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001-Endoscopic Visualization of Colorectal Adenomas In Vivo
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Colorectal cancer (CRC) is the third leading cause of cancer-
related mortality in men and women, and it is projected to cause > 
50,000 deaths during the year 2019 in the United States (1). Screening 
tests for colorectal cancer are recommended at the age of 50, and it 
is expected that by the use of early screening procedures colorectal 
tumors can be detected and removed before they become cancerous, 
making colorectal cancer one of the only truly preventable types of can-
cer (2, 3). Current screening procedures include white light colonos-
copy, chromoendoscopy, narrow-band imaging, etc., all of which aim 
to detect solid colon tumors and precursor lesions, but only raised solid 
tumors and matured CRC can typically be visualized and removed, 
but precursor lesions, such as adenomas are frequently missed(4-6). 
Uncontrolled cell proliferation is pivotal in colorectal tumorigenesis 
and cyclooxygenase-2 (COX-2) is an important regulatory enzyme in 
this process(7). It has been confirmed that precursor lesions such as 
aberrant crypt foci, hyperplastic polys, and macro- or micro-adenomas 
are COX-2 overexpressing and is absent from most normal adult human 
tissues, and that makes it an attractive molecular target for early detec-
tion of colorectal carcinogenesis by molecular imaging(8). Various 
radio- or fluorophore-labeled small molecules targeted to COX-2 have 
been reported, but none reached to the clinic. Towards addressing this 
need, we have developed a novel nanobody-based strategy – single 
chain antibodies functionalized with fluorophores – for in vivo optical 
imaging of cyclooxygenase-2 (COX-2), a biomarker overexpressed in 
early stages of colorectal carcinogenesis. We hypothesize that imaging 
probes tagged to nanobodies specific for COX-2 protein would selec-
tively accumulate in colorectal adenomas, resulting in specific and sen-
sitive of detection, while reducing background and off-target systemic 

toxicity. To test this hypothesis, we developed fluorescent derivatives of 
COX-2-targeted nanobodies derived from heavy chain-only antibodies 
originated in Alpaca. We evaluated their COX-2 binding affinity and 
their use in targeted visualization early lesions of CRC in an azoxym-
ethane and dextran sodium sulfate- induced colorectal adenoma mouse 
model. For site-specific bioconjugation, we performed site-directed 
mutagenesis study to generate mutant nanobodies followed by conjuga-
tion with fluorescent tags. We determined the structural and functional 
basis of COX-2 binding by X-ray co-crystal analysis. We validated 
the specificity and sensitivity of the fluorescent COX-2 nanobody in 
detection of colorectal adenomas in a clinically relevant adenoma 
model. This demonstrate the  1st COX-2-targeted fluorescent nanobodies 
exhibiting high affinity for COX-2, and offering significant advantages 
over standard endoscopic imaging. This study establishes a framework 
for the clinical development of molecularly-targeted (COX-2-targeted) 
fluorescent nanobodies for early detection of CRC and facilitates per-
sonalized medicine tailoring of therapeutic strategies to the patient 
based on molecular profiling.
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Objectives 
Metabotropic glutamate receptor 2 (mGluR2) has been implicated 
in several neurological and psychiatric disorders, including schiz-
ophrenia, anxiety, depression, and Alzheimer’s disease.1-2 Radi-
otracers for imaging mGluR2 density and distribution would 
enable studies of the receptor’s function and facilitate develop-
ment of treatments for mGluR2-related diseases. The aim of this 
study was to investigate the mGluR2 function using PET imag-
ing with the 2-((4-(2-[11C]methoxy-4-(trif luoromethyl)phenyl)
piperidin-1-yl)methyl)-1-methyl-1H-imidazo[4,5-b]pyridine  ([11C]
mG2P001), which is a selective probe developed from a positive 
allosteric modulator (PAM).3

Methods 
The positive allosteric modulation of mGluR2 was first investigated 
based on modulation of  [11C]mG2P001 accumulation between the 
baseline and blocking conditions in eight normal Sprague Daw-
ley rats (male, weight 360-420 g, age 9-11 weeks). The unlabeled 
mG2P001,  a potent mGluR2 PAM  (IC50 = 7.6 nM,  EC50 = 51 
nM),3 was used as a blocking agent at a dose of 4 mg/kg iv. 10 
min before tracer injection. The behavior of  [11C]mG2P001 was 
further mimicked by the tritiated  [3H]mG2P001 in the transfected 
CHO-K1 cells expressing human mGlu2 receptors. In these stud-
ies, cellular binding of  [3H]mG2P001 was investigated by different 
concentrations of co-incubated glutamate and unlabeled mG2P001, 
respectively. Furthermore, the mGluR2 functional expression was 
investigated with eight PET/CT imaging studies in three monkeys 
(Cynomolgus fascicularis, female, weight 4.6-6.0 kg, age 5-6 

yrs). In the blocking studies, different doses of mG2P001 (i.e., 0.2 
mg/kg or 1.69 mg/kg) were administrated via either simultane-
ous infusion or pre-injection bolus 10 min before the tracer injec-
tion. Arterial blood was collected for tracer metabolism analysis 
and the generation of the metabolite corrected arterial input func-
tion. The 1- and 2-tissue compartment models and Logan graphi-
cal analysis were used for invasive kinetic modeling of the brain 
PET data.

Results 
PET imaging in rats showed that accumulation of   [11C]mG2P001 
was significantly enhanced in all the regions of interest (ROIs) of 
the brain, ranging from 23.5% to 53.2%, with the highest enhance-
ment observed in the hypothalamus and the lowest one in the olfac-
tory bulb. In the CHO cells, the specific binding of  [11C]mG2P001 
toward the mGlu2 receptor was significantly enhanced by increasing 
the amount of glutamate with a maximum of 2-fold enhancement 
compared to the control value at a glutamate concentration of 10 μM. 
Similarly, the specific binding of  [11C]mG2P001 was also increased 
with more unlabeled mG2P001 in the incubation media. In primates, 
the arterial blood analysis revealed the moderate metabolism stabil-
ity of  [11C]mG2P001 with only one primary highly polar radiome-
tabolite. As a PET radiotracer,  [11C]mG2P001 had excellent brain 
permeability  (SUVmax > 3 at 15 min) and moderate heterogeneous 
distribution across the monkey brain. Both the 2-tissue compart-
ment model and Logan graphical analysis fitted well for the acquired 
PET data and provided the stable regional total volume of distribu-
tion VT estimates under both baseline and blocking conditions. Based 
on the Logan VT estimates, all the blocking experiments showed an 
enhanced accumulation of  [11C]mG2P001 across the investigated 
brain ROIs with a representative study showing a 33% enhancement 
after pretreatment with 0.6 mg/kg mG2P001 iv.

Conclusion 
The PET imaging studies in rats and nonhuman primates evidenced the 
enhanced specific binding of  [11C]mG2P001 to mGluR2 following the 
pretreatment with unlabeled mG2P001. These results were unusual and 
unique for the mGluR2 PAMs. The in vitro cell studies further indi-
cated the glutamate binding cooperativity and positive allosteric modu-
lation in enhancing the specific radioligand binding. Altogether,  [11C]
mG2P001 is a sensitive biomarker for mGluR2 functional expression 
and it can be further analyzed for diagnostic and therapeutic purposes.
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Purpose/Background: 
Solid pulmonary nodules (SPNs), <3-cm isolated round opacities sur-
rounded by lung parenchyma, are often detected incidentally on routine 
chest radiographs and computed tomography (CT) and frequently seen 
on screening chest CTs in high-risk patients (1, 2). While the majority 
of SPNs are benign, their detection requires further workup to assess 
for possible malignancy, including follow-up CT and/or positron emis-
sion tomography (PET)/CT imaging, and biopsy for lesions that are 
large, fast-growing, have suspicious morphologic characteristics, or 
demonstrate high 18-fluorodeoxyglucose (18F-FDG) avidity (1). While 
FDG PET is valuable in further characterizing SPNs, it suffers from 
relatively high false positive and false negative rates due to high FDG 
uptake in infectious and inflammatory processes, and low or variable 
uptake in certain lung cancer subtypes as well as in low grade cancers 
(1, 3). A PET tracer that could more accurately predict whether an SPN 
is malignant would obviate unnecessary repeat imaging and invasive 
biopsies. [18F]FSPG, a glutamate analogue containing an [18F]fluo-
ropropyl group, is used to image expression of the cystine/glutamate 
 (xC

-) transporter, which is upregulated in a variety of tumors, including 
non-small cell lung cancer, breast cancer, and liver cancer and has been 
associated with poor outcomes (4, 5). 18F-FSPG is stable in human 
plasma for up to 4 hours, has no measurable radiometabolites, is rapidly 
cleared via the kidneys, and has low background uptake, ideal charac-
teristics for high contrast tumor imaging (6-9). The goal of this study 
is to evaluate whether [18F]FSPG is superior [18F]FDG in predicting 
whether an SPN is malignant.

Methods: 
Fifteen patients with SPNs discovered on routine or screening chest CT 
were recruited as part of a phase 2 clinical trial to undergo both [18F]
FDG PET and [18F]FSPG PET clinical imaging within 2 weeks of each 
other. We evaluated [18F]FDG and [18F]FSPG activity of lung nodules 
on PET imaging as well as histopathologic diagnosis, tumor grade, and 
stage. Inclusion criteria: 1) nodule size 7-30 mm, 2) age ≥ 45 years, 
3) current or former smoker with ≥ 20 pack year history. Exclusion 
criteria: 1) history of lung cancer, 2) other cancer within the previous 
5 years, 3) pregnant or nursing. Of 15 patients, 14 patients underwent 
tissue biopsy, resulting in a diagnosis of non-small cell lung cancer 
(NSCLC) in 10 patients (8 patients with adenocarcinoma and 2 patients 
with squamous cell carcinoma) and benign findings in 4 patients. One 
patient has a slow-growing nodule that lacks suspicious morphologic 
characteristics and is undergoing active surveillance./

Results: 
On average, SPNs had higher activity (SUVmax) on [18F]FDG PET 
than on [18F]FSPG PET imaging (median SUV max 3.4 vs. 1.5 )(p 
= 0.01)(Fig. 1A, B). There was a statistically significant difference 
between malignant and benign tumors in uptake of [18F]FDG (median 
SUVmax 4.7 vs. 1.8, p = 0.03) and [18F]FSPG-PET (SUVmax 1.9 
vs. 1.0, p = 0.002). Background signals with [18F]FSPG were lower 
than with [18F]FDG. Using SUVmax cutoff values for [18F]FDG and 
[18F]FSPG-PET of 2.5 and 1.1, respectively, the sensitivity, specificity, 
positive predictive value (PPV), and negative predictive value (NPV) 

for detection of high grade malignancy by [18F]FDG PET were 70%, 
100%, 100%, 57% and for [18F]FSPG PET were 100%, 100%, 100%, 
and 100% (Fig. 1C). [18F]FSPG PET detected all lesions that were 
detected by [18F]FDG and also correctly classified 3 malignancies that 
were incorrectly classified by [18F]FDG. Receiver operating character-
istic (ROC) curves for [18F]FDG and [18F]FSPG yielded areas under 
the curve (AUC) of 0.84 (p = 0.05) and 1.0 (p = 0.004), respectively.

Conclusion: 
[18F]FSPG PET has comparable, if not higher, sensitivity than [18F]FDG 
in predicting malignancy in patients with SPNs. A larger sample size is 
needed to detect differences in specificity between the two PET tracers.
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Labelling scaffolds for 1H magnetic resonance imaging (MRI) poses 
challenges with respect to detection, sensitivity, specificity, and 
quantification. These key aspects have increasingly motivated the 
application and investigation of 19F-MRI parallel to the development 
of new biochemical compounds. Indeed, although 19F-MRI provides 
high image contrast due to the almost complete lack of fluorine back-
ground in living organisms, fluorine probes with high content of 
highly mobile and chemically equivalent fluorine atoms are needed. 
In addition, novel imaging approaches combining hybrid imaging 
modalities and new materials are highly required in routine clinical 
applications [1]. Therefore, this study aims to enhance and strengthen 
the monitoring of biohybrid tissue-engineered vascular grafts’ 
(TEVG) resorption and remodeling via innovative hybrid 1H/19F 
MRI. As a proof-of-concept and to enhance the visibility and lon-
gitudinal monitorability of our TEVG, multifilaments of highly 
fluorinated thermoplastic polyurethane (19F-TPU) were added to the 
textile scaffold. Consequently, our new TEVG consisted of i) non-
degradable polyvinylidene fluoride (PVDF) monofilaments coated 
with ii) biodegradable poly(lactic-co-glycolic acid) (PLGA) fibers 
labeled with superparamagnetic iron oxide nanoparticles (SPION), 
to which iii) non-degradable 19F-TPU multifilaments were added, and 
finally moulded with iv) fibrin gel containing human endothelial and 
smooth muscle cells (hECs and hSMCs). First, the biocompatibility 
of the 19F-TPU fibers was assessed on hSMCs via XTT and compared 
to the Food-and-Drug-Administration-approved PLGA fibers and a 
negative control. Subsequently, a systematic investigation was carried 
out to determine the amount of 19F-TPU needed to generate a high 
signal-to-noise ratio via 1H/19F 7T MRI. Therefore, textile scaffolds 
containing a different number of 19F-TPU filaments were embedded in 
10% gelatin (w/v) and then imaged with a dual-tuned 1H/19F transmit/
receive volume coil. Furthermore, the degradation of the biocompat-
ible and biodegradable SPION-labeled PLGA coating was longitu-
dinally assessed with and without cellular components at 37°C for 
7 days and at 70°C for 3 weeks, respectively. The evaluation of the 
release and possible cytotoxic effects of extractables and leachables 
on cells revealed the biocompatibility and safety of 19F-TPU filaments 
(A). Interestingly, the XTT results for these fibers showed slightly 
higher signals than those for PLGA, which might be due to the acidic 
effect of its degradation debris [1,2]. The superimposition of the gray-
scale T2W and “hot spot” ultrashort echo time (UTE) sequences of 
the gelatin phantoms containing a different number of 19F-TPU fib-
ers showed both enhanced visibility of the PLGA layer due to the 
SPION labeling and 19F signal intensity corresponding to a higher 
number and different positioning of 19F-TPU fibers (B). Surprisingly, 
the visualization of the structure of individual 19F-TPU fibers was 
successfully enabled by image post-processing. The longitudinal 
monitoring of the degradation of the SPION-labeled PLGA and the 
permanent signal given by the 19F-TPU fibers was carried out con-
comitantly (C-F). In both experimental setups, with and without cells, 
the R2 analyses showed a gradual decrease in the MRI signal after 
7 days and 3 weeks, respectively, indicating swelling and hydrolysis 
of the PLGA, leading to SPION release. As postulated, no signifi-
cant changes could be observed regarding the non-degradable 19F-
TPU signal intensity. Additional histological analyses supported the 
PLGA degradation and the constant presence of the 19F-TPU fila-
ments. Herein, we present an additional non-invasive imaging method 
to strengthen the investigation of the remodeling and resorption of 
vascular prostheses via hybrid imaging techniques. We demonstrated 
the novel employment of innovative fluorinated and biocompatible 
MRI-traceable fibers. Indeed, our findings report the successful visu-
alization of individual fluorinated filaments and the critical possibil-
ity of monitoring both biodegradable and non-biodegradable textile 
components of our TEVG. Therefore, the presented approach might 
play a critical role in our TEVG theranostic and therapeutic appli-
cation. Acknowledgement: This work was supported by Deutsche 
Forschungsgemeinschaft (DFG) (403039938).
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Cytotoxic CD8+ T cells are the primary effector cells mediating 
anti-tumor responses. In vivo monitoring of CD8+ T cells has broad 
implications for the development of novel cancer therapies. Here we 
describe the development of a genetically engineered mouse model 
(GEMM) in which CD8+ T cells are labeled with an optical reporter, 
enabling in vivo, longitudinal monitoring using bioluminescence imag-
ing (BLI). Firefly luciferase (Luc2), human diphtheria toxin receptor 
(DTR), and enhanced green fluorescence protein (eGFP) cDNAs are 
engineered under the CD8α promoter to generate a transgenic mouse 
line. Luciferase mRNA and CD8α mRNA were generally correlated in 
various tissues from these mice. Sorted splenic CD8+ T cells, CD4+ 
T cells and CD3- non-T cells verified that the luciferase signal is spe-
cific to CD8+ T cells. In vivo imaging showed that luciferase signal 
was detected in various immune organs, such as lymph nodes, thymus, 
and spleen, and the detection was confirmed by ex vivo examination. 
Administration of diphtheria toxin markedly reduced luciferase signal 
systemically, confirming the function of the DTR. In the MC38 mouse 
syngeneic model, we observed significant increases in CD8+ T cells 
with mDX400 treatment, an anti PD-1 mouse monoclonal antibody that 
correlated with tumor growth inhibition. This novel reporter GEMM is 
a valuable drug discovery tool for profiling compounds and understand-
ing mechanisms of action in immunotherapy of cancer.
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Introduction: 
Fluorine-18-labelled radiotracers targeting norepinephrine transporter 
(NET) have potential applications in the diagnosis and assessment of 
cardiac sympathetic nerve conditions as well as the delineation of neu-
roendocrine tumors. Recently, we developed and reported AF78(F) as a 
novel tracer of this kind [1]. As a step forward, five new AF78 analogs 
were characterized in vitro and in vivo to understand the relationship 
with NET affinity.

Materials and Methods: 
Radiolabeling was performed using a one-pot-two-steps protocol as previ-
ously described by Chen et. al. [2]. Non-radioactive analogs, i.e., meta-Cl, 
Br, I and OH substitution, of AF78(F) were newly synthesized. Competi-
tive uptake assay was performed with 3H-NE and human neuroblastoma 
SK-N-SH cell line to characterize uptake via NET. Cells were treated with 
3H-NE, containing non-radioactive compounds in various concentrations 
for 60 min at 37°C, in the presence of pyrogallol and pargyline. After 
washing with PBS, cells were lysed in NaOH, followed by measurement 
of radioactivity. Non-radioactive meta-iodobenzylguanidine (MIBG), 
and neurotransmitter norepinephrine (NE) were used as references for 
the target compounds. For PET imaging,  [18F]AF78 was injected via teil 
vein following a 10 min dynamic PET scan. In vivo biodistribution was 
performed in healthy male wistar rats (n=3-6 each radiotracer). Radiotrac-
ers were administered via tail vein. After 10 min tracer injection, hearts, 
livers, and bloods were obtained for tissue counting study.

Results/Discussion: 
The uptake studies showed  IC50 values for NE (0.50 ± 0.16μM), 
MIBG (1.75± 0.47μM), AF78(F) (0.42 ± 0.14μM), AF78(Cl) (0.94± 
0.28μM), AF78(Br) (3.32 ± 0.72μM), AF78(I) (6.51 ± 3.32μM) and 
AF78(OH) (22.67 ± 3.58μM), respectively, with AF78(F) showing 
highest uptake affinity. Consequently, the data reveal that the uptake of 
nonradioactive compounds against 3H-NE is inversely proportional to 
the size of non-polar halogen substituent, while polar hydroxyl group 
dramatically decreases the  IC50 value. Heart to blood ratios support 
the results of the cell studies with AF78(F) (13.2±1.2), AF78(Cl) 
(10.4±0.4), AF78(Br) (8.7±1.5) and AF78(I) (5.9±0.4), respectively. 
In the healthy rat, PET/CT imaging showed homogeneous radiotracer 
distribution throughout the left ventricular wall, even the delineation of 
the right ventricular wall is visible. Because thermogenesis is predomi-
nantly driven by the SNS, specific uptake via NET was further proven 
by uptake in brown adipose tissue. Moreover, it has been reported that 
MIBG is not selective towards NET but can also be taken up by organic 
cation transporters (OCTs) in non-target organs, which will reduce the 
effective radiation dosage for the target organ while causing an unnec-
essarily higher utilization of radioactivity [3]. Therefore, the evaluation 
of their affinity on OCTs is currently in process.

Conclusion: 
Our results show a remarkable trend between the meta-substitution on 
AF78 and their NET affinities, which correlates with the halogen´s space 
hindrance, non-polarity as well as negative inductive effect. These find-
ings would pave the way for further tracer development, by using non-
polar meta-halogen and radiotracers with higher NET selectivity over 
OCTs for better imaging accuracy and therapeutic specificity.
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Objectives: 
MUC16 continues to rank among viable targets for the diagnosis 
and treatment of high grade serous (HGS) ovarian adenocarcinomas. 
Aberrantly expressed O-linked glycans on hypoglycoslyated forms of 
mucins such as MUC16 are implicated in the biology that promotes the 
malignancy of tumors of epithelial origin. Current therapies for ovarian 
cancer have not significantly improved overall survival, thus there is 
a critical need for additional treatment methods. We hypothesize that 
truncated MUC16 isoforms are a potential target for radioimmuno-
therapy treatment of HGS ovarian cancer. Here, we utilized a Lute-
tium-177 (177Lu) labeled humanized antibody, huAR9.6, that targets 
fully-glycosylated and hypoglycosylated isoforms of MUC16 to treat 
ovarian tumors with varying MUC16 expression levels.

Methods: 
huAR9.6 was conjugated to CHX-A”-DTPA and radiolabeled 
with  177Lu for radioimmunotherapy experiments in mice bear-
ing  MUC16+ subcutaneous OVCAR3 tumors & medium MUC16 
expressing OVCAR5 tumors. OVCAR3 xenografted mice were 
placed into three cohorts for administration of 250 μCi, 500 μCi, or 
750 μCi of 177Lu-labeled huAR9.6 to evaluate dose dependent effi-
cacy. OVCAR5 xenografted mice were placed into a single 500 μCi 
dose cohort. Toxicity of the treatment was assessed by monitoring 
hematologic parameters throughout the study.

Results 
In this study,  [177Lu]Lu-CHX-A”-DTPA-huAR9.6 significantly sup-
pressed tumor growth in all three dose cohorts of the OVCAR3 
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xenografts. The 500 μCi and 750 μCi doses were curative in OVCAR3 
tumor bearing mice, but showed toxic side effects (petechiae, hair 
loss, and death).  [177Lu]Lu-CHX-A”-DTPA-huAR9.6 slowed tumor 
growth in mice bearing OVCAR5 tumors in comparison to saline con-
trol. WBC, RBC, and platelet counts decreased within 2-3 weeks post-
injection, but all cell counts recovered to normal range by weeks 3-5.

Conclusion: 
Here, we show that  [177Lu]Lu-CHX-A”-DTPA-huAR9.6 has strong 
anti-tumor effects in high MUC16 expressing tumors. These findings 
demonstrate great potential for using 177Lu-labeled huAR9.6 for radio-
immunotherapy treatment in ovarian cancer.
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CA232130 and Quest PharmaTech for providing the antibody.
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Background: 
To date, breast cancer (BC) is the world’s most prevalent cancer type 
and the leading cause of cancer-related mortality in  women1. Approxi-
mately 20% of all BCs show amplification of the human epidermal 
growth factor receptor-2 (HER2/neu) gene, which is critical for tumor 
proliferation and disease  progression2. HER-2-positive (HER2+) BC 
often exhibits aggressive clinicopathologic features. Nonetheless, 
with the introduction of neoadjuvant systemic chemo- and HER2-
directed therapies, pathological complete response (pCR) rates in up 

to 60-65% of patients have been  reported3,4. This leads to the sugges-
tion for future non-surgical treatment strategies in case of pCR after 
neoadjuvant systemic therapy (NST)5. Pivotal herein is accurate pre-
operative prediction of pCR. Currently used modalities, such as MRI, 
lack sensitivity for predicting pCR in HER2+ BC, corresponding to 
a pCR in only 73% of  patients6-9. HER2-targeted PET/CT-imaging 
using zirconium-89 (89Zr)-radiolabeled trastuzumab holds potential 
as a technique to improve the diagnostic accuracy. This trial evaluates 
the feasibility of 89Zr-trastuzumab-PET/CT for accurate non-invasive 
prediction of pCR in HER2+ BC.

Methods: 
This multicenter interventional prospective trial was approved by the 
Dutch medical ethics committee. Female patients aged >18 years with 
HER2+ BC scheduled to undergo NST and surgical resection were 
included. HER2-status was scored based on standard-of-care immu-
nohistochemistry analysis of the diagnostic biopsy specimen. All sub-
jects underwent a pre- and post-NST 89Zr-trastuzumab-PET/CT scan. 
For both scans, patients received 37 MBq (±10%), 50 mg of clinical 
grade 89Zr-trastuzumab intravenously four days prior to scanning. Dose 
and timing were based on previous phase I  studies10,11. The standard-
of-care MRI images before and after NST were evaluated using the 
RECIST1.1 guidelines, and evaluated for tumor size, lymph nodes, as 
well as speed and intensity of (pathological) contrast enhancement, 
washout, and diffusion restriction. 89Zr-trastuzumab-PET/CT scans 
were assessed for 89Zr-trastuzumab uptake in the primary tumor and 
involved lymph nodes, quantified as Metabolic Tumor Volume (MTV), 
Standardized Uptake Value Ratio  (SUVR) and  SUVmean/max using semi-
automatic tumor segmentation, based on subject individual threshold-
ing.  SUVR is  SUVmax of the BC lesion divided by  SUVmean of healthy 
tissue in the contralateral breast. Radiologic complete response (rCR) 
was defined as visual disappearance of 89Zr-trastuzumab uptake in the 
tumor region. All diagnostic biopsies and resection specimens were 
assessed by a board-certified pathologist. A pCR was defined as the 
absence of invasive tumor cells in the resected specimen, irrespective 
of remaining in situ lesions (ypT0/ypTis). For the quantification of 
residual disease, the Residual Cancer Burden (RCB) score was  used12.

Results: 
To date, five patients with NST-treated HER2+ BC lesions have been 
included. No adverse events were reported during administration and 
follow-up. Figure 1 shows examples of the diagnostic MRI- and 89Zr-
Trastuzumab-PET/CT images pre- and post-NST correlated to defini-
tive histopathologic results. In total 4/5 patients had a pCR, the accu-
racy of 89Zr-trastuzumab-PET/CT and MRI was respectively 80% 
and 100%. The MTV of BC lesions pre-NST was heterogeneous and 
ranged from 1.5-21.6  mm3 (median 6.3).  SUVR and  SUVmax pre-NST 
respectively ranged from 7.0-95.5 (median 22.3) and 1.4-19.1 (median 
6.7). The percentage decrease (∆, delta) of  SUVR pre- and post NST 
was -94%, -91%, -88%, -83% in cases with pCR, in contrast to pPR 
which showed a decrease of -57%.

Conclusions: 
These preliminary results showed proof-of-concept for the diagnostic 
evaluation of neoadjuvant treated HER2+ BC lesions using 89Zr-tras-
tuzumab-PET/CT with a favorable safety and tolerability profile. Based 
on this limited series 89Zr-trastuzumab-PET/CT may be non-inferior 
compared to MRI for response assessment based on diagnostical 
 accuracy9. Nonetheless, in this series MRI outperformed 89Zr-trastu-
zumab-PET/CT based on visual analysis. A more robust conclusion on 
the added diagnostic value of 89Zr-trastuzumab-PET/CT for accurate 
response assessment in HER2+ BC should be drawn after inclusion of 
all intended participants.
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Introduction: 
Amyloid and tau deposits are the hallmarks of Alzheimer’s dis-
ease (AD) since its first discovery and the basis for a diagnosis of 

"definitive AD" obtained postmortem. More recently, we have seen 
accumulating evidence of a relationship between disease progression, 
neuroinflammation and loss of glutamate NMDA receptors, gathered 
from disparate studies using PET in vivo and immunohistochemis-
try or autoradiography in vitro. In the present study, we set out to 
perform the first fully quantitative analysis of all four markers and 
their interrelationship in brains of subjects who died with AD, mild 
cognitive impairment (MCI) or cognitively normal controls. Notably, 
the NMDA receptor is relatively rarely studied in the context of AD 
although it is directly and profoundly linked to memory formation. 
The hypothesis driving the study is that excessive deposition of both 
amyloid and tau is necessary but not sufficient to cause hippocampal 
structural (atrophy) and functional (memory loss) pathology, and the 
latter are predicated on hippocampal neuroinflammation and loss of 
NMDA receptors.

Methods: 
Hippocampal samples from 72 individuals were obtained from two 
brain repositories. Samples were equally divided among men and 
women and the three disease categories, resulting in a group size 
of 24 subjects/diagnosis, 12 men and 12 women. Antemortem neu-
ropsychological test results and detailed pathological evaluation 
were available for all subjects. Brains with pathological findings 
indicative of diseases other than AD (e.g. Lewy body disease, Par-
kinson’s, other dementias) were not included. Each hippocampus 
was cryosectioned to provide 10 consecutive slides which were 
labeled with radioligands for tau, amyloid, TSPO (translocator 
protein, a marker of neuroinflammation/microglial activation) and 
NMDA receptors using published methodologies (1-3). Sections 
were also stained with cresyl violet to assess anatomy and histo-
pathology. Autoradiograms were scanned and analyzed using FIJI 
(originally NIH Image) software. To facilitate quantification, com-
mercial tritium standards were included in all experiments using 
tritiated ligands, ( [3H]PK11195 and [3H]MK801 for TSPO and 
NMDA receptors, respectively) while experiments with F18 labeled 
tracers ([18F]T807 and [18F]Florbetaben for tau and amyloid 
respectively) were accompanied by freshly prepared [18F] stand-
ards. Results: As expected, diagnosis of AD was associated with 
significant increases in hippocampal tau and TSPO and a decreases 
in NMDA receptor density relative to non-demented controls. 
Amyloid density was higher in AD cortex and control white matter 
relative to hippocampus and did not match the anatomical distribu-
tion of changes in the other three markers. Patterns of AD-related 
changes in tau, TSPO and NMDA receptors were grossly similar, 
all showing relative preservation of the dentate compared to the 
CA1 and subiculum. As a group, subjects with MCI demonstrated 
intermediate levels of TSPO and NMDA receptors, with some sub-
jects demonstrating profound changes similar to those observed in 
AD and other subjects demonstrating no change relative to non-
demented controls.

Conclusions: 
In vitro autoradiography is a reliable and quantitative tool enabling 
simultaneous assessment of multiple markers in brains of subjects 
along the AD trajectory which may contribute to a better understand-
ing and prediction of disease progression from MCI to AD.
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Non-invasive detection of inflammation in vascular disease and can-
cer in vivo is one of the major goals of molecular imaging. Addressing 
this need requires developing and in vivo testing of novel probes in 
realistic models of human disease. Recently developed reactive oxy-
gen species (ROS)-responsive redox imaging probe Fe-PyC3A enabled 
MRI of acute internal organ inflammation in several animal models [1]. 
Fe-PyC3A undergoes nearly instantaneous oxidation of Fe(II) to Fe(III) 
by ROS released by the activated cells of innate immunity leading to 
a rapid increase of longitudinal relaxivity (r1) and consequently, MR 
signal intensity. The feasibility of rapid (dynamic) MRI after Fe(II)
PyC3A administration has not been tested yet in large animal models 
of inflammation even though near-real time MRI is the most important 
application of Fe-PyC3A in terms of clinical translation. In general, 
unlike most inflammation-specific probes Fe-PyC3A would not require 
a pre-injection and delayed image acquisition. In this work we tested 
dynamic as well as delayed MRI for imaging unstable and inflamed 
rabbit aneurysms, which undergo expansion and sustained inflam-
mation [2]. A group of NZ rabbits (n=8) underwent aneurysm crea-
tion at the base of right common carotid artery [3] using consecutive 
elastinolysis and decellularization as described in [2]. Two groups of 
animals (n=4 each) were imaged- at 4 and 12 weeks after aneurysm 
creation. At 12 wks the healing of vascular injury was higher according 
to pathology. Fe-PyC3A was injected IV at the dose of 0.15-0.2 mmol/
kg. 3T MRI was performed by using T1-FFE (TR/TE: 21/4ms, FA: 
 20o), and axial MSDE MR pulse sequence (SR prepulse 650 ms, TR/
TE: 2500/6ms, FA:  90o V-enc: 1), with respiratory gating, and acquired 
immediately as well as 3 h post contrast injection. Dynamic images 
were analyzed by using SNR calculations in two animal groups. MSDI 
aneurysm enhancement ratios (ER) were calculated as a quotient of 
mean aneurysm MR signal intensities (normalized by mean in-plain 
MR signal of the muscle), measured before and after injection of Fe-
PyC3A. Model aneurysms were excised and processed for histology as 
described in [4]. Test experiments in vitro showed that the oxidation of 
low-Fe(II)PyC3A by hydrogen peroxide resulted in a robust 15-times 
increase of r1 at 3T, suggesting that ROS released locally in vivocan 
produce SNR increase on 3T MR images. In a rabbit model of continu-
ous aneurysmal inflammation the injection of Fe-PyC3A resulted in a 
transient increase of SNR with time-to-peak enhancement of 1.07±0.11 
min in both 4- and 12 wk groups. SNR increase did not reach signifi-
cant levels in one animal, while in the 12-week group a lower but sig-
nificant (p<0.05) increase of SNR was observed in all animals (n=4), 
(Figure 1A,B). An I.V. injection of Gadavist (non-specific enhance-
ment) resulted in high but nonspecific SNR, which plateaued after 
3 min according to dynamic MRI acquisitions. Delayed MRI of the 
lumens on MSDE (Figure 1C) showed an increase with ER=1.33±0.09 
after Fe-PyC3A administration (Figure 1B) with a statistically signifi-
cant enhancement still present after a 3h delay. Histology identified the 

presence of MPO- and S100A8/A9 positive inflammatory cells at the 
level of 115±18 cells/section at 4 wk early time point which remained 
nearly constant for 12 weeks (109±23 cells) in the thrombi as well 
as in the blood vessel wall. In conclusion, dynamic and delayed MRI 
acquired after the administration of iron chelate - based ROS sensors 
allowed to detect a strong increase of SNR peak proving the feasibility 
of non-invasive molecular MRI of vascular inflammation due to ROS 
release by infiltrating inflammatory cells. Further detailed quantitative 
analysis of Fe-PyC3A sensor – assisted MRI with correlates of innate 
immune system markers will enable differentiation of low- and high-
grade inflammation by both dynamic and delayed MRI techniques.
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Senescence is a newly identified hallmark of  cancer1, whereby the 
cancer cells undergo a type of proliferation arrest yet also increase the 
secretion of inflammatory markers known as the senescence associated 
secretory phenotype (SASP)2. Despite an array of antibodies clinically 
approved that target SASP antigens, senescence imaging has been lim-
ited to the nonspecific small molecule beta-galactosidase. Urokinase 
plasminogen activator surface receptor (uPAR) is an internalizing 
membrane bound antigen that has garnered tremendous interest in 
oncology and recently senescence. Prior research has shown uPAR 
targeting CAR-T cells to act as a senolytic in a lung adenocarcinoma 
model, prolonging  survival3. Here the use of both murine and human 
targeting uPAR antibodies were investigated as potential markers of 
senescence for pancreatic cancer under a senescence inducing combi-
nation of Trametinib and Palbociclib (TP). Using Zirconium-89 with 
the chelator desferoxamine (89Zr-DFO), murine and human targeting 
uPAR antibodies were radiolabeled with a specific activity between 
5-10mCi/mg. Species cross reactivity of 89Zr-DFO labeled huPAR 
and muPAR was determined by magnetic bead based binding assay 
bearing human and murine uPAR antigens. High reactivity with the 
muPAR antibody was seen against mouse, human and control targets, 
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while huPAR antibody bead binding was most selective for human 
uPAR (persuasive data 1a). Cell uptake of 1 μCi 89Zr-DFO-muPAR 
antibody increased two-fold (32 to 65 μCi/μg) in KPC cells undergo-
ing senescence inducing TP treatment (persuasive data 1b). In vivo, 
administration of 10-40 μg, 75 μCi-250 μCi of radiolabeled huPAR 
or muPAR was imaged by PET/CT at 24, 48, 72, and 144h followed 
by terminal biodistribution in several flank pancreatic tumor models. 
Strong accumulation in subcutaneously implanted KPC pancreatic 
tumors were seen in both untreated and TP treated mice (persuasive 
data 1c) with uptake between 15-20 percent injected dose per gram 
in each image slice. It was noted that in TP treated mice, lower liver 
and blood activity was seen by PET/CT and confirmed by terminal 
biodistribution at 144 h. Human uPAR targeting antibody in nude mice 
bearing flank MiaPaCa2 tumors showed strong antibody uptake by 144 
h, with increased uptake for mice undergoing TP therapy (Persuasive 
Date 1d). Additional imaging and biodistribution were performed in 
BxPC3 and PANC1 tumor bearing mice, though tumor uptake was 
less than that seen for MiaPaCa2. Preloading studies at 10 μg, 40 μg, 
and 100μg at 4h prior to injection of the radiotracer showed improved 
tumor uptake kinetics at 24 hours with the highest preloading level, 
though 144h terminal biodistribution differences were more modest 
(data not shown). While uPAR is not considered an antigen specific to 
senescence, moderate to high uptake was observed three different pan-
creatic lines over the normal pancreas and TP therapy increased tumor 
uPAR uptake in tumors. The development and optimization of 89Zr-
DFO-uPAR antibodies for human and murine targets allows a new 
way to identify pancreatic cancer in addition to the uPAR increase as 
part of senescence inducing therapy. Future directions include testing 
other pancreatic models, senescence inducing drug combinations, and 
possible antibody conjugated senolytic or endoradiotherapy strategies.
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There is today no consensus to determine which advanced melanoma 
patient will benefit from immune or targeted therapy. If BRAF tar-
geted therapy is efficient in most of the patients, resistance occurs in 
almost all cases, whereas immune checkpoint inhibitors show a lower 
response rate yet with a long-term benefit. To identify the subset of 
melanoma patients who will achieve durable clinical benefit with 

checkpoint blockade, the development of biomarkers of response to 
immune checkpoint blockade is crucial. The aim of this work was to 
evaluate metabolic imaging using 13C-MRS (Magnetic Resonance 
Spectroscopy) as a marker of response to immunotherapy in a synge-
neic melanoma model. Showing significant tumor growth delay when 
treated with anti-PD1 antibody compared to isotype control antibody, 
the YUMMER1.7 melanoma xenograft model has been selected as 
a responsive model to immunotherapy for this study. 13C-MRS was 
performed in vivo after injection of hyperpolarized (HP) 13C-pyruvate, 
at baseline and after 1 cycle of immunotherapy, to evaluate dynamic 
changes in pyruvate-lactate exchange. Furthermore, ex vivo 13C-MRS 
steady state metabolic tracing experiments were performed after 
U-13C-glucose injection at the same time-points. A significant decrease 
in the HP 13C-lactate to 13C-pyruvate ratio was observed in vivo after 
one cycle of immunotherapy, that was not observed in the isotype con-
trol group. With respect to steady state measurements, there was a lack 
of change in the ex vivo metabolite concentrations (13C lactate, 13C ala-
nine, 13C glutamate) after 13C glucose injection in response to immuno-
therapy. Altogether these results suggest that HP 13C-pyruvate could be 
used as an early maker of response in melanoma patients treated with 
immunotherapy. The current data also further illustrate that steady state 
metabolite concentrations are only one aspect of metabolism and do 
not necessarily reflect the activity of a metabolic pathway, contrarily 
to HP metabolic imaging. Further IHC studies are ongoing to assess 
metabolic transporters and glycolytic enzymes, including GLUT1, 
MCT1, MCT4, and LDH-A.
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KRAS is one of the most commonly mutated oncogenes in human 
cancers, with the highest prevalence in pancreatic, colorectal, and lung 
cancer (ref 1). Although once considered “undruggable”, a renewed 
and growing interest is now in pursuing KRAS-targeted compounds. 
We developed a KRAS G12C mutation-specific inhibitor that had 
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shown promising pharmacology and efficacy results. It will be referred 
to as “KRasi” hereinafter. KRAS activation controls three major sign-
aling axes: PI3K-AKT, MAPK-ERK, and Ral-GEF (ref 2), and both 
PI3K and ERK pathways regulate glucose metabolism. So, here, we 
aim to explore PET imaging with 18F-FDG, a well validated glucose 
analog imaging probe, as a pharmacodynamic biomarker of KRAS 
inhibition first in a xenograft pancreatic tumor model and then in a 
genetically engineered mouse (GEM) model of non-small cell lung 
cancer (NSCLC). KRAS G12C-harboring MiaPaca2 human pancre-
atic tumors were established in nude mice and treated with escalating 
doses of KRasi for three consecutive days. 18F-FDG PET imaging 
was performed prior to drug treatment (baseline) and immediately (1 
hour) after the final dose. As shown in Figure (a-b), image analysis 
and ex vivo gamma counting demonstrated a significant decrease in 
tumor uptake of 18F-FDG in the KRAS inhibited groups (mean ex vivo 
tumor uptake of 2.50 and 2.56 %ID/g in the low- and high-dose groups, 
respectively, versus 4.56 %ID/g in the vehicle control). While ~90% of 
pancreatic cancers harbor KRAS mutations, G12C only accounts for 
~1% of them. In contrast, it is the most prevalent KRAS mutation in 
NSCLC, yet most GEM models available are driven by KRAS G12D. 
To address this gap, KrasLSL-G12D/wt p53fl/fl knock-in mouse (com-
monly known as the KP model) was modified to replace the G12D 
mutation with G12C. Development of lung tumors in the resulting 
animals was induced by administering Cre-expressing Adenovirus 
intranasally. Subsequent tumor growth was monitored by longitudinal 
microCT imaging and quantified by an automated segmentation algo-
rithm (ref 3). Compared to its G12D counterpart, the new, G12C-driven 
model showed a marked delay in tumor latency (~18 versus 12 weeks 
post induction for the first detection of discernible tumor nodules) and 
significantly longer survival time (median survival of 27.7 versus 36.6 
weeks post induction). However, the speed of tumor progression to 
death did not differ drastically, and both models were decently avid for 
glucose/18F-FDG at baseline. To assess the pharmacodynamic effect 
of Kras inhibition in the KRas G12C/p53 GEM model of NSCLC, mice 
with distinct lung tumor nodules were treated with high dose KRasi 
for 7 consecutive days, with PET imaging performed at baseline and 
post-treatment. As shown in Figure (c-e), all animals demonstrated a 
moderate baseline level of tumor 18F-FDG uptake. After treatment, 
while the vehicle groups exhibited continuous tumor growth and a 
moderate increase in their tumor 18F-FDG uptake (average post-to-
baseline fold change: 1.18), most of the KRas inhibitor treated animals 
had either stable disease or tumor size reduction, and either no change 
or a decrease in 18F-FDG PET signal compared to baseline (aver-
age post-to-baseline fold change: 0.87). Taken together, these results 
showcased the value of 18F-FDG PET imaging as pharmacodynamic 
readout of KRas inhibition in mouse models of cancer. Of note, this 
is beyond its “regular” use in the clinic as a tool to assess tumor bur-
den. Given that G12C-specific inhibitors are currently in clinical trials 
for lung cancer, but only about half of patients have shown partial 
responses to treatment (Ref 4), there is still a need to further understand 
the mechanisms of resistance. The imaging strategy presented here 
could aid in the elucidation of molecular and metabolic mechanisms 
in the preclinical setting.
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Background: 
Pseudo Continuous Arterial Spin Labelling (pCASL) MR is a perfusion 
imaging biomarker and reflects molecular level process. It is a contrast 
free & radiation free technique.

Methods: 
The standardised PCASL sequence was acquired along with routine 
neuro-degenerative protocol. We had 60 cases of variety of neurode-
generative diseases referred for FDG PET between April 2020- Decem-
ber 2021 & 22 cases of movement disorder referred for FDOPA PET 
scan between April 2021- December 2021.

Results: 
Based on FGD-PET we could phenotype cases based on the perfusion 
profile as AD(18), FTD(28), DLB(3),Parkinsonian disorders such as 
PDD, CBD, PSP(10), Vascular dementia(1).We could also subtype 
AD as PCA AD(5), AD- VaD (1) and FTD as svFTD(7), bvFTD(7), 
FTDPSP(1),PNFA(2), FTD-NPH(1), CBDAD(1).Detailed clinical 
– structural – functional imaging correlation was done for all these 
cases . Based on FDOPA we subdivided the patients into: Idiopathic 
Parkinson disease (IPD, n = 10), Atypical Parkinson disease (cortico-
basal degeneration, n = 02), Secondary /other movement disorders 
with reduced dopaminergic activity in basal ganglia (Vascular n=01, 
drug induced PD n=02 & Mangenese toxicity n=01) & Scan nega-
tive for dopaminergic deficits without reduced dopaminergic activity 
in basal ganglia (n= 06).Among 10 IPD cases, PCASL & FDOPA 
–PET findings correlated in 7 cases for reduced perfusion & dopa-
minergic activity in caudate nucleus & putamen, with additional infor-
mation on cortical gray-matter symmetrical hypoperfusion without 
atropy in parietooccipital region in 1 case. FDOPA showing reduced 
dopaminergic activity activity in basal ganglia, hypoperfusion rev-
elled by PCASL in parietal lobes along with basal ganglia differenti-
ated IPD from 2 cases of AtypicalParkinson disease as cortico-basal 
degeneration.

Conclusion: 
pCASL provides brain perfusion profile, so profiling patients before 
gross morphological changes, thus helpful in early & correct diagno-
sis of multiple conditions. Syngergistic effect of ASL with FDOPA 
as DOPA gives basal ganglia information whereas ASL being ana-
logue of FDG gave lobar information too hence sensitivity specificity 
was increased of PET to make further phenotype analysis between 
IPD/APD .
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OBJECTIVE: 
To evaluate the presence of Absent Swallow Tail sign (AST) in Parkin-
sonian syndromes and correlate it with 18F-DOPA- PET and whether 
AST can be used as an imaging biomarker to differentiate IPD from 
APD, secondary Parkinsonian disorders (Essential tremors, drug 
induced PD, Vascular PD etc) and other movement disorders.

MATERIALS AND METHODS: 
A total of 24 cases with clinical features of Parkinsonism were taken 
for the study. The control group comprised of 8 cases of supratentorial 
tumours not involving basal ganglia and midbrain. In all cases and 
controls, 3D FLAIR and 18FDOPA PET was done. PET images were 
co-registered on 3D T1 MPRAGE. 3D FLAIR images were reformatted 
in axial plane in such a way that the imaging plane lies perpendicular to 
the tangential plane of red nucleus on the sagittal 3D FLAIR images. 
AST sign was evaluated on right and left Substantia Nigra (SN) sepa-
rately and correlated with 18F-DOPA images. RESULTS:Out of the 24 
cases with Parkinsonian syndromes, 10 cases were IPD. All the cases 
of IPD had bilateral AST sign with abnormal FDOPA findings, com-
prising the true positive group for AST sign, except one case wherein 
clinical suspicion was young onset PD, where AST was present only on 
the left side with F-DOPA abnormality in bilateral striatum. This one 
case was considered as false negative in our study.3 cases were APD. In 
these 3 cases, AST was absent except in 1 case where it was equivocal 
on one side due to presence of type I VR spaces. 18F-DOPA was abnor-
mal in all the cases.7 cases were of secondary Parkinsonian syndromes 
(i.e. essential tremors, drug induced PD) without dopaminergic deficits. 
In all these cases 18F-DOPA uptake was normal. AST was absent in all 
except 2 cases. 4 cases were of movement disorders due to other causes 
(2 were manganese toxicity and 1 was DYT23 dystonia, 1 was vascular 
PD). In these cases 18F-DOPA uptake was abnormal. AST was present 
in 1 case of manganese toxicity and in the dystonia case.These cases of 
APD, secondary PD and movement disorders where AST was present 
were considered as false positive.AST was negative in all the controls 

with normal DOPA uptake. This group comprised true negative cases 
for AST sign. Specificity and sensitivity was calculated bases on per-
formance of AST in correlation with FDOPA. AST was 90% sensitive 
and 71 % specific with a positive predictive value of 69% and negative 
predictive value of 90% in differentiating IPD from APD, secondary 
PD and other causes of movement disorders.

LEARNING POINTS
1. Presence of AST indicates IPD
2. Absence of AST indicates APD, secondary PD, toxic and genetic 

causes of movement disorders.
3. 18F-DOPA PET can differentiate IPD/APD from secondary causes 

of PD.
4. In all cases of toxic and genetically associated movement disor-

ders, 18F-DOPA PET was abnormal with variable AST sign. This 
group mandates further research to derive conclusions.

5. Reconstruction in the described plane is important to increase 
sensitivity and specificity of AST

CONCLUSION: AST can be used as a reliable biomarker for differ-
entiating IPD from APD, secondary PD and other causes of movement 
disorders.
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Introduction: 
Virtual histology is a pioneer means for the study of intact biological 
samples, digitally browsing the tissue in 3D to screen and examine 
pathological hallmarks. X-ray phase-contrast tomography (XPCT) 
is ideally suited for this purpose. XPCT is a cutting-edge fast imag-
ing technique with an isotropic resolution of 5–10μm. It makes use 
of x-ray refraction instead of absorption, thus achieving a higher 
sensitivity within soft tissues such as the brain, in a similar way to 
phase-contrast microscopy. XPCT can reveal microstructural and 
anatomical features of the healthy brain [1–3] or quantitatively high-
light diverse alterations caused by neurological diseases, for instance 
demyelination or amyloid plaque burden, without the need for cutting 
or staining [4–8]. For all these reasons, XPCT might become a novel 
complementary imaging tool for 3D neuropathological evaluation of 
brain samples.
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In a standardization perspective, it is crucial to determine whether rou-
tine preparation of anatomopathological samples is compatible with 
XPCT imaging and how sample preparation determines the quality and 
contrast of images. To date, the preparation process is poorly described 
nor standardized, which limits reproducibility and widespread use of 
the technique. We hereby present our work to fine-tune the sampling 
and preparation processes and provide a comprehensive framework for 
clinical and pre-clinical applications in the field of neuropathology.

