. Our hypothesis is that correcting significant
oversimplifications that we have identified in the currently accepted theory will reveal a simple, unifying explanation for
the evolution of size and shape.
 
METHODS
 
We have developed a theoretical framework rooted in straightforward probability theory that models the growth of
nanoparticles. Simulations of crystal growth can be performed in a MATLAB program by inputting known literature
parameters for a material of choice. We apply our theory to the common case of gold nanoparticles to reveal the
mechanisms controlling growth under various experimental conditions. A novel, surfactant-free synthesis is developed
to control gold nanoparticle shape and size in line with the predictions of our theory. High-resolution transmission
electron microscopy (HRTEM) is used to analyze the nanoparticles for comparison with the theory.
 
RESULTS
 
The gold nanoparticles synthesized by our novel method were controllable in shape and size. Nanoparticles
synthesized by this method outperformed alternatives prepared by the common methods. Notably, we report a
synthesis of gold nanorods free of the toxic surfactants currently believed to be required for their formation. HRTEM
confirms the presence of structural defects predicted by our theory as the cause of shape-controlled growth.
 
CONCLUSIONS
 
A unified theoretical framework explaining the relationship between chemistry and nanoparticle morphology has been
presented. The consistency between predictions and experimental results validates the application of this theory to
gold nanoparticles. A new route to shape-controlled nanoparticle synthesis is described that can be extended to other
materials. The enhanced performance of nanoparticles prepared by this method encourages application of the
techniques presented herein.
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Shape-controlled  synthesis of gold nanoparticles without surfactants. a, Selective formation of various morphologies
from the same batch of 3.5 nm gold nanoparticle seeds. Nanostars form under the fastest rates of HAuCl4 reduction,
followed by nanospheres, nanorods, and nanoplates as the reduction rate decreases. The size of all shapes can be
tuned by adjusting the HAuCl4:seeds ratio. b, Nanostars, nanospheres, nanorods, and nanoplates synthesized under
optimized conditions. While nanostars and nanospheres form virtually quantitatively, the nanorods and nanoplates
require post-synthetic separation. Scale bars for nanoplates in (a) are 500 nm; all other scale bars are 100 nm.
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ABSTRACT BODY: 
Abstract Body: Astrocytic gliomas comprise the majority of brain tumors and are among the most difficult cancers to
treat. They are classified into four grades based on their infiltrative nature with glioblastoma multiforme (GBM, grade
IV) being the most deadly. Treatment options vary depending on the grade, which unfortunately, can only be
determined through invasive biopsy followed by histological analysis. For the most malignant tumors, the extent of
surgical resection is one of the greatest prognostic determinants.
 
Current imaging tools for glioblastomas are non-targeted and can show us where the tumor is located, but tell us little
else about the molecular biology behind the disease. Therefore, we aim to develop a smart probe that becomes
activated upon enzymatic cleavage by furin, a serine endoprotease that is upregulated in glioblastomas. Furin is
directly correlated with increased cancer aggressiveness due to its role in degrading the extracellular matrix which
promotes intravasation and tumor metastasis. We want to use this biomarker as a way to 1) provide a targeted low-
background imaging strategy to study glioma physiology, and 2) evaluate the extent of enzymatic activity in different
glioma grades.
 
Our proposed multimodal probe uses near-infrared fluorescence (NIRF) and positron emission tomography (PET). It is
comprised of a novel NIR fluorophore, a fluorine-18 radiolabel, an enzyme-cleavable substrate, and a blood-brain
barrier- & cell-penetrating peptide. We hypothesize that our molecular smart probe will enter the tumor cell and
become activated (fluoresce) in response to furin cleavage. The molecular reporters will be trapped due to a change in
molecular charge after enzymatic cleavage. This mechanism will provide a tumor-localized bimodal output in vivo. The
strength of the fluorescence emission is related to the degree of enzyme activity and simplifies in vitro analyses. The
radiolabeled version of the probe enables clinical translation due to it's highly penetrating and sensitive signal.
 
The strategic probe design has many benefits. The same structure could be used in a single- or dual-mode and could
open doors to exciting preclinical and clinical applications, including: fluorescence-guided surgery, tumor grading, and
evaluation of cancer-associated enzymatic processes in vivo. The modular nature of the probe is attractive as we can
independently modify individual components to optimize the spectroscopic properties, improve cleavage rates, or
exchange the peptide substrate for one of a different enzymatic target. The universality of this technology would be
appealing for anyone interested in studying enzymatic activity in diseased states.
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ABSTRACT BODY: 
Abstract Body: In vivo fluorescence imaging in the second near-infrared window (1000-1700 nm) is a new rising field,
and it can provide deep tissue penetration and high spatial resolution, owing to the reduced scattering of long-
wavelength photons. However, current research on developing small molecule based NIR-II probes is rare.
Considering the important use of small molecule dyes in biomedicine and clinical translation, we aim to develop novel
small molecule based NIR-II dyes and further use them to construct probes for prostate cancer (PCa) targeted
imaging. Specifically, a series of novel donor-acceptor-donor (D-A-D) type small organic fluorescent compounds (Q1,
Q2, Q3, Q4) were designed, synthesized and evaluated. Furthermore, Q4, the NIR-II dye with the best physical
properties and emitting wavelength at 1100 nm was identified and then modified with a gastrin-releasing peptide
receptors (GRPR) targeted bombesin (BBN) peptide for construction of water-soluble and biocompatible probe
SCH1100 for for NIR-II imaging of PCa.
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Fig. 1. a) the design concept of NIR-II dyes and the schematic structure of SCH1100; b) fluorescent emission of 
SCH1100 under 808 nm excitation laser; c) PC3 tumor-bearing mice (n=3 per group) acquired at 2 h and 4h after tail
vein injection of SCH1100 with or without blocking peptide.
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TITLE: Squaraine Dye as a novel dual-modal probes for photoacoustic and near-infrared fluorescence imaging
PRESENTER: Seung-Hwan Park
ABSTRACT BODY: 
Abstract Body: Objectives: Combined near-infrared (NIR) optical and photoacoustic imaging (PAI) have been of great
promise in visualization and montitoring of cancer through imaing of vascular molecular targets. Development of dual
modal imaging approaches by combining NIR fluorescence and PAI demands suitable NIR-active contrast agents.
While nanoparticle conjugates have been used as photoacoustic imaging agents, small molecules have rarely been
exploited. Therefore, the direction of current study focuses on further exploiting small contrast agents for both PAI and
NIR imaging. Herein, we introduce a novel dye, squaraine (JJ25) for dual-modal imaging with NIR and PAI, and report
rational selection, preparation, conjugation with cyclic RGDyK targeting αvβ3integrin for tumor imaging.
 
Methods and Results: Various squaraine-based NIR and PAI agents were prepared using synthesis processes. A
series of in vitro and ex vivo studies showed that JJ25-RGD stained for αvβ3 integrin. All fluorescence imaging was
acquired with the Maestro hyperspectral fluorescence imaging system (CRI, Woburn, MA) using a 635 nm excitation
filter and a 680 nm emission filter. PAI was acquired at five optical wavelength which are 680, 750, 850, 900, and 920
nm by Nexus 128, fully 3D phoacoustic computed tomography scanner (ENDRA, Inc). HbR, HbO2 and JJ25 series
were separated each other from obtained images. JJ25-RGD strongly bound to αvβ3 over-expressing cancer cells
(M21) while showed weak binding to low-expressing cancer cells (M21L). In vivo fluorescence and photoacoustic
imaging showed strong targeting efficiency of JJ25-RGD in αvβ3 over-expressing cancer xenografts (M21) compared
to control group.
 
Conclusions: Combined NIR and PAI can provide diverse molecular information and early cancer diagnosis and
treatment monitoring with administration of exgenous contrast agents. Our results suggest that JJ25-RGD has
promise as tumor vascular imaging agent for photoacoustic and fluorescence dual-modular imaging in vivo.
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CONTROL ID: 2489972
TITLE: Functionalised Microbubbles for Dual-Modal PET-Ultrasound Cancer Imaging: Synthesis and Microbubble
Methodology
PRESENTER: Bethany Harriss
ABSTRACT BODY: 
Abstract Body: Dual-modal contrast agents are gaining popularity due to their ability to synergistically combine
modalities.1 Ultrasound is attractive as it is real-time, low cost and portable and can be used with microbubbles as
contrast agents. These are bubbles less than 10 µm in diameter, stabilised by a coating such as proteins or
phospholipids2 and are particularly useful in cancer imaging as many tumours cannot be detected by ultrasound
alone.3 When selecting complementary modalities, their short circulation times (~10 minutes)2 and purely
intravascular nature4 limits the compatibility of some imaging methods. As a result, this project aims to functionalise
microbubbles with moieties that allow for positron-emission tomography (PET) in addition to cancer targeting.
 
68Ga was selected for PET as it can be easily chelated by macrocycles such as DOTA and is obtained from a
generator, making it generally accessible. The rapid reaction between tetrazine and trans-cyclooctene (TCO) was
implemented to attach the radiolabel to the microbubble, with radiolabelling of a DOTAGA-tetrazine5 and the
synthesis of TCO functionalised microbubbles. A similar methodology has been implemented previously for pre-
targeting, using streptavidin-biotin chemistry to functionalise microbubbles.6 As these cause an immune response,7

the formation of microbubbles without this interaction is a significant advancement. Proof of the reaction between
microbubble and the PET moiety was achieved by analysis of the ‘cold’ reaction by MALDI and ultra-performance
convergence chromatography-MS(ES+) (UPC2) and HPLC analysis of the radiolabelled reaction.
 
Phospholipids were also functionalised with the peptide c(RGDfK) as it has been used to target cancer in similar
systems.8, 9 Microbubbles containing 10 % targeting lipid and 5 % of the targeting lipid with 5 % TCO-lipid were
reproducibly formed and have both shown enhanced binding to cancer cells. The latter was also studied to ensure
specificity to αvβ3 integrin. In vivo work on mice has begun, with both PET and ultrasound imaging.
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Schematic of a microbubble showing the functionalisation strategy. Left: Incorporation of a PET label post microbubble
formation using the tetrazine trans-cyclooctene chemistry shown. Right: Cancer targeting using the peptide c(RGDfK).
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TITLE: Role of charge and charge distribution on the In Vivo Optical Imaging Properties of Near-Infrared Cyanine Dye-
Monoclonal Antibody Conjugates
PRESENTER: Kazuhide Sato
ABSTRACT BODY: 
Abstract Body: Impact 
Near-infrared (NIR) dyes have increased light penetration in tissue and lower autofluorescence. Desirable optical,
chemical, and biological characteristics of NIR dyes include high molar absorption coefficients, high quantum yields,
minimal non-specific binding to proteins, rapid excretion, and minimal changes in the in vivo biodistribution of targeting
ligands after conjugation [1]. However, the key structural determinants of NIR dyes that impart enhanced tumor-to-
background ratios (TBR) remain to be determined. Modulating net charge and charge distribution while maintaining
hydrophilicity and stability under biological conditions should be included. It is of significant interest to identify
functional groups that impart these improved properties. These studies have sought to define these key chemical
elements. Therefore, net charge and its distribution on NIR dyes should be optimized for improved performance.
Objective 
A new class of NIR cyanines containing a novel C4’-O-alkyl linker (FNIR) has been developed [2]. Here, in vitro optical
imaging properties and in vivo pharmacokinetics of conjugates of a monoclonal antibody (mAb) and different cyanine
dyes with the same core structure but different indolenine substituents resulted in changes in net molecular charge
and charge distribution. Modifications that were examined include the exchange of the initial sulfonate with trimethyl
ammonium and guanidine functional groups. Correlation among these structural changes to effects on the overall
pharmacokinetics of the resulting antibody-dye conjugates was examined.
Method 
In vitro and in vivo experiments were conducted with an EGFR expressing breast cancer cell line (MDAMB-468) as a
target. Three NIR cyanine dyes with the same core structure but different indolenine substituents: FNIR-774 bearing a
combination of four sulfonates, FNIR-Z-759 bearing a combination of two sulfonates and two trimethyl ammonium
cations, and FNIR-G-765 bearing a combination of two sulfonates and two guanidines. They were conjugated with
panitumumab (pan) at antibody-to-dye ratios of 1:2 or 1:5. Characteristics of these dye-conjugates were accessed in
vitro and in vivo.
Result 
Spectral characteristics for three dyes are similar. Conjugation of FNIR-G-765 with pan at antibody-to-dye ratios of 1:5
failed due to aggregation. Conjugates of three dyes per antibody (2:1) demonstrated a similar quenching capacity,
stability, and brightness in vitro. However, FNIR-Z-759 conjugates showed significantly lower accumulation in the
mouse liver, resulting in higher tumor-to-liver ratio (TLR). These results suggest that zwitterionic cyanine dyes with
localized charge are a superior class of cyanines for conjugating with mAbs for in vivo fluorescence imaging due to
improved TLR in vivo, which is particularly advantageous for abdominal surgery.
Conclusion 
Small alterations in chemical characteristics of cyanine dyes showed dramatic effects on both conjugation chemistry
and in in vivo pharmacokinetics of the resulting antibody-dye conjugate, leading to improved TBR and TLR.
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Only minor alterations in the chemical structure of a fluorophore produces dramatic effects on both conjugation
chemistry and in in vivo pharmacokinetics.<br />
 (A) Three NIR cyanine dyes with the same core structure but different indolenine substituents. Three dyes were
conjugated with panitumumab (pan) at antibody-to-dye ratios of 1:2 or 1:5. Conjugation of pan-FNIR-G-765 (1:5) was
failed due to aggregation (arrow). (B) In vivo serial fluorescence images of each conjugate in MDA-MB-468 tumor
bearing mice (right dorsum). (C) Tumor-to-background ratio (TBR) and tumor-to-liver ratio (TLR) of each conjugate
injected into the right dorsum of MDA-MB-468 tumor bearing mice (n = 5, each conjugate). <br />
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TITLE: Chelator-free 89Zr-labeling of Gd2O2S:Eu nanoparticles with super in vivo radio-stability 
PRESENTER: Shreya Goel
ABSTRACT BODY: 
Abstract Body: Objective: Owing to the special electronic shell structure of Eu atom, Gd2O2S:Eu nanoparticles can be
excited by Cerenkov radiation or γ radiation. The intense luminescence in the red region can be observed, which can
be harnessed for optical imaging. Herein we report the first study of 89Zr-labeled Gd2O2S:Eu nanoparticles ([89Zr]Gd

2O2S:Eu) with high radio-stability for in vivo radioluminescence imaging (RLI).
Methods: Monodispersed Gd2O2S:Eu nanoparticles (diameter ~20 nm) were synthesized using a co-thermal
decomposition of precursors Gd(ddtc)3(Phen) and Eu(ddtc)3(Phen) in 1-octadecene in the presence of oleic acid and
oleylamine, and surface modified with amphiphilic DSPE-PEG5k. The abundant O atoms in the Gd2O2S:Eu
nanoparticles were utilized for chelator-free radiolabeling with oxophilic isotope, zirconium-89 (89Zr; t1/2 = 78.4 h).
PET imaging was used to study the in vivo radiostability of the [89Zr]Gd2O2S:Eu nanoparticles. Extensive
experiments were performed to study the radioluminescence phenomenon in detail. [89Zr]Gd2O2S:Eu nanoparticles
were then subcutaneously/intravenously injected into mice to demonstrate RLI in vivo.
Results: [89Zr]Gd2O2S:Eu nanoparticles were successfully synthesized for RLI studies. ~ 76.1% 89Zr-labeling yield
was achieved upon incubating Gd2O2S:Eu nanoparticles with 89Zr at 75°C in HEPES buffer (0.1 M) for 3 h. RLI of [89

Zr]Gd2O2S:Eu nanoparticles was carried out in vitro, and RL intensity was found to depend on the radioactivity,
concentration of [Eu] and the distance between 89Zr and Gd2O2S:Eu. In vivo studies corroborated the in vitro results
where [89Zr]Gd2O2S:Eu nanoparticles yielded an enhanced optical signal both with open filter (collecting both RLI
signal from [89Zr]Gd2O2S:Eu and Cerenkov luminescence signal from 89Zr) and 620 nm filter (collecting only the RLI
signal from [89Zr]Gd2O2S:Eu, but not the Cerenkov luminescence signal from 89Zr), while separately injected 89Zr
and Gd2O2S:Eu, as well as 89Zr only controls, showed significantly reduced signal intensity. In addition, PET imaging
indicated high radiostability of [89Zr]Gd2O2S:Eu complex in intravenously injected mice. Dominant liver and spleen
uptake was seen, with very low bone uptake (indicative of 89Zr detached from the nanoparticles) even after 7 days.
Conclusion: In summary, we successfully demonstrated the synthesis and in vitro and in vivo applications of
radioluminescent nanoparticles, Gd2O2S:Eu. 89Zr could be intrinsically labeled to Gd2O2S:Eu, with high labeling
yield and good in vivo radiostability. Radioluminescence imaging overcomes the tissue penetration limitation of
traditional optical imaging modalities, owing to the excitation of Gd2O2S:Eu from Cerenkov radiation or higher energy
particles from 89Zr decay. Our proof-of-principle study conveys the promising potential of [89Zr]Gd2O2S:Eu
nanoparticles as multimodality (PET/Cerenkov/RL/CT) imaging probes.
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TITLE: Development of Activatable 19F MRI Nanoprobes Using Silica Nanoparticle with Perfluorocarbon
PRESENTER: KAZUKI AKAZAWA
ABSTRACT BODY: 
Abstract Body: Magnetic resonance imaging (MRI) is an in vivo imaging technique that offers highly spatial resolution
images without concern for tissue depth. Especially, 19F MRI has little endogenous background signal, so this
imaging technique is suitable for specific detection of the signals from 19F MRI probes. Thus, 19F MRI probes for
imaging biological functions have been increasingly reported. As a further development, activatable 19F MRI probes
have been designed on the basis of paramagnetic relaxation enhancement (PRE) effect.[1] However, sensitivity for in
vivo studies using small-molecule 19F MRI probes was not sufficient. There are two major limitations for small-
molecule 19F MRI probes. First, an increase of the number of fluorine atoms in a molecule decreases the solubility of
the probes. Second, a suppression of molecular mobility caused by the increase of molecular size shortens the
transverse relaxation time (T2), which is a crucial factor affecting the MRI contrast, resulting in the attenuation of the
MRI signals. To overcome these limitations, a novel 19F MRI contrast agent, fluorine accumulated silica nanoparticle
for MRI contrast enhancement (FLAME), was developed.

[2] FLAMEs are composed of a liquid perfluorocarbon (PFC)
core, where PFC molecules show high molecular mobility to achieve the long T2, and a robust silica shell. FLAME has
superior properties such as high sensitivity, stability in organic and aqueous solution, and enables versatile surface
modification. Through appropriate surface modification of FLAMEs, transplanted tumors in living mice were
successfully detected by 19F MRI.
In order to monitor specific biological events such as reducing environment and enzyme activities, activatable 19F
MRI probes are highly desirable. So, a probe design based on PRE effect was applied to FLAMEs. Initially, it was
expected that PRE effect of Gd3+ complexes on the surface of FLAMEs was not enough for attenuating 19F MRI
signals of FLAMEs, because FLAMEs had large radius with approximately 5 nm silica shell and PRE effect is
inversely proportional to the 6th power of the distance between observed nuclei and paramagnetic species such as
Gd3+. However, it was revealed that PRE effect of Gd3+ complexes can efficiently attenuate 19F MRI signals of
FLAMEs even in the long distance over 5 nm due to the quick diffusion of PFC molecules in the liquid core. By taking
this knowledge, activatable 19F MRI nanoprobes with high sensitivity for in vivo applications were developed.[3]

Further development of activatable 19F MRI nanoprobe will be introduced in this presentation.
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Figure 1 Activatable 19F MRI probe based on paramagnetic relaxation enhancement (PRE) effect.<br />
<br />
Figure 2 Highly sensitive 19F MRI contrast agent.<br />
<br />
Figure 3 MR imaging of tumor-bearing mice.<br />
<br />
Figure 4 Highly sensitive and activatable 19F MRI nanoprobe.
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TITLE: Radiolabeling for long term biodistribution of ultrasmall nanoparticles designed for radiotherapy guided by MRI
PRESENTER: Eloïse Thomas
ABSTRACT BODY: 
Abstract Body: Nanoparticles in medicine have shown their interest since more than two decades thanks to their
advantages in comparison with molecular agents. In particular, they present original biodistribution with a potential
targeting of tumor by enhanced permeability and retention effect (EPR effect). This property brings to life new objects
for accurate and efficient cancer diagnosis and treatments.
 
Following this idea, a nanoparticle has been developed for theranostic applications. It is made of gadolinium chelates
(DOTA, 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid) covalently grafted to a polysiloxane core. It displays
a hydrodynamic diameter below 5 nm providing exclusive renal excretion, well adapted for further clinical
development. This nanodevice has shown its interest in the context of radiotherapy guided by MRI. Indeed, the
presence of gadolinium enables the nanoparticles to be used as positive MRI contrast agent (r1=12 s-1.mM-1 and r2/r

1=1.3 at 60 MHz and 37°C) and provides them radiosensitizing properties.1,2 So far, no toxicity has been noticed
during regulatory toxicity tests on rodents and monkeys.
 
In order to go toward first in man studies, it is necessary to understand more accurately the magnitude and duration of
this object within the tumor. If MRI provides a good resolution, the contrast in the tumor after 24h post injection is more
difficult to detect3 making accurate biodistribution studies tedious on a long term. PET imaging appears as an
interesting way to overcome this problem. Indeed as it is more sensitive than MRI, it could lower the limit of particle
detection and it could also provide us quantitative biodistibutions. Thanks to its long half-life, 89Zr has been chosen to
radiolabel the nanoparticles (t1/2~78h).
 
First of all, to chelate 89Zr, a DFO (desferrioxamine) derivative has been successfully grafted on the surface of the
nanoparticles. The obtained objects have been characterized by complementary technics (HPLC, ICP, DLS, UV-
vis...). They present especially a high purity, a hydrodynamic diameter remaining below 5 nm which would lead to
exclusive renal excretion and a ratio r2/r1 of 1.5 similar to the one of not functionalized particles (r1=16.7 s-1.mM-1, 60
MHz, 37°C). After radiolabeling (~99% of radiochemical yield), stability studies have been made and showed that 89

Zr-DFO-AGuIX do not dissociate after 72 hours In animals bearing U87MG xenografts, nanoparticles accumulate in
subcutaneous tumors and have been detectable for 72 hours above background level. Experiments have proved that
radiolabeled particles are not absorbed by leukocytes in vivo, highlighting its specificity for well vascularized tumors.
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a) Functionnalization of ultrasmall polysiloxane based nanoparticles with DFO following by radiolabeling with 89Zr. b)
Injection of 89Zr radiolabeled nanoparticles in animals bearing U87MG xenografts: MRI image revealing the tumors
and biodistribution data showing that radiolabeled nanoparticles persist in the tumor microenvironment for several
days post injection.
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TITLE: Rapid Quantification of Gadolinium in Nanoparticles by Time-Resolved Fluorescence
PRESENTER: Lindsay Hill
ABSTRACT BODY: 
Abstract Body: Introduction  
Gadolinium (Gd)-based MRI contrast agents (GBCA) are crucial for the diagnosis and monitoring of various diseases.
Their use in dynamic, such as perfusion MRI (pMRI), scans provides valuable information about tissue
microenvironment and function beyond conventional assessment of lesion volume or area changes1,2. However,
accurate concentration-time curves2 are required to quantitatively characterize diseased tissue, monitor therapeutic
efficacy, and provide insight into drug mechanisms1.
The increasing reliance on image-derived GBCA quantification is problematic as indirect signal measurement from
surrounding proton exchange can be affected by non-linear relaxivity in tissue3, hardware imperfection, and motion.
Direct GBCA quantification in plasma samples varies in sensitivity by method. Relaxivity achieves sub-millimolar
sensitivity, requiring large sample volume, and although ICP-MS can detect nanomolar levels4, it is not readily
available. We previously developed a technique to quantify a GBCA using Carbostyril 124 (cs124)-sensitized DTPA
via energy transfer using a simple fluorescence plate reader widely available in research labs5. The present work
extends our method to multivalent Gd complexes (see image).
Methods 
All absorbance and fluorescence measurements were made in a standard plate reader. Amide chemistry was used to
conjugate cs124 to DTPA-DPPE and Gd was chelated in water, yielding cs124-GdDTPA-DPPE. The absorption of
cs124 at 330nm was used to quantify Gd. The product was dialyzed and the size distribution was assessed via
dynamic light scattering (DLS). Time-resolved fluorescence, using excitation at 330nm and emission at 480nm, was
integrated from 600µs-2000µs. The collision model of energy transfer was fit to fluorescence data to determine system
sensitivity5. MRI: T1 images and relaxometry were acquired on a 7-Telsa Bruker using phantoms of cs124-GdDTPA-
DPPE particles and clinical Gd-DTPA (Magnevist).
Results 
DLS showed a monodisperse distribution with an average 575nm radius (Fig.1), consistent with liposomal structure
expected from this lipid. The starting Gd concentration used for fluorescence studies was 35µM (Fig.2). The limit of
detection was 67nM, which is comparable to ICP-MS4 (Fig. 3).
T1-weighted MRI showed that our multivalent cs124-based T1-agent achieved a signal comparable to that of 10x
higher concentration monovalent GdDTPA concentration (Fig.4). Relaxometry confirmed a 26.5x amplification in r1
and a 1.04 r2/r1 ratio (Table 1).
Conclusion 
Incorporating cs124 into multivalent GBCAs proved effective in maintaining nanomolar quantification of Gd using a
spectrophotometer. The cs124 conjugation did not hinder the agent’s r1 relaxivity, suggesting its use in other novel
GBCA of various sizes. This expedient system may significantly ease in-house throughput for MR agents’
characterization and optimization. It may also prove useful to calibrate the arterial input function in pMRI studies.
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(a) Chemical structure of Gd-chelated cs124-DTPA-DPPE, where fluorophore Carbostyril 124 (cs124) is highlighted in
orange. (b) Schematic diagram of the fluorescence resonance energy transfer between cs124-GdDTPA-DPPE, the
system’s energy donor, and unsensitized Terbium-DTPA (TbDTPA), the acceptor. To quantify the Gd concentration of
our agent, dilutions of cs124-GdDTPA-DPPE particles were added to a 96-well plate with constant TbDTPA
concentration. Fluorescent antennae cs124, of cs124-GdDTPA-DPPE, absorbs light at 330nm (green arrow) causing
it to reach the S1 excited state. Bound gadolinium’s heavy atom effect results in intersystem crossing where energy is
lowered to the long-lived T1state and is subsequently transferred by collision to the excited state 5D4 of Tb. Time-
resolved detection of Tb’s fluorescence (red arrows) at 480 nm is proportional to the concentration of sensitized Gd.
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TITLE: In vivo target-specific tumor imaging using an ultra-bright activatable nanoprobe
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ABSTRACT BODY: 
Abstract Body: The development of cancer imaging technologies with sufficient specificity and sensitivity is a long-
standing goal of cancer diagnosis. Near-infrared fluorescence (NIRF) imaging enhanced by molecular imaging probes
enables non-invasive detection of tumor and directs monitoring of therapeutic progresses. However, current probes
often struggle with poor signal-to-noise ratio because of high background signals in tissues and a low number of
fluorophores in tumors. Here, we have developed a particle-based multilayered nanoprobe (PMN) that is adequate for
tumor-specific imaging with a high tumor-to-background ratio through the modification of our well-defined imaging
platform [1, 2]. PMN adopts a simple layer-by-layer (LbL) fabrication technique and is sequentially assembled with
multifunctional polyelectrolytes, including fluorophore-loaded poly-L-lysine (PLL) and adhering poly-acrylic acid (PAA).
When tested, PMM, coated with 3 layers of optimally loaded PLL (loading ratio: FITC/PLL = 10/1), was optically silent
and initially showed near zero background fluorescence; however, the fluorescence signal tremendously increased by
186-fold after proteolysis activation. Rather than the single fluorophore- single molecule construct, PMN is designed to
transport a large quantity of fluorophores to the tumor for maximal contrast. In this study, PMN, equipped with 3 layers
of cy5.5-PLL (Fig. 1a), was systemically injected into mice bearing MDA-MB468 triple-negative breast cancer (TNBC).
After the proteolytic activation of the loaded PMN in tumor, the fluorescence signal exhibited was up to 500% higher
than that seen in muscle (Fig 1b). For tumor-specific targeting, the formulated PMN was further coated with a layer of
hyaluronic acid (HA), a major ligand for cell-surface receptor CD44 and a well-defined biomarker for TNBC. In cell
studies, HA-PMN only labeled the high CD44 expressing MDA-MB231 cells, but not the low CD44 expressing MCF7
cells. Taken together, HA-PMN has minimal background signal, a high tumor-to-normal-tissue detection ratio,
negligible cytotoxicity, and a superb targeting capacity to cancer cells expressing CD44. This combination can provide
a simple and powerful strategy for non-invasive target-specific tumor visualization.
 