Methods: 
Preparation of brain samples were varied to investigate the impact of:

• Freezing methods (isopentane, dry ice) vs. no freezing;
• Fixation (4% formaldehyde (FA) vs. 10% FA);
• Pretreatment with blood clot removal agent (CHAPS/NMDEA mix 

[9]) in order to prevent artifacts due to the lack of washing of the 
intravascular space in case of autopsic tissue;

• Ethanol dehydration kinetics (monitored at 5 time points through-
out the process);

• Paraffin embedding vs. 96%-ethanol immersion.

These tests were performed on human and rodent brain samples. 
Human brains from deceased patients with neurodegenerative diseases 
(Alzheimer’s disease, dementia with Lewy bodies) were selected and 
collected by an expert clinician (N=5). Whole excised brains from 
rodents were also collected (N=3) and hemispheres with different 
preparations were compared.
XPCT was performed at 2 synchrotron radiation facilities: ESRF 
– The European Synchrotron Radiation Facility (ID-19 beamline) and 
SOLEIL (ANATOMIX beamline). 3D images were generated with the 
PyHST2 toolbox then were analyzed with Fiji and ThermoScientific 
AMIRA.

Results: 
We here confirm that ethanol dehydration is a crucial step to obtain 
contrast between white matter and gray matter in the brain parenchyma. 
Interestingly, ethanol-induced contrast formation was not immediate, 
particularly in corpus callosum and striatum, but appeared progres-
sively once immersed in ethanol: 32 hours are required for the white-
matter signal to be maximized. Fixation with higher percentage of FA 
did not modify the contrast, thus suggesting that anatomopathologists 
may use their usual preparation method. The paraffin embedding pro-
cess degraded both anatomical contrast and image quality. Therefore, 
we tested alternative freezing techniques. However, differences were 
observed on adjacent human brain samples depending on the freezing 
method; the nature of these differences is under investigation with our 
expert clinician and will be confirmed with immuno-histochemistry and 
histochemistry analysis. Prior to imaging, the CHAPS/NMDEA-treated 
samples turned white, suggesting that blood removal was efficient; this 
was further confirmed by XPCT, enabling artifact-free analysis of the 
major blood vessels. Assessment of blood removal within the capillary 
network is in progress.

Conclusion: 
XPCT-based virtual histology is a powerful tool that perfectly fits 
between in vivo 3D imaging and standard 2D immuno-histochem-
istry with respect to resolution and sample integrity. Standardizing 
preparation now is an opportunity to provide high-quality protocols 
as open-source material. This will contribute to fostering the use 
of XPCT by the neuroscience/neuroimaging communities and to 
encouraging further developments to fully exploit the potential of 
this approach, for which new contrasts still need to be discovered 
and deciphered.
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Introduction: 
Lung diseases driven by non-resolving inflammation represent a signifi-
cant burden on the US healthcare system (1) that is highlighted by the 
COVID-19 pandemic. There are currently few clinical tools to monitor 
ongoing lung inflammation, and stratify patient care using a personal-
ized medicine approach. A promising target is chemokine-like recep-
tor 1 (CMKLR1), a GPCR expressed by various leukocytes including 
monocytes/macrophages and natural killer cells, that binds to ligands 
chemerin and the omega-3 lipid mediator resolvin E1 released during 
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inflammation (2). The CMKLR1-chemerin axis has been implicated in 
various lung diseases and modulation of CMKLR1 signaling results in 
altered inflammatory responses (3-5). We evaluated a novel CMKLR1-
targeted positron emission tomography (PET) radiotracer in a preclini-
cal model of bleomycin-induced lung injury to non-invasively meas-
ure ongoing lung inflammation in the context of fibrotic lung injury. 
We further characterized CMKLR1 expression over the course of the 
inflammatory and fibrotic phases of bleomycin-induced lung injury.

Methods: 
CMKLR1-targeted peptide ligands NODAGA-CG34 and 6CF-CG34 
(6-carboxyfluorescein-CG34) were synthesized using solid phase 
peptide chemistry. For PET/CT imaging, NODAGA-CG34 was radi-
olabeled with 64Cu to give 64Cu-NODAGA-CG34 in radiochemical 
purity >95%. PET/CT with 64Cu-NODAGA-CG34 was conducted in 
a bleomycin-induced murine model of lung injury, and the radiotracer 
uptake in the lungs was quantified by percent injected dose per gram 
(%ID/g) using Inveon Research Workspace. Specific uptake of the radi-
otracer was confirmed by co-injection of 100x molar excess of non-
radiolabeled NODAGA-CG34. Following imaging studies, radiotracer 
uptake in individual organs (%ID/g) was measured with ex vivo gamma 
counting. In select mice, ex vivo autoradiography of the lungs was 
performed and adjacent lung sections were stained for immunofluores-
cence microscopy. Cellular patterns of CMKLR1 expression through-
out the course of bleomycin-induced lung injury was determined by 
flow cytometry quantification of 6CF-CG34, a fluorescent analog of 
NODAGA-CG34, by lung leukocytes.

Results: 
In vivo lung uptake of 64Cu-NODAGA-CG34 both globally (%ID/gmean) 
and focally (%ID/gmax) was highest at 1 week (%ID/gmean = 2.47±0.67, 
%ID/gmax = 4.04±0.87) and 2 weeks (%ID/gmean = 1.83±0.30, %ID/
gmax =3.35±0.47) following bleomycin treatment, and decreased 
nearly to baseline by 4 weeks (%ID/gmean = 0.70±0.06 and 1.03±0.10, 
%ID/gmax =1.38±0.10 and 1.96±0.19, respectively). 64Cu-NODAGA-
CG34 uptake was near-completely blocked upon co-injection with 
excess non-radiolabeled NODAGA-CG34, confirming its specificity. 
Quantification of 64Cu-NODAGA-CG34 uptake in the lungs by ex 
vivo gamma counting strongly correlated with in vivo uptake obtained 
by PET  (R2 = 0.77, P < 0.0001), confirming the accuracy of quantita-
tive PET imaging. Additionally, 64Cu-NODAGA-CG34 uptake meas-
ured by in vivo PET and high-resolution ex vivo autoradiography spa-
tially co-localized within regions of lung inflammation and increased 
CMKLR1 expression determined by histology. Further, we found that 
the increased CMKLR1 expression, measured by 6CF-CG34 uptake, 
in the lungs of mice at 1- and 2-weeks post-bleomycin was mostly 
driven by interstitial and monocyte-derived macrophages, and to a 
lesser degree natural killer cells, and matches the observed kinetics of 
radiotracer uptake determined by in vivo PET.

Conclusion: 
In vivo molecular imaging of CMKLR1 with 64Cu-NODAGA-CG34 
measures ongoing inflammation in the context of a preclinical fibrotic 
lung injury model. PET imaging of CMKLR1 provides a potential 
strategy to non-invasively quantitate, spatially localize and monitor 
the dynamics of lung injury.
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Introduction: 
Photodynamic therapy (PDT) is a non-invasive therapeutic approach 
in which an external light source activates an injected photosensi-
tizer (PS) to generate reactive oxygen species causing localized cell 
death and reduced off-target toxicity. Although PDT has proven to 
be effective in treating some cancers clinically, the non-specific 
uptake and poor pharmacokinetic profiles of PSs often limit its 
clinical applications [1-3]. The integrin αvβ6 is an epithelial-specific 
cell surface receptor that is highly expressed in a wide range of 
tumors, but has low/undetectable expression in healthy adult tis-
sue, making it an attractive target for cancer specific treatment [4, 
5]. Here, we report the development and preclinical evaluation of 
a PS conjugated to an αvβ6-targeting peptide, for targeted-delivery 
to αvβ6-expressing tumors.

Methods: 
An αvβ6-targeted PS, 1 (IR700-ABM-5G; Fig. 1A) was synthesized by 
conjugating the hydrophilic PS (IRDye700DX NHS, Li-Cor) onto an 
αvβ6-targeting peptide  (NH2-ABM-5G) in solution via NHS chemistry. 
The in vitro phototoxicity of 1 was assessed by WST-1 assay using 
DX3puroβ6 (αvβ6 +) and DX3puro (αvβ6 -) cells, using a red light-emit-
ting diode (LED, 690 ± 20 nm, Marubeni model L690-66-60) as the 
light source, against controls (LED light alone, 1 alone, and non-tar-
geted IR700 with LED). In vivo imaging was performed in nu/nu nude 
mice bearing paired DX3puroβ6 and DX3puro xenograft tumors. Mice 
were injected with 10 μg of 1, followed by imaging at 1, 2, 4, and 
24 h. Biodistribution (24 h) data were collected post sacrifice. The in 
vivo therapeutic effect of 1 was studied in mice bearing DX3puroβ6 
and DX3puro xenograft tumors: Group 1 - DX3puroβ6 tumor, saline; 
Group 2 - DX3puroβ6 tumor, LED only (no 1); Group 3 - DX3puroβ6 
tumor, 1 only (no LED); Group 4 - DX3puro tumor, 1 + LED; and 
Group 5 - DX3puroβ6 tumor, 1 + LED. For Groups 3-5, mice were 
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injected with 10 μg of 1; for Groups 2, 4, and 5, mice were subjected to 
20 min LED, and for all animals the treatments were performed once.

Results: 1 
demonstrated targeted phototoxicity to DX3puroβ6 (αvβ6 +) cancer 
cells. With light activation, 1 had an  EC50 of 1.6 nM for DX3puroβ6 
cells and ≥250 nM for the DX3puro cells. The toxicity of 1 without 
light activation was similar to that of free (non-targeted) IR700, i.e., not 
detectable at concentrations <100 nM, with only a moderate viability 
decrease (~20%) at a concentration of 250 nM. Fluorescent intensity 
measurements obtained from in vivo imaging and biodistribution con-
firmed selective uptake and retention of the 1 in the DX3puroβ6 tumors 
(Fig. 1B): the fluorescence intensity of DX3puroβ6 tumors was 2.9-fold 
higher than that of DX3puro tumors, and 2.5- to 6-fold higher than that 
of the other organs, except kidneys and stomach. A significant delay in 
tumor growth was observed following a single treatment with 1 + LED 
in mice bearing a DX3puroβ6 (αvβ6 +) tumor vs a DX3puro (αvβ6 -) 
tumor (38 vs 18 days, respectively, to reach tumor volume of 200  mm3, 
p < 0.001), resulting in an increased median survival (61 vs 50 days 
respectively, p < 0.05). No therapeutic effect was observed in any of 
the control groups (Fig. 1C).

Conclusion: 1 
showed αvβ6-selective uptake and retention in integrin αvβ6-expressing 
DX3puroβ6 tumors in mice. The promising in vivo pharmacokinet-
ics and superior therapeutic efficacy of 1 validate its potential as an 
αvβ6-targeted PDT agent and warrant further investigation for clinical 
translation.
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Extracellular vesicle (EV)-mediated transfer of biomolecules plays an 
essential role in intercellular communication and may improve targeted 
drug delivery. In the past decade, various approaches to EV surface 
modification for targeting specific cells or tissues have been proposed, 
including genetic engineering of parental cells or postproduction EV 
engineering. However, due to technical limitations, targeting moie-
ties of engineered EVs have not been thoroughly characterized. We 
developed the bioluminescence resonance energy transfer (BRET) EV 
reporter, PalmReNL-based dual-reporter platform for characterizing 
the cellular uptake of tumor homing peptide (THP)-engineered EVs, 
targeting PDL1, uPAR, or EGFR proteins expressed in MDA-MB-231 
breast cancer cells, simultaneously by bioluminescence measurement 
and fluorescence microscopy [1]. Bioluminescence analysis of cellular 
EV uptake revealed the highest binding efficiency of uPAR-targeted 
EVs, whereas PDL1-targeted EVs showed slower cellular uptake. 
EVs engineered with two previously reported EGFR-binding pep-
tides via lipid nanoprobes did not increase cellular uptake, indicating 
that designs of EGFR-binding peptide conjugation to the EV surface 
are critical for functional EV engineering. Fluorescence analysis of 
cellular EV uptake allowed us to track individual PalmReNL-EVs 
bearing THPs in recipient cells. These results demonstrate that the 
PalmReNL-based EV assay platform can be a foundation for high-
throughput screening of tumor-targeted EVs. Taking advantage of 
the BRET EV reporter system, we designed 24 scrambled amino acid 
sequences derived from the uPAR-binding peptide for EV engineer-
ing, followed by assessing their cellular uptake by MDA-MB-231 cells 
in vitro. Interestingly, two scrambled peptides dramatically improved 
cellular uptake of engineered EVs relative to the original uPAR-binding 
peptide (Fig. 1). We use these data sets for evolving peptides with better 
tumor targeting capacity using a novel computational algorithm called 
Protein Optimization Evolving Tool (POET), which we recently devel-
oped [2]. With further investigation, our research will expand synthetic 
biology approaches for improving tumor-targeted drug delivery by EVs 
and other nanocarriers.
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Introduction: 
To alleviate the reliance on whole organ transplant, cell therapies 
are increasingly considered as candidates to repair damaged organs 
and tissues. Primary hepatocyte transplants (HTx) are an established, 
safe cell therapy for liver disease patients, but graft survival is often 
transient with patients eventually requiring whole organ transplant. 
Strategies that improve initial engraftment, and reduce transient graft 
loss, require robust protocols to enable non-invasive in vivo tracking 
of transplanted cells in real-time. Unfortunately, primary hepatocytes 
lose their mature phenotype and function ex vivo, thus excluding label-
ling strategies requiring in vitro culture. To overcome this challenge 
we have developed a protocol suitable for labelling freshly isolated 
primary murine hepatocytes, with a near-infrared (NiR) dye prior to 
transplant, to facilitate in vivo fluorescence imaging.

Methods: 
Labelling efficiency and impact on viability were assessed by flow 
cytometry; with phenotypic and functional capacity assessed in vitro by 
plating capacity (monolayer attachment to collagen-I), and immu-
nostaining for hepatic markers.
We performed HTx in the MDM2 mouse model of liver  injury1,2 to test 
if the NiR signal from labelled hepatocytes was sufficient to enable in 
vivo fluorescence imaging in situ and whether labelling impacted cell 
transit to the liver. The widespread hepatocyte senescence and block to 
hepatocyte replication seen in human liver disease is mimicked by AhCre-
mediated loss of Mdm2 expression in the adult mouse liver in this model; 
resulting in hepatocyte necrosis, apoptosis and senescence, thereby facili-
tating therapeutic cell engraftment. Freshly isolated TdTomato+ hepat-
ocytes (control HTx), or TdTomato+/NiR labelled hepatocytes were 
intrasplenically transplanted into MDM2 mice 7 days following injury 
induction. Mice were NiR imaged post-transplant, with a subset culled 
for organ imaging ex vivo to validate in vivo imaging signals (N=2-3 per 
group), remaining mice were reimaged 4 hours post-transplant, with organs 
imaged ex vivo to validate in vivo imaging signals (N=3 per group). The 
impact of labelling on overall engraftment and survival, and the capacity 
for repeat imaging, was assessed in a pilot study, with HTx transplanted 
MDM2 mice repeat imaged post-surgery and 1, 3, 5 and 7 days post-
transplant (N=1 control HTx, N=2 NiR labelled HTx).
Immunostaining for transplanted hepatocytes (cells dual stained for 
Tdtomato and hepatocyte nuclear factor 4α  (Tdtomato+/HNF4A+)) was 
performed in all collected livers to validate in vivo and ex vivo imag-
ing results.

Results: 
Our protocol efficiently labels hepatocytes (≥95% cells, N=3 independ-
ent experiments) with limited impact on viability (87% relative to cells 
from the same isolation, N=3 independent experiments), phenotype 
 (HNF4A+ cells) or functional capacity. In vivo imaging studies demon-
strate rapid cell transit from the spleen to the liver post-transplant with 
NiR fluorescence anatomically associated with the liver and spleen in 
vivo and ex vivo. Immunostaining showed no difference in the number 
of donor cells in the liver between control and NiR labelled HTx mice at 
4 hours post-transplant, suggesting NiR labelling does not interfere with 
cell transit to the liver (n≥15 fields of view quantified per mouse, N=3 
mice per group, p>0.05 t-test). In vivo imaging also showed retained 
NiR signal over 7 days in the liver of NiR labelled HTx mice, with 
immunostaining of explanted livers demonstrating comparable engraft-
ment/survival of  TdTomato+HNF4A+ cells relative to control HTx mice.

Summary: 
This study is the first to demonstrate the capacity for NiR fluorescence 
based tracking of HTx in vivo. It offers an accessible and affordable 
means to facilitate assessment of cell engraftment, whilst retaining 
cell phenotypic and functional capacity. It offers the potential to be a 

valuable tool to address wider questions in the liver cell therapy field, 
such as whether use of different cell administration routes (e.g. intras-
plenic vs intraportal) or immunoprotective matrices improve initial 
cell engraftment.
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Introduction: 
Multiple sclerosis (MS) is a chronic autoimmune disease that affects 
nearly three million people  worldwide1. Current MS therapies can be 
effective but also cause serious side effects and only work in some 
patients. New treatments for MS and new ways of identifying these 
treatments are needed. We took the innovative approach of studying a 
pathway using PET imaging for which there exists a clinically relevant 
inhibitor and using the knowledge we gained through our PET imaging 
studies to inform on the use of this inhibitor. Deoxyribonucleoside sal-
vage is a pathway in which cells consume deoxyribonucleosides from 
extracellular space for intracellular  metabolism2. Deoxycytidine kinase 
(dCK) is the rate-limiting enzyme in the deoxyribonucleoside salvage 
pathway. dCK is required for proper lymphocyte development, and 
dCK activity is upregulated in the lymph nodes and spleen in mouse 
models of autoimmune hepatitis and systemic lupus  erythematosus3–5. 
Various PET radiotracers including  [18F]FAC in mice and  [18F]CFA 
in humans can be used to visualize and quantify deoxyribonucleoside 
salvage and dCK activity in vivo4,6. The small molecule TRE-515 is 
a first-in-class inhibitor of dCK activity currently in Phase I clinical 
trials for solid tumors.

Hypothesis: 
We hypothesized that dCK activity would be upregulated in lymphoid 
organs in mouse models of MS and that treating these models with 
TRE-515 would limit disease.

Methods and Results: 
We imaged with  [18F]FAC PET the  MOG35-55 progressive experimental 
autoimmune encephalomyelitis (EAE) and the  PLP139-151 EAE relaps-
ing-remitting mouse model of MS. In both models,  [18F]FAC accumu-
lation was elevated in the lymph nodes but absent in most other organ 
systems throughout the disease course. Ex vivo biodistribution studies 
confirmed these results. Additional ex vivo studies demonstrated that 
during immune activation in the  MOG35-55 model, dCK activity was 
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specifically elevated in T and B lymphocytes. Based on these results, 
we predicted that targeting dCK would (i) limit symptoms of MS in 
these models while (ii) causing limited side effects by (iii) significantly 
affect B and T lymphocytes. We tested these predictions using the dCK 
inhibitor TRE-515. PET imaging with  [18F]FAC confirmed that TRE-
515 can block dCK activity in the lymphoid organs of mice. TRE-515 
treatments increased plasma levels of the dCK substrate deoxycytidine, 
suggesting a potential liquid biomarker for drug-target engagement. 
TRE-515 limited clinical symptoms in both MS mouse models with no 
observable side effects, demonstrating dCK as a potential new thera-
peutic target in MS. Mass cytometry (CyTOF) studies of the immune 
system showed that TRE-515 selectively decreases the levels of activat-
ing and proliferation T and B lymphocytes without affecting the levels 
of other immune cell populations including naïve T and B lymphocytes, 
regulatory T and B cells, and innate immune cells.

Conclusions: 
These studies demonstrate the therapeutic potential of targeting dCK in 
mouse MS models and do so using a clinically relevant dCK inhibitor. 
Additionally, our results show (i) that PET can be used to identify new 
targetable pathways in mouse models of MS and (ii) how the informa-
tion gained through these PET studies can inform on important aspects 
of targeting these pathways including potential drug side effects and 
mechanism-of-action.
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Prostate-specific membrane antigen (PSMA) has emerged as 
an important theranostic in castration resistant prostate cancer 

(CRPC)1-3. However, not all patients respond to PSMA-targeted 
therapy, in part due to heterogeneity or suppression of  PSMA4. Neu-
roendocrine prostate cancer (NEPC) is an androgen receptor (AR)-
negative subtype of CRPC that arises in up to 20% of patients with 
CRPC in later stages of their disease as a mechanism of treatment 
resistance, and is associated with PSMA-suppression5,6. Based on 
an increased understanding of the biology of NEPC, there are sev-
eral clinical trials testing new drugs for patients with NEPC. Patient 
selection for these studies will be critical and the development of a 
noninvasive means to PET-CT imaging of NEPC is an unmet clinical 
need. 18F-fluciclovine is another PET radiotracer approved in prostate 
cancer for the detection of hormone naïve recurrent disease, with lim-
ited data in the CRPC  setting7,8. 18F-fluciclovine uptake in tumors is 
associated with activity of the amino acid transporters such as L-type 
amino acid transporter1 (LAT1). In this study, we evaluated PSMA 
regulation across metastatic CRPC lesions and in the context of AR-
driven and AR-negative disease. We also used four NEPC patient-
derived xenograft (PDX) models and one PSMA-suppressed CRPC 
model to evaluate if 18F-fluciclovine PET-CT can detect models with 
low 18F-rh-PSMA. We developed an in vivo orthotopic xenograft 
model using the AR-positive, PSMA-positive cell line 22Rv1. When 
orthotopically implanted into the left anterior prostate lobe of a cas-
trated mouse, an AR-positive, PSMA-positive prostate tumor devel-
ops. This tumor subsequently metastasizes to various sites, including 
the development of distinct PSMA-high, PSMA-low, and PSMA-
negative liver metastases that are all AR-positive. The PSMA-low 
tumor was used as a PSMA-suppressed CRPC model. We evaluated 
transcriptomic concordance between PDXs and corresponding PDX 
tumors standardized uptake value (SUV) values for 18F-fluciclovine 
and 18F-rh-PSMA. In PSMA-expressing CRPC patient tumors, as 
well as a PSMA-positive orthotopic xenograft model of CRPC, we 
observed lower PSMA expression in liver lesions versus other sites 
of metastatic disease, suggesting a potential role of the microen-
vironment in modulating PSMA expression. While PSMA expres-
sion in prostate cancer is thought to require the presence of AR, we 
identified a subset of AR-negative NEPC tumors with high PSMA 
expression and 18F-rh-PSMA uptake. Irrespective of PSMA level, 
all NEPC models could be delineated with 18F-fluciclovine PET-
CT. The SLC7A5 gene (encoding LAT1) was identified among the 
most differentially expressed genes in PSMA-suppressed CRPC and 
confirmed by Western blot and immunohistochemistry. Gene Ontol-
ogy (GO) enrichment analysis revealed that the elevation of neutral 
amino acids transporters in 22Rv1 PSMA-suppressed CRPC model is 
not limited to LAT1. While 18F-rh-PSMA could not delineate 22Rv1 
PSMA-suppressed CRPC xenograft models, this model was effec-
tively detectable using 18F-fluciclovine PET-CT.
In summary, we discovered that PSMA-suppressed, AR-negative NEPC 
and PSMA-suppressed, AR-positive CRPC models may be visualized 
using 18F-fluciclovine as a result of elevation of amino acid transport-
ers. This study support 18F-fluciclovine PET as a possible alternative 
imaging modality for both PSMA-low CRPC and NEPC.
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Introduction: 
Nanomedicine therapeutic delivery represents the opportunity for a 
step-change in cancer treatment. Recent advances highlight the benefits 
of including targeting ligands such as antibodies within the nanomedi-
cine to enhance retention at, and delivery to, the tumour. However, such 
approaches are double-edged, with studies showing a higher-degree of 
ligand functionalization commensurately increases clearance by the mono-
nuclear phagocytic system (MPS), limiting the material available to accu-
mulate at the tumour (1). We propose two approaches to overcome this 
requirement for a trade-off between targeting and MPS clearance. We dem-
onstrate effective pre-targeting strategies for incorporating biorthogonal 
chemistries for conventional pre-targeting [A], as well as novel pre-target-
ing approaches using bispecific antibodies [B]. By temporally separating 
administration of the targeting ligand from the imaging probe and conse-
quent therapeutic component, these pre-targeting approaches demonstrate 
enhanced tumour retention with reduced clearance organs accumulation.

Methods: 
Nanomedicines in this work are ~10 nm hyperbranched polymers 
(HBP) which are archetypical soft polyethyleneglycol (PEG)ylated 
nanoparticles. These are well studied, able to incorporate a variety 
of functionalities including chemotherapies (2), fluorescence (3) and 
PET probes (4). Advances in targeting ligand engineering have now 
produced bispecific antibodies (BsAbs) whereby one portion binds to 
methoxy PEG (mPEG) epitopes present on synthetic nanomedicines, 
while the other binds to molecular disease markers of interest (5). In 
this way noncovalent complexes of nanomedicine HBP core, of primar-
ily mPEG, decorated with targeting ligands are able to be produced.
Herein, a small molecule tetrazine probe [A] or nanomedicine core 
[B] were labelled with 64Cu or 89Zr respectively. Tumour bearing 
murine xenograft tumours were then pre-targeted with targeted 
nanomedicines [A] or BsAb [B] and preclinical PET-CT imaging 
of labelled materials following their subsequent administration was 
used to validate each pre-targeting approach.

Results and Discussion: 
In the conventional pre-targeting system [A], a rapidly clearing 64Cu-
labelled tetrazine probe was produced which is reactive towards 
transcyclooctene (tCO) functionalized nanomedicines. This under-
goes a rapid Inverse electron demand Diels-Alder reaction to both 
release doxorubicin and retain the imaging probe in a theranostic 
system. By first administering BsAb targeted HBP which accumu-
lated at the tumour site, 64Cu-probe retention and consequent drug 
release could then be specifically triggered within the tumour and 
imaged using 64Cu-PET. In an MCF7 xenograft model, this dem-
onstrated almost 2-fold higher tumour:spleen ratio compared to a 
control unreactive system. Conversely, if a pre-targeting approach 
was not used, liver and spleen uptake of the complex was greatly 
enhanced. This tetrazine-tCO biorthogonal click reaction approach 
combines both enhanced tumour accumulation of the probe with 
selectively triggered and quantifiable therapeutic release in a true 
theranostic approach.
While BsAB targeting of HBPs is efficacious, coating of “stealthy” 
polymeric materials with proteinaceous targeting ligands not only 
improves interactions with target cancer cells, but also enhances 
unwanted MPS clearance. The second pre-targeting system [B] 
focuses on overcoming this dichotomy by combining the stealthy 
carrier and targeting components in situ. In this novel pre-targeting 
approach using bispecific antibodies, mice were pre-administered 
targeting anti-EGFR BsAb in an MDA-MB-468 xenograft model. 
The time between pre-targeting and administration of 89Zr-labelled 
HBP was then varied to optimize the pre-targeting approach. This 
resulted in retaining effective tumour retention while also halving the 
accumulation in MPS clearance organs such as the liver and spleen, 
4-fold increasing the tumour:liver ratio.

Conclusions: 
These imaging results demonstrate two pathways to overcome one of 
the key shortcomings in current nanomedicine targeting. By utilising 
either biorthogonal chemistries for conventional pre-targeting [A] or 
novel bispecific antibody pre-targeting [B], we are able to modulate 
targeting and clearance of administered nanomaterials. Such control 
over not just nanomaterial synthesis but subsequent interactions and 
therapeutic delivery will be key in the next generation of materials.
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Introduction: 
Novel PET radiotracer development for cancer imaging follows a 
well-defined path, using widely available cell and murine models. In 
vitro models are useful for preliminary evaluation but provide limited 
insight into clinical translatability. Animal models overcome these 
limitations; however, mice are expensive, low throughput, require 
large holding spaces and are restricted by extensive ethical  regulation1. 
Therefore, lower cost, higher throughput animal models of cancer are 
desirable. One potential alternative is the chicken chorioallantoic 
membrane (CAM) 1, which enables growth of xenografted tumours 
on the highly-vascularised membrane inside chicken eggs (Fig.1a). 
This model is amenable for imaging applications as tumours develop 
on the CAM within seven days, while cost savings of up to 25-fold can 
be achieved compared to murine models, supporting higher-powered 
experimental  design2. Moreover, using an evolutionary lower species 
reduces ethical concerns and makes the model available to  all2. Here, 
we describe the use of the chick CAM for PET radiotracer develop-
ment, assess  [18F]FDG pharmacokinetics in in ovo tumours, and evalu-
ate chick CAM tumour redox status with  [18F]FSPG3.

Methods: 
Following published methods for in ovo tumour  engraftment4, multiple 
inoculation methods using physical or chemical supports were tested 
to optimise NCI-H460 Fluc lung cancer tumour growth. Eggs were 
maintained at 37°C and 48% humidity throughout. On embryonic day 
3 (E3), a window was cut in the shell to access the CAM. On E7, the 
CAM was inoculated with 3×106 NCI-H460 Fluc cells and allowed 
to grow until E14, when tumour-bearing eggs were imaged by BLI 
(IVIS Spectrum, PerkinElmer). Tumours were subsequently excised 
and weighed prior to ex ovo analysis. Separately, dynamic  [18F]FDG 
PET/CT (Mediso nanoScan; 1-5 coincidence mode; 3D reconstruction; 
CT attenuation corrected; scatter corrected) was performed following 
an i.v. injection of ~3 MBq to derive time activity curves (TAC) for 
tumour-bearing eggs. Mice bearing 100  mm3 subcutaneous NCI-H460 
Fluc tumours were also imaged with  [18F]FDG PET/CT under the same 
protocol for comparison. Finally, dynamic  [18F]FSPG PET imaging 
was performed using eggs bearing NCI-H460 Fluc tumours (~3 MBq). 
Following imaging, tumours were snap-frozen and protein expression 
assessed by western blotting.

Results: 
NCI-H460 Fluc cells implanted with matrigel created reproducible 
tumours which were similar in size to those used for conventional small 
animal imaging (Fig.1b), as confirmed by BLI (Fig.1c). Following 

i.v. administration,  [18F]FDG PET imaging showed high radiotracer 
uptake in the CAM-grown tumour and a tumour-to-albumin ratio of 
14.7 (Fig. 1d).  [18F]FDG tumour uptake followed a similar pattern 
both in ovo and in vivo, with rapid delivery in the first 5 min proceeding 
a slower rate of uptake over the remaining 55 min.  [18F]FDG tumour 
uptake was higher in the CAM tumours at 10.0 ± 2.1 %ID/g compared 
to 6.0 ± 1.4 %ID/g in mice at 60 min p.i. (Fig. 1f). Area under the 
TACs showed comparable uptake in the brains of both mice and the 
chick (Fig. 1f).  [18F]FSPG PET imaging of NCI-H460 Fluc tumours, 
which provides a measure of system  xc

- activity (Fig. 1g), showed high 
but variable uptake in NCI-H460 Fluc tumours (14.0 ± 5.5 %ID/g at 60 
min p.i.; Fig. 1h&i). This variability may be accounted for by altered 
transporter expression in these tumours (Fig. 1j).

Conclusions: 
Here, we have shown it possible to reproducibly cultivate  in 
ovo tumours for imaging using matrigel as a matrix just seven days 
after implantation. Chick CAM tumours were avid for both  [18F]FDG 
and  [18F]FSPG, providing high signal-to-background ratios. This work 
supports the case for the use of the chick CAM as a more sustainable, 
low-cost substitute to tumour xenograft mouse models and has the 
potential to expedite novel radiotracer development.
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Targeted radioimmunotherapy (RIT) aims to deliver a cytotoxic radia-
tion dose to the tumors while reducing the absorbed dose to normal 
tissues (therapeutic index). The long half-life of full length antibodies 
results in the highest tumor uptake, but can also cause hematological 
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toxicities. Smaller antibody fragments show better tumor penetration 
and shorter plasma half-lives but renal clearance can cause dose-
limiting nephrotoxicity. We have re-engineered an antibody fragment 
(A2 scFv-Fc2 double mutant, A2DM) with optimized pharmacokinet-
ics to improve the therapeutic index for RIT of prostate stem cell anti-
gen (PSCA) expressing tumors (e.g. cancers of the prostate, pancreas 
or bladder). The scFv-Fc fusion protein (110 kDa) clears through 
the hepatobiliary route and spares the more radiosensitive kidneys. 
Point mutations introduced to disrupt FcRn binding result in rapid 
clearance from the blood, thereby reducing the absorbed dose to the 
bone marrow. In this study, we use surrogate 89Zr-immunoPET to 
profile pharmacokinetics and for initial dose estimation and compare 
to the subsequent full biodistribution study using the therapeutic com-
pound 177Lu-DTPA-A2DM in nude mice bearing prostate cancer 
xenografts. Based on these results we conducted a preliminary radio-
immunotherapy study with a single dose of 177Lu-DTPA-A2DM. 
METHODS A2DM conjugation with p-SCN-Bn-CHX-A”-DTPA was 
optimized to yield a chelate-to-antibody ratio of 0.7 and confirmed 
by SEC and LC/MS. Chelation of [177Lu]LuCl3 (labeling efficiency: 
99.4%, n=7) resulted in high specific activity (45.34 ± 1.7 μCi/μg). 
For biodistribution studies, mice (Nu/J, 22Rv1-PSCA) were injected 
with 10 μCi/10 μg and groups of 4-5 mice were analyzed (10 min - 96 
h p.i.). Tumors and tissues were weighed, gamma counted and the 
%ID/g calculated based on decay-corrected standards. For a prelimi-
nary therapy study tumor bearing mice (tumor size ~40 mm3) were 
injected with a single dose (500 μCi/11.5 μg, n=7) of 177Lu-DTPA-
A2DM, the control group (n=12) did not receive treatment. Mice 
were monitored for tumor volume  and toxicity (body weight). 
RESULTS 89Zr-DFO-A2DM immunoPET and ex vivo biodistribu-
tion studies in prostate cancer models (Nu/J mice with subcutaneous 
22Rv1-PSCA xenografts and hPSCA knock-in mice with syngeneic 
RM9-PSCA tumors) confirmed rapid hepatic clearance (t1/2 ~12 
h) and specific uptake in PSCA-positive tumors, resulting in high 
tumor-to-blood ratios (25-30 at 96 h p.i.). Dose estimates based on 
the 89Zr-DFO-A2DM biodistribution predicted the liver to be dose-
limiting with a maximum tolerated dose (MTD) of approximately 460 
μCi for the respective 177Lu-DTPA-A2DM. Full biodistribution of 
177Lu-DTPA-A2DM showed tumor uptake peaking around 20 h p.i. 
(10.6 ± 1.1 %ID/g) and rapid clearance resulted in a tumor-to-blood 
ratio of 36.8 at 92 h p.i., similar to the biodistribution of 89Zr-DFO-
A2DM. The tissue with the highest 177Lu-DTPA-A2DM uptake was 
the liver, reaching around 20% ID/g at 8 h p.i. and retaining that 
activity until starting to slowly decrease at 44 h p.i. The preliminary 
radioimmunotherapy study showed significantly slowed tumor growth 
in mice that received a single dose of 177Lu-DTPA-A2DM (day 0-1: 
ns; day 2-4: p≤0.002; day 5-7: p≤0.0002; day 8-17: p≤0.0001). No 
toxicity or body weight loss was observed during the study. Future 
RIT studies will include dose escalation/de-escalation and control 
groups. Surrogate 89Zr-immunoPET profiled the pharmacokinetics, 
biodistribution and tumor targeting of the novel anti-PSCA antibody 
fragment and correctly predicted the liver as the dose limiting organ. 
The A2 scFv-Fc2 DM was successfully conjugated with DTPA and 
radiolabeled with 177Lu at high specific activities suitable for RIT. 
Biodistribution studies using 177Lu-DTPA-A2DM showed similar 
pharmacokinetics and tumor targeting as 89Zr-DFO-A2DM, confirm-
ing that 89Zr is an adequate surrogate/companion diagnostic to guide 
177Lu-RIT. Radioimmunotherapy with a single dose (500 μCi) of of 
177Lu-DTPA-A2DM showed tumor growth inhibition compared with 
untreated mice. In conclusion, 177Lu-DTPA-A2DM could provide 
an improved therapeutic index for RIT of PSCA-positive prostate 
and pancreatic cancer.
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Background: 
Prostate-specific membrane antigen (PSMA) is a useful biomarker for 
management of prostate cancer (PC). In the context of PC, PSMA 
has been leveraged for diagnosis, radiopharmaceutical therapy 
and targeted drug delivery by antibody-drug conjugates and poly-
lactic acid-polyethylene glycol (PLA-PEG)-based nanoparticles. 
Poly(amidoamine) [PAMAM] dendrimers serve as versatile nano-
platforms that can be tailored to different sizes and compositions 
depending on the application. Lesniak et al. demonstrated that genera-
tion-4 PAMAM dendrimers conjugated with a low-molecular-weight 
(LMW) PSMA-targeted agent, lysine-glutamate-urea (KEU), have 
suitable pharmacokinetics for targeting of PSMA-expressing tumors 
with imaging or therapeutic agents.1 More recently, PSMA-targeted 
dendrimers conjugated with multiple near-infrared dyes were shown to 
enable detection of PSMA expression with optical and photoacoustic 
imaging.2 Here, we present development of multifunctional PSMA-
targeted dendrimer-drug conjugates (PT-DDCs) and their evaluation 
in an experimental model of PC.

Methods: 
The PT-DDCs were synthetized through consecutive conjugation 
of maytansine (DM1, a highly potent antimitotic agent commonly used 
for formulation of antibody-drug  conjugates3), Cy5 for optical evalu-
ation, NOTA for radiolabeling with 64Cu for PET-CT imaging or 67Cu 
for endoradiotherapy and KEU moieties with generation-4 PAMAM 
dendrimers. The remaining terminal primary amines were capped with 
butane-1,2-diol to minimize non-specific in vivo uptake and toxicity of 
resulting PT-DDCs. The design of PT-DDCs enables comprehensive 
evaluation of their in vivo properties using optical and nuclear imag-
ing. Non-targeted control dendrimer-drug conjugates (Ctrl-DDC) were 
formulated without conjugation of KEU. Physicochemical properties 
of all DDCs were assessed using high performance liquid chromatog-
raphy, matrix assisted laser desorption ionization mass spectrometry 
and dynamic light scattering. PT-DDCs were evaluated using isogenic 
human prostate cancer  PSMA+ PC3 PIP and  PSMA- PC3 flu cell 
lines in vitro and in mice bearing the corresponding xenografts.

Results: 
PT-DDCs showed high in vitro uptake by  PSMA+ PC3 PIP cells that 
could be blocked by ZJ-43 LMW, a potent PSMA inhibitor.4 PT-DDCs 
also showed concentration dependent accumulation and cytotoxicity in 
 PSMA+ PC3 PIP cells with KD of 203 ± 25 nM (95% CI 151 - 254 nM) 
and  IC50 of 4.57 nM (95% CI 2.48 - 128.4 nM). PT-DDCs did not accu-
mulate in  PSMA− PC3 flu cells and showed higher  IC50 of 89.9 (95% 
CI 43.5 - 185.8 nM) against this cell line. Ctrl-DDC did not accumulate 
in either of cell lines and provided higher  IC50 values of 338.8 nM 
(95% CI 59.5 - 1,924 nM) for  PSMA+ PC3 PIP cells and 84.6 nM (95% 
CI 37.7 - 189.7 nM) for  PSMA− PC3 flu cells. Evaluation of stabil-
ity indicated that PT-DDCs did not release DM1 in PBS and human 
blood plasma during 24 h incubation at  37oC and required addition of 
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glutathione, an intracellular reducing agent. Therapy studies indicated 
selective accumulation of PT-DDCs in  PSMA+ PC3 PIP tumors, as 
confirmed by non-invasive optical imaging, and dose-dependent tumor 
growth inhibition (TGI), reaching 82.62 ± 8.25 % for 10 mg/kg dose. 
We did not detect either accumulation of PT-DDCs in  PSMA- PC3 
flu tumors or therapeutic response in mice treated with a 10 mg/kg 
dose. Positron emission tomography/computed tomography (PET/CT) 
studies in mice bearing  PSMA+ PC3 PIP and  PSMA- PC3 flu tumors 
confirmed in vivo specificity of PT-DDCs and its potential for concur-
rent DM1 and radionuclide delivery to  PSMA+ tumors.

Future plans: 
PT-DDCs will be pursued further in vivo in relevant PSMA-expressing 
tumor model systems for theranostic applications.
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There is a lack of clinically available PET probes able to accurately 
visualize, differentiate, and monitor bacterial lung infections. One of 
the most widely available PET probes, fluorinated glucose (18FDG), 
is unable to differentiate mammalian cells from bacterial cells in vivo. 
Distinct metabolic pathways involving the transportation of metals into 
the bacterial cell can be utilized to differentiate between bacterial and 
mammalian cells within the lungs. Bacterial cells produce high affinity 
metal chelators called siderophores to transport metals from the extra-
cellular environment into the cell via highly specific protein receptors. 
For example, Pseudomonas aeruginosa produces a high affinity metal 
chelator called pyochelin (Pch) to transport Fe (III) through the fptA 
receptor and into the cell. We hypothesized that 64Cu-labeled Pch can 
be imported intracellularly in bacterial cells expressing the fptA recep-
tor to allow for targeted PET imaging. To evaluate this process, high 
performance liquid chromatography was performed using 64Cu-Pch to 
measure purity and stability. The presence of two peaks at >95% purity 
at pH 7 and 37°C (Figure 1A) indicated acceptable probe conditions, 

and the siderophore pyochelin exists as diastereomers. For in vitro sta-
bility studies, we incubated the 64Cu-Pch probe in mouse serum for 0, 
0.5, 1, 6, and 24 hours and confirmed the presence of at least 91% of 
intact 64Cu-Pch 24 hours after the initial incubation (Figure 1B). We 
first administered 64Cu-Pch retro-orbitally into mice infected with a 
mucoid and non-mucoid variant of Pseudomonas aeruginosa, Kleb-
siella pneumoniae, E. coli Nissle wild-type, E. coli UTI89, or Staphy-
lococcus aureus (Figure 1, C-I). There were significantly higher PET 
signals from the lungs in the fptA expressing P. aeruginosa mice com-
pared to the non-fptA expressing bacteria. Cooperatively, there was a 
significant difference between the lung biodistribution of Pseudomonas 
aeruginosa non-mucoid and all other bacteria tested (Figure 1, J). We 
then administered 64Cu-Pch retro-orbitally into mice infected with 
mucoid P. aeruginosa to investigate whether 64Cu-Pch probe can be 
used to monitor antibiotic treatment. Treated groups were given two 
oral doses of ciprofloxacin compared to the untreated groups of mice. 
Mice that received mucoid P. aeruginosa showed a significant differ-
ence in biodistribution in the lungs between the untreated and treated.
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Introduction: 
Ultrasmall gold nanoclusters show great potentials as the carriers of 
radionuclides due to their effective renal  clearance1. However, low 
tumor targeting efficiency caused by too rapid clearance still hampers 
its use for tumor  theranostics2. In this study, we synthesized 89Zr-
labeled, GSH and L-Cysteine-coated ultrasmall gold nanoclusters 
(89Zr-GSH/ L-Cysteine@AuNCs), which has swiftly pH-responsive 
aggregation property and is renal clearable. Since acidic tumor 
microenvironment is the universal hallmark of solid  tumors3, 89Zr-
GSH/ L-Cysteine@AuNCs could highly accumulate in the tumor sites 
with long-term retention. As a result, 89Zr labeled ultrasmall gold nano-
clusters showed precise diagnosis of tumors. Meanwhile, due to the 
high atomic number of Au, 89Zr-GSH/ L-Cysteine@AuNCs was further 
employed as the nanosensitizer for tumor radiation therapy (RT).

Materials and methods: 
89Zr-GSH/ L-Cysteine@AuNCs was prepared by by a co-reduction of 
 HAuCl4 by GSH and L-Cysteine in the presence of 89ZrCl3. The sizes, 
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morphologies and pH-responsive ability were examined in vitro. The 
tumor targeting ability of the probe was evaluated by PET/CT imaging 
and its biodistribution was assessed by using region of interest (ROI) 
functions (Inveon Research Workplace software) to quantify its reten-
tion in different organs. Tumor radiotherapy (8 Gy) was performed 24 
h after the tumor-bearing mice were intravenously injected with 89Zr-
GSH/ L-Cysteine@AuNCs (10 mg Au/kg b. w.).

Results and discussion: 
GSH/ L-Cysteine@AuNCs was ultrasmall in neutral condition (PBS, 
pH=7.4), while agglomerated into large aggregations in acidic con-
dition (PBS, pH=6.5). The protonation of carboxylic acid groups in 
GSH and L-Cysteine caused the surface charge dropped from -32.9 mv 
(pH=7.4) to -2.7 mv (pH=6.5), which resulted in pH-induced aggrega-
tion under acidic conditions. 89Zr could be effectively and stably doped 
into the AuNCs with relatively high radiolabeling efficiency (> 80%). 
PET/CT imaging of tumors within six days demonstrated that 89Zr-
GSH/ L-Cysteine@AuNCs could efficiently accumulate in tumors and 
retain for long term. Meanwhile, in contrast to the traditional large-
sized nanoparticles, 89Zr-GSH/ L-Cysteine@AuNCs with ultrasmall 
sizes was eliminated primarily by the kidney and no accumulations 
were found in the liver and spleen.
The tumors treated with 89Zr-GSH/ L-Cysteine@AuNCs and RT were 
also significantly inhibited compared to the control group, primarily 
due to radiosensitization of ultrasmall AuNCs. Tumor cells in 89Zr-
GSH/ L-Cysteine@AuNCs + X-ray therapy groups were extensively 
apoptotic, as demonstrated by TUNEL staining. Moreover, no abnor-
mity of major organs was found post-treatment, implying the high bio-
compatibility of our nanoprobes.

Conclusion: 
89Zr-GSH/ L-Cysteine@AuNCs with sensitive pH-responsibility could 
highly efficiently accumulate in the tumor sites with long-term reten-
tion and be effectively cleared by kidney, showing the great potential as 
carriers of radionuclides for enhanced tumor diagnosis and therapeutic 
effect of radiation.
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Nerve preservation is vital for surgical treatment to reduce postopera-
tive adverse effect. Real-time visualization of nerves with high specific-
ity is indispensable to guide surgeon to avoid accidental nerve transec-
tion. A label-free imaging strategy using optical reflectance [1] was 
recently developed to provide accurate and safe intraoperative guidance 
for detecting peripheral nerves. However, wavelength-specific strong 
reflectance signal is often observed not only in nerve tissues but also in 
similar layered structures such as tendon tissues. To address this issue 
and increase nerve imaging specificity, we applied artificial intelligence 
techniques for classification and segmentation of surgical reflectance 
images to highlight nerve tissues with pseudo-color in real-time. Here, 
we provide a multi-task deep learning-based nerve imaging technique 
for accurate real-time nerve delineation via neural network training 
based on representative surgical video data.

METHOD 
Intraoperative reflectance nerve imaging was performed using Nikon 
SMZ18 stereomicroscope with customized reflectance filter for specific 
nerve illumination (450±20nm). Nerve surgery video was captured 
through the entire operation of dissection of sciatic nerve using xeno-
graft model of murine breast cancer with 4T1 cell line. The whole 
process of surgery was recorded using 17 mice and the video data 
were saved with 17.39-18.39 fps. After collecting the mice dissec-
tion surgery video data, total 11,113 video frames were extracted with 
time interval of 600 ms and labelled manually into different categories, 
i.e., general field, tendon, and nerve for various surgical actions. For 
annotation of the nerve segments, each image from “nerve” class was 
manually labelled and prepared as ground truth mask using the online 
annotation service “Supervisely.” To design the multi-task pipeline 
deep learning model, we first fine-tuned DenseNET201 deep learning 
model [2] for “nerve” category image recognition. Then, fine-tuning 
of DoubleUNet model [3] was performed for pseudo-colored nerve 
delineation from the previously recognized “nerve” category images. 
The classification performance was evaluated based on Matthews 
Correlation Coefficient (MCC) and Area Under Curve (AUC). The 
segmentation performance was evaluated based on Intersection over 
Union (IoU) and Dice Similarity Coefficient (DSC). The image pro-
cessing time of our proposed multi-task pipeline was also provided to 
evaluate its actual performance for real time surgical guidance. The 
student’s t-test was used for all the comparisons in different models for 
“nerve” category recognition and nerve delineation. All the statistics 
were assumed two-sided and a P-value less than 0.05 was considered 
statistically significant.

RESULTS 
DenseNET201 showed high confidence for recognizing “nerve” cat-
egory images and depicted MCC of 0.8312 and AUC of 0.9654. Dou-
bleUNet demonstrated excellent performance for nerve delineation with 
IoU of 0.8312 and DSC of 0.965. Leveraging our proposed multi-task 
pipeline, fast image processing speed (~14.7 fps) was achieved proving 
genuine capability for real-time intraoperative guidance in detecting 
peripheral nerves in operating room.

CONCLUSIONS 
The developed multi-task deep learning-based nerve imaging technique 
enables highly specific nerve visualization in real-time during surgery. 
Representative surgical video recording provided sufficient features and 
patterns for effective model training of the proposed multi-task pipeline 
without any extensive data preparation. The presented multi-task pipe-
line consists of two steps, classification and segmentation which make 
nerve delineation robust and reproducible due to prior elimination of 
non-nerve images before segmentation process. Such design was also 
crucial to achieve real time functionality. Reflectance nerve imaging 
equipped with deep learning could facilitate imaging-guided surgery 
in clinics and empower better patient outcome.
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A vast majority of BRAF V600E mutated melanoma patients will 
develop resistance to combined BRAF/MEK inhibition after initial 
clinical response. Resistance to targeted therapy is described to be 
accompanied by specific metabolic changes in melanoma. The aim of 
this work was to evaluate metabolic imaging using 13C-MRS (Magnetic 
Resonance Spectroscopy) as a marker of response to BRAF/MEK inhi-
bition in a syngeneic melanoma model. Tumor growth was significantly 
delayed in mice bearing YUMM1.7 melanoma xenografts treated 
with the BRAF inhibitor vemurafenib, and/or with the MEK inhibi-
tor trametinib, in comparison with the control group. 13C-MRS was 
performed in vivo after injection of hyperpolarized (HP) 13C-pyruvate, 
at baseline and 24 h after treatment, to evaluate dynamic changes in 
pyruvate-lactate exchange. Furthermore, ex vivo 13C-MRS steady state 
metabolic tracing experiments were performed after U-13C-glucose or 
5-13C-glutamine injection, 24 h after treatment. The HP 13C-lactate-to-
pyruvate ratio was not modified in response to BRAF/MEK inhibition, 
whereas the production of 13C-lactate from 13C-glucose was signifi-
cantly reduced 24 h after treatment with vemurafenib, trametinib, or 
with the combined inhibitors. Conversely, 13C-glutamine metabolism 
was not modified in response to BRAF/MEK inhibition. In conclusion, 
we identified 13C-glucose fluxomic as a potential marker of response to 
BRAF/MEK inhibition in YUMM1.7 melanoma xenografts. Besides 
targeted therapy, immunotherapy with immune checkpoint inhibitors 
have become a standard therapy for melanoma, the aim of the ongo-
ing work is to evaluate metabolic imaging as a marker of response to 
immune checkpoint blockade (anti-PD1) in another melanoma model 
sensitive to immunotherapy (YUMMER1.7).The in vivo experiments 
are still ongoing.
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Purpose: 
Kidney cancer is one of the 10 most common cancers in the United 
States, and approximately 90% of kidney malignancies are diag-
nosed as renal cell carcinoma (RCC) [1]. Clear cell renal cell 
carcinoma (ccRCC) is the most common RCC subtype (≈ 70%). 
Even after nephrectomy, distant ccRCC metastases occur fre-
quently, with the lungs being the most common site. ccRCC has 
recurrence rates of up to 30% with the highest risk of recurrence 
occurring within the first 3 years following surgery. However, 
RCC metastases have been found up to 37 years after surgical 
resection [2]. Metabolic reprogramming plays an important role in 
the tumorigenesis of ccRCC. Currently, positron emission tomog-
raphy (PET) reporters are not used clinically to visualize altered 
glutamine metabolism in ccRCC, which greatly hinders detec-
tion, staging, and real-time therapeutic assessment. We sought to 
determine if (2S,4R)-4-[18F]fluoroglutamine ([18F]FGln) could 
be used to interrogate altered glutamine metabolism in ccRCC 
lesions in the lung.

Procedures: 
We generated a novel ccRCC lung lesion model using the ccRCC cell 
line UMRC3 stably transfected with GFP and luciferase constructs. 
This cell line was used for characterization of [18F]FGln uptake and 
retention by transport analysis in cell culture and by PET/MRI (mag-
netic resonance imaging) in animal models. Lung tumors were gener-
ated by injecting 3 million UMRC3 cells expressing luciferase and 
GFP into the lower left lung of nude mice [3,4]. Tumor growth in 
animal models was monitored using bioluminescence (BLI) and MRI. 
After necropsy, UMRC3 tumor growth in lung tissue was verified by 
fluorescence imaging and histology.
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Results: 
In UMRC3 cells, [18F]FGln cell uptake was 2-fold higher than cell 
uptake in normal kidney HEK293 cells. Tracer cell uptake was reduced 
by 60-90% in the presence of excess glutamine in the media and by 
20-50% upon treatment with V-9302, an inhibitor of the major glu-
tamine transporter alanine-serine-cysteine transporter 2 (ASCT2). 
Furthermore, in UMRC3 cells, [18F]FGln cell uptake was reduced 
by siRNA knockdown of ASCT2 to levels obtained by the addition of 
excess exogenous glutamine. Conversely, [18F]FGln cellular uptake 
was increased in the presence of the glutaminase inhibitor CB-839. In 
our ccRCC lung animal model, we observed an engraftment rate rang-
ing from 50 to 87 % for different cohorts, and BLI was observed five 
days post-injection and remained constant or increased for all animals 
over the 1-2 month imaging duration. Using simultaneous PET/MRI 
for visualization, retention of [18F]FGln in vivo in ccRCC lung tumors 
was 1.5-fold greater than normal lung tissue and 2-fold greater than 
muscle. In ccRCC lung tumors, [18F]FGln retention did not change 
significantly upon treatment with CB-839.

Conclusions: 
We report one of the first direct orthotopic mouse models of ccRCC 
lung lesions. Using PET/MR imaging, lung tumors were easily dis-
cerned from normal tissue. Higher uptake of [18F]FGln was observed 
in a ccRCC cell line and lung lesions compared to HEK293 cells and 
normal lung tissue, respectively. [18F]FGln cell uptake was modulated 
by exogenous glutamine, V-9302, siRNA knockdown of ASCT2, and 
CB-839. Interestingly, in a pilot therapeutic study with CB-839, we 
observed no difference in treated tumors relative to untreated controls. 
This was in contrast to cellular studies, where CB-839 increased glu-
tamine uptake.
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The spleen is an important mediator of both adaptive and innate immu-
nity. As such, attempts to modulate the immune response provided 
by this organ may be conducive to improved outcomes for numerous 
diseases throughout the body. Bioinspired nanomaterials, based upon 
a senescent erythrocyte mimicking strategy, thus have the potential to 
enhance the retention of drugs within the spleen. Fluorescent polymeric 
nanomaterials were generated encapsulating the histone deacetylase 
inhibitor suberoylanilide hydroxamic acid (SAHA) featuring a coating 
material derived from engineered red blood cell (RBC) membranes, 
isolated through a controlled freeze-thaw process and modified with 
phosphatidyl serine lipids to give engineered senescent erythrocyte-
like nanotheranostics (eSENTs). Extensive physical (dynamic light 
scattering, transmission electron microscopy) and biophysical char-
acterization of these particles (Lipidomics, proteomics, and molecular 
simulations) confirmed that our synthetic strategy provided nanosized 
(116 nm) materials featuring an 11.5 nm thick surface lipid layer, while 
in vitro experimentation demonstrated that the nanoparticle surface 
mimicked that of a senescent RBC. In vivo in naive animals, the mate-
rials demonstrated significantly enhanced retention within the spleen, 
as compared to the non-coated control particles. This behavior trans-
lated to therapeutic efficacy in the murine model of myocardial infarc-
tion, with the coated particles demonstrating a significant reduction in 
infarct size (14% at 72-hours post-myocardial infarction). Importantly, 
using both flow cytometric and fluorescent microscopic analysis, the 
trafficking of the splenic cells to the heart was obviated, providing a 
potential mechanism for the efficacy of the generated therapeutic.
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In 2020, more than 1,000,000 new cases of esophagogastric (EG) can-
cer were diagnosed and 769,000 deaths  worldwide1. Although HER2-
targeting trastuzumab is commonly used in HER2+ EG cancer patients, 
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intrinsic and acquired trastuzumab resistances inevitably develop over 
time. Lovastatin, a cholesterol-lowering drug, is reported to elevate cell 
surface  HER22. Hence, we hypothesize that the combination of statin 
and  [177Lu]Lu-DOTA-trastuzumab endoradiotherapy would improve 
the therapeutic efficacy in low HER2 patients and overcoming tras-
tuzumab resistance. First, to evaluate the impact of pharmacological 
modulation of membrane HER2, we performed biodistribution studies 
of  [177Lu]Lu-DOTA-trastuzumab with or without lovastatin pre-treat-
ment in mice with HER2+ EG patient-derived esophagogastric (EG) 
xenografts (PDXs). The PDXs used in our studies were obtained from 
esophagogastric patients that demonstrated clinical resistance to trastu-
zumab. We found that tumor uptake of  [177Lu]Lu-DOTA-trastuzumab 
was increased by ~ 48% in lovastatin pre-treated cohort compared to 
the saline control (Fig. 1a), which closely matching previous NCI-
N87 tumor model. Hence, 28 Mbq  [177Lu]Lu-DOTA-trastuzumab (the 
previous determined optimal dose) was used in the PDXs therapeu-
tic study. Furthermore, to evaluate the efficacy of  [177Lu]Lu-DOTA-
trastuzumab therapy combined with statin, we performed radioimmu-
notherapies in mice bearing HER2-positive gastric PDXs (n = 9-10 
mice/cohort). Mice treated with either a single dose of 50mg trastu-
zumab (median survival = 17 days) or 50mg trastuzumab combined 
with 4.15mg/kg lovastatin (median survival = 19.5 days) showed the 
fasted tumor growths and poorest overall survival compared to  [177Lu]
Lu-DOTA-trastuzumab treated cohorts (Fig. 1b-d). Furthermore, more 
than 50% mice from  [177Lu]Lu-DOTA-IgG isotype control cohort 
experienced severe petechiae and lethargy, which were indicators of 
severe radiotoxicity within 3 weeks after endoradiotherapy (Fig. 1c). 
In addition, tumor growths inhibitions were observed in both  [177Lu]
Lu-DOTA-trastuzumab treated cohorts, wherein the combination of 
 [177Lu]Lu-DOTA-trastuzumab and lovastatin cohort demonstrated 
sustained tumor growth inhibition and remarkably prolonged survival 
amongst all cohorts (Fig. 1b-d). In contrast, tumor growths of  [177Lu]
Lu-DOTA-trastuzumab monotherapy cohort exhibited initial suppres-
sion, but eventually relapsed 40 days post treatment (Fig. 1b), suggest-
ing that the statin treatment rendered more durable  [177Lu]Lu-DOTA-
trastuzumab responses in HE2+ EG PDXs.
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Introduction: Organophosphate (OP) nerve agents and pesticides 
represent a major public health issue and are of significant concern as 
chemical warfare agents [1]. Acute intoxication with OPs trigger both 
peripheral and central cholinergic effects that underlie life threatening 
seizures and long-term neurologic consequences [2],[3]. Therefore, quan-
titative metrics for assessing the spatiotemporal progression and resolu-
tion of OP-induced injury across multiple brain regions are needed to 
evaluate neuroprotective therapies. The pathology observed following 
acute OP intoxication includes neuronal necrosis, neuroinflammation, 
edema, blood brain barrier dysfunction, and hemorrhage, all of which 
impact magnetic resonance imaging (MRI)  T2 (spin-spin) relaxation 
time constants [4]. Therefore, direct quantification of  T2 relaxation time 
(termed  T2-mapping) may provide valuable information regarding the 
spatiotemporal effects of OP intoxication and therapies on different 
pools of hydrogen nuclei found in the brain, mainly in myelin, intra/
extracellular water, and cerebrospinal fluid. We tested the hypothesis 
that brain  T2 maps of OP-intoxicated rats can quantitatively detect neu-
ropathology, and thus, provide biomarkers to evaluate the effectiveness 
of therapeutics for attenuating OP-induced neuropathology.

Methods: 
Adult Sprague Dawley rats were imaged at days 3, 7 and 28 post-
OP (diisopropylfluorophosphate, DFP)-intoxication. Three therapies 
were investigated: midazolam (a benzodiazepine anticonvulsant; MDZ, 
n=29), allopregnanolone (a neurosteroid; ALO, n=28), and the com-
bination of MDZ and ALO (DUO, n=28). Untreated DFP-exposed 
animals (DFP, n=32) and vehicle controls (VEH, n=13) were also 
imaged. The data was acquired on a 7T MRI scanner using a rat brain 
phased array coil and a spin-echo pulse sequence with 15 echo times 
(TEs). To generate  T2 values, a mono-exponential curve fit using the 
equation: y = a*exp(-x/b) was performed from MRIs at various TEs, 
such that ‘x’ was the TE, ‘y’ was the signal intensity, ‘b’ was the sought 
 T2 relaxation time and ‘a’ was a constant representing signal gain or 
attenuation by the scanner and proton density [5]. The hippocampus 
(H) and piriform cortex (PC) were manually delineated as regions-
of-interest (ROIs) given their known significance as targets of acute 
OP intoxication. Curve fitting was carried out with MATLAB using 2 
approaches: (1) Voxel-wise quantification: curve fitting was performed 
on intensity-TE curves for each voxel, providing a voxel-wise map of 
 T2 values; and (2) Regional quantification: Voxel intensity values in 
each ROI were averaged at each TE and a curve fit was performed to 
estimate a  T2 value for each ROI.

Results: 
For both quantification methods, the  T2 values in VEH were within the 
range reported in the literature [4],[6]. OP-intoxicated rats had longer 
 T2 values (voxel-wise- H: 57.23 ms, PC: 71.21 ms and regional- H: 
57.4 ms, PC: 59.09 ms) compared to the averaged treatment groups 
(voxel-wise- H: 54.02 ms, PC: 62.37 ms and regional- H: 54.5 ms, 
PC: 55.44 ms) and vehicles (voxel-wise- H: 53.8 ms, PC: 57.86 ms and 
regional- H: 54.3 ms, PC: 55.24 ms).  T2 values were longest on day 3 
and decreased with time. Treatment administration resulted in a reduc-
tion in  T2 values compared to the DFP group (p<0.05). The pattern of 
distribution of  T2 values was relatively uniform in regions across days 
and groups. The voxel-wise quantification method showed a larger vari-
ation in  T2 values within ROIs than the regional quantification method, 
suggestive of intra-regional heterogeneity of neuronal damage that was 
consistent with visible lesions on  T2-weighted images.

Conclusion: 
This study demonstrates the potential of  T2 mapping as a quantifiable 
biomarker to track neuropathology resulting from OP-intoxication over 
time and to assess the impact of therapies. Future work will involve 
validation of these methods against measures from other modalities 
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(histology, diffusion MRI) and evaluation in studies assessing spati-
otemporal response to novel therapies to mitigate OP-induced neuronal 
damage.

References
1. R. A. Young and A. Watson, “Organophosphate nerve agents,” in 

Handbook of Toxicology of Chemical Warfare Agents, Elsevier, 
2020.

2. M. Guignet et al., “Persistent behavior deficits, neuroinflamma-
tion, and oxidative stress in a rat model of acute organophosphate 
intoxication,” Neurobiology of Disease, vol. 133. Academic Press 
Inc., p. 104431, Jan. 01, 2020, doi: 10.1016/j.nbd.2019.03.019.

3. S. Sisó et al., “Spatiotemporal progression and remission of lesions 
in the rat brain following acute intoxication with diisopropylfluo-
rophosphate,” Toxicol. Sci., vol. 157, no. 2, pp. 330–341, Jun. 
2017, doi: 10.1093/toxsci/kfx048.

4. S. Liachenko and J. Ramu, “Quantification and reproducibility 
assessment of the regional brain T 2 relaxation in naïve rats at 7T,” 
J. Magn. Reson. Imaging, vol. 45, no. 3, pp. 700–709, Mar. 2017, 
doi: 10.1002/jmri.25378.

5. S. Liachenko, J. Ramu, T. Konak, M. G. Paule, and J. Hanig, 
“Quantitative Assessment of MRI T 2 Response to Kainic Acid 
Neurotoxicity in Rats in vivo,” Toxicol. Sci., vol. 146, no. 1, pp. 
183–191, Jul. 2015, doi: 10.1093/toxsci/kfv083.

6. K. Lee et al., “Quantitative T2 MRI is predictive of neurodegen-
eration following organophosphate exposure in a rat model,” Sci. 
Rep., vol. 10, no. 1, Dec. 2020, doi: 10.1038/s41598-020-69991-z.

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

035-Detection of Residual Peritoneal Metastases following Cytore-
ductive Surgery Using the pH-sensitive Micellar Imaging Agent 
Pegsitacianine: An Interim Review of an Ongoing Phase 2 Study

Presenter: Patrick Wagner, Allegheny Health Network Cancer Institute

Patrick Wagner1, Edward  Levine2, Alex  Kim3, Perry  Shen4, Nicole D. 
 Fleming5, Shannon N.  Westin6, Madeline  Olson7, Brian  Madajewski8, 
Brian  Ostrander9, Kartik  Krishnan7, Baran D.  Sumer10, Tian  Zhao11, 
Jinming  Gao12, David  Bartlett13

1Allegheny Health Network Cancer Institute, Pittsburgh, PA
2Wake Forest University, Winston-Salem, North Carolina
3Ohio State University Wexner Medical Center, Columbus
4Wake Forest University, Winston Salem, NC
5University of Texas MD Anderson Cancer Center, Houston, TX
6UT MD Anderson Cancer Center, Houston, TX
7OncoNano Medicine Inc, Southlake, TX
8OncoNano Medicine Inc, Southlake
9OncoNano Medicine Inc, Southlake, Texas
10University of Texas Southwestern Medical Center, Dallas, TX
11OncoNano Medicine Inc, Dallas
12University of Texas Southwestern Medical Center, Dallas, Texas
13Allegheny Health Network, Pittsburgh, PA

Background: 
Pegsitacianine (ONM-100) is an ultra pH-sensitive polymeric micellar 
fluorescent nanoprobe designed to aid in the real-time localization and 
detection of tumor in the surgical setting using near-infrared (NIR) 
imaging. Pegsitacianine is comprised of pH-sensitive amphiphilic 

polymers with the NIR dye, indocyanine green, covalently attached to 
the hydrophobic segment. At physiological pH, pegsitacianine circu-
lates as intact micelles in a fluorescently “OFF” state. Tumor accumula-
tion of the micelles lead to dissociation and activation of fluorescence 
by the acidic tumor microenvironment (i.e., Warburg effect). Acidic 
microenvironments are ubiquitous in most solid tumors and provide 
pegsitacianine the potential to function in an agnostic manner, with all 
imaging systems FDA-cleared for use with indocyanine green. Previ-
ously studied in six tumor types at intravenous doses ranging from 
0.1 – 1.2 mg/kg administered 24 hours prior to surgery, pegsitacianine 
has been well tolerated, fluoresced in all tested tumor types, detected 
positive surgical margins, and demonstrated favorable sensitivity and 
specificity measurements. The current Phase 2 study (NCT04950166) 
is designed to evaluate the ability of pegsitacianine to detect residual 
tumors following cytoreductive surgery (CRS), an operation to com-
pletely resect peritoneal metastatases from GI caners. The complete-
ness of cytoreduction is scored at the conclusion of surgery and is a key 
indicator of the efficacy of surgery and long-term prognosis. Methods 
for detecting residual disease following intended surgery could allow 
surgeons to more accurately evaluate the completeness of surgery, or 
even enhance the results by removing additional tumors.

Methods: 
The ongoing Phase 2 study is a non-randomized, open-label, multi-
center study being conducted in the United States. The study is planned 
to be conducted in two Parts. Part 1 is designed to investigate the ability 
of pegsitacianine to detect solid peritoneal metastases (i.e., <=50% 
mucin) and Part 2 is designed to investigate the ability of pegsita-
cianine to detect mucinous lesions (i.e., >50% mucin). The primary 
performance metric of pegsitacianine is the rate of detection of residual 
disease following intended CRS. A total of ten (10) suspected tumor 
lesions and five (5) normal tissue samples will be imaged for fluores-
cence during CRS. After completion of intended surgery, the peritoneal 
cavity will be re-examined using the NIR camera to evaluate for resid-
ual fluorescent tissue. Removal of residual tumor indicates a clinically 
significant event, and correlation of fluorescence with final pathology 
results will be used to calculate the performance of pegsitacianine.

Results: 
A total of 13 patients have been administered pegsitacianine at a dose 
of 1 mg/kg with imaging occurring between 24- and 72-hours post-
dose. Pegsitacianine has been well-tolerated in all dosed patients with 
no drug-related SAEs. To date, seven patients (53.8%) have demon-
strated a clinically significant event. All clinically significant events 
have been a result of the detection of residual disease following the 
completion of intended surgery with an augmentation to the complete-
ness of cytoreduction score occurring in one patient (15.3%) Pegsita-
cianine performance calculated at the level of the individual specimens 
has demonstrated favorable sensitivity (89%) negative predictive (81%) 
and positive predictive (68%) values, as well as a low patient-level false 
positive rate (23%).

Conclusions: 
Pegsitacianine exploits the ubiquitous acidic microenvironment of 
solid tumors to function as a tumor-agnostic adjunct to CRS for peri-
toneal carcinomatosis, which can arise from a wide variety of primary 
tumor types. In this ongoing study, pegsitacianine continues to be 
well-tolerated with no observed drug-related SAEs, and has detected 
residual disease that otherwise would have been unresected, follow-
ing CRS in 53.8% of evaluable patients. With a high rate of residual 
disease detection and it’s promising performance, pegsitacianine 
holds great potential to enhance the efficacy of CRS by detecting 
residual tumors, leading to improvement in surgical efficacy and 
patient outcomes.
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Background: 
There is an unmet clinical need for robust imaging biomarkers to dis-
tinguish indolent from aggressive prostate cancer (PCa). It is grow-
ing recognition that dysregulated cell metabolism as a key driver 
for PCa progression and resistance to therapy. Androgen receptor 
(AR) signaling regulated by androgen ligands is one of the critical 
pathways for PCa pathogenesis, aggressiveness  and progression. 
Comprehensive metabolic imaging and metabolomics study were 
performed on Androgen Receptor dependent (AR+) and AR inde-
pendent (AR-) patient derived xenograft (PDX) tumors by employing 
[1-13C]-pyruvate hyperpolarized magnetic resonance spectroscopy 
(HP-MRS),  [18F]-fluorodeoxyglucose positron emission tomography 
(FDG-PET),  [18F]-fluoro-pivalic acid positron emission tomography 
(FPIA-PET), 1H Nuclear Magnetic Resonance (NMR) spectroscopy 
and liquid chromatography with tandem mass spectrometry (LC-
MS-MS) to interrogate PCa dysregulated metabolism.

Methods: 
[1-13C]-labeled pyruvic acid was hyperpolarized using a commercial 
DNP HyperSense polarizer following standard protocol (1). Anatomi-
cal MRI and 13C-MRS were obtained using a Bruker 7T scanner. The 
high-resolution 1H-NMR spectroscopy were performed on a 500 MHz 
spectrometer coupled with cryogenic temperature probe. PET images 
were acquired on an Albira trimodal PET/SPECT/CT image station (2).

Results: 
AR (+/-) PCa-PDX tumors those are sensitive and resistance to enza-
lutamide were employed in this in vivometabolic imaging study. The 
dynamic metabolic flux ratio, lactate-to-pyruvate (Lac/Pyr) was deter-
mined in vivo and used as a treatment response marker. The Lac/Pyr 
ratios were significantly higher in resistant tumors compared to sensi-
tive tumors (p<0.01) as shown in Figure (A-C). A significant difference 
in  [18F]-FDG uptake between these two cohorts of AR (+/-) mice was 
also observed. PET imaging revealed that  [18F]-FPIA is transported 
into the tumors (Figure D). FPIA interrogated the fatty acid oxidation 
in tumor cells and we are currently exploring how its uptake varies 
between AR (+/-) PCa-PDX tumors. Ex vivo NMR and mass spec-
trometry-based metabolomics depicted higher lactate concentration in 
drug resistant tumors.

Conclusion: 
Metabolic imaging combining [1-13C]-pyruvate HP-MRS and 
 [18F]-PET presents an exciting opportunity to realize imaging-based 

personalized medicine in different AR (+/-) PCa-PDX preclinical mod-
els by interrogating glycolysis and fatty acid oxidation pathways.
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Introduction: 
Disruption of unstable atherosclerotic plaque with subsequent thrombo-
sis is primarily responsible for acute cardiovascular events [1]. Detect-
ing unstable plaque with clinical imaging modalities and stabilising the 
plaques at risk is crucial for reducing plaque rupture-related mortality. 
The activity of myeloperoxidase (MPO), a pro-inflammatory enzyme 
expressed in advanced human plaques [2], has been shown to contrib-
ute to the formation of unstable plaque and to be suitable for detect-
ing unstable plaque by molecular MRI in a mouse model of plaque 
instability [3]. Here, we investigated whether molecular MRI of MPO 
activity could identify plaques prone to rupture in a rabbit model of 
atherothrombosis.

Methods: 
Aortic atherosclerosis was induced in male New Zealand White rab-
bits (n=10) with aortic balloon injury and dietary modification includ-
ing 8 weeks of 1% cholesterol-containing chow followed by 4 weeks 
of normal chow. In-vivoT1-weighted black blood (T1BB), inversion 
recovery (IR), and T1 mapping images were acquired with a 3-Tesla 
MRI scanner at 8 and 12 weeks using bis-5-hydroxytryptamide-DTPA-
Gd (MPO-Gd, 0.1mmol/kg) to assess plaque MPO activity 1-2 h after 
injection. Following the 12-week MRI scan, Russell viper venom and 
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histamine were administered to trigger plaque erosion/rupture [4] and 
rabbits were scanned post-trigger without contrast agent to identify 
thrombi. Vessel wall area (VWA,  cm2), late gadolinium enhancement 
(LGE) area  (mm2), mean signal intensity (SI), and relaxation rate (R1, 
 s-1) were quantified. Tissue-to-muscle contrast ratio (TMCR) was cal-
culated as: TMCR=(SIAortic Wall -SIMuscle)/SIMuscle

Results/Discussion: 
All rabbits developed atherosclerosis and four advanced to athero-
thrombosis. Imaged aortic segments (n=196) were classified as plaque-
free (n=77) or plaque-containing (n=119) by comparing the vessel 
wall area to healthy age-matched controls on pre-trigger T1BB images 
(Fig.1a). Plaques were then separated into stable (n=98) and rupture-
prone (n=21) based on the presence of thrombus on the post-trigger 
T1BB images (Fig.1d). Compared with plaque-free aorta, segments 
containing plaques showed higher enhancement and R1s after MPO-Gd 
injection, suggesting higher MPO activity (Fig.1b-c).
Quantitative MRI analysis (Fig. 1e) showed similar VWA and LGE 
area in stable and rupture-prone plaques at weeks 8 and 12. How-
ever, rupture-prone plaques had significantly higher TMCR than stable 
plaques and plaque-free segments at both weeks 8 and 12, while no 
TMCR difference was observed between the stable and plaque-free 
groups. Moreover, rupture-prone plaques had significantly higher R1 
values compared with stable plaques at both time points. Both ruptured 
and stable plaques had higher R1 values compared with plaque-free 
tissue.

Conclusion: 
The data showed that MPO activity could be detected in-vivo with a 
clinical MRI scanner using MPO-Gd. Rupture-prone plaques tend to 
accumulate more MPO-Gd, suggesting a relationship between local 
MPO activity and atherothrombosis. Thus, clinical MRI using a molec-
ular probe that selectively quantifies MPO activity is a very promising 
tool to identify high-risk plaques, and guide treatment to reduce the 
risk of acute cardiovascular events.
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Purpose: 
Stroke is a major human disease burden that can lead to death or 
life-long disability. Inflammation and oxidative stress are two criti-
cal pathological processes in stroke. Myeloperoxidase (MPO) is an 
important oxidative inflammatory enzyme that plays important roles in 
promoting tissue damage and affecting adverse neurological outcome. 
Unlike other simple sugars, D-mannose has been shown to have unique 
immune regulatory functions. We aimed to determine the effect of 
D-mannose on myeloperoxidase (MPO) in a stroke mouse model using 
molecular MRI targeting myeloperoxidase activity.

Methods: 
All animal experiments were approved by the local subcommittee on 
research animal care. Focal cerebral ischemia was induced by tran-
siently occluding the right middle cerebral artery for 30 minutes fol-
lowed by reperfusion in twenty 8-10 weeks old C57BL/6J male mice. 
On the day of surgery, mice were randomly divided into two treatment 
groups: 1) D-mannose (450mg/kg) injected i.p. daily and 2) PBS i.p. 
daily as control. To evaluate MPO activity in vivo, mice were imaged 
on a 4.7T MRI scanner on day 10 after stroke induction. T1-weighted 
imaging was performed before and after the intravenous injection of 
0.1mmol/kg of  heMAMP1, a new generation of MPO-specific MRI 
agents. Contrast-to-noise-ratio (CNRs) were computed for each region 
of interest (ROI) with the formula: CNR (postcontrast  ROIischemic brain−
postcontrast  ROIcontralateral brain)/SDnoise− (precontrast  ROIischemic brain−
precontrast  ROIcontralateral brain)/SDnoise, where  ROIischemic brain is enhanc-
ing area and  SDnoise is the standard deviation of noise measured from 
an ROI placed in an empty area of the image. Flow cytometry and 
MPO protein assays were also performed after imaging. P<0.05 was 
considered statistically significant.

Results: 
D-mannose treatment improved neurological deficit scores compared 
to those treated with PBS. D-mannose decreased heMAMP MRI 
enhancement in the infarcted area (Figure A, p=0.0027). This result 
was corroborated by ex vivo MPO protein assays of the ischemic brains 
(p=0.04). Interestingly, on flow cytometry, the percentage of MPO-
positive cells was not different between the two groups (p=0.48). Taken 
together, our data revealed that D-mannose treatment in stroke did not 
change the number of pro-inflammatory cells recruited to the inflam-
mation site, but each of these cells generated less active MPO.

Conclusion: 
Molecular imaging with heMAMP MRI revealed that D-mannose 
treatment in stroke improved neurological outcome by decreasing the 
amount of active MPO secreted from inflammatory leukocytes at the 
infarcted site, even as the number of MPO-positive cells was not sig-
nificantly altered by D-mannose treatment. The highly efficient MPO-
activatable MRI probe (heMAMP), which is significantly more stable 
than the previous linear MPO-Gd agent and up to 3-fold more sensitive 
to MPO activity, allowed highly sensitive differentiation between the 
treatment groups and played an important role in elucidating these 
observations. These findings suggest that D-mannose may be a poten-
tial new therapeutic direction for the treatment of ischemic stroke.
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In the past PET imaging of neuroinflammation mainly used radiotrac-
ers that targeted the translocator protein (TSPO). Recently, researchers 
have developed PET radiotracers targeting other cellular receptors rel-
evant to  neuroinflammation1 including microphage colony stimulating 
factor 1 receptor (CSF1R)2-6. Here we present a new 18F-labelled PET 
radiotracer 4-cyano-N-(4-(2-[18F]fluoroethyl)piperazin-1-yl)-2-(4-
methylpiperidinyl)phenyl)-1H-pyrrole-2-carboxamide  ([18F]1) with 
high binding affinity at CSF1R  (IC50= 3.1 ± 0.5 nM). The imaging 
properties of  [18F]1 were evaluated in mouse and non-human pri-
mate neuroinflammation models induced with lipopolysaccharide 
(LPS).  [18F]1 was prepared in a one-pot radiolabeling procedure using 
an automated module with high molar radioactivity (203-1290 GBq/
μmol) and radiochemical purity > 97%.  [18F]1 demonstrated robust 
brain uptake in control mice that peaked (3.6%ID/g tissue) at 5 min 
post-administration followed by rapid washout. A comparison of con-
trol mice versus LPS-treated mice showed a 46% increase in brain 
uptake of  [18F]1 in the LPS group. Brain uptake of  [18F]1 in the LPS-
treated mice was blocked with CSF1R inhibitor, suggesting specific 
binding to CSF1R in the inflamed case. PET studies with  [18F]1 were 
performed in healthy baboon and LPS-treated baboon. The comparison 
of baseline and blocking studies showed that in the control baboon 
brain,  [18F]1 labels CSF1R with a moderate level of specificity (5%-
38%). In the LPS-treated baboon, the radiotracer distribution volume 
 (VT) was higher in all brain regions versus control. The regional base-
line LPS/healthy  VT ratios were in the range of 1.4-1.9. A blocking 
study in the LPS-treated baboon demonstrated that  [18F]1 binding was 
specific for CSF1R. Regional baseline/blocking  VT ratio in LPS-treated 
baboon was greatest in the thalamus, followed by hippocampus, cer-
ebellum, caudate, and occipital cortex (1.4-1.6). These data indicate 
that  [18F]1 is promising for translation to enable quantification of brain 
CSF1R receptor density in human subjects.
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Background: 
Synthetic biology plays a major role in the field of molecular  imaging1. 
A major challenge in the field is the ability to effectively control 
reporter enzymes remotely in a non-invasive manner. Many tools have 
been developed using the split protein approach utilizing optogenet-
ics and chemogenetics means to activate and control these enzymes, 
although these systems can lack penetration depth and have a lack of 
temporal control of the reporters. To overcome this, we created an 
adaptation on the split-protein method and utilize magnetic fields as 
the stimulus for activation. With the magnetogenetic approach we have 
created an improved split-NanoLuc and a split-Herpes Simplex Virus 
type 1 Thymidine Kinase (HSV1-TK). Both constructs set the stage for 
the magnetogenetic approach to be utlized through in vivo applications.

Methods: 
All constructs were cloned with the  EPG2 gene and Gibson Assembly 
creating fusion proteins to the N and C terminals of EPG. The split con-
structs were expressed in pcDNA3.1(+) or pTwist vectors for mamma-
lian expression in RIN m5F, rat insulinoma, or 4T1 cells, mouse breast 
cancer. NanoLuc imaging with electromagnetic stimulation was per-
formed using IVIS (Perkin Elmer). Firefly Luminescence for viability 
following ganciclovir treatment was measured using the Spark (Tecan). 
Magnetic fields were induced with electromagnetic  coils3 for imaging 
experiments and static magnets were used for long term stimulation.

Results and Discussion: 
Building on a prototype (Fig. P2) that showed the possibility to use 
EPG with a split-NanoLuc4, we decided to improve the brightness of 
the construct by using the NanoBiT split site of NanoLuc. The split-
EPG-NanoBiT construct was cloned with varying linker combinations 
between the EPG and split luciferase fragments to determine optimal 
conditions. This construct was expressed in RIN-m5F cells and measured 
using the IVIS with electromagnetic fields (EMF) induction. Reads were 
taken every 10 seconds with an open filter with 4 periods of 2 minute 
constant EMF stimulation followed by 6 minutes of no stimulation. EPG 
constructs showed a 17%-23% (Fig. P3D) change from the minimum 
luminescence to the final read and a luminescent recovery of 87%- 96% 
(Fig. P3C) of initial luminescence depending on linker variant compared 
to the native NanoLuc construct which only maintained 57% of initial 
luminescence (N=6 wells). A split version of HSV1-TK was fused to two 
versions of the EPG protein using varying linker combinations. One ver-
sion uses the full EPG (Fig. 1A, iii) with predicted signal sequence and 
transmembrane domains, while the short version (Fig 1A, iv) removes 
these features as they are not believed to play a role in magnetoreception, 
but act as longer linkers for the construct. 4T1 Cells stably expressing 
firefly luciferase and transiently expressing the EPG-split-HSV1-TK 
construct were treated with ganciclovir for 72 hours and luminescence 
was used to quantify cell viability. Two linker combinations showed 
a 13% change in cell luminescence (Fig. 1B) when stimulated with a 
magnet compared to the non-stimulated cells (N=6 wells). This effect 
with magnetic stimulation was shown to be significantly increase cell 
death (p<0.05) which was not seen in the positive control HSV1-TK 
or mock transfected cells. Moreover, the EPG-split-HSV1-TK can be 
explored further for temporal and spatial control of theranostic genes in 
vivo. Either by utilizing radiotracers such as [124]FIAU for PET imaging 
or selectively controlling cancer treatment in tumors using ganciclovir.

Conclusions: 
We are developing a novel magnetogenetic platform to remotely control 
enzymatic activity in situ utilizing split-protein approach controlled 
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by the EPG protein. By evolving the EPG-split-NanoLuc construct 
to be brighter and creating an EPG-split-HSV1-TK, we envision that 
this system combined with molecular imaging can play a key role in 
monitoring neuromodulation as well as cell therapies.
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Introduction: 
Although anthracycline chemotherapy is highly effective in treating a 
variety of cancers, it is substantially associated with dose-dependent 
cardiotoxicity. Cardiotoxicity encompasses several pathologies that 
can eventually lead to heart  failure1. Echocardiography is commonly 
used to assess cardiac health and to clinically diagnose cardiotoxic-
ity. Typically, this technique detects dysfunction only after pathologi-
cal remodeling has occurred. Early detection of cardiac damage may 
allow therapeutic interventions that could prevent heart failure. Thus, 
we hypothesize that PET probes interacting with early pathological 
markers can detect the onset of myocardial damage before the heart 
becomes dysfunctional. To this aim, we evaluated in a mouse model 
doxorubicin-induced cardiotoxicity, the following biomarkers:  [18F]
DPA-714, a translocator protein (TSPO) ligand,  [68Ga]Ga-FAPI-04, a 
fibroblast activation protein (FAP) ligand, and  [18F]MFBG, a norepi-
nephrine transporter (NET) ligand, as candidate imaging biomarkers of 
inflammation, fibrosis, and sympathetic neuron activity, respectively.

Methods: 
We induced chronic cardiotoxicity in male C57BL/6J mice by admin-
istering 8x3 mg/kg doxorubicin intraperitoneally (total dose 24 mg/kg) 
over 2  weeks2. The body weights of mice were measured on a weekly 

basis. Over 12 weeks, the DOX mice were imaged serially with echo-
cardiography and  [68Ga]Ga-FAPI-04,  [18F]DPA-714, or  [18F]MFBG 
PET and compared to age- and sex-matched controls. We calculated 
parameters such as left ventricular ejection fraction (LVEF), fractional 
shortening (FS), and quantified tracer uptake in the heart over time 
by drawing volumes of interest (VOI). Blood samples were collected 
at each time point, and mice (n=4-5 per time point) were sacrificed 
and their hearts fixed in 4%PFA for histological analysis. Heart sec-
tions were stained with hematoxylin and eosin (H&E) and Masson’s 
trichrome to assess histopathological changes. In addition, expression 
of cellular target proteins was evaluated by western blot.

Results: 
Our doxorubicin regimen was well tolerated, with an overall mor-
tality rate of <20%. DOX-treated mice exhibited decreased body 
weight and heart weight-to-tibia length (HW/TL) ratio and reduced 
topoisomerase-2β (TOP2B)  expression3, which is a marker of DOX-
induced cardiotoxicity, while fibrotic scarring increased.  [18F]DPA-714 
signal in the heart increased in DOX mice relative to controls within 2 
weeks of end-of-treatment and peaked at 5 weeks. However, the signal-
to-noise ratio (SNR) was low due to physiological uptake in the liver and 
 lung4. Cardiac  [68Ga]Ga-FAPI-04 signal increased within 2 weeks, simi-
lar to  [18F]DPA-714, but the SNR of  [68Ga]Ga-FAPI-04 is high due to 
low uptake in normal tissues. Contrary to our expectations,  [18F]MFBG 
uptake significantly increased in the heart of DOX animals compared to 
controls. By contrast, no cardiac dysfunction was evident by echocar-
diography until 10 weeks after end-of-treatment, at which point FS was 
significantly reduced relative to healthy controls.

Conclusions: 
Our model results in chronic cardiotoxicity characterized by 
decreased HW/TL, FS, expression of TOP2B, and increased fibro-
sis. Starting from 2 weeks  [68Ga]Ga-FAPI-04,  [18F]DPA-714, and 
 [18F]MFBG signals increased in the damaged hearts and lasted up to 
10 weeks after the end-of-treatment, when echocardiographic analy-
sis detected cardiac dysfunction. These findings suggest that PET 
imaging biomarkers may be useful in identifying patients at risk of 
cardiotoxicity early on during anthracycline chemotherapy allowing 
therapeutic interventions to prevent or reduce heart failure.
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Implantable medical devices from polymeric materials stabilize and 
repair tissue after trauma or disease. While their use is widespread, it 
remains difficult to evaluate devices after implantation to ensure proper 
positioning and determine subsequent device damage, to potentially 
prevent life-threatening complications. Incorporating radiopacity into 
biomedical devices significantly improves radiologists’ success rate for 
identifying implant location and potential damage [1]. Nanoparticle 
contrast agents offer a facile way of adding radiopacity in a variety 
of imaging modalities [2-3]. However, the addition of nanoparticles 
to a polymer matrix can affect device properties, like mechanics and 
degradation rate, both crucial to implant functionality. This study was 
designed to assess the long-term effects of nanoparticle contrast agents 
on polymeric devices.

Methods: 
Cylindrical scaffolds (4.7mm diameter, 2m thick) were produced via 
salt leeching, giving porous features (100-300μm) mimicking clinical 
polymeric devices. Three FDA-approved polymers with differing deg-
radation rates were used as matrices: poly(lactide co-glycolide)(PLGA) 
50:50, PLGA 85:15 and polycaprolactone (PCL). The range of CT-
visible hydrophobic  TaOx was 0-40wt%. During the study, scaffolds 
were hydrated (37°C) in 3 buffers, covering the range of physiological 
pH values: phosphate buffered saline (PBS, pH 7.4), 50mM sodium 
citrate (pH 6.5), and 50mM sodium citrate (pH 5.5). Hydrated scaf-
folds were monitored longitudinally with micro-computed tomography 
(μCT) at 90keV, 88 μA, voxel size < 20μm, to quantify x-ray intensity 
and scaffold volume. Simultaneously, scaffold mechanical properties 
and mass loss were tracked over 20 weeks.

Results & Discussion: 
In μCT, only implants incorporating a nanoparticle were visible. 
The features that could be tracked were dependent on the amount of 
 TaOx incorporated. At ≤ 5wt%, overall scaffold dimensions could be 
tracked, but no information could be gathered on fine features like 
porosity. At ≥20wt%  TaOx, x-ray intensity remained significantly larger 
than background, as long as scaffolds remained intact, up to 20 weeks. 
As  TaOx particles have negligible degradation under physiological 
conditions [4], the polymer matrix determined the scaffold degrada-
tion kinetics. While approximating the in vivo environment, in vitro 
degradation in PBS is not a good predictor for in vivo device degrada-
tion, as it cannot mimic inflammation or mechanical loading at the 
implant site. Thus, citrate at pH 6.5 was used to mimic an inflammatory 
environment and citrate pH 5.5 mimicked a lysosomal environment. 
The buffer pH and the wt%  TaOx affected the mechanical strength and 
degradation time of the polymer devices. To illustrate, at pH 5.5, the 
fastest degrading polymer (PLGA 50:50) lost all mechanical strength 
by week 4 post-hydration with 40wt%  TaOx, compared to week 7 when 
0wt%  TaOx was present. The higher  TaOx content likely influenced the 
scaffold mechanics and degradation by reducing the amount of polymer 
available to hold together a coherent structure. Additional  TaOx incor-
poration > 20wt% did not significantly improve the ability to moni-
tor features and affected mechanics, setting an upper limit on contrast 
incorporation. Importantly, scaffolds lost compressive strength several 

weeks prior to significant mass loss, highlighting the need to consider 
multiple metrics when evaluating changes to biomedical devices.

Conclusion: 
Contrast agents are critical for the ability of radiologists to identify 
device features once implanted. Scaffolds incorporating radiopaque 
nanoparticles could be monitored for over 20 weeks via CT, with a 
range of 5-20wt%  TaOx ideal for imaging without significantly affect-
ing device properties. Degradation time and mechanics were controlled 
by the polymer matrix and were significantly impacted by pH, high-
lighting the potential impact of inflammation and cellular interaction 
when designing implants. With increased imaging functionality, the 
next generation of devices may provide radiologists the opportunity to 
identify potential device damage before catastrophic failure.
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Phosphodiesterase-4 (PDE4) enzymes specifically hydrolyze the 
intracellular secondary messenger cAMP. Inhibition of PDE4 
enzymes significantly increases intracellular cAMP levels, thereby 
triggering downstream signaling events. These enzymes have become 
important targets for the treatment of neuropsychiatric disorders, 
such as neurodegeneration (cognitive impairment) and major depres-
sive disorder.[1] Early PDE4 inhibitors, such as rolipram, bind to all 
PDE4 subtypes (A, B, C, and D) and have dose-limiting side-effects 
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(nausea and vomiting) that limit their clinical application. Recently, 
PDE4D-selective inhibitors have been developed and used as cog-
nition enhancers and antidepressants with improved tolerability.[2, 
3] One example, BPN14770, has recently entered phase II clinical 
trials for the treatment of Fragile X Syndrome.[3, 4] An ability to 
image and quantify PDE4D in human brain with positron emission 
tomography (PET) could be of benefit for further drug development 
and for the investigation of neuropsychiatric disorders. Previously, 4 
radioligands have been labeled with cyclotron-produced carbon-11 
(t1/2 = 20.4 min). Two of them gave sizeable PDE4D-specific PET 
signals in monkey brain.[5] However, evidence for the accumula-
tion of radiometabolites in brain was found in subsequent human 
experiments, rendering the best probe  [11C]T1650 unsuitable for 
quantifying PDE4D. Hence, further structural modification of T1650 
is needed to avoid problematic radiometabolites. Based on the known 
structure of PDE4D, the structure of T1650 may be considered to 
have four interacting parts with the enzyme, namely the planar meth-
oxypridinyl scaffold (P1), the 3-nitrophenyl group (P2), the methyl-
ene linker (P3), and the pyrazolyl group (P4). In a structure-activity 
relationship study, we systematically varied the four sub-components 
of the T1650 structure by bioisosteric replacements to produced 58 
new inhibitors. 4 different structures were explored for P1, 9 for P2, 
4 for P3, and 15 for P4. The synthesized compounds were subjected 
to inhibitory assays with a mutationally activated, dimeric form 
of PDE4D, denoted PDE4D7-S129D (PDE4D*) and also for the 
PDE4B isoform, denoted PDE4B1-S133D (PDE4B*). Among them, 
eight compounds were found to have high PDE4D* affinity (IC50 < 
10 nM), selectivity for inhibition of PDE4D* over PDE4B* of 
>50 fold, a PET CNS MPO score > 3, and amenability to labeling 
with 11C or 18F at high molar activity.[6-8] Five of the new inhibi-
tors were labeled by methylation of readily synthesized phenol pre-
cursors with  [11C]iodomethane. Radiosyntheses took about 40 min 
and gave useful yields and high molar activities (230~750 GBq/
μmol). Evaluation of these five 11C radioligands in monkey with 
PET revealed that they all showed sizable PDE4D-specific signals 
in brain by comparing baseline study and pre-blocking experiments 
with rolipram. Two radioligands showed quite stable distribution 
volume (VT) after 90 min in monkey brain, an important requirement 
for PDE4D quantification. These two radioligands are considered 
promising for further evaluation of metabolic behavior and of brain 
PDE4D imaging performance.
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Abstract 
Indoleamine 2, 3-dioxygenase 1 (IDO1) plays an important role in the 
biology of melanoma and other cancers, which catalyzes the degrada-
tion of L-tryptophan (Trp) to resist immune  destruction1. Although 
various radiolabeled Trp analogs have been developed to monitor Trp 
metabolism in vivo using positron emission tomography (PET), the 
lack of IDO1 specificity or complicated synthesis has limited their 
 applications2. In this study, we report the development of  [18F]
F-5-OMe-tryptophans using photoredox radiofluorination and their 
initial evaluation in B16F10 mouse models.

Methods: 
Photoredox radiofluorination is a newly developed method that 
allows PET agents to be generated from simple precursors under mild 
 conditions3-5. To block the TPH metabolic site, 4-F-5-OMe-tryptophan 
(L/D-T13) and 6-F-5-OMe-tryptophan (L/D-T18) were prepared as 
optically pure enantiomers. The four agents’ metabolic pathways were 
evaluated in vitro using IDO/TPH enzyme assays. After photocatalyzed 
radiofluorination and deprotection, the  [18F]-agents were evaluated 
in vivo by small animal PET studies.

Results: 
L/D-[18F]-T18  and L/D-[18F]-T13  could be produced by photore-
dox radiofluorination in radiochemical yields (RCYs) ranging from 
2.6±0.5% to 32.4±4.1% (3 ≤ n ≤ 5, ee ≥ 99.0%) with over 98.0% radio 
chemical purity (RCP). Compared with L-Trp, both L-T13 and L-
T18 showed improved IDO1 specificity because their TPH pathway 
was potentially blocked by methoxyl group at 5 position. Small animal 
PET images demonstrated that  [18F]-L-T13 reached 9.57±0.26 %ID/g 
tumor uptake in B16F10 mouse models with very good tumor/muscle 
uptake ratio (4.57±0.2).

Conclusions: 
Photoredox radiofluorination allowed us access novel tryptophan-based 
PET agents in good RCY from readily available precursors. Initial 
evaluation suggested  [18F]-L-T13 had preferential IDO1 selectivity and 
prominent tumor uptake in B16F10 models, which warranted further 
evaluations in applications including immunotherapy prognosis.
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Purpose: 
In the programming of tumor-targeting bacteria, various therapeutic 
or reporter genes are expressed by different gene-triggering strategies. 
Previously, we engineered pJL87 plasmid with an inducible bacterial 
drug delivery system that simultaneously co-expressed two genes for 
therapy and imaging by a bidirectional tet promoter system only in 
response to the administration of exogenous doxycycline (Doxy). In 
this multi-cassette expression approach, tetA promoter (PtetA) was 
100-fold higher in expression strength than tetR promoter (PtetR). 
In the present study, we developed pJH18 plasmid with novel Doxy-
inducible gene expression system based on a tet promoter.

Procedures: 
In this system, Tet repressor (TetR) expressed by a weak constitutive 
promoter binds to tetO operator, resulting in the tight repression of gene 
expressions by PtetA and PtetR, and Doxy releases TetR from tetO to 
de-repress PtetA and PtetR.