[1] Lee SK, Tung CH. Layered nanoprobe for long-lasting fluorescent cell label. Small. 2012;8:3315-20.
[2] Lee SK, et al. An authentic imaging probe to track cell fate from beginning to end. Nat Commun. 2014;5:5216.
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Figure 1. (a) Preparation process of particle-based multilayered nanoprobe (PMN) using PLL-cy5.5 and PAA as the
charged polyelectrolytes. (b) Representative ex vivo NIRF imaging after systemic injection of PMN to MDA-MB468
TNBC bearing mouse. Each organ to muscle ratio was measured after 24 h injection. The fluorescence intensity of
muscle was set as one. Mu, muscle, Tu, tumor; Li, liver; Lu, lung; He, heart; In, intestine; Sp, spleen; St, stomach; Ki,
kidney.
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TITLE: H2O2-filled theranostic polymersomes formulated to concurrently perform imaging and ultrasound-induced
reactive oxygen species-mediated cancer therapy
PRESENTER: Chia-Hao Su
ABSTRACT BODY: 
Abstract Body: Ultrasound (US) technique has been extensively employed in diagnostic purpose. Because of its
features of low-cost, easy access, and noninvasive real-time imaging, toward clinical practice it is highly anticipated to
simply use diagnostic US to concurrently perform imaging and therapy. Beside diagnostic purpose, the focused US is
often employed to destruct carriers for drug release or to ablate malignant tumor through the hyperthermia. Thus, a
careful manipulation in focused US is necessary to avoid the damage of the surrounding healthy tissues around the
targeted site. Using US diagnostic system provides the advantages of the harmless to the healthy tissues and the
painless course of treatment to the recipients. Micro-US has been an important tool at the stage of preclinical imaging
to study models of human disease in small animals for the facilitation of biomedical discovery. In this context, we are
motivated to begin with micro-US diagnostic system to concurrently perform imaging and therapy in a non-thermal
condition. US imaging is generated based on the acoustic impedance difference between the body of the structures to
reflect US waves. The US imaging can be enhanced by the employment of the gas-filled capsules (gas: like
perfluorocarbon, nitrogen) made of lipid or polymer compositions[1,2]. Encapsulation of low boiling point
perfluorocarbon that is thermosensitive liquid to vaporize as gas has also been reported recently[3,4].
Herein, we report a promising polymersome, which is a form of H2O2/Fe3O4-PLGA polymersome encapsulating H2O

2 in the hydrophilic core with Fe3O4 nanoparticles packed in the shell of the polymersome, to simply use the
diagnostic micro-US system for concurrently conducting imaging and therapy. Instead of filling gaseous or low boiling
point perfluorocarbons, a cost-effective liquid H2O2 loaded polymersome was designed to display echogenic
reflectivity and reactive oxygen species (ROS)-mediated cancer therapy triggered by the micro-US diagnostic system
accompanied with MR imaging. The encapsulation of H2O2 presents a crucial role to concurrently provide O2 for
echogenic reflectivity and OH radical as therapeutic ROS species. The disruption of polymersome yielding OH radical
through the Fenton reaction simply initiated by the micro-US diagnostic system via a non-thermal process presents a
newly developed sensitizer-free sonodynamic therapy to completely supress tumor growth in mice model.
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TITLE: Albumin modification using strain-promoted alkyne-azide cycloadditions: a versatile specific targeting platform
for imaging and theranosis
PRESENTER: Woo Hyoung  Kim
ABSTRACT BODY: 
Abstract Body: Purpose:
Many small molecular agents have been developed with excellent targeting capabilities. But high renal uptake has
commonly been an obstacle to be used as therapeutic cytotoxics. On the contrary, majority of nanoparticles have
shown to distribute mainly in the liver with short circulating half-life due to its clearance by reticuloendothelial system.
Albumin is known to have long circulating half-life due to its size above renal filtration threshold and by rescuing its
degradation by interaction with neonatal FcR. Due to its long serum stability and longevity, albumin has been
introduced as a carrier to extend half-life of drugs. Authors have minimally modified albumin using Strain-Promoted
Alkyne-Azide Cycloadditions (SPAAC), a copper-free 'click' reaction, to preserve its long half-life property and to
evaluate its usefulness as a versatile targeting platform.
Materials and Methods:
General synthetic procedure for albumin conjugate was performed in three steps. First, albumin was conjugated with
DBCO-NHS or N3-NHS. Second, NOTA-N3 or NOTA-DBCO were labeled with radioisotopes, such as, 64Cu, 177Lu
or 68Ga. Lastly, radiolabeled NOTA-N3 or NOTA-DBCO was conjugated with albumin containing DBCO moiety or N3
(Alb-DBCO or Alb-N3) via SPAAC reaction. For in vivo or in vitro fluorescence imaging, Alb-DBCO was conjugated
with FNR648-N3. For albumin conjugates with targeting moiety, N3-folate or N3-RGD was conjugated to Alb-DBCO
before conjugation of radiolabeled NOTA-N3 or FNR648-N3. Serial images were acquired in vivo with various
modifications, including variations in reaction ratio between albumin and NHS compounds (DBCO-NHS or N3-NHS),
targeting moieties, and labeled probes (radioisotopes or FNR-648). For in vivo imaging of albumin conjugates with
targeting moiety, mouse tumor models were established using folate receptor-positive (KB) or integrin αvβ3-positive
(U87MG) cell lines. In vitro imaging was obtained using confocal laser scanning microscopy and in vivo imaging was
obtained using IVIS Lumina II, micro-PET or micro-SPECT/CT.
Results:
Radiochemical purities of radiolabeled albumin conjugates were greater than 95% by radio-ITLC SG. Imaging was
performed for each radioisotope by varying functionalization number of albumin conjugates. Pharmacokinetics derived
from the Micro-PET and SPECT/CT images were used to determine which albumin conjugate would be further used.
Intense tumoral uptake with long circulating half-life (> 10 h) was observed in serial in vivo images of 64Cu and 177Lu
labeled albumin conjugates with folate or RGD moiety (Alb-fol and Alb-RGD). No significant renal retention was
observed. In vivo fluorescence images of FNR-648 bound Alb-fol have also shown effective targeting in KB tumors.
Confocal microscopic images have clearly showed specific binding of FNR648 conjugated Alb-fol and Alb-RGD in KB
and U87MG cell.
Conclusion:
SPAAC reaction based minimal albumin modification has shown to be effective in not only specific targeting but also
preserving its long half-life property. This Albumin modification using SPAAC reaction might be a potential and
versatile platform for various targeted imaging and theranostic approach.
AUTHORS (LAST NAME, FIRST NAME): Kim, Woo Hyoung 1, 2; Park, Ji Yong2; Song, Myung Geun2; Park, Cho
Rong2; Lee, Yun-Sang2; Youn, Hyewon2; Jeong, Hwan-Jeong1, 3; Kang, Keon Wook2

INSTITUTIONS (ALL): 
1. Department of Nuclear Medicine, Chonbuk National University Medical School & Hospital , Jeonju, Korea (the
Republic of).
2. Department of Nuclear Medicine, Seoul National University College of Medicine, Seoul, Korea (the Republic of).
3. Molecular Imaging & Therapeutic Medicine Research Center, Jeonju, Korea (the Republic of).
(No Image Selected)



CONTROL ID: 2492496
TITLE: A multifunctional platform for tumor angiogenesis targeted chemo/thermal therapy using Polydopamine
Modified Gold Nanorod
PRESENTER: Lu Zhang
ABSTRACT BODY: 
Abstract Body: Introduction: With the significant improvements in theranostics of cancer, nano materials based
chemo- thermal therapy has regarded as promising strategy for solid tumor treating. In current study, a novel cisplatin
and 125I-loaded, tumor angiogenesis-targeted gold nano rod (RGD-125IPt-DOPA@GNRs ) chemo-thermal
theranostic platform was developed and its efficacy for theranostics of tumor was evaluated.
Materials and Methods: One-step seeded growth method was used to synthesize GNRs (~808 nm). As-prepared
GNRs were first coated with dopamine (DOPA). Subsequently, cisplatin and HS-PEG-NH2 (MW=5000 Da) were
immobilized on the surface of DOPA-coated GNRs by simple mixing the substances with the GNRs, and cyclic RGD
peptide (RGDyC) were conjugated by cross-linking the amine extremity of PEG with cysteine in the peptide . Next, the
RGD peptide-conjugated, cisplatin-loaded GNRs were further labeled with 125I radioisotope. The final product, RGD-
125IPt-DOPA@GNRs, was carefully characterized and its efficacy for tumor imaging (SPECT, photoacoustic) and
therapy (thermal and chemo) were evaluated.
Results and Discussion: The size of GNRs is uniform with a diameter of 15 ± 1 nm and a length of 54 ±3 nm (aspect
ratio of ∼3.5). The GNRs had high efficiency for light absorption at 808 nm. The dopamine coating layer was around
1~2 nm and was nondegradable in various biological conditions, which significantly reduced the cytotoxicity of the
pristine GNRs . The cisplatin was effectively loaded on the particles by coordination bonding between catechols in
polydopamine and metal ions (NH2Pt2+), and was released in a pH-sensitive manner. Iodine-125 labeling was very
stable in biological conditions. RGD-125IPt-DOPA@GNRs could specifically target avb3 integrin positive cells and
demonstrated high efficiency for cell killing by both chemo and thermal therapies. After intravenously injected into
tumor-bearing mice, tumor accumulation of RGD-125IPt-DOPA@GNRs could be monitored by SPECT/CT and tumor
angiogenesis targeting was visualized by photoacoustic imaging. Chemo-photothermo-combined therapy indicated
that RGD-125IPt-DOPA@GNRs could cure tumor.
Conclusions: In summary, RGD-125IPt-DOPA@GNRs is a highly efficient platform for tumor theranostics. It has
remarkable sensitivity to avb3 integrin positive tumor angiogenesis and high photothermal effect to 808 nm laser in
vivo, and shown outstanding performance for tumor killing.
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TITLE: Single-walled carbon nanotubes-NaGdF5 nanocomposites for dual-modal imaging and photothermal therapy
for tumor
PRESENTER: Wenting Shang
ABSTRACT BODY: 
Abstract Body: Carbon material with its excellent electronic, optical properties and thermal properties, has been
extensively studied in the past decade. Lately, its applications, especially the single-walled carbon nanotubes
(SWNT), has been devoted to explore biomedical fields, including nanocarriers for drug delivery, molecular imaging
agents and photothermal agents for tumor therapy. During the depth study, the SWNTs give out a superior properties
in near-infrared imaging in I area (780 - 980 nm) and II (1000 - 1700 nm). As is known to all, Gadolinium (Gd3+) ion,
such as Gd-DTPA complexes, are currently being used as T1-weighted agents in clinical due to their unique high spin
paramagnetism. In order to control Gd ion`s toxicity, recently, a serial of Gd-based nanomaterials, such as Gd2O3
NPs, upconversion NPs dopping with Gd3+ ion have been developed for T1-weighted MR imaging enhancement. In
the paper, we used solvothermal methods, dopping NaGdF4 nanoparticles attached on the surface of SWNT to form
the NaGdF4-SWNTnanocomposites. We used dual-modality MR and fluorescence molecular imaging (FMI) of the
tumor model in vivo. The enhanced near-infrared absorbance also showed good photothermal stability and efficient
tumor passive targeting of NaGdF4-SWNT nanocomposites. The properties give a result in the highly efficient
photothermal ablation of tumor in vivo so, after tail vein injection of the nanocomposites, the diagnose were measured
after 1 hour, using MRI and FMI, following treatment were evolved by 808-nm laser irradiation (0.5 W/cm2) for 4 min.
These results indicate potential application of NaGdF4-SWNT nanocomposites in dual-modality MR/CT imaging and
photothermal therapy of cancers.
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TITLE: A Fully Automated Synthesis of 2′-Deoxy-2′-[18F]fluoro-9-β-L-Arabino-furanosylguanine (L-[18F]F-AraG): A
Novel Agent for Imaging T Cell Activation with PET
PRESENTER: Mohammad Namavari
ABSTRACT BODY: 
Abstract Body: Purpose: 9-(β-D-Arabinofuranosyl)guanine (AraG) is a guanosine analog that has been used in the
treatment of T cell lymphoblastic disease. It is metabolized by intracellular enzymes dCK and dGK and incorporated
into mitochondrial DNA. Previously we have demonstrated the synthesis of the radiotracer D-[18F]F-AraG which
shows preferential uptake in activated T-cells. Here we demonstrate the radiolabeling of L-AraG with 18F for PET
imaging of T cell activation. This tracer also shows promising uptake in activated T cells as compared to resting T cells
and other immiune cells (e.g.B cells, monocytes. etc.). A fully automated one-pot synthesis of a radiofluorinated AraG,
2′-deoxy-2′-[18F]fluoro-9-β-L-arabinofuranosylguanine (L-[18F]F-AraG) as an imaging agent has now been developed
and is described here. Uptakes of activated T-cells by the two enantiomers D-[18F]F-AraG and L-[18F]F-AraG are
compared.
Procedure: The one pot radiosynthesis involves a direct radiofluorination of 2-N-acetyl-6-O-((4-nitrophenyl)ethyl)-9-
(3′,5′-di-O-trityl-2′-O-trifyl-β-L-ribofuranosyl)guanine (1) with [18F]fluoride to form 2-N-acetyl-6-O-((4-nitrophenyl)ethyl)-
9-(3′,5′-di-O-trityl-2′-[18F]fluoro-β-L-arabino-furanosyl)guanine (2).Hydrolysis of the protecting groups in 2, first with
0.5M NaOCH3 and then with 1N HCl yielded L-[18F]F-AraG (scheme 1). A complete automated one-pot synthesis of
L-[18F]F-AraG was performed in a commercial synthesis module. Serum stability of L-[18F]F-AraG and D-[18F]F-
AraG were compared in addition to uptake studies.
Results: A reliable and automated synthesis of L-[18F]F-AraG has been developed. The radiochemical yield was 8-12
% (decay corrected) with a specific activity of 0.9-1.5 Ci/μmol. Mouse and human serum stability of L-[18F]F-AraG at
37 oC showed that percentage of intact D-[18F]FAraG was slightly lower than that observed for L-[18F]F-AraG at 2 h
(~ 91% for L-[18F]F-AraG and ~85 % for D-[18F]F-AraG ).Cell uptake experiments indicate that activated human
primary T-cells accumulate the L-[18]F-AraG to a statistically sinificant higher level than resting T cells (suppl Figure1).
We have demonstrated that L-[18F]F-AraG has the ability to retain specificity for activated T-cells.
Conclusion: Clinically grade L-[18F]F-AraG has been successfully synthesized by direct fluorination of an appropriate
precursor of a protected guanosine nucleoside in an automated synthesis module. PET imaging studies in small
animals are currently in progress.
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TITLE: Identifying Immune-Related Metabolic Signatures of Pancreatic Cancer
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ABSTRACT BODY: 
Abstract Body: Purpose: In 2015, roughly 49,000 new cases of pancreatic cancer were diagnosed in the United
States. Moreover, pancreatic cancer has a 5-year survival rate of 7.2% [1]. This is due in part to pancreatic cancer’s
natural resistance to both chemotherapy and radiotherapy [2]. Immunotherapy presents an attractive potential
treatment approach for many patients. Because cancer cells exhibit a significant increase in metabolic activity relative
to normal tissue, an understanding of the metabolic function of tumors in systems with different levels of
immunocompetence is a critical first step in developing an understanding of the immune-related metabolic properties
of the tumor, which have potential application in assessing a tumor’s response to immunotherapy. This study intends
to identify clear biomarkers that can facilitate the assessment of metabolic changes between immunocompromised
and immunocompetent pancreatic tumors.
 
Methods: This tumor model system employed the K8484 pancreatic tumor line which is syngeneic to C57BL/6
background and is derived from mouse tumors with an oncogenic KRAS mutation (G12D) and a homozygous null
mutation in p53. These cells were then transplanted into the flanks of both immunocompetent C57BL/6 mice (n=5) and
immunocompromised nude (nu/nu, Jackson labs) mice (n=5), and tumors were grown over a period of 3-4 weeks. The
flank tumors were dissected then subjected to high-resolution 1H nuclear magnetic resonance (1H-NMR)
metabolomics for both cohorts of tissue samples. The samples were homogenized (methanol:water 2:1), lyophilized,
and immersed in D2O, and NMR spectroscopy was implemented to characterize the water-soluble portion of the
metabolome using a Bruker 500 MHz NMR spectrometer coupled with a cryo-probe.
 
Results: Higher baseline metabolic activity was observed in the ex-vivo tissue samples taken from the
immunocompetent C57BL/6 mice than the immunocompromised nude mice. In particular, we observed upregulation of
lactate (26%), creatine (80%), choline (98%), and phosphocholine (69%). One possible explanation of this is that the
mature T cells located in the tumor microenvironment present in the C57/Bl6 mice but absent from the nude mice may
contribute to metabolic function of the tumor cells. This may endow clinicians a method to judge a patient’s immune
response by observing the metabolic profile of the malignant tissue.
 
Discussion: These preliminary data suggest that tumors exhibit higher metabolic activity in the presence of a
functioning immune system than in the presence of an immunocompromised system. We are currently working to see
the adaptive metabolic changes in this model under immunotherapy and validate this finding in ex vivo human
pancreatic cancer tissue samples. Furthermore, real-time hyperpolarized in-vivo 13C pyruvate metabolic MR imaging
is in progress to probe the pyruvate-to-lactate conversation ratiometric changes between the above two mice groups
to identify imaging biomarkers and to interrogate efficacy of immunotherapy in pancreatic cancer.
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TITLE: New Structure-activity Relationships of N-acetamide Substituted Pyrazolopyrimidines as Pharmacological
Ligands of TSPO
PRESENTER: Jun Li
ABSTRACT BODY: 
Abstract Body: Translocator protein (TSPO) represents an attractive imaging and therapeutic target in oncology given
that elevated levels of TSPO are observed in many human cancers (1). Our lab has focused on the development and
characterization of high-affinity TSPO ligands applicable to a wide variety of imaging modalities, especially in tumors
that arise outside of the central nervous system. In this setting, increased water solubility and rapid clearance from
healthy tissues are prioritized ligand characteristics. From optimizing the 5, 7 position of pyrazolopyrimidine DPA 713,
we recently reported a novel fluorine-18-labeled based PET tracer (VUIIS 1008) with improved affinity and
pharmacokinetic properties (1). Based upon our prior work and motivated by the work of Selleri et al.(2), we recently
elaborated new pyrazolopyrimidine structure activity relationships related to N,N-disubstitutions of the terminal
acetamide. Novel TSPO candidate ligands (n = 18) included alkyl, alicyclic, aryl, and heterocyclic pendant moieties not
previously prepared.
 
We found the acetamide position particularly tolerant to N-alkyl substitution, with entries of differentially substituted
alkyl groups exhibiting affinities in the nano molar range. Chemical probes possessing branched alkane substituents
typically maintained reasonably high affinity, yet branching generally diminished affinities relative to straight chain alkyl
groups of similar carbon number. Binding trends of probes exhibiting mixed N,N- disubstitution patterns were
challenging to predict a-priori, with certain candidates exhibiting exceptional properties while others were notable
recalcitrant to TSPO binding. Acetamide substitution with one ethyl group was generally well-tolerated in combination
with many other N-substitutions on the acetamide. We observed the phenyl-ethyl substitution pattern to be particularity
favorable, resulting in a novel ligand with pico molar activity (Ki = 0.28nM). In contrast, when both N-acetamide
substitutions were homologated to benzyl groups, affinity was decreased significantly (Ki = 397.29nM). Instead of bi-
substitution, alicyclic constrained derivatives also exhibited poor binding affinity. Recognizing acetamide substitution
as a potential opportunity to optimize the chemical and physical properties of novel TSPO ligands, we evaluated the
lipophilicity and plasma protein binding for many of the library members. Several new probes exhibited suitable
lipophilicity and protein binding for in vivo TSPO imaging. Not surprisingly however, several N-alkyl compounds
exhibited unsuitably high Log P(3). Overall, our results point to N-acetamide substitutions as an opportunity to
introduce chemical diversity and optimize the chemical and physical properties of TSPO ligands without sacrificing
affinity. These results should expand the opportunities to deploy TSPO ligands to image and treat diseases especially
relevant to peripheral tissues.
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TITLE: 68Ga-PSMA-11: An one-year performance experience on a singlevial kit-type preparation of a potent PET-
radiodiagnostic agent for prostate cancer imaging
PRESENTER: Thomas Ebenhan
ABSTRACT BODY: 
Abstract Body: Introduction The prostate specific membrane antigen has been identified as a highly sensitive target for
imaging prostate cancer. The Gallium-68 (68Ga) radiolabeled agent Glu-NH-CO-NH-Lys-(Ahx)68Ga(HBED-CC) (68

Ga-PSMA-11) has made tremendous impact in current positron emission tomography/computed tomography
(PET/CT) diagnostics and therapy. We developed a one-vial kit labeling procedure providing quantitative PSMA-11
complexation with 68Ga voiding the product purification [1]. PET/CT imaging of all forms of prostate cancer was
warranted [2] but there is no option to isolate leaked Germanium-68 (68Ge) post synthesis. The goal is to improve the
68Ga-labeling procedure as equivalent as to already existing Technetium-99m (99mTc)-kit radiolabeling methods,
hence, we set out to optimize the kit procedure by investigating eluate purification methods prior to radiolabeling,
determining the longitudinal labeling robustness of the kits and monitoring the 68Ge-content in decayed 68Ga-PSMA-
11 samples with increasing generator shelf-life. Methods Over an 1-year duration, 8 freeze-dried PSMA-11 kit vial
batches (n=10-27) were manufactured followed by 68Ga-labeling using 68Ga from two consecutive iThemba LABS
(IDB Holland) 68Ge/68Ga-generators (0.6N HCl solution elutes 68Ga from a 1850 MBq 68Ge-loaded tin-dioxide
matrix). Eluate post-processing was carried out by two methods using a cation-exchange technique. A 0.8-0.9 mL
fraction of the 68Ga-activity was added to the kit (5 nmol PSMA-11 buffered with C2H9NaO5) to initiate labeling at pH
4. 68Ge-breakthrough was identified by re-measuring the decayed product solution in an ionization chamber to
compare it with the added 68Ga-activity. Results Up to 77 % of the generator eluate was mixed (506 ± 173 MBq) with
the kit contents using a small eluate fraction which significantly reduced the 68Ge-levels (P <0.02). The 68Ge-
breakthrough in all 68Ga-PSMA-11 was well below 0.001 % (0.00022 ± 0.00009 %, range 0.00009 % – 0.00062 %,
n=94). A kit production of 68Ga-PSMA-11 yielded 271 ± 158 MBq for PET/CT with the first patient receiving 147 ± 56
MBq (n=121) and any consecutive patient being injected with 130 ± 33 MBq (n=33) 45 min later. The radiochemical
purity of >96 % (n >100) remained uncompromised despite certain variations in the labeling procedure (± 10 % eluate
acidity, kit-shelf life, 68Ga-activity concentration). A decreasing % RCP was observed with the use of eluate post-
processing formulations (5M NaCl/HCl: –66 % or Acetone/HCl: –68 %). In addition using kits with 20 % less PSMA-11
content and long-term storage >6 months caused 25 - 42 % losses in % RCP. Minor activities (5 ± 3.2 %, n=75)
adhered to glassware or materials used in the labeling procedure and QC. The three most recent batches of PSMA-11
were radiolabeled with ≥95 % repeatability (n=61, over 141-days). Conclusion The 68Ga-PSMA-11-kit optimisation led
to a cost-efficient, easy-to-learn and reproducible labeling method. Therefore this kit may be handled in a hospital
radiopharmacy in a similar fashion as long established 99mTc-kit-based procedures. References [1] Ebenhan, T.
Molecules 2015;20:14860; [2] Lawal, I. Clin Nucl Med 2015;40:755
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ABSTRACT BODY: 
Abstract Body: We have developed 2-5% europium-doped yttrium oxide (Y2O3:Eu) nanoparticles that exhibit
surprisingly bright, stable luminescence upon their exposure to x-rays. Previous spectroscopic analyses by our group
of their radioluminescent response at diagnostic x-ray energies revealed marked linearity with changes in x-ray flux
and energy, suggesting the nanoplatform might be well suited for dosimetric applications at diagnostic x-ray energies,
and potentially useful at therapeutic x-ray energies as well. Synthesis of the Y2O3:Eu nanoparticles employed in the
present series of studies was accomplished by general urea homogeneous precipitation methods. Particle morphology
was characterized by high-resolution transmission electron microscopy (80 kV acceleration voltage) and revealed a
relatively narrow distribution of particle diameters, centered at 150 nm. X-ray induced luminescence studies at
therapeutic energies were conducted using a clinical Intensity-Modulated Radiation Therapy (IMRT) system operating
at either 6 MV or 15 MV, whose dose rate (600 MU/min max) was controlled by modulating the temporal width of the
electron pulse (square-wave) injected into the IMRT system’s linear accelerator. Tungsten collimator jaws were used
to constrain the region of sample x-ray irradiation to 1.5 cm x 1.5 cm, while lead brick shielding was used to protect
the thermoelectrically-cooled 14-bit CCD camera and compact fluorescence spectrophotometer from scattered
radiation. An orthogonally-mounted diagnostic x-ray source (40-140 kV, 0.1-1000 mAs), normally used for onboard
diagnostic imaging during therapy, was employed for lower diagnostic energy studies, as well as to correlate
measurements made with the clinical IMRT system to those previously made with a pre-clinical IMRT system (25-225
kV, 1-25 mAs). For x-ray induced spectroscopic studies, 10 mg of Y2O3:Eu nanoparticles were placed in a cuvette
containing 200 ml distilled H2O and positioned ~30 cm directly beneath the x-ray beam collimator’s exit aperture; with
acrylic plugs of different thicknesses placed between source and sample (in contact) to emulate the attenuation
imposed by deeper tissues. Emitted radioluminescence was collected by a 600 mm diameter glass bundle optical fiber
positioned orthogonal to the x-ray beam and cuvette, just outside the beam path and connected to the fluorescence
spectrophotometer. Images of the specimen’s radioluminescence were simultaneously captured with spectra – both
with and without titanium filtering of lower energy photons, and fluence-flattening filtering at MV energies. For each x-
ray beam quality complete radioluminescence spectra were collected and subsequently curve-fitted (Gaussian) – to
establish the peak wavelength, height, and area-under-curve (AUC) for the 590 nm, dominant 610 nm, and 627 nm
peaks. Ongoing studies are currently aimed at quantifying our nanoscintillator’s linearity of spectral response over
commonly used therapeutic energies and fluences, and assessing our imaging algorithm’s ability to determine, in real-
time, the dose delivered as inferred from the specimen's surface radioluminescence intensity.
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CONTROL ID: 2499916
TITLE: Multiple imaging reporter labeled acid-degradable dextran nanopolymer as a COX-2 siRNA carrier
PRESENTER: Zhihang Chen
ABSTRACT BODY: 
Abstract Body: Introduction: Effective delivery of siRNA to silence genes is a highly sought after goal in multiple
diseases. Cyclooxygenase-2 (COX-2) is a major mediator of inflammation and its effective and specific
downregulation has been of major interest to treat conditions ranging from auto-immune diseases, gastric
inflammation and cancer. Cationic polymers, that trap molecular agents through electrostatic binding are the most
promising siRNA carriers due to the convenience of synthesis and low cost. However, because artificial cationic
polymers can induce proinflammatory signals that increase COX-2 expression, there are few if any reports about the
use of artificial cationic polymers to downregulate COX-2 in cancer cells.
Methods: Here we synthesized a multiple imaging reporter labeled acid-biodegradable dextran to use as an efficient
cationic polymer carrier for COX-2 siRNA delivery (Figure 1A). For electrostatical binding with siRNA, necessary
amine function groups were conjugated to the dextran platform through the acetal bonds. These acetal bonds could
be cleaved under acidic conditions that occur in cancer and inflammation, as well as within endocytic compartments.
Rhodamine was labeled to the cleavable amine groups, while the dextran scaffold was labeled with Cy5.5.
Results and Discussion: Colorimetric assay of Cy5.5 and rhodamine in different pH buffer indicated that the amine
group was cleaved at pH 5.5 buffer but was stable in pH 7.4 buffer. Fluorescence imaging showed that the dextran
siRNA nanoplex entered the cells through endocytosis that provided acidic conditions for the breaking of the amine
group. For the first time, the intracellular breaking of acetal bonds was clearly visualized through the use of multiple
imaging reporters. Because the rapid cleavage and release of amine groups minimized the proinflammatory side-
effects, quantitative reverse transcription polymerase chain reaction (qRT-PCR) assay indicated that this dextran
COX-2 siRNA nanoplex could downregulate COX-2 expression efficiently (Figure 1B). This dextran nanopolymer can
be used as a safe, reproducible, and biocompatible siRNA carrier to effectively reduce COX-2 expression in cancer
cells. In vivo tumor studies are ongoing to determine the feasibility of downregulating COX-2 in tumors.
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Figure 1. A. Structure and degradation mechanism of dextran polymer in acidic condition.  B. Changes in mRNA levels
in MDA-MB-231 cells following different siRNA treatments. (siRNA concentration: 100 nM; N/P ratio: 15).  Cells were
treated with siRNA-dextran for 8 hours, following which the medium was replaced with fresh medium for a further
incubation of 24 hours before collection.  12-O-tetradecanoylphorbol-13-acetate (TPA) treated cells were incubated
with 10 ng/ml TPA to induce COX-2 6 hours before collection, and incubated for a further 24 h.  Values represent
Mean ± SD (n = 3).  **: P < 0.01, *: P < 0.01.  mRNA levels were normalized to those obtained from PBS treated
cells).