Results: 
In Salmonella transformed with pJH18, the expression balance 
of bidirectional tet promoters in pJH18 was remarkably improved 
(PtetA:PtetR = 4~6:1) compared with that of pJL87 (PtetA:PtetR = 
100:1) in the presence of Doxy. Also, the expression level by novel tet 
system was much higher in Salmonella transformed with pJH18 than 
in those with pJL87 (80-fold in rluc8 and 5-fold in clyA). Interest-
ingly, pJH18 of the transformed Salmonella was much more stably 
maintained than pJL87 in antibiotic-free tumor-bearing mice (about 
41-fold), because only pJH18 carries bom sequence with an essential 
role in preventing the plasmid-free population of programmed Salmo-
nella from undergoing cell division.

Conclusions: 
Overall, doxycycline-induced co-expression of two proteins at simi-
lar expression levels, we exploited bioluminescence reporter proteins 
with preclinical but no clinical utility. Future validation with clinically 
compatible reporter systems, for example, suitable for radionuclide 
imaging, is necessary to develop this system further towards potential 
clinical application.
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Prostate cancer (PCa) with metastases remains incurable. The 5-year 
survival rate of patients with metastatic PCa on initial diagnoses 
is less than 30%. PCa usually metastasize to the bones and lymph 
nodes. Current diagnostic methods cannot predict metastatic PCa at 
a treatable stage of the disease. Thus, sensitive and specific diagnos-
tic and prognostic tumor biomarker/s for PCa metastases will help in 
clinical management. Therefore, the objective of the present study is to 
investigate the blood plasma metabolomic profiles to distinguish PCa 
patients with metastases from those without metastases using 1H-NMR 
spectroscopy for establishing potential biomarker/s. Blood samples 
were collected from PCa patients with metastases [(n =12 mean age: 
66.67 ± 10.63 years), PSA; 205.38 (50.20- 1361.10) ng/mL] and from 
those without established metastases [(n =25, mean age: 66.52 ± 7.10 
years), PSA; 23.37 (4.39- 100) ng/mL], in morning pre-prandial after 
overnight fasting. An informed consent was taken and the study was 
approved by Institute Ethics Committee. Each blood sample was cen-
trifuged at 5000 rpm for 10 minutes at 4°C and plasma was separated 
and stored at -80°C until NMR experiments were carried out. Proton 
NMR spectra of blood plasma samples were acquired at 700 MHz 
spectrometer (Agilent, USA) using 1D CPMG with pre-saturation. 
The following parameters were used for 1D NMR: 64 scan, with a 
70s relaxation delay and a spectral width of 9124.1 Hz with an echo 
time of 15ms. Two dimensional (2D) COSY and TOCSY experiment 
was carried out for assignments of resonance peaks. For comparison 
between these two patient groups, unpaired Mann-Whitney U test was 
carried out. A p-value <0.05 was considered significant. Univariate 
(receiver operating characteristics (ROC) curve analysis) and multivari-
ate (orthogonal partial least squares–discriminate analyses (OPLS-DA), 
variable importance to projection (VIP) score statistical analysis was 
carried out using MetaboAnalyst 5.0. The metabolic profile analysis 
showed significantly higher concentration of phosphocreatine (PCr), 
choline (Cho), betaine, acetate (Ace), pyruvate (Pyr), 3hydroxybu-
tyrate (3HOB), lactate (Lac), dimethylamine (DMA), glycine (Gly) 
and glycerophosphocholine (GPC) in PCa patients with metastases 
as compared to non-metastases. The univariate ROC curve analyses 
indicated phosphocreatine, choline, betaine with AUC of 0.89, 0.88 
and 0.84 respectively, had the highest diagnostic accuracy. These three 
metabolites also showed high VIP scores (1.57, 1.55 and 1.51, respec-
tively). A significantly higher concentration of membrane components 
such as Cho, GPC and betaine observed in patients with metastases 
and those without metastases, suggests an alteration in phospholipids 
metabolism associated with the cancer progression and  tumorogenesis1. 
Higher concentrations of DMA in blood plasma of patients with metas-
tases indicate alterations in membrane biosynthesis needed for prolif-
eration of cancer  cells2. Further, elevated level of Lac and Pyr were 
observed in blood plasma of PCa patients with metastases as compared 
to non-metastases3. Lac and Pyr are intermediates of glycolysis and 
TCA cycle, which suggested that the higher consumption of glucose 
by metastases stage is in response to the stimulated aerobic glycolysis 
or due to Warburg effect with a conversion through Pyr to Lac. Higher 
concentrations of 3HOB and Ace in blood plasma of metastases PCa 
patients with indicate utilization of lipids and ketone bodies as energy 
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 source4-5. Further, Gly is an important source of one carbon unit for 
nucleic acid synthesis to promote rapid cell proliferation and tumori-
genesis in advance PCa. Pathway enrichment analysis using the KEGG 
(Kyoto Encyclopedia of Genes and Genomes) and SMPDB (The Small 
Molecule Pathway Database) revealed most dominated involvement 
of phospholipids, glycolysis, gluconeogenesis, TCA cycle, and fatty 
acid oxidation & glycine serine and threonine metabolism in PCa with 
metastases condition. In conclusion, NMR-based metabolomics profil-
ing provides novel insights into the pathophysiological mechanism of 
cancer progression to metastases stage of PCa to monitor and treatment 
outcomes.
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The shift to a more sedentary lifestyle and unhealthy diets in 
recent years led to rising incidences in non-alcoholic steatohepa-
titis (NASH) and subsequently hepatocellular carcinomas (HCC) 
which will further increase in the upcoming years. Disease pre-
disposition and outcome is mainly influenced by lipid-mediated 
toxicity and the dynamics of the hepatic immune cell infiltrate 
with  CD8+ and  CD4+ T cells as main mediators. Therefore, our 
aim was to characterize non-invasively the dynamics of these T 
cells in vivo by positron-emission tomography (PET) using a 89Zr 
radiolabeled anti-murine CD8  ([89Zr]Zr-df-IAB42) and CD4 

minibodies  ([89Zr]Zr-df-IAB46).  NASH was induced by feed-
ing C57BL/6J mice a choline-deficient high- fat diet (CD-HFD) 
over a time course of 12  months1,2. Controls received standard 
chow (ND). After 3, 6, 9 and 12 months of CD-HFD/ ND, static 
PET scans combined with subsequent magnetic resonance imag-
ing (MRI) were performed 24h after i.v. injection of either  [89Zr]
Zr-df-IAB42 or  [89Zr]Zr-df-IAB46 (n=8-18). At each time point, 
liver tissue (n=3) was harvested and flow cytometry (FC) as well 
as histopathology (H&E), and CD8 and CD4 immunohistochem-
istry (IHC) was conducted. The non-alcoholic fatty liver disease 
(NAFLD) activity score (NAS) was determined by an experienced 
pathologist. All data are presented as mean ± SEM. Independ-
ent of the time point the CD-HFD and the ND group showed an 
increased  [89Zr]Zr-df-IAB42 or  [89Zr]Zr-df-IAB46 uptake in the 
lymphatic tissue 24h after tracer injection. Further, no differences 
were detected in the hepatic  CD8+ T cell infiltrate at 3, 6, and 9 
months between CD-HFD and ND fed animals. Nonetheless, liver 
uptake of the  [89Zr]Zr-df-IAB42 was significantly increased after 
12 months in CD-HFD animals compared to ND-fed animals. On 
the contrary, no differences in hepatic uptake of  [89Zr]Zr-df-IAB46 
representing the  CD4+ T cell infiltrate between CD-HFD and ND 
were found at any of the investigated time point. Histopathologi-
cal analysis (H&E staining) revealed typical features of NASH 
and an elevated NAS score in liver tissue samples of CD-HFD 
mice starting from 6 months. Moreover, ex vivo analysis of livers 
confirmed the increased  CD8+ T cell infiltrate at 12 months in CD-
HFD animals by IHC and FC, while no differences in the  CD8+ T 
cell infiltrate were detected at 3, 6, and 9 months after onset of 
diet. Consistent with the results from the  [89Zr]Zr-df-IAB46 PET, 
 CD4+ IHC and FC analyses revealed no differences between CD-
HFD and ND mice at all time points of investigation. Concluding, 
we demonstrated  CD8+ and  CD4+ minibody PET as potential tool 
for the non-invasive monitoring of the T cell infiltrate in NASH 
development which can be applied also in a translational setting. 
This offers the opportunity to study in vivo the T cell infiltrate and 
their role during disease progression from steatosis to NASH and 
HCC, which has not been fully understood yet.
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Abstract Body: 
CEST-MRI at 3T shows potential in detection of lipids and myeline 
content in human brain through quantitative NOE imaging. Herein, 
we propose a novel quantitation method using two saturation lengths 
 (Tsat), which could produce contrast maps similar to AREX method 
but without needs for a T1 map. Clinical Relevance— A type of 
CEST-MRI, termed as amide proton transfer, have been proved 
for grading gliomas in patients at 3T, without injection of contrast 
agents. Our method aims to quantitative imaging of NOE that origi-
nated from brain lipids, by further tuning the imaging parameters 
and analysis.  Introduction CEST-MRI is a promising molecular 
imaging tool that allows sensitive detection of endogenous meta-
bolic changes. For CEST spectra acquired at 3T with a lower satu-
ration  B1, the signals originated from aliphatic protons on lipids 
become prominent through NOE (Nuclear Overhauser effect). White 
matter displayed greater NOE values than gray matter, owing to the 
higher lipid content in myeline [1]. NOE imaging is showing prom-
ise in subtyping of brain tumors. e.g., A study showed that gliomas 
exhibited hypointense on NOE-weighted maps while meningiomas 
did not have such obvious difference [2]. Previous methods on NOE 
quantification include LD (Lorentzian difference), three-offsets and 
AREX [1]. Among them, AREX obtained the highest CNR by com-
pensating T1. However, an additional T1 map need to be acquired. 
Herein, we developed an alternative analysis approach free of T1 
map, which employed CEST dataset of two saturation lengths, that 
could be acquired using a fast MeLOVARS method [3]. Methods
The method can be divided into 2 parts. First is to bridge the gap 
between LD and analytical PTR (proton transfer ratio). After that is 
using this relationship for quantitation. The workflow is shown in 
Fig.1a and Fig.1b.
For analytical 2-pool PTR as shown in Fig.1a, f is the concentration 
ratio between the exchangeable solute protons and water protons, k 
is solute-water exchange rate.  Tsat*m is the actual saturation time. M 
is set to 5 and a single  Tsat is 0.4 s. For parameters to be calculated 
in Fig.1b, k*f is related to concentration ratio since k is relatively 
stable in this situation.
To evaluate the results, a normal volunteer and 10 patients (5 with 
high-grade glioma and 5 with low-grade meningioma) were scanned 
using a CEST-MRI sequence with EPI readout at 3T. The study pro-
tocol was approved by the institutional review board and written 
informed consent was obtained from each subject. MR experiments 
were performed on a 3T Ingenia MRI system (Philips Healthcare) 
with a 32-channel phase array coil. For patients, the CEST slice 
were centered at the largest areas of the tumors shown on T2w 
images. Imaging parameters were as follows:  B1 = 0.7 μT, TR = 
5500ms, slice thickness = 7 mm, with in-plane resolution of 3×3 
 mm2. In total, 31 saturation offsets with uneven intervals were col-
lected, so that the amide and NOE contrast could be quantified using 
the Lorentzian difference.

Results: 
Fig.1c and Fig.1d show the error analysis of our method. Fig.2 shows 
the results on a normal volunteer and two patients. NOE k*f is hypoin-
tense in glioblastoma and is slightly different from meningioma, which 
is consistent with previous research. Fig.3a and Fig.3b show the sig-
nificant difference of k*f between tumor ROI and normal ROI in high-
grade glioma and low-grade meningioma. Fig.3c and Fig.3d show that 
our method can successfully distinguish high-grade glioma and low-
grade meningioma.

Conclusion: 
Using two  Tsat and the analytical calculations, we proposed a CEST 
quantitative method with reduced  T1 contamination. The comparison 
of NOE indicate it may be useful in oncology diagnosis.
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Background: 
Near-infrared fluorescence (NIRF) imaging with indocyanine green 
(ICG) has provided surgeons with the possibility to (1) identify up to 
12% additional colorectal liver metastases (CRLM) and (2) assess the 
tumor-margin in real-time during surgery [1-5]. Recent pilot studies 
show that the presence of fluorescence at the parenchymal transection 
plane indicates a too close proximity to the malignant lesion predicting 
a potential tumor-positive resection margin [6, 7]. In the prospective 
multicenter MIMIC trial, we evaluated the accuracy of in vivo ICG 
fluorescence-guided liver surgery.

Materials and methods: 
The MIMIC trial was designed as a single-arm prospective inter-
ventional trial in 8 Dutch liver surgery centers. Patients sched-
uled to undergo minimally invasive (either laparoscopic or robot-
assisted) resections for CRLM were eligible for inclusion. Patients 
with recurrent CRLM at the site of previous ablation or resec-
tion were excluded. Twenty-four hours prior to surgery, 10 mg 
of ICG was administered intravenously enabling the formation 
of a fluorescent rim around the metastatic lesion(s). The primary 
aim of the study was to document the radical resection rate (R0). 
Secondary aims were the diagnostic accuracy of intraoperative 
imaging compared to gold standard histopathological resection 
margin determination, and the effect of NIRF imaging on change 
of surgical management (i.e. wider resection or resection of addi-
tional liver tissue).
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Results: 
A total of 204 patients were included this study. No significant dif-
ferences in baseline characteristics, intraoperative variables and post-
operative outcomes were observed between patients operated either 
by laparoscopy (n=75) or robot-assisted surgery (n=129). In these 
patients, a total of 315 CRLM were resected (mean 1.54 lesions per 
patient). Overall, the initial R0 (≥1 mm) resection rate was 83%. 
Based on ICG fluorescence, in 18 of 55 (33%) initial R1 resections, 
additional liver tissue was resected which converted the resection 
margin from R1 into R0, increasing the total R0 rate to 88%. The 
negative predictive value (absence of fluorescence in the resection 
plane) of NIRF was 92% for an R0 resection. In 21% of CRLM resec-
tions a change of surgical management was documented based on 
ICG fluorescence.

Conclusions: 
In patients undergoing minimally invasive CRLM resections, the 
absence of ICG fluorescence predicts a tumor-negative margin with 
high accuracy and leads to a change of surgical strategy in more than 
one-fifth of patients.
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Introduction: 
The COVID-19 pandemic enabled rapid development of messenger 
RNA (mRNA)-based vaccines, with most mRNA-based vaccines in 
development and in clinic relying on lipid nanoparticles (LNP) with 
ionizable cationic lipids to enable mRNA  delivery1. Several studies 
have shown that LNP-mediated delivery of nucleic acids may incite 
innate immune activation; however, LNPs that use biodegradable cati-
onic lipids may reduce injection site  reactions2,3. Magnetic resonance 
imaging (MRI) and T2-weighted (T2W) imaging has been employed 
to evaluate inflammation response to acute drug deposition and long 
acting  injectables4,5. In this study, T2/T2W MRI was used to examine 
the inflammation profiles of LNP formulations with different ioniz-
able cationic lipids that have varying biodegradability profiles (RV39 
<< RV75 < RV94).The inflammatory response of both empty LNPs 
and LNPs loaded with SARS-CoV-2 self-amplifying mRNA (SAM) 
was assessed via MRI and cytokine analysis. Additionally, antibody 
response to vaccination with SAM-loaded LNPs was measured to con-
firm the potency of these formulations and the impact of cationic lipid 
degradability on inflammatory response.

Methods: 
Male Sprague-Dawley rats (250-300g) were randomly assigned to 
treatment groups (n=5 per group). Animals received a 50 μL injec-
tion into the right gastrocnemius muscle (RM) on Day 0 (prime dose) 
of either empty LNP (RV94, RV75, or RV39) or LNP loaded with 3 
μg SARS-CoV-2 SAM (RV94-SAM or RV75-SAM). On Day 22, the 
SAM-loaded LNP groups received a second dose (boost dose). Serial 
T2/T2W MRI of the injection site and draining right popliteal lymph 
node (RLN) was performed on a 4.7T Bruker magnet at baseline, 24, 
48, 72, and 168 hours post-prime dose. Plasma was collected at each 
imaging timepoint and at 4 hours post-prime dose for cytokine analysis. 
Antibody response to vaccination was assessed on days 14, 21, and 35 
post-prime dose in groups treated with SAM-loaded LNPs to confirm 
the potency of these formulations. Statistical analysis was performed 
using a mixed-effect model for all comparisons.

Results: 
Treatment was well tolerated by all groups and resulted in rapid MRI 
signal enhancement at 24 hours post-prime dose in the RM (Fig-
ure 1A) and RLN. Compared to other empty LNPs, treatment with 
RV94 resulted in the least amount of inflammation as indicated by a 
significant decrease in RM signal enhancement volumes. In contrast, 
treatment with RV39 exhibited the most inflammation as indicated 
by the highest RM signal enhancement volumes (Figure 1B). When 
comparing loaded vs. unloaded LNP (RV94-SAM vs. RV94 and RV75-
SAM vs. RV75), treatment with SAM-LNPs resulted in significantly 
increased inflammation (Figure 1A) as indicated by significantly higher 
RM signal enhancement volumes (Figure 1C). Minimal differences 
were observed between the empty LNP groups in the RLN (Figure 1D). 
However, the loaded LNPs (RV94-SAM and RV75-SAM) showed sig-
nificantly larger RLN volumes when compared to their corresponding 
empty LNPs (Figure 1E). In contrast to marked differences in MRI 
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signal enhancement, cytokine analysis showed no differences between 
the empty LNP groups. However, IL-6, IL-13, and TNF-alpha showed 
significant increase in the SAM-loaded vs. empty LNPs at 24 and/or 48 
hours post-prime dose. Antibody responses following the prime dose 
of RV75-SAM and RV94-SAM vaccines were comparable between the 
treatment groups and, following a boost dose, both vaccines yielded a 
large and significant increase in antibody titers (Figure 1F).

Conclusions: 

Imaging biomarkers, especially right muscle MRI signal enhancement 
volume, were a more sensitive measure of local innate immune activa-
tion than cytokine readouts. MRI endpoints were sensitive enough to 
detect differences in immune activation between both empty and loaded 
LNPs, supporting the use of this imaging modality to act as a sensitive, 
local safety readout for vaccination.
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Introduction: 
Superparamagnetic iron oxide nanoparticles (SPION) have been 
extensively studied for their applications in  T2  weighted MRI, 
as SPIONs have larger  r2/r1  ratio than Gd(III). However, the 
high r2/r1 also leads to more significant signal loss of SPIONs in 
positive contrast T1-weighted imaging. In addition, most SPIONs 
have long circulation in the blood stream and/or high liver accumula-
tion due to their large, >10 nm sizes and because they are phagocy-
tosed by macrophages. As a result, targeted imaging with SPIONs 
takes hours to days for sufficient probe accumulation at target and 
background washout, and targeted imaging of the liver is precluded 
by high background signal. We showed that single-nanometer iron 
oxide (SNIO) nanoparticles are potent probes for T1-weighted imag-
ing in vivo, with fast blood clearance and low liver uptake.1 Here, we 
report SNIO-CBP, a SNIO nanoparticle functionalized with a type 
I collagen-binding peptide, for detection of liver fibrosis, which is 
the outcome of most chronic hepatic injury including viral hepatitis 

B or C infection, autoimmune and biliary diseases or alcoholic and 
nonalcoholic steatohepatitis.2

Results and Discussions: 
SNIO-CBP was prepared via conjugation of alkyne-functionalized 
SNIO (SNIO-alkyne) with type I collagen binding peptide CBP-
azide via copper-catalyzed alkyne-azide reaction (Fig. A). Small-
angle X-ray scattering (SAXS) established that the iron oxide core 
of SNIO-CBP had a mean diameter of 1.5 nm (Fig. B). Gel filtra-
tion chromatography showed a mean hydrodynamic diameter of 3.8 
nm (Fig. C). SNIO-CBP has near-zero zeta potential and exhibited 
minimal non-specific binding in plasma after incubation with fetal 
bovine serum (FBS) (Fig. D). The SNIO/CBP ratio was determined 
to be 1/1.2, according to 56Fe ICP-MS and L-amino acid quantifi-
cation. SNIO-CBP shows a dissociation constant of 23.2 μM in 
binding with type-I collagen (Fig. E). Longitudinal relaxivity (r1) 
of SNIO-CBP was measured to be 4.5  s-1 (mM Fe)-1 at 1.41 T and 
37 °C, or 145  s-1(mM peptide)-1. Dynamic T1-weighted MRI fol-
lowing intravenous administration (2 nmol/g based on CBP concen-
tration), showed immediate blood pool enhancement with a blood 
elimination half-life of 5.7 min, followed by rapid renal elimina-
tion. Importantly, SNIO-CBP showed only transient and slight liver 
enhancement consistent with an extracellular distribution and renal 
clearance (Fig. F).
Then we investigated the ability of SNIO-CBP to detect liver fibro-
sis in two different mouse models:  CCl4 induced liver fibrosis and 
choline-deficient, L-amino acid defined, high fat diet (CDAHFD) 
model. SNIO-CBP enhanced T1-weighted MRI could specifically 
and robustly detect liver fibrosis in both toxin- (Fig. G) and dietary-
induced (Fig. H) mouse models. The change in ∆CNR of fibrotic 
liver induced by SNIO-CBP was in good agreement with the increas-
ing hydroxyproline content and elevated collagen proportional area 
(CPA) in liver. Prussian blue staining showed localization of SNIO-
CBP in fibrotic regions. Importantly, we compared the sensitivity of 
SNIO-CBP in detecting liver fibrosis in  CCl4 mice with CM-101, a 
CBP modified gadolinium based contrast agent.3 We found that SNIO-
CBP provided equivalent enhancement of fibrotic liver compared to 
CM-101, even at a 2.5-fold lower dose, indicating the higher sensitiv-
ity of the gadolinium-free SNIO-CBP.

Conclusion: 
We reported the novel design of a collagen-targeting iron oxide 
nanoparticle with single-nanometer core sizes for MRI diagnosis of 
liver fibrosis. We showed that SNIO-CBP has ideal properties as a 
targeted T1-weighted contrast agent: good affinity to type I collagen, 
minimal non-specific binding to plasma biomolecules, fast blood elimi-
nation, and minimal nonspecific liver enhancement. These properties 
enabled rapid (minutes post injection) detection and quantification of 
liver fibrosis in two different mouse models with higher sensitivity than 
the state of the art Gd-based probe. Taken together, SNIO-CBP is a 
promising candidate as a gadolinium free contrast agent for sensitive 
detection of liver fibrosis.
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Introduction: 
Chemical exchange saturation transfer (CEST)  is a molecu-
lar MRI technique capable of detecting the signals stemming 
from dilute labile protons on various metabolites, proteins, and 
 peptides1

. The CEST contrast mechanism has shown promise for 
cancer  applications2, such as tumor detection, grading, and treatment 
response monitoring, as well as for stroke  management3, the study of 
neurodegenerative disease, and muscle metabolism  imaging4. Along-
side CEST imaging, the semisolid magnetization transfer (MT) con-
trast can provide complementary molecular information, depicting 
the immobile macromolecule content, thus, constituting a tool for the 
characterization of lipids and white matter tissue, and showing ben-
efit for multiple sclerosis diagnosis and cancer  imaging5. Although 
CEST-weighted protocols are being increasingly investigated in 
clinical studies and were recently FDA approved for some  vendors6, 
the semi-quantitative nature of the typical CEST analysis metric may 
bias the interpretation of the observed effects. Recently, semisolid 
MT and CEST MR-fingerprinting (MRF) were developed, allowing 
a quantitative reconstruction of the proton exchange  parameters7,8,9. 
Nevertheless, the prolonged acquisition time required for applying 
this approach for 3D imaging is still a limiting factor for adoption 
into clinical routine.

Objective: 
The goal of this work was to considerably shorten the acquisition time 
required for quantitative 3D CEST and semisolid MT imaging and 
validate the robustness of the developed method under multiple imag-
ing scenarios, scanner hardware, and imaging sites.

Methods: 
Three-dimensional CEST and semisolid MT MRF datasets of L-argi-
nine phantoms, in-vivo human whole-brains (5 volunteers and 3 GBM 
patients), and in-vivo human leg calf-muscles (5 volunteers and 1 
cardiac rehabilitation subject) were acquired using the open-source 
pulseq-CEST  framework10, implemented in 3T clinical scanners at 3 
different sites, using 3 different scanner models. A generative adver-
sarial network supervised framework (GAN-CEST) was then designed 
and trained to learn the mapping from a reduced input data space to 
the quantitative exchange parameter space while preserving perceptual 
and quantitative content.

Results: 
The total acquisition time for GAN-CEST was 33%-80% shorter than 
CEST-MRF. Excellent agreement was observed between the GAN-CEST 
estimated L-arginine concentrations and the known concentrations (Pear-
son’s r = 0.967, normalized root mean squared error (NRMSE) =0.018), 
and between the estimated proton exchange rates and the reference 
QUESP calculated values (Pearson’s r = 0.967, NRMSE=0.017). GAN-
CEST images from a brain tumor subject at an unseen site and scanner 
model yielded a semi-solid volume fraction and exchange rate NRMSE 
of 0.036±0.010 and 0.065±0.021, respectively, and structural similar-
ity index (SSIM) of 0.966±0.014 and 0.950±0.021, respectively. The 
mapping of the calf-muscle exchange parameters from an unseen cardiac 
rehabilitation patient, yielded NRMSE of 0.036±0.0102 and 0.046±0.014 
for the semi-solid volume fraction and exchange rates, respectively, and 
SSIM of 0.966±0.015 and 0.947±0.024, respectively. In regions with 
large susceptibility artifacts, GAN-CEST has demonstrated improved 
performance and reduced noise compared to MRF.

Conclusions: 
GAN-CEST has demonstrated the ability to substantially reduce the 
acquisition time for quantitative semisolid MT/CEST mapping while 
reducing artifacts and retaining performance across imaging sites, 
unseen scanners models, and pathology.
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Macrophages are key inflammatory mediators in many patho-
logical conditions, including cardiovascular disease (CVD) 
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and cancer.1,2 Therefore, macrophages are not just an appealing 
therapeutic target but also a valuable diagnostic marker. Several 
approaches to monitor macrophage burden have been reported 
(e.g., MRI, PET, or optical methods).3-5 Although some of these 
approaches produced promising results, a pressing need exists for 
quantitative and non-invasive macrophage-specific imaging agents 
for diagnosing and prognosing inflammatory diseases. Apolipo-
protein A1 (apoA1), the most predominant protein on high-density 
lipoprotein (HDL), displays high affinity for scavenger receptor 
type B-1 and adenosine triphosphate-binding cassette transporters 
A1, all abundantly expressed on macrophages.6-8 Capitalizing on 
this, radiolabeled reconstituted HDL has been used to study mac-
rophages in atherosclerosis, cancer and other diseases.9 However, 
good manufacturing practice (GMP) production of apoA1-based 
nanomaterials is problematic due to their heterogeneity and the 
challenges associated with purifying apoA1. Here, we report the 
development and  in vivo  validation of an apoA1-inspired PET 
tracer for studying macrophage burden in mouse models of CVD 
and cancer. Specifically, we functionalized an apoA-1 mimetic 
peptide (mA1, ~5.5 kDa vs. 28 kDa for endogenous apoA1) with 
the chelator deferoxamine (DFO) to enable its radiolabeling with 
zirconium-89 (89Zr), thereby creating 89Zr-mA1 (Figure 1A-B). Our 
results corroborate a mechanism that involves the in vivo binding of 
our probe to lipoproteins and its subsequent uptake by macrophages 
(Figure 1C). We demonstrated 89Zr-mA1’s propensity and selectiv-
ity for lipoprotein binding by mixing it with albumin, low-density 
lipoprotein (LDL), or HDL and analyzing these mixtures by size 
exclusion chromatography (SEC, Figure 1D). We similarly admin-
istered 89Zr-mA1 i.v. to C57BL/6 mice and analyzed their plasma 30 
minutes later by SEC. Results showed that the 89Zr-mA1 predomi-
nantly associates with large (>500 kDa) structures, corroborating in 
vivo lipoprotein binding (Figure 1E). Pharmacokinetic studies by ex 
vivo gamma counting revealed weighted blood half-lives of 55.9 and 
367.8 min in C57BL/6 and Apoe-/- mice, respectively (Figure 1F). 
As Apoe-/- mice inherently have elevated lipoprotein levels, these 
results further support in vivo lipoprotein binding. Biodistribution 
analyses by PET imaging and ex vivo gamma counting revealed high 
tracer uptake in the liver and kidneys (Figure 1G-H). We subse-
quently focused on 89Zr-mA1’s cell-specific uptake and applica-
bility for studying disease. Myocardial infarction (MI) results in 
inflammation due to tissue damage, which is mainly mediated by 
macrophages.10 We used a mouse MI model to image this increased 
macrophage burden in the infarcted area using  89Zr-mA1. Two 
days after LAD ligation, mice were injected with the radiotracer 
and PET scanned at 1 and 24 hours post-injection. (Figure 1I). 
Tracer accumulation in the infarcted area was clearly visible at 24 
hours post-injection as indicated by a 2-fold stronger signal than 
observed in the remote myocardium (P=0.03). These results we 
corroborated by ex vivo gamma counting (not shown). We also 
labeled mA1 with natZr to study its cellular specific by CyTOF, 
showing the tracers’ high selectivity for macrophage uptake (Fig-
ure 1J). Next, we investigated 89Zr-mA1’s applicability for study-
ing macrophage burden in cancer. C57BL/6 mice were inoculated 
with B16F10 melanoma and 89Zr-mA1 administered 14 days later. 
Static PET scans were performed at 1 and 24 hours post-injection. 
Results showed that tumor uptake increased over time, from an 
SUV of 0.4 ± 0.3 at 1 h to 0.5 ± 0.2 at 24 h post-injection (Fig-
ure 1K). These data were confirmed ex vivo by gamma counting 
(not shown). mA1’s macrophage targeting was again corroborated 
by CyTOF (Figure 1L). To summarize, our results demonstrate 
that 89Zr-mA1 has a lipoprotein affinity and thereby favorably accu-
mulates in macrophages in vivo. This makes it a promising tool for 
non-invasively and quantitatively studying diseases characterized 
by marked changes in macrophage burden. Our study is currently 
under review at the Journal of Nuclear Medicine.
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Compared to normal control, more prominent decline of nicotinamide 
adenine dinucleotide  (NAD+) with age has been reported in brain 
tissue homogenates and neurons isolated from Alzheimer’s disease 
(AD) models [1]. As essential coenzymes, the redox pair  NAD+ and 
NADH together with flavin adenine dinucleotide (FAD and  FADH2) 
critically support energy metabolism and maintain mitochondrial 
redox homeostasis. Furthermore, only NADH and FAD are intrinsi-
cally fluorescent whereas  NAD+ and  FADH2 are not. Optical redox 
imaging (ORI) is a well-established technique that detects fluorescent 
intensities of NADH and FAD-containing flavoproteins (Fp) to yield 
cellular redox and metabolic information and provides biomarkers for 
a variety of pathological conditions [2]. However, its utility in AD 
has not been characterized at the tissue level. We hypothesized that 
wide-field microscopy imaging of NADH and Fp from ex vivo brain 
slices as a low-cost and convenient technique differentiates AD from 
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normal brain. We tested the hypothesis on a well-characterized AD 
mouse model with 5 Familial Alzheimer’s disease mutations (5XFAD) 
and wild type (WT) control littermates at various ages (average 2, 3.5, 
7, 14 months). These ages are related to 5XFAD brain neuropathologi-
cal and phenotypical changes: amyloid-β accumulation starting from 
1.5-2 months; behavioral and synaptic impairment from 4 months; 
synaptic and neuronal loss from 7 months onward. We dissected the 
hippocampi and cut ~1 mm thick slices and immediately placed them 
in glass-bottom dishes each containing 1 mL Live Cell Imaging Solu-
tion (Invitrogen™) supplemented with 22 mM glucose. Another por-
tion of the hippocampus was snap-frozen for amyloid-β (Aβ42) assay. 
Employing an inverted EVOS wide-field microscope equipped with 
proper filters (357/44 nm excitation and 447/60 nm emission for NADH 
and 470/22 nm excitation and 510/42 nm emission for Fp channels), 
we performed tile-imaging of the hippocampal slices with a 4X objec-
tive (2343 μm × 1849 μm per field of view). All samples were imaged 
at least 3 times over ~2 hours to establish a relationship between the 
redox indices (NADH, Fp, the redox ratio Fp/(NADH+Fp)) and time 
elapsed from dissection. Data were compared at the same time lapse 
after dissection. We found 1) immediate significant redox responses of 
the hippocampal slices to the metabolic modulations by mitochondrial 
oxidative phosphorylation uncoupler FCCP followed by mitochondrial 
inhibitors rotenone plus antimycin A; 2) a significant increase in Fp and 
the redox ratio with age in the hippocampi of both WT and 5XFAD 
with a more prominent redox shift in AD hippocampi and a signifi-
cant decrease in NADH in 5XFAD hippocampi; 3) a higher NADH 
in 5XFAD versus WT hippocampi at the pre-symptomatic age of 2 ( 
mean1.83 ± 0.52, range 1.2 to 2.5) months (p<0.05) and significantly 
higher Fp (p<0.01) and redox ratio (p<0.001) in 5XFAD hippocampi 
than that in WT at 7 (mean 7.17 ± 0.59, range 6.5-8) months of age, 
and 4) a negative correlation of NADH (p<0.05) and a positive cor-
relation of Fp (p<0.0001) and redox ratio (p<0.0001) with Aβ42 level 
in AD hippocampi. These findings indicate early changes of NADH 
metabolism during AD progression and suggest that the ORI can be 
further optimized to conveniently study the metabolism of freshly dis-
sected brain tissues in animal models to identify early AD biomarkers.
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Introduction: 
Liver fibrosis is a hallmark of most chronic liver diseases that account 
for approximately 2 million deaths worldwide per year. Liver fibrosis 
is progressive and can lead to cirrhosis, primary liver cancer, liver 
failure, and death.1 No noninvasive clinical methods exist to detect 
the early onset of liver fibrosis, and no methods exist that can meas-
ure disease activity, e.g. fibrogenesis. During liver fibrogenesis, lysyl 
oxidase (LOX) oxidizes lysine amino pairs in close proximity on col-
lagens to aldehyde  (LysAld) pairs.2 Gd-1,4, a probe that targets two 
 LysAld simultaneously can robustly detect the onset of liver fibrogenesis 
and treatment to response in mouse (Fig. S1).3 Herein, we use Gd-
1,4 to assess the liver fibrogenesis in a rat model of obstructive chole-
static disease and explore its translation potential using human fibrotic 
liver specimens.

Results and Discussions: 
Liver fibrosis was induced in male CD rats (n = 7) by bile duct liga-
tion (BDL), and control animals (n = 4) underwent a sham proce-
dure (Fig. 1A). Animals were imaged with a 4.7 Tesla Bruker MRI 
scanner. T1 weighted MRI and liver R1 maps were acquired prior to 
and up to 30 minutes post i.v. 100 μmol/kg Gd-1,4. Gd-1,4 enhanced 
MRI showed significantly higher liver signal in BDL rats than in 
sham-operated rats at 30 min p.i. (Fig. 1B). Both the change of 
liver longitudinal relaxation rate ΔR1 and ΔCNR were significantly 
enhanced in the BDL animals, compared to sham rats. Liver fibro-
sis/fibrogenesis in the BDL rats was confirmed by the presence of 
elevated collagen, LOX,  LysAld and hydroxyproline content (Fig. 
S1). Ex vivo analyses on rat liver tissues using LA-ICP-MS showed 
that the probe specifically accumulates in the fibrotic septa which 
colocalized with the presence of  LysAld (Fig. 1C). When we incubated 
an adjacent slice with additional Gd-1,4 and  NaBH3CN to make an 
irreversible linkage, it resulted in further increased Gd concentration 
in fibrotic septa; when we co-incubated Gd-1,4 with a 100-fold excess 
of hydrazine, it blocked further binding of Gd-1,4 and demonstrated 
the specificity of the probe for tissue aldehyde. We next investigated 
the applicability of Gd-1,4 to assess fibrogenesis in human fibrotic/
cirrhotic liver associated with NASH (n = 5) and normal liver tissue 
(n = 4). Significantly increased  LysAld levels were observed in fibrotic 
regions of fibrotic specimens, while there was negligible staining 
in normal liver (Fig. 1D-E). Positive staining of collagen and LOX 
were also observed in the fibrotic septa (Fig. 1F). We incubated adja-
cent slices from the fibrotic liver with Gd-1,4 or Gd-1,4 with excess 
 N2H4. LA-ICP-MS imaging showed that the average Gd concentra-
tion in  LysAld positive areas (30-200 ppm) was significantly higher 
than in regions with low  LysAld (< 30 ppm, Fig. 1F-G), but excess 
 N2H4 blocks Gd-1,4 binding, demonstrating the specificity of the 
probe to fibrotic human liver. Across all samples, the average Gd 
concentration in fibrotic human liver was 80.4 ± 15.5 ppm, compared 
to 23.7 ± 10.8 ppm in normal liver (Fig. 1H-I).

Conclusion: 
The MR signal change observed with Gd-1,4 is robust across different 
models and species. Ex vivo analysis of human liver specimens shows 
absence of extracellular aldehyde in healthy liver, but high concen-
trations in fibrotic liver. LA-ICP-MS experiments on human fibrotic 
liver reveal Gd concentrations similar to that observed in rat model, 
strongly suggesting that robust MR signal changes would be seen in 
patients with chronic liver disease, indicating the high clinical transla-
tion potential of Gd-1,4.
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Macrophage, a key component of the immune cell population, owing 
to its cellular plasticity is found to be a contributing factor both in 
cancer  progression(1,2) and  suppression(3,4). A seminal work proposed 
injected macrophages as a pan-cancer sensors due to their preference 
to accumulate in breast  tumors(5). However, evidence of this behavior 
is still lacking in different other tumor models, let alone a transgenic 
mice model dedicated to visualizing this.

Design objective of the study 
The primary aim of this project is to visualize the accumulation of 
genetically engineered macrophages injected in melanoma tumor 
mouse models. Secondly, applying this proof of concept, a dedicated 
reporter mouse model is developed that allows visualizing transgenic 
macrophages by dual-modality optical imaging, i.e. fluorescence (Fl) 
and bioluminescence (Bl) imaging.

Methodology and Results 
Firstly, the BMC2 macrophages (Cellosaurus, CVCL_2I36, derived 
from C57BL/6 mice) and metastatic melanoma tumor cells (B16F10, 
ATCC CRL-6475) were transduced by lentiviral vectors for equimolar 
expression of CBG2 (click beetle red) (λ=680nm) and CBR2 (near-
infra-red click beetle) (λ=740nm) luciferases,  respectively(6,7). For 
in vivo experiments, CBR2 expressing B16F10 melanoma cells (4 x 
 104 cells) were injected intravenously (iv) in C57BL/6 mice. Tumor 
growth was monitored over time by CBR2-specific bioluminescence. 
BMC2-CBG2 macrophages were pre-labeled with a near-infrared fluo-
rescent dye (Xenolight DiR, 320 μg/mL) and injected iv (10 x  106 cells) 
at day 14 post melanoma injection. Naphthyl luciferin substrate 
 (NH2NPLH2) was injected intraperitoneally (ip) ( 220mg/kg) that was 
used as a single substrate for CBG2 and CBR2 detection. The Fl emis-
sions from BMC2-CBG2 and from B16-CBR2 metastatic melanoma 
were detected in the lungs at 72 h (Figure 1a). This was performed also 
at 24, 48 and 72 h post BMC2-CBG2 injection. The Bl spectral unmix-
ing algorithm was applied to distinguish co-localized bioluminescent 
signals of BMC2-CBG2 and B16F10-CBR2 in the lungs (Figure 1b). 
Ex vivo BL quantification show metastasis (magenta color) and BMC2-
CBG2 macrophages (green color) co-localized in the lungs (Figure 1c).

Secondly, a transgenic macrophage reporter mouse was developed for 
visualization of primary macrophage during pancreatic carcinoma pro-
gression and metastasis (in the persuasive data). To do so, CRISPR/
CAS knock-in of the MRC-1 promoter was performed. This promoter 
drives the expression of a reporter gene fusion consisting of click beetle 
red luciferase (CBR2) and mKate2 fluorescent protein. To ensure stable 
expression this entire gene cassette is introduced in the ROSA26 locus 
of albino black/6 mice. MRC1 (mannose receptor C-type 1) also known 
as CD206, is a type 1 membrane receptor (8) expressed in macrophages 
making MRC1 an ideal promoter to report macrophages in our model.

Conclusion 
Together, engineered and primary reporter macrophages could success-
fully visualize both melanoma and pancreatic tumor models (persuasive 
data) separately through optical non-invasive imaging modalities.
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Introduction: 
Aberrant choline phospholipid metabolism is a metabolic hallmark of 
 cancer1,2. Choline is a dietary nutrient that is metabolized to phospho-
choline (PC) by choline kinase α (CKα) and subsequently incorporated 
into phosphatidylcholine, which is the primary membrane phospholipid 
in mammalian  cells1,2. Due to the high membrane turnover associated 
with uncontrolled proliferation, tumor cells upregulate PC and phos-
phatidylcholine  biosynthesis1. 1H-MRS detects steady-state metabolite 
levels but does not interrogate metabolic pathway activity. Recent stud-
ies suggest that 2H-MRS following administration of 2H-choline can 
be used to monitor production of tCho in vivo3,4. The goal of the cur-
rent study was to determine whether tCho production from 2H-choline 
reflects CKα activity and establish the utility of 2H-choline for monitor-
ing glioma response to therapy in vivo.

Methods Cell Studies: 
Patient-derived high-grade glioblastoma (GBM1), low-grade oligo-
dendroglioma (BT88) and low-grade astrocytoma (BT257) cells were 
maintained as previously  described5-8. CKα expression was silenced 
by RNA interference using a mix of Smartpool siRNAs against 
CKα9,10. Silencing was confirmed by measuring CKα (gene CHKA) 
mRNA levels using quantitative RT-PCR11. Cells were incubated in 
media containing 56mM  [2H9]-choline for 48h. 2H-MR spectra were 
acquired from live cell suspensions on a Varian 14.1T scanner using a 
16mm 2H surface coil and a pulse-acquire sequence. Data was analyzed 
in Mnova. Peak integrals were corrected for saturation and normal-
ized to the natural abundance of semi-heavy water (HDO, 4.75 ppm) 
collected from a vial containing saline. In vivo studies: We examined 
mice bearing orthotopic BT257 tumors generated as described  earlier8. 
Tumor volume was determined by T2-weighted MRI using a 14.1T 
scanner equipped with a single-channel 1H volume coil and a spin 
echo multi-slice  sequence12. For treatment response assessment, BT257 
tumor-bearing mice were treated with temozolomide (50 mg/kg, 6 days/
week, intraperitoneally). Following injection of  [2H9]-choline (200mg/
kg) (at days 0 and 7 of treatment) via a tail-vein catheter over 2.5 min, 
non-localized 2H-MR spectra were acquired over 50 min with a pulse-
acquire sequence. Normalized tCho levels were calculated by dividing 
tCho peak integrals by pre-injection HDO. Statistical analysis: All 
results are expressed as mean±standard deviation. Statistical signifi-
cance was assessed using an unpaired two-tailed Student’s t-test with 
p<0.05 considered significant. Results  [2H9]-choline provides a read-
out of CKα activity: First, we confirmed that CKα mRNA and activity 
were significantly reduced in siCKα cells relative to siCtrl. Importantly, 
silencing CKα abrogated tCho production from  [2H9]-choline in both 
GBM1 and BT88 models. These results suggest that PC produced via 
CKα activity is the predominant component of the 2H-tCho peak pro-
duced from  [2H9]-choline, consistent with previous studies indicating 
that CKα is a key rate-limiting enzyme in choline phospholipid bio-
synthesis in  cancer1,2.
[2H9]-choline can be used to non-invasively monitor response to 
therapy in patient-derived glioma models: As shown in the repre-
sentative 2H-MR spectra and quantification, tCho labeling was sig-
nificantly higher in BT257 tumors relative to normal brain. Temozo-
lomide (TMZ), standard of care for glioma  patients13, induced tumor 
shrinkage as assessed by T2-weighted MRI in BT257 tumor-bearing 
mice, an effect that was apparent by D15. Importantly,  [2H9]-choline 
flux to tCho was reduced in BT257 tumor-bearing mice at D7 of 
TMZ treatment, when no difference in tumor volume was detectable.

Conclusions: 
PET-based radiolabeled choline tracers interrogate choline uptake 
while  1H-MRS monitors steady-state choline metabolism. Our 
results showing that silencing CKα abrogates tCho production from 
 [2H9]-choline in multiple patient-derived tumor models indicates that 

 [2H9]-choline tracks the activity of CKα. Importantly, our studies show 
that  [2H9]-choline provides an early readout of response to therapy, 
prior to MRI-detectable volumetric alterations. These results suggest 
that  [2H9]-choline has the potential to assess pseudoprogression, which 
is a major challenge in glioma  imaging10.

References
 1. Cheng, M., Bhujwalla, Z. M. & Glunde, K. Targeting Phos-

pholipid Metabolism in Cancer. Frontiers in oncology 6, 266, 
doi:10.3389/fonc.2016.00266 (2016).

 2. Glunde, K., Bhujwalla, Z. M. & Ronen, S. M. Choline metabo-
lism in malignant transformation. Nature reviews. Cancer 11, 
835-848, doi:10.1038/nrc3162 (2011).

 3. De Feyter, H. T., Thomas, M., Ip, K., Behar, K. & de Graaf, R. 
Delayed mapping of 2H-labeled choline using Deuterium Meta-
bolic Imaging (DMI) reveals active choline metabolism in rat 
glioblastoma. 2021 Annual Meeting of the International Society 
for Magnetic Resonance in Medicine (2021).

 4. Veltien, A. et al. Simultaneous Recording of the Uptake and 
Conversion of Glucose and Choline in Tumors by Deuterium 
Metabolic Imaging. Cancers (Basel) 13, doi:10.3390/can-
cers13164034 (2021).

 5. Mancini, A. et al. Disruption of the beta1L Isoform of GABP 
Reverses Glioblastoma Replicative Immortality in a TERT Pro-
moter Mutation-Dependent Manner. Cancer cell 34, 513-528 
e518 (2018).

 6. Giannini, C. et al. Patient tumor EGFR and PDGFRA gene 
amplifications retained in an invasive intracranial xenograft 
model of glioblastoma multiforme. Neuro-oncology 7, 164-176 
(2005).

 7. Kelly, J. J. et al. Oligodendroglioma cell lines containing t(1;19)
(q10;p10). Neuro-oncology 12, 745-755, doi:10.1093/neuonc/
noq031 (2010).

 8. Mazor, T. et al. Clonal expansion and epigenetic reprogramming 
following deletion or amplification of mutant IDH1. Proceed-
ings of the National Academy of Sciences of the United States 
of America 114, 10743-10748, doi:10.1073/pnas.1708914114 
(2017).

 9. Viswanath, P. et al. Mutant IDH1 gliomas downregulate phos-
phocholine and phosphoethanolamine synthesis in a 2-hydrox-
yglutarate-dependent manner. Cancer & metabolism 6, 3, 
doi:10.1186/s40170-018-0178-3 (2018).

 10. Viswanath, P. et al. 2-hydroxyglutarate-mediated autophagy of 
the endoplasmic reticulum leads to an unusual downregulation 
of phospholipid biosynthesis in mutant IDH1 gliomas. Cancer 
research, doi:10.1158/0008-5472.can-17-2926 (2018).

 11. Viswanath, P. et al. Non-invasive assessment of telomere main-
tenance mechanisms in brain tumors. Nature communications 
12, 92, doi:10.1038/s41467-020-20312-y (2021).

 12. Batsios, G. et al. PI3K/mTOR inhibition of IDH1 mutant gli-
oma leads to reduced 2HG production that is associated with 
increased survival. Sci Rep 9, 10521, doi:10.1038/s41598-019-
47021-x (2019). 13 Stupp, R. et al. Radiotherapy plus

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

058-[18F]pFBC is a Covalent CLIPTag Radiotracer for PET 
Reporter Gene Imaging of Viral Gene Transfer in the Murine 
Brain

Presenter: Sophie Stotz, University of Tuebingen

S103



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Sophie Stotz1, Gregory D.  Bowden2, Sabrina  Buss3, Gina  Dunkel4, 
Bettina  Weigelin1, Kristina  Herfert3, Bernd  Pichler5, Andreas  Maurer6

1University of Tuebingen, Tuebingen, Germany
2Werner Siemens Imaging Center, Germany
3Eberhard Karls University of Tuebingen, Tuebingen, Baden-Wuert-
temberg, Germany
4Werner Siemens Imaging Center, Tuebingen, Baden-Wuerttemberg, 
Germany
5Werner Siemens Imaging Center, Tuebingen, Germany
6Werner Siemens Imaging Center, Tübingen, Baden Württemberg, 
Germany

Introduction: 
Preclinical models of neurological diseases and gene therapy suf-
fer from the lack of nuclear reporter systems, and only very few 
radiotracers that readily cross the blood-brain barrier (BBB) are 
available [1,2]. We developed a reporter system based on CLIPTag 
[3] and  [18F]pFBC [4], an 18F-labeled CLIPTag-ligand. We show 
specific binding of  [18F]pFBC in a HEK293 tumor model as well 
as in a murine adeno-associated virus (AAV) model of viral gene 
transfer and aim to quantify reporter expression with light sheet 
microscopy.