CONTROL ID: 2500138
TITLE: Comparison of tumor targeting of [125I]-IBPA-Rituximab and [89Zr]-DFO-Rituximab for radioimmunotherapy
PRESENTER: Eun Jung Kim
ABSTRACT BODY: 
Abstract Body: OBJECTIVES 
Rituximab is an ideal agent for RIT of patients with CD20-positive non-Hodgkin's lymphoma (NHL). Bexxar® (131I-
labeled Tositumomab; GlaxoSmithKline LLC, NC, USA) and Zevalin® (90Y-labeled Ibritumomab tiuxetan; Spectrum
pharmaceuticals, CA, USA) have been approved by the FDA for the treatment of relapsed or refractory CD20-positive
B-cell NHL. We have demonstrated in our previous studies that [125I]-IBPA-Rituximab has improved in vivo stability
than [125I]-Rituximab, which is similar to Bexxar. In this study, we have compared and evaluated the tumor targeting
of [125I]-IBPA-Rituximab vs [89Zr]-DFO-Rituximab (similar to Zevalin) in SCID mice bearing Raji (CD20-expressing B-
cell lymphoma) tumor xenografts.
METHODS 
[125I]-IBPA and [89Zr]-DFO were conjugated with Rituximab. In vitro cell binding assay was performed with the Raji
cell line. Male SCID mice were subcutaneously implanted with Raji lymphoma cells on the right shoulder. Once the
tumors became palpable, in vivo studies were conducted after i.v. injection of [125I]-IBPA-Rituximab and [89Zr]-DFO-
Rituximab ( n=5 mice in each cohort). The tumors were imaged using SPECT planar imaging and PET imaging for [
125I]-IBPA-Rituximab and [89Zr]-DFO-Rituximab respectively at 24h, 48h, 120h and 216h p. i. The SPECT planar
images for [125I]-IBPA-Rituximab were quantified for 125I using calibration factor to get %ID/gm values. The mice in
both the cohorts were sacrificed at 216 hr post-injection for Biodistribution studies.
RESULTS 
In vitro cell binding percentage of [125I]-IBPA-Rituximab and [89Zr]-DFO-Rituximab were 45.20 ± 1.88 and 39.85 ±
0.94 respectively. The acquired PET and SPECT images of both the cohorts showed comparable uptake. The
biodistribution studies at 216hr showed higher tumor uptake for [125I]-IBPA-Rituximab (2.89 ± 0.61 %ID/g) than for [
89Zr]-DFO-Rituximab (2.14 ± 1.42 %ID/g). Increased bone uptake was observed following injection of [89Zr]-DFO-
Rituximab.
CONCLUSIONS 
Tumor targeting of [125I]-IBPA-Rituximab was similar to that of [89Zr]-DFO-Rituximab in SCID mice bearing Raji
tumor xenografts at 216 hr. This comparative study proves the stability of [125I]-IBPA-Rituximab in vivo. [125I]-IBPA-
Rituximab has potential of becoming a promising radioimmunoconjugate for CD20-positive NHL treatment.
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CONTROL ID: 2500559
TITLE: 99mTc-Labeled and Gadolinium-Chelated Transferrin enhances the sensitivity and specificity of Dual-Modality
SPECT/MR Imaging of Breast Cancer
PRESENTER: Bingxin Gu
ABSTRACT BODY: 
Abstract Body:  
Objective: To examine the application of 99mTc-labeled and gadolinium (Gd)-chelated transferrin as a dual-modal
SPECT/MR probe for breast tumor imaging.
Methods: Transferrin was conjugated with diethylenetriamine pentaacetic acid (DTPA), further chelated with Gd, and
consecutively radiolabeled with 99mTc. MALDI-TOF MS and relaxivity measurements were performed. In vitro
cytotoxicity testing was performed with Tf-DTPA-Gd for 48 h. In vitro saturation and competitive binding experiments
were applied in 4T1 cells. Blood clearance and biodistribution of 99mTc-Tf-DTPA-Gd in vivo was conducted in female
KM mice. T1-weighted MR and small-animal SPECT/CT imaging were acquired in a 4T1 cell xenografted breast tumor
model.
Results: The DTPA and Gd were successfully chelated to transferrin with 31 DTPA and 26 Gd per protein. The
calculated longitudinal relaxivity r1 was 4.34 mM-1S-1 per Gd, while that of Gd-DTPA was 4.19 mM-1S-1

. 
99mTc was

labeled to Tf-DTPA-Gd, yielding a labeling rate of approximately 96% and a radiochemical purity of greater than 96%.
For the binding between 99mTc-Tf-DTPA-Gd and the transferrin receptor on the surface of 4T1 cells, the equilibrium
dissociation constant (Kd) was 3120 ± 600.60 nmol/L, and the half-inhibition concentration (IC50) was 23.46 ± 1.36
nmol/L. Furthermore, Tf-DTPA-Gd improved the diagnostic efficiency of breast cancer with the relative enhanced
signal (195.25%) in T1-weighted MR imaging, compared to 131.75% for Magnevist. SPECT/CT imaging with 99mTc-
Tf-DTPA-Gd indicated that the tumor imaging was clearest at 5 h after the injection. The mean calculated half-lives of
99mTc-Tf-DTPA-Gd in blood were 6.12 and 69.32 minutes respectively. The high uptake of radioactivity in liver and
kidneys suggested that 99mTc-Tf-DTPA-Gd was predominantly metabolized and cleared by the liver and kidneys.
Conclusion:  99mTc-Tf-DTPA-Gd has higher specificity and sensitivity for detecting transferrin receptor–expressing
4T1 breast tumor cells and xenografted tumor models. The dual-modal probe can be utilized for the specific imaging
of breast tumor.
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CONTROL ID: 2500872
TITLE: Imaging sigma-1 receptor expression in cancers using I-124 labeled 1-(4-iodophenyl)-3-(2-
adamantyl)guanidine ([124I]-IPAG)
PRESENTER: Kishore Gangangari
ABSTRACT BODY: 
Abstract Body: Objectives: Sigma-1 receptor (S1R) is a 223 amino acid trans-membrane protein on the endoplasmic
reticulum and cell surface and is present throughout the central nervous system, the liver, kidney, and endocrine
glands such as ovary, adrenal, testis, and pituitary gland. S1Rs are upregulated prior to mitosis and over-expressed in
almost all human cancers, especially in breast cancers. Even though the reason for upregulation of S1R in cancers is
not clear, it is thought to upregulate anti-apoptotic pathways.1-(4-iodophenyl)-3-(2-adamantyl)guanidine (IPAG) is a
validated high affinity S1R antagonist with Kd of 9 nM and has been shown to induce apoptosis. The objective of
current study is to evaluate the potential of [124I]-IPAG to image S1R overexpressing tumors.
Methods: In vitro and in vivo studies were performed using the breast cancer cell line MCF-7. [124I]-IPAG was
synthesized from a tributyltin precursor dissolved in ethanol using chloramine-T as oxidant. Purity was analyzed using
HPLC and the crude product was used without further purification. Competitive inhibition studies were performed
using haloperidol and cold IPAG in intact cells. Tumors were established in female athymic nude mice by injecting 107

 cells subcutaneously. Mice were imaged on MicroPET at 4, 24, 48, 72 and 144 h post i.v. injection. Biodistribution
studies in these mice were performed at 4, 24, 48 and 72 h post [124I]-IPAG injection. In vivo tracer dilution studies
were performed using 100 fold excess of cold IPAG. In addition to breast cancer model, the efficacy of [124I]-IPAG to
imaging tumors was evaluated in LNCaP tumor bearing mice.
Results: [124I]-IPAG was synthesized in quantitative yield as determined using HPLC. The apparent specific activity of
the product is about 16-53 mCi/µmol. Competitive binding studies reveal that haloperidol and IPAG had IC50 of 110.8
µM and 4.71 nM respectively. PET imaging studies in MCF7 tumor bearing mice reveal that [124I]-IPAG accumulates
in tumor and is preferentially retained while clearing from non-target organs. The tumor to background increases with
time and tumors could be clearly visualized starting from 24 h post administration.
Biodistribution studies indicate the %ID/g uptake in tumors is 1.53 ± 0.27, 1.09 ± 0.24, 0.94 ± 0.23 and 0.15 ± 0.15
ID/g at 4, 24, 48 and 72 hr respectively. Similar results were obtained in mice bearing LNCaP tumors. In vivo tracer
dilution studies showed that the uptake of [124I]-IPAG could be competitively inhibited 10 fold and 3 fold by IPAG at
24 and 48 h respectively.
Conclusion: [124I]-IPAG was synthesized in good yields and specific activity. In vitro and in vivo studies demonstrate
specificity of [124I]-IPAG as a tracer for S1R which can be competitively blocked by known S1R antagonists. The
longer lived isotope allows imaging for longer times after injection (144 h, ~0.17% ID/g) that facilitates clearance of
activity from the background and thereby improves tumor delineation.
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(a) Transaxial and coronal PET image slices of a representative mouse at 4, 30, 72 and 144 h post injection drawn
through the tumor (highlighted with broken circle.) Coronal slices show mouse in dorsal view with snout towards the
top of image (b) Biodistribution  data of [124I]-IPAG in selected mouse organs at 4, 24, 48 and 72 h. 



CONTROL ID: 2501009
TITLE: Acidic pH targeted nanoparticles facilitate detection of pancreatic cancer using multispectral optoacoustic
tomography
PRESENTER: Lacey McNally
ABSTRACT BODY: 
Abstract Body: We present a precision cancer nanomedicine based on acidic pH targeted chitosan coated
mesoporous silica coated gold nanorods (CMGs) designed for multispectral optoacoustic tomography (MSOT). We
have conjugated pH-sensitive variant 7 pHLIP peptide to the CMGs (V7-CMG) to provide targeting specificity to the
acidic tumor microenvironment. Treatment with V7-CMG-ICG demonstrated 31X greater ICG signal at pH 6.5
compared to pH 7.4 (Fig 1). In vitro, V7-CMG-gemcitabine treatment demonstrated greater cytotoxicity 97% and
96.5% cell death, respectively than gemcitabine alone 60% and 76% at pH 6.5 (S2VP10 pH 6.5 p=0.009; MiaPaca2
pH 6.5 p=0.0197). In vivo, the V7-CMGs provided the ideal contrast and targeting specificity necessary for MSOT
imaging of retroperitoneal orthotopic pancreatic tumors. In the in vivo S2VP10 model, V7-CMG particle preferentially
accumulated within the tumor,17.1 MSOT au, compared with untargeted CMG control in tumor, 0.7 MSOT au (P =
0.0002) (Fig 2). Similarly, V7-CMG signal was 9.34 MSOT au in the S2013 model compared with untargeted CMG
signal at 0.15 MSOT au (P = 0.0004) (Fig 2). The pH-sensitivity of the targeting pHLIP peptide and chitosan coating
makes the particles suitable for simultaneous in vivo tumor imaging and drug delivery.
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CONTROL ID: 2501089
TITLE: Assessing the Biodistribution and Potential Systemic Toxicity of Raman Nanoparticles Post Ingestion for their
Clinical Utility
PRESENTER: Jos Campbell
ABSTRACT BODY: 
Abstract Body: Nanoparticles have great potential as diagnostic contrast agents for cancer detection. Compared to
their small molecule counterparts they can offer increased sensitivity due to their loading capacity and increased
tumor binding efficiency due to the multiple targeting ligands displayed on their surface. Ongoing attempts towards
developing new nano-based contrast agents have faced problems in gaining regulatory approval due to their potential
systemic toxicity and prolonged accumulation in vital organs. Here we assess the biodistribution of gold silica Raman
nanoparticles after oral ingestion in living mice to mimic a topical administration to the gastrointestinal tract as an
alternative to intravenous (IV) injection. Recently, Raman imaging with surface enhanced Raman scattering (SERS)
nanoparticles has gained interest in the molecular imaging community due to its ultra-high sensitivity properties and its
unique multiplexing capabilities. Several groups have demonstrated the use of SERS nanoparticles for tumor targeting
coupled with topical administration to epithelial targets to mitigate the potential systemic administration toxicity issues.
1 This approach is highly advantageous when coupled with endoscopy as it resolves the low depth of penetration
constraint often associated with optical imaging strategies and provides molecular information to clinicians during
routine endoscopic examination for dysplastic lesions. This study demonstrates the biodistribution and clearance of
orally (OR) vs. intravenously (IV) administered SERS nanoparticles over 24 hours. The SERS nanoparticles were
radiolabeled with Cu64 while achieving a 90% labeling efficiency without additional surface modification so as to
preserve the natural biodistribution behavior of the particles. Mice were given either an IV or oral dose of SERS
nanoparticles labeled with approximately 100µCi (3.7 MBq) of Cu64. Dynamic microPET imaging commenced
immediately post nanoparticle administration and static images were acquired at 2h, 5h, and 24h. Mice were sacrificed
post imaging and gamma counting of various organs was used to determine the nanoparticle localization at these time
points. Raman imaging of the excised tissues was used to validate the presence of nanoparticles in primary organs of
interest. The correlation between the microPET, gamma counting, and Raman imaging revealed a significant
difference among the systemic organs (ie. blood, liver, spleen) of the IV vs. OR administered nanoparticles (p<0.03).
These results demonstrate the significantly reduced systemic distribution of SERS nanoparticles when orally
administered, in addition to their eventual clearance after passing through the length of the gastrointestinal (GI)
system. Our data reveals that an oral delivery of SERS nanoparticles results in significantly less systemic toxicity and
faster clearance than an IV injection. This alternative administration approach holds great promise for utilizing
nanoparticles as tumor targeting agents within the GI tract.
1. Mallia, R.J., et al. Wide-field multiplexed imaging of EGFR-targeted cancers using topical application of NIR SERS
nanoprobes. Nanomedicine 10, 89-101 (2015).
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CONTROL ID: 2501146
TITLE: Cancer cell membrane coated biomimetic nanoparticles: synthesis, characterization, and functionality
PRESENTER: Jiefu Jin
ABSTRACT BODY: 
Abstract Body: Introduction: Biomimetic nanoparticles (NPs) combining synthetic and biological materials have
flexibility and functionality.1 Red blood cell (RBC) membranes coated poly(lactic-co-glycolic acid) (PLGA) NPs that
mimic RBCs and act as nanosponges for toxins was recently demonstrated.2-3 Here, we coated cancer cell
membranes onto PLGA NPs in a “right-side” out manner, to translocate membrane anchored proteins onto NPs.
Cancer cell membrane coated PLGA NPs hold promise for disrupting cancer cell-stromal cell interactions, and for
priming the immune system in cancer immunotherapy.
 
Method: Plasma membrane fractions (MFs) of U87MG (low CXCR4) and U87MG-CXCR4 (high CXCR4) cells were
isolated upon sequential hypotonic lysing, homogenization, and sucrose density gradient centrifugation. MFs and
PLGA NPs were mixed and physically extruded several times through a 200-nm polycarbonate porous membrane to
obtain MF-coated PLGA NPs. MFs from cell lines were probed with antibodies against plasma membrane marker (Na
+/K+-ATPase), endoplasmic reticulum marker (GRP78), cytosol marker (GAPDH), and CXCR4. MFs-coated NPs,
MFs and PLGA NPs were characterized by transmission electron microscopy (TEM) and dynamic laser scattering
(DLS) to characterize size, morphology, and zeta-potential, respectively. The orientation of MFs and MF-coated NPs
was investigated by confocal microscopy and flow cytometry after staining with PE-conjugated anti-human CXCR4
antibody that recognizes the extracellular domain of CXCR4. Transwell migration assays were performed to
characterize the abilities of MFs and MF-coated NPs to disrupt tumor stromal interactions. U87-CXCR4 MFs vesicle
uptake in lymph nodes were visualized in athymic nude mice before and after subcutaneous injection of IR700-
conjugated MFs, by near-infrared (NIR) fluorescence imaging.
 
Results: Western blots (Fig.1a) confirmed plasma membrane purity from the significant enrichment of Na+/K+-
ATPase, negligible amount of GPR78 or GAPDH. PLGA NPs, U87-CXCR4 MFs and U87-CXCR4 MFs-coated NPs
characterized with TEM (Fig.1b), had average diameters of 50 nm, 200 nm, and 70 nm, respectively. Z-average
diameters and zeta-potential (Figure 1c,d) of PLGA NPs, U87-CXCR4 MFs, and U87-CXCR4 MFs-coated NPs were
79.8 nm, 336 nm and 168 nm, and -34.3 mV, -24.9 mV and -25.0 mV, respectively. Confocal fluorescence microscopy
and flow cytometry (Fig.S1, S2) detected intense PE fluorescence and higher CXCR4 in U87-CXCR4 MFs and U87-
CXCR4 MFs-coated NPs than U87 counterparts, confirming a “right-side” out orientation. When U87 or U87-CXCR4
MFs were added to HMFs in the transwell assay (Fig.S3a), fewer cancer cells migrated towards HMFs, identifying a
potential of MFs in disrupting HMF-cancer cell interactions. Uptake of U87-CXCR4 MFs in the sciatic lymph node was
observed within 24 h of footpad injection (Fig.S3b), identifying a role for NPs in providing cancer cell membranes to
antigen presenting cells to induce a tumor-specific immune response.
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Figure 1. Characterization of PLGA NPs, U87-CXCR4 MFs, and U87-CXCR4 MFs-coated PLGA NPs. (a) Western
blotting analysis for membrane-specific and intracellular markers. Notations: Lys (cell lysate), PNS (post nuclear
supernatant), Cyto (cytosolic fraction), and MF (membrane fraction). (b) TEM images of PLGA NPs (left), U87-CXCR4
MFs (middle), and U87-CXCR4 MFs-coated PLGA NPs (right) with insets showing high magnification images. Number
distribution curves (c) and zeta-potential values (d) of PLGA NPs, and U87-CXCR4 MFs, and U87-CXCR4 MFs-
coated PLGA NPs measured by DLS.



CONTROL ID: 2501178
TITLE: Radiolabeling of CD8 Antigen, A Systematic Comparison of SPECT vs. PET
PRESENTER: Michael Nickels
ABSTRACT BODY: 
Abstract Body: CD8 is a cell-surface differentiation antigen of cytotoxic T lymphocytes (cytotoxic T-cells) and, as such,
is an important biochemical marker of both the presence of and activity of T-cells. (Immunogenetics. 1989, 30, 393-
397) CD8+ T cells are an important biomarker for response to novel immunotherapeutics (Nature 2014, 515, 568-71),
which are currently being studied in breast cancer. In an effort to understand T-cell infiltration into breast tumors, we
have utilized CD8-targeted vital imaging to observe the effect of immunotherapy and combinations of immunotherapy
with molecularly-targeted small molecule inhibitors. With the slow pharmacodynamics of CD8a monoclonal antibody
(mAB), the long lived isotopes of iodine (I-123 & I-124), were incorporated into the macrostructure of the antibody and
used to accomplish these goals.
Radiosynthetic iodination approaches have varied over the years and are tailored to the specific restrictions and
requirements of the desired drug products. The most classical type of consideration is the “direct” versus “indirect”
labeling approach. (Chemical and Structural Approaches to Rational Drug Design, 1994, 128-129) The direct being
the approach of choice for compounds or biologics that do not suffer from environmental or chemical sensitivities. For
this project, the anti-CD8a mAB is a stable compound at room temperature and when exposed to mild heating, so this
is the preferred labeling approach.
We report the labeling and imaging, with analysis, of anti-CD8a monoclonal antibody with both I-123 and I-124 in
mouse mammary tumor virus (MMTV)/neu transgenic mouse models. Our results show that the use of Iodogen coated
reaction tubes enable the efficient incorporation of either I-123 or I-124 in one to two hours with greater than 60%
radiochemical yield and Iodine concentrations ranging from 13 mCi/mg to 27 mCi/mg with radiochemical purities
greater than 95%. Purification of of the iodinated CD8a was accomplished by size-exclusion spin columns with total
production times ranging from 2 to 3 hours. The purified drug was then injected into the mouse model and image
acquisition was done at various time points including 2, 24 and 48 hours. As expected, results for both the SPECT (I-
123 anti-CD8a)(Figure 1) and PET (I-124 anti-CD8a)(Figure 2) showed accumulation in the CD8a positive tumors and
no accumulation in the CD8a depleted tumor groups.
These preclinical studies illuminate iodinated anti-CD8a mAB as a promising PET or SPECT imaging agent in tumor-
bearing mouse models. Importantly, high uptake in the tumor of control mice as opposed to that of CD8a depleted
mice was observed. Continuing optimization of the iodinated species and exploration of a zirconium-89 DFO labeled
anti-CD8a mAB are currently underway.
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CONTROL ID: 2501210
TITLE: All-in-One Nanoparticle for PET/MR/PA Triple Modality Imaging 
PRESENTER: Jamal Zweit
ABSTRACT BODY: 
Abstract Body: Herein, we demonstrate a proof of concept for an “all-in-one” triple modality imaging and contrast
agent, based on Copper-Manganese-Sulfide (Cu-Mn-S) nanoparticle (NP). This flexible platform can be used as a
single, dual, or a tri-modality agent by changing the composition of the NP core/shell. Photoacoustic (PA) signal is
derived from CuS and is retained in CuMnS, while Mn is the source of the MR signal. The PET signal can be obtained
from doping with either Cu-64, Mn-52 or even other PET isotopes such as Zr-89. Here we present a facile synthetic
strategy to fabricate Mn doped CuS NPs, which shows both high T1 and T2 MR contrast and intense PA response.
Surface modification of NPs can be easily tuned during the synthesis, to affect physiochemical properties and impact
on size, bio-distribution kinetics and ultimately potential toxicity.
CuMnS NPs were synthesized by reacting CuCl2, MnCl2 4H2O and Na2S in aqueous solution under existence of
organic/polymeric ligands. The two-step reaction includes reacting Na2S with CuCl2/MnCl2 in ligands solution at room
temperature, to form CuMnS core and then by heating to 90 C for further NP growth. The incorporation of Mn did not
affect the optical absorption of CuS. However, the relaxivity of Mn doped CuS showed two fold higher on both r1 (6 S-
1mM-1) and r2 (150 S-1mM-1) than MnCl2 in water. A possible reason for this is that the electron spin of Mn coupled
with Cu could boost the dipole-dipole relaxation together with a substantial decrease of the overall molecular rotational
motion. The hydrogen bond between water molecule and the carboxylic acid on the Poly(acrylic acid), the surface
coating polymer of the nanoparticles, may also contribute to the higher relaxivity. Very high molar absorption
coefficient of CuMnS NP was achieved (~2×107 cm-1M-1) at NIR range (930 nm-1100nm), which makes these NPs
excellent contrast agent for PA imaging. Poly(acrylic acid) (PAA) coated CuMnS NPs showed ultra-small
hydrodynamic size (2-5 nm). As a proof of concept, PET, MR and PA imaging were performed using Zr-89
radiolabeled PAA coated CuMnS NPs. Zr-89 doped CuMnS NPs, coated with PAA, have short blood circulation and
rapid renal clearance in mice. Multi-modal image- guided in vivo bio-distribution of NPs correlate to the ex vivo
analysis from both gamma counting and inductive coupled plasma (ICP-OES).
 
We envision that this novel tri-modal agent has promising potential for high sensitivity and quantitative imaging using
clinically applicable modalities. Compared to Gd- and Fe-based MR agents, this NP provides both T1 and T2 high
contrast, and enhanced sensitivity. It can also incorporate PET isotopes for quantitative dynamic imaging. The high
optical absorption and photo-thermal conversion efficiency makes this NPs an attractive theranostic agent. Future
work will incorporate Mn-52.
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CONTROL ID: 2501249
TITLE: Enhanced blood circulation time of fast clearing peptide via Tetrazine s-TCO ligation
PRESENTER: Mengzhe Wang
ABSTRACT BODY: 
Abstract Body: Objectives: During the last decade, the design and development of peptide based agents for PET
imaging is booming in the field. Although a few successes have been achieved, most of them are hindered by the
short half-life in vivo. In this study, we designed conformationally strained trans-cyclooctene-tetrazine-PEG (sTCO-Tz-
PEG) system to enhance probe’s circulation half-life in vivo.
Methods: A tosylated sTCO precursor was used to synthesize 18F-labeled sTCO. Tetrazine ligation was carried out
with a cyclic RGD-tetrazine, NT-tetrazine or Ex4-tetrazine analogue. The resulting imaging probe was subjected to
micro PET studies in human U87MG, AsPC1 and INS-1 tumor bearing mice.
Results: 18F-sTCO can be radiolabeled with an isolation yield of 29.3+/- 5.1%. The tetrazine-sTCO ligation was done
in extreme fast rate with high yield and purity. The 18F-sTCO-Tz-PEG-RGD probe had a tumor uptake of 5.3+/-
0.2%ID/g at 1 h p.i. and continuously increased to 8.9+/- 0.5%ID/g at 4h p.i. The probes were obviously maintained in
the blood circulation system for up to 2 hours. The tumor uptake of 18F-sTCO-Tz-PEG-NT agents was 4.3+/-
0.1%ID/g at 1 h p.i. and also maintained at 4.4+/- 0.2% ID/g even at 6.5 h p.i. (compared with ~0.63%ID/g tumor
uptake at 2h p.i. for our previously reported 18F-NT analog). The tumor uptake of 18F-sTCO-Tz-PEG-Ex4 probe
increased from 9.7+/- 3.5%ID/g at 1 h p.i. to 13.8+/- 5.8%ID/g at 5.5h p.i.
Conclusions: A sTCO-Tz-PEG system was developed which significantly enhanced in vivo blood circulation. The new
platform can be potentially used to convert fast clearing peptides into PET probes with relatively long circulation time
in vivo, which may improve the absolute tumor uptake
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CONTROL ID: 2501290
TITLE: Biodistribution and pharmacokinetics of core-labeled 125I-polymeric nanocarriers prepared by Flash
NanoPrecipitation (FNP)
PRESENTER: Robert Prud'homme
ABSTRACT BODY: 
Abstract Body: Non-invasive medical imaging techniques such as positron emission tomography (PET) imaging are
powerful platforms to track the fate of radiolabeled materials for diagnostic or drug delivery applications. Polymer-
based nanocarriers tagged with non-standard PET radionuclides with relatively long half-lives (e.g. 64Cu: t1/2 = 12.7
h, 76Br: t1/2 = 16.2 h, 89Zr: t1/2 = 3.3 d, 124I: t1/2 = 4.2 d) may greatly expand applications of nanomedicines in
molecular imaging and therapy. However, radiolabeling strategies that ensure stable in vivo association of the
radiolabel with the nanocarrier remain a significant challenge. In this study, we covalently attach radioiodine to the
core of pre-fabricated nanocarriers. First, we encapsulated polyvinyl phenol within a poly(ethylene glycol) coating
using Flash NanoPrecipitation (FNP) to produce stable 75 nm and 120 nm nancarriers. Following FNP, we
radiolabeled the encapsulated polyvinyl phenol with 125I via electrophilic aromatic substitution in high radiochemical
yields (> 90%). Biodistribution studies reveal low radioactivity in the thyroid, indicating minimal leaching of the
radiolabel in vivo. Further, PEGylated [125I]PVPh nanocarriers exhibited relatively long circulation half-lives (t1/2 α=
2.9 h, t1/2 β = 34.9 h) and gradual reticuloendothelial clearance, with 31% of injected dose in blood retained at 24 h
post-injection.
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CONTROL ID: 2501323
TITLE: On-chip Microscale Radiolabeling Reduces Precursor Consumption in the Production of Biomolecule-based
PET Tracers
PRESENTER: Noel Ha
ABSTRACT BODY: 
Abstract Body: Radiolabeled peptides and antibody fragments provide a means to image disease-specific targets with
extremely high specificity. The radioisotope fluorine-18 can be incorporated into an 18F-labeled prosthetic group
which is then conjugated to the biomolecule under mild conditions. However, these mild conditions often lead to slow
rates of conjugation reaction, unless a large excess of the biomolecule is used. Typically, 100-500 μg of peptide or
protein is used in conventional “macroscale” approaches [1]. To reduce the high cost of labeling, efficient techniques
with lower precursor consumption are necessary. Previously, using a droplet-based microfluidic chip (Figure 1A), it
has been shown that reagent consumption for small-molecule tracers can be reduced 2-3 orders of magnitude
compared to conventional approaches [2]. Here, the feasibility of using this microfluidic chip approach to reduce
biomolecule consumption in radiolabeling of biomolecules is investigated. As an example, a thiol-containing RGD
peptide was labeled with fluorine-18 in a site-specific manner via the maleimide-based prosthetic group, N-2-(4-[18

F]fluorobenzamido)ethylmaleimide ([18F]FBEM) (Figure 2).
 
Method: To fabricate the Teflon-coated glass chip, a glass slide was treated with fluorosilane and then spin-coated
with a 1% solution of Teflon AF 2400 to create a 1nm thick hydrophobic surface. [18F]FBEM was synthesized on an
automated radiochemistry synthesizer with a high radiochemical yield (36.8 ±7 %, decay-corrected) in 100min. To
perform the microscale labeling (Figure 1B), a droplet of [18F]FBEM was concentrated on a small part of the reaction
site of the chip, then 20 μL peptide solution was added for the room temperature conjugation. The effect of peptide
concentration was explored by using peptide solution droplets containing different amounts of peptide (0.2 to 100 μg).
The crude reaction product was then collected for analysis via HPLC (Figure 3). The radiochemical conversion was
estimated based on the area under curve (AUC) of radio HPLC peak of the conjugate, [18F]FBEM-c(RGDfC). The
crude radiolabeling yield (an estimate of isolated yield) was calculated by multiplying radiochemical conversion (%) by
the sample collection efficiency.
 
Results: On-chip [18F]FBEM conjugation of c(RGDfC) (Figure 4) resulted in high labeling efficiency (84.1, 83.9, 70.3%
for 100, 20 and 6.7μg, respectively). Even using as little as 2 μg peptide exhibited practical conjugation efficiency
(26.6%). The collection efficiency of sample from the chip was over 90%.
 
Conclusion: Microscale radiolabeling of peptides using low amount of peptide is feasible using droplet microfluidics.
Peptide consumption is reduced 50-100x compared to conventional methods. Although the current study used ~1mCi
of [18F]FBEM per experiment, the activity could be scaled up by repeated [18F]FBEM loading, or by pre-concentrating
[18F]FBEM using a method like microfluidic membrane distillation [3]. This small volume reaction approach could
potentially be applied to the development of antibody-based imaging probes with dramatically reduced precursor
consumption and could possibly increase the effective specific activity.
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CONTROL ID: 2489774
TITLE: Investigation of mTOR inhibitor analogues for evaluation of HER2 targeted therapy using PET
PRESENTER: Christian Wichmann
ABSTRACT BODY: 
Abstract Body: Targeting the tyrosine kinases, EGFR and HER2, hasve positive targeted therapy (HER2+ TT)
havedramatically improved patient outcomes in several tumor types such as in breast and colorectal cancer[1].
However, Inevitably however, treatment loses its efficiency over time due to increasing tumour growing resistance to
therapy[2]. The PI3K/AKT/mTOR pathway is commonly deregulated in a variety of human cancers[3] and appears to
be involved in the development of HER2+ TT therapeutic resistance[4].
 
Molecular imaging of the mTOR pathway has the potential to guide and provide feedback onto monitor the
development of resistant cellular populations. An increased ability to detect resistant tumour subpopulations via a non-
invasive technique provides an excellent opportunity to guide alternative personalized therapeutictherapy options to
improve patient outcomes. Previously published work by Slobbe et al. successfully utilized radiolabeled small
molecule tyrosine kinase inhibitors as PET imaging agents[5].
 
The aim of this project is to develop radiolabeled derivatives of small molecule mTOR inhibitors and evaluate their
potential as PET probes. To this purpose, two different classes of inhibitors have been selected.
 
Benzofuran based ChemBridge 5219657 (1) has been identified in a high throughput screening by Kau et al. and
developed into a potent inhibitor by Salome et al. [6-8]. This class of compounds targets mTOR complex 1 (mTORC1)
and inhibits its kinase activity.
 
Developed by Celgene, iImidazo[4,5-b]pyrazin-2-ones (2), are an effort of Celgene tois develop a small molecule
mTOR inhibitors targeting both the mTOR C1 & 2 complex[9-10]. Refined derivatives of the lead compound have
shown excellent potency and selectivity over closely related kinases such as PI3Kα.
 
To date, reference compounds for both lead structures have been synthesized and characterized (MRC-1-1, MRC-2-1
). Radiolabeling of type 1 compounds has been achieved via click derivatiszation using [18F]fluoroethylazide ([18

F]MPC-1-1) and labeling of class 2 molecules at different sites (MPC-2: R1 / R2) is currently underway.
 
Fluorine-19 variants of the radiotracers have been synthesized and are currently being evaluated in-vitro using breast
and colorectal cancer cell lines with regards to their potency and ability to penetrate the cell membrane. Suitable
candidates will be explored in-vivo in murine xenografts using µPET/CT.
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CONTROL ID: 2491751
TITLE: A New Model of Ge-68/Ga-68 Generator
PRESENTER: Ming-Hsin Li
ABSTRACT BODY: 
Abstract Body: Introduction
A Gallium-68(Ga-68) radioisotope generator includes a generating column and a citrate eluent. The generating
column is at least partially filled with ion-exchange resin with glucamine groups to absorb Ge-68 and Ga-68
radioisotopes. The citrate eluent is conducted to the generating column to desorb the Ga-68 radioisotope and thereby
generate an eluent containing the Ga-68 radioisotope in the form of citrate gallium. A Ga-68 radioisotope generating
method is also disclosed.
Methods
To achieve the above objective, a Ga-68 radioisotope generator in accordance with the present invention includes a
generating column and a citrate eluent. The generating column is at least partially filled with an ion-exchange resin
with glucamine groups to absorb Ge-68 radioisotope and Ga-68 radioisotope. The citrate eluent is added into the
generating column to desorb the Ga-68 radioisotope and form an eluent containing the Ga-68 radioisotope in the form
of Ga-68 citrate.
Results
As shown in FIG.1, when the amount of the added citrate eluent is sufficient, such as 10 ml, the 0.1 or 0.2M citrate
eluent (illustrated as the curves labeled with rhombuses and triangles respectively) or the 0.1 or 0.2M citrate eluent at
specific pH value (pH 9, illustrated as the curves labeled with squares and crosses respectively) can perform a high
level of the Ga-68 elutriation rate (at least close to 50%). It proves that the citrate eluent indeed desorbs the Ga-68
radioisotope from the resin filled in the generating column . More importantly, in the elutriation process, the elutriation
rate of the Ge-68 radioisotope, which indicates that the ratio of the Ge-68 radioisotope desorbed with the Ga-68
radioisotope to the Ge-68 radioisotope reminded, is considerably low. It proves that the purity of the Ga-68
radioisotope contained in the solution is considerably high. Taking the 0.2M citrate eluent 10 ml as an example, its
elutriation rate is 4.5×10-3%. Oppositely, the elutriation rate of the Ga-68 radioisotope is up to 75.5%.
Conclusions
In summary, a Ga-68 radioisotope generator and a method applied in the same in accordance with the present
invention are characterized by the use of an organic resin (i.e. ion-exchange resin with glucamine groups) and its
selective absorption for Ga-68 in comparison with Ge-68 to generate Ga-68 nuclide. In combination with a citrate
eluent, it can prevent the formation of metal ion liquid waste in the reaction so as to reduce potential environmental
pollution threats effectively. In addition, the Ga-68 radioisotope in the form of Ga-68 citrate can be transformed into
that in the form of Ga-68 hydrochloride, which is more generally used, by combining the generator with a transforming
column. It prevents further complication to users from the non-regular product. The apparatus in accordance with the
present invention is simple designed, easily operated and suitable for various hospitals and research institutes to
provide the public better clinic diagnosis in the field of nuclear medicine and increase social welfare.
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CONTROL ID: 2491890
TITLE: Simplified synthesis of [18F]tetrafluoroborate for NIS reporter imaging by PET.
PRESENTER: Dmitry Soloviev
ABSTRACT BODY: 
Abstract Body: Objectives: 
Preclinical imaging of Sodium Iodide Symporter (NIS) reporter gene using [18F]tetrafluoroborate (TFB) (1) produced
by a fast and simple radiolabeling procedure.
Methods: 
Radiolabeling: 2 ml of fluoride target water rinse containing approximately 1 GBq of [18F]fluoride was passed through
a weak anion exchange SEP-Pak WAX cartridge (Waters). After drying the cartridge with 5 ml air, activity was eluted
with 500 μl of ethanol into an Eppendorf tube. After evaporation to dryness 10 μl of boron trifluoride dihydrate (Sigma-
Aldrich) was added and approximately 30 seconds later the reaction mixture was neutralised with 175 μl of 1M sodium
hydroxide, diluted with 300 μl of isotonic PBSx1 buffer, and passed through an Alumina N SEP-Pak MAX cartridge
(Waters).
Imaging: C57BL6 mice were implanted on contralateral flanks with Lewis lung carcinoma (LL2) cells co-expressing,
via an E2A sequence, NIS and a red fluorescent protein (mStrawberry) and control LL2 cells co-expressing luciferase
and mStrawberry. When the tumours had grown to 1 cm diameter (in approximately 2 weeks) mice were injected
intravenously with 200 μl of PBSx1 containing 5-10 MBq of [18F]TFB. Dynamic images were acquired in list mode
format over 120 minutes on a NanoScan PET/CT (Mediso, Hungary). Images were reconstructed with a TeraTomo 3D
algorithm with random, decay, attenuation and scatter corrections.
Displacement study: after 30 min of PET acquisition 200 μl of sodium perchlorate (100 mg/ml) were injected while the
animals were still inside the scanner, and image acquisition was continued without interruption.
Results: 
Radiolabeling of [18F]TFB has been reported previously using an isotope exchange reaction (2). We have developed
a simple and fast radiolabeling procedure based on direct addition of [18F]fluoride to boron trifluoride dihydrate. The
reaction proceeds instantly in the absence of water at room temperature.
[18F]NaF + BF3*2H2O = [18F]NaBF4 + 2H2O
Alcohols (methanol and ethanol) can be used as solvents. Purification of the product is achieved by solvent
evaporation followed by neutralisation with sodium hydroxide and [18F]fluoride removal using an alumina solid phase
extraction cartridge.
The overall radiochemical yield (not corrected for decay) after product purification and formulation was in excess of
20% with radiochemical purity over 99%.
PET images showed high contrast in NIS positive tumours, whereas NIS negative tumours were indistinguishable
from background (Figure 1). Time-activity curves acquired over 2 hours showed continuous accumulation of the
tracer. [18F]TFB uptake was displaced by sodium perchlorate.
Conclusions: 
[18F]TFB for preclinical studies was produced with a simplified method providing pure product with reasonable yield in
less than 15 minutes, which was suitable for NIS reporter gene imaging in PET oncological studies.
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Figure 1. PET/CT showing [18F]TFB uptake in a NIS-expressing compared to a non-NIS expressing control tumour.
Physiological uptake of [18F]TFB was observed in the stomach and bladder.



CONTROL ID: 2492313
TITLE: Development of NIR-AZA Fluorochromes and Their Applications in Bio-conjugation
PRESENTER: Dan Wu
ABSTRACT BODY: 
Abstract Body: The ability to visualize in vitro and in vivo using molecular near infrared (NIR) fluorescence is a rapidly
evolving field. The BF2-chelated tetraarylazadipyrromethenes 1 are a class of NIR fluorescent compounds which have
strong absorption and emissions in NIR region (650 – 900 nm) that most readily pass through biological tissues. A NIR
fluorophore alone is often insufficient for imaging applications, with a bio-conjugatable fluorochrome required such that
selective imaging either at a subcellular or whole organism level can be achieved.[1]
The goal of our work was the synthesis, bio-conjugation and preliminary in vitro and in vivo assessment of different
functional group substituted NIR-AZA fluorochrome using bioorthogonal chemistry which could occur inside of living
systems without interfering with native biochemical processes.[2-4] The designed fluorochrome 1 required the
sequential functionalization of the fluorophore with both an aqueous solubilizing alkyl-sulfonate group (blue box) and
bioconjugation group (red box) as shown in Fig. 1. An example of confocal imaging of cell penetrating peptide
conjugate by thiol coupling showed an efficient cell delivery (inset).
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CONTROL ID: 2494478
TITLE: Multifunctional Organically Modified Silica Nanoparticles for Image Guided Chemotherapy with On-demand
Drug Release and Deep Tumor Drug Delivery Properties.
PRESENTER: Abhignyan Nagesetti
ABSTRACT BODY: 
Abstract Body: The combination of Doxorubicin (DOX) chemotherapy and adjuvant hyperthermia (43°C) using near
infrared (NIR) dyes is advantageous for simultaneous imaging and therapy of tumor tissues (theranostic).NIR
wavelengths are appropriate for in-vivo imaging and activate some dyes allowing for at-least an additive effect on cell
killing by combining DOX and photothermal therapy (hyperthermia). These agents can be encapsulated into
nanoparticles for efficient delivery to the tumor site.Encapsulation in nanoparticles also mitigates systemic toxicity and
the rapid plasma clearance associated with the delivery of DOX in its free form.However, owing to their size,
nanoparticles are unable to penetrate effectively into solid avascular tumors.This results in inhomogeneous drug
distribution in the tumor and a loss of treatment efficacy. Strategies for enhancing nanoparticle penetration through
solid tumors and rigorous experimental models for nanoparticle testing are needed to design efficient in-vivo
theranostic applications.We hypothesized that NIR hyperthermia using IR820 can achieve deeper DOX penetration in
solid tumor models compared to delivery at 37°C.To test our hypothesis, we created a novel theranostic silica
nanoparticle system capable of enhanced DOX release on exposure to NIR laser. Nanoparticle cytotoxicity was
studied in ovarian cancer cells, Skov-3, and their distribution was studied in Skov-3 spheroids. Spheroids mimic the
histological, morphological and functional aspects of avascular solid tumors and are therefore suitable for studying
nanoparticle distribution. Organically modified silica nanoparticles (ormosil’s) were synthesized using a ternary
microemulsion system and loaded with DOX and IR820. Ormosil surfaces were modified with Poly-Ethylene Glycol.
Pegylated Ormosils had a mean diameter of 60.4±4.2 nm and a surface zeta potential of -9.04 mV. The size and zeta-
potential are optimal for cell uptake and tumor transport. Cell cytotoxicity studies showed that pegylated ormosils (with
DOX) were not toxic to Skov-3 cells up to 400 μg/ml, however on laser exposure (808 nm,1W) the toxicity of drug
loaded ormosils was greatly enhanced. In-vitro release kinetics performed in phosphate buffered saline and
fluorescence microscopy in Skov-3 cells were able to show enhanced release of DOX on exposure to NIR laser. Skov-
3 spheroids were generated using the liquid overlay method. Confocal microscopy of DOX distribution in spheroids
showed that at 37°C all DOX was concentrated at the periphery, whereas, under adjuvant hyperthermia with laser
exposure, DOX fluorescence was found in deeper spheroid regions. To further predict nanoparticle penetration in
tumor spheroids and tailor the nanoparticle properties to a particular cancer type,a novel Markov chain Monte-Carlo
algorithm was developed to predict cell uptake model parameter values under different conditions. Additionally, bio-
distribution studies in mice were performed to assess nanoparticle pharmacokinetics. In our opinion, the combination
of mathematical modeling and spheroid studies will lead to the optimal design for the formulation of nanoparticles for
in-vivo theranostic applications.
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CONTROL ID: 2498746
TITLE: Optimization of Probe Conjugation Method for Antibody-based PET Imagin
PRESENTER: Dan Li
ABSTRACT BODY: 
Abstract Body: Purpose: The purpose of this study was to identify the optimal probe conjugation method for antibody-
based PET imaging.
Procedures: Humanized anti-EphB4 antibody h47 was conjugated with 64Cu-chelator 1,4,7,10-tetraazadodecane-
N,N',N'', N'''-tetraacetic acid (DOTA) through 3 different methods using the amino groups on the lysine side chain, the
sulfhydryl group on cysteine after partial reduction of disulfide bonds, and the aldehyde groups after oxidation of
oligosaccharide. DOTA-human IgG (hIgG) was also prepared as a control. The resulting PET probes were further
evaluated in HT29 colorectal cancer xenografts (EphB4 positive). The optimal conjugation method of antibody-based
PET probes was further evaluated in the studies of Axl targeted imaging of A549 lung cancer xenografts and GRP78
targeted imaging of BXPC3 pancreatic cancer xenografts .
Results: The three conjugation methods resulted in DOTA-Lys-h47, DOTA-Cys-h47 and DOTA-Sug-h47, respectively.
All 3 conjugation methods retained most of the EphB4 binding activity of the antibodies. SDS-PAGE showed that
amino modification and oligosaccharide oxidation have a minimal effect on the integrity of the antibody, whereas
cysteine modification has broken the antibody into small parts because of reduction reaction. A high radiolabeling yield
was obtained for antibodies modified through all 3 conjugation methods. The 64Cu-labeled probes were further
evaluated through in vivo PET imaging in HT29 cancer xenografts. Although DOTA-Sug-h47 demonstrated the
highest EphB4 binding activity, 64Cu-DOTA-Sug-h47 was trapped in the liver quickly in vivo and showed low tumor
accumulation (9.54 ± 0.59 %ID/g, 48 h). Both 64Cu-DOTA-Lys-h47 and 64Cu-DOTA-Cys-h47 demonstrated
prominent tumor accumulation. The tumor accumulation of 64Cu-DOTA-Lys-h47 (18.13 ± 1.73 %ID/g, 48 h) was
significantly higher (P < 0.05) than that of 64Cu-DOTA-Cys-h47 (11.81 ± 2.05 %ID/g, 48 h). In contrast, 64Cu-DOTA-
Lys-hIgG had a low tumor accumulation at all time points examined. In the studies of Axl targeted imaging of A549
lung cancer xenografts and GRP78 targeted imaging of BXPC3 pancreatic cancer xenografts, antibody-based PET
probes conjugated through amino groups also demonstrated specific and prominent tumor accumulation.
Conclusions: Among the 3 methods (amino groups, sulfhydryl groups or aldehyde groups) to conjugate antibodies
with DOTA, conjugation method through amino groups had a simple procedure, kept the integrity of antibodies and
showed optimal imaging efficacy.
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CONTROL ID: 2492488
TITLE: Magnetic nanovector enabling miRNA-34a delivery with MR imaging for CD44 supression
PRESENTER: Hwunjae Lee
ABSTRACT BODY: 
Abstract Body: We report the development of a microRNA (miRNA)-based theragnostic system that can facilitate
simple therapeutic miRNA-34a delivery and visualization by highresolution magnetic resonance (MR) imaging.
Magnetic nanovectors were formed by directly attaching miRNA-34a to the surface of magnetic nanoparticles (MNPs),
modified nitrosonium tetrafluoroborate (NOBF4) and subsequently introduced polyethylene glycol (PEG) molecules for
high stability in an aqueous phase. The miRNA-34a-conjugated magnetic nanovectors showed therapeutic effects,
inhibiting cellular migration and invasion through CD44 gene suppression; they also exhibited a strong MR signal.
These results demonstrate that magnetic nanovectors have potential as theragnostic nanosystems for miRNA-based
cancer therapy.
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CONTROL ID: 2492494
TITLE: Simple and High Efficient Automatic Synthesis of N-succinimidyl 4-[18F]-fluorobenzoate ([18F]SFB) using All-
in-One chemistry module
PRESENTER: EunHye CHO
ABSTRACT BODY: 
Abstract Body:  
Purpose: N-Succinimidyl4-[18F]fluorobenzoate ([18F]SFB) is widely applied prosthetic group for [18F]fluoride labeling
of peptide. But synthesis procedure in the previous reports showed cumbersome and low radiochemical yields
results.The automatic synthesis procedurewas also reported and they used FXFN as chemistry module with
microwave reactor to increase the labeling efficiently [1].We optimized the [18F]fluorination step to increase the
radiochemical yield and applied SPE purification step to reduce the synthesis failure. In this study, we reported the 1st

results of fully automated preparation procedures of this moiety with disposable cassette type of chemistry module.
 
Method: We prepared homemade [18F]SFB synthesis disposable cassette using TRASIS®consumable part such as
manifold, spike and tubing etc such as figure 1. 5 reagent vials (elution buffer, precursor, MeCN, base, TSTU)are used
for the synthesis. 2 reservoirs contained DW (distilled water) and 10% MeCN (washing sol.) are applied for SPE (solid
phase extraction) purification. 4-(Ethoxycarbonyl)-N,N,N-
trimethylbenzenaminiumtriflateandtetrapropylammoniumhydroxide(TPAH)were used for the [18F]fluorination and
saponification, respectively. After saponification, the crude mixture was diluted with DW in the 1streservoir and passed
through the C18 cartridge. Trapped reaction intermediate in C18 cartridge was eluted with MeCNinto the 2nd reactor
and O-(N-succinimidyl)-1,1,3,3-tetramethyluroniumtetrafluoroborate (TSTU) was added to provide [18F]SFB. Crude
mixture was also diluted with DW in 2ndreservoir. and trapped in 2nd C18 cartridge.After washing with 10% MeCN, [
18F]SFB was eluted with MeCN. Before using the [18F]SFB, MeCN was completely evaporated and dried [18F]SFB
was dissolved in pH controlled PBS buffer. Before and after drying step, the radiochemical and chemical purity were
evaluated with HPLC, respectively.
Results: Non decay corrected radiochemical yield of [18F]SFBwas19.12.±2.2% (n=5) and total synthesis time was 65
min. During the 1st SPE purification, unreacted [18F]fluoride and TPAH were removed and large amount of organic
impurities were mostly removed in the 2nd SPE purification. After purification, radiochemical purity of EOS and after
drying were > 95% and >90%, respectively.
 
Conclusion: We developed simple and convenient method of automatic preparation of [18F]SFB using cassette type
chemistry module.
 
Reference: 1) Scott P.J.H. and X. Shao, J. Label Compd. Radiopharm 2010, 53: 586-591
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CONTROL ID: 2492522
TITLE: Peptide Coated Biocompatible and Highly Stable Superparamagnetic Iron Oxide Nanoparticles and Anti-HER2
Antibodies for Targeted In Vivo Therapy and Diagnostic of Breast Cancer
PRESENTER: David Paramelle
ABSTRACT BODY: 
Abstract Body: Breast cancer is the most common form of cancer in women.[1,2] Although, mammography for cancer
screening is a routine procedure, its sensitivity is significantly lower in young women, due to dense breast tissue, and
hence at high-risk.[3] Contrast agent enhanced magnetic resonance imaging (MRI) is an alternative procedure,
offering higher sensitivity.[4] However, the increased sensitivity of MRI often leads to false positives, resulting in
unnecessary clinical procedures and patient distress. There is much interest for the development of high-resolution
MRI reagents, where superparamagnetic iron oxide nanoparticles (SPIONs) are already commercialised as non-
targeting contrast agents for diagnosis of breast cancer. Recent studies have demonstrated the efficient preparation of
SPIONs as MRI contrast agents by varying their physico-chemical properties. However, there are further opportunities
for increasing their biocompatibility, stability, biological function, biodistribution and MRI-relaxivity.
The advent of monoclonal antibody technology has resulted in the increasing number of antibody-based therapeutics
for cancer. Trastuzumab (Herceptin®), an antibody against the cell surface molecule, HER2, found over-expressed in
a population of breast cancer patients, has been very effective in the treatment of HER2+ breast cancer. The use of
such cancer specific targeting molecules has also allowed the targeted delivery of drugs to cancer cells, e.g.
trastuzumab emtansine.[5] Hence in harnessing the cancer specificity of antibodies in a similar way, peptide coated
SPIONs functionalized with anti-HER2 antibodies will not only facilitate targeted MRI of breast cancer tumours and
also provide therapeutic effects against HER2 specific breast cancer.
Thus, our goal is to develop a novel theranostic reagent for HER2+ breast cancer, and in this presentation, firstly, the
design and utilization of short peptide ligands for the preparation metal nanoparticles coatings, enabling high
biocompatibility and biological targeting,[6,7] as well as the most recent results in respect to the design of novel
peptide coated SPIONs for in vivo magnetic resonance imaging will be discussed. In addition, the in vitro and in vivo
evaluation of novel anti-HER2 antibodies for the targeting of HER2+ breast cancer cells and their use to design
peptide-coated nanoparticles probes for targeted in vivo MRI for breast imaging will be presented.
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Figure. Peptide coated biocompatible and highly stable superparamagnetic iron oxide nanoparticles and novel anti-
her2 antibodies for targeted in vivo therapy and diagnostic of breast cancer. (A) Design of peptide coated
superparamagnetic iron oxide nanoparticles for MRI; (B) In vivo evaluation of novel anti-HER2 antibodies for breast
cancer theranostic; (C) In vitro evaluation of anti-HER2 antibody conjugated peptide coated metal nanoparticles for
breast cancer theranostic.



CONTROL ID: 2492529
TITLE: Synthesis and evaluation of the F-18 labeled AP-1 peptide derivatives based on strain-promoted alkyne azide
cycloaddition reaction.
PRESENTER: JAEWOOK LIM
ABSTRACT BODY: 
Abstract Body: AP-1 is composed of CRKRLDRN amino acid sequence which was discovered as an atherosclerotic
plaque and breast tumor tissue homing peptide using show imaging method. F-18 labeled AP-1 peptide derivatives
were prepared from aza-dibenzocyclooctyne (ADIBO) substituted AP-1 with F-18 labeled azide via a chemo-
orthogonal strain-promoted alkyne azide cycloaddition (SPPAC) reaction. In this study, the mice model having A549
tumor was injected by F-18 labeled AP-1 peptide derivative and was observed at 1 h after injection using microPET-
CT system The micro PET-CT image showed that the F-18 labeled AP-1 peptide derivative successfully could be
uptaken on tumorsite. However, this tracer washed out via renal clearance too quickly. We also prepared various F-18
labeled AP-1 peptide derivatives that having different PEG linkage for investigating their pharmacokinetic property
depending on length of PEG linkage.
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CONTROL ID: 2492593
TITLE: Conjugation of a fluorescent dye to PSMA inhibitors and its impact on their tumor targeting potential
PRESENTER: Ann-Christin Baranski
ABSTRACT BODY: 
Abstract Body: Introduction 
Image-guided cancer surgery using fluorescence imaging has high clinical impact and already shows potential to
improve the outcome of oncological surgery (1). As first clinical experiences with the 68Ga-labeled PSMA-targeting
inhibitor Glu-urea-Lys-Ahx-HBED-CC (PSMA-11) demonstrated high and specific tracer uptake in prostate cancer
lesions a fluorescence dye conjugate of PSMA-11 might represent a promising bimodal tracer. The combination of
preoperative staging by means of PET/CT and PET/MRI, followed by fluorescence-guided surgery will further improve
the accuracy of detecting PSMA-positive tumor lesions by merging the strengths of both techniques. In a first
preclinical approach, various fluorescent dyes were conjugated to the inhibitor PSMA-11 to determine the impact of
the dye conjugation on the ligand’s in vitro and in vivo characteristics.
 
Materials & Methods 
The optical-dye labeled tracer PSMA-HBED-CC-FITC, PSMA-HBED-CC-AlexaFluor488 and PSMA-HBED-CC-
IRDye800CW were synthesized by conjugating the dyes to PSMA-11. The binding properties were analyzed in a
competitive cell binding assay followed by internalization experiments in human PSMA expressing LNCaP cells.
Confocal Microscopy was used for a first optical characterization. Biodistribution studies were performed in LNCaP
tumor-bearing mice (BALB/c nu/nu) to determine specific tumor uptake and pharmacokinetic properties.
 
Results 
Comparative cell binding experiments revealed a high affinity to PSMA expressing cell lines for all conjugates [Ki =
11.14 ± 1.16 nM (PSMA-HBED-CC-FITC), Ki = 9.51 ± 0.59 nM (PSMA-HBED-CC-AlexaFluor488), Ki = 17.53 ± 4.98
nM (PSMA-HBED-CC-IRDye800CW)], which is in line with the values obtained with the reference 68Ga-PSMA-11 (Ki
= 9.82 ± 1.26 nM). The radiolabeled fluorescent-dye conjugates showed specific cell uptake and were effectively
internalized into the PSMA expressing cell line LNCaP. Cell binding and internalization could also be visualized using
confocal microscopy. First in vivo results indicated slightly varying pharmacokinetic properties depending on the
fluorescent dye. The FITC- and AlexaFluor488-conjugates revealed a higher tumor uptake [10.86 ± 0.94 % ID/g
(PSMA-HBED-CC-FITC), 9.10 ± 6.70 % ID/g (PSMA-HBED-CC-AlexaFluor488)] compared to 68Ga-PSMA-11 (4.83 ±
1.34 % ID/g), while a similar uptake was detected for the IRDye800CW-conjugate (3.80 ± 1.00 % ID/g).
 
Discussion/Conclusion 
Conjugation of a fluorescent dye to the well-established imaging agent PSMA-11 showed rather minor dye-dependent
impact on cell binding properties, tumor uptake and the pharmacokinetic characteristics. As a next step, structural
optimization will be designed in order to further improve the imaging contrast of the IRDye800CW-conjugate. As
demonstrated in these first preclinical results, dual-labeled PSMA inhibitors have the potential to provide sensitive pre-
, intra- and post-therapeutic detection of prostate cancer lesions.
 