Methods: 
We designed and automated the synthesis of  [18F]pFBC. HEK293 cells 
were engineered to stably express membrane-tethered CLIPTag pro-
tein (HEK-CLIP) and characterized it extensively in vitro. NOD.CB17-
Prkdcscid mice (n=5 per group) carrying either HEK-CLIP or HEK293 
subcutaneous xenografts underwent dynamic PET and MR imaging 
and the residual activity in the organs was assessed ex vivo with 
gamma-counting. To determine whether  [18F]pFBC is suitable as a 
PET tracer for the central nervous system (CNS), in vivo metabolite 
analysis by radio-HPLC in plasma and brain homogenate was per-
formed 5, 15 and 30 minutes after  [18F]pFBC administration in healthy 
mice (n=3 per time point). To demonstrate specific binding in the brain, 
an AAV containing the CLIPTag sequence was injected in the right 
striatum (n=9) and after 5 and 10 weeks, transfection efficiency was 
assessed by dynamic PET imaging as well as autoradiography of fro-
zen brain slices. To quantify CLIPTag expression, remaining brains 
were extracted, stained with antibodies and cleared for light sheet 
microscopy.

Results: 
 [18F]pFBC was synthesized in good yields and excellent radio-
chemical purity (25 %RCY and >95% RCP) with high molar 
activity (>200 GBq/μmol at EOS). Expression of CLIPTag on the 
cell surface was confirmed by Western blot analysis and confocal 
microscopy. In vitro binding studies showed significant (p=0.0037) 
uptake of  [18F]pFBC by HEK-CLIP cells compared to control cells 
which was blockable to baseline by co-incubation with non-radioac-
tive pFBC (p=0.0145). PET data showed a 2-fold increased absolute 
uptake (p=0.0267) and a significantly higher mean tumor-to-muscle 
ratio (p=0.0379) in the HEK-CLIP xenografts compared to controls. 
Metabolite analysis revealed appearance of one polar metabolite in 
plasma and no radio-metabolite crossing the BBB. In AAV-injected 
mice,  [18F]pFBC showed fast uptake and rapid clearance from the 
brain, but no right to left (R-L) uptake difference in the striata in the 
PET data. In contrast, the autoradiograph showed a clear accumula-
tion of radioactivity in the AAV-CLIP injected right striatum com-
pared to the sham-injected left striatum. In control animals injected 
with an AAV containing GFP only, no R-L uptake differences were 
observed with autoradiography.

Conclusions: 
Here, we successfully established a novel reporter gene system for 
PET imaging of gene expression in the brain and periphery and dem-
onstrated its great potential for a wide range of applications, in par-
ticular in neurobiological research and gene therapy with viral vec-
tors. We hypothesize that the fast efflux of  [18F]pFBC hampers the 
detection via PET, thus, further studies including PgP inhibition and 
careful modification of the radiotracer are required. Our reporter sys-
tem could strengthen evaluation of preclinical models and, as develop-
ment of CNS PET tracers is highly challenging, aid in understanding 
neurological processes in advance, before developing a target-specific 
radiotracer.
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Meningioma are the most common primary tumors of the central 
nervous system. Tumor resection as first line therapy is often not 
curing.1 Recurrences mostly arise at the surgical margin presumably 
from small tumor lesions that are currently invisible to the surgical 
eye.2 Objective of this study is the development of a highly specific 
fluorescent probe for intraoperative meningioma imaging in order to 
make tumor remnants resectable and thus lower recurrence rates.
Labeling of meningioma shall be accomplished by targeting reliably 
overexpressed somatostatin receptor type 2 (SSTR2) with octapep-
tide TATE, a synthetic somatostatin analogue.3 68Ga-DOTA-TATE 
is already clinically used for pre- and post-operative diagnostics via 
SSTR-PET/CT.4 Due to low spatial resolution and radioactivity of the 
tracer, PET is not suitable for intraoperative labeling of tumor rem-
nants. Conjugation of TATE to a Near-Infrared (NIR) dye, on the other 
hand, should allow detection of SSTR2-expressing tissue with high 
spatial resolution in real time up to few millimeters in depth. Two dif-
ferent heptamethine cyanines were used for conjugation; IRDye800, 
a commercially available NIR-dye whose conjugates are currently 
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propelling more than 20 Phase I and Phase II clinical trials,5 and sNIR, 
a newly developed NIR-dye. Despite similarities in terms of struc-
ture, net charge and optical properties, sNIR and its TATE-conjugate 
have higher photostability than IRDye800 and its TATE-conjugate, 
both in vitro and in vivo. The decisive advantage of TATE-sNIR over 
TATE-IRDye800, however, is its noticeably faster tissue clearance 
when injected intravenously in anesthetized mice (Figure 1). Tissue 
half-life of TATE sNIR (28 ± 2 min, n = 3) is one-sixth of TATE-
IRDye800 (180 ± 42 min, n = 2), indicating that there is a retention 
of TATE-IRDye800 that TATE-sNIR is not subjected to. Rapid clear-
ance of non and unspecifically bound probe is prerequisite for detec-
tion of specifically bound probe in a beneficial target-to-background 
ratio. Therefore, further experiments were conducted with TATE-sNIR. 
The probe showed high affinity for SSTR2 in a filtration based radio-
ligand competition assay (low nanomolar  Ki). To evaluate the ability 
of labeling SSTR2-expressing tissues in vivo, mice were intravenously 
injected with TATE-sNIR, sacrificed 3 h post injection (equals six tis-
sue half-lives) and organs were imaged ex vivo. Specific signal uptake 
was observed in pancreas, gastric epithelium, and pituitary gland, 
which highly express SSTR2 according to immunohistochemistry 
(IHC) (Figure 2a)). The negative control scrambled-TATE-sNIR (not 
bearing the SSTR2-targeting pharmacophore) did not enrich in these 
tissues (Figure 2b)). Moreover, the uptake of TATE-sNIR could be 
blocked through simultaneous injection of a 100 fold excess of non-
fluorescent SSTR2-targeting Octreotide (Figure 2c)).
For further validation, IOMM-Lee cells (human malignant meningi-
oma cell line with low SSTR2 expression) were stably transduced to 
overexpress both SSTR2 and an Infrared fluorescent protein (iRFP). 
An ectopic tumor model was established by subcutaneous injection of 
normal and transduced IOMM-Lee cells in the left and right flanks of 
mice. Tumor-bearing mice were intravenously injected with TATE-
sNIR, sacrificed 3 h post injection and tumors were imaged ex vivo. 
SSTR2-positive tumors were up to 35-times as bright as SSTR2-neg-
ative tumors. Furthermore, an orthotopic meningioma mouse model 
was developed by intracranial injection of transduced IOMM-Lee cells 
in order to perform labeling and blocking experiments with TATE-
sNIR and Octreotide as well as to investigate unspecific binding with 
scrambled-TATE-sNIR. Additionally, endogenous expression of iRPF 
by the tumor cells was used to further validate the labeling of TATE-
sNIR using microscopy. Moreover, washout and blocking experiments 
with freshly excised human meningioma tissue ex situ are currently 
being performed.
The preliminary preclinical results demonstrate that TATE-sNIR is 
capable of specifically targeting SSTR2 in vitro and in vivo potentially 
enabling sensitive and specific meningioma fluorescence guided sur-
gery in the future.
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Introduction: 
Pancreatic ductal adenocarcinoma (PDAC) is a highly morbid cancer 
with a 5-year survival of less than 5%.1 Neoadjuvant chemotherapy 
with FOLFIRINOX has become the standard of care for patients with 
borderline resectable or locally advanced disease. FOLFIRINOX 
induces a dense fibrotic reaction in PDAC, replacing tumor cells with 
mainly cross-linked collagen type I. Therefore, collagen production 
and deposition may represent valuable biomarkers to monitor treat-
ment response and assist with prognostication and clinical management 
decisions.2 In this work, we aim to evaluate molecular MRI of tumor 
fibrogenesis using a hydrazine bearing Mn(II)-based MRI probe to 
study response to conventional chemotherapy in two mouse models 
of human PDAC.

Materials and Methods: 
MnL3 is a Mn(II)-PC2A derivatized with an allysine-targeting hydra-
zine moiety and MnL4 is a nonbinding control probe (Figure 1A). Con-
densation kinetics of MnL3 with butyraldehyde at pH 6.5 or 7.4 were 
measured by UV spectroscopy (25 °C, PBS). Relaxivities of MnL3 and 
MnL4 in PBS, BSA, and allysine-modified BSA solutions were meas-
ured at 1.4 T, 37 °C. Protein-bound MnL3 was isolated by ultrafiltration 
and relaxivity was measured. Mouse PDAC models: 1 ×  107 patient-
derived metastatic PDAC6 or primary PANC1 cancer cells were 
injected into the subcutaneous space of the right lower back of male 
nude (nu:nu) mice. Approximately 4 weeks post tumor implantation, 
animals underwent 4.7T MRI prior to, 3 days and 7 days after intrave-
nous administration of FOLFIRINOX (Folinate 50 mg/kg, Oxaliplatin 
2.5 mg/kg, Irinotecan 25 mg/kg, Fluorouracil 25 mg/kg) every 3 days. 
T2 RARE (TR/TE/FA=1400 ms/ 60 ms/ 180°, 0.3 mm isotropic spa-
tial resolution) was used to define the tumor region of interest (ROI) 
excluding the areas of tumor necrosis. Pre- and dynamic 60 min post-
probe (i.v. bolus of 100 μmol/g MnL3 or MnL4) T1-weighted FLASH 
(TR/TE/FA=16 ms/ 2 ms/ 300°, 0.4 mm isotropic spatial resolution) 
was used to quantify tumor signal enhancement in the ROI, normal-
ized to an external, adjacent phantom and expressed as the percentage 
increase in normalized signal (%nSI) at each time point. Tumor allysine 
concentration was measured according to previously reported assay.3

Results: 
MnL3 reacts twice as fast with butyraldehyde at pH 6.5 (10.4  M-1s-1) 
compared to pH 7.4 (4.6  M-1s-1) suggesting higher selectivity in the 
acidic tumor microenvironment. Relaxivity (Figure B) of MnL3 and 
MnL4 was similar in PBS (3  mM-1s-1), consistent with the presence 
of one coordinated water ligand. MnL3 relaxivity was not enhanced in 
BSA solution, but dramatically increased in the presence of BSA-Ald 
(and 4-fold higher when bound to BSA-Ald), demonstrating specific 
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binding to BSA-Ald and low/no nonspecific protein binding. The relax-
ivity of MnL4 was unchanged in BSA or BSA-Ald solutions.
In PDAC6 tumor-bearing mice, MnL3 demonstrated persistent 
tumor enhancement over 60 min of imaging post-injection, with a 
significantly higher signal compared to MnL4 (Figure C, E), con-
firming the specificity of the MnL3 probe for detection of fibro-
genesis. MnL3 tumor enhancement was significantly increased 
at 3- and 7-days post FOLFIRINOX treatment compared to pre-
treatment MRI, and correspond well with allysine concentration 
(Figure 1H). While MnL4 tumor enhancement remained low and 
not significantly changed from pre-treatment MRI (Figure 1E). 
Additionally, in PANC1 tumors, MnL3 tumor enhancement was 
significantly higher 3 days post FOLFIRINOX compared to 3 days 
post vehicle treatment (Figure D, F). Fibrotic response to treat-
ment on both tumor types was confirmed by increased allysine 
concentration (Figure G) and Sirius Red stained collagen deposi-
tion (Figure I, J).

Conclusion: 
MnL3 exhibits a “turn-on” in relaxivity upon allysine binding. 
MnL3 molecular MRI is specific for PDAC and signal enhance-
ment increases with increasing tumor fibrogenesis. MnL3 detects 
early (3 day) changes to FOLFIRINOX chemotherapy, highlight-
ing the potential of allysine as a noninvasive biomarker to predict 
treatment response.
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Breast-conserving surgery (BCS) is the standard surgical treatment 
for patients with early-stage breast cancers [1]. Currently, surgeons 
distinguish tumors from healthy tissue by visual inspection and palpa-
tion within the surgical cavity, which is subjective and inconsistent. 
Positive tumor margins are determined by histology, a process that 
is impractical and can take several weeks to complete. As a result, 
approximately 23% of patients require reoperation (8,854 in 2007-
2010; range: 17-56% across Canada) within 1y to remove residual 
tumour cells not detected in the initial surgery [2]. Re-excisions 
increase poor cosmesis, complications, discomfort, adjuvant delay, 
medical costs, and local recurrence [3]. An urgent clinical need exists 
for real-time BCS imaging to assess the surgical cavity. Visualiza-
tion of grossly occult breast cancer based on 5-aminolevulinic acid 
(ALA)-induced protoporphyrin IX (PpIX) fluorescence in resected 
tissues has been demonstrated previously [4]. ALA is a prodrug that 
promotes tumour-specific accumulation of PpIX, which fluoresces 
bright red when excited with violet light. Our novel fluorescence 
imaging device (see Figure) contains 405 nm LEDs for PpIX excita-
tion and an imaging filter to block the excitation while transmitting 
green and red wavelengths to an 8 MP image sensor. An accompany-
ing surgical drape was designed with a transparent optical window 
to ensure sterility. Study objective: To assess the clinical utility of a 
novel handheld fluorescence imaging device for first-in-human, real-
time intraoperative imaging during index BCS, particularly within 
the surgical cavity. Method: To date, n = 14 patients have received 
20 mg/kg bodyweight ALA 2-4 h prior to imaging. Surgical cavities 
as well as intact and sectioned lumpectomy specimens were imaged 
with the prototype device. Biopsies were collected from the surgical 
cavity and sectioned specimens to correlate tissue types with imaged 
appearance. Results: Using the prototype device, adipose and con-
nective tissues were differentiated from healthy breast tissues: in nc = 
8 biopsies suspected to be connective tissues based on fluorescence 
imaging, seven had connective tissue proportion ≥50% in the biopsy 
section analyzed. Adipose tissues were correctly identified in 100% 
of  na = 14 biopsies suspected to contain adipose tissues predomi-
nantly. Breast tumours in sectioned lumpectomies appeared red due 
to the accumulation of PpIX, which contrasted against the green 
connective tissues and orange-brown adipose tissues (see Figure). In 
addition, ductal carcinoma in situ (DCIS) was identified at the surgi-
cal margin, which was not discovered by the intraoperative standard 
of care. The DCIS was < 1 mm below the surface of the lumpectomy 
specimen, which the SSO-ASTRO guidelines would deem a posi-
tive margin. In addition to the encouraging imaging results, artifacts 
unique to the clinical setting were discovered. These artifacts include 
ambient light leakage, undesirable sources of fluorescence, condensa-
tion, blood within the surgical cavity, and image blur. The cause of 
each artifact has been identified and solutions proposed. Future work 
includes the continuation of the clinical trial until observation of true 
positive red fluorescence within the surgical cavity is achieved and 
iteration of the prototype device to eliminate or mitigate the effects 
of imaging artifacts.
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Background: 
Immune-mediated neurodegeneration is a key pathological hall-
mark of multiple sclerosis (MS), a chronic, demyelinating disease 
of the central nervous system (CNS). Although there are several 
disease-modifying immunomodulatory therapies available for 
MS, selection and monitoring of interventions is hindered by a 
lack of specific in vivo imaging biomarkers. We identified  [18F]
OP-801, a radiolabeled synthetic hydroxyl dendrimer that crosses 
the blood-brain barrier in the presence of inflammation (and is 
selectively [>95%] taken up by reactive macrophages/microglia), 
as a candidate PET tracer to accurately monitor innate immune 
activation in MS. Here we evaluate  [18F]OP-801 for its ability to 
detect pathogenic myeloid cells in an experimental autoimmune 
encephalomyelitis (EAE) murine model of MS at both pre-symp-
tomatic and symptomatic disease stages.

Methods: 
Female C57BL/6 mice were induced with EAE by administering 
an emulsion of  MOG35-55 and CFA subcutaneously, followed by 
two intraperitoneal injections of pertussis toxin 1h and 24h later. 
EAE mice were weighed and scored daily based on levels of paresis/
paralysis. On Day 8, static PET/CT images were acquired for EAE 
(n=15) and naïve (n=5) mice 50 min after injection of  [18F]OP-801 
(150-250 μCi). Signal was quantified in spinal cord and brain. To 
assess specificity of  [18F]OP-801, we treated a subset of EAE mice 
(n=10) with a hydroxyl dendrimer CSF1R inhibitor conjugate (to 
deplete macrophages/microglia via 200mg/kg/day intraperitoneal 
injections from Day 9 onwards); the remaining EAE mice (n=5) 
were given vehicle. On Day 19, all mice were imaged using  [18F]
OP-801-PET, then perfused with saline. Organs were dissected, 
weighed, and gamma counted to measure associated radioactiv-
ity.  [18F]OP-801 distribution in CNS tissues were further evaluated 
using high resolution ex vivo autoradiography. Tissue slices used 
for autoradiography were subsequently stained with H&E to assess 
immune cell infiltrates/lesions.

Results: 
PET images of pre-symptomatic EAE mice revealed significantly 
higher signal in lumbar spinal cord of EAE compared to naïve mice 
(p=0.002, Suppl. Fig. 1), consistent with known innate immune cell 
trafficking and activation in this  model1. Elevated signal in lumbar 
spinal cord was also observed in high-scoring (≧2.5) EAE mice on 
day 19 (p=0.011). No significant differences were found in brain PET 
signal. Biodistribution results revealed significantly higher spinal 
cord-to-blood and brain-to-blood ratios of symptomatic EAE mice 
(p<0.05, Suppl. Fig. 1). Whole spinal cord autoradiography images 
demonstrated visually higher uptake in vehicle EAE mice compared 
to treated EAE and naïve mice (Fig. 1). Sectioned lumbar spinal 
cord autoradiography showed significantly different signal in vehicle 
EAE, treated EAE, and naïve mice (ANOVA p=0.03, Fig. 1) with 
significantly higher signal in vehicle EAE compared to naïve mice 
by post-hoc analysis (p=0.03) and higher-trending signal in vehicle 
compared to treated EAE mice (p=0.07), supporting specificity of  [18F]
OP-801 for activated macrophages/microglia. H&E-stained spinal cord 
sections revealed inflammatory lesions corresponding with tracer signal 
(Fig. 1). Brain autoradiography shows higher levels of  [18F]OP-801 
binding in EAE mice in the hypothalamus and brain stem, although 
differences in these regions were not apparent using PET. Importantly, 
there was no significant difference in  [18F]OP-801 binding in periph-
eral tissues, including blood and spleen which exhibit fluctuations in 
T cells, B cells, monocytes, and neutrophils (but not macrophages) 
in EAE, further confirming specificity of  [18F]OP-801 for activated 
microglia/macrophages2.

Conclusion:  [
18F]OP-801 is a promising tracer for imaging activated macrophages/
microglia with high sensitivity in the lumbar spinal cord of EAE mice. 
Importantly, our studies using the dendrimer-CSF1R inhibitor verified 
the specificity of  [18F]OP-801 for macrophages/microglia while also 
demonstrating the ability of this new therapy to deplete pathogenic 
immune cells in EAE mice. Future work will involve investigating 
which cell subtypes endocytose  [18F]OP-801 in different neuroinflam-
matory models, including EAE, in addition to commencing clinical 
imaging studies with this tracer.
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Objective: 
Trastuzumab and Panitumumab are therapeutic mAbs that target the 
epidermal growth factor receptor 1 (EGFR) and 2 (HER2)1, 2. Tras-
tuzumab is the standard-of-care treatment for metastatic and early-
stage HER2-positive breast cancer and first-line therapy in combi-
nation with chemotherapy for gastric cancer. Panitumumab treats 
EGFR-mutant lung cancer, KRAS wild-type colorectal cancer, and 
head and neck squamous cell carcinoma. Previous studies have shown 
that caveolae-mediated HER endocytosis and recycling processes 
affect Trastuzumab- or Panitumumab-tumor binding and subsequent 
 efficacy3, 4. Others have shown that metformin, a type 2 diabetes treat-
ment, enhances caveolin-1 (CAV-1, the main structural protein of 
caveolae) protein levels in cancer cells. In the present study, we used 
HER2 and EGFR-targeted PET imaging to annotate metformin-induced 
changes in Trastuzumab and Panitumumab-tumor binding.

Methods: Western blot analyses: 
Total, membrane, and internalized cell extracts of  HER2+ NCIN87 
gastric cancer cells or  EGFR+ A431 epidermoid cancer cells were 
analyzed for changes in HER2 or EGFR.  Radiolabeling:  Trastu-
zumab or Panitumumab coupled with the DFO chelator were labeled 
with 89Zr. Imaging: PET/CT images and ex vivo biodistribution were 
acquired at 24 and 72 h post-injection of  [89Zr]Zr-DFO-antibody (50–
80 μg protein, >99% RCP). Animals: NCIN87 or A431 cancer cells (5 
million cells/mice) were injected subcutaneously on the right shoul-
der of athymic nude mice. Acute metformin administration: Metformin 
(250 mg/kg) was orally administered 12 h prior to and at the same time 
as the tail vein injection of  [89Zr]Zr-DFO-antibody. Daily metformin 
administration: Metformin (200 mg/kg) was intraperitoneally admin-
istered for 11 consecutive days prior to the tail vein injection of  [89Zr]
Zr-DFO-antibody.

Results: 
Retrospective analyses have shown that high CAV-1 protein levels in 
tumors correlate with low Trastuzumab efficacy in preclinical can-
cer models and  patients4. Our data validate previous studies showing 
metformin-induced changes in CAV-1 (Fig 1)5. In our studies, met-
formin induces a ~2-fold increase in CAV-1 expression at early time 
points (i.e., 2 to 12 h). At incubation times longer than 12 h, CAV-1 
protein levels were similar in metformin-treated cells when compared 
with control (Fig 1). Additional western blot analyses demonstrated 
a decrease in membrane HER after 4 h of incubation with metformin 
(Suppl Fig 1A). Metformin-induced HER membrane depletion dem-
onstrates to be transient, and HER is restored to the surface of cancer 
cells at 12 h after removing metformin (Suppl Fig 1A). Western blot 
analyses showing metformin-induced changes in membrane HER and 
antibody-tumor binding were further validated in immunofluorescence, 
fractionation, and PET imaging assays. At 24 h post-injection of 89Zr-
labeled Trastuzumab, NCIN87 control tumors had ~1.6 higher %ID/g 
when compared with tumors from mice treated with an acute dose of 
metformin. Similarly, the uptake of 89Zr-labeled Panitumumab in A431 
xenografts was ~1.8 higher in control tumors vs. in metformin-treated 
tumors. The differences in antibody-tumor uptake with an acute dose 
of metformin are temporal and similar uptake values were observed at 
72 h post antibody injection vs control. Since metformin is clinically 
prescribed once daily, we performed additional immuno-PET studies 
administering metformin for 11 consecutive days prior of 89Zr-labeled 
antibody injection. PET imaging of these mice revealed that the tumor 
uptake of [89Zr]Zr-DFO-Trastuzumab is 3.7-fold lower in metformin-
treated mice when compared with control mice. (Suppl Fig 1B-C).

Conclusions: 
Metformin induces changes in CAV-1 protein levels, which ultimately 
interferes with HER surface availability for binding Trastuzumab or 

Panitumumab. The findings that metformin alters the cellular distribu-
tion of HER have direct clinical implications in the therapeutic out-
comes of antibodies targeting membrane HER2 or EGFR and in their 
use for molecular imaging. PET imaging demonstrated that a daily 
administration of metformin significantly reduces the uptake of  [89Zr]
Zr-DFO-Trastuzumab in NCIN87 tumors. Future studies will explore 
the impact of metformin in antibody response to HER-targeting anti-
body therapies.
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Introduction: 
Downfield 1HMRS (DFMRS) is an emerging technique for detection 
of in vivo metabolites with protons that resonate beyond 4.7ppm. Since 
most of the DF metabolites have protons that either have chemical 
exchange or cross-relax with water, typically non-water suppressed 
methods are used to perform  DFMRS1-3. In the current study while 
performing DFMRS studies at 7.0T, we have detected a new resonance 
that was previously not reported. Preliminary results obtained from 
healthy human brain are presented here.

Methods: 
Six subjects (4 Male, 2 Female) in the age range of 26-43Y partici-
pated in the IRB approved study after explaining the study protocol 
and obtaining the consent form. All the DFMRS data were obtained 
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at 7.0T Siemens Terra scanner (Siemens Healthcare, Erlangen, Ger-
many) using a single-channel transmit/32-channel receive phased array 
knee radio frequency coil (Nova Medical, Wilmington, MA, USA). 
A spectrally selective 90° E-BURP  pulse4 centered at 10ppm with a 
band width of 2 ppm was used to excite the downfield metabolites (TR/
TE: 1000/18ms, 256 averages, BW: 600Hz), and 3 narrow spatially 
selective refocusing 180° Shinnar-Le Roux (SLR) pulses (BW: 800Hz) 
were used for localization as described in a previous  study3. Number of 
averages was 256 and total acquisition time was ~7 min including long 
TR (10s) water reference scan. A large voxel was positioned within the 
brain avoiding the sinus cavity and the voxel dimensions varied across 
the volunteers (200 – 350  cm3). L-Tryptophan phantom was prepared 
for in vitro studies.

Results: 
In all the six volunteers scanned, we have consistently identified a 
new resonance with peak center at ~10.1ppm. A representative spec-
trum from one of the volunteers is shown in Figure 1 along with the 
anatomical image and the newly identified peak is shown at ~10.1 
ppm. Another observation is the well resolved  NAD+ peaks when the 
excitation radio frequency was centered at 10.0 ppm. Phantom studies 
also showed resonance at ~10.1 ppm coming from indole -NH pro-
ton of L-Tryptophan and when a water saturation is applied this peak 
disappears indicating that it either has chemical exchange or cross-
relaxation with water which is in line with the in vivo findings on the 
human brain.

Discussion: 
Based on our phantom studies and a literature review of in vivo metabo-
lites, we attribute that the new resonance at 10.1 ppm to L-Tryptophan 
(L-TRP). L-TRP is an essential amino acid in the human brain and is 
also a major precursor for production of  NAD+ through de novo syn-
thesis pathway 5-8 and also serves as a precursor for the production of 
the important brain neurotransmitter serotonin. A recent CEST study 
on  in vitro phantoms of L-TRP and the downstream intermediate 
metabolites in serotonin synthesis showed a z-spectrum with a small 
reduction in the water magnetization varying from 5.11 to 5.47 ppm for 
these metabolites with respect to water 9. The absolute chemical shift 
resonances for the indole (-NH) proton of these metabolites reported 
in that study was 10.17, 10.02, 9.99 and 9.81 ppm for L-Tryptophan, 
5-Hydroxytryptophan, Serotonin and 5-Hydroxyindoleaceticacid, 
respectively. Based on this study and our in vitro findings and the in 
vivo concentrations of all the metabolites mentioned above, we believe 
that the major potential contributor to the 10.1 ppm resonance is from 
L-TRP. Further characterization of this newly identified resonance  (T1, 
 T2 and its concentration) are in progress.

Conclusion: 
We have detected a new resonance that was not reported previously 
with a chemical shift of ~10.1 ppm occurring in the down-field 1HMRS 
from the human brain in vivo at 7.0T. This is for the first time that 
this peak is observed and based on the phantom data and literature, 
we attribute that this resonance to be from the indole -NH proton of 
L-Tryptophan.
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Introduction: 
Biofilms are microbial aggregates embedded in a self-produced matrix 
of extracellular polymeric substances (EPS) that can grow on natural 
surfaces such as teeth, heart valves, and wounds. These biofilms are 
difficult to treat with existing clinical therapies due to antimicrobial 
resistance. Studies indicate that biofilm infections once established can-
not be treated by antibiotics alone in most cases. Therefore, a critical 
need exists to effectively diagnose and treat biofilm infections. Here, 
we present a theranostic agent to image and treat harmful biofilms. We 
developed Wulff in cage gold nanoparticles (PTNP) with enhanced 
photothermal (PTT) and photoacoustic imaging (PA) properties that are 
promising candidates for biofilm detection, treatment, and infectious 
disease control. We found PTNP can control virulent biofilms and treat 
infectious disease via activation with near infrared region (NIR) laser 
with precise spatial control and in a short timeframe. A strong biocidal 
effect against Streptococcus mutans (S. mutans) and Staphylococcus 
aureus (S. aureus) within biofilms was observed, which caused elimina-
tion of 99.99% of bacteria, considerably more effective than currently 
clinically used oral and skin antimicrobials. Therefore, here for the 
first time, we introduce a flexible, fast, precise, and unique topical 
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therapeutic method to image and treat costly oral and skin biofilm-
associated infections.

Methods: 
Multifunctional gold-silver photothermal nanocages (PTNP) were syn-
thesized by transformation of gold Wulff-shaped seeds into compli-
cated Wulff in a cage nanoparticle via galvanic replacement of a silver 
shell with gold (S1).1 After synthesizing the PTNP and purification, 
the collected nanoparticles were coated with dextran-10kDa (DEX) to 
provide stability in biological media (S2). The effect of the PTNP on 
the viability of several cell lines was investigated via the MTS assay 
(S3). These structures were characterized using transition electron 
microscopy (TEM), energy dispersive X-ray spectroscopy (EDS), and 
UV-visible spectroscopy. CT, PA and PTT in vitro imaging were car-
ried out to demonstrate the feasibility of PTNP as a contrast agent for 
these modalities (S4). The anti-biofilm efficacy of the PTNP was exam-
ined in vitro using S. mutans and S. aureus biofilms as models of oral 
and skin infections, respectively (S5). The untreated or treated biofilm 
with PTNP was analyzed using high-resolution confocal fluorescence 
imaging and live-dead staining, while PA imaging of biofilms treated 
with PTNP was carried out to investigate the theranostic potential of 
these structures within the biofilm in vivo and ex vivo (S6). Further-
more, PTNP was examined for its efficacy as an anti-biofilm agent to 
control, image, and treat wound infections and severe dental caries 
using rodent models.

Results: 
TEM of PTNP showed the Au seeds core and the shells that con-
tains AuAg alloys with some porosities (A, B). The optical extinc-
tion spectra of PTNP showed the plasmonic peak at 808 nm (C). 
Uptake of PTNP by S. mutans biofilms was confirmed by SEM in 
backscattered electron (BSE) mode which showing the morphol-
ogy of PTNP-treated biofilm (D). We found almost complete bac-
teria killing in biofilms incubated with PTNP and after 30 s laser 
irradiation, while no dead cells were observed in the area without 
laser irradiation (E, F). We found an exceptionally strong bioc-
idal effect against S. mutans and S. aureus within biofilms when 
exposed to NIR laser irradiation and PTNP (G, S5). Treatment of S. 
aureus infected mouse wounds was studied using bioluminescence 
imaging (BLI) (H), which showed potent in vivo bacterial killing. 
Robust PA contrast can be seen in both wound and oral infection 
treated with PTNP (I-N).

Conclusion: 
PTNP is a promising approach as a theranostic anti-biofilm agent.
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Introduction: 
Per-organ radioactivity concentration is a routinely desired endpoint 
from preclinical PET/CT studies. Longitudinal imaging experiments 
are especially important to study antibody distribution over time for 
therapeutic antibodies development. However, it can be difficult to 
manually delineate the organs of interest in large datasets. Deep learn-
ing  based1,2,3,4 models are currently state-of-the-art for such segmen-
tation tasks. In our pipeline, 3D  UNets3,4 were employed to perform 
organ segmentation in CT images which enabled per-organ quantifica-
tion of the corresponding PET dataset. The segmentation performance 
was compared with previously published 2D UNet approach.1

Methods: 
The quantification pipeline consists of two stages: 1. Organ segmenta-
tion from CT images using deep learning Three UNet based models- 
2D UNet, 3D UNet and 3D Attention UNet were trained to segment 10 
different organs- heart, liver, stomach, lungs, brain, bladder, kidneys, 
spleen and femur bone in CT images. The PET/CT data that came from 
a Zr-89 radiolabeled antibody (immune-PET) that was imaged over 7 
timepoints in 8 mice was used for training and testing these models. 
Manual annotations for organs were available for 54 CT scans. The 
data was randomly divided into training, testing and validation sets 
with 40, 7 and 7 scans in each, making sure that all time points of any 
animal belonged to the same set. The models were trained with soft 
Dice loss for 30 epochs. The validation loss was evaluated for each 
epoch, and the model with the least validation loss was chosen for test-
ing the performance. Standard data  augmentations5 including random 
affine transformations were applied to the images during training. 2. 
Mean radioactivity quantification from PET images: The PET and CT 
scan pairs were co-registered and the mean radioactivity concentration 
per organ was calculated from PET, based on the organ segmentation 
masks generated by the deep learning model.

Results and Discussion: 
3D deep learning models take 3D volume images as input, and the 
subsequent operations like convolutions are also performed in 3D. 2D 
models on the other hand, use a single slice as an input, and don’t lev-
erage context from adjacent slices. 3D Attention  UNet4 modifies the 
vanilla UNet architecture to include trainable “attention gates”, which 
help to focus on the regions where organs of interest are present. The 
test dataset for the models included the same mice imaged over 7 differ-
ent time points. It was observed that all three models performed well, 
with the 3D models performing better. The median Dice score for 3D 
models was greater than or equal to 0.89 for all organs except spleen, 
which had a median score of 0.8. The heart and lungs were segmented 
very accurately with Dice scores 0.96 and 0.92 respectively for the 3D 
models. Overall, these models show improvement over the existing 
published methods for organ segmentation in native contrast micro 
CT  images1. 3D models had higher Dice scores for all organs than 2D 
model, and showed major improvements for heart, kidneys (4-6%) and 
bladder (23%). Bladder is difficult to segment because of the variability 
in size. The caveat with 3D models is that they were difficult to train 
and had to be trained multiple times to obtain the best performance and 
they were computationally expensive.
For mean radioactivity quantification, high correlations (with  R2 values 
ranging from 0.95 to 1) were observed between the values obtained by 
using manually annotated masks and the values obtained by using deep 
learning model generated masks for all organs except stomach. Even 
for stomach, there was a good correlation with  R2 of 0.84.

Conclusions: 
Using 3D architectures provide modest improvements in deep-learning 
based segmentations of organs from murine CT, as compared to a sim-
pler 2D approach.
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Introduction: 
Near-infrared fluorescence molecular imaging is a propitious tool 
aimed at supporting intra-operative decision-making during cancer 
resection. Most targeted contrast agents currently under development 
are labelled with IRDye800CW®, however this dye is known to cause 
non-specific background signals. [1-5] Here, tumor-specific Nanobod-
ies (Nbs) were labelled with alternative dyes, namely ZW800-1 [4,5], 
FNIR-Tag [6] and s775z [7], and a side-by-side comparison of their in 
vivo biodistribution and tumor targeting was performed to determine 
whether these dyes possess improved characteristics for the develop-
ment of fluorescent Nb-based tracers. Furthermore, the impact of a 
higher dye density on the tracer’s pharmacokinetics was investigated.

Methods: 
An anti-EGFR Nb was randomly labeled with NHS-activated 
IRDye800CW, ZW800-1, FNIR-tag or s775z. Excess of the dyes was 
adapted to yield a degree of labeling (DOL) of 1 or 2 on average. Fol-
lowing the in vitro assessment of purity, composition, spectral proper-
ties, functionality, and serum protein binding, the in vivo behavior of 

all fluorescent tracers was evaluated in EGFR+ tumor-bearing mice 
(n=4/group, N=32). At 1, 3, 6, 12, and 24 hours after intravenous injec-
tion of 2 nmol of the anti-EGFR tracer or a control tracer, 2D images 
were acquired using the Fluobeam. In addition, major organs and tis-
sues excised at 1h and 24h post-injection were imaged ex vivo. For 
all images, mean fluorescent signals and tumor-to-background ratios 
(TBRs) were determined. An analogous protocol was applied to pre-
pare and evaluate fluorescent anti-HER2 and anti-CEA Nbs.

Results/Discussion: 
The Nbs were successfully labeled with IRDye800CW, ZW800-
1, FNIR-tag or s775z. The in vivo evaluation of the tracers with a 
DOL1 showed that FNIR-Tag- and s775z-Nbs clearly accumulate in 
the tumor at 1h post-injection with little background signal, except 
in the kidneys due to renal clearance of the tracer. In comparison 
IRDye800CW- and ZW800-1-tracers demonstrate considerable 
aspecific accumulation, mainly in the liver, leading to low TBRs 
within the rapid imaging timeframe Nb-based tracers aim at. The ex 
vivo analysis confirmed the in vivo results, showing tumor-to-liver of 
1.7 ± 0.1 and 9.0 ± 0.9, respectively for FNIR-Tag and s775z-labeled 
Nbs. (Fig.1) Similar findings were observed for the anti-HER2 and 
-CEA Nbs. As compared to Nbs labeled with a DOL1, Nbs labeled 
with on average 2 FNIR-Tag dyes showed higher mean fluorescent 
tumor signals, but no increased TBRs, because of a higher back-
ground, mainly in the liver. Nbs labeled with on average 2 s775z 
show similar results, albeit the increase in aspecific liver accumula-
tion was more limited.

Conclusions: 
FNIR-Tag- and s775z-labeled Nbs possess a clinically relevant biodis-
tribution profile with rapid tumor visualization and low background 
signals. Thus, these dyes can be used as a platform technique for the 
development of translatable Nb-based tracers. We could not show a 
clear benefit for conjugating more than 1 dye per Nb. However, our 
data further underlines the importance of the chosen dye on the phar-
macokinetic profile of a molecular tracer.

References
1. Hernot S, van Manen L, Debie P, Mieog JSD, Vahrmeijer AL. 

Latest developments in molecular tracers for fluorescence image-
guided cancer surgery. Lancet Oncol. 2019;20(7):e354-e367. 
doi:10.1016/S1470-2045(19)30317-1

2. Debie P, Hernot S. Emerging fluorescent molecular tracers to 
guide intra-operative surgical decision-making. Front Pharmacol. 
2019;10(MAY). doi:10.3389/fphar.2019.00510

3. Debie P, Van Quathem J, Hansen I, et al. Effect of Dye and Conju-
gation Chemistry on the Biodistribution Profile of Near-Infrared-
Labeled Nanobodies as Tracers for Image-Guided Surgery. Mol 
Pharm. 2017;14(4):1145-1153.

4. Choi HS, Gibbs SL, Lee JH, et al. Targeted zwitterionic near-
infrared fluorophores for improved optical imaging. Nat Biotech-
nol. 2013;31(2):148-153. doi:10.1038/nbt.2468

5. Choi HS, Nasr K, Alyabyev S, et al. Synthesis and in vivo fate of 
zwitterionic near-infrared fluorophores. Angew Chem Int Ed Engl. 
2011;50(28):6258-6263. doi:10.1002/anie.201102459

6. Li D-H, Schreiber CL, Smith BD. Sterically Shielded Hep-
tamethine Cyanine Dyes for Bioconjugation and High Per-
formance Near-Infrared Fluorescence Imaging. Angew 
Chem Int Ed Engl. 2020;59(29):12154-12161. doi:10.1002/
anie.202004449.

7. Luciano MP, Crooke SN, Nourian S, et  al. A Nonaggregat-
ing Heptamethine Cyanine for Building Brighter Labeled Bio-
molecules. ACS Chem Biol. 2019;14(5):934-940. doi:10.1021/
acschembio.9b00122

S111



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

068-Characterization of the Glutamate transporter GLT-1 and 
PS1/γ-secretase interaction by FLIM and EM in Alzheimer’s 
disease

Presenter: Florian Perrin, Massachusetts General Hospital

Florian Perrin1, Priyanka  Sinha2, Calina  Glynn2, Noe  Quittot2, Shane 
 Mitchell2, Oksana  Berezovska2

1Massachusetts General Hospital, Charlestown, MA
2Massachusetts General Hospital, Boston, MA

Rational 
Mutations in Presenilin 1 (PS1), the catalytic sub-unit of 
γ-secretase, cause early-onset familial Alzheimer’s disease (fAD) 
by inducing a “closed” structural conformation in PS1 and produc-
tion of longer Aβ species [1]. Interestingly, clinical data revealed 
that patients with presenilin mutation carriers have significantly 
higher incidence of epileptiform activity, suggesting that fAD PS1 
mutations (Aβ-related or not) could contribute to hyperactivity 
[2]. We have recently discovered an interaction between PS1, and 
the major CNS glutamate transporter GLT-1/EAAT2 in AD con-
text [3]. This interaction plays a role in GLT-1 trafficking and 
function where PS1 acts as a chaperone. This interaction is weak-
ened in AD patients compared to control patients. Here we aim to 
investigate: i) Where the interaction site is located; ii) Designing 
a cell permeable peptide (CPP) to modulate this interaction iii) 
Establish a 3D structure of the GLT-1/PS1 interaction and CPP 
binding site by cryo-EM.

Methods 
To identify the PS1/GLT-1 interaction site, f luorescence life-
time imaging microscopy assay (FLIM) has been used in intact 
cells in vitro. Based on protein structure and amino acids prop-
erties, several amino acids within GLT-1 and PS1 proteins that 
could potentially be the interaction sites have been mutated to 
alanine. Next, we sought to determine if it is possible to block 
these interaction sites using CPP. These CPPs present sequence 
from HIV and sequence from native GLT-1/PS1 proteins, coupled 
to a fluorophore for cells uptake monitoring. Finally, a protocol 
for GLT-1 and PS1 purification has been created to establish the 
cryo-EM structure of the PS1/GLT-1 complex and the exact bind-
ing site of the CPP.

Results 
Based on the alanine mutants scanning performed by FLIM, we discov-
ered two potential interaction sites in GLT-1 transmembrane domain 
(TM) 4 and TM5, while PS1 presents one interaction site in the TM6. 
The purification protocol allowed to observe the GLT-1/PS1 complexes 
by EM.

Conclusions 
The identification of PS1/GLT-1 interaction sites are critical 
for modulation of both PS1 and GLT-1 function. CPP as drug 
could potentially induce functional changes in GLT-1 and PS1. 
The regulation of glutamate uptake in the synaptic cleft could 
be beneficial for controlling epileptiform activity in AD patients 
and beyond.
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Nicotinamide adenine dinucleotide (NAD) is vital for maintain-
ing brain energy homeostasis and decreases substantially with age 
and prominently in Alzheimer’s disease (AD) [1, 2]. This NAD 
deficiency contributes to AD progression, while its supplementa-
tion normalizes the NAD redox status, mitigates neuropathology, 
and restores cognitive deficits in AD animal models [1-3]. NAD 
supplementation is under phase I/II clinical trials for treating AD. 
However, elucidation of the NAD’s role in AD progression and the 
evaluation of the supplementation response are severely undercut 
by the lack of techniques to monitor NAD in vivo. It is unknown 
at which stage brain NAD starts to decline or how it changes with 
the disease course. Phosphorous-31 magnetic resonance spectros-
copy (31P-MRS) has been successfully applied to measure brain 
NAD indices (oxidized form  NAD+, reduced form NADH, and the 
redox ratio  NAD+/NADH) in both animals and human subjects in 
vivo [4-7]. Nevertheless, such measurements have not been reported 
in AD brains. We hypothesize that in vivo 31P-MRS detects abnor-
mal NAD metabolism in AD mouse models. Mice with five times 
familiar AD mutations (5XFAD) [8] and their wildtype (WT) lit-
termates were scanned on a 9.4 T, 31 cm Bruker horizontal bore 
animal MR scanner, using a 11 mm 31P surface coil and a 35 mm 
quadrature 1H volume coil. 1H-MRI was used to position a voxel 
(~150-200  mm3) in the mouse brain to mainly cover the cerebrum 
although a slight contribution (~10-15%) of cerebellum was pre-
sent. Multiple blocks of Image Selected In vivo Spectroscopy 31P-
MRS spectra were acquired every 21 min (time of repetition 4 s, 
number of acquisitions 40, 512 acquisition points, and bandwidth 
4202 Hz). Individual raw data blocks were post-processed with a 
Lorentzian filter of 30 Hz and phase correction before summing 
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up the spectra [9]. By referencing the phosphocreatine peak at -2.5 
ppm, the brain  NAD+, NADH, and αATPs were fit from the sum 
spectra (-8~-12.8 ppm) using Lorentzian functions [4, 6, 10]. The 
uridine diphosphate glucose or galactose around -12.3 ppm were 
below or comparable to the noise level and thus not included in the 
spectral fitting. Using αATP to represent the ATP level, we deter-
mined the brain  NAD+/ATP, NADH/ATP,  (NAD++NADH)/ATP, 
and  NAD+/(NAD++NADH). We identified a significant decrease 
of brain  NAD+/ATP and the redox ratio  NAD+/(NAD++NADH) 
in the 7-month 5XFAD mice compared to the age-matched WT 
(n=4/group). Furthermore, compared to WT, 5XFAD mouse brains 
exhibit cognitive deficits at 6-7 months. Thus, our data, demon-
strating NAD deficiency in vivo for the first time, are correlating 
with the age-dependent cognitive dysfunction in AD reported in 
the literature. In a subgroup of the same mice (n=3/group), we 
performed the 31P-MRS measurement again when they reached 9 
months. This time the brain voxels were positioned to include the 
cerebrum only and avoid the cerebellum. At the 9 months, cerebral 
NADH trended higher, and the redox ratio was significantly lower 
in 5XFAD mice compared to WT mice. These in vivo data con-
sistently support a depression of brain NAD and bioenergetics in 
the AD mice compared to WT mice. Taken together, our prelimi-
nary 31P-MRS studies of AD mice demonstrated the feasibility of 
quantifying brain NAD in vivo longitudinally to differentiate AD 
from WT brains. Work is in progress to measure NAD redox status 
at young ages and establish the temporal profile of brain NAD as 
well as bioenergetics (ATP) during the full disease progression in 
AD mouse models.
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Introduction: 
Glioblastoma is an aggressive form of brain cancer with poor long-
term  survival1. Current methods of treatment involve surgical resec-
tion followed by radiation and/or  chemotherapy1. However, survival 
is typically less than a year after  diagnosis1, with a two-year survival 
rate of 26-33%2. The use of novel immunotherapies in combination 
with temozolomide (TMZ) chemotherapy has shown promising results 
with  glioblastoma1,2. Molecular magnetic resonance imaging (MRI) 
allows for treatment monitoring via longitudinal characterization of 
the tumour micro-environment. Magnetic Resonance Fingerprinting 
(MRF) is a specialized MR sequence capable of simultaneous  T1,  T2, 
and  T2

* relaxation  measurements3. With these parameter maps we can 
simultaneously quantify the concentration of gadolinium and super-
paramagnetic iron-oxide based agents. With such a large amount of 
quantitative imaging data, analysis becomes more complex. A radiom-
ics approach can simplify the task by representing a large multi-dimen-
sional set of images with a much smaller set of engineered  features4,5. 
Machine learning algorithms can then be applied to determine if there 
are any correlations between features and treatment outcomes. We can 
apply binary classifiers to the data based on survival metrics to deter-
mine if any features can be used as early markers of treatment success.

Methods: 
Fifteen female mice C57BL/6 mice (5 mice/treatment group) were 
intracranially implanted with  5x104 gl261 glioma cells. Treatment 
groups were as follows: 1) untreated/control, 2) treated with anti-PD-1 
(200 μg/kg/mouse/dose every 3 days for up to 8 doses) or 3) treated 
with anti-PD-1 and TMZ (25 μg/kg/mouse/day for 10 days). Mice 
received MRI brain scans twice weekly (pre- and post-contrast) for up 
to 6 weeks. Scans included an anatomical  T2-weighted FSE and MRF 
(which generated  T1,  T2,  T2

*, gadolinium and iron concentration maps). 
Mice received an injection of 100 μL SPIO Rhodamine B (Biopal) 
24 hours before the post-contrast scan and injections of MultiHance 
(gadobentate dimeglumine, Bracco) during the post-contrast scan prior 
to MRF imaging. Regions of interest were drawn outlining either the 
whole brain (brain ROI) and tumour (tumour ROI) contours for each 
mouse at each time point and were passed into the radiomics pipeline 
to extract approximately 100 features per image volume. These features 
were then passed into a logistic regression model with a binary clas-
sifier related to the survival endpoint. This classifier stated whether a 
subject survived to the study endpoint or not. Model performance was 
evaluated with a leave-one-group-out cross validation technique, to 
estimate accuracy, and a receiver operating characteristic (ROC) curve.

Results: 
Using all 100 of the extracted features, we tested each scan type and 
found the best performance was obtained from the  T2

* tumour ROI data 
with a prediction accuracy of 76% and an area under the curve (AUC) 
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of the ROC curve of 0.74. We are currently investigating whether ear-
lier time points can also yield predictive features with similar accuracy.

Conclusions: 
In this preliminary study, we examined the use of radiomics and 
machine learning on preclinical MRI data to predict survival outcomes 
in female mice treated for glioblastoma. Further optimization of this 
algorithm will involve feature selection to remove redundant features, 
which helps avoid overfitting and testing additional classifiers related 
to flow cytometry data. We will also be expanding this methodology 
to male mice to explore potential sex-based differences.
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Introduction: 
Nanomedicine formulations, such as liposomes and micelles, are exten-
sively used for tumor-targeted drug delivery. To promote the efficiency 
of cancer nanomedicine clinical translation, probes and protocols for 
patient stratification are urgently needed [1]. It was recently demon-
strated that theranostic polymeric micelles enable EPR monitoring dur-
ing treatment [2], and can be used to visualize and quantify nanomedi-
cine tumor targeting in patients [3]. Reasoning that radionuclide-based 
imaging may not be optimal for clinical translation and routine use, we 
set out to explore tumor tissue biomarkers for cancer nanomedicine 
patient stratification.