(1) Brouwer O. R., et al. [2014], Eur Urol 65: 600-609
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CONTROL ID: 2493233
TITLE: Hypoxic tumor imaging with Ir(III) complex bearing a cyclic RGD peptide
PRESENTER: Seiji Tobita
ABSTRACT BODY: 
Abstract Body: Ir(III) complexes exhibit strong phosphorescence which is significantly quenched by ambient molecular
oxygen. Based on this phosphorescence quenching behavior we have designed and synthesized various Ir(III)
complexes which can be used to visualize hypoxic tissues, including tumor [1-3]. Extension of p-electronic structure of
ligands allowed to extend the emission wavelength to near infra-red region. By using a near infra-red emitting Ir(III)
complex BTPHSA we could visualize tumors transplanted 6 to 7 mm deep from the skin surface [1]. Furthermore, the
oxygen level of tumor as well as normal tissues could be evaluated by phosphorescence lifetime measurements of
Ir(III) complex which was injected from the tail vein of tumor-bearing mice [2,3].
In this study we designed and synthesized a new Ir(III) complex bearing a cyclic RGD peptide (btp-5-cRGD) as
integrin αvβ3 targeted probe for tumor imaging. An Ir(III) complex BTP was connected with c-RGD peptide using
polyethylene glycol (PEG) with the number of ethylene glycol unit of 8 as a linker. The phosphorescence lifetimes of
btp-5-cRGD in aerated and degassed DMSO were 0.45 and 8.95 μs, respectively, demonstrating the excellent oxygen
sensitivity in solution. Live U87MG cells (integrin αvβ3-positive) and human breast cancer MCF-7 cells (integrin αvβ3-
negative) were stained with btp-5-cRGD. Phosphorescence microscopic measurements showed a brighter image for
U87MG cells, suggesting accumulation of btp-5-cRGD into the integrin αvβ3-positive U87MG cells. The results of in
vivo experiments using tumor-bearing mice will also be presented.
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CONTROL ID: 2493574
TITLE: Small Molecule Delivery Inhibition in Pancreatic Tumors comes from Elevated Collagen Density Leading to
Collapsed Vessels from Solid Stress
PRESENTER: Michael Nieskoski
ABSTRACT BODY: 
Abstract Body: While desmoplasia is a hallmark of chemotherapy resistance in pancreatic cancer, prohibiting drug
molecule transport into the tumor interstitium1, the physiochemical origins of how this happens is still not fully
interpreted. Increased deposition of ECM components, such as hyaluronan and collagen, coupled with cellular
proliferation has shown to initiate widespread vascular collapse, elevate interstitial fluid pressure, and impede diffusion
transport within pancreatic tumors2. The understanding of this is essential to improving systemically delivered
therapies, and in this work has been demonstrated directly in 24 rats with orthotopic and subcutaneous pancreas
tumors.
Previously, Provenzano et al3 suggested that vascular collapse results from hyaluronan imbibing water molecules and
swelling. Expanding hyaluronan is constrained by collagen fibrils producing isotropic strain on surrounding
vasculature. In contrast, Chauhan et al4 suggested the tensile strength of collagen fibrils resists cellular expansion,
thereby, transmitting growth-induced stress and mechanically disabling the tumor vasculature.
In this study, it was hypothesized that collagen density correlates directly with total interstitial pressure (TIP), resulting
in reduced localized vascular patency and drug uptake. Total interstitial pressure was defined as a combination of
interstitial fluid pressure (IFP) and compressive stress (CS) resulting from ECM components, such as tumor cells,
hyaluronan, and collagen (ie. TIP=IFP+CS). A Millar Mikrotip (SPR-671, Millar Inc.) pressure catheter was used, and
the tissue strain on the piezoelectric element is caused by combined internal total interstitial pressure of fluid and solid
components. To measure IFP, a water-filled (T = 37°C) 24 gauge PTFE tubing was placed over the Millar sensor to
shield the piezoelectric elements from compressive stress, while allowing transmission of IFP to the sensor. The
protective covering was designed to easily detach, thereby, preserving the Millar sensor’s position within the tumor.
AsPC1, human pancreatic adenocarcinoma xenografts, was used in this study.
The results of this study illustrated a strong correlation between total interstitial pressure and collagen density (R2 =
0.799, p<0.001), Fig. 1. The y-intercept approximately equaled values of capillary pressure found in literature5;
indicating IFP was unaffected by collagen density. In one tumor, mean IFP was measured at 9.4 mmHg and mean TIP
was measured at 59.2 mmHg. Currently, no other technique exists that can separate TIP into IFP and CS using the
same sensor in the same tumor location.
Tumor vascular density, vascular patency, and vascular perfusion were measured using Anti-CD31 immunostaining,
DiOC7 (vascular stain), and probe-based dosimetry6 of verteporfin, respectively. The results were compared to TIP
and no apparent statistical relationship was identified. The quantification of dosimetry, vascular density, and vascular
patency was done globally throughout the entire tumor, while TIP was highly localized. It is hypothesized that localized
measurements would yield more promising results.
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CONTROL ID: 2493666
TITLE: Quantitative Analyses of Oxygen Levels of Tumor Based on the Phosphorescence Lifetime Measurements of
Cationic Iridium(III) Complexes
PRESENTER: Toshiyuki Takeuchi
ABSTRACT BODY: 
Abstract Body: Molecular oxygen is a vital molecule in aerobic organism. Therefore, the oxygen level in cells and
tissues plays an important role not only in the physiological processes but also pathological and therapeutic
processes. Recently, we reported that a red phosphorescent iridium(III) complex (BTP) can be used as an optical
probe for visualizing the oxygen levels of living cells and tissues [1]. Further, we designed and synthesized a modified
BTP (BTPDM1) bearing a cationic dimethyl amino group in the acetylacetonato ligand. BTPDM1 gave much higher
cellular uptake efficiency compared to original BTP. Here, we present the evaluation of the quantitative analysis of
oxygen in living cells and hypoxic tissues such as tumor based on the phosphorescence lifetime measurements of
BTPDM1 by using a time-correlated single-photon counting (TCSPC) system [2].
 We constructed a phosphorescence liftime measeuremt system consisting of an inverted microscope equipped with
an oxygen concentration-changeable multi-gas incubator, a laser diode (488 nm) or a Nd3+YAG laser (532 nm) as the
excitation light source and a TCSPC system. The phoshprescence decay curves of BTPDM1 in SCC-7 cells were
measured under different oxygen partial pressure (pO2) in the incubator. The obtained decay curves could be fitted to
biexponential decay functions with the lifetimes t1 = 760 ns and t2 = 1.69 μs and the preexponential factors A1 = 0.76
and A2 = 0.24 when the pO2 in the incubator was 160 mmHg. The shorter lifetime component was likely to originate
from the phosphorescence of BTPDM1 localized in the membranes. The longer lifetime component suggested that
part of BTPDM1 binds to proteins in the membrane and gives longer lifetime because of the restricted access to
oxygen molecules.
 Then we measured the phosphorescence decay profiles of BTPDM1 delivered in the normal and tumor tissues of
tumor-bearing mice by using a bifurcated fiber combined with the TCSPC system. The decay profiles of both tissues
could be analyzed by double exponential decay functions. The average decay lifetime of the tumor tissue (3.95 μs)
was remarkably increased as compared with that of the extratumor tissue (2.04 μs), demonstrating the lower oxygen
levels of the tumor tissues. Based on the calibration curve constructed by using cultured cells, the pO2 levels of tumor
and extratumor tissues were evaluated to be 6.1 and 50 mmHg, respectively.
 These results suggest that the phosphorescence-lifetime based measurements by using BTPDM1 have vast potential
as determining intracellular oxygen levels in both cultured cells and tissues.
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CONTROL ID: 2500585
TITLE: Targeted breast cancer cells with  RGD peptide-modified PEGylated dendrimer-entrapped gold nanoparticles
PRESENTER: Kangan Li
ABSTRACT BODY: 
Abstract Body: We report the synthesis and characterization of cyclo (Arg-Gly-Asp-D-Phe-Lys) peptide (RGD)modified
PEGylated dendrimer-entrapped gold nanoparticles (Au DENPs) for targeted computed tomography (CT) imaging of
integrin-rich breast carcinomas. In this study, generation-5 amine-terminated poly (amidoamine) dendrimers (G5.NH2)
were modified with methoxyl polyethylene glycol acid ( m PEG-COOH) and RGD-PEG-COOH peptides, and the
products G5.NH2-(PEG-RGD)7m PEG8 were then used as templates to entrap gold nanoparticles (AuNPs). Following
acetylation of the remaining dendrimer terminal amines, integrin αvβ3-targeted {(Au0)300G5.NHAc-(PEG-RGD)7m
PEG8} DENPs (PEGylated Au DENPs-RGD) were obtained. The formed PEGylated Au DENPs-RGD probes were
characterized via different techniques. We demonstrate that PEGylated Au DENPs-RGD with an AuNP core size of
2.8 nm are water dispersible, stable at different pH and temperature conditions, and biocompatible at the given
concentration range. With the presence of Au NPs, the PEGylated Au DENPs-RGD displayed high X-ray attenuation
intensity. The conjugated RGD ligand can specifically identify and target overexpressed integrins on both endothelial
and cancer cells. Moreover, the half-decay time demonstrated by pharmacokinetic studies is sufficiently long to ensure
accumulation of the NPs in the target area. These properties of the particles enable them to be used as nanoprobes
for targeted CT imaging of integrin-rich breast carcinoma cells in vitro and xenograft tumor model in vivo via an
integrin-mediated pathway. These findings suggest that the designed PEGylated Au DENPs-RGD can be used as
targeted nanoprobes with good biocompatibility for targeted CT imaging and diagnosis of integrin-positive tumors.
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CONTROL ID: 2501008
TITLE: Evaluation of DUPA–Hydrophobic Linker–Amino Acid-Near Infrared Dye Conjugates for Image-Guided
Prostate Cancer Surgery 
PRESENTER: Ananda Kanduluru
ABSTRACT BODY: 
Abstract Body: Prostate cancer (PCa) is the second leading cause of cancer-related deaths in American men leading
to over 30,000 fatalities/year. The high mortality rate and financial burden associated with PCa can be partly attributed
to a lack of sensitive detection methods and proper treatment modalities. Surgical resection is currently a common
and effective treatment for PCa, however, quantitative tumor resection of PCa is limited by the ability to distinguish
tumor margins from the adjacent healthy tissues and the nerves. Image-guided surgery is gaining clinical traction
especially when coupled with a tumor-targeted NIR dye that can aid in sparing healthy tissues and nerves while
removing diseased tissues through specific visualization. Prostate-specific membrane antigen (PSMA) is a plasma
membrane-associated protein that overexpressed on the vast majority of PCa and the neovasculature of most other
solid tumors. Therefore, using the crystal structure of PSMA, we designed and synthesized a series of PSMA-targeted
NIR probes by (1) varying the length of the spacer between the ligand and NIR dye, (2) varying hydrophilic nature and
increasing the affinity by adding the aromatic amino acids residues to the linker, (3) manipulating the overall charge of
the final conjugate, (4) varying hydrophobic linker, and (5) optimizing PSMA-targeting ligand. Manipulation of the total
charge of the final conjugate was accomplished by incorporating (1) positively charged amino acids, (2) negatively
charged amino acids, (3) positively charged hydrophobic linkers, or (4) by decreasing number of sulfonic groups or
adding quaternary amines to the NIR dye molecule. In this study, we summarize structure activity relationships, in vitro
binding affinity using PSMA–(positive) PCa cells, and tumor accumulation and tissue clearance by time dependent
whole body imaging using PSMA–(positive) tumor xenografts models for the lead candidates of each category.
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CONTROL ID: 2501291
TITLE: Multimodal Nanobeacons Derived from Integrated MnOleate@Au for Applications in Magnetic Resonance and
Photoacoustic Imaging
PRESENTER: Lina Wu
ABSTRACT BODY: 
Abstract Body: Multimodality imaging based on complementary detection principles has broad clinical applications and
a path toward better outcomes for decreasing the false-positive results in the diagnosis. For single imaging method is
often limited by inadequate sensitivity, spatial resolution, depth of penetration, et al[1]. Multimodal nanobeacons
provide a powerful strategy for constructing contrast probes by integrating multiple discrete components. The rational
design of such system with integrated building blocks can be envisioned as the initial step for formulating the system.
Manganese (Mn) was one of the earliest known examples of paramagnetic metals for magnetic resonance imaging
(MRI)[2]. On the other hand, colloidal gold nanoparticles (AuNPs) offer unique plasmonic resonance properties and
have the additional advantage of well-studied robust surface chemistry[3]. Here we show that a unique triple-modality
magnetic resonance imaging-optical imaging-photoacoustic imaging multimodal nanobeacons derived from integrated
MnOleate@Au. This is the first report of a "soft material" coated with gold nanoshell. By carefully control the pH and
ionic balance, the demulsification during the process of layer-by-layer assembly was successfully conquered. The
surface morphology and its structural characteristic were studied by DLS, Zeta, TEM, SEM, AFM, EDS et al. Very
interestingly, it is found that even under an altering solvent power field, the spawned acting force made the product
deform considerably, while still keep the clear core-shell structure, manifest the favorable stability of the multimodal
nanobeacons. In addition, the "soft" nature of a product is thought amenable to bio-elimination, an essential feature for
in vivo efficacy and safety. The multimodal nanobeacon has a high ionic(metal) and particulate(NP) relaxivities. The
optical absorption of Au shell in the MnOleate@Au locates in a wide near-infrared spectral range of 520 nm to 800
nm, where tissue is maximally transparent as the "water-window". The biomedical application was evaluated through
in vivo photoacoustic tomography, which display a high-resolution, directly and obviously recognize the depth and
orientation of the sentinel lymph node(SLN) on rats. Precise detection of SLN is beneficial for noninvasive axillary
staging of breast cancer. In summary, the report presents a three modality nanoprobe and its fabrication method,
which advantageously combine the strengths of MRI, optical and PAT modalities into a single delivery vehicle, bear
promising potential as a beacon to illuminate disease from molecular or tissue specific information as well as
anatomical features simultaneously.
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TITLE: A Reactivity-Based [18F]FDG Probe for In Vivo Formaldehyde Imaging Using Positron Emission Tomography
PRESENTER: Wei Liu
ABSTRACT BODY: 
Abstract Body: Formaldehyde (FA) is a reactive carbonyl species (RCS) that plays a broad spectrum of roles in
epigenetics, toxicology, and progression of diseases ranging from cancer to diabetes to neurodegeneration,
motivating the development of translatable technologies for FA imaging. Here we report Formaldehyde-Caged-[18

F]Fluorodeoxyglucose-1 (FAC-FDG-1), an aza-Cope-based reactivity probe for in vivo FA imaging using positron
emission tomography (PET). FAC-FDG-1 reacts selectively with FA over potentially competing analytes to generate [
18F]FDG, allowing its FA-dependent uptake and retention in cell culture as well as in animal models. The relative
uptake of FAC-FDG-1 was evaluated using FA-treated PC3 prostate cancer and U87-MG glioblastoma cells
demonstrating a dose-dependent response to exogenously added FA. Moreover, FAC-FDG-1 is capable of FA
detection in vivo using a PC3 tumor xenograft model. In addition to providing a unique tool for monitoring FA in living
animals, these data establish a general approach for translatable detection of FA and other reactive biological
analytes in vivo by exploiting the widely-available clinical [18F]FDG tracer as a masked aldehyde.
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TITLE:  
A number of gadolinium chelates on the dendrimer surface affects relaxivity
PRESENTER: Olga Vasalatiy
ABSTRACT BODY: 
Abstract Body: Accurate imaging of the human lymphatic system, particularly identification of lymph node metastases,
is critical to breast cancer prognosis. Magnetic Resonance Imaging (MRI) is one of the techniques traditionally used to
assess the state of the lymph nodes. The sensitivity of MRI contrast agents can be improved by using nanocarriers.
Dendrimers are a class of synthetic polymers with a highly branched 3D structure and a precise nanoscale size. The
surface functional groups of dendrimers can be modified by attachment of multiple copies of the gadolinium
complexes. Enhancement in relaxivity is dictated by a degree of the dendrimer surface modification. In this study, we
determined how increasing the number of gadolinium chelates on the dendrimer surface affects relaxivity at clinically
relevant field (3T). Gadolinium complexes of p-SCNBnDOTA were attached on the amino terminal group of generation
5 dendrimer (diaminobutyl core) via the thiourea linkage. The gadolinium complex was obtained prior to the
conjugation reaction to unequivocally prepare a preformed 1:1 chelate : gadolinium complex. Equivalents of Gd-p-
SCN-BnDOTA were added to G5 dendrimer and provided an average of 36, 68, and 88 (maximum gadolinium
complexes attached) gadolinium complexes per dendrimer, and the unmodified primary amines were then capped by
acetylation. The number of gadolinium chelates was assessed by SE-HPLC and elemental analysis. The effect of
substitution ratio on relaxivity at 3T will be presented.
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Olga1
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CONTROL ID: 2491754
TITLE: Photoactivatable Plasmonic Nanoplatforms Mediated Synergistic Enhancement of Cancer Therapy
PRESENTER: Yiye Li
ABSTRACT BODY: 
Abstract Body: Because of their minimally invasive modalities, highly spatial and temporal controllability and specific
lesion destruction, various photoactivatable theranostics hold great promise for addressing unmet medical needs.
Some inorganic nanoparticles responsive to near-infrared (NIR) light provide new opportunities for synergistic cancer
therapy. Recently, we tailor-designed different NIR plasmonic nanoplatforms and demonstrated their great potential in
photobased therapeutic modalities. One study1 is design of enhanced photodynamic therapy (PDT) by utilizing the
surface plasmonic effect of the gold nanorod to simultaneously increase the absorption coefficient and reduce
photodegradation of the photodynamic dye indocyanine green (ICG). The coated mesoporous silica provided the
second photoprotection for ICG by facilitating the formation of ICG aggregates. Another study2 is developing rod-like
gold nanoshell capsules to enhance the cellular uptake and tumor penetration of chemotherapy drug by precisely
controlling aspect ratio of the nano-capsules. Guided by multimodal imaging, such as near-infrared fluorescence, two-
photon luminescence and multispectral optoacoustic tomography (MSOT), our photoactivatable nanocomposites
significantly improved destruction of cancer cells and inhibited the growth of orthotopic tumors in mice, with mild NIR
laser irradiation, through a synergistic effect of PDT-photothermal therapy (PTT) or PTT-chemotherpy. Our studies
highlight integrated nano-strategy for efficient inhibition of cancer, which holds great promises for cancer therapy by
further development.
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CONTROL ID: 2493732
TITLE: Investigation of radiolabel precursors of Oncrasin-1 analogues
PRESENTER: Alexander McDonald
ABSTRACT BODY: 
Abstract Body: Oncrasin-1 and it’s analogues have been shown to induce synthetic lethality in a number of cell lines
with dysregulated kRAS signalling1-3. Previous investigations carried out by Guo et. al indicated that substitution was
highly disfavoured except for minor alterations on the molecule, restricting potential sites for labelling. Previous work
within the research group has focused mainly on incorporating sites for [18F] introduction and investigation of the
selectivity of some known and novel analogues for kRAS mutated cell lines and found a new lead target for
development of a radiotracer4.
 
Radio synthesis of oncrasin-1 analogues has been investigated by synthesis of 3 classes of radiolabel precursors; aryl
boronic esters, boronic acids and iodonium salts. These compounds have been used in conjunction copper (II) triflate
based catalyst systems with kryptofix chelated [18F] fluoride.
 
(1) Guo, W.; Wu, S.; Liu, J.; Fang, B. Cancer research 2008, 68, 7403.
(2) Guo, W.; Wu, S.; Wang, L.; Wang, R.-y.; Wei, X.; Liu, J.; Fang, B. Molecular cancer therapeutics 2009, 8, 441.
(3) Wu, S.; Wang, L.; Guo, W.; Liu, X.; Liu, J.; Wei, X.; Fang, B. Journal of medicinal chemistry 2011, 54, 2668.
(4) McDonald, A.; Ackermann, U.; Parslow, A. C.; Borosh, B. M.; Fabre, N.; Scott, A. M.; White, J. M. World Molecular
Imaging Congress, 2015.
AUTHORS (LAST NAME, FIRST NAME): McDonald, Alexander F.4; Goh, Yit Wooi1; Ackerman, Uwe3, 2; Scott,
Andrew M.2, 3; White, Jonathan4

INSTITUTIONS (ALL): 
1. Austin Health, Melbourne, VIC, Australia.
2. Olivia Newton-John Cancer Research Institute, Melbourne, VIC, Australia.
3. Austin Health, Heidelberg, VIC, Australia.
4. School of Chemistry, The University of Melbourne, Brunswick, VIC, Australia.





CONTROL ID: 2501202
TITLE: Radiolabeling of tropomyosin receptor kinase B imaging agent for neuroblastoma
PRESENTER: Christopher Surdock
ABSTRACT BODY: 
Abstract Body: Neuroblastoma is the most common extracranial tumor in patients under 1 year of age and it
constitutes about 6% of all childhood cancer. It originates from neural crest cells that normally differentiate to form the
sympathetic ganglia, adrenal medulla and other paraspinal sites where sympathetic nervous system tissue is present.
Even with an extensive treatment regimen that typically includes surgery, chemotherapy, total body irradiation and
autologous stem cell transplantation, the 5-year survival is ~45% for high risk patients, and there are numerous long-
term side effects associated with treatment. Retrospective studies have shown the presence of tropomyosin receptor
kinase B (TrkB), in patients with poor prognosis. TrkB is not normally found in sympathetic nervous tissue and thus is
a potential target for imaging and therapy.<br abp="751" /> The presence of TrkB and its neurotrophin (Brain Derived
Neurotrophic Factor, BDNF) have been reported to protect neuroblastoma tumor cells from chemotherapy-induced
apoptosis via a phosphatidylinositol 3’-kinase pathway (Jaboin J, <i abp="752">Cancer Res, 2002; 62(22):6756-63). A
radiotracer that could determine the presence or absence of TrkB in neuroblastoma tumor cells early on in diagnosis
could be useful in determining the most beneficial therapeutic course for patients. These PET scans could be cross
referenced to the mIBG scan to verify that the TrkB density corresponds with neuroblastoma tissue.<br abp="753" />
A radiolabeled ligand targeted to TrkB was synthesized based on the inhibitor, 2-(1-(6,7-dimethoxyquinazolin-4-
yl)pyrrolidin-3-yl)-N-(4-isopropylphenyl)acetamide (compound 1), reported by Baindur et al in US patent
2007004763A1. This inhibitor appeared to be a good model compound for radiolabeling as it was reported to have an
IC<sub abp="754">50 of 0.1µM for TrkB and contained potential <sup abp="755">11C-labeling sites. Synthesis of the
radiolabeling precursor, 2-(1-(7-hydroxy-6-methoxyquinazolin-4-yl)pyrrolidin-3-yl)-N-(4-isopropylphenyl)acetamide
(compound 4), was optimized and both this molecule and the unlabeled compound 1 were analyzed by UPLC-MS and
HPLC.<br abp="756" /> Radiolabeling conditions for [<sup abp="757">11C]compound 1 using [<sup
abp="758">11C]methyl triflate were determined and optimized on an automated synthesizer. The radiolabeled product
was purified by HPLC using an Agilent Zorbax SB-C18 column with a mobile phase of 50mM ammonium acetate pH
adjusted to 3.8, and acetonitrile. HPLC solvent was removed using a tC18 Plus Sep-Pak® cartridge and the purified
product was formulated for injection in 5% ethanol and 50mM ammonium acetate pH adjusted to 5.5. The labelled
compound was verified by HPLC comparison to the unlabeled compound 1 standard and the final radiochemical purity
was >99%. The decay corrected radiochemical yield was 29±4% (n=5) and the specific activity was greater than
2Ci/µmol, with a total synthesis time of 30 minutes.<br abp="759" /> Animal studies are in progress to validate this
radiotracer as a viable therapy planning tool.
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CONTROL ID: 2491839
TITLE: Passive Targeting Breast Cancer and Photothermal Therapy Induced by Single-walled Carbon Nanotubes
PRESENTER: Xiaoyuan Liang
ABSTRACT BODY: 
Abstract Body: Photothermal therapy(PTT) has emerged as one of ideal auxiliary therapeutic treatments for cancer
therapy. In order to serving as a dominated adjuvant therapy applied to clinic in the near future, a safe and highly
efficient agent, promising treatment owing to its more convenient and lower damage, should accurately be desirable.
Here, we reported functional single-walled carbon nanotubes(SWNTs) almost having no toxicity and preferably
biocompatibility passive target breast tumor and continuously monitor the basic condition of mice after irradiating what
we have to treat using near-infrared light. Besides, through passive targeting cancer cells, the nanotubes could greatly
gather to object position with rarely materials in normal tissue which is also ensure that PTT could protect surrounding
tissue from injured to the greatest extent. Functional SWNTs were coated with PEG MW5000 increasing circle time in
the blood and conbined Cy5.5 angents for fluorescence imaging with high accuracy and sensitivity. The fluorescent
images showed that probes mostly gather in tumor between 6 h to 8 h after tail vein injection which is also a moderate
time applied to tumor-bearing mice. Mice covered with scabs which fell off about 15 days after illuminated and
physical conditions restored gradually.Hence, SWNTs acting as a photothermal materials exhibited great potential in
cancer imaging and therapy in the future.
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TITLE: Synthetic studies towards nitroreductase-activated Cy7 based fluorescent probe
PRESENTER: Elvira García de Jalón
ABSTRACT BODY: 
Abstract Body: Introduction: 
 
Near-infrared (NIR) fluorescence imaging is a promising preclinical technique for detection of biological processes,
particularly in oncology models1. In addition, it might be a useful tool for clinical cancer therapy in e.g. image-guided
surgery2 and for treatment monitoring. For in vivo applications, fluorescence in the NIR region is key to minimize
absorption of light by haemoglobin and deoxy-haemoglobin1.
 
Optical imaging of fluorescent reporters has emerged as one of the most important preclinical imaging modalities. For
this purpose, there is a requirement for a whole body imaging approach exploiting NIR (630 – 900 nm) reporter gene
labelling, high target specificity for functional and targeted imaging probes and high signal-to-background (S/B) ratio
for the probes. We have previously demonstrated non-invasive NIR reporter gene imaging in preclinical metastatic
cancers in vivo using the dinitrobenzyl containing dye, CytoCy5S3. The introduction of a dinitrobenzyl group onto a
squaraine dye efficiently quenched the fluorescence, while reduction of the nitro groups to hydroxylamines, mediated
by the non- mammalian enzyme nitroreductase (NTR) restored fluorescence and allowed detection of transfected
cancer cells. NTR is capable of reducing its substrates in normoxic and hypoxic tumour environments and has been
reported as a GDEPT strategy4.
 
 
Methods: 
 
We propose a new quenched fluorescent probe (Cy7 based) that will be employed in a NTR activated biomarker
strategy in which only cancer cells expressing both the target of interest and NTR can fully activate the probe. We
have investigated into modulating the optical properties of cyanine dyes to synthesize it. Different heteroaromatic
electron-donating moieties have been employed in the condensation reactions. Indeed, the increase in the number of
methine groups compared to the CytoCy5S3 has produced a bathochromic shift in the emission spectrum.
 
 
Results: 
 
The Cy7 based probe has been succesfully synthesized and evaluation of the suitability as a  NTR substrate in vitro,
further in vivo studies including flow cytommetry and fluorescent microscopy using a suitable cell line are in progress.
 
 
Conclusions: 
 
Generation of these probes, CytoCy5S and Cy7 derivative, with diverse emission maxima will permit multimodal in
vivo imaging of several molecular events with the nitroreductase platform. Moreover, The employment of the novel
biomarker probes is expected to deliver enhanced contrast, permitting true molecular interrogation of metastatic sites
and theranostic imaging.
 