Methods: 
Tumor-bearing mice (A431, MLS, CT26) were injected with fluoro-
phore-labeled polymeric nanocarriers and tumor accumulation was 
imaged via CT-FMT (Fig. 1a). Histological stainings were performed 
to screen for tissue biomarkers and evaluated by gradient tree boosting-
based machine learning. The most important features, i.e. blood ves-
sels and macrophages, were verified in 10 additional tumor models, 
visualizing and quantifying the tumor accumulation of doxorubicin-
loaded liposomes (Fig. 2a,b). Moreover, tumor tissue derived from 

head and neck, breast and lung cancer patients from the RWTH Aachen 
Biobank was histologically evaluated, and features were correlated with 
the accumulation patterns of radiolabeled liposomes visualized and 
quantified in patients with similar types of cancer [4].

Results: 
Polymer accumulation in three initial tumor models varied between 
4 and 11 %ID (Fig. 1b,c). More than 20 histological biomarkers in 
tumors were stained, quantified and correlated with polymer tumor 
accumulation (Fig. 1d-i). The prominence of blood vessels (CD31) 
and macrophages (F4/80) as the most important tissue biomarkers was 
confirmed by machine learning (Fig. 1j-l). Upon scoring blood vessels 
and macrophages in 10 additional tumor models, tumors with high vs. 
low levels of liposome tumor accumulation could be clearly differenti-
ated (Fig 2a-f). This notion was validated in a clinical data set, showing 
that blood vessel and macrophage densities in patient tumor biopsies 
correlate well with liposome tumor targeting values previously reported 
in the literature (Fig. 2g-k; [4]).

Conclusion: 
We show that histopathological assessment of tumor tissue biopsy bio-
markers can be employed to predict nanomedicine tumor accumulation 
in mouse models and patients. This strategy expands the theranostic 
armamentarium to promote cancer nanomedicine patient stratification 
and clinical translation.
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Introduction: 
MRI is the gold standard for imaging demyelinating diseases as it offers 
excellent sensitivity to brain lesions and high resolution, however, MRI 
lacks specificity to demyelination, inflammation and axonal loss and 
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it is not fully  quantitative1,2.  [18F]3F4AP is a PET tracer based on the 
multiple sclerosis (MS) drug 4-aminopyridine that binds to  K+ chan-
nels on demyelinated axons and may provide a specific and quanti-
tative marker of  demyelination3. We previously demonstrated that 
 [18F]3F4AP can detect chemically-induced demyelinated lesions in 
rodent models as well as a focal traumatic brain injury in a rhesus 
 macaque3,4. Given these promising findings, we recently advanced this 
tracer to human studies. Here we report the first brain imaging results 
with  [18F]3F4AP in healthy volunteers and subjects with MS.

Methods: 
Three healthy control subjects (2 females and 1 male) and three 
subjects with MS (1 female and 2 males) underwent a 120 min 
dynamic PET acquisition on a GE Discovery MI PET/CT starting 
with a bolus injection of  [18F]3F4AP. Mean injected activity was 
8.16 mCi (range: 7.13-10.19 mCi). Radioactivity concentration in 
whole-blood (WB) and total plasma (PL) was measured through-
out the duration of the scan and radiometabolite analysis was per-
formed on selected plasma samples to derive individual metabolite-
corrected arterial input functions for subsequent kinetic modeling 
analysis. Participants also underwent a structural T1-weighted 
sequence for anatomical reference (pre and post Gadolinium con-
trast), T2-FLAIR. Structural MR and dynamic PET images were 
aligned to the Montreal Neurological Institute (MNI) template space 
for extraction of regional time activity curves. Various compartment 
models as well as the Logan graphical method with arterial plasma 
input function were investigated for determination of the total vol-
ume of distribution VT.

Results: 
Radioactivity time courses measured in WB and PL were consist-
ent across subjects and WB-to-PL ratio was 0.88 ± 0.01 after 15 min 
(range: 0.84-0.94). Relatively rapid in vivo metabolism was observed 
by Radio-HPLC analysis with on average 31% (range 24-34%) of 
radioactivity corresponding to the parent compound at 90 min post 
tracer injection. In the brain of control subjects,  [18F]3F4AP peaked 
quickly (2-4 SUV in white matter and 5-7 SUV in gray matter at ~3 
min) and was followed by fast washout with little heterogeneity across 
brain regions after 20 min. A one-tissue (1T) model was found to be 
sufficient to describe  [18F]3F4AP kinetics in the healthy brain tissues 
and provided stable VT estimates ranging from 1.52-1.69 mL.cm-3 in 
gray matter and 1.22-1.29 mL.cm-3 in white matter. In one MS subject, 
 [18F]3F4AP was able to clearly detect two of the lesions seen on the 
T2-FLAIR and T1-weighted MR, which were not Gd positive. In the 
two lesions,  [18F]3F4AP kinetics was best described by a two-tissue 
(2T) model and were slower compared to any other brain regions, thus 
leading to elevated VT values (2.24 and 2.26 mL.  cm-3).

Conclusion:  [
18F]3F4AP readily entered the human brain, displayed fast kinetics in 
healthy brain tissues, and was able to clearly identify two of the MS 
lesions seen on the MR sequences on one of the MS subjects. More 
studies are underway to elucidate the nature of the MR lesions detected 
by  [18F]3F4AP PET. The fact that  [18F]3F4AP PET only accumulated 
in a subset of the MR lesions may suggest specificity towards demyeli-
nated lesions, which could be very useful for understanding the contri-
bution of demyelination in various neurological diseases as well as for 
monitoring remyelinating therapies.
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Introduction: 
Malignant pleural mesothelioma is the most common type of meso-
thelioma in the US, accounting for >150,000 new cases each year. 
Mesothelin (MSLN) expressing mesothelioma is less likely to respond 
to conventional treatments but does show a long-lasting response to 
MSLN-specific chimeric antigen receptor (CAR)-T cells alone or as a 
combination treatment.1 However, this approach fails to treat MSLN-
negative cells. The TNF-related apoptosis-inducing ligand (TRAIL) 
exhibits a strong anti-tumor activity in preclinical and in clinical set-
tings.2 Here we describe a synergistic theranostic approach for tumor 
sensitization to adoptive T cell immunotherapies combining translata-
ble membrane-bound and soluble TRAILs with MSLN-directed CAR-T 
therapy in a model of MSTO-211H malignant pleural mesothelioma.

Methods: 
Membrane-bound (MB-) and a soluble (s-) TRAILs with active tri-
merization motifs coupled with a MSLN-directed CAR (M28z) were 
retrovirally transduced into human T lymphocytes and cytolytic activity 
was assessed by cell killing assays. CAR-T cells and MSLN+/- tar-
gets were engineered with membrane anchored Cypridina luciferase 
(maCluc), Click Beatle Green luciferase (CBG) and Renilla luciferase 
(Rluc) bioluminescence reporters, respectively, thereby enabling long-
term in vivo whole-body bioluminescence imaging (BLI) of all three 
transduced populations within the same animal.3 MSTO-211H human 
metastatic pleural mesothelioma tumors with heterogeneous MSLN 
expression were intraperitoneally injected into young adult male NSG 
mice, followed by regional administration  5x105 CAR-T cells at day 
6 post tumor establishment. In vivo BLI imaging of MSLN+/- tumors 
allowed a reliable assessment of TRAIL-armored MSLN-directed 
CAR-T cells therapeutic efficacy, thereby enabling to differentiate 
responders from mild and non-responders early during treatment using 
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a lesion-based BLI imaging quantification approach. The latter also 
correlated to CAR-T cell kinetics.

Results: 
In line with previous findings,4 all MSLN-targeted CAR-T cells killed 
MSLN+ cells due to anti-MSLN CAR:MSLN engagement (Fig.1 A), 
with MB- and s-TRAIL M28z CAR-T cells showing a remarkably 
enhanced cytolytic activity. (B) Importantly, only MB- and s-TRAIL 
M28z CAR-T cells were able to kill also MSLN- cells. (C) Triple BLI 
imaging revealed MSLN+ tumor regression 22 days post CAR-T cells 
administration in all groups (Fig.1 C/top). However, M28z failed to 
cure MSLN- tumor, resulting in its progression and mice death (C/
mid). Only animals treated with MB- and s-TRAIL M28z CAR-T 
cells showed a regression of MSLN- tumor burden due to the TRAIL-
mediated tumor targeting and proapoptotic effect (C/mid), also cor-
relating to CAR-T cell accumulation at the site of the lesion (C/bot-
tom). (D) Lesion-based imaging BLI imaging quantification allowed 
stratification of treated mice and revealed the inverse correlation 
between tumor burden and CAR-T cell retention in the responders 
group (top). Notably, only mice treated with MB- and s-TRAIL M28z 
CAR-T cells resulted in reduced tumor burden as a result of CAR-T 
cells residing at the lesion (bottom). (E) 38% of the mice treated with 
s-TRAIL M28z CAR-T cells were still alive 66 days post-treatment 
compared to the untreated group (median survival: 72 vs 27 days; 
p<0.0001).

Conclusions: 
We employed the real-time imaging paradigm to show that TRAIL-
armored mesothelin-specific CAR-T cells are superior to the already 
therapeutic and trialled MSLN-targeted CAR-T cells by providing addi-
tional proapoptotic stimuli to both antigen positive and negative tumor 
targets, thereby enhancing anti-tumor targeting and increasing overall 
response. TRAIL-armored CAR-T cell therapy is a readily translatable 
strategy rendering mesothelioma patients with heterogeneous meso-
thelin expression more amenable to adoptive T cell therapy, thereby 
improving outcomes.
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Introduction: 
Infectious disease remains the main cause of morbidity and mortal-
ity throughout the world(1). Of growing concern is the rising inci-
dence of multidrug-resistant bacteria(2,3). Many of these bacterial 
infections are hospital-acquired and have prompted the Center for 
Disease Control and Prevention (CDC) in 2019 to reclassify several 
pathogens as urgent threats, its most perilous assignment(4). Con-
sequently, there is an urgent need to improve the clinical manage-
ment of bacterial infection, via new methods to specifically iden-
tify bacteria and monitor antibiotic efficacy in vivo. While biopsy 
remains the current gold standard for confirming the presence and 
identity of a pathogenic microorganisms, deep-seated infections 
that are difficult to access or identify often rely upon non-invasive 
imaging techniques. PET imaging utilizing  [18F]FDG is increas-
ingly used for identification purposes; however, it is unable to 
distinguish active infection from cancer or inflammation. Many 
radiopharmaceuticals have recently been reported to address this 
challenge, such as sugar/sugar alcohol metabolism(5-7), folic acid 
biosynthesis(8,9), D-amino acid metabolism(10,11), and labeled 
antibiotics(12). While these imaging agents represent monumental 
advances, there is a persistent need for imaging agents that meet the 
challenges of clinical infectious diseases practice; a major advance 
would be an imaging agent with broad bacterial strain sensitiv-
ity, optimal PK for contrast, and widely deployable/available for 
clinical use. We have developed a novel radiopharmaceutical,  [18F]
fluoromannitol  ([18F]FMtl), that is incorporated into a diverse set 
of pathogens with high specificity and sensitivity and meets these 
metrics.

Methods:
  [18F]FMtl was synthesized from a 3-step, two-pot radiosynthesis from 
a commercially-available chemical precursor. Chemical and radiochem-
ical purity were determined by HPLC. In vitro assays were performed 
using S.aureus, A.baumannii, and P.aeruginosa serial bacterial strains 
received from the Naval Medical Research Center derived from mili-
tary service members with combat wounds. Commercially available 
strains were purchased from ATCC. Murine myositis models were gen-
erated by inoculating the right triceps brachii with a live strain of bacte-
ria and the left triceps brachii with 10X heat killed bacteria.  [18F]FMtl 
was administered via tail vein 10-12 hours post infection. Dynamic and 
static in vivo imaging were performed with a Bruker Albira Si Trimodal 
scanner and imaging results were validated post imaging via biodistri-
bution and CFU analysis ex vivo. Parametric total body rate of tracer 
uptake (Ki) maps with partial volume correction were computed using 
methods as described(13).
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Results/Discussion:
  [18F]FMtl was successfully synthesized and isolated in >99% radi-
ochemical purity in a 23±2% radiochemical yield (n=14, EOS). In 
vitro assays showed uptake of  [18F]FMtl in all strains tested with the 
exceptions of P.aeruginosa and E.faecium. In vivo studies showed that 
 [18F]FMtl was specifically accumulated in the site of infection in both 
gram-positive and gram-negative strains, whereas  [18F]FDG was pre-
dictably unable to distinguish active infection from sterile inflamma-
tion. Dynamic imaging revealed rapid accumulation and significant 
differences in PET signal in as little as 5 minutes post-injection in 
both gram-positive (S.aureus) and gram-negative (E.coli) strains. Ex 
vivo gamma counting confirmed the increased accumulation of PET 
signal in the infected tissue compared to inflamed tissue. Ex vivo bio-
distribution showed the highest nonspecific accumulation of  [18F]FMtl 
were in the kidneys and bladder, which is consistent with PET imaging 
data demonstrating that any  [18F]FMtl not accumulated at the site of 
infection is rapidly cleared through the urinary tract. In vivo data indi-
cate that using the clinical standard semi-quantitative analysis, SUV, 
 [18F]FMtl can reliably detect as little as  5log10CFU/mL of bacteria.

Conclusions:
 We synthesized and characterized a novel radiopharmaceutical,  [18F]
FMtl. The production is straightforward, robust, and high yielding. We 
showed the uptake of  [18F]FMtl in a broad range of gram positive and 
gram negative bacteria in vitro. In vivo experiments showed the selec-
tivity of  [18F]FMtl to detect active infections over sterile inflammation 
in both gram positive (S.aureus) and gram negative (E.coli) bacteria.
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Introduction: 
Magnetic Particle Imaging (MPI) directly detects superparamagnetic 
iron oxide (SPIO) labeled cells. We have used MPI to detect SPIO-
labeled dendritic cells (DC) migrated to the popliteal lymph nodes 
(pLN) after injection into the hind footpads. However, in some cases 
the low pLN signal could not be resolved from nearby higher foot-
pad signal where window leveling to pLN signal oversaturated the 
footpad signal (Fig. 1C). The same limitation occurs when SPIO is 
injected intravenously, accumulates in the liver, and prevents isolation 
of regions of interest with lower signals. Previous studies have reported 
on the issue of resolving a wide range of differing iron concentra-
tion.1–4 A small focused field of view (FOV), to exclude high sources 
of nearby signal, cannot be performed with the standard reconstruction 
algorithm equipped on the  MomentumTM MPI scanner because it is 
assumed that there is no signal at the edge of the FOV and these values 
are set to zero for each line along the transmit axis. However, when 
there is signal at the FOV edge, an inverted negative artifact is created 
(Suppl. Fig. 3B). The multichannel joint reconstruction method uses 
an iterative reconstruction technique to recover edge information using 
information from an orthogonal axis, preventing this artifact and allow-
ing the user to prescribe a small FOV on the region of interest. Here 
we describe the implementation of this method to detect and quantify 
DC migration in mice.

Methods: 
Mouse bone marrow-derived immature DC were labeled with Syn-
omag-D™ (Micromod GmbH).5–8 Synomag-D+ DC (3 x  105 (n = 3) or 
5 x  105 (n = 3)) were injected into each mouse hind footpad. MPI was 
conducted on day 0 and 2 using the Momentum™ scanner (Magnetic 
Insight, Inc.) to identify migrated DC to the draining popliteal lymph 
nodes (pLNs). For day 0, 2, MPI was done using a 3.0 T/m selection 
field gradient, drive field strengths 20 mT (X) and 23 mT (Z), and a 
12 x 6 cm FOV. Additionally, on day 2, MPI was done using a 2 cm 
small FOV centered on the pLNs with the same parameters and with a 
stronger gradient strength (5.7 T/m). Multichannel joint reconstruction 
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was used for 2 cm FOV images which uses an iterative technique with 
replication, convolution, and edge pinning operations to recover fully 
constructed images for each channel and transmit direction.

Results: 
Signal from Synomag-D+ DC in the left and right hind footpads was 
detected on Day 0 MPI in all mice (Fig. 1A, B). On day 2, signal was 
resolved and quantified in the pLN for 5/6 mice (left) and 4/6 mice 
(right) when using a 12 cm FOV and standard reconstruction (Fig 1C). 
When using a 2 cm FOV focused on the pLNs with the higher gradi-
ent strength and the new reconstruction method the signal could be 
resolved and quantified in all pLNs (Fig. 1D-F). The mean iron content 
was 15 ng or 3400 DC. The use of a 2 cm FOV also reduced the scan 
time from 30 to 15 minutes. Ex vivo MPI showed signal in all excised 
pLNs, validating the presence of migrated DC (Fig. 1G).

Conclusion: 
Here we describe the implementation of a multichannel joint recon-
struction method on the  MomentumTM system which will allow users 
to resolve and quantify discrete sources of signal without interference 
from proximate, varying iron concentrations which are not of interest. 
We have used this approach to quantify DC migration to lymph nodes 
without interference from the large signal at the injection site. Since the 
number of migrated DC is proportional to the anti-tumor response in 
immunotherapy the ability to measure this robustly is essential.
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Introduction: 
Detection and treatment of pancreatic ductal adenocarcinoma (PDAC) 
remains a major challenge in clinics due to the aggressiveness of the 
disease associated with a high potency of metastatic dissemination 
to adjacent organs.1 Abdominal magnetic resonance imaging (MRI) 
plays an important role in the diagnosis of PDAC. The large field-of-
view of whole-abdomen coverage offers the opportunity of evaluating 
abdominal pathology for PDAC patients and therefore allowing the 
detection of metastatic lesions in the abdomen. Yet, one of the chal-
lenges of MRI that limits its widespread applicability is the inherently 
low sensitivity of magnetic resonance at thermal equilibrium. Hyperpo-
larization by dissolution dynamic nuclear polarization is an emerging 
technique that significantly improves the signal to noise ratio by several 
orders of magnitude. This technique has been successfully developed 
in conjunction with MRI to image metabolism in humans by adminis-
tering hyperpolarized [1-13C] pyruvate.2 Here, we show dynamics of 
hyperpolarized [1-13C] pyruvate in the abdomen of a PDAC patient, 
demonstrating the applicability of the method to detect the spread of 
metastatic cancer.

Methods: 
All MR data were acquired on a wide-bore 3 T scanner (MR750w, GE 
healthcare). T1 – weighted images were acquired for anatomical refer-
ence using a spin-echo sequence. The jacket coil (Clinical MR Solu-
tions, Figure a) was custom-designed for 13C hyperpolarization studies. 
It was used for excitation and detection on 13C. Immediately follow-
ing the injection, hyperpolarized 13C images were acquired using a 
spectrally-selective 3D echo planar imaging (EPI) sequence (Table 1).3

Results: 
The metabolite maps of hyperpolarized [1-13C] pyruvate and [1-13C] 
lactate summed through time were overlaid with a T1-weighted ana-
tomical reference where the slice containing the pancreas is displayed 
in Figure b. Pyruvate signals were highest in the kidneys and the aorta. 
Highest lactate signals were further exhibited in the kidneys. Due to an 
increased glycolytic rate in the presence of the pancreatic tumor, lactate 
was accumulated in the pancreas, resulting in a strong lactate signal 
and a higher kPL in the tumor compared to the surrounding tissues. 
The use of  D2O as a dissolution solvent leads to in vivo T1,pyr ~ 50 s 
which is longer than that (~ 30 s) using  H2O.4 Furthermore, the time-
to-peak and kPL were compared in different organs as shown in Figure 
c. No significant difference was observed in time-to-peak pyruvate 
and lactate between organs which is ~ 5-15 s. Liver exhibits the high-
est kPL (0.022  s-1) compared to other organs which is consistent with 
the literature results.5 The ~ 3.5 times higher kPL in pancreas (0.021 
 s-1) compared to the literature value (~ 0.006  s-1) is probably due to the 
presence of the tumor.
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Discussion: 
Hyperpolarized pyruvate imaging have been safely performed in 
humans for cancer studies. These studies investigated cancer metabo-
lism in a region of interest within the body by monitoring the change 
of the hyperpolarized metabolic flux. However, for patients diagnosed 
with metastatic cancer, it often requires to image for multiple regions 
of interest since metastases in cancer spans a wide range of the body 
and therefore results in lesions in multiple areas. Here we present the 
preliminary work on acquiring dynamics of hyperpolarized [1-13C] 
pyruvate in the abdomen of a PDAC patient, with the purpose of dem-
onstrating the applicability of the method to detect spread of metastatic 
cancer. The jacket coil provides coverage and 13C RF excitation over 
the whole abdominal area and therefore allowing to detect lesions in 
multiple areas. Additionally, this is the first study that a patient was 
injected using hyperpolarized [1-13C] pyruvate in  D2O (Table 2). 
The observed longer T1,pyr in vivo offers opportunities to capture the 
complete dynamics of pyruvate perfusion and metabolism for future 
studies.
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Introduction: 
In vivo molecular neuroimaging in coppery titi monkeys (Plecturoce-
bus cupreus) using positron emission tomography (PET) offers a 
unique opportunity to study the neurobiology of pair-bonding that is 
highly relevant to human behavior [1]. These socially monogamous 
South American monkeys display adult pair-bonding, a form of attach-
ment which is not exhibited by commonly imaged laboratory models 

such as rodents or rhesus monkeys. Previous studies using PET and 
magnetic resonance imaging (MRI) have characterized changes in 
titi monkey brain metabolism [2] and neurotransmitter pathways in 
response to behavioral stimuli [3,4]. However, dedicated tools for the 
efficient analysis of titi monkey imaging data are lacking. Brain image 
segmentation is a fundamental step for the analysis of in vivo imaging 
data. Currently, there are no publicly available segmentation templates/
atlases for titi monkey neuroimaging data necessitating time consum-
ing, labor intensive, and subjective manual delineation of limited 
regions of interest. To address this significant limitation, the objective 
of the current study was to generate a first-of-its-kind MRI-based atlas 
of the titi monkey brain with a particular focus on brain areas relevant 
to pair-bonding neurobiology.

Methods: 
Adult, female titi monkeys were born and housed at the Cali-
fornia National Primate Research Center (Davis, CA). Imaging 
included in vivo  T1-weighted 3D RF-spoiled, gradient-recalled echo 
MRI scans (TR, 22 ms; TE, 8 ms; flip angle, 30°; matrix size, 256 x 
256 x 70; voxel size, 0.31 x 0.31 x 1.0 mm) acquired on a 1.5 T scan-
ner equipped with a 3-inch surface coil (General Electric Corporation, 
Milwaukee, WI), and  [18F]FDG PET brain scans acquired on the πPET 
dedicated brain scanner (Brain Biosciences, Rockville, MD, spatial 
resolution ~2.0 mm). Atlas regions were manually delineated on a 
single, representative MR image of a 5-year-old titi monkey (Amira 
software, Thermo Scientific, Waltham, MA, USA) by consensus of 
three experts in titi brain neuroanatomy. Labels included the entire 
brain (40 mm) and were based on titi monkey histologic data [9] and 
the NeuroNames [5,6] and Calabrese et al. (2015) [7] macaque MR 
atlases. To assess the utility of the atlas, MRI scans of 6 monkeys 
were manually segmented, each into fourteen brain regions, to gener-
ate ground truth. Separately, the atlas was warped to the 6 scans by a 
blinded investigator using semi-automated, non-rigid image registration 
(3D Slicer with Elastix Toolbox [8]). The regional labels thus generated 
were propagated to  [18F]FDG PET scans co-registered to the MRIs and 
average standardized uptake values (SUV) were derived per region. 
SUVs of regions common to manual delineation and the atlas-based 
analysis were compared. PET analysis used PMOD v4.302 (PMOD 
Technologies, Zurich, CHE) while statistical analysis was performed 
in Graphpad Prism v9.3.1 (GraphPad Software, San Diego, CA, USA). 
Data are reported as mean±SD.

Results and Conclusions: 
The completed atlas consists of 46 brain regions spanning the full 
titi brain volume. Regions include extensive subdivisions of the cer-
ebral cortex, limbic, and subcortical areas. A high positive correlation 
(r=0.987, p<0.0001) was observed across regions between regional 
 [18F]FDG SUVs calculated using manual segmentation and the atlas-
based method. Regional SUVs were lower (paired t-test: p=0.0018) 
for atlas-based segmentation (2.504 ± 0.783) compared to manual 
segmentation (2.551 ± 0.817) although the magnitude of the effect 
was minor (0.047 ± 0.1344). Differences in regional SUVs between 
methods ranged from 11.07% to -11.23% across all scans and regions, 
with an average of -1.58 ± 4.68%. Bland–Altman agreement analysis 
indicated 95% limits of agreement from -0.311 to 0.2163 in calculated 
SUVs, and most points (80/84) are within the ±1.96 SD limit, which 
is indicative of high agreement. This study suggests that robust semi-
automated segmentation can be achieved using this first-of-its-kind 
MR atlas of the titi monkey.
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Mutant RAS is responsible for approximately 95% of pancreatic ductal 
adenocarcinoma (PDAC) incidences, and is an early genetic event dur-
ing tumorigenesis.1 Surgical treatment with the goal of tumor-free exci-
sion margins (clean margins) is the only potentially curative approach 
to PDAC. Approximately 15-20% of PDAC patients are eligible for sur-
gery at the time of diagnosis.2 However, for these patients that undergo 
surgery, tumor recurrence is frequent and the 5-year survival rates are 
dismal.3 The inability to obtain clean margins, as well as the inabil-
ity to identify and remove small metastatic lesions, directly impacts 
recurrence.3 Fluorescence-guided surgery (FGS) is a young and prom-
ising field, with the aim of increasing the accuracy of conventional 
surgery. The potential value of FGS has been highlighted by the recently 
approved imaging agent for ovarian cancer, which was able to identify 
additional lesions in 27% of patients in a Phase III trial.4 However, for 
RAS cancers, reliable targets for FGS are scarce. In the past decade, 
there has been a renewed interest in a metabolic adaptation of RAS can-
cers called macropinocytosis. This process enables mutant RAS tumors 
to scavenge extracellular proteins that can be broken down and provide 
an amino acid supply in poor nutrient conditions.5 The central hypoth-
esis behind ILR-103 is that by the attachment of a fluorescent probe 
(Cy5.5) to a macropinocytosis-specific carrier protein, mutant RAS 

tumor lesions can be more efficiently identified for surgical resection. 
ILR-103 showed macropinocytosis specificity in cell culture models, 
and preclinical data showed that ILR-103 preferentially labeled mutant 
RAS tumors compared to wildtype RAS tumors in human xenograft 
models. Immunofluorescence performed on frozen tissue sections vali-
dated tumor cell internalization. ILR-103 was also tested in the Kra
sG12D;Trp53R172H;p48Cre (KPC) mouse model, a well-validated, clini-
cally relevant mouse model of PDAC.6 The tumors generally have a 
moderately differentiated ductal morphology with extensive stromal 
desmoplasia, similar to the most common morphology observed in 
humans. Ex vivo analysis confirmed the presence of ILR-103 in the 
diseased pancreas (KPC) but absence in the healthy pancreas (wildtype 
mice). H&E staining of the tumor sections validated the ability of ILR-
103 to label tumor lesions within the diseased pancreas. CK8 staining 
of the tumor sections verified specific internalization by the tumor cells 
and not the surrounding normal tissue. Importantly, ILR-103 labeled 
metastatic tumor cells in the liver and lungs, but not surrounding normal 
tissue, suggesting ILR-103 can be used for identification of metastatic 
lesions. The mechanism of action behind ILR-103 represents a signifi-
cant departure from the current-state of surgery for RAS cancers, lev-
eraging a synthetic protein technology for tumor-specific ‘labeling’ and 
detection by fluorescence. ILR-103 represents a new approach to combat 
PDAC, and has the potential to be applied to various tumor types with 
RAS pathway activation (i.e. mutant RAS or PTEN-deficiency).
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Background: 
PET is used productively by pharmaceutical companies to measure 
drug occupancy, in vivo. The outcome measure is usually a whole-brain 
 EC50. We recently introduced voxel-level occupancy images (Occ) 
from PET which can be used to generated  EC50 images by applying an 
 Emax model at each voxel (de Laat 2020; 2021)

Aim: 
Our goal is to evaluate image segmentation via the SLICR algorithm 
to denoise the Occ and produce more precise  EC50 images.

Method: 
We created a 4D digital phantom containing 10 Occ (correspond-
ing to 10 different plasma concentrations of drug). The Occ 
were constructed to include two bilateral local hot-spots of high 
 EC50  (region-1: 25; region-2: 50; background: [6-10] ng/ml) . 
An established noise model was applied to the simulated images 
to make noisy Occ (de Laat 2021). SLICR, a k-means cluster-
ing algorithm, was modified to segment Occ into “k” clusters. 
 EC50, images were created by nonlinear estimation at each voxel. 
Coefficient of variation images, CV(EC50), were estimated from 
the covariance matrix of the parameters at each voxel.  EC50, and 
CV(EC50) images were created from the noisy and the segmented 
versions of the Occ.

Results/Conclusions: 
Variability in  EC50 values was lower using segmented Occ with SLICR 
while the increase in bias was minimal (see Figure). Using SLICR, the 
overall computation time decreases by orders of magnitude. Our results 
suggest that segmentation of Occ with SLICR could produce more 
precise  EC50 images and improve our ability to identify ‘hot-spots’ of 
high effective affinity of a drug for target(s).
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Rationale: 
Fluorescence-guided surgery (FGS) is a cutting-edge innovation set 
to play a pivotal role in next-generation neuroblastoma (NB) surgery. 
Fluorescence imaging using short-wave infrared (SWIR) wavelengths 
has shown advantages over conventional near-infrared (NIR) fluores-
cence due to reduced tissue scattering and negligible autofluorescence. 
Our preclinical study aims to develop and compare the performance 
of two near-infrared dyes (IRDye800CW and IR12-NHS), with long 
tails emitting in the SWIR range when conjugated to a clinical-grade 
anti-GD2 monoclonal antibody (Dinutuximab beta), using NIR-I and 
SWIR imaging devices.

Methods: 
Dinutuximab was conjugated with IRDye800CW and IR12-NHS dyes 
(degree of labelling 1.0–1.5). In vitro validation and specificity assess-
ment of the two conjugates was performed by flow cytometry and fluo-
rescence microscopy. A custom multispectral NIR-I/SWIR fluorescence 
imaging device was constructed (Fig. 1A). System sensitivity and 
depth penetration were assessed with the use of phantom models. In 
vivo, the fluorescence signal was assessed in a LAN-1 subcutaneous 
NSG mouse model using a gold standard preclinical imaging system 
 (IVIS®Spectrum, n=26), a commercial clinical NIR-I imaging device 
 (EleVisionTM, n=2) and the novel multispectral NIR-I/SWIR device 
(n=10) at 24, 48, 72 and 96 hours (Fig. 1B). Tumour mean fluorescence 
intensity (MFI) and tumour-to-background ratio (TBR) were evaluated. 
Histopathological analyses were performed on the resected tumours. 
R&D approval 20DC07.

Results: 
The novel NIR-I/SWIR fluorescence imaging device showed a mini-
mum detectable number of 250,000 cells and was able to resolve cells 
at depths up to 5 mm. In vivo, FGS using a commercially available 
clinical NIR-I fluorescence imaging system  (EleVisionTM) helped iden-
tify a macroscopic tumour residual (~5mm), which was confirmed to 
be viable NB by histopathology (Fig. S1). Biological validation using 
a gold standard preclinical imaging system (Fig. S2) showed that 
whilst MFI decreased with time (p=4.2x10-6), and anti-GD2-IR800 
was consistently brighter,  (MFIIR800/MFIIR12=2.0±0.5, p=2.7x10-6), 
the tumour remained detectable above background tissue at all time 
points (TBR>1.5). Fluorescence imaging using the novel NIR-I/
SWIR device showed high TBR at all time points for both dyes 
(2.3<tbrIR800/MFIIR12=3.0±0.7, p=0.013). Crucially, the multispectral 
NIR-I/SWIR fluorescence imaging system enabled higher TBR at 
SWIR wavelengths compared with NIR-I  (TBR900nm=2.6±0.4 versus 
 TBR1300nm=4.6±1.0, p=3</tbrx10-5), resulting in a higher-contrast 
definition of tumour margins (Fig. 1C–E).

Conclusions: 
This study presents in vivo validation for anti-GD2-IR800 as a prom-
ising probe for FGS in NB and introduces a novel targeted fluores-
cent probe, anti-GD2-IR12. Anti-GD2-IR800 and anti-GD2-IR12 
allow bright and high-contrast visualisation of NB and identification 
of small clusters of cancer cells, which might be particularly useful 
during the surgical removal of small cancer residuals from high-risk 
areas. Crucially, we demonstrate both the anti-GD2-IR800 and the 
anti-GD2-IR12 can be repurposed as SWIR fluorescent probes, sup-
porting a straightforward translation of SWIR imaging techniques into 
clinical practice. By combining the high-specificity of anti-GD2 anti-
bodies, the availability and translatability of existing NIR-I dyes, and 
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the advantages of SWIR in terms of depth and signal-to-background 
ratio, we were able to demonstrate the exciting potential for SWIR FGS 
to transform surgery for NB.
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Background: 
Although protein kinases control nearly every facet of cellular func-
tion, current approaches to understanding their tightly controlled spa-
tiotemporal regulation of multiple cellular processes are limited to in 
vitro assays due to the lack of robust, deep-tissue in vivo biomolecular 
tools. As aberrant kinase signaling is linked to numerous pathologies, 
novel tools for imaging live kinase activity are increasingly needed to 
study the rapid dynamics of and complex mechanisms behind aber-
rant signal transduction  pathways1. While advances in fluorescent 
proteins and live-cell optical imaging have allowed spatiotemporally 
precise kinase activity measurements in living cells, they do not ena-
ble noninvasive deep-tissue imaging due to the physical limitation 
of light  scattering2. Alternatively, ultrasound has unique advantages 
for cellular response imaging due to its ability to penetrate much 
deeper into tissue (several cm) than light with relatively high spatial 
and temporal resolution (<100 μm and 1 ms). Additionally, geneti-
cally encoded contrast agents for ultrasound-based on gas vesicles 
(GVs) 3,4, a unique class of air-filled protein nanostructures derived 
from buoyant microbes, have been developed as acoustic reporter 
 genes5,6 and as acoustic biosensors for enzymatic  activity7. Here, we 
have engineered GVs as the first ultrasonic reporter for kinase activity 
(UReKA), enabling dynamic monitoring of Protein Kinase A (PKA) 
activity reversibly and repeatably when UReKA is administered. The 
hypothesis is that upon phosphorylation by PKA, the outer structural 
proteins of UReKA undergo an allosteric conformational change with 
a loss of binding to GV shells, resulting in reduced GV shell stiff-
ness, increased mechanical deformation behavior (e.g., buckling), 
and enhanced detection of a non-linear signal (persuasive data, Fig. 
S1d). Future experiments include demonstrating the functionality of 
UReKA in vitro in mammalian cells and in vivo to measure upregu-
lated PKA activity.

Innovation: 
The key innovation is the development of the first ultrasonic reporter 
for kinase activity (UReKA) that enables real-time, in situ detection 
of dynamic molecular states. These sensors are reversible to capture 
the full dynamics of kinase/phosphatase activity. One of the two 
types of GV structural proteins is engineered to become responsive 
to PKA (persuasive data, Fig. S1c), inducing a conformational shift, 
and loss of binding. This PKA-induced “shedding” of outer structural 
proteins enables GV shells to generate non-linear ultrasound signals in 
response to acoustic  pressure8–10 that can be detected selectively using 
specific ultrasound pulse  sequences8,11 (persuasive data, Fig. S1a). 

This shedding is demonstrated to be reversible when lambda protein 
phosphatase (LPP) is added (persuasive data, Fig. S1e-g).

Method: 
Our basic design of UReKA relies on an alpha-helical structural protein 
called GvpC, bound to the GV shell surface, which acts as a mechanical 
stiffener, controlling the extent of GV buckling and non-linear con-
trast  generated9,11 (persuasive data, Fig. S1b). GvpC was modified to 
incorporate a peptide domain recognized and phosphorylated by PKA 
(persuasive data, Fig. S1c). Purified UReKA were analyzed for their 
mechanical properties and reversibility.

Results: 
Purified UReKA showed approximately 100% enhancement in non-
linear contrast signal when incubated with 1 mM ATP and cyclic-
AMP-activated PKA at 37˚C, compared to an ATP-only control. The 
contrast was reversed by the addition of LPP, which removed GvpC 
phosphorylation (persuasive data, Fig. S1e-g).

Impact: 
These results provide the first demonstration of a fully reversible ultra-
sonic PKA activity sensor, UReKA, enabling real-time, in situ detec-
tion of transient molecular concentrations, with the potential to visual-
ize live intracellular PKA activity in deep tissue.
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Introduction: 
Access to cellular-level information from the immune system in real-
time is critical in evaluating Immunotherapy, an effective therapeutic 
that unlocks the immune system to attack cancer [1]. Although only 
~30% of patients respond [2], intratumoral information can rapidly 
recognize non-responders and provide insight into the mechanism of 
resistance, enabling rapid personalization of therapy to convert a non-
responding tumor into a responding one. Activation of the immune 
system after the injection of T-cell-targeted immune-checkpoint inhibi-
tors (ICI) such as anti-CTLA and anti-PD1 can destroy tumors sys-
tematically, producing durable responses [3]. To quantify the dynamic 
infiltration of stimulating and suppressing immune cells, a miniatur-
ized imaging system capable of 1) simultaneous detection of multiple 
cell types 2) with cellular-level resolution 3) in real-time is criti-
cal. Fluorescence microscopy (via injection of fluorescently-tagged 
cell-specific antibodies) circumvents low sensitivity (centimeter-scale) 
and long delays (months) of the current modalities (MRI/CT, etc.), but 
is yet to be deployed on a platform compatible with long-term implan-
tation. Given recent advances in CMOS technology, INSITE, a lensless 
fluorescence microscope-on-chip that eliminates conventional optics 
for both wired intraoperative and implantable applications is proposed 
[4,5]. The proof-of-concept wireless INSITE consists of a chip-scale 
imager, a sub-mm-sized laser diode and a piezoceramic transceiver 
for power and data transfer via an ultrasonic link. In this work, we use 
INSITE to visualize the response of MC38 mouse models of colorectal 
cancer to ICIs. Specifically, we monitor CD8 T-cells and neutrophils 
[6] ex vivo over time and verify the results by comparing images from 
INSITE to the microscope images of the same tissue.

Methods: 
30 MC38 mice are injected with anti-PD1 and anti-CTLA4 at time 
points ranging from 0 to 18 days with an interval of 2 days in-between 
injections. At each time point, tumors and lymph nodes of 3 mice are 
harvested and stained for CD8 T-cells and neutrophils. Compared to 
untreated mice, ICI-treated mice are expected to show significant traces 
of CD8 T-cells indicating immune system activation. To demonstrate 
multiplexed imaging, Cd11b markers representing immunosuppres-
sive cell populations are included. In this study, as a proof of concept, 
one mouse from the latest time point is compared against an untreated 
mouse leaving the statistics of the rest for future work.
The images are taken using the wired intraoperative 36x80-pixel 
INSITE [4] after a 50ms exposure time with fiber-optic lasers with 
wavelengths of 633nm and 488nm. Additionally, CD8 T-cell popula-
tions in lymph nodes are imaged with the 36x40-pixel wireless INSITE 
prototype after an exposure time of 64ms. In this case, illumination is 
provided with a 635nm laser diode, controlled by the sensor, and the 
11.5kbit data is streamed out within 700ms.

Results: 
The images show CD8 densities of 35% and 42% in the lymph nodes of 
untreated and ICI-treated mice, respectively. A 20% increase in CD8 

T-cell density together with a 2.8x higher average signal intensity indi-
cates immune system activation in response to ICI. The results for 
CD11b are 26% and 33% for untreated and ICI-treated mice. Repeat-
ing the same procedure with the wireless sensor for the CD8-stained 
lymph nodes demonstrates densities of 38% and 51% (34% increase) 
for untreated and ICI-treated mice.

Conclusion: 
Monitoring the multiplexed immune response with cellular-level reso-
lution in real-time enables rapid assessment of resistance and its mech-
anism enabling personalization of immunotherapy to achieve durable 
responses. This work presents the application of custom-designed 
wired intraoperative and implantable imagers in evaluating immuno-
therapy. The performance of the sensor is verified by comparing CD8 
T-cell and neutrophil profiles in images taken with INSITE with ground 
truth microscope images. The images show higher densities and aver-
age intensities of CD8 in ICI-treated mouse compared to untreated 
mouse indicating successful activation of the immune system.
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Introduction: 
Abnormal metabolism is present in many disease states. Addition-
ally, the altered metabolism is often associated with impaired acid-
base homeostasis, resulting in abnormal tissue pH. The ability to 
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noninvasively assess tumor pH and energy metabolism would there-
fore be greatly beneficial to the diagnosis and treatment of metabolic 
diseases. In this study, we developed hyperpolarized (HP) dou-
bly 13C-labeled ethyl acetyl carbonate (Fig. 1A) as an esterase-sensitive 
metabolic imaging agent for simultaneous assessment of tissue pH and 
energy metabolism in functioning tissues.

Experimental Methods: 
Doubly 13C-labeled ethyl acetyl carbonate (13C2-EAC) was synthe-
sized in-house. The compound was polarized without a glassing 
matrix in a HyperSense polarizer using BDPA as the radical. 13C 
NMR spectra were acquired on a 9.4T vertical-bore spectrometer. 
HP 13C2-EAC was dissolved in ethanol for  T1 measurements. Real-
time production of hyperpolarized of the hyperpolarized 13C-bicar-
bonate and 13CO2 (for pH measurements) and HP 13C-acetate were 
evaluated in isolated perfused rat hearts. MR imaging of tissue pH 
and acetate metabolism using HP 13C2-EAC was demonstrated in 
isolated perfused rat kidneys.

Results and Discussion: 
Results show that 13C2-EAC can be highly polarized by dynamic 
nuclear polarization (DNP) using BDPA as the radical. It was also 
found that the polarization of 13C2-EAC was extremely fast with the 
maximum polarization levels achieved within ~15 minutes of polari-
zation.  T1’s of both carbonate and acetyl carbons are comparable, 
30 s at 9.4T. Single 13C NMR and arrayed spectra of HP 13C2-EAC 
in ethanol acquired with a 5-deg pulse are shown in Fig. 1B-C. 
The mechanism of esterase-induced production of HP  13CO2/
H13CO3

- and [1-13C]acetate from HP 13C2-EAC is illustrated in 
Fig. 1A. A single 13C spectrum acquired at 20s after the beginning 
of the injection HP 13C2-EAC (2 mM) is shown in Fig. 1D, showing 
that HP 13C2-EAC was readily hydrolyzed in the perfused heart. In 
this spectrum, the pH probes 13CO2/H13CO3

- are clearly detectable. 
Additionally, a strong resonance of [1-13C]acetate is observed at 
182.2 ppm, confirming the release of the HP 13C-short chain fatty 
acid following esterase hydrolysis of the injected probe HP 13C2-
EAC. More importantly, 13C-acetyl-CoA and 13C-acetylcarnitine are 
also detected at 200.7 ppm 174.9 ppm, respectively. This confirms 
that the freshly produced HP [1-13C]acetate is readily metabolized 
in the perfused heart. Resonance of the expected [5-13C]glutamate 
produced from metabolism of [1-13C]acetate via the TCA cycle 
overlaps with the acetate peak and cannot be analyzed. However, 
the metabolism of [1-13C]acetate produced in situ was confirmed 
by high-resolution 13C NMR of heart tissue extracts. Preliminary 
imaging evaluations of HP 13C2-EAC were done in isolated perfused 
rat kidneys. pH and 13C-acetyl carnitine intensity maps are shown 
in Fig. 1E. A 13C spectrum of a region-of-interest highlighted in 
the 1H density image is shown in Fig. 1F. These results confirm that 
simultaneous measurements of tissue pH, by imaging 13CO2 and 
 H13CO3

-, and detection of [1-13C]acetate metabolism produced from 
esterase-hydrolysis of HP 13C2-EAC metabolism in viable tissues 
in real-time are feasible.

Conclusions: 
We have demonstrated the potential of using HP doubly 13C2-EAC 
as a bifunctional metabolic imaging agent for HP 13C-MR applica-
tions.  T1 of both the carbonate and acetyl carbons was relatively long. 
HP 13C2-EAC was rapidly hydrolyzed by esterase in isolated perfused 
hearts and kidneys, producing HP 13CO2 and  H13CO3

-, [1-13C]acetate 
for measuring pH and detecting short-chain fatty acid metabolism, 
respectively. The results demonstrate the feasibility of developing 
enzyme-sensitive HP substrates for in situ production of HP metabolic 
imaging probes.

Reference
1. Wikehooley, J.L. et al. Radiotherapy and Oncology, 1984. 2(4): p. 

343-366.;
2. Raghunand, N., et al. Br J Radiol, 2003. 76 Spec No 1: p. S11-22.;
3. Korenchan, D.E., et al., Chem Commun, 2016. 52(14): p. 3030-3.; 

10.,
4. Maptue, N. et al. ACS Sens.; 2018, 3, 2232-2236.

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

084-Understanding antitumor immunity by measuring granzyme 
biochemistry in vivo with a restricted interaction peptide

Presenter: Apurva Pandey, University of California, San Francisco

Michael J.  Evans1, Ning  Zhao2, Charles  Craik3, Conner 
 Bardine3, Apurva Pandey1

1University of California, San Francisco, San Francisco, CA
2University of California, San Francisco, South San Francisco, CA
3University of California, San Francisco, San Francisco, California

Purpose/Background: 
Despite the recent approvals of cancer immunotherapies, interpreting 
which patients are undergoing productive responses is currently chal-
lenging with standard of care diagnostics. Thus, there is an urgent 
unmet need to develop new biomarkers to distinguish responsive and 
resistant patients, as well as to detect undesired immune related adverse 
events. We hypothesized that an imaging technology capable of selec-
tively measuring the biology utilized by T cells to impart cytotoxicity 
could predict early tumor responses. Since T cell cytotoxicity against 
tumor cells is primarily conferred by the pro-apoptotic serine protease 
granzyme B (GZMB), we have developed a novel probe termed GRIP 
B that measures the biochemistry of GZMB as it traverses the pericel-
lular space at the immunological synapse. GRIP B is modeled after 
a “restricted interaction peptide”, a technology that we recently pio-
neered to enable the first spatiotemporal measurements of endoprotease 
biochemistry in vivo with PET. Mechanistically, an inactive “pro-form” 
of radiolabeled GRIP B is administered systemically, whereupon cleav-
age by GZMB releases a radiolabeled (non-toxic) antimicrobial pep-
tide that spontaneously adopts a helical conformation to immediately 
associate with nearby phospholipid membranes (i.e. the plasma mem-
brane of the tumor cell). Thus, sequestration of the radiotracer by the 
endoprotease provides a readout of the relative units of enzyme activity 
within a region of interest. The specificity of GRIP B is driven by the 
biochemistry of GZMB, which is the only known extracellular protease 
in humans that can cleave a peptide with an aspartic acid at the P1 site.

Methods: 
Multisubstrate profiling with mass spectrometry was applied to identify 
an optimal 8 mer P4-P4’ cleavage sequence for GZMB. The sequence 
was flanked by Temporin L (membrane binding module) and a PAR1 
sequence we previously showed to inhibit Temporin L folding. The 
peptide was conjugated to DOTA and Cu-64 for imaging studies. Mice 
bearing subcutaneous CT26, MC38, TRAMP C2, EMT6, or B16F10 
tumors were treated with vehicle or immune checkpoint inhibitors. 
Mice with imaged with 64Cu-GRIP B or 64Cu-D-GRIP B, an uncleav-
able control. Treatment and imaging studies were also performed 
with tumor bearing GZMB knockout mice. Post treatment changes in 
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tumoral uptake of 64Cu-GRIP B were correlated with tumor volume 
changes.

Results: 
GRIP B was efficiently cleaved by recombinant human and 
mouse GZMB. In  vivo, dynamic PET acquisitions showed 
64Cu-GRIP B rapidly cleared from blood via the kidneys, and 
did not appreciably bind normal mouse tissues, as expected. 
PET and biodistribution studies in tumor bearing mice showed 
that checkpoint inhibitor treatment activated 64Cu-GRIP B in 
tumor and normal tissues, for example the spleen. The uncleav-
able probe was not activated by GZMB in vivo. No tumoral 
uptake of 64Cu-GRIP B was observed in GZMB knockout mice, 
confirming the probe’s mechanism of action. Post treatment 
changes in tumoral uptake of 64Cu-GRIP B correlated with 
tumor responses

Conclusion: 
We describe here in a first in class radiotracer that measures granzyme 
proteolysis in vivo using an imaging modality that can be translated 
into patients. We are currently exploring additonal applications for the 
probe as well as performing IND enabling studies for a first in human 
imaging study.
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Introduction: 
Microbubbles (MB) are 1-10 μm-sized gas-filled vesicles which are 
extensively used for ultrasound (US) imaging and drug delivery. To 
enhance US imaging and drug delivery, a wide range of MB physico-
chemical characteristics including size, surface chemistry, shell rigidity 
and gas volume have been explored [1]. Shape is another physico-
chemical property that may have important implications in US imaging 
and drug delivery. We here studied the impact of MB shape on flow 
dynamics, macrophage uptake and US-mediated blood-brain barrier 
(BBB) permeation.