 
1. Condeelis J, et al. Cold Spring Harbor Perspect Biol 2010, 2(12).
2. Zhu B, et al. Mol Imaging Biol 2013, 15(5): 560-568.
3. McCormack E, et al. Cancer Res 2013, 73(4): 1276-1286.
4. Searle, PF, et al. Clin Exp Pharmacol Physiol 2004, 31, 811-816.
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TITLE: Collagen-targeted Protein Contrast Agent with Dual Application in Diagnosis of Liver Metastasis and Fibrosis
using MRI
PRESENTER: Mani Salarian
ABSTRACT BODY: 
Abstract Body: Collagen type I is one of the major diagnostic biomarker and therapeutic target for many chronic
diseases including chronic liver diseases (e.g. liver fibrosis), different types of cancers and metastasis, heart failure,
and pulmonary fibrosis. Early diagnosis of liver fibrosis will lead to effective treatment and can stop its further
progression to major clinical consequences including cirrhosis and hepatocellular carcinoma (HCC) which affect large
populations worldwide. Uveal melanoma, the most common primary intraocular tumor, has a 40% risk of
metastasizing to the liver. Hepatic metastases, which occur in 95% of patients with uveal melanoma metastasis, result
in death in almost all cases.
To date, there is no reliable noninvasive imaging method for early detection and staging of fibrosis as well as primary
liver cancer and hepatic metastases with high sensitivity and specificity. MRI has several unique advantages for
monitoring slow progression and detection of fibrosis and metastasis with high resolution without using radiation,
however, there is a pressing unmet medical need to develop MRI contrast agents with desired sensitivity and collagen
specificity to overcome high heterogeneous liver background as well as proper in vivo properties and reduced toxicity.
In this study, we report the successful design of a protein-based MRI contrast agent, ProCA32.collagen with collagen
type I targeting capability to diagnose and stage liver fibrosis and metastasis of uveal melanoma. ProCA32.collagen
exhibits the highest relaxivity values for r1 and r2 per Gd3+ at both 1.5 and 7.0 T and are 14-20-fold higher than
clinically used contrast agents. The uniqueness of both high r1 and r2 relaxivity values enables us to achieve both T1
and T2 imaging after a single injection of ProCA32.collagen. More important, we can greatly improve dynamic range in
detection with a 6-fold enhancement in the relative contrast for the implanted liver uveal melanoma tumor in mouse
taken advantage of both relaxation property and imaging methodology. In addition, ProCA32.collagen is able to detect
early stage of mouse liver fibrosis with 6-fold increase in change in relaxation rate (ΔR1) at 7.0 T compared to Eovist
which has not been achieved using clinical contrast agents. Both liver metastasis and early stage liver fibrosis have
been verified by histological analysis. We have further shown that the addition of targeting moiety does not reduce its
strong metal binding affinity to Gd3+ and 1011-fold higher selectivity towards Gd3+ over Zn2+ compared to Eovist.
The development of collagen targeting contrast agent is expected to have broad applications in detection and staging
of fibrosis in chronic diseases and liver metastasis from various types of cancer and probing heterogeneous
microenvironment changes upon disease progression and treatment.
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TITLE: Ultrasound mediated EGF-coating microbubble cavitaion in wound dressing applications
PRESENTER: Ai-ho Liao
ABSTRACT BODY: 
Abstract Body: Background, Motivation and Objective 
In previous studies in the literatures, ultrasound (US) appears to be an effective modality for the treatment of chronic
wounds in humans. Therapeutic low intensity ultrasound can change the activity of the innate and adaptive immune
system during healing process, accelerate the formation of fibrin-leukocyte crusts and significantly reduce weight loss
in the animals with third-degree burns. However, the closure of the wound was not accelerated. This study first
determined the EGF coating lysozyme microbubbles (MBs) for enhancing the wound healing. The effects of US-
mediated EGF coating lysozyme MBs in wound dressing on enhancing wound healing were demonstrated both in vitro
 and in vivo.
Statement of Contribution/Methods 
Since lysozyme MB has positive charges, the surface potential of the lysozyme MB shell is positive, and thus, it can
attract the EGF with negative charges. The EGF-MBs were loaded in the wound dressing. The in vitro and in vivo
experimental parameters will be randomly divided into four groups (n=5 animals per group): (1) only wound dressing
(D) (2) wound dressing with US (D+US) (3) US combined with MBs in wound dressing (D+US+MBs) (4) US combined
with EGF-MBs in wound dressing (D+US+EGF-MBs).
Results/Discussion  
The mean diameters of MBs, and EGF coated MBs were 2.14 and 3.15 µm. The zeta potentials of MBs and EGF-MBs
were 71.12±0.54 and 40.58 ±1.34 mV, respectively. The pigskin samples which had been removed epidermis and the
treatment area on a 2-mm-thick sample of pigskin was sonicated by the 1-MHz US transducer of the sonoporation
system successively at power densities of 3W/cm2 for 1 min, 4W/cm2 for 1 min, and 5W/cm2 for 1 min after adding
500 ml of the MBs in the wound dressing which attached to the skin. The degree of penetration in both the cuticle and
the epidermis was significantly greater for 3 W/cm2, 4 W/cm2 and 5 W/cm2 US than group D (Bonferroni p<0.001).
For the in vivo experiments, the EGF-MBs loading wound dressing would be expected to promote wound healing
rapidly, and reduced the side effects.
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TITLE: Feasibility study of the photoaging repairs with ultrasound-mediated retinoid loaded lysozyme microbubbles
cavitation 
PRESENTER: Ai-ho Liao
ABSTRACT BODY: 
Abstract Body: Background, Motivation and Objective 
Topical tretinoin [all-trans-retinoic acid (RA)] currently is widely used to treat photoaged skin. However, undesirable
side effects such as erythema, irritation, and scaling are unavoidable and limit the use of tretinoin. In this study, a new
ultrasound (US) contrast agent, retinoid coated lysozyme microbubbles (MBs) were created and combined with US
energy in water-phase to enhance photoaging repair and reduce the side effects of skin.
Statement of Contribution/Methods 
Since lysozyme MB has positive charges, the surface potential of the lysozyme MB shell is positive, and thus, it can
attract the retinoid with negative charges. The zeta potential and size distribution of the retinoid coated MBs (retinoid-
MBs) in suspension were measured by DLS. The in vitro and in vivo experimental parameters will be randomly divided
into four groups (n=5 animals per group): (1) only penetrating retinoid (R) (2) penetrating retinoid with US (R+US) (3)
US combined with MBs mixed with retinoid (R+US+MBs) (4) US combined with retinoid-MBs (US+ retinoid-MBs).
Results/Discussion  
The mean diameters of lysozyme MBs and retinoid coated MBs were 1.91 and 2.81 µm. The loading efficiency of
retionol on lysozyme MBs was 13.9% (n=3). The zeta potentials of MBs and retinoid-MBs were 65.37±7.65 and
51.72±4.91 mV, respectively. The release kinetics of retinoid from retinoid-MBs were determined by dynamic dialysis
method. After US treatment at 0.5 hour, the released rate increased 30% at 3 hour. For the in vivo experiments, the
retinoid-MBs would be expected to promote photoaging repair rapidly, reduced the treatment dose and side effects.
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TITLE: Ferumoxytol-based Dual-modality Imaging Probe for Detection of Apoptotic Stem Cell
PRESENTER: Kai Li
ABSTRACT BODY: 
Abstract Body: With the rapid development of stem cell therapies, it has been increasingly important to understand the
fate of therapeutic cells. A clinically translatable imaging approach that could visualize an apoptosis of transplanted
stem cells in vivo could greatly benefit the development of more successful tissue regeneration approaches.
Ferumoxytol is approved for anemia treatment by the U.S. Food and Drug Administration, and has been used “off
label” as a contrast agent for stem cell tracking with magnetic resonance (MR) imaging.1 A rapid disappearance of the
iron label of stem cell grafts in cartilage defects on serial MR imaging studies correlated with graft failure.2 However, it
is still challenging to diagnose an apoptosis of the transplanted stem cells at early stage after their transplantation and
with a “one stop” imaging approach. To solve this challenge, we designed and synthesized a novel dual-modality
imaging probe with both superparamagnetic property and fluorescent “light-up” signature, which would allow
simultaneous monitoring of the localization and apoptosis of transplanted stem cells. At first, we immobilized caspase-
3 cleavable peptides (KKKKDEVD-AFC) on the surface of ferumoxytol nanoparticles (NP) to afford ferumoxytol-AFC
NPs. The surface modification did not compromise the T2-relaxivity of ferumoxytol for magnetic resonance imaging
(MRI). The obtained ferumoxytol-AFC NPs could be easily internalized into living human mesenchymal stem cells
(hMSCs), as confirmed by prussian blue stains and ICP mass spectrometry, and showed a significantly higher T2-
relaxation time as compared to unlabeled cells. Ferumoxytol-AFC NPs did not show significant fluorescence. In the
presence of recombinant human caspase-3 or extract of apoptotic hMSCs, ferumoxytol-AFC NPs showed intense
green fluorescence due to cleavage of DEVD and release of AFC fluorophores with a maximum at 500 nm.
Accordingly, viable hMSCs labeled by ferumoxytol-AFC NPs showed no detectable fluorescence at 500 nm, while
apoptotic hMSCs labeled by ferumoxytol-AFC NPs demonstrated intense green fluorescence under fluorescence
microscopy. The in vivo experiment to demonstrate the feasibility of this dual-modality imaging probe in animal models
is ongoing. In conclusion, ferumoxyto-AFC NPs represent a novel tool for long-term stem cell tracking through MRI
and early diagnosis of cell apoptosis through simultaneous fluorescence imaging.
 
[1] Khurana A, Nejadnik H, Chapelin F, Lenkov O, Gawande R, Lee S, Gupta SN, Aflakian N, Derugin N, Messing S,
Lin G, Lue TF, Pisani L, Daldrup-Link H. Nanomedicine, 8(12):1969-83, 2013.
[2] Nejadnik H, Lenkov O, Gassert F, Fretwell D, Lam I, Sennino B, Daldrup-Link H. Scientific Reports, submitted.
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TITLE: Utilising Multispectral Optoacoustic Tomography (MSOT) to Assess Organ Function and to Track Labelled
Therapeutic Cells for Regenerative Medicine Therapies (RMTs) in vivo
PRESENTER: Jack Sharkey
ABSTRACT BODY: 
Abstract Body: Chronic organ disease is an increasing issue worldwide. Organ transplantation is an effective
treatment but the pool of suitable organ donors is not sufficient. RMTs could decrease the need for transplantation by
utilising exogenous cells to promote regeneration and reduce fibrosis. However, before RMTs can be used in man,
their efficacy in preclinical models needs to be accurately monitored. To assess efficacy, the biodistribution of the cells
must be tracked to ensure they reach their target organ, and of equal importance is the need to quantify the extent of
any beneficial effects on organ function. Classic means of assessing organ function in preclinical models involve
quantification of circulating biomarkers which often lack sensitivity and specificity and require regular blood or urine
sampling.
MSOT has the imaging depth and rapid scanning required for dynamic imaging of pharmacokinetics and cellular
biodistribution in small rodents. This study utilises the inVision 256-TF MSOT imaging system (iTheraMedical) to
assess kidney and liver function in 2 murine injury models and to track uptake of labelled regenerative cells in the liver
in real time. BALB/c SCID mice received a single dose of the nephrotoxic drug, adriamycin and were imaged 5 weeks
post dosing. The near infra-red dye, IRDye800CW carboxylate which is filtered by the kidney was used as a contrast
agent. In adriamycin-dosed mice the IRDye took significantly longer to pass from the cortex to the pelvis of the kidney
than in saline dosed mice; these data showed a positive correlation with the extent of histological damage. In the liver
model CD57BL/6 mice received CCl4 twice weekly for either 10 or 14 weeks and compared to control mice. Mice were
scanned on week 14 using indocyanine green (ICG) as a contrast agent. ICG is eliminated through the hepatobilliary
route and is an FDA-approved contrast agent. ICG was imaged in the liver, gall bladder and in the blood and showed
reduced clearance in the CCl4-dosed animals. To evaluate the ability of MSOT to monitor cellular biodistribution in
real time, 10 million macrophages were labelled with gold nanorods, and administered to BALB/c SCID mice via the
tail vein. MSOT imaging was used to track the distribution of the cells over a 24 hour period. The macrophages rapidly
populated the liver, reaching 50 % maximal engraftment within 1 hour.
In summary this study demonstrates the utility of MSOT in quantitatively assessing organ function and cellular
biodistribution. This is crucial in the evaluation of the safety and efficacy of regenerative therapies and allows the
longitudinal assessment of the target organ function as well as the biodistribution of labelled regenerative cells. Such
information is crucial for assessing whether particular RMTs are appropriate for clinical translation.
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TITLE: CEST MRI detection of hydrogen peroxide encapsulated PLGA microcapsules 
PRESENTER: David Ryoo
ABSTRACT BODY: 
Abstract Body: Introduction An important limitation in cell therapies for tissue regeneration is the low survival rate of
transplanted cells in a hypoxic environment due to the initial lack of sufficient oxygen supply. A potential solution is to
use composite oxygen-delivering scaffold materials, such as hydrogen peroxide-loaded polymeric microcapsules and
catalase. H2O2 is recognized as an effective and safe agent for sustained O2 delivery because it carries 47 wt% O2
per unit mass and only generates O2 and H2O1. In the present study, we sought to develop a method that can be
used to non-invasively monitor the release and/or decomposition of encapsulated H2O2 from poly(lactide-co-
glycolide) (PLGA) microcapsules using CEST MRI technique, without the need of a synthetic label.
Methods The design of H2O2 microcapsules using PLGA and PVA is illustrated in Figure 1a. The microcapsules were
constructed according to a previously reported double emulsion and solvent evaporation method1. The average size
of the formed microspheres was measured by dynamic light scattering (DLS). Microspheres were then suspended in
PBS and incubated at 37 oC for 3, 48 and 96 hours prior to MRI measurements. CEST MRI acquisition and data
processed were performed as previously reported (B1= 3.6 µT and Tsat= 3 sec)2. After correcting B0 inhomogeneity
using the WASSR method, CEST contrast was quantified by MTRasym=(S-Δω – S+Δω)/ S0.
Results and Discussion Figure 1b shows that H2O2 has a strong CEST signal at 6.3 ppm with respect to the water
resonance, which makes it possible to directly detect H2O2 using CEST MRI3. As shown in Figures 1b and 1c, CEST
MRI can sensitively detect H2O2 down to several mM. Our data show that a 5% CEST contrast (quantified by MTR

asym) could be generated by 0.025% (~7 mM, pH 6.5) H2O2 using 3.6 µT and 4 second saturation RF pulses. As
comparison, the r1 and r2 relaxivities were only 0.00034 and 0.01 sec-1mM-1 respectively, indicating that T1 and T2
contrast of H2O2 is much less sensitive than CEST MRI. We then synthesized H2O2 encapsulated microspheres with
an average particle size of 1.4 µm as measured by DLS. The encapsulated H2O2 was confirmed to possess the same
CEST MRI contrast as its free form, which allowed the monitoring of the decomposition of H2O2 using CEST MRI.
Figure 1d showed that the encapsulated H2O2 decomposed at a rate similar to its free form and could be retained at
~85% of its initial concentration in the PLGA microspheres after 96 hours.
Conclusions The present work demonstrates the feasibility of engineering MRI-detectable, H2O2-encapsualted PLGA
microspheres for improving the oxygen supply in cell therapy. Our preliminary results show that CEST MRI could be a
sensitive method for quantifying the amount of encapsulated H2O2 in PLGA microcapsules. Animal studies are
underway to use CEST MRI detectable H2O2 encapsulated PLGA microcapsules to augment the oxygen level and to
improve long-term transplanted cell viability.
References 
(1) Ng, S. M., et al. Int J Pharm 2010, 384, 120-7.
(2) Liu, G., et al. Magn. Reson. Med. 2012, 67, 1106-13.
(3) Zhang, S. In Proc. Int. Soc. Magn. Reson. Med 2007; Vol. 15, p 3461.
AUTHORS (LAST NAME, FIRST NAME): Ryoo, David1, 3; Li, Yuguo3, 2; Bulte, Jeff W.2, 3; van Zijl, Peter C.2, 3; Liu,
Guanshu2, 3

INSTITUTIONS (ALL): 
1. Chemical and Biomolecular Engineering, Johns Hopkins University, Baltimore, MD, United States.
2. Radiology, Johns Hopkins University, Baltimore, MD, United States.
3. F.M. Kirby Research Center for Functional Brain Imaging, Kennedy Krieger Institute, Baltimore, MD, United States.





CONTROL ID: 2493439
TITLE: Cellulose-Derived Biopolymer Coated Iron Oxide Nanoparticles for Single Cell Detection of Stem Cell
Transplants in vivo using MRI
PRESENTER: Laura Szkolar Sienkiewicz
ABSTRACT BODY: 
Abstract Body: Introduction 
Non-invasive imaging can play a key role in clinical cell transplants [1]. In this context, not only is it important to
identify the position of transplanted cells but it is also vital to monitor the state of the cell: identifying whether delivered
stem cells have differentiated into the appropriate mature cells would be desirable. This technology is missing.
Labelling stem cells with contrast agents has been demonstrated but conventional imaging relies upon contrast agents
which are “always on”, producing constant signal regardless of the identity of the host cell. Here, we demonstrate a
new type of contrast agent, one which, by exploiting the enzymatic removal of a biopolymer coat, evolves contrast
only when the cell has differentiated into the correct lineage.
 
It was hypothesised that the use of a hydrophobic biopolymer, to encapsulate an iron oxide nanocrystal core, would
allow for the “masking” of the nanocrystals from the aqueous environment, silencing their ability to enhance water
proton relaxation. Upon disassembly of the biopolymer coat, multiple released iron oxide cores would generate a
strong positive contrast enhancement. The removal of the biopolymer, in this instance cellulose, would occur as a
result of nanoparticular uptake to the lysosome and expression of cellulase as a reporter gene.
 
Methods 
Fe3O4 nanocrystals were synthesized by thermal decomposition of iron oleate [2]. Fe3O4 was encapsulated at 25%
w/v within cellulose triacetate by means of emulsification [3] or nanoprecipitation [4]. For emulsification, 10mg/mL 25%
w/v cellulose triacetate was dissolved in DCM and added 1:4 dropwise into 1% PVA solution, tip sonicated and added
to dH2O. Nanoprecipitation encapsulation was achieved by dissolution of 10mg/mL cellulose triacetate in acetone and
precipitated into 1:4 dH2O.
 
Nanoparticle formation and diameter was measured by SEM. To measure r2* relaxivity, nanoparticles were incubated
for 2h, 37oC with or without 0.1mg/mL cellulase then suspended in 1% (w/v) agarose at 0.5 and 0.1 mg/mL of iron. T2
* measurements were made using a multi-gradient echo sequence at 7T. T2* was measured 3 times in each tube then
r2* relaxivity was calculated. A one-way ANOVA was undertaken to assess the statistical significance of difference
between r2* values before and after cellulase addition.
 
Nanoparticle uptake was investigated using coumarin-6 loaded nanoparticles. mMSC's were incubated for 3 hours
with 0.1mg/mL cellulose triacetate nanoparticles.
 
Results and Discussion 
Fe3O4 could be encapsulated within cellulose triacetate nanoparticles via an oil in water emulsion or
nanoprecipitation, yielding 300-400 nm nanoparticles (Figure 1a). Cells could uptake nanoparticles (Figure 1b),
exhibiting minimal cytotoxicity at concentrations below 0.1 mg/mL. Incubation of nanoparticles with 0.1 mg/mL of
cellulase resulted in degradation of the cellulose triacetate coat, and upto a 3-fold increase in r2* (Figure 1c,d).
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Figure 1: a) A scanning electron micrograph image, showing Cellulose Triacetate nanoparticles produced via
emulsification, with a TEM image (inset) showing Fe3O4 encapsulation b) Fluorescent microscopy images of mMSC's
after 3 hours incubation with coumarin_6 loaded cellulose triacetate nanoparticles, where the cytoskeleton (red),
nuclei (blue) and nanoparticles (green) are visualised. c) T2

* map of Cellulose Triacetate encapsulated Fe3O4
nanoparticles, without cellulase incubation (left) and with cellulase (right) d) The relaxivity (r2*) versus concentration
for Cellulose triacetate encapsulated Fe3O4 nanoparticles produced via nanoprecipitation
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ABSTRACT BODY: 
Abstract Body: Despite advancements in human mesenchymal stem cell (hMSC) applications for tissue regeneration,
development of clinical imaging tools for in vivo hMSC tracking is making slow progress. The FDA-approved iron
supplement ferumoxytol can be used “off label” for tracking stem cells. We hypothesized that the protein corona,
forming around nanoparticles in serum-containing media, would increase the size of ferumoxytol nanoparticles and
thereby improve uptake by hMSCs and related signal effects on MR images.
We incubated 2x106  hMSCs with 100µg/ml of ferumoxytol in different protein-containing media: DMEM+10% human
serum (Group 1), DMEM+10% fetal bovine serum (FBS; Group 2), and StemPro® Serum-Free media (Group 3).
Formation of the hard protein corona around ferumoxytol nanoparticles was characterized by dynamic light scattering
(DLS), zeta potential measurement, and liquid chromatography–mass spectrometry (LC-MS). Iron nanoparticles
uptake by hMSCs, was evaluated using DAB-enhanced prussian blue and Lysotracker staining and inductively
coupled plasma spectrometry (ICP). To evaluate the effect of different labeling techniques on MR signal of hMSC,
labeled and unlabeled controls were dispersed in isotonic Ficoll solution and transferred to NMR test tubes (in vitro
samples). In addition, labeled and unlabeled hMSCs were mixed with agarose scaffold and implanted in cartilage
defects of pig knee specimens (ex vivo samples). All samples underwent MR imaging on a 3T clinical MR scanner,
using T2-weighted FSE and MESE sequences and T2 relaxation times were aclculated. Data was analysed using
ANOVA and Student’s t-test. p<0.05 was considered significant.
Electron microscopy showed that all samples from group 1-3 developed a protein corona around the iron oxide
nanoparticles. DLS showed more disperse nanoparticles in all groups compared to bare nanoparticles and
assessments of zeta potentials showed that protein corona decreases negative charge of nanoparticles. LC-MS
revealed different proteins covering nanoparticles of different groups. Most common proteins in group 1 were
Apolipoprotein A-I, E, C-I, and A-II, in group 2 were Hemoglobin alpha and beta, Apolipoprotein A-II, Alpha-2-HS-
glycoprotein, and Serum Albumin. ICP results showed higher iron uptake by hMSCs in group 1 (4±0.23pg/cell)
compared to group 2 (1.6±0.05pg/cell) and group 3 (1.7±0.05pg/cell; p<0.05). Histopathology showed higher iron
oxide nanoparticle uptake by hMSCs in group 1 compared to group 2 and 3. hMSCs in group 1 revealed significant
shorter T2 relaxation times (11.11±1.2ms) compared to unlabeled hMSCs (23.62±2.3ms) as well as hMSCs in group 2
(15.06±1.3 ms), and group 3 (15.90±0.5ms) (p<0.05). After implantation into pig knee joints, Labeled hMSCs from
group 1 revealed significantly shorter T2 relaxation times (17.72±1ms) compared to unlabeled hMSCs (38.57±3.9ms),
as well as hMSCs in group 2 (21.48±1.2ms)  and group 3 (p<0.05).
This study showed a significant higher ferumoxytol uptake by hMSCs labeled with human serum containing media
compared to previously reported approaches with transfection agents such as protamin sulfate (0.4pg/cell) and
heparin-protamine complexes (2.12pg/cells).
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TITLE: A Novel Approach of Superparamagnetic Iron Oxide Encapsulation: Peptide Nanoparticles for Enzyme
Activated MRI imaging, in Vitro.
PRESENTER: Laura Szkolar Sienkiewicz
ABSTRACT BODY: 
Abstract Body: Introduction 
Environmentally sensitive nanomaterials have the potential to target specific disease conditions, releasing their
encapsulated contents only at precise locations, be it imaging agents or drugs. Peptides are promising as vehicles for
imaging and drug delivery [1]. The high degree of control, enabled by varying amino acids, allows for the manipulation
of peptide properties and structures. For example, the peptide VPGVG-21 results in the formation of peptide
nanospheres when suspended in a mixture of HFIP and dH2O [2].
The application of peptide materials to MRI offers new scope in the fabrication of novel targeted imaging agents.
Specific amino acid motifs are targeted by specialised enzymes, many of which are secreted as the result of a
biological event, such as tumour metastasis. Targeting molecular events in this way offers a new mode of biological
imaging.
Here we present the first example of peptide encapsulated iron oxide (Fe3O4) nanoparticles, for use as enzymatically
activated contrast agents. VPGVG-21 and an analogous peptide, VPGVG-23, were used to assemble nanoparticles
encapsulating Fe3O4 nanocrystal cores. VPGVG-23 was selected as its self-assembled structure is stable over the
physiological pH range. VPGVG is a specific peptide sequence in elastin that makes the nanoparticle susceptible to
elastase degradation [2]. Conceptually, intact nanoparticles exclude water from experiencing high magnetic
susceptibility gradients, quenching their relaxivity [3]. Upon enzymatic degradation, the magnetic payload is released,
increasing relaxivity and turning the agent "on" [4].
 
Methods 
Fe3O4 nanocrystals were synthesized via thermal decomposition of iron oleate [5]. VPGVG-21 and VPGVG-23 were
suspended in dH2O at 5 mg/mL, with 25% w/w Fe3O4, sonicated for 15’, snap frozen and lyophilized. Nanoparticle
formation and diameter was measured via SEM. Images were taken before and 1 h after incubation with 0.1 mg/mL
elastase. The presence of Fe3O4 in the particle was confirmed via TEM.
The MTT assay was used to confirm the 24h cytocompatibility of 0.01-0.1 mg/mL of nanoparticles with primary mouse
mesenchymal stem cells (mMSC’s). Cellular uptake following 3h incubation with 0.1 mg/mL nanoparticles was
confirmed via TEM.
 
Results and Discussion  
The suspension of VPGVG peptide, with Fe3O4 in dH20 resulted in the spontaneous self-assembly of peptide-Fe3O4
core nanoparticles (Figure 1a). TEM (Figure 1a, inset) confirmed the encapsulation of Fe3O4 and indicated a high
loading capacity and even distribution of the Fe3O4 throughout the structure.
Incubation of the nanoparticles with 0.1 mg/mL elastase resulted in enzymatic degradation and Fe3O4 release. Upon
incubation with mMSC’s, nanoparticles were internalized (Figure 1c), even at incubation times as short as 3 h. MTT
assays demonstrated that labelling the cells with the nanoparticles yielded high viability (Figure 1d).
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Figure 1: a) A scanning electron micrograph image, showing VPGVG-23 nanoparticles, with a TEM image (inset)
showing Fe3O4 encapsulation. b) A scanning electron micrograph image, showing VPGVG-23 nanoparticles after 1
hour incubation with 0.1mg/mL Elastase. c) A transmission electron micrograph of an mouse mesenchymal stem cell,
incubated with 0.1mg/mL of nanoparticles and incubated for 3 hours. Arrows indicate the location of internalised
nanoparticles and d) Cell viability data via an MTT assay of mouse mesenchymal stem cells, incubated for 24 hours
with 0.01-0.1 mg/mL of nanoparticles. Where closed circles are VPGVG-21 and open circles are VPGVG-23.
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ABSTRACT BODY: 
Abstract Body: INTRODUCTION: Visualisation of tissue engineering (TE) constructs in vivo is required in order to
monitor their behaviour and integration into surrounding tissues [1-2]. Unmodified calcium phosphate cements
(CPCs), designed and validated by the group from Nijmegen to mimic and regenerate bone are indistinguishable from
the natural tissue by many imaging modalities due to their high structural similarities [3]. Combined expertise from
collaborative groups can overcome these limitations by labelling CPC constructs with gadolinium oxide nanomaterials
serving as a MR/CT multimodal contrast agents. HYPOTHESIS: Gd2O3 nanoparticle (NP) labelled CPCs can be
longitudinally monitored non-invasively with MR/CT. Addition of bisphosphonate groups on the surface of the Gd2O3
NPs may enhance the proliferation of osteoblasts and aid in bone regeneration. RESULTS: Polyol synthesis of Gd2O3
 led to the formation of pure phase ultra-small nanoparticles with core size of approximately 2 nm (Fig.1 A). Novel
functionalisation by addition of an alendronate derivative gave ca. 6% bisphosphonate groups attached onto the core
surface and allowed effective targeting to hydroxyapatite (bone component) to be observed in vitro. Relaxivity rates,
measured in a 11.7 T preclinical MR scanner, showed that the functionalised NPs have values 12 times higher (r1=13
mM-1s-1) in comparison to the NPs before surface modification. Moreover, strong CT contrast enhancement after
mixing with CPC provides dual imaging applications which translates into increased visibility of the hard tissue
engineered construct by both CT imaging and MRI. REFERENCES: [1] Chan, B P et al (2008), Eur Spine. J., 17:467-
479. [2] Alyssa A. Appel et al (2013) Biomaterials, 34:6615-6630. [3] Ventura M. et al (2013) TISSUE ENGINEERING
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Fig. 1: A) General concept of the proposed study showing Gd2O3 NPs (core size app. 2nm calc. from TEM)
functionalised with Alendronate derivative and mixed with CPC for non-invasive visualisation of CPC function are
regeneration of the bone tissue, B) T1 relaxivity data and µ-CT grey value distribution for bisphosphonate-Gd2O3 NPs
proving their dual imaging capability.
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manipulation
PRESENTER: Felix Sigmund
ABSTRACT BODY: 
Abstract Body: Introduction 
To achieve deep understanding of complex biological networks there is a need for genetically controllable tools for
non-invasive actuation and imaging of cellular events [1]. Herein we present genetically encoded cell-surface-
displayed avidin constructs that serve as adapters for biotinylated small molecules or nanostructures with applications
in non-invasive imaging such as MRI and optoacoustics as well as magnetic cell actuation.
 
Methods 
We have created a series of cell-surface-displayed avidin receptors based on dual and single chain avidins [2] [3]
(Figure A) that effectively bind biotinylated ligands such as NIR fluorescent dyes or metallic nanostructures with very
high affinity. We performed confocal microscopy to validate cell surface expression and binding of biotinylated (NIR)
dyes. Furthermore we used MSOT and MRI to evaluate the applicability as a reporter for non-invasive imaging
modalities. Finally, we show microfluidic magnetic sorting and genetically-controlled cell ablation via magnetic
hyperthermia on custom-built set-ups.
 
Results 
Cell surface display of the high-affinity receptors enabled efficient binding of a large battery of biotinylated
fluorophores in the visible and near-infrared range in various cell types including cells differentiated from hIPSC as
shown via confocal microscopy and multispectral optoacoustic tomography (Figure B).
We furthermore demonstrate binding of biotinylated gold (15 nm) as well as magnetic cobalt nanoparticles (30 nm)
and show strong T2 contrast by MRI at 9.4 Tesla (Figure B). Furthermore, we show efficient magnetic sorting of
magnetically labelled cells in a custom-built magnetic microfluidic system and show tuneable genetically controlled cell
ablation on a combined magnetic hyperthermia and imaging setup (Figure C). In addition, we demonstrate in vivo
labelling in zebrafish after transient expression of a UAS driven gene reporter construct (Figure D) that is also being
tested in transgenic Gal4/UAS zebrafish reporter lines that we generated.
 
Conclusions 
In summary we demonstrate multimodal applications of a high affinity cell surface receptor for biotinylated small
molecules as well as nanostructures that empowers non-invasive imaging modalities such as OA and MRI. This
technology enables non-invasive detection of cells in vivo in the zebrafish model via near-infrared microscopy and
optoacoustics. Efficient magnetic labelling of genetically-defined cells furthermore allows for in vivo visualization
followed by ex vivo magnetic cell sorting for downstream analytical techniques. We are currently working on extending
the theranostic approach for non-invasive imaging in rodent models as well as in vivo cell ablation of genetically
defined cells via magnetic hyperthermia.
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TITLE: Acoustic Reporter Genes for High-Resolution Ultrasound Imaging of Engineered Bacteria In Vivo
PRESENTER: Raymond Bourdeau
ABSTRACT BODY: 
Abstract Body: More than 90% of the cells in a typical human body are microbes, and there is a rapidly growing
appreciation of the crucial roles these organisms play in human health and disease. Additionally, advances in
synthetic biology have enabled the development of genetically engineered bacterial therapies and diagnostics that are
starting to advance into the clinic. These diverse activities of natural and engineered microbes depend critically on
their anatomical location within host organisms, such as the various regions of the mammalian gastrointestinal tract.
However, no effective methods are currently available to image microbes inside mammalian hosts with high spatial
and temporal resolution. The development of such methods would transform the study of microbial-host interactions
and facilitate the development of an entirely new class of bacterial diagnostics.
 
We address this challenge by developing acoustic reporter genes (ARGs) to enable the imaging of microbes with
ultrasound. Unlike optical techniques, which have poor spatial resolution in vivo due to the scattering of light by tissue
and are not commonly used in the clinic, ultrasound is capable of very high spatial resolution in vivo (tens of microns
in mice) and is used widely in medicine. We recently discovered a unique class of protein nanostructures encoded in
the genomes of certain photosynthetic microbes that can serve as imaging agents for ultrasound1. These
nanostructures, called gas vesicles (GVs), comprise all-protein shells that are ~ 250 nm in size and are hollow on the
inside. We showed that the hollow interior and unique mechanical properties of GVs allow them to scatter sound
waves and thereby serve as sensitive in vivo imaging agents for ultrasound.
 