Methods: 
Spherical-shaped MB were synthesized by anionic polymerization 
of n-butyl cyanoacrylate [2]. Rod-shaped MB were synthesized by 
stretching spherical-shaped MB unidirectionally above their glass 
transition temperature [3]. Spherical- and rod-shaped MB were char-
acterized and compared with regards to their margination propensity, 
macrophage uptake, circulation time and BBB permeation upon US 
treatment.

Results: 
Confocal, cryo-SEM and STED microscopy confirmed the successful 
formation of spherical- and rod-shaped MB. Upon injecting the MB in 
the presence of blood into a straight microfluidic channel, we observed 
that rod-shaped MB show enhanced margination (i.e., the propensity 
to move closer to the vessel walls) and exhibit tumbling motion. We 
furthermore observed that rod-shaped MB exhibit reduced macrophage 
uptake and this finding also translated into longer in-vivo circulation 
times. Exploiting these features, we finally demonstrated that both 
standard and antibody-targeted rod-shaped MB were significantly 
more efficient than their spherical counterparts in mediating focused 
US-induced BBB permeation.

Conclusion: 
The findings presented here indicate that tailoring MB shape is a prom-
ising strategy for modulating flow dynamics, phagocytosis and BBB 
permeation. The rod-shaped MB and other non-spherical shapes can 
be considered to be useful for potentiating US-mediated drug delivery 
across the BBB and to improve the treatment of brain disorders.
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Kidneys play a central role in numerous disorders but current imaging 
methods have limited utility to probe renal metabolism. Hyperpolarized 
(HP) 13C magnetic resonance imaging is uniquely suited to provide 
metabolite-specific information about key biochemical pathways and it 
offers the further advantage that renal imaging is practical in humans. 
HP 13C MR imaging of [1-13C]pyruvate metabolism has been dem-
onstrated in rats and humans. Downstream metabolites of HP [1-13C]
pyruvate, i.e. 13C-bicarbonate, [1-13C]lactate, and [1-13C]alanine, have 
all been detected in the kidneys. Renal perfusion is very high relative 
to other organs and a challenge remains in separating signals of the 
metabolites produced via renal metabolism from those of the same 
metabolites produced in distant organs and delivered to the kidneys 
via the circulation, potentially lactate and bicarbonate (via  CO2). We 
evaluated the feasibility of hyperpolarization exams in a widely-used 
model for analysis of renal physiology, the isolated perfused rat kid-
ney, which enables isolation of renal metabolism from the effects of 
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other organs and validation of HP results by independent measure-
ments. Isolated kidneys were supplied with either HP [1-13C]pyruvate 
only or HP [1-13C]pyruvate plus octanoate. Two groups were studied 
after 20 minutes of perfusion with either 2 mM [U-13C3]pyruvate or 
2 mM [U-13C3]pyruvate plus 0.2 mM [2,4,6,8-13C4]octanoate. Meta-
bolic activity in both groups was confirmed by stable renal oxygen 
consumption. HP exams were performed in a 9.4 T NMR system, fol-
lowed by freeze-clamping of the kidney. Subsequently, frozen kidneys 
were pulverized, extracted, freeze-dried, resuspened, and analyzed 
by 1H and 13C NMR spectroscopy. Representative 13C NMR spectra 
(Figure) show that HP [1-13C]pyruvate is readily metabolized under 
both perfusion conditions as confirmed by the appearances of down-
stream metabolites of [1-13C]pyruvate. The evolution of 13C signals 
confirms the metabolism of HP [1-13C]pyruvate by lactate dehydroge-
nase, alanine transaminase, and pyruvate dehydrogenase followed by 
the 13CO2 -  H13CO3

- equilibration catalyzed by carbonic anhydrase. 
Summed spectra of the first 40 consecutive timepoints of each array are 
shown. Small signals from TCA cycle intermediates, [1-13C]malate and 
[1-13C]aspartate, are also visible, confirming activity of pyruvate car-
boxylase. Figure panels C-E show comparisons of total normalized sig-
nals of 13C-bicarbonate, [1-13C]lactate, and [1-13C]alanine between the 
two perfusion groups. Kidneys perfused with only pyruvate produced 
~2-fold higher HP 13C-bicarbonate signal than the kidneys receiving a 
mixture of pyruvate and octanoate (panel C). Octanoate suppressed but 
did not eliminate the production of HP  [13C]bicarbonate from [1-13C]
pyruvate. Steady-state flux analyses using non-HP 13C substrates of tis-
sue extracts from the same kidneys confirmed utilization of HP [1-13C]
pyruvate as observed by HP 13C NMR. Interestingly, the tissue extract 
studies found that in the presence of octanoate, lactate is generated 
from a TCA cycle intermediate, oxaloacetate. We found that, unlike 
the heart, octanoate does not fully suppress oxidation of HP [1-13C]
pyruvate. The isolated rat kidney is an excellent model for investigat-
ing and establishing new HP 13C metabolic probes for future kidney 
imaging applications.
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Chronic liver diseases (CLD) are a morbid ensemble of diseases with 
dire outcomes including liver failure or cancer. Early detection and 
accurate disease staging of CLD are critical for timely and appropriate 
treatment options which can potentially slow or reverse disease course. 
One promising technique for determining early liver dysfunction is 
to measure the hepatic flux of an imageable molecule. Parametric 
estimation techniques of dynamic imaging data with physiologically 
based pharmacokinetic (PBPK) models can evaluate liver functional 
parameters such as  kinflux – the rate constant of contrast agent influx 
into hepatocytes via OATPs, and  kefflux – the rate constant of con-
trast agent efflux from hepatocytes to bile via the MRP2 transporter. 
Accurate estimations of  kinflux and  kefflux are important as changes in 
these values are sensitive to early changes in transporter expression in 

CLD and can enable early disease detection. The key inputs to PBPK 
models are the dynamic hepatic and vascular concentrations of the 
imageable molecule. Dynamic contrast enhanced-MRI (DCE-MRI) 
with the hepato-specific MRI contrast agent Gd-EOB-DTPA, has been 
investigated for non-invasively assessing liver function (1), however 
determining concentration of MRI contrast agent in the blood and tis-
sue is complicated due to uncertainty and changes in contrast agent 
relaxivity, and intrinsic imaging errors. Taken together, propagation of 
these errors results in poor ability of DCE-MRI to detect early CLD or 
discriminate stages of CLD (2). Unlike MRI contrast agents, PET tracer 
concentrations can be measured directly from images without a-priori 
tissue information, and without intrinsic MRI artifacts such as in-flow 
errors and RF inhomogeneity. Thus, we hypothesize that dynamic PET 
imaging of the hepatic influx and efflux of a PET imageable hepto-
specific substrate more accurately measures the concentration flux of 
hepato-specific probes in the liver and in the vasculature, enabling more 
accurate measurements of hepatic  kinflux and  kefflux. We synthesized 
two PET radiometal-chelate hepatospecific tracers based on EOB-
DTPA. The first new agent is 86Y-EOB-DTPA, simply substituting 
the non-radioactive Gd with 86Y. 86Y-EOB-DTPA has the advantage 
of preserving the original chelate structure and we determined using 
simultaneous PET/MRI that 86Y-EOB-DTPA mirrors the hepatic influx 
of Gd-EOB-DTPA following intravenous delivery of both compounds 
concomitantly. Yet, 86Y is a non-ideal isotope for PET due to spurious 
gamma rays near the PET detection window and relatively low avail-
ability compared to other PET isotopes (3). The second new agent we 
synthesized is 64Cu-EOB-NOTA. We used 64Cu as it is the highest reso-
lution PET radiometal, important to measure image derived vascular 
input function by confining the PET signal within small blood vessels. 
The ethoxybenzene (EOB) substituent confers hepato-specificity, as 
Gd-DTPA is non-hepatospecific, and other EOB-tagged chelates also 
exhibit hepato-specificity (4, 5). Cu is poorly complexed by DTPA but 
is stable in NOTA (6). 64Cu-EOB-NOTA was synthesized from two 
separate chemical components – a reactive EOB component and bis-
protected NOTA to ensure mono-substitution. Radiolabeling with 64Cu 
in high yield was accomplished by addition of 64CuCl2 to free chelate 
in buffered, aqueous solution.
We validated the hepatobiliary transport of 64Cu-EOB-NOTA using 
simultaneous PET/MRI in mice (n=3) following intravenous injec-
tion of a cocktail containing Gd-EOB-DTPA. Peak hepatic uptake 
occurred at ~ 20 minutes, with slow washout over an hour. Measure-
ment of 64Cu in the biological waste revealed 50:50 hepatic:renal 
agent clearance.  64Cu-EOB-NOTA hepatic flux was slower than 
Gd-EOB-DTPA, but still exhibited influx and efflux within stand-
ard dynamic imaging time frame. A control mouse injected with 
rifampicin to block OATPs demonstrated highly reduced hepatic 
uptake and more renal excretion. PET imaging of 64Cu-EOB-NOTA 
and future compounds of this class is promising new approach for 
measuring changes in liver function in early liver diseases.

Reference
1. Juluru K, Talal AH, Yantiss RK, Spincemaille P, Weidman EK, 

Giambrone AE, et al. Diagnostic accuracy of intracellular uptake 
rates calculated using dynamic Gd-EOB-DTPA-enhanced MRI for 
hepatic fibrosis stage. J Magn Reson Imaging. 2017;45(4):1177-
85.

2. Forsgren MF, Karlsson M, Dahlqvist Leinhard O, Dahlstrom 
N, Noren B, Romu T, et al. Model-inferred mechanisms of liver 
function from magnetic resonance imaging data: Validation and 
variation across a clinically relevant cohort. PLoS Comput Biol. 
2019;15(6):e1007157.

3. Le Fur M, Caravan P. (86)Y PET imaging. Methods Enzymol. 
2021;651:313-42.

4. Baek AR, Kim HK, Park S, Lee GH, Kang HJ, Jung JC, et al. 
Gadolinium Complex of 1,4,7,10-Tetraazacyclododecane-1,4,7-

S126



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

trisacetic Acid (DO3A)-Ethoxybenzyl (EOB) Conjugate as a New 
Macrocyclic Hepatobiliary MRI Contrast Agent. J Med Chem. 
2017;60(12):4861-8.

5. Nyström NN, Liu H, Martinez FM, Zhang X-a, Scholl TJ, Ronald 
JA. Gadolinium-free Magnetic Resonance Imaging of the Liver 
using an Oatp1-targeted Manganese(III) Porphyrin. bioRxiv. 
2021:2021.08.04.455144.

6. Cai Z, Anderson CJ. Chelators for copper radionuclides in posi-
tron emission tomography radiopharmaceuticals. J Labelled Comp 
Radiopharm. 2014;57(4):224-30.

Oral Presentation

Disclosures: The authors would like to disclose that FDG has been 
approved.

088-Re-engineered bio-tropical peptide for fluorescence-guided 
surgery of neck peripheral nerves

Presenter: JUNIOR GONZALES, Memorial Sloan Kettering Cancer 
Center

Junior Gonzales1, Paula Demetrio de Souza  Franca2, Dauren  Adilbay3, 
Raik  Artschwager3, Thomas  Reiner4, NagaVaraKishore  Pillarsetty3

1Memorial Sloan Kettering Cancer Center, Flushing, NY
2Memorial Sloan Kettering Cancer Center, New York
3Memorial Sloan Kettering Cancer Center, New York, NY
4Novartis, Switzerland

More than 360 million of individuals in the world and twenty-two mil-
lion Americans suffer from peripheral nerve injury caused by domes-
tic/traumatic lesions, and derived from medical errors and/or genetic 
predisposition, resulting in a broad spectrum of potentially debilitating 
side effects in patients, affecting their quality of life. Intuitively, any 
substance with the power to light up nerves to guide surgery would 
help improve surgical outcomes at conserving nerves tremendously; 
perhaps the use of an exogeneous contrast agent will address the for-
midable nerve-damage challenge in surgery. In the clinical practice, 
however, the current standard of care – visual examination and palpa-
tion – remains unchanged – confined to optical magnifying lenses 
and electrical stimulation. To address this unmet clinical need, we (i) 
make use of the exclusive expression of voltage-gated sodium chan-
nel NaV1.7 as an intraoperative marker to access peripheral nerve 
structures in vivo and (ii) shuttle to the sodium channel via NaV1.7-
selective reputed (Tarantula species Peru) Tsp1a peptide. From the 
translational angle, we further modify Tsp1a peptides with red and 
near-infrared chromophores to align with the available technology 
used nowadays in fluorescence-guided surgeries and we show that 
expression of channel NaV1.7 is very high in several human periph-
eral nerves harvested from the torso and extremities. Herein, we have 
repurposed, engineered and prepared a library of 10 fluorescent Tsp1a 
compounds with clinically employed fluorophores which maintained 
affinity for human NaV1.7 in vitro and serve as targeted vectors for 
delivering fluorescent sensors to delineate peripheral nerves in vivo. 
First, we observe a high signal-to-noise ratio for all in-house pre-
pared fluorescently labeled Tsp1a peptides injected in mice, which 
accumulate in peripheral nerve sites in vivo. Second, we simulate a 
human- thyroidectomy in a non-human primate to resemble a surgical 
extenuating event happening in the daily basis, where the vagus and 
recurrent laryngeal nerves are normally damaged and blood turbidity 
and vasculature are undifferentiable by the surgeon, nevertheless our 
tool/technology lighted up these peripheral nerves in vivo and were 

also successfully differentiated. Ex vivo analysis on resected nerves 
and surrounding tissue from the primates corroborates the detectable 
fluorescence signal observed in vivo. The successful localization of 
neck nerves in the thyroidectomy suggests that fluorescently labeled 
Tsp1a tracers could be used to discriminate and demarcate nerves 
from their surrounding tissues in a routine clinical setting which as a 
whole holds potential to revolutionize/transform the standard of care 
of nerve surgery.
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Objectives: 
T cell priming and activation are central to the success of cancer immu-
notherapies (IOTs), and an early indicator of downstream expansion, 
trafficking, and tumor cell killing. Current standard-of care immuno-
monitoring techniques are limited in their ability to allow non-invasive, 
whole-body, real-time monitoring of T cell activation in response to 
IOTs. We previously identified the OX40 receptor (CD134) as a highly 
specific, cell surface biomarker of  CD4+ and  CD8+ activated T cells 
and showed that murine OX40-immunoPET was able to visualize T 
cell activation in vivo and predict therapeutic response across a range 
of IOT models. This promising data warrants clinical evaluation of 
OX40 imaging. Here, we report the development and validation of the 
first human OX40 immunoPET tracer based on the OX40 therapeutic 
monoclonal antibody (mAb) Ivuxolimab, currently in Phase II trials 
[1].

Methods: 
DFO-conjugation of the human OX40 specific mAb (Ivuxolimab) and 
subsequent 89Zr-radiolabeling was conducted in metal-free buffers and 
optimized to produce  [89Zr]huOX40mAb. To assess target binding of the 
radiotracer in vitro, cell binding studies were performed using primary 
human T cells.  [89Zr]huOX40mAb binding to human embryonic kidney 
293 (HEK293) cells, and to HEK293 cells stably expressing human 
OX40  (OX40+ HEK293), was also evaluated. Female NOD.Cg-Prkdc-
scid Il2rgtm1Wjl /SzJ (NSG) mice were implanted with  1x107 HEK293 
or  OX40+ HEK293 cells subcutaneously in the flank. When tumors grew 
to ~150 mm3, mice were injected with  [89Zr]huOX40mAb (63.5+2.6 
μCi intravenously, n=8-9/group). PET/CT images were acquired every 
24 hours and up to 5 days post injection (p.i.). Immediately after imag-
ing, key tissues were harvested for ex vivo gamma counting and autora-
diography to confirm tracer biodistribution.

Results: 
Ivuxolimab showed reproducible DFO-conjugation (Fig. S1A) and 
radiolabeling  ([89Zr]huOX40mAb final molar activity: 15 μCi/μg; 
final radiochemical purity: >99%, Fig. S1B).  [89Zr]huOX40mAb 
demonstrated 10.8 fold higher binding to human activated (OX40+) 
T cells versus resting T cells (p=0.0022) and 26.8 fold higher binding 
to  OX40+ HEK293 versus parental HEK293 cells (p=0.0002). Block-
ing with 25-fold excess cold mAb dramatically reduced tracer binding 
to activated T cells (by 88%, p<0.01) and to  OX40+ HEK293 cells 
(by 87%, p<0.0001) further confirming radiotracer specificity (Fig. 
S1C). In vivo assessment of  [89Zr]huOX40mAb specificity and biodis-
tribution revealed markedly higher signal in  OX40+ HEK293 tumors 
versus HEK293 tumors (Fig. 1A). Quantification of PET images 
using region-of-interest analysis confirmed significantly higher tracer 
binding to  OX40+ HEK293 tumors compared to HEK293 tumors, as 
determined by the injected dose per gram of tissue (10.5+6.6% ID/g 
and 2.5+0.7 %ID/g respectively at 72 hours p.i., p=0.0006) (Fig. 1B). 
Notably, increasing tumor to muscle ratios were only observed in 
 OX40+ HEK293 tumors over time, indicating clearance of the unbound 
tracer (Figs. 1C, S1D). Biodistribution analysis using ex vivo gamma 
counting of tissues and autoradiography of tumor and muscle at 72 
hours p.i. further corroborated PET results (Fig. S1E).

Conclusion: 
Varying spatiotemporal immune behaviors in response to cancer IOTs 
render monitoring of therapeutic response and prediction of clinical 
outcomes challenging. T cell activation is an early and critical event 
in IOT-induced anti-cancer responses.  [89Zr]huOX40mAb is a prom-
ising new radiotracer for visualizing activated human T cells with 
highly specific target binding in vitro and in vivo. These data, along 
with future evaluation in human T cell activation models, estimation 
of detection sensitivity, radiation dosimetry studies and the ability to 
leverage existing pharmacokinetic and safety data for the clinically-
evaluated therapeutic parent mAb, will ensure timely investigational 
new drug (IND) approval for our eventual goal of clinical translation. 
 [89Zr]huOX40mAb has the potential to allow early, accurate, and sensi-
tive monitoring of global T cell responses to evaluate IOT responses 
and guide patient management, ultimately improving their outcomes.
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Introduction: 
Mesenchymal stem cells (MSCs) have been used to treat many patholo-
gies[1]. While remarkably successful, there are still hurdles to over-
come for optimum clinical potential. Current post-administration 
monitoring methods (blood tests and biopsies) are invasive and lack 
information on the number, biodistribution and viability of adminis-
tered cells [2]. In this work, we propose a non-invasive multi-modal 
approach to monitor mesenchymal stem cells using a multi-modal 
imaging technique comprising magnetic particle imaging (MPI), bio-
luminescence imaging (BLI) and positron emission tomography (PET).

Methods: 
MSCs were transduced to express a lentiviral plasmid containing a 
tdTomatoe (tdT) fluorescence gene and a BLI reporter gene, Akaluc. 
MSCs were sequentially transduced with a second lentiviral plasmid 
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containing genes for zsGreen (zsG) fluorescence protein and a Sodium 
Iodide Symporter (NIS) PET imaging reporter. Flow cytometry and flu-
orescence-activated cell sorting were performed to assess transduction 
efficiency and collect a 97%-pure population of MSCs expressing both 
tdT-Akalus and zsG-NIS. These MSCs were labeled in vitro by incuba-
tion with a super-paramagnetic iron oxide, Synomag-D for detection 
with MPI. Mice (n=5) were injected with  106 tdT-Akaluc-zsG-NIS-
MSCs in the hind limb. Longitudinal imaging of these mice with MPI, 
BLI and PET was performed over a duration of 30 days.

Results/ Discussion: 
At early time points, MPI and BLI showed high sensitivity while PET 
did not show significantly higher tracer uptake than background. MPI 
detection of iron-labeled MSCs declined over time, likely due to iron 
label dilution, and clearance. BLI and PET signals showed similar early 
signal decreases (mainly due to initial cell death post-administration) 
and eventual increase of BLI and PET at later time points (Fig.1). 
Post-mortem tissue collection and staining with Pearl’s Prussian Blue 
showed iron within MSCs. MSCs and control hind limbs were also 
imaged for tdT and zsG fluorescence. We report correlation between 
MPI and BLI  (R2=0.677) and BLI and PET  (R2=0.864) at earlier 
timepoints. At later time points, MPI and BLI showed no correlation 
 (R2=0.002), while PET and BLI showed strong correlation  (R2=0.987). 
Thus, we show the feasibility of using MPI as an early cell detection 
technique, while PET can be used at later time points, for long-term 
tracking applications.

Conclusions: 
MSCs were engineered with a BLI and PET reporter gene and iron-
labeled to allow MPI detection. We tracked biodistribution, viability 
and proliferation of MSCs with MPI, BLI and PET. MPI was success-
ful in cell detection at earlier timepoints, while PET and BLI can be 
used for longitudinal tracking. We show that a multi-modal imaging 
approach allows for sensitive imaging over longer time frames with 
different unique advantages for each modality.
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Introduction: 
After two decades of advancements in the field of hyperpolarized mag-
netic resonance spectroscopy (MRS), there are still very few substrates 
like [1-13C]pyruvate ([1-13C]PA) that meets the standard for clinical 
translation. The main hinderance in expanding the HP substrate library 
arises due to the issues of solubility in physiological solvents, low 
polarization, low substrate concentration post dissolution, and short 
spin lattice relaxation time  (T1). Herein, we report a way to improve the 
polarization of key metabolites using another metabolite dehydroascor-
bic acid (DHA). Role of DHA as an efficient HP probe for assessing 
oxidative stress, as a co-dissolved probe for simultaneous monitoring 
of three metabolic pathways, and as a glassing matrix/physiological 
solvent for highly efficient HP MRS of other crucial substrates namely 
[2-13C]Fructose and [1-13C]Glycerate has been demonstrated.

Methods: 
The hyperpolarization was carried out on SpinLab polarizer (5 T, 
0.8 K) using microwave irradiation at 139.88 GHz. The four samples 
were investigated: 1) [1-13C]DHA/PA (40/60; v/v); 2) [1-13C]DHA/
[1-13C]PA/[2-13C]PA (40/30/30; v/v/v); 3) [2-13C]Fructose/DHA/H2O 
(55/15/30; v/v/v); 4) [2-13C]glycerate/DHA/H2O (3.5 M glycerate and 
1.48 M DHA). Sample 1-2 was doped with 15 mM of AH111501 
radical, and samples 3-4 were doped with 15 mM OX063 radical. 
The frozen sample was polarized for about 1.5-2 hours and dissolved 
in 12 mL of  D2O (sample 1-2 neutralized using equimolar amount 
of 4M NaOAc to neutralize PA). Polarization and 13C  T1 of each the 
hyperpolarized substrate was measured at 1T (Magritek) by record-
ing a 13C NMR spectra every 3s using a 5-degree flip angle. The 13C 
polarization and 13C  T1 calculations were carried out using MATLAB 
software. Simultaneous in vivo Chemical Shift Imaging (CSI) of HP 
[1-13C]DHA, [1-13C]PA, and [2-13C]PA was performed using a 3T 
MRI system (Bruker, Billerica, MA) equipped with a 40 mm inner-
diameter, quadrature double-tuned 1H/13C volume coil and 13C Urea 
phantom as a chemical shift reference. 250 μL of HP solution (contain-
ing 1-13C]DHA, [1-13C]PA, and [2-13C]PA in 43 mM, 46 mM, 47 mM 
concentration, respectively) was injected to a nude mice over 10s and 
MRS acquisition was carried out 25 seconds after injection. Data was 
analyzed using MATLAB and SIVIC.

Results and discussion: 
DHA monomer was synthesized via the air oxidation of vitamin 
C using charcoal (Figure A). A ~7 times boost in 13C polarization 
of DHA was observed compared to previous reports using DHA 
dimer.1 (Figure B) Metabolic products of all three metabolites were 
observed in nude mice brain, in a single experiment by injecting HP 
solution from sample 2 into a nude mice. (Figure C)
The Polarization of [2-13C]Fructose in DHA/H2O was improved by a 
factor of two (Figure D) and a 1.5x times for [2-13C]glycerate (Figure 
E).2, 3 The reason for this boost in polarization of fructose and glycerate 
sample in DHA is because of good glassing nature of DHA monomer, 
which allows efficient polarization transfer via spin diffusion. The 13C 
 T1 of Fructose can be further increased using deuterated analogue of 
[2-13C]Fructose.2

Conclusion: 
We have developed the potential of DHA monomer as a multiuse 
DNP probe. A new method to simultaneously hyperpolarize multiple 
substrates using DHA monomer and, for the first time, a simultane-
ous investigation of three probes has been demonstrated. The huge 
polarization boost for DHA, fructose, and glycerate demonstrate the 
efficiency of DHA as a substrate as well as glassing agent. These devel-
opments pave way of imaging multiple metabolic pathways simultane-
ously, which could provide crucial clinically relevant information. In 
vivo MRI studies using HP [2-13C]Fructose and HP [2-13C]Glycerate to 
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investigate glycolysis are ongoing. Sample 1 have all the characteristics 
for clinical translation such as high polarization, high concentration, 
long 13C  T1, no toxic solvent, and removable radical.
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Introduction: 
Disruption of the structural integrity of the microtubule (MT) net-
work and impairment of MT function are critical for the pathophysi-
ology of Alzheimer’s disease (AD) and related disorders (ADRDs). 
Additionally, MT-based pathophysiology is commonly associated with 

tauopathies. Our lab reported the first brain-penetrant PET radiotracer 
 [11C]MPC-6827 to image MTs in vivo in both rodent and non-human 
primate models of AD. Our mechanistic studies demonstrated that  [11C]
MPC-6827 uptake is elevated with destabilized tubulins. We reported 
the dosimetry of  [11C]MPC-6827 in healthy adults (WMIC 2021). Here 
we report the first clinical  [11C]MPC-6827 PET imaging study in age-
matched cognitively normal and impaired male older adult subjects.

Methods: 
Two cognitively normal (both  [11C]PiB Aβ and  [18F]flortaucipir [FTP] 
tau-PET negative) and two cognitively impaired (both Aβ-PET-positive 
and n=1 FTP positive) male subjects (79-85 y) with brain MRI brain 
scans were recruited from Wake Forest Alzheimer’s Disease Research 
Center (ADRC) Clinical Cohort.  [11C]MPC-6827 was produced from 
the corresponding phenol precursor following our reported methods. 
Dynamic 0-60 min brain PET imaging was obtained with an intrave-
nous injection of  [11C]MPC-6822 (9±0.5 mCi, <10 μg) using the GE 
Discovery PET/CT scanner. ROIs were drawn on the whole brain, cor-
tex, thalamus, putamen, cerebellum, hypothalamus, and hippocampus 
from the fused PET/MR DICOM images using the PMOD software. 
Time activity curves (TACs), and standard uptake values (SUV) were 
determined and correlated closely with FTP tau, PiB Aβ PET, and age. 
As FTP primarily measures phosphor-tau expression in AD brains, 
we closely correlated its uptake with our destabilized MT tracking 
radiotracer,  [11C]MPC-6827.

Results:  
[11C]MPC-6827 was produced with high radiochemical purity 
(>99.8%) and specific activity (3960 ± 100 mCi/μmol). Based on 
the SUV analysis, uptake of radiotracer was higher in the cognitively 
impaired subjects compared to the controls in all the studied brain 
regions. Radiotracer uptake was positively correlated with their age, 
Aβ, and tau uptake—validating its relevance with existing AD bio-
markers. When examined with the Braak-based analyses (tau staging 
scheme) with SUVRs from both FTP (80-100 min post-injection) and 
 [11C]MPC-6827 (28-60 min post-injection) with inferior cerebellar ref-
erence for both radiotracers,  [11C]MPC-6827 and FTP SUVR values 
were positively correlated (*p=0.077) and the scatter plot exhibited an 
L-shaped association, such that elevated FTP (phosphor-tau) uptake 
was present only when  [11C]MPC-6827 (MT destabilization) uptake 
was already present.

Conclusion: 
Our strong preliminary results here suggest that MT destabilization 
precedes paired helical filaments of tau in neurofibrillary tangles. We 
are currently collecting data on more subjects to exploit the clinical 
significance of the MT-based PET in AD imaging--a potential new 
platform for early detection of the neurodegeneration process in AD.
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Adeno-associated viruses (AAVs) delivering single-stranded deoxy-
ribonucleic acids (ssDNA) within a 25-nm capsid protein are widely 
employed for gene therapy. Novel engineered AAVs targeting the brain 
transduced primarily neurons and astrocytes in preclinical models with 
minimal integration into peripheral and clearance  tissues1,2. The influ-
ence of capsid characteristics on delivery pharmacokinetics (PK) and 
gene transduction efficiency is not fully understood due to a lack of 
methods to visualize the process. Here, we report a multimodal AAV 
imaging platform combining optical and positron emission tomography 
(PET) reporter genes along with capsid  tagging3 to assess the 1) tem-
poral and spatial distribution and 2) transduction of AAVs. Combined 
optical and PET imaging allows the pharmacokinetics, cellular specific-
ity, and protein expression kinetics of engineered AAV vectors to be 
assayed in vivo for the first time. Multimodal imaging of AAVs (PHP.
eB and CAP-B10 engineered from AAV9) reveals insight of clearance, 
zonal and cellular localization.

Methods: 
Surface lysines on AAVs were modified with tetrazine-NHS ester 
(Tz-NHS) to yield Tz-AAVs. After overnight dialysis of the mixture, 
Tz-AAVs were reacted with  ([64Cu]Cu-NOTA)8-TCO or Cy5-TCO. 
Labeled AAVs were purified and concentrated with an Amicon spin 
filter (MWCO, 100 kDa) with multiple 15 mL PBS (0.01% Pluronic 
F-68) washes. The number of AAV vectors was determined by qPCR. 
 [64Cu]Cu-AAVs (AAV9 n=3, PHP.eB n=4, CAP-B10 n=4) and Cy5-
AAVs (AAV9 n=2, PHP.eB n=2, CAP-B10 n=2) were administered 
to C57BL/6 mice through tail-vein injection. PET/CT scans were per-
formed at 0, 4, and 21 h p.i. for PK and biodistribution. For optical 
studies, tissues were harvested at 4 h p.i. after perfusion.

Results: 
The radiochemical purity of AAVs was >98% on instant thin-layer 
chromatography (ITLC). The recovery yields of  [64Cu]Cu- and Cy5-
AAVs were 51% and 19%, respectively. Brain accumulation of  [64Cu]
Cu-PHP.eB and -CAP-B10 (P <0.0001 at 0, 4 and 21 h) was greater at 
all time points than that of AAV9 (Fig. A and B). The liver accumula-
tion of  [64Cu]Cu-PHP.eB was 8.7%ID/cc (P=0.038), which was greater 
than  [64Cu]Cu-CAP-B10 (5.6%ID/cc, P=0.038) and  [64Cu]Cu-AAV9 
(3.1%ID/cc, P=0.0026) (Fig. C). On fluorescence microscopy, Cy5-
PHP.eB and -CAP-B10 capsids were sequestered within Kupffer cells 
(Fig. D and F) which resulted in reduced transduction of both genes in 
the liver (Fig. E and G) compared to Cy5-AAV9. PET reporter gene 
and capsid imaging provide a longitudinal assessment of gene transduc-
tion within the brain.

Methods: 
PHP.eB (n=4) and AAV9 (n=4), both with the EF1A-PKM2 transgene, 
or saline (n=4) were systemically injected  (2x1011 vg/mouse), and 
PKM2 transduction was assessed by  [18F]DASA-23 at 1, 3, 16, and 34 

weeks p.i. mRNA and protein expression were measured by RT-qPCR 
and western blot, respectively  (ntotal= 60).

Results: 
By PET image analysis, PKM2 expression at 1 week p.i. was signifi-
cantly higher in PHP.eB-dosed mice (p = 0.033) than in AAV9-dosed 
mice.  [18F]DASA-23 uptake was elevated 1.7 fold at 1 week (p = 
0.033), 2.2 fold at 3 weeks (p = 0.020), and remained at >2 fold until 
34 weeks p.i. of PHP.eB (Fig. H). mRNA and protein expression levels 
resulting from PHP.eB administration were significantly higher than 
that of AAV9 throughout the study.

In conclusion, 
the multimodal AAV imaging platform facilitated the assessment of the 
PK and transduction of engineered AAV variants in mice. This report 
lays the groundwork for larger animal and human studies to provide 
mechanistic insight and characterization of species-related differences.
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Objective: 
Pb-203 and Pb-212 have been emerging as a promising elementally-
matched theranostic pair for imaging-guided alpha-particle radiother-
apy. VMT-alpha-NET (i.e., VMT-α-NET; Figure 1) is a somatostatin 
receptor 2 (SSTR2)-targeted bifunctional peptide coupled with novel 
Pb specific chelator (PSC) that is designated for Pb (II) radiocomplex. 
In the current study, preclinical in vitro and in vivo evaluation of 203Pb- 
and 212Pb-labeled VMT-α-NET was conducted.

Methods: 
Radiosynthesis of  [203Pb]VMT-α-NET and  [212Pb]VMT-α-NET was 
conducted in 0.5 M sodium acetate buffer (pH=5.4). Radiochemical 
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stability of  [203Pb]VMT-α-NET and  [212Pb]VMT-α-NET in human 
serum was determined. Stability of 212Bi daughter in VMT-α-NET 
during the 212Pb-to-212Bi decay was also determined. Binding affinity 
(i.e., Kd) of  [203Pb]VMT-α-NET was determined by Scatchard plot 
Bmax binding assays in AR42J cells. In vivo SSTR2-mediated tumor 
targeting of  [203Pb]VMT-α-NET was determined by SPECT imaging in 
athymic nude mice bearing AR42J xenografts. In vivo biodistribution 
of  [212Pb]VMT-α-NET in normal organs and potential redistribution 
of 212Bi daughter were determined in CD-1 Elite mice.

Results: 
Rapid incorporation of 203Pb and 212Pb in VMT-α-NET was observed 
after reactions under 80ºC within 15 min. Greater than 95% radiochem-
ical stability was observed in both  [203Pb]VMT-α-NET and  [212Pb]
VMT-α-NET after incubation in human serum for 55 hours and 24 
hours, respectively. Specifically, stable decay product  [212Bi]VMT-α-
NET with minimal free 212Bi was observed.  [203Pb]VMT-α-NET dem-
onstrated superior binding affinity to SSTR2 with  Kd=0.59 nM. In in 
vivo studies, rapid tumor uptake and renal clearance of  [203Pb]VMT-
α-NET were observed in athymic nude mice bearing AR42J xenograft. 
In the biodistribution study, nearly identical biodistribution profiles 
of  [212Pb]VMT-α-NET and progeny  [212Bi]VMT-α-NET were found. 
No redistribution of 212Bi activity was identified, indicating that 212Bi 
remained co-localized with parent  [212Pb]VMT-α-NET in vivo.

Conclusion: 
In the current study, high radiochemical stability, tumor targeting 
were observed in  [203Pb]VMT-α-NET and  [212Pb]VMT-α-NET. In 
addition, 212Bi remained stable in the VMT-α-NET chelator during 
the 212Pb-to-212Bi decay. Therefore,  [203Pb]VMT-α-NET and  [212Pb]
VMT-α-NET demonstrate great potential for image-guide alpha-parti-
cle therapy for SSTR2 positive NET tumors. Preclinical alpha-particle 
radiotherapy of  [212Pb]VMT-α-NET is ongoing to determine the opti-
mized dosing regimen for  [212Pb]VMT-α-NET.
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Introduction: 
Prostate cancer (PC) has the second highest cancer related mortality in 
men.1 Primary PC eventually becomes castrate resistant (CRPC) stage 
and progresses rapidly to lethal metastatic form (mCRPC).2 In mCRPC 
stage, common chemotherapeutics such as docetaxel and cabazitaxel 
show an insufficient therapeutic efficacy. They also exhibit significant 
non-specific toxicities for vital organs and side effects. Prostate-spe-
cific membrane antigen (PSMA) are cell surface receptors expressed 
in prostate tissues; they are overexpressed in almost all PCs compared 
to non-prostatic tissues.3 This expression level is also corelated with 

cancer aggressiveness, androgen blockage and deprivation. Therefore, 
PSMA is widely used as a natural biomarker for PC targeted drug deliv-
ery. PSMA-specific biomacromolecules such as anti-PSMA antibodies 
and peptides, and target-specific small molecules are currently used 
as bioligands for PSMA.4 In this study, an original antibody-targeted 
ultrasmall iron oxide (USPIO) nanoparticle-based drug delivery sys-
tem was developed for image-guided drug delivery in PC. A recently 
developed anti-PSMA monoclonal antibody (mAb), 5D3, was used as 
the bioligand.5-6 5D3 mAb has improved PSMA binding affinity and 
internalization characteristics compared to other existing anti-PSMA 
mAbs.7 USPIO have high loading capacity and biocompatibility, as 
a drug delivery platform. They can be detected in vivo by magnetic 
resonance imaging (MRI) as well.

Methods: 
First, 5D3 mAb was conjugated with USPIO nanoparticles and loaded 
with mertansine (DM1), an anti-tubulin agent, as the chemotherapeu-
tic drug to obtain USPIO-5D3-DM1. The nano-construct was further 
labeled with near-infrared (NIR) fluorophore, CF-750 for optical imag-
ing and tracking the delivery. The final USPIO-5D3-DM1-CF750 (Fig-
ure 1A) nano-construct has both therapeutic and diagnostic capabilities. 
The biodistribution and tumor uptake of USPIO-5D3-DM1-CF750 were 
evaluated in PSMA(±) xenograft mouse models. Bilateral tumor mouse 
models were prepared by the inoculation of PSMA(+) PC3-PIP and 
PSMA(-) PC3-Flu cells. Mice were administered with USPIO-5D3-
DM1-CF750 nano-constructs (5.0 mg/kg in Saline, i.v.) and imaged 
using Xenogen in vivo live animal optical imaging system. Results: The 
results show high tumor uptake of nano-construct in PSMA(+) PC3-PIP 
tumor (Figure 1B). After 24 h, mice were euthanized and tumors and 
vital organs, brain, heart, lungs, liver, kidneys, spleen, and intestine were 
extracted and imaged ex vivo using Xenogen (Figure 1C). High uptake 
of the probe was confirmed in PSMA(+) tumor, as well as in the liver 
and kidneys. MR images were taken after systemic administration of 
USPIO-5D3-DM1-CF750 (10.0 mg/kg, i.v.) in bilateral tumor mouse 
models using a 9.4T Bruker Biospin MRI system. A significant change 
in T1 contrast was observed in tumors compared to the pre-scan (Fig-
ure 1D). T2-weighted images exhibited considerably higher contrast of 
USPIO-5D3-DM1-CF750 uptake in PSMA(+)than in PSMA(-) tumors. 
Currently, MR relaxation properties of the nano-constructs and tumor 
uptake of drugs are being investigated.

Conclusions: 
This study establishes a strong foundation for the development of 
highly effective image-guided drug delivery system, using biocom-
patible, high-capacity USPIO drug carrier nanoparticles, high PSMA 
affinity 5D3 targeting mAb, and highly potent DM1 chemotherapeutics 
to treat PSMA-overexpressing PC.
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Introduction: 
Up to 90% of brain tumor patients treated with radiotherapy expe-
rience radiotherapy-induced brain injury (RIBI) and neurocognitive 
impairment, later in life.1,2 RIBI is a chronic side effect which severely 
impacts the quality of life of brain tumor survivors.1,2 With more pedi-
atric brain tumor patients surviving cancer, there is currently a need 
for RIBI prophylactic and therapeutic strategies.1,2

Hypothesis: 
Neuroinf lammation is a key contributor to RIBI.1,3  Conse-
quently, strategies to reduce neuroinf lammation are being 
explored.1,3 Although stem cell therapies are promising, there are 
concerns associated with their use.4 This includes the possibility 
of teratoma formation.5 Thus, alternative therapeutic and regen-
erative strategies are concurrently being explored, such as stem 
cell-derived extracellular vesicles (EVs) and drug loaded nano-
carriers.6, 7 EVs provide the therapeutic advantages of stem cells, 
while eliminating the risk of teratoma formation.6, 7 EV-biohybrid 
nano drug delivery systems (DDS), are obtained by the fusion of 
EVs with synthetic nano DDS and provide an even greater advan-
tage: the possibility of combining the biotherapeutic payloads from 
regenerative stem cells with neuroprotective drugs for enhanced 
therapeutic outcomes.8, 9

Objective: 
Here, we developed a novel liposome-EV biohybrid for use as 
a magnetic resonance imaging (MRI) nanotheranostic agent in 
the repair of RIBI. This EV biohybrid synergizes the regenara-
tive ability of stem cells with the anti-inflammation ability of 
interleukin 10 (IL-10) and phosphatidylserine (PS). We also 
evaluated its safety and retention in the brain for sustained drug 
release after intracranial administration, in a preclinical mouse 
model of RIBI.

Method: 
Induced pluripotent stem cell (iPSCs)-derived EVs were isolated 
from conditioned medium of iSPC as described previously.10 West-
ern blots were used to confirm the collection and purification of EVs 
according to MISEV2018.11 Phosphatidylserine liposomes (PC: PS 
= 2.5:1) were prepared using the thin-film hydration and extrusion 
method. The liposomes were loaded with 20 nm superparamagnetic 
paramagnetic iron oxide nanoparticles (SPIONs), functionalized 
with histidine tags.10 IL-10 was loaded to the PS-liposomes by post-
insertion of IL-10 conjugated palmitic acid.12 Hybrid EVs were pre-
pared by incubating 100 μl EVs, 100 μl 1010 liposomes containing 
SPIONs and 200 μl 40% PEG-8000 for 2 hrs. The size and concen-
tration of the resulting hybrid EVs were assessed using nanoparticle 
tracking analysis. The EVs were next tested in mice: 8 week old 
male C57Bl/6J mice were treated with computed tomography (CT)-
guided radiotherapy (IR) at a treatment dose of 80 Gy and a dose rate 
of 1.7Gy/ min.13,14 EVs at a concentration of  108 EVs / 2μL,were 
stereotactically implanted in the irradiated brain hemispheres, two 
days after radiotherapy and before brain injury detection on MRI. 
The retention of the EVs was then monitored over four weeks, using 
multi-parametric MRI. EV-treated mice (Group 1) were studied in 
comparison to Group 2 mice, treated with radiotherapy and a vehicle 
(PBS); and Group 3 mice (a control untreated group). The survival 
and weight changes in all groups was also monitored.

Results: 
Compared to other liposome-EV fusion technologies such as freeze-
thaw15 and  extrusion16, the PEG-mediated fusion can reserve many 
characteristics of the naïve EVs while loading therapeutics and imag-
ing agents efficiently, as demonstrated in this study. The size of hybrid 
EVs is approximately the same as the naïve EVs at around 120- 130 
nm diameter range. Our preliminary results showed that hybrid EVs 
can be readily detected in the brain on  T2*-weighted MRI after  108 EV 
particles were administrated intracranially. This MRI signal persisted 
throughout the imaging period.

Conclusion: 
These results suggest that IL-10-loaded biohybrid EVs are retained 
in the brain for up to a month after intra-cranial administration. This 
suggests that these EV-based biohybrid systems could be used for sus-
tained drug release in the long-term repair of RIBI and neurocognitive 
decline.
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Dissolution dynamic nuclear polarization (dDNP) is a technique for 
hyperpolarization that enhances nuclear magnetic resonance/magnetic 
resonance imaging (NMR/MRI) signals by five to six orders of mag-
nitudes [1]. By utilizing molecular probes hyperpolarized with dDNP, 
biological events can be observed in real-time by MRI. Various DNP-
NMR molecular probes have been reported, but most are naturally 
occurring molecules [2-4]. This situation has led to the limited scope 
of targets by DNP-NMR. To achieve diagnosis impossible with con-
ventional DNP-NMR molecular probes, it is desired to develop novel 
DNP-NMR molecular probes targeting new biomarkers related to dis-
eases, especially cancer. Here, we report the design and development 
of a new DNP-NMR molecular probe, Ala-[1-13C]Gly-d2-NMe2, to 
detect and visualize aminopeptidase N (APN) activity in vivo [5]. APN 
is an enzyme that cleaves peptides at the N-terminus by recognizing 
neutral residues such as alanine and is known to be involved in tumor 
angiogenesis and metastasis [6]. A DNP-NMR molecular probe for 
detecting APN activity, [1-13C]Ala-NH2, has previously been reported 
[7]. [1-13C]Ala-NH2 could be used for the detection of APN activ-
ity in vitro but was not applicable in vivo mainly because of its slow 
enzymatic reaction. We considered this slow enzymatic reaction was 
attributed to the low affinity of the probe to APN. Therefore, in this 
research, we began with the calculation of the binding affinity of probe 
candidates (Ala-NH2, Ala-Gly, and Ala-Gly-NMe2) in the APN active 
pocket by QM/MM analysis. The results showed that the carbonyl 
group at the second residue from N-terminus of a probe contributed 
to the interaction with E384 in APN, resulting in a high affinity with 
APN. Next, we measured the kinetic parameters (Km, kcat) of each 
probe for APN. The Km value of Ala-NH2 (15.7 ± 4.4 mM) was higher 
than those of Ala-Gly (3.6 ± 0.3 mM) and Ala-Gly-NMe2 (1.9 ± 0.1 
mM), suggesting that Gly moiety is essential for high affinity with 
APN, as computational results indicated. The kcat value of Ala-Gly-
NMe2 (255 ± 22  s–1) was around eight-fold higher than that of Ala-Gly 
(32 ± 2  s–1), and Ala-Gly-NMe2 showed high selectivity for APN. 
Therefore, Ala-Gly-NMe2 was selected as a potential probe candi-
date. To develop a practical DNP-NMR molecular probe, spin-lattice 
relaxation time (T1), which determines the hyperpolarization lifetime, 
needs to be long enough. To achieve long T1, the carbonyl carbon at 
Gly moiety in Ala-Gly-NMe2 was selected as a 13C-labeled position, 
and the alpha-position at Gly moiety was deuterated. The developed 

probe, Ala-[1-13C]Gly-d2-NMe2, showed sufficiently long T1 of 56.7 
± 8.7 s at 3 T. Next, hyperpolarization studies were conducted. The 
solution of Ala-[1-13C]Gly-d2-NMe2 (4–5 M) was hyperpolarized. 
After the dissolution, the probe solution was intravenously injected 
into tumor xenograft mice (MIA PaCa-2) and 13C magnetic resonance 
spectra were acquired from the tumor region. The distinct probe and 
product ([1-13C]Gly-d2-NMe2) signals were observed. When pre-
administrating phebestin [8], an inhibitor of APN, the product signal 
was suppressed, suggesting that Ala-[1-13C]Gly-d2-NMe2 can detect 
APN activity in vivo. Finally, we performed chemical shift imaging. 
The results showed that the product to probe ratio from the tumor 
region was higher than that from the muscle region, indicating that 
this developed probe can detect site-specific APN activity in vivo. 
This is the first time to detect and image APN activity in vivo with 
DNP-MRI. We developed a practical DNP-NMR molecular probe with 
a sufficient conversion to detect APN activity in vivo. Since APN 
is known to be a multifunctional enzyme and is related to various 
diseases such as hypertension, inflammation, and cancer, the devel-
oped probe Ala-[1-13C]Gly-d2-NMe2 has the potential to be utilized 
to diagnose these diseases.

Reference
1. J. H. Ardenkjær-Larsen et al. Proc. Natl. Acad. Sci. U. S. A., 2003, 

100, 10158–10163.
2. Y. Kondo et al. Angew. Chem., Int. Ed. 2021, 60, 14779–14799.
3. K. R. Keshari et al. Chem. Soc. Rev. 2014, 43, 1627–1659.
4. C. Mu et al. Mol. Imaging Biol. 2021, 23, 323–334.
5. Y. Saito et al. Sci. Adv. 2022, 8, eabj2667.
6. S. A. Amin et al. J. Med. Chem. 2018, 61, 6468–6490.
7. R. Hata. et al. Angew. Chem., Int. Ed. 2016, 55, 1765–1768.
8. M. Nagai et al. J. Antibiot. 1997, 50, 82–84.

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

098-Clinical fluorescence lifetime imaging using exogeneous cancer 
targeted probes

Presenter: Anand Kumar, Massachusetts General Hospital

Rahul  Pal1, Thinzar M.  Lwin2, Yu-Jin  Lee3, Marisa  Hom3, Eben 
 Rosenthal3, Anand T. Kumar4

1Athinoula A. Martinos Center for Biomedical Imaging, Charlestown, 
Massachusetts
2City of Hope
3Stanford University, Palo Alto, CA
4Massachusetts General Hospital

Fluorescence molecular imaging, using tumor targeted fluorescent 
dyes, is being widely explored for tumor detection during surgeries 
and for cancer staging. Besides allowing enhanced accuracy for 
tumor margin assessment and identifying distant metastases (e.g., 
lymph nodes) in various surgical settings, the use of probes excit-
able in the near infrared (NIR) can allow non-invasive imaging of 
cancer in superficial lymph nodes and in intact organs such as the 
breast. A wide range of fluorescent agents have been developed 
for tumor targeting, with some of these agents currently in late 
stage clinical trials [1-3]. Despite significant progress in devel-
oping new cancer targeted contrast agents, non-specific probe 
accumulation in normal tissue results in poor tumor fluorescence 
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contrast, precluding widespread clinical adoption. Here we present 
the first clinical evidence [4] that fluorescence lifetime (FLT) imag-
ing can provide tumor specificity at the cellular level in patients 
systemically injected with panitumumab-IRDye800CW, an epi-
dermal growth factor receptor (EGFR) targeted NIR fluorescent 
probe. We performed wide-field and microscopic fluorescence 
lifetime imaging of resection specimens from patients injected 
with panitumumab-IRDye800CW under an FDA directed clinical 
trial. We show that the FLT within EGFR overexpressing cancer 
cells is significantly longer than the FLT of normal tissue, pro-
viding high sensitivity (>98%) and specificity (>98%) for tumor 
vs. normal tissue classification, despite the presence of significant 
non-specific probe accumulation. We further show microscopic 
evidence that the mean tissue FLT is spatially correlated (r > 0.85) 
with tumor-specific EGFR expression in tissue and is consistent 
across multiple patients. These tumor cell-specific FLT changes 
can be detected through thick biological tissue, allowing highly 
specific tumor detection and non-invasive monitoring of tumor 
EFGR expression in vivo. Our data indicate that FLT imaging is a 
promising approach for enhancing tumor contrast using an antibody 
targeted NIR probe with a proven safety profile in humans, sug-
gesting a strong potential for clinical applications in image guided 
surgery, cancer diagnostics, and staging. To determine the tumor 
specificity of panitumumab-IRDye800CW FLT in human head and 
neck cancers, we performed an imaging study of tissue specimens 
from surgery of oral squamous cell carcinoma (OSCC) patients who 
received a systemic injection of panitumumab-IRDye800CW, 48 
hours prior to surgery. Figure 1 shows Fluorescence lifetime imag-
ing microscopy (FLIM, left), EGFR IHC (center) and H&E stained 
histology (right) images from a representative specimen, illustrat-
ing the longer FLT in OSCC tumors corresponding to the higher 
EGFR expression in the tumor region. Fig. 1a shows a large field 
of view region of interest (ROI). Long FLT (red) is observed in two 
EGFR overexpressing tumor clusters (Fig. 1a, arrows). Low EGFR 
expressing normal tissue surrounding the tumor showed shorter 
FLTs (green/blue) consistent with the FLTs of nonspecific panitu-
mumab-IRDye800CW and tissue autofluorescence. Figures 1b and 
1c show higher magnification regions of interest (ROIs, shown as 
dashed boxes) from Fig. 1a and Fig. 1b, respectively. The FLIM 
images show long FLTs spatially colocalized within high EGFR 
expressing tumor cells and the tumor specificity of FLT enhance-
ment can be observed in individual OSCC cell clusters down to 
single cell resolution (Fig. 1c, Arrows). We have performed several 
clinical trials to evaluate the safety of panitumumab-IRDye800CW 
probe in humans. The optical imaging technique used in our work 
employs safe and non-ionizing NIR light. Several NIR fluorescence 
devices have previously been FDA approved for image guided sur-
gery, and could serve as predicates for future FDA clearance of FLT 
imaging devices. The translational relevance of this work therefore 
lies in the fact that fluorescence lifetime imaging in conjunction 
with panitumumab-IRDye800CW can be potentially extended to 
intraoperative image-guided surgery upon successful validation in 
clinical trials
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For the past several decades, chimeric antigen receptor T cell (CAR 
T) therapies have shown promise in the treatment of cancers. These 
treatments would greatly benefit from companion imaging biomarkers 
to follow the trafficking of T cells in vivo. Using synthetic biology, 
we engineered T cells with a chimeric receptor SyNthetic Intramem-
brane Proteolysis Receptor (SNIPR) that induces overexpression of an 
exogenous reporter gene cassette upon recognition of specific tumor 
markers. We then applied a SNIPR-based positron emission tomog-
raphy (PET) reporter system to two cancer-relevant antigens, human 
epidermal growth factor receptor 2 (HER2) and epidermal growth fac-
tor receptor variant III (EGFRvIII), commonly expressed in breast and 
glial tumors respectively. Antigen-specific reporter induction of the 
SNIPR-PET T cells was confirmed in vitro using GFP fluorescence, 
luciferase luminescence, and the HSV-TK PET reporter with  [18F]
FHBG. T cells associated with their target antigens were successfully 
imaged using PET in dual xenograft HER2+/HER2- and EGFRvIII+/
EGFRvIII- animal models, with > 10-fold higher  [18F]FHBG signals 
seen in antigen-expressing tumors versus the corresponding controls. 
The main innovation described is therefore PET detection of T cells via 
specific antigen-induced signals, in contrast to reporter systems relying 
on constitutive gene expression.

References
1. Shin, J. et al. Antigen-dependent inducible T cell reporter sys-

tem for PET imaging of breast cancer and glioblastoma. bioRxiv, 
2022.2002.2016.480729, doi:10.1101/2022.02.16.480729 (2022).

2. Zhu, I. et  al. Modular design of synthetic receptors for pro-
grammed gene regulation in cell therapies. Cell 185, 1431-1443 
e1416, doi:10.1016/j.cell.2022.03.023 (2022).

3. Roybal, K. T. et al. Engineering T Cells with Customized Thera-
peutic Response Programs Using Synthetic Notch Receptors. Cell 
167, 419-432 e416, doi:10.1016/j.cell.2016.09.011 (2016).

4. Roybal, K. T. et al. Precision Tumor Recognition by T Cells With 
Combinatorial Antigen-Sensing Circuits. Cell 164, 770-779, 
doi:10.1016/j.cell.2016.01.011 (2016).

S135



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

100-TREM1-targeted PET imaging of tumor-associated mac-
rophages in an orthotopic murine model of intracranial metastatic 
melanoma

Presenter: Irene Falk, Stanford University

Irene N. Falk1, Aisling M.  Chaney2, Mackenzie  Carlson3, Rohit 
 Verma4, Carmen  Azevedo2, Mausam  Kalita5, Isaac M.  Jackson6, 
Michael  Lim7, Michelle L.  James3

1Stanford University, Mountain View, CA
2Washington University in St. Louis, St. Louis, MO
3Stanford University, Stanford, CA
4Stanford University School of Medicine, Palo Alto, CA
5Stanford University, Stanford
6Stanford University, San Bruno, CA
7Stanford University Medical Center, Palo Alto, CA

Objectives: 
Metastatic brain tumors have been demonstrated to suppress anti-
tumor T-cell activation through immune modulation of tumor-
associated macrophages (TAMs). Triggering receptor expressed 
on myeloid cells 1 (TREM1) is a membrane receptor involved in 
immune signaling that is highly expressed on TAMs, but not cancer 
cells, and is therefore a promising imaging target for the highly 
specific detection of TAMs. Because TREM1 levels are intimately 
associated with cancer recurrence, progression, metastasis, and 
poor survival rates, imaging this target could also provide insight 
into the functional status of myeloid cells in the tumor microen-
vironment. Here we evaluate a TREM1-targeted PET tracer for 
its ability to detect TAMs in an intracranial model of metastatic 
melanoma.

Methods: 
C57Bl/6 mice (n=6) were stereotactically implanted supratentori-
ally in the left hemisphere with 200,000 B16-F10 cells suspended in 
20 μl of PBS. Sham mice (n=5) received stereotactic injections of an 
equivalent volume of PBS. After 6 days, mice received an intravenous 
injection of  [64Cu]TREM1-mAb (197 ± 6 mCi) and were imaged 24- 
and 48- hours later using MR and PET/CT. To quantify non-specific 
antibody binding, a subsequent study compared  [64Cu]TREM1-mAb-
injected tumor-bearing mice (n=7) to tumor-bearing mice injected 
with a  [64Cu]-conjugated isotype control-mAb (n=5). After imaging, 
mice were perfused to remove unbound intravascular  [64Cu]TREM1-
mAb, and radioactivity in dissected tissues was measured using a 
gamma counter. Brain sections from selected tumor and sham mice 
were further analyzed via ex vivo autoradiography and stained with 
H&E. Tumor PET signal was identified by co-registering brain PET 
and T2-weighted MR.

Results: 
At 24 hours post-injection, TREM1-PET signal was significantly 
higher within the brain tumors of tumor-bearing mice than in the 
contralateral parenchyma (n=6) or the normal brains of sham mice 
(n=5) (3.72±0.18%ID/g; contralateral brain: 2.01±0.35%ID/g; sham 
brain: 0.78±0.18%ID/g, p<0.01, Fig 1a and c). Significant differ-
ences were also seen at 48 hours post-injection (p<0.0001, Suppl Fig 
1a). Similarly, ex vivo gamma counting at 48 hours revealed signifi-
cantly elevated radioactive signal in the brains of tumor-implanted 

mice relative to shams (tumor: 1.85±0.32, sham: 0.28±0.03, 
p=0.01, Fig 1b). Specifically, ex vivo  gamma counting demon-
strated significantly higher radioactive signal in the left and right 
hemispheres of tumor-bearing animals when compared to the cor-
responding hemispheres of sham mice (left tumor: 1.50±0.21%ID/g; 
left sham: 0.16±0.03%ID/g, right tumor: 0.44±0.06%ID/g, right 
sham: 0.16±0.01%ID/g, p<0.001, Suppl Fig 1c). Autoradiography 
in tumor-bearing mice likewise showed significantly increased  [64Cu]
TREM1-mAb binding within the left hemisphere when compared to 
the contralateral brain and the corresponding hemispheres of sham 
mice (p<0.0001) (Fig 1d, Suppl Fig 1c), and increased signal was 
found to localize to the site of the tumor on H&E (Suppl Fig 1d). 
Importantly,  [64Cu]-isotype control-mAb binding in tumor-bearing 
brains was found to be significantly lower than  [64Cu]TREM1-mAb 
binding (p=0.009) (Suppl Fig 1c).

Conclusion: 
Our studies demonstrate that  [64Cu]TREM1-mAb can be used to 
detect increases in TREM1+ cells in the tumor microenvironment of 
tumor-bearing mice. The ability to image TREM1-positive cells in 
vivo in the tumor microenvironment could profoundly impact our 
understanding of the functional role of TAMs in the development 
of brain metastases, as well as our ability to select and monitor 
chemotherapies.
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Purpose: 
Radiation therapy (RT) and photodynamic therapy (PDT) are promis-
ing while challenging in treating tumors. The potential radiation resist-
ance of tumor cells and side effects to healthy tissues restrict their 
clinical treatment efficacy. Effectively delivery of therapeutic agents to 
the deep tumor tissues would be available for tumor-accurate therapy 
and promising for the tumor therapy. Thus, developing nanoprobes 
with effectively delivering radiotherapy sensitizers and photosensitiz-
ers to the interior of tumors is needed for the accurate combined RT 
and PDT of tumor.

Methods: 
The size-changeable nanoprobes of Gd 2 O 3 @BSA-BSA-Ce6 
(BGBC) were synthesized with a crosslinking method. Magnetic reso-
nance imaging (MRI) and in vivo near-infrared (NIR) imaging were 
measured to evaluate the nanoprobes&#39; tumor accumulation and 
intratumor penetration effect. The tumor suppression effect of com-
bined RT and PDT with these nanoprobes was also studied for the 4T1 
bearing Balb/c mice.
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Results: 
The nanoprobes BGBC showed high tumor accumulation and disinte-
grated into small particles responding to the photo irradiation produced 
reactive oxygen species (ROS), allowing for tumor penetration. Abun-
dant radiotherapy sensitizers and photosensitizers were delivered to the 
deep tumor tissues, which is available for the accurate therapy of tumor. 
In addition, the BGBC displayed outstanding MRI and fluorescence 
imaging effects for evaluating the biodistribution and tumor- suppres-
sion effect of nanoprobes. Consequently, significant tumor suppression 
effect was obtained based on the accurate tumor treatment with the 
combined RT and PDT.

Conclusion: 
The designed size-changeable nanoprobes BGBC showed excellent 
tumor accumulation and deep tumor penetration, resulting in a sig-
nificant tumor-suppression effect based on the combined RT and PDT. 
This study provides a novel strategy for dual delivery of radiotherapy 
sensitizers and photosensitizers into the deep tumor tissues and is 
promising for the accurate theranostics of tumor.
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Purpose: 
Current screening and treatment standards for breast cancer may result 
in delayed diagnosis and incomplete tumor eradication, worsening the 
disease outcome and chance of survival. Herein, we synthesized ultras-
mall, near-infrared fluorescent silver sulfide nanoparticles  (Ag2S-NP) 
for efficient renal clearance and encapsulated them in larger, biodegrad-
able polymeric nanoparticles (AgPCPP) for improved optical proper-
ties. AgPCPP have potent contrast properties for preoperative x-ray 
(DEM and CT) and optical (PA and NIRF) based detection modali-
ties, as well as intraoperative NIRF image-guided surgical techniques 
(FLARE). Their remarkable photothermal conversion activity is suit-
able for postoperative anticancer therapy via localized thermal ablation. 
Importantly, we found that AgPCPP, or aggregated forms of  Ag2S-NP, 
increased the absorption of NIR light, thereby producing enhanced 
PA/NIRF signals and photothermal heating effects. Thus, we present 
a “one-for-all” theranostic agent that is multifunctional and gradually 
degrades into small components for elimination from the body (Fig. A).

Methods and Materials: 
AgPCPP were formed by encapsulating hydrophilic 2 nm  Ag2S-NP 
(Fig. S1) in PCPP polymers with 10% PEGylated PCPP block copoly-
mers. The nanoparticles were characterized using TEM, fluorimetry, 
UV-vis spectroscopy, DLS, and SEM/EDX. Contrast production was 
evaluated via phantom imaging using clinical DEM (Hologic 3Dimen-
sions) and CT (Siemens Force), as well as preclinical PA (VisualSon-
ics), NIRF (IVIS Spectrum), and FLARE (Curadel) imaging sys-
tems. In vitro biocompatibility was examined via MTS assays using 
Renca, HepG2, and MDA-MB-231 cells. In vitro photothermal effects 
were investigated using an 808 nm laser. In vivo multimodal imaging, 
photothermal therapy, and biodistribution studies were performed in a 
murine model of breast cancer.

Results: 
The size of AgPCPP could be varied between 40-300 nm by adjust-
ing the amount of PEG-PCPP copolymers used in the synthesis (B). 
For this study, we used an AgPCPP formulation with an average core 
diameter of 95 nm. From EDX analysis, AgPCPP include several ele-
mental components such as silver, sulfur, calcium, and phosphorous. 
Interestingly, polymer encapsulation induces a red shift in absorption 
(Fig. S2) and increases the fluorescence emission of  Ag2S-NP in the 
NIR region (Fig. S3). We found that both  Ag2S-NP and AgPCPP are 
biocompatible with all cell types. We also found that approximately 
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90% of  Ag2S-NP payload are released within 7 days, indicating the 
biodegradability of AgPCPP. While  Ag2S-NP and AgPCPP provide 
similar x-ray contrast, AgPCPP generate higher PA (Fig. C) and NIRF 
signals (Fig. D, S4) as well as greater photothermal killing compared to 
free  Ag2S-NP (Fig. S5) due to higher temperature elevation under laser 
irradiation (Fig. S6). AgPCPP are also stable under repeated cooling/
heating cycles (Fig. S7). Moreover, AgPCPP enhanced the tumor con-
trast as evidenced by in vivo NIRF and CT imaging (Fig. E). AgPCPP 
further raise tumor hyperthermia (Fig. F) and reduce tumor growth post 
photothermal treatment (Fig. G). Biodistribution results indicate that 
more AgPCPP are found in the tumors than  Ag2S-NP (Fig. S8), sug-
gesting that larger size is beneficial for increasing tumor accumulation.

Conclusions: 
AgPCPP may improve the optical and photothermal properties of free 
 Ag2S-NP. AgPCPP can fulfill diagnostic, surgical, and therapeutic tasks 
before breaking down and releasing  Ag2S-NP for renal excretion, thus 
providing good prospects for translation to clinical use.
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Introduction: 
Reactive oxygen and nitrogen species (ROS, RNS) are important 
messenger molecules and involved in a variety of physiological and 
pathological conditions.1 Over production of ROS/RNS often indi-
cates onset of diseases or response to different therapies.2 Non-invasive 
direct detection of ROS/RNS is currently not possible. Only probes 
trapping or reacting with ROS/RNS enable their detection in indirect 
ways. Currently known probe designs suffer often from issues of either 
under- or over- estimation and selectivity.3 Exploiting the broad reactiv-
ity of 2,6-di-tert-butyl-4-hydroxy toluene (BHT) towards ROS/RNS, we 
explored revesible and irreversible ROS/RNS detections using fluoro-
genic methylene blue and acoustogenic BODIPY probes respectively.4

Results and Discussion: 
We have used two synthetic routes to attach 2,6-di-tert-butyl-4-hydroxy 
phenyl (BHP) unit  to our chromophore cores (Figure 1A): a C-N 
coupling chemistry with leucomethylene blue (LMB) and bromo-
BHP,5a  and Knoevenagel condensation with BODIPY and  BHP-
CHO.5b Further polar probes, LMB with sulfonate side chain and 
BODIPY with tri (PEGylation) were synthesized, to circumvent the 
hydrophobicity issue of BHT. All probes were purified by chroma-
tography and RP-HPLC, characterized by NMR and ESI-MS, and 
their cell viability (XTT, MTT) was determined. The BHP-LMBs 
(1, 2) are non-fluorescent and exhibited absorption in the UV-range. 
When treated with ROS/RNS in DMSO or  H2O (Figure 1B), lipo-
phobic lBHP-LMBs 1 exhibited a broad spectrum ROS/RNS activity 

converting to methylene blue (MB), with more than a 1000-fold gain 
in fluorescence emission (Figure 1C). However, the hydrophilic hBHP-
LMBs 2, in  H2O, in reaction with  H2O2, tBuOOH and OH*, gave a 
new non-fluorescent species with absorption maximum at 800 nm 
(Figure 1B, right), and yielded MB with a high gain in fluorescence in 
presence of  ONOO−,  KO2 and  OCl−. Cell uptake of 1 was excellent, 
and intracellularly produced ROS/RNS (induced by IFN-γ, LPS) could 
be detected, but 2 could not be internalized in cells. The BHT-BODIPY 
dyes (3, 4) were fluorescent and exhibited absorption maximum at 690 
nm. This absorption maximum was shifted to ~810 nm, when treated 
with a variety of ROS  (OH•, tBuO•,  O2

•−,  OCl− and  ONOO−). Hydro-
phobic 3 was formulated in cremophore EL (1 mg / nmol) for cellular 
uptake, and in vitro menadione induced ROS could be detected by 
PAI (Figure 1E). In vivo studies using  O2

•− activated biogel-dye pellet 
showed absence of fluorescence and after 2h, a gain in fluorescence in 
that pellet, confirming the reversibility in vivo, as measured by FRI. 
In parallel, unmixing in vivo PA signals confirmed that no overlap 
of 3 and 3+O2

•− signals, though unmixing was found be difficult in 
the activated pellet.

Conclusions: 
We showed that detection of ROS/RNS was possible with revers-
ibly activateable acoustogenic BHT-BODIPY probes and irrevers-
ibly fluorogenic BHT-LMB probes. ROS/RNS caused a redshift in 
PA signal with a large gain in signal intensity of BHT-BODIPY, 
and over a 1000-fold increase in fluorescence emission of LMB-
BHT, yielding red fluorescent methylene blue. As the BHT syn-
thon is highly hydrophobic, we are exploring BHT-mimics towards 
(ir)reversibly acoustogenic and fluorogenic probes for ROS/RNS 
detections. Further, engineering a BHT-mimic may allow stabiliza-
tion of radical or anionic derivatives of BHP-LMB, that might open 
new possibilities for reversible ROS detection by photoacoustic 
imaging.
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Introduction: 
Multiple sclerosis (MS) is a debilitating disease in which the immune 
system attacks the body’s healthy tissue in the central nervous system, 
leading to vision loss, fatigue, and paralysis. MS therapies only cover 
a subset of patients and can take up to 96 weeks to determine whether 
therapies are working effectively. There is a need for not only more 
effective and safe therapies but also an imaging strategy to determine, 
early on, if a therapy is effective. Positron emission tomography (PET) 
imaging non-invasively images biochemical processes in vivo.  [18F]
FAC is a deoxycytidine analogue PET radiotracer that measures deoxy-
ribonucleoside salvage, a pathway that is enriched in activated immune 
cells and controlled by the rate-limiting enzyme deoxycytidine kinase 
(dCK).

Objective: 
Demonstrate the use of  [18F]FAC PET to profile and confirm the 
functional relevance of deoxyribonucleoside salvage in mouse mod-
els of MS.

Methods: 
To induce EAE, mice were injected with myelin oligodendrocyte gly-
coprotein  (MOG35-55) or  (MOG1-125) in Freund’s complete adjuvant 
and pertussis toxin.  MOG35-55 induces a T cell dependent response. 
 MOG1-125 induces a B cell dependent response.
To study  [18F]FAC PET across disease progression, EAE and con-
trol mice were imaged on Day 7 (pre-symptomatic state), Day 14 
(peak disease), Day 21 (stabilized state), and Day 28 (late disease) 
post-induction.
TRE-515 is a dCK inhibitor. To determine the functional relevance of 
deoxyribonucleoside salvage in EAE, mice were induced with EAE 
and treated with TRE-515 once a day, every day, for up to 28 days.

Results:  
[18F]FAC PET profiles deoxyribonucleoside salvage activity in multi-
ple T cell and B cell dependent mouse models of MS.

• In a T cell dependent mouse model of MS,  [18F]FAC accumulation 
was increased two-fold in the spleen, and lymph nodes by day 7, 
even before clinical symptoms. This accumulation was maintained 
in the spleen and lymph nodes through day 28. Similar results were 
observed in a B cell dependent model of MS (Fig. 1). At day 14 
post-immunization,  [18F]FAC accumulation was increased in the 
spleen and lymph nodes (Fig. 2).  [18F]FAC PET results suggests 
that the deoxyribonucleoside salvage pathway is utilized in disease 
induction and progression in MS.

[18F]FAC PET suggests that targeting the deoxyribonucleoside salvage 
pathway may lead to therapeutic efficacy in MS.

• Whether targeting deoxyribonucleoside salvage can alleviate symp-
toms in MS mice was determined.

• TRE-515 is a small molecule inhibitor of deoxycytidine kinase 
(dCK). dCK is the rate-limiting enzyme in the deoxyribonucleoside 
salvage pathway.

• Pharmacodynamic studies with  [18F]FAC PET demonstrate that 
targeting dCK with TRE-515 blocks deoxyribonucleoside salvage 
activity (Fig 3).

• Blocking deoxyribonucleoside salvage, MS mice developed symp-
toms later, had fewer symptoms at peak disease stage, and had 

fewer symptoms overall compared to mice treated with vehicle. 
Similar results seen in multiple mouse models of MS (Fig 3).

[18F]FAC PET identifies several potential cellular targets in MS mice

• [18F]FAC PET confirms that deoxyribonucleoside salvage is func-
tionally relevant in multiple models of MS. Results from cytometry 
time of flight (CyTOF) suggests that early in the disease, prolif-
erating CD4 T cells and B cells are most affected when deoxyri-
bonucleoside salvage is blocked, suggesting that these cell types 
utilize this pathway during the early disease stages. T and B cells 
are important contributors of MS.

Innovation/impact: 
We demonstrate a PET imaging strategy to identify important pathways 
in mouse models of MS. This imaging strategy identified potential 
targets that can be targeted to limit symptoms. Imaging results that 
we learn here are not only applicable to MS but also to other types of 
autoimmune disease, such as irritable bowel syndrome and rheumatoid 
arthritis.
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Introduction: 
Proposing small (d ~10nm) nanofluorides as inorganic colloids, result 
with a new type of nanotracers for 19F-MRI  applications[1]. This opens 
multitude opportunities for new designs that were not accessible 
beforehand, including the use of ultra-small sugar-coated nanofluorides 
for mapping neuroinflammation and the exploitation of the difference 
in 19F-NMR chemical shifts of  CaF2 (δ = - 109 ppm) and  SrF2 (δ = - 88 
ppm) for “multicolor” 19F-MRI in vivo [2]. Interestingly,  BaF2 express 
a unique 19F chemical shift, δ = -14 ppm, that is further shifted from 
the other fluorides, [3] which raise the possibility to expand the range 
of nanofluorides uses in multiplexed 19F MRI. In addition, the similar 
atomic number of Barium (z = 56) to Iodine (z = 53) makes it appli-
cable for computed tomography (CT) applications [4, 5]. However, pure 
 BaF2 cannot be obtained as stable colloid in  solution[6] and have not 
been studied before with 19F-NMR, thus, their use in either CT or MRI 
studies was not demonstrated.

Results and Discussion: 
As  BaF2-based nanomaterials tend to undergo phase transition, we 
first rationalize their fabrication to obtain them as spherical col-
loids.  La3+ ions were used as non-paramagnetic dopants to control 
the phase transition and shape of the fabricated  BaF2. Fig.1a shows 
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how gradual increase in the amount of  La3+ dopant affects the 
size and shape of  BaF2  NCs formation while a 20%La doped-
BaF2 resulted in a rounded shape colloids. Next, after determining 
the  T1 relaxation time of La:  BaF2 to be very long, which limits 
signal averaging at a given time of acquisition and therefore com-
promised 19F-MRI SNR, we set to shorten their  T1 with the aid 
of paramagnetic dopant. We have substituted 5% of the diamag-
netic  La3+ dopant with the moderate paramagnetic dopant  Sm3+, 
to obtain 15%La,5%Sm:BaF2  NCs (La:Sm:BaF2). Interestingly, 
the 5%  Sm3+ dopant resulted in a dramatic shortening of the  T1 of 
 BaF2 from 7 sec to only 0.1 sec (Fig.1b), which is crucial for their 
further implementation in in vivo applications. High-resolution 19F-
NMR spectrum (Fig.1c) of La:Sm:BaF2 showed a well-defined peak 
at -14 ppm, which further shifted from that of  SrF2 (-88 ppm) and 
 CaF2 (-109 ppm). Such a large range of chemical shifts allows the 
use of these nanofluorides in a multicolor 19F-MRI experiments 
(Fig.1c, bottom). Using the phospholipid incorporation approach, 
resulted with water soluble, fluorescently labeled and targeted NCs 
(Fig.1d). In this regard, folate-modified phospholipids were used, 
resulted with FA-La:Sm:BaF2 NCs, for the targeting of cancerous 
cells within a tumor site, that highly express folate receptors. After 
intravenously administration, we were able to detect 19F MRI sig-
nal of FA-La:Sm:BaF2 that perfectly overlaid over a 1H image at 
the exact location of the tumor site, also validated by fluorescence 
imaging (Fig. 1e). Finally, as a proof of concept, we demonstrated 
the potentiality of using La:Sm:BaF2 as an agent also for CT by 
comparing its CT contrast as compared to Iohexol within the same 
concentration, using a microCT scanner. Interestingly, we were able 
to detect an increase in the CT signal attenuation while increasing 
La:Sm:BaF2 concentration, in a slightly greater slope than Iohexol 
(Fig. 1f).

Conclusion: 
Our engineered multifunctional La:Sm:BaF2 NCs (δ = -14ppm), 
which were designed to obtain extremely short  T1 relaxation times 
(100 msec) and colloidal stability can be used as  19F agents for 
multicolor 19F MRI studies, in addition to the previously proposed 
Sm:SrF2 (δ = -88ppm) and Sm:CaF2 (δ = -109ppm) NCs. Further-
more, we demonstrate their targeted ability within a tumor site. More-
over, nanofluorides based on Ba atoms having a high atomic number, 
allows their use in a CT setup thus making them applicable agents for 
multimodal imaging studies.
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Objective: 
Colorectal cancer, especially that develops peritoneal metastases, is one 
of the top leading causes of cancer-related death in the world. Boron 
neutron capture therapy (BNCT) is a binary strategy that can eliminate 
tumors without causing severe normal tissue damage. We determined 
the boron concentration in peritoneal metastases after an intraperito-
neal boronophenylalanine-fructose (BPA-fructose) administration and 
discover the therapeutic efficacy after BNCT.

Methods: 
Approximately 5´105 CT-26 cells in 500 μL serum-free RPMI-1640 
medium were intraperitoneally injected to conduct peritoneal metas-
tases on day 0. 18F-FBPA-fructose microPET/MR imaging, biodistri-
bution study, and ICP-MS analysis were performed to determine the 
distribution of BPA-fructose (BPA-Fr) in tumor-bearing mice. BPA-
fructose (1 g/kg) was intraperitoneally administered at 3 h before neu-
tron irradiation, and the mice were irradiated with neutrons at a flux 
of 1 ×  109 neutron/(cm2·s) for 30 min at Tsing Hua Open Pool Reactor 
(THOR).

Results: 
The T2-weighted MRI imaging can clearly visualize the peritoneal 
metastases grown on the surface of the intestine and mesentery on 
day 5. In 18F-FBPA imaging, the tumor uptakes of the mice receiving 
an intraperitoneal (at 3 h post-injection) and intravenous injections 
(at 1 h post-injection) were 9.4±2.6 and 9.3±2.1%ID/g, respectively. 
These two groups also had a similar tumor-to-muscle ratio (5.5 and 
5.6), suggesting that intraperitoneal injection may be an alternative to 
deliver BPA for patients with peritoneal metastases. The boron content 
of the tumor, determined by ICP-MS, was around 42±13 ppm at 3h 
after intraperitoneal injection. After neutron irradiation, the group that 
received BPA-Fr exhibited a superior antitumor effect without severe 
body weight loss. Kaplan-Meier survival curve showed significantly 
improved survival in the treated group when compared to the controls 
(p<0.01). All mice in control groups (the groups injected with normal 
saline and received neutron alone) died before day 20; however, the 
treated mice were still alive. The extended lifespan was approximately 
20 d. Besides, this apparent tumor reduction effect was not noticed 
in the tumor-bearing immunodeficient mice, implying the underlying 
immune response should be discussed in further studies.

Conclusion: 
We demonstrated the potential of using BPA-mediated BNCT to treat 
the mice with colorectal peritoneal metastases. The strategy could be 
immediately considered for further translational research to improve 
the survival and life quality of patients with advanced colorectal cancer.
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Background: 

Hyperpolarized [1-13C]pyruvate magnetic resonance imaging 
(HP-13C-MRI) is an emerging clinical imaging technique that 
can probe cellular lactate production in vivo1. Clinical studies 
of HP-13C-MRI have been pioneered in prostate  cancer2 (PCa), 
where the technique can non-invasively assess  intergrade3 and 
 intragrade4  tumour aggressiveness. Importantly, all studies in 
localized PCa have shown exclusive [1-13C]lactate labelling in 
tumors, which appears inconsistent with their established oxida-
tive metabolism, as compared to the glycolytic benign prostate 
(BP)5. Objective. This study used desorption electrospray ioni-
zation mass spectrometry imaging (DESI-MSI) and HP-13C-MRI 
in patients with early-stage PCa to compare pyruvate and lactate 
metabolism in the BP and PCa.

Methods: 

Fresh frozen prostatectomy samples containing histopathologically-
proven BP and early-stage PCa areas underwent DESI-MSI for the 
identification of endogenous epithelial pyruvate and lactate within 
regions-of-interest (ROIs) drawn by an experienced genitourinary 
pathologist. A separate cohort of patients with matched early-stage 
PCa lesions underwent 3 T HP-13C-MRI following intravenous 
injection of hyperpolarized [1-13C]pyruvate prior to radical prosta-
tectomy. Tumor-derived signal-to-noise ratios (SNR) for pyruvate 
and lactate, alongside 1H-MRI-derived Ktrans and apparent diffu-
sion coefficient (ADC) measures of vascular permeability and cel-
lularity were extracted from BP and PCa based on ROIs drawn 
by expert radiologists. The ROIs were matched to those drawn on 
whole-mount surgical sections, from which immunohistochemi-
cal expression of the monocarboxylate transporter 1 (MCT1) and 
mitochondrial pyruvate carrier 2 (MPC2) were derived, along with 
RNAscope-derived mRNA expression of lactate dehydrogenase 
(LDH) subunits A/B and pyruvate dehydrogenase E1 subunit alpha 
1 (PDHA1). The data are presented as median, with P derived using 
the Mann-Whitney test and units described in the Supplementary 
File.

Results: 
10 prostatectomy samples including BP (n=5) and PCa (n=5) tissues 
were cut at three separate positions within the biopsy core, with the 
resulting n=30 spatially distinct slices analyzed using DESI-MSI, 
which showed significantly higher epithelial pyruvate and lactate in 
BP compared to PCa (400.6 vs. 205.8; P<0.0001). This contrasted 
sharply with HP-13C-MRI that showed significantly higher pyruvate 
SNR and lactate SNR in PCa (n=11) compared to BP (n=11) (33.0 vs. 
1.0 for pyruvate SNR; 12.0 vs. 1.0 for lactate SNR; P<0.0001 for both). 
At the tissue level, the glycolytic phenotype of BP in the HP-13C-MRI 
cohort was confirmed by its significantly higher combined epithelial 
LDH density and LDHA/PDHA1 ratio compared to PCa (7.9 vs. 5.6, 
P=0.02; 1.9 vs. 0.8, P=0.04, respectively). Moreover, PCa epithelium 
showed a significantly higher capacity for mitochondrial pyruvate 
import as evidenced by its MPC2 expression compared to BP (58.6 vs. 
34.7, P=0.005). In addition, the two tissue types showed no difference 
in epithelial MCT1 density (925.0 vs. 716.0 for PCa and BP, respec-
tively; P>0.99). Simultaneously, PCa showed significant differences 
in Ktrans and ADC values compared to BP (0.39 vs. 0.11 for Ktrans, 
921.5 vs. 1348.0 for ADC; P<0.005 for both).

Conclusions: 
Human prostate cancer presents unique metabolic challenges for the 
interpretation of metabolic imaging. This study highlights an appar-
ent discrepancy between spatial metabolomics measured on ex vivo 
samples and in vivo HP-13C-MRI for differentiating glycolytic BP 
from oxidative PCa based on pyruvate and lactate measurements. 
The observed discrepancy may be explained by a significantly higher 
[1-13C]pyruvate delivery to a dense cellular tumor, compared to the 
normal tissue. While probe delivery is key for [1-13C]lactate labelling 
to occur, increased epithelial cell density may further amplify the vis-
ible tumor lactate signal on HP-13C-MRI. Overall, these results high-
light the importance of considering key biological factors within the 
tumor microenvironment when interpreting HP-13C-MRI, in addition 
to the intrinsic cellular metabolic changes that occur within the tumor.
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Introduction: 
Variation in tissue autofluorescence originates from structural, 
metabolic, and environmental differences. Current clinical fluores-
cence diagnostic devices detect spectral intensity changes in tissue 
fluorophores. Challenges in spectroscopy data collection include the 
overlapping spectra of individual fluorophores and in the heteroge-
neity of tissue fluorescence itself [4]. Fluorescence lifetime, inde-
pendent of absolute intensity and fluorophore specific, overcomes 
some limitations. Recent technological advancements have seen 
point-based fluorescence lifetime devices accepted onto clinical 
studies [5, 7]. Further development in detector technology will see 
the clinical devices transition from a few detector channels to many 
hundreds [2, Table 1], providing extremely information-rich tissue 
profiles, and requiring sophisticated algorithms to fully interrogate 
them. Given the complexity of the biological environment, a spe-
cific excitation wavelength will excite a limited number of endog-
enous fluorophores which fluorescence emission will undoubtedly 
be overlapping. We present, Multichannel Fluorescence Lifetime 
Estimation, MuFLE, a tool to unmix these fluorophores with over-
lapping signatures simultaneously in both the spectral and tempo-
ral domain. This will allow further investigation of the changes 
of individual tissue fluorophores [6], and provide highly detailed, 
instantaneous information unrivalled by any current surgical fluo-
rescence information.

Method: 
The time resolved fluorescence spectroscopy (TRFS) system is com-
prised of a pulsed laser (485nm, 20MHz repetition rate, 200μW aver-
age power), coupling and collection optics, and a grating based spec-
trometer and a complementary metal-oxide semi-conductor (CMOS) 
single-photon avalanche diode (SPAD) line sensor [3] (Fig. 1A). The 
line sensor has 512 channels and allows single photon acquisition 
in time-correlated single photon counting (TCSPC) mode with a 
time resolution of 50ps. Each channel records a single fluorescence 
decay of a given wavelength range of 0.5nm. The spectrometer cov-
ers a spectral range from 474nm – 735nm. To demonstrate proof of 
concept, we use a mixture of Rhodamine B and Fluorescein. These 
fluorophores were chosen as they have overlapping emission spectra. 
The time-resolved emission spectra (TRES) histogram over wave-
length channels and time bins was pre-processed to only include time 
bins in which a signal was observed (552.03nm – 627.51nm), and 
the data was normalised.
The fluorescent decay traces in each channel are expressed as a com-
position of fluorescence from each fluorophore present in the sam-
ple, convolved with the instrument response function (IRF) with an 
additive bias for detector noise (dark counts) and background signal 
from the optical fibre (delivering the laser pulses to sample and the 
fluorescence response to the detector). A smooth spectral intensity 
structure across the wavelength channels is assumed for individual 
fluorophores and fitted using B-Splines [1] (Fig. 1B). In addition, a 
linear trend is assumed for the two fluorescence lifetimes (Fig. 1C). 
Both the spectral intensity and lifetimes are fitted simultaneously by 
minimizing a squared error loss function using a gradient descent 
algorithm.

Results: 
Assessing the spectrum (Fig. 1B, red plot), or single decay (Fig. 1B, 
purple plot) alone show no obvious trend of either fluorophore. In addi-
tion, the intensity and lifetime parameters from the individual channels 
(green, Fig. 1C) shows less intensity differentiation when the individual 
decays are fit independently. The two MuFLE intensity and lifetime 
coefficients differentiate between Fluorescein (emission peak 550nm) 
and Rhodamine B (emission peak 585 nm) (Fig. 1C). These results 
show MuFLE reliably unmixing individual fluorophores from a mixed 
sample.

Conclusion: 
Using a mix of Rhodamine B and Fluorescein, we show that MuFLE 
can reliably unmix individual fluorophores in a heterogeneous sample. 
Translational applications of MuFLE will allow individual fluorophore 
detection in tissue, increasing the precision of diagnostic devices and 
their surgical accuracy in differentiating between the underlying fluo-
rophores originating from metabolically differentiated targets such as 
malignant, benign and healthy tissue.
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Background: 
Parkinson’s disease (PD) is one of progressive neurodegenerative dis-
eases, characterized by symptoms of the loss of dopaminergic (DA) 
neurons and the appearance of Lewy body [1]. The most extensively 
studied rodent model of PD is the 6-hydroxydopamine (6-OHDA) 
treated rat, and stable PD-like rotation behavior the 6-OHDA treated 
rat induced by apomorphine (APO) were observed 3-4 weeks after 
6-OHDA treatments  [2]. Reports suggest that neuroinflammation 
associated with microglia play a role in PD neuronal degeneration [3], 
however, the relationship between activated microglia and behavioral 
abnormality in PD still remain to be explored. Translocator protein 
(TSPO) is a biomarker of activated microglia, and  [18F]DPA-714 was 
a new developed radiotracer for TSPO [4]. We hypothesized that quan-
tification of in vivo activated microglia in early stage would be helpful 
for monitoring the pathological process of PD by evaluating the rodent 
brain imaging of  [18F]DPA-714 and  [18F]D6-FP-(+)-DTBZ through 
positron emission tomography (PET)/magnetic resonance imaging 
(MRI).

Methods: 
The synthesis of radiotracer  [18F]DPA-714  and  [18F]D6-FP-(+)-
DTBZ was prepared from corresponding precursors according to pre-
vious reports [5]. Thirty-three healthy adult SD rats were assigned for 
the sham group (n = 17) and 6-OHDA partial lesion group (n = 16). 
The needles were introduced with vehicle solution for sham group and 
6-OHDA solution (12 μg 6-OHDA) for 6-OHDA partial lesion group 
into the right striatum (Figure 1A). PD-like rotation behaviors were 
examined and video-recorded for 30 min after i.p injection of APO 
solution (Figure 1A). The neuroinflammation of the right striatum 
was quantified by the 30-min post-injection static brain PET scans fol-
lowed intravenous  [18F]DPA-714 (Figure 1A).  [18F]FDG PET scans 
were performed at the same time points (Figure 1A). The loss of DA 
neurons of the striatum was quantified by 0-30 min dynamic  [18F]
D6-FP-(+)-DTBZ PET imaging at the  4th week after 6-OHDA treat-
ment (Figure 1A). MRI images were co-registered to the PET images 
to quantify the radioactivity in striatum. Normalization of PET imaging 
analysis was conducted by  SUVR

Ips/Con (SUV of the ipsilateral striatum/
SUV of the contralateral striatum). TSPO immunofluorescence staining 
at the same time points post-lesion was also performed (Figure 1A).

Results: 
PET/MRI imaging indicated that the SUV of  [18F]DPA-714 was 
significantly higher in right striatum comparing with the left in 
6-OHDA treated rats during 1-3 weeks after 6-OHDA treatment (Fig-
ure  1B).   SUVR

Ips/Con  of  [18F]DPA-714 in striatum  of 6-OHDA 
treated groups reached the peak at the  2nd week (1.523±0.148) from 
the  1st week (1.401±0.128), then slowly decreased for the  3rd week 
(1.450±0.217) to the  4th week (1.166±0.131) (Figure 1B, E). Results 
of immunofluorescence also showed the activation of microglia in the 
ipsilateral striatum (Figure 1F, G). There was no difference between 
bilateral striatum in the sham group (Figure 1B, E). There was no 
uptake difference observed in bilateral striatum in  [18F]FDG PET/MRI 
images during entire time points (Figure 1C). Time activity curve 
(TAC) of  [18F]D6-FP-(+)-DTBZ revealed that approximately 60% DA 
neurons loss for the 6-OHDA treated right stratum, indicating the suc-
cessful establishment of this model (Figure 1D). The behavior tests 
indicated rotations increased from the  1st week (6.4 ± 2.4 turns/ min) 
to the  3rd week (11.3±4.3 turns/ min), and then stable during the  3rd to 
the  4th week at around 11 turns/ min (Figure 1E).

Conclusion: 
The neuroinflammation quantified by  [18F]DPA-714, but not  [18F]
FDG PET/MRI imaging, was observed increasing in affected side stria-
tum as early as  1st-3rd week post 6-OHDA treatments, when PD-like 
rotation behaviors were not reached stable conditions (Figure 1E). The 
results of this study may be important in investigating the mechanism 
of activated microglia for neuroinflammation in the degenerative pro-
cess of PD.
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Gene expression profiling is the current basis for molecular subtyp-
ing of colon cancer but it relies on biopsy or surgical resection and 
provides limited insight into subtype dynamics or spatial hetero-
geneity [1, 2]. To overcome these limitations we investigated non-
invasive PET imaging signatures for colon cancer stratification as 
surrogates for gene-expression based subtyping. The ultimate aim 
of molecular stratification is to support the application of subtype-
specific therapies for different patient subgroups. We initially clas-
sified five colon cancer organoid models derived from genetically 
engineered mouse models (GEMM) with multiple conditional 
alleles present in the majority of human colon cancer patients: Ap
cfl/+ KrasG12D/+ (AK), Apcfl/+ KrasG12D/+ Trp53fl/fl Tgfbr1fl/fl (AKPT), 
Apcfl/+ KrasG12D/+ Trp53fl/flRosa26N1icd/+  (AKPN), BrafV600E/+  ML
Hfl/fl Tgfbr1fl/fl (BMT) and KrasG12D/+ Trp53fl/fl Rosa26N1icd/+ (KPN). 
To differentiate models we used a complementary panel of four PET 
tracers imaging glucose uptake  ([18F]FDG), amino acid uptake  ([18F]
FET), proliferation  ([18F]FLT) and fatty acid synthesis  ([11C]acetate; 
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ACE) (Figure 1a). We observed significant inter-model heterogene-
ity in imaging signatures, each model had a unique profile of tracer 
uptake, e.g.  [18F]FDG and  [18F]FET uptake were highest in AK and 
 [18F]FLT and  [11C]ACE were highest in AKPN (Figure 1b and 1c), 
each tracer provided unique information (tracer correlations  R2 = 0.30 
– 0.47; Figure 1d). Overall Receiver Operating Characteristic (ROC) 
curves showed that  [18F]FDG and  [18F]FET were more effective than 
 [18F]FLT and  [11C]ACE for stratifying colon cancer models. BMT 
was best separated from the other models by  [18F]FLT (AUC = 0.98 
+/- 0.02; p = 0.0005), KPN was best separated by  [18F]FET (AUC 
= 0.79; p = 0.05) and AKPN by  [11C]ACE (AUC = 0.88; p = 0.02) 
(Figure 1e and 1f). GLUT-1 IHC correlated with  [18F]FDG uptake 
across the five models  (R2 = 0.28; p = 0.01), for other tracers, uptake 
could not be resolved down to a single protein.
We next investigated if imaging signatures were dependent on tissue 
context and microenvironment by using the same genetic lesions (KPN) 
in different locations: subcutaneous implantation, orthotopic (intraco-
lonic injection), or autochthonously driven directly from condition-
ally expressed oncogenes (GEMM). Higher fidelity models had higher 
 [18F]FDG but not  [18F]FET uptake, GEMM > orthotopic > subcutane-
ous (F = 8.2; p = 0.009). We checked consistency in other genotypes 
(i.e. AKPT). While  [18F]FDG uptake in orthografts was again higher 
than subcutaneous (74.2% of variation; p < 0.0001) the extent of the 
increase varied by genotype (KPN v AKPT) (9.8% of variation; p = 
0.0067), suggesting the relative contribution of genes and environ-
ment to imaging signatures was, at last partially, dependent on tumor 
genetics.
To determine if imaging signatures changed during tumor evolution, 
we imaged KPN GEMM tumors early (on day 43) and late (on day 
85) post-tamoxifen induction.  [18F]FDG but not  [18F]FET increased 
over time (p = 0.008). To check if imaging signatures were associ-
ated with aggressivity we compared the uptake of four PET tracers 
in organoids from matched KPN primary and liver metastasis.  [18F]
FDG (p = 0.028) and  [18F]FET (p = 0.008), but not  [11C]ACE and  [18F]
FLT were higher in the metastatic setting. We repeated this in another 
two matched KPN primaries and metastasis, this time showing no 
difference in  [18F]FDG and  [18F]FET. PET imaging has the poten-
tial to differentiate metastatic colon cancer but cancer evolution is 
heterogeneous.
We measured metabolic PET imaging signatures (207 PET scans) in 
a broad spectrum of fifteen different colon cancer models showing 
distinct imaging differences depending on genotype, environment and 
tumor evolution. This is the first colon stratification study using a panel 
of PET imaging biomarkers. The metabolic heterogeneity in colon can-
cer subtypes provides a novel approach for future clinical colon cancer 
stratification and advances the development of subtype-based precision 
medicine.
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Anesthesia and stress affect general animal physiology.1,2 However, the 
current noninvasive methods to measure physiology typically rely on 
anesthesia or physical restraint due to either insufficient temporal reso-
lution or signal variation derived from motion.3 Here, a shortwave 
infrared (SWIR) fluorescence imaging method is used to tackle these 
limitations.4,5 We have recently set the record for SWIR fluorescence 
imaging speeds (<3 ms, 300 fps), enabling the resolution of features 
such as blood vessels even as the mice exhibited fast movements. To 
address variations in signal dependent of mouse pose, a ratiometric 
approach was devised. The emission of two orthogonal fluorescent 
dyes was measured: the sample and reference fluorophores. The for-
mer consists of well-established fluorescent probes of physiological 
activity in organs of interest, while the latter exhibits stable signal in 
the same organ and acts as a reference to the sample probe. After in 
vitro and ex vivo validation, this approach was tested in vivo by meas-
uring indocyanine green (ICG) clearance, a clinically-used liver 
physiology assay.6,7 ICG clearance kinetics is used as a proxy for liver 
function, and ICG fluorescence was measured in two different compart-
ments by imaging, tracking, and extracting fluorescence intensity from 
blood vessels and liver.8,9 Chrom7, a cyanine orthogonal to ICG, was 
deployed as the reference probe.5 A machine learning-based approach 
was used to track the organs.10 Our SWIR ratiometric imaging was 
able to reproduce in the awake mice the results observed in isoflurane-
anesthetized ones for both ICG blood half-life (isoflurane: mean 2.56 
min ± sd 0.28, n=4; awake: 2.81 min ± 0.73, n=4) and liver clearance 
(18.44 min ± 2.50, n=3; 18.71 min ± 3.29, n=9), in line with the 
clinical literature. Our work paves the way to free researchers from the 
confounding effects of anesthesia by enabling the quantitative measure-
ment of organ physiology in freely-moving mice.
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Aim: 
Prostate membrane-specific membrane antigen positron emission 
tomography (PSMA PET) is an established modality for the evaluation 
of PSMA-positive prostate cancer, with excellent diagnostic sensitiv-
ity. The aim of this study was to determine the feasibility of automated 
PMSA positive lesion detection using 68Ga PSMA PET in patients with 
metastatic prostate cancer.

Materials and methods: 
This retrospective study included 10 patients with prostate metastatic 
cancer who underwent PSMA positron emission tomography/com-
puted tomography (PET/CT) and/or positron emission tomography/
magnetic resonance imaging (PET/MRI). Neural networks were trained 
to segment organs on PET/CT or PET/MR images. PSMA avid foci 
were automatically segmented by applying a threshold of 45% of the 
maximum standard uptake value (SUVmax). Thus, PSMA foci within 
organs of physiologic PSMA uptake were automatically excluded from 
the analysis. PSMA-derived tumor volume (PSMA-TV), TL-PSMA 
(based on total lesion glycolysis (TLG)) SUVmax, SUVmean, and 
other whole-body imaging biomarkers were calculated for each patient. 
Automatically derived results were compared with manual readings in 
a subsample of patients by two nuclear medicine physicians.

Results: 
A total of 17 PSMA-positive lesions were accurately detected from 
either PSMA PET/CT or PET/MRI, resulting in a diagnostic sensitiv-
ity of 100%. There was one false positive result (tracer extravasation 
at the site of injection). 68Ga PSMA PET identified neoplastic lesions 
in 80% of patients, two