Now, we have succeeded in adapting the gene clusters encoding GV formation for heterologous expression as ARGs
in Escherichia coli and Salmonella typhimurium, two important model organisms and chasses for synthetic biology.
ARG expression allows us to image these bacteria with ultrasound in vitro and in vivo (Fig 1). Cells can be detected at
concentrations below 10^8 cells/ml (representing < 0.1% of voxel volume) (Fig 1). In addition, engineering of the GV
gene cluster has yielded variants that can be “erased” with acoustic pressures above specific thresholds, thus
enabling more sensitive detection within biological tissues. Furthermore, the engineering of ARGs with different
thresholds for acoustic collapse enables multiplexed imaging of more than one cellular population (Fig 1).
 
ARGs will allow microbes to be imaged dynamically in vivo with unprecedented precision, unlocking a wide range of
new biological research and the development of spatially informative bacterial diagnostics.
 
1. Shapiro, M.G. et al. Biogenic gas nanostructures as ultrasonic molecular reporters. Nature nanotechnology 9, 311-
316 (2014).
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(A) E. coli expression of engineering gas vesicle genes from B. megaterium and Anabaena flos-aquae exhibit
ultrasound contrast in vitro. (B) E. coli expressing ARG or ARGh can be detected below 10^8 cells/ml. (C) ARG and
ARGh gas vesicles inside E. coli collapse at difference acoustic pressures. (D) Imaging pre and post various
pressures allow multiplexed detection of E. coli expressing either ARG or ARGh. (E,F) E. coli expressing ARG
embedded in matrigel subcutaneously show ultrasound contrast. N=4 mice, error bars are SEM.
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Photoacoustic Signal
PRESENTER: Hao Wang
ABSTRACT BODY: 
Abstract Body: The construction of supramolecular assemblies in vivo for projecting physiological activities have
recently awakened to be an promising direction in the field of supramolecular chemistry [1]. The major advantage of
the in vivo supramolecular construction strategy is that through careful design of building blocks, the assembly
process can be precisely programmed so that it occurs only in the vicinity of a specific physiological or pathological
process in vivo. However, the challenges remained are in situ construction of well-controlled superstructures in the
physiological environment with exceptional biological functions. In recent years, people have awake that de novo-
designed biocompatible small molecules that can self-assemble in the environments found in living systems are
needed for in-depth biological studies [2-3]. Despite these successes, progress in this area is hampered by the lack of
convenient approaches for the design of building blocks and the characterization of self-aggregated structures in bio-
environments. Here, we demonstrate the synthesis of a pyropheophorbide-α-based building block (Ppa-PLGVRG-
Van) and its use to construct self-aggregated superstructures in vivo for highly specific and sensitive diagnosis of
bacterial infection by non-invasive photoacoustic tomography (PAT). The molecules were tailored to target Gram-
positive, gelatinase-positive bacteria. Cleavage of Ppa-PLGVRG-Van by gelatinase yielded hydrophobic Ppa-PLG
molecules which self-aggregated in situ via π-π interactions to form nano/micro-scaled superstructures. These
aggregates had a significantly enhanced photoacoustic signal. This new photoacoustic contrast agent we present is
fabricated from an enzyme-activated building block for specific and sensitive imaging of bacterial infection in vivo. The
detection limit of this method is as low as 103 bacterial colony-forming units (cfu) in vivo, and Gram-positive bacterial
infections can be distinguished from Gram-negative ones or sterile inflammation. We envision that that this in vivo
supramolecular chemistry approach opens an new avenue for efficient, rapid and early-stage disease diagnosis with
high sensitivity and specificity.
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In vivo construction of supramolecular nano-assemblies for highly sensitive and specific infection site imaging
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ABSTRACT BODY: 
Abstract Body: Background: For many patients who suffered myocardial infarction (MI), the damage to the tissue is
too extensive for successful medical or surgical treatment. An alternative treatment for infarction is the transplantation
of stem cells, particularly, adipose-derived stem cells (ADSCs). To date, thousands of patients have been treated with
stem cells, demonstrating both safety and feasibility1. To facilitate the translation of stem cell therapy to the clinic it is
imperative to develop new imaging technologies that can non-invasively monitor transplanted cell survival and function
in order to evaluate the success of the procedure. Reporter gene labeling offers the ability to assess stem cell viability.
Recently, chemical exchange saturation transfer (CEST) MRI was performed in a mouse heart model.2 In this study,
we seek to image reporter gene-labeled ADSCs in an in vivo pig model using CEST MRI.
Methods: Human ADSCs were transfected with the herpes simplex virus type-1-thymidine kinase (HSV1-TK) reporter
gene driven by the CXCL12 promoter. CXCL12 is expressed by stem cells and facilitates cardiac recovery after
myocardial infarction.3 Transfected ADSCs were incubated for 3 hours in 5-methyl-5, 6-dihydrothymidine (5-MDHT)4

and transplanted under x-ray fluoroscopic guidance into the left ventricle using a steerable guide catheter (Myocath,
Bioheart). Multiple transmyocardial injections of ADSCs (Figure 1a) were performed in the interventricular septum.
Using a 3T MRI (Achieva, Philips), ECG-gated, breath-hold segmented gradient echo (GRE) images were obtained
with the following parameters: 32x28 cm2 FOV; 2x2x20 mm3 voxel; 23 segments/shot; triggered at end-systole every
third heartbeat in the long axis plane. Different frequencies were saturated from -833 Hz to 833 Hz (n=51) to obtain
CEST MRI.
Results: To address the need of imaging CXCL12 in vivo, we developed a novel genetically encoded diagnostic tool,
in which HSV1-TK expression is driven directly by the CXCL12 promoter. HSV1-TK enzyme activity was validated by
accumulation of [125I] FIAU. As expected, an increase in expression of the reporter in vitro was observed under
hypoxic conditions. ADSCs engineered to express HSV1-TK and pre-loaded with the imaging probe were transplanted
into a pig heart. As shown in Figure 1, CEST MRI was able to distinguish HSV1-TK expressing ADSCs incubated with
the reporter probe from control ADSCs.
Conclusions: These findings indicate the feasibility of imaging gene expression with HSV1-TK and detecting the
reporter probe in the heart at clinical field strengths to overcome difficulties associated with direct cell labeling
techniques. Moreover, the specific absorption rate (SAR) used to generate these images was well within clinically
allowable limits and would thus allow for ready adaption to clinical study.
 
1. Behfar, A., et al. Nat Rev Cardiol 11, 232 (2014).
2. Vandsburger, M. et al. Circ Cardiovasc Imaging 8 (2015).
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Figure 1. a| An anatomical MR image of the heart showing the right ventricle, left ventricle, and the interventricular
septum where the stem cells were transplanted: MSCs expressing HSV1-TK (A) and wild type ADSCs (B) were
incubated for four hours with 5-MDHT prior to transplantation; control wild type MSCs (C). b| CEST map overlaid on
the anatomical image showing labeled ADSCHSV1-TK appearing as a hot spot (A).
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ABSTRACT BODY: 
Abstract Body: Background: Gene therapy treatment of heart failure in adults and of genetic congenital heart disease
in children requires monitoring of gene transfer through either repeated biopsy or Na/I nuclear imaging. Chemical
exchange saturation transfer (CEST) is a molecular MRI approach that has been used to quantify expression of CEST
active reporter genes including the Lysine Rich Protein (LRP) in tumors (1,2). Cardiac CEST-MRI (3) reporter gene
imaging could enable longitudinal and completely non-invasive monitoring of gene therapy.
Innovation: We used systemic delivery of an adeno-associated viral vector (AAV, serotype 9) containing LRP and
cardioCEST imaging (3) to probe in vivo cardiac gene delivery in mice.
Hypothesis: Within 60 days of systemic AAV9 exposure, CEST contrast of the heart would be increased compared to
saline controls.
Methods: AAV9 preparation: AAV9 viral vectors contained LRP coupled to the V5 epitope tag (CMV promoter) and
enhanced green fluorescent protein (eGFP). Mouse model: Twenty 10 week old male C57B6/J mice received a 10μL
tail vein injection of either AAV9 (n = 13) or saline (n = 7). Imaging: Imaging was performed at 1, 60, and 90 days post-
injection on a 7T ClinScan (Bruker, Ettlingen, Germany) using a whole body cylindrical coil for excitation and a
dedicated 4-channel phased array surface coil for detection. One midventricular slice was imaged using a CEST-
encoded steady state cine gradient echo sequence described in (3). CEST-encoding used a 2.03s train of Gaussian
pulses (total power 4.7μT). Cine gradient echo data (TR/TE = 10/2.3 ms, flip angle = 15°, readout time = 500ms,
averages = 4) was acquired over 4 heart beats with inner loop averaging. Image pairs were acquired following CEST
preparation at offsets of ±3.76ppm. Immunostaining: At 90 days post-injection hearts were excised, sectioned and
flash frozen. Western blot and V5 co-immunoprecipitation were performed on tissue lysates. Analysis: Registration of
end diastolic frames from both offsets in Matlab (Mathworks, Nattic, MA) enabled quantification of CEST contrast as
MTRasym =(S-3.76ppm–S3.76ppm)/S3.76ppm*100 on a pixel-wise basis. Stats Differences in mean myocardial MTR

asym between groups and over time were assessed via linear mixed modeling.
Results: Transfection of cells yielded robust eGFP fluorescence and expression of LRP-V5 (Fig S1). Cardiac MTR

asym values were similar among mice at 1 day post injection (Fig S2). In mice receiving AAV9, cardiac MTRasym
values were significantly heightened by 60 days (Figure) when compared to day 1 values and corresponding control
mice, and remained elevated at 90 days (Fig S2). Immunostaining analysis confirmed robust expression of LRP-V5 in
mice exposed to AAV9 (Fig S3).Discussion: Non-invasive monitoring and quantification of cardiac expression in gene
therapy can obviate the need for repeated biopsies. Our results reveal that with further development cardiac CEST
imaging may offer a non-invasive and radiation free method for longitudinal monitoring.
References: (1) Gilad et al. Nat Biotech 2007. (2)Farrar et al. Radiology 2015. (3) Pumphrey et al. NMR in Biomed
2016.
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Figure. Representative maps of CEST contrast 60 days post-injection. (Top) Anatomical reference images acquired at
the mid ventricle at 60 days following tail vein injection of either saline (control) or AAV9 encoding the Lysine Rich
Protein coupled to V5 (right). No differences are observed in myocardial signal intensity or architecture as a result of
LRP expression. (Bottom) Corresponding maps of MTRasym values reveal significantly increased CEST contrast in
the hearts of mice receiving AAV9 (right) compared to those receiving saline (left). The images shown in this figure are
representative of what was observed in the study both in terms of small numbers of voxels demonstrating mildly
elevated MTRasym values in control mice, and heterogeneously elevated MTRasym in the hearts of mice receiving
AAV9.
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ABSTRACT BODY: 
Abstract Body: Introduction: It has been proved that attenuated Salmonella typhimurium could selectively target and
proliferated in tumor tissue, leading to tumor suppression. Different strategies have been used to engineer bacteria for
cancer therapy. Here, we report a novel method of cancer immunotherapy using an attenuated S. typhimurium strain
engineered to secrete a heterologous bacterial flagellin (Vibrio vulnificus flagellin B, FlaB) in tumor tissues, which is
designed to stimulate host TLR5 signaling pathway in the tumor microenvironment.
 
Methods: FlaB-expressing vector was constructed under the control of pBAD promoter, and transformed into ΔppGpp
S. typhimurium, (relA::cat, spoT::kan). We used mouse (MC38) and human (HCT116) colon cancer cell lines that do
not express TLR5 on the cell surface; therefore, the FlaB-mediated tumor suppression should be associated with
TLR5-mediated host reactions in the tumor microenvironment upon bacterial colonization. Subcutaneous mouse colon
cancer and surgical implanted orthotopic human colon cancer bearing mice were i.v. injected with 107 colony forming
units (CFU) FlaB-secreting bacteria or empty vector carrying bacteria. Anticancer efficacy was evaluated by
measuring the tumor size, or tumoral luminescence imaging (IVIS100, Xenogen).
 
Results: Engineered FlaB-secreting bacteria significantly suppressed tumor growth and metastasis in mouse models,
and prolonged animal survival. Administration of FlaB-secreting bacteria to subcutaneous tumor model induced 55%
(11/20) tumor eradication. Also, average number of metastatic lesions was significantly inhibited from 13 to 0.5 per
each mouse. These therapeutic effects were abrogated in TLR5 and MyD88 knockout mice, which strongly suggested
that TLR5-mediated host immunity plays an important role in this strategy. Tumor colonization by the engineered
Salmonellae resulted in phenotypic and functional activation of intratumoral macrophages via an increase in M1
phenotype (from 10% to 22.3%) and a reduction in M2-like (from 15% to 2.8%) suppressive activity.
 
Conclusion: FlaB-expressing bacteria significantly suppressed primary tumor and metastasis through host TLR5
signaling pathway, and converted M2-like macrophages into M1-like macrophages.
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Figure. Tumor suppression and macrophage polarization after treatment of FlaB-expressing bacteria. (A) Images of
tumors from representative mice of each group. Subcutaneous mouse colon cancer (MC38) treated with PBS (n = 8)
or FlaB-expressing bacteria (SLpFlaB, n = 20). (B) BALB/c athymic nu-/nu- mice were SOI-transplanted with two
pieces of HCT116 tumor stably expressing firefly luciferase. At 4 days post-surgery, mice were treated with PBS (n =
7) or SLpFlaB (n = 8). Bioluminescence images after i.p. injection of 750 μg of D-Luciferin. Images show
representative mice before and after sacrifice. (B) Samples were prepared from MC38 tumor model at 4 dpi (24 hours
after L-arabinose induction). Continuous sections were double stained with F4/80 (green) and CD206 (red) for M2
macrophage, F4/80 (green) and CD86 (red) for M1 macrophage, and nuclei were stained with DAPI (blue). Merged
image showed in low (Scale bar = 50 μm) and high (Scale bar = 20 μm) magnifications.
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ABSTRACT BODY: 
Abstract Body: Magnetic resonance imaging (MRI) and ultrasound are complementary modalities that have been
paired in therapy and elastrography, but have not been used together in multimodal molecular imaging. Such a pairing
could take advantage of the unique features of each modality to provide information not available via either technology
alone. Here, we describe the first contrast agents for acoustomagnetic imaging. These agents are genetically
encodable, robustly detectable using susceptibility-dependent MRI sequences and “erasable” at specific ultrasound
pressures, allowing multiplexed imaging. In addition, clustering of these agents based on the presence of a specific
analyte produces changes in MRI contrast that could enable the use of these agents as functional sensors.
 
The acoustomagnetic reporters are based on gas vesicles (GVs), a unique class of genetically encoded gas-filled
protein nanostructures (~250 nm) formed by photosynthetic microbes as a means to regulate buoyancy (Fig. A). We
reasoned that the gaseous interior of GVs would have a different magnetic susceptibility from the surrounding media,
and would thus induce a local magnetic field gradient that would alter the precession of nearby aqueous 1H spins (Fig.
B). Indeed, we show that GVs can be imaged at nanomolar concentration using gradient echo MRI and quantitative
susceptibility mapping (Fig. C). Furthermore, GVs are an “erasable” MRI contrast agent, since ultrasound pressure
applied in a spatially selective manner can collapse these nanostructures, eliminating their gas compartment and thus
the MRI contrast. This is very useful because, many endogenous tissue properties, such as the presence of blood
vessels and the interface between different types of tissue, can produce contrast in gradient echo images, and the
complication of endogenous contrast has been a major drawback to the design of susceptibility-dependent T2* MRI
contrast agents. GVs, due to their ability to be imaged before and after acoustic collapse, enable, for the first time, the
acquisition of background-free T2* contrast. We demonstrate the concept of acoustically erasable background-free
imaging using GVs injected into mouse brains and collapsed using MRI-guided focused ultrasound (Fig. D-E).
 
Furthermore, acoustic collapse occurs at different specific pressures for GVs from different organisms, enabling
multiplexed “acoustomagnetic” imaging using a pressure-scan paradigm. The paradigm could enable the tracking of
multiple GV-labeled cell types using MRI. Finally, we demonstrate that GVs can potentially be engineered as sensors
of specific biological signals because the clustering of GVs produces a marked change in gradient echo images, as
demonstrated in vitro by streptavidin-biotin cross-linking.
 
Overall, these results support the introduction of GVs as the first acoustomagentic reporters, which use the
combination of ultrasound and MRI to enable background-free and multiplexed imaging. The ability of GVs to be
genetically encoded and engineered opens the possibility of using this new form of contrast in a wide range of
biological applications, especially in synthetic biology and cellular therapeutics.
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Gas vesicle represents a new class of genetically encoded MRI contrast agent. (A) Diagram of a gas vesicle (GV): a
gas-filled nanostructure (solid shading) surrounded by a gas-permeable protein shell (ribbed shading). (B) Simulation
of the magnetic field gradients surrounding a GV placed in water. Water molecules traveling in the field gradient will
deviate from the resonance frequency, which forms the basis of susceptibility based contrast. (C) Susceptibility
contrast is readily revealed in gradient echo MRI using nanomolar GV concentration. (D and E) Background-free
difference imaging using GVs. Intracranially injected GVs produce MRI contrast together with susceptibility-based
background contrast resulting from blood vessels and air-tissue interfaces. Selective imaging can be achieved using
focused ultrasound pulses to acoustically erase GVs without impacting background contrast. In this way, the
difference image is free of the endogenous susceptibility-based contrasts.
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ABSTRACT BODY: 
Abstract Body: Effective development of cell-based therapies, evaluation of immune responses and advances in
regenerative medicine will all require tools and technologies for longitudinal tracking of cells in vivo. MRI-based cell
tracking methods generally require labeling cells prior to transfer in order to engender a signal that can be
distinguished from background. Currently available MRI contrast agents such as superparamagnetic iron oxide
nanoparticles (SPIOs) can be released from labeled cells into the surrounding tissue by exocytosis or cell death and
also suffer from dilution leading to a loss in signal as cells divide. These features severely compromise the ability to
track cells for extended time periods by MRI, and can result in false positives signals from dead cells. The ideal
technique will provide high sensitivity, specificity and resolution and allow for longitudinal visualization. We are
developing a living MRI contrast agent for cell tracking using magnetotactic bacteria (MTB) as intracellular symbionts
aka magneto-endosymbionts (MEs). MEs are non-pathogenic bacteria that create lipid-enclosed chains of magnetite
crystals called magnetosomes. These magnetosomes have been shown to be sensitive MRI contrast agents with r2
~40mM-1s-1 compared to Molday ION Rhodamine B SPIO particles r2 ~70mM-1s-1 at 7T. By optimizing loading
conditions, we have achieved average iron content of ~10 fg/bacteria and iron loading levels as high as 10pg/cell. A
large number of mammalian primary, stem and cancer cell types derived from mouse, rat and human have already
been demonstrated to be compatible with the MEs with little to no adverse effects on cellular function. In our cell
tracking studies we used the MDA-MB-231BR breast tumor cells, which prefer the microenvironment of the brain.
Using this model we were able to detect single cells in the mouse brain using this new ME-labeling technique. Our
results demonstrate that MEs have potential for use as novel magnetite-based MR contrast agents.
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ABSTRACT BODY: 
Abstract Body: Background: We recently introduced gas vesicles (GVs) as the first genetically encodable molecular
imaging agents for ultrasound (1; Fig abc). This discovery opens the possibility of using this modality to image gene
expression and other molecular signals in deep tissues using acoustic reporters analogous to fluorescent indicators
such as GFP. GVs are self-assembled from protein constituents encoded in compact gene clusters, and produce
ultrasound contrast at the frequencies used for high-resolution imaging in vitro and in vivo (Fig 1e). However, there is
a need to discriminate between scattering from GVs and tissue, preferably using a non-destructive method. Recent
work suggests that beyond GV-specific pressure thresholds, GV shell buckling occurs and leads to a nonlinear
ultrasound scattering behavior (2). Here we show that ultrasound pulse sequences relying on this threshold nonlinear
behavior enable for specific GV detection.
 
Methods: We used an 18 MHz linear ultrasound probe connected to a programmable ultrasound scanner (Verasonics,
USA). GVs and polystyrene (PS) beads mimicking parenchymal ultrasound scattering were embedded in an agarose
gel phantom at concentrations generating similar echogenicity (OD 2 for GVs; 0.83% wt/vol for PS). The first
ultrasound pulse sequence (Figure 1d), referred to as amplitude modulation, consisted in transmitting a low amplitude
18 MHz pulse to excite below threshold linear GV behavior. Subsequently, a higher amplitude 18 MHz pulse was
transmitted to trigger nonlinear GV behavior. By rescaling the low amplitude echoes upon reception and subtracting
them from the high amplitudes ones, we extracted GV-specific nonlinear residual signals. The amplitude modulation
factor selected here was N=3. The second sequence, referred to as pulse inversion, consisted in transmitting pairs of
phase-inverted 12.5 MHz ultrasound pulses at identical amplitude. Here the amplitude was chosen so that each pulse
induces shell bucking and therefore nonlinear backscattering. We extracted nonlinear 25 MHz GV echoes upon
reception by summing the received phase-inverted signals. Results were compared to conventional ultrasound
imaging at 12.5 MHz and 18 MHz.
 
Results/Discussion: Amplitude modulation images (Fig. 1f) showed clear identification of nonlinear GV echoes and
suppressed linear PS echoes. The GV to PS intensity ratio in conventional ultrasound imaging was 0.73, whereas it
reached 2.16 in amplitude modulation images. Pulse inversion images produced weaker signal and incomplete
detection of the GV target overall. The GV to PS ratio were 0.82 and 1.22 for conventional imaging and pulse
inversion imaging respectively. The amplitude modulation sequence appears best adapted to reveal GV-specific,
pressure-dependent nonlinear threshold behaviors. Future work will focus on the evaluation of the modulation factor N
and on the assessment of the technique in live animals.
 
(1) Shapiro MG, et al. Biogenic gas nanostructures as ultrasonic molecular reporters. Nature nanotechnology.
2014;9(4):311-6.
 
(2) Cherin M, et al. Acoustic behavior of Halobacterium salinarum gas vesicles in the high frequency range:
experiments and modeling. Submitted.
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ABSTRACT BODY: 
Abstract Body: Background: Gas Vesicles (GVs) - hollow protein nanostructures of 100-400 nm size isolated from
buoyant microbes, have emerged as a new class of nanoscale imaging agents for ultrasound (Shapiro, Nat. Nano.
2014) and hyperpolarized MRI (Shapiro, Nat Chem. 2014). The genetic encodability of GVs provides a unique and
versatile platform for engineering mechanical and functional properties at the protein level, thereby impacting their
performance as acoustic and MRI contrast agents.
Innovation: Here, we provide the first direct evidence of molecular engineering of mechanical properties of gas
vesicles to tune their acoustic response. In particular, we show that removal or sequence modification of a key outer
scaffolding protein in GVs derived from Anabaena flos-aquae (Ana GVs) results in gas vesicles with enhanced
harmonic signals for nonlinear imaging as well as tunable collapse pressures for multiplexed acoustic imaging.
Furthermore, we demonstrate that the same scaffolding protein provides a genetic attachment point for surface
functionalities enabling, for instance, GV targeting to cancer cells.
Experimental Approach: Ana GVs are encoded by a cluster of ten genes and mainly comprise two proteins i.e. gas
vesicle proteins A and C (gvpA and gvpC) (Fig 1A). GvpA assembles into the major structural backbone of the GV
shell, while gvpC constitutes an outer scaffold that confers enhanced structural integrity (Pfeiffer, J. Bacteriol. 1996)
(Fig 1A). Removal of gvpC and truncations to its sequence were previously shown to result in a reduced pressure
threshold for structural collapse of Ana GVs (Walsby, Mol. Microbiol. 1995). Based on this, we hypothesized that
modification or removal of gvpC would alter mechanical properties of Ana GVs, thereby allowing us to tune their
ultrasound response.
Methods: Ana GVs were purified, treated with urea to remove native gvpC, functionalized with recombinantly
expressed and genetically modified versions of gvpC (Fig. 1A), followed by evaluation with ultrasound, pressurized
absorbance spectroscopy and fluorescent cell-targeting assays.
Results: The removal or genetic modification of gvpC resulted in changes to the critical collapse pressure of Ana GVs,
allowing multiplexed imaging of three distinct populations of GVs with ultrasound (Fig. 1B). In addition, engineering of
gvpC enabled the tuning of GV harmonic signals as confirmed by in vitro imaging in agarose phantoms (Fig. 1C) and
in vivo imaging following intravenous injection into nude mice (Fig. 1E, F). Furthermore, GVs functionalized with gvpC
fused to the cell-recognition peptide RGD were able to selectively recognize U87 glioblastoma cells overexpressing
integrins (Fig. 1D).
Impact: These results provide the first demonstration of the rational genetic engineering of acoustic reporters, enabling
the tuning of GV mechanical and acoustic properties as well as imparting of targeting functionality. This platform can
be used to create new classes of acoustic contrast agents for targeted, multimodal imaging.
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TITLE:  
Modular Surface Functionalization of Genetically Engineered Gas Vesicle Imaging Agents
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ABSTRACT BODY: 
Abstract Body:  
Gas vesicles (GVs) are hollow protein-shelled nanostructures from buoyant micro-organisms that have recently been
identified as a new class of molecular imaging agents for ultrasound (Shapiro et al. Nat. Nano. 2014) and
hyperpolarized MRI (Shapiro et al. Nat. Chem. 2014). GVs offer the possibility of a genetically-encoded contrast agent
whose acoustic, magnetic resonance, and functional properties can be engineered at the protein level. In this work,
we developed a modular genetic platform for functionalization of the GV surface through covalent attachment of
proteins of interest using the SpyTag-SpyCatcher protein assembly system (Zakeri et al. PNAS 2012). In this system,
the SpyTag peptide and SpyCatcher protein form a covalent amide bond when co-expressed in the same cell or
incubated together in vitro. We hypothesized that the fusion of SpyTag to GvpC, a scaffolding protein on the surface of
the GV shell, would provide an effective modular handle for functionalizing GVs.
 
A genetic fusion of GvpC with a C-terminal SpyTag and an N-terminal hexa-histidine tag was expressed
recombinantly in E. coli and purified from inclusion bodies using a nickel resin. SpyTag-functionalized GVs were then
prepared by purifying GVs from Anabaena flos-aquae, removing the native GvpC by treatment with urea, and re-
adding the recombinant SpyTag-fused GvpC via dialysis.  We observed that SpyTag-GvpC binds to GVs with similar
stoichiometry as wild-type GvpC and provides reinforcement against pressure-induced collapse. Each modified GV
had an average of 800 SpyTag functionalities.
 
To demonstrate the ability of SpyTagged GVs to be functionalized with SpyCatcher- fused payloads, we reacted these
GVs with a SpyCatcher-GFP fusion protein in vitro and purified the resulting GVs via buoyancy isolation. SDS-PAGE
was used to confirm SpyTag-SpyCatcher covalent bond formation, and quantitative fluorescence measurements
confirmed GFP labeling. Functionalization with GFP enabled multi-modal imaging of GVs with ultrasound and
fluorescence. Furthermore, given the abundance of SpyTag groups on the GV surface, GVs can be labeled with more
than one SpyCatcher payload, as demonstrated by SDS-PAGE. Reaction efficiency ranged from 10-40% depending
on the SpyCatcher fusion.
 
Ongoing efforts are focused on performing SpyTag-SpyCatcher labeling of GVs expressed inside E. coli, enabling
functional GVs to be assembled entirely inside cells.
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TITLE: Cerenkov Luminescence and Radioluminescence 18F-NaGdF4:Eu Nanocrystals as Self-Illuminating
Bioimaging Probes
PRESENTER: Tianye Cao
ABSTRACT BODY: 
Abstract Body: Cerenkov luminescence (CL) is an optical technique that captures the Cerenkov photons emitted from
highly energetic moving charged particles (β+ or β−) and can be used to monitor the distribution of many clinically
available radioactive probes. A main limitation of CL is its limited sensitivity to small concentrations of radiotracer,
especially when used with a light guide. Recently, functionalized luminescence lanthanide nanocrystals (LNs) have
been proposed as molecular imaging probes in the development of combined X-ray modalities. Here, we prepared a
self-illuminating LNs system by marked positron-emitting radionuclide 18F on the surface of NaGdF4:Eu (LNs),
showing high radiolabel rate (> 95%) and radioactive stability (> 12h). Attaching positron-emitting radioisotopes, LNs
were capable of activation and endowed their luminescence intensity increasing ~10 fold higher, with self-illuminating
no need for an external light source. To enable these novel imaging modalities, we present a facile procedure to
conjugate LNs with ethylenediaminetetramethylene phosphonic acid (EDTMP) and examine their ability to serve as
optical tracers and radiopharmaceuticals for co-localization planar optical detection and PET imaging. Combination of
CL and radioluminescence, LNs showed higher sensitive for in vivo optical imaging. The availability of these LNs
provides a method for enhancing self-illuminating radioactivity luminescence.
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ABSTRACT BODY: 
Abstract Body: Background: Pancreatic ductal adenocarcinoma (PDAC) remains the most deadly disease worldwide,
with the lowest survival rate among all cancerous disease. It has been proved that attenuated Salmonella typhimurium
 selectively target and proliferate in tumor tissue, leading to tumor suppression. Different strategies have been used to
engineer bacteria for targeted cancer therapy. Here we reports a novel strategy for targeted theranostics of human
PDAC using engineered S. typhimurium expressing cytotoxic protein, Cytolysin A (ClyA) in mouse models.
 
Methods: ΔppGpp S. typhimurium, (relA::cat, spoT::kan), expressing ClyA and bacterial luciferase (Lux) for cancer
theranostics has been previously described1. We i.v. administered the engineered ΔppGpp S. typhimurium carrying
ClyA and Lux (SLlux-pClyA, 3×107 CFU) into BALB/c athymic nu-/nu- mice transplanted with human PDAC (AsPC-1).
Orthotopic PDAC model was established by stable transfection of AsPC-1 with firefly luciferase (AsPC-1/Fluc). Tumor
fragment was transplanted to the pancreatic tail from a donor mouse by surgery. At 15 days after surgery, of ΔppGpp
S. typhimurium (107 CFU) was i.v. injected into orthotopic PNAC models and therapeutic efficacy was monitored by
measuring tumoral luminescence activity using cooled CCD camera (IVIS100, Xenogen).
 
Results: Bioluminescence imaging showed all strains of bacteria successfully targeted subcutaneous and orthotopic
tumor animals. In mice treated with SLlux-pClyA, tumor growth was significantly reduced compared with that of other
groups. In the absence of ClyA induction (SLlux), tumor shrinkage was significantly higher in the bacteria-treated
group than in the PBS-treated group, although the tumors tended to regrow. We also observed that mice treated with
SLpClyA showed a 24- and 4-fold reduction in total luminescence flux (measured by IVIS100) compared with the mice
treated by PBS and by SLpEmpty, respectively.
 
Conclusion: Single dose of ΔppGpp Salmonellae engineered to express ClyA have potential as a novel form of
imaging and treatment for human PDAC that was verified in xenograft and orthotopic PDAC mice.
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TITLE: Non-convex sparse regularization algorithm allows better resolving two Cerenkov luminescence sources
PRESENTER: Hongbo Guo
ABSTRACT BODY: 
Abstract Body: Cerenkov luminescence tomography (CLT) can obtain in vivo three-dimensional (3D) distribution of
radiopharmaceuticals in small animals, which can provide the localization and quantification information of the target
molecule. Convex sparse regularization algorithms (CSRA), such as L2-norm regularization and L1-norm
regularization, have been employed to deal with the ill-posedness of CLT reconstruction and display good
performance in locating single source. However, resolving multiple sources remains a great challenge, especially for
sources close to each other. In order to improve the spatial resolution of CLT, we presented the non-convex sparse
regularization algorithm (nCSRA).
In the nCSRA, it’s difficult to solve the problem directly as the objective function is non-convex. The non-convex
problem was transformed to an iterative and hybrid convex problem, which can be solved by some classic algorithms
such as weighted L1-norm algorithm.
To compare the performance of nCSRA and CSRA in reconstruction accuracy and spatial resolution, three numerical
simulations and two physical experiments were designed and conducted using digital mouse models and cubic
phantoms, respectively. In the digital mouse models there were two spherical Cerenkov sources of radius 0.8 mm,
which were close to the mouse kidneys and 4.8 mm, 3.6 mm and 2.4 mm apart, respectively. The homogeneous cubic
phantoms were made of polyoxymethylene, with sides of length 20 mm. And two holes of radius 1 mm, of depth 2 mm
and 4.5 mm or 3 mm apart were drilled on one face of the cubes to emplace 18F-FDG. The results showed that the
sizes of reconstructed Cerenkov sources of nCSRA were closer to the actual ones, while the reconstructed sources of
CSRA were blurred and mixed together. Furthermore, nCSRA successfully recovered two source of 2.4mm apart in
simulations (Fig.1) and 3mm apart in physical experiments (Fig.2), which performed better than CSRA in spatial
resolution.
In conclusion, experimental results validated the ability of the non-convex sparse regularization algorithm to resolve
two sources close to each other in Cerenkov luminescence tomography.
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TITLE: Perfluorocarbon chemistry for assembly and imaging of oligonucleotide delivery compositions.
PRESENTER: Alexei Bogdanov
ABSTRACT BODY: 
Abstract Body: Efficient non-viral delivery of therapeutic oligonucleotide-based constructs such as siRNA, aptamers
and oligonucleotide decoys will require protecting small oligonucleotides (ON) from rapid removal and degradation in
vivo. One approach is to bind and encapsulate the ON inside a carrier molecule, which is made possible by the
attractive forces between positively charged binding elements within the ON carrier that form polyionic complexes with
ONs. The limitation to this approach is that polyionic complexes show some toxicity in vivo.
Here we describe an alternative synthetic approach that enabled association of ON with a carrier that is both non-ionic
and also allows imaging of gene delivery constructs with magnetic resonance imaging (MRI). The approach is based
on the use of MR-detectable, self-associating 19F-perfluorinated (PF) molecules. Synthesis of hybrid
phosphorothioate-phosphodiester oligonucleotides with a fluorocarbon component (Figure A) was accomplished by 1)
linking fluorine containing moiety heptadecafluoroundecanamine to the activated 5’-carboxyl group of synthetic ONs or
by; 2) direct synthesis of ONs using PF-functionalized phosphoramidite monomers. In order to render the complex
detectable by fluorescence, we also conjugated various fluorophores to oligonucleotides using an internucleoside
amino-linker [1] introduced in ONs during the solid-phase synthesis. The modification of ON duplexes with PF
residues did not result in their destabilization as judged by comparing the melting temperatures to those of non-
modified duplexes. In parallel we performed a modification of 320kD graft-copolymer of MPEG-gPLL [2] with the
residues of perfluoroundecanoic acid resulting in MPEG-gPLL-PF, i.e. a graft copolymer with perfluorinated core as a
potential carrier of PF-ONs. This carrier MPEG-gPLL-PF (approximate mol. weight 353kD) contained from 5 to 60
residues of PF acid per molecule and was MR detectable with the use of 3D ultra-short TE MRI pulse sequences at a
concentration >1 mM of PF acid (Figure B). MPEG-gPLL-PF gave a significantly higher signal at lower concentration
of carrier-linked PF acid (6.6 mM) when compared to a PF acid solution standard 2 (10 mM, Figure B) due to a 5.7-
fold reduction in the T1 (2000 ms vrs 350 ms) of 19F which occurred upon linking to the MPEG-gPLL carrier. At the
PF ratio of 60 mol/mol copolymer the carrier efficiently bound PF-ON which had higher apparent affinity to MPEG-
gPLL-PF than the control ON duplex (Figure C,D). These results demonstrate the feasibility of developing non-ionic,
non-toxic binding ON/carrier pairs that allow non-covalent association of various nucleic acid-based optical imaging
and therapeutic constructs for the purpose of systemic ON delivery. References: 1. Metelev V, et al. Mol Biosystems
2013,9: 2447-2453. 2. Bogdanov A Jr, et al. Theranostics 2012, 2:553-576
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A- a molecular operating environment model of dual-fluorophore labeled ON-PF duplex carrying 3’-and 5’-
perfluorocarbon residues; B- 1H/19F MRI of MPEG-gPLL-PF sample and two PF phantoms, proton images are shown
on top and 19F-MRI images are on the bottom of the image; C – agarose gel electrophoresis of ON, ON- MPEG-
gPLL-PF complex and PF-ON complex with MPEG-gPLL-PF (from left to right); D- quantitation of ON- and PF-ON
duplex fluorescence expressed as bound/free ratio determined at various ON duplex/ MPEG-gPLL-PF molar ratios.
Duplexes were labeled by using internucleoside amino linker and IRDye 800CW.
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TITLE: Structure-activity relationship of AMP-luciferin analogs for in vivo imaging
PRESENTER: Nobuo Kitada
ABSTRACT BODY: 
Abstract Body: Firefly bioluminescent system is attracting widespread attention as an in vivo imaging tool. Recently,
Near-InfraRed (NIR) light (650~1000 nm) is hot topic due to high living body permeability. Although many NIR
fluorescence imaging tools are commercialy available, these are not self-luminescent.
We study the relationship between structure modification and the firefly luminescence wavelength, that the luciferase
of Photinus pyralis (Ppy) was used. And we have succeeded in development of Akalumine® which is a world's first
near-infrared light in vivo imaging tool of bioluminescence. Akalumine® is employ in vivo imaging for mice. However,
we wish Akalumine® is used much bigger animals like a marmoset, miniature pigs for in vivo imaging. Although
Akalumine® is useful for in vivo imaging, it is not enough for big animal. We will give a suggestion for solving this
problem.
Luminescence of a firefly is two stepwise reactions. Luciferase convert luciferin into AMP-luciferin (intermediate) by
adenylation reaction, andthen AMP-luciferin is converted into oxyluciferin by oxygenation reaction. It is known that
emission efficiency increase 1000 fold by using the AMP-luciferin, instead of lucifein. So the emission efficiency of
luciferin can be raised when AMP-luciferin is used. However, it is very unstable. Then, I will make elaborate AMP-
luciferin analogs, and I try to clear practical problem by establishing structure-activity relationship of AMP-luciferin
analogs.
I will present the details of this result.
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TITLE: Elongated Silica microparticles for enhanced delivery of tailorable nanoemulsion as a potential platform for
transdermal drug delivery assessed by a dye-free Coherent Anti-Stoke Raman Spectroscopy 
PRESENTER: Miko Yamada
ABSTRACT BODY: 
Abstract Body: The aim of our study is to use Coherent Anti-Stoke Raman Scattering (CARS) microscopy to assess
the enhanced transdermal delivery of Tailorable nanoemulsions (TNE) by elongated microparticle (EMP) technology.
CARS is a label-free, non-destructive imaging method which visualizes structures via intrinsic vibrational contrast of
molecules. The CARS approach here is specifically targeted to the lipid core of the TNE. We used TNE with a
customized peptide surfactant, AM1 at oil-water interphase, which simultaneously prevents droplet aggregation and
allows for superficial modification to the external surface. As a result, AM1 is capable of reversibly and precisely
controlling the stability of oil/water emulsions by forming a cohesive interfacial film. With the EMP-TNE technology,
cutaneous delivery of a wide range of lipophilic payloads becomes possible. EMPs are not attached to any solid
support allowing application to large areas of skin. Penetration of the stratum corneum by the microparticles creates
pathways for the delivery of a wide range of bioactives. We have conducted preliminary experiments where EMPs
were dry coated with TNEs. The diameter of the released TNE became larger by 10% compared to TNE before dry
coating. We bound the TNE to the EMP using alginate. CARS imaging showed that the coating was uniform and
stable for at least 72 hours. The dry form of EMP-TNE was applied to freshly excised human skin. The EMP
penetrated to the dermal-epidermal junction and we observed that the controlled release of TNE that was dependent
on the type of coating. TNE lipids could be detected as deep as 60 µm into the skin confirmed by CARS showing a
potential usage of TNEs as a hydrophobic drug carrier.
 
In conclusion, CARS imaging enables us to observe a dry, slow release formulation containing EMPs coated with
TNEs effectively delivering a hydrophobic payload deep into the human epidermis and slowly release that payload in a
controlled fashion.
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TITLE: A microfluidic chip model for the complexity recapitulation of breast cancer microenvironment
PRESENTER: Yoonseok Choi
ABSTRACT BODY: 
Abstract Body: Molecular imaging of breast cancer microenvironment can extend our understanding of breast cancer
behaviors and their underlying biological mechanisms. However, technical difficulties to reflect the complexities of the
mammary gland impeded in-depth studies of breast cancer microenvironment. Furthermore, difficulties in visualization
of internal phenomena in breast cancer during cancer progression and metastasis hinder the real-time analysis of
breast cancer cell behaviors. Here, we describe a biomimetic microengineering strategy to reconstitute the
complexities of breast cancer microenvironment in a microfluidic lab-chip system. As a first step towards resolving
critical technical challenges, we mimicked the mammary duct by co-culturing human mammary epithelial cells, human
breast cancer cells and mammary fibroblast cells in biomimetic 3D hybrid structures produced by the fabrication and
engineering of compartmentalized microchannels made of poly(dimenthylsiloxane) (PDMS), vitrified collagen
membranes, and 3D extracellular matrices (ECM). Embedded mammary epithelial cells and mammary fibroblasts
were viable for 2 weeks and the levels of released cytokines (Il-1, Il-6, TNF-a…), growth factors (FGFs) by the
embedded cells were measured with the addition of breast cancer cells to monitor the changes of fabricated
mammary gland environment. We also explored the potential of this breast cancer-on-a-chip system as a drug
screening platform by evaluating the efficacy and toxicity of anti-cancer drug. Confined growth of the breast cancer
cells were observed and the diameter of the cancer areas exposed to paclitaxel decreased (~33%) compared to non-
treated group. We believe that our system will provide the opportunity to faithfully model the key processes of breast
cancer progression and metastasis, and make a significant contribution to elucidating their underlying mechanisms,
which may permit the identification of new therapeutic targets.
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TITLE: Visualization of the migration of bone marrow derived dendritic cells and its antitumor effects with multimodal
optical reporter gene imaging 
PRESENTER: Su-Bi  Ahn
ABSTRACT BODY: 
Abstract Body: Objective: Herein, we sought to monitor the migration of bone marrow-derived dendritic cells (BMDCs)
by the use of dual reporter genes of sodium iodide symporter (NIS) and enhanced firefly luciferase (effluc) in living
mice and evaluate the antitumor effects by immunization of BMDCs expressing the dual reporter genes.
Materials and methods: BMDCs were transduced with retrovirus co-expressing hNIS, effluc and thy1.1 genes, named
as BMDC/NF. Iodide uptake and luciferase assay were done to evaluate the gene expression level of respective
reporters in BMDC/NF. To examine the effect of viral infection on BMDC function, cell proliferation, levels of antigen
uptake, phenotype expression, and migration ability were evaluated. Furthermore, in vivo antitumor effects by pre-
vaccination of BMDC/NF cells pulsed with cervical cancer cells TC-1 lysate was serially monitored by bioluminescent
imaging (BLI). For the DC tracking study, either BMDC or BMDC/NF cells were subcutaneously administered into left
and right footpad of mice, respectively, and their migration to draining popliteal lymph nodes (DPLNs) was monitored
with combined I-124 PET/CT and BLI.
Results: Iodide uptake and luciferase activity were about 5- and 10-fold higher in BMDC/NF cells than BMDCs,
respectively. There were no significant differences in cell proliferation, levels of antigen uptake and phenotype
expression, and migration ability between BMDC and BMDC/NF cells. Interestingly, in vivo BLI revealed the
successful tumor protection in mice immunized with TC-1 lysate-pulsed BMDC/NF cells until 2 weeks post-tumor
challenge. More interestingly, BLI signal was clearly detected in DPLNs of the BMDC/NF injection site at day 7 post-
injection. Consistently, I-124 PET/CT imaging showed the higher radioactivity in DPLNs of BMDC/NF injection site
than BMDC injection site.
Conclusion: We successfully tracked the migration of BMDCs to the lymphoid organ in living mice with optical and
PET imaging techniques by tagging of NIS and effluc reporter genes to the cells, without alteration of biological
function as well as generation of antitumor immunity.
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TITLE: ImmunoPET imaging of activated T cells that home to the secondary lymphoid organs in a humanized mouse
model
PRESENTER: Arutselvan Natarajan
ABSTRACT BODY: 
Abstract Body: Purpose:/b> Human peripheral blood mononuclear cells (hPBMC) engrafted in immunodeficient mice
have been utilized by immunologists for the study of human therapeutics and biomedical translational research. The
best mice for these engraftments are immunodeficient mouse expressing mutations in the IL2-receptor common γ
chain (IL2rg) gene, including NOD-scid IL2rγnull (NSG). Our aim was to develop a humanized mouse model for rapid
testing of immunoPET tracers against human T and B cells. Materials and Methods:/b> hPBMCs (5 x 10^6) were
engrafted in NSG mice (6-8 weeks) via intraperitoneal (IP) injection without irradiation (Fig 1A). Engraftment of
hPBMCs were tested in two groups of mice using an immunoPET tracer (89-Zr-Keytruda) that targets Programmed
Death-1 Receptor (PD-1) expression on activated T and B cells. Two groups of NSG mice (n=3) were imaged, i.e., no
PBMCs (control; NSG), and mice with hPBMCs (hNSG). Three days afterwards, NSG or hNSG mice received 85 ± 10
µCi/15-20 µg of 89-Zr-Keytruda via tail-vein injection. After tracer injection mice were imaged on a small animal
MicroPET-CT scanner. PET-CT was performed at various time points from 1h after tracer injection for up to 120h.
Results:/b> PET-CT images of the anti-PD-1 tracer binding to human T and B cells (1, 4 and 120 h) showed increased
tracer uptake in the spleen of NSG, and hNSG mice, which is one of the major secondary lymphoid organs (Fig 1B).
Liver and kidney uptake was < 4 %ID/g which was 2x lower compared to the spleen (Fig 1B, C). The mean %ID/g ±
SD in spleen by ROI measurements were 8.8 ± 0.2, and 7.7 ± 0.03 at 4h for hNSG and NSG mice respectively. At day
1, tracer uptake ratio of spleen/muscle was 20x for hNSG and 13x for NSG mice. The tracer signal in the spleen was
stable for up to 120h (Fig 1C). This data indicates hPBMC engraftment is intact in NSG mice for up to 5 days. This
model is robust and provides a platform for testing radiotracers in a humanized model for applications in which
secondary lymphoid structures are crucial, such as HIV gene therapy, as well as lymphoma therapy with retargeted T
cells. Conclusion:/b> Our data clearly shows that the development of a humanized mouse model from NSG can serve
as a simple and convenient preclinical platform for testing imaging tracers directed towards human targets. Further,
this mouse model may be very useful to test therapeutics or diagnostics targeted against the human immune system.
This is the first immunoPET imaging report that shows human PD-1 positive T cells, and B cells in a living subject of a
humanized mouse model.
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TITLE: A Mathematical Modeling-Based Strategy for Personalized Early Cancer Screening Using Imaging and Blood
Biomarkers
PRESENTER: Sharon Hori
ABSTRACT BODY: 
Abstract Body: Introduction: An effective cancer screening strategy must distinguish aggressive from non-aggressive
tumors at an early, intervenable time, when they can be best treated. Blood-based detection strategies, in which
proteins, DNA or other biomarkers are shed from tumor cells and measured in blood, have emerged as a promising
means to supplement imaging-based cancer diagnosis. But in order for blood-based detection to succeed, the
mathematical correlation between blood biomarker levels and imagable tumor burden must first be established at a
subject-specific level.
Aim: To develop and validate via imaging a mathematical-modeling based approach for early personalized detection
of aggressive cancers using a subject’s blood biomarker sampling data alone.
Methods: First, to validate that blood biomarkers can serve as feasible reporters of early-stage viable tumors in a
mouse model, we stably transfected human ovarian cancer cell line A2780 to highly express a bifusion optical imaging
reporter (firefly luciferase-eGFP, FL-eGFP) to enable in vivo bioluminescence imaging of tumor viability, and an
artificially engineered secreted blood biomarker (secreted alkaline phosphatase, SEAP) not produced endogenously in
any living animal. We orthotopically implanted A2780-SEAP-FL-eGFP cells into the nude mouse ovary and monitored
tumor growth for up to 28 days, using in vivo FL imaging to quantify tumor viability (Fig A), serial 25-μl plasma SEAP
sampling to assess biomarker shedding, and ultrasound imaging to assess tumor volume. Second, to establish the
relationship between plasma biomarker levels and viable tumor burden, we developed a 2-compartment model of
plasma biomarker kinetics that accounts for biomarker shedding from tumor and healthy cells, biomarker entry into
vasculature, biomarker elimination from plasma, and subject-specific tumor growth. By allometrically scaling 3
preclinical model parameters to humans, we then simulated early-stage cancer patient biomarker and tumor imaging
data for aggressive (2-mo doubling time; DT) and non-aggressive (18-mo DT) disease, and calculated the number of
blood samples needed for a given patient to classify the potential presence and size of an aggressive or non-
aggressive tumor within a 10% error margin.
Results & Discussion: We observed a strong correlation between plasma SEAP levels and FL signal in mice
implanted with low numbers of tumor cells (Fig B), suggesting that blood biomarkers may be used to approximate
viable early-stage tumor burden in living subjects. We validated the 2-compartment model by accurately predicting
tumor growth rates in a separate set of individual mice. To illustrate clinical translation of this new modeling-based
screening strategy, we used parameters for prostate cancer and PSA shedding to show that the model could detect
simulated aggressive tumor growth as early as 7.2 months before clinical imaging, based on blood data alone (Fig C).
The model also discriminated non-aggressive tumors 8.9 years before they would become imaging detectable. This
personalized screening strategy enables classification of aggressive vs. non-aggressive disease using cancer blood
biomarker data alone.
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A) Firefly luciferase (FL) imaging to measure tumor burden viability in representative mice, following orthotopic
implantation of A2780-SEAP-FL-eGFP cells in the mouse ovary. B) Correlation between plasma SEAP concentration
and FL average radiance was plotted over the course of tumor growth in 4 mice. Dashed lines indicate baseline
values for plasma SEAP concentration and FL average radiance in healthy mice. C) Screening scenario in which
patient plasma biomarker levels are sampled during growth of an aggressive tumor. The model (red curve, left y-axis)
is fitted to 42 months of patient blood biomarker sampling data (red circles, left y-axis) before the tumor becomes
imaging detectable with 7% uncertainty. At this time, the model-predicted tumor growth curve (blue curve, right y-axis)
is then compared to true tumor growth data (blue circles, right y-axis) not used in model fitting. The model accurately
predicts the presence of a 2.21-mm tumor as early as 7.2 months prior to imaging.
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TITLE: MRI/MALDI MS multimodal imaging approach to examine biodistribution kinetics of GSK1265744
(cabotegravir) long acting parenteral formulation in rat
PRESENTER: Beat Jucker
ABSTRACT BODY: 
Abstract Body: Objectives: Long Acting Parenterals (LAPs) have been used in the clinic to sustain drug release at a
target site ultimately reducing the frequency of dosing required. As such, investigation into the intramuscular (IM) or
subcutaneous (SC) drug depot physiological change over time would be beneficial to understand which depot
characteristics are associated with plasma drug pharmacokinetics (PK). Therefore, the purpose of this investigation
was to use a multi-modal molecular imaging (MRI & MALDI MS) approach to examine temporal GSK1265744
(cabotegravir) LAP biodistribution in rat. Further characterization of macrophage infiltration into the drug depot region
and plasma PK relationship to drug depot volume kinetics were assessed.
Method and Results:  Sprague Dawley rats received either an IM (gastrocnemius) or SC (abdomen) injection of
GSK1265744 LAP (40 mg/kg) with Vehicle (Placebo) injected in the contralateral leg. MRI was performed immediately
post drug administration, and then at day 1 (24 hr post), 2, 3, 4, 7, and 14 (Fig 1A). In a separate cohort of rats, an
MRI contrast agent, Feraheme® (USPIO), was administered 2 days post IM drug injection in order to investigate the
potential involvement of macrophage trafficking to the GSK1265744 LAP and Vehicle depot sites. The drug depot
volume as assessed by MRI showed a rapid ~3-7 fold increase in volume by day 2 post-dose in the GSK1265744 LAP
IM injected rats compared with an ~1 fold increase at day 2 in the SC injected rats. Conversely, the Vehicle depot did
not increase in size with time and decreased below baseline by day 2 (Fig 1B). In addition, the USPIO contrast agent
labeled macrophages were shown to be present in the depot region of the GSK1265744 LAP injected gastrocnemius
while the Vehicle injected gastrocnemius appeared to show reduced uptake. Matrix-Assisted Laser Desorption
Ionization (MALDI) MS and optical imaging of muscle sections identified the drug content within the depot and drug
associated macrophage within the depot (Fig 1C-E). Linear regression analysis demonstrated that the drug depot
characteristics including volume, surface area, and perimeter assessed by MRI at day 2 correlated with early time
point plasma drug concentrations.
Conclusions: A multimodal molecular imaging approach can be used to identify the drug depot location and
volumetric/physiologic changes in both IM and SC locations following GSK1265744 LAP administration. The IM depot
volume increased rapidly to a maximum volume at 2 days post-GSK1265744 LAP administration, while the Vehicle
depot did not suggesting that the active drug substance and/or particle was a key driver for drug depot evolution. The
depot expansion was associated with an increase in macrophage infiltration and subclinical edema in and around the
depot region and was related to plasma drug concentration at early time points (0-4 days). Consequently, molecular
imaging approaches may be used in patients to help understand the biodistribution of GSK1265744 LAP and its
associated pharmacokinetics.
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Figure 1: (A) Cross sectional MR Image of the hindlimb following GSK1265744 administration. The hindlimb injection
site is apparent in the T2 weighted image at Day 0. A series of multislice images were obtained covering the entire
depot at Day 0, 1, 2, 3, 4, 7, and 14. (B) Large differences in absolute volume expansion of GSK1265744 LAP vs
Placebo was apparent (data are presented as mean±SEM). (C, D) MALDI assessment of GSK1265744 biodistribution
in the gastrocnemius muscle section (100 µm spatial res). (E) Immunofluorescence displaying CD68 positive
macrophages (orange) co-localization with GSK1265744 autofluorescence (green).
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TITLE: Phenotypic effects of Feraheme labeling for macrophage tracking applications.
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ABSTRACT BODY: 
Abstract Body: Ex vivo labeling of monocytes and macrophages with ferromagnetic MR contrast agents is a promising
technique for in vivo cell tracking applications. However, enrichment of these cells with large quantities of iron may
alter cellular phenotype. We investigated the phenotypic effects of iron loading of immune cells via Feraheme
nanoparticles. Iron labeling of  cells with Feraheme over a 24 hour period did not alter cellular viability, proliferation, or
morphology. However, a dose-dependent increase in pro-inflammatory cytokine secretion was observed at small
doses. Iron-loaded immune cells also exhibited altered responses to immunomodulatory cytokines. These results
underscore the need for better characterization of iron-induced phenotypic changes in immune cells before MRI-based
cell tracking techniques can be widely accepted.  For in vivo tracking applications, fidelity of responsiveness to
chemotactic stimuli is crucial. In our experiments, Feraheme-treated cells exhibited an increased pro-inflammatory
phenotype; however, this may or may not impact cell migration. Therefore, we intend to investigate the effect of
Feraheme loading on chemokine-induced migration.
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ABSTRACT BODY: 
Abstract Body: Bone-seeking agents, notably 99mTc-labeled pyrophosphate (PyP), have been shown to accumulate
in the organs of patients with amyloidosis, in particular, inflammation-associated (AA) and transthyretin-related (ATTR)
amyloid diseases. We tested the reactivity of 99mTc-PyP with human ATTR amyloid and murine systemic amyloid
extracts and synthetic fibrils in vitro and used SPECT/CT imaging and biodistribution studies to study 99mTc-PYP in
murine models. Our goal was to understand the mechanism by which 99mTc-PyP-interacts with amyloid deposits in
visceral organs, notably the heart. This data will inform the clinical utilization and limitations for using bone-seeking
agents in patients with systemic amyloidosis.
The reactivity of 99mTc-PyP was assayed in a solution-phase (pull-down) assay using synthetic amyloid fibrils and
human amyloid extracts (light chain-associated [AL] and ATTR), murine tissue homogenates, and amyloid extracts as
a substrate. Briefly, ~50 µg of amyloid-related substrate was incubated with the radiotracer tracer (<100,000 cpm) for
1 h at RT. The bound and free tracer were separated by centrifugation and the data expressed as “% bound”.
Mice with systemic AA or apolipoprotein A2c-associated amyloidosis (ApoA2c) and, amyloid-free, wild type (WT) mice
were administered IV ~300 µCi of 99mTc-PyP. After 1 h, the mice were euthanized by isoflurane overdose and
SPECT/CT images acquired. Immediately after imaging, a necropsy was performed, and the heart, liver, spleen,
kidney, pancreas, upper intestines and muscle were harvested. Tissues were analyzed for biodistribution (% injected
dose/gram) and fixed in 10% buffered-formalin for 24 h before being paraffin-embedded, sectioned and stained with
Congo red to confirm the presence of amyloid. In some mice, the heart was excised from the mouse in its entirety,
perfused with PBS to remove traces of blood and injected with CT contrast before SPECT/CT imaging of the isolated
heart.
In microSPECT imaging studies, we observed accumulation of radiotracer in all visceral organs – notably the liver,
spleen and pancreas of AA-laden mice – sites of amyloid deposition. Tissue biodistribution measurements confirmed
selective retention of the 99mTc-PyP in these organs, at ~2-3 % injected dose per gram, which was approximately 4 –
6 fold greater than that seen in the WT mice. SPECT imaging of the isolated hearts showed visible uptake of 99mTc-
PyP in AA, but not WT, organs. In mice with ApoA2c, uptake in liver, lung and spleen was observed Binding of 99m

Tc-PyP to isolated amyloid extracts was only weakly positive with ≤10% of the total activity bound to the amyloid in the
pull down assay.
99mTc-PyP binds AA amyloid in human patients (Yamagata, et al. [2006] Int. J. Hematol, 84: 70-73). Our finding that
99mTc-PYP binds AA in a mouse model provides a novel test bed with which to dissect the molecular interactions
responsible for uptake of this tracer in amyloid. Due to the low binding in the pull down assays, we hypothesize that
the ligand recognized by 99mTc-PyP resides in amyloid within the context of the organ itself. Understanding this
interaction will enhance the use of 99mTc-PyP for imaging amyloidosis.
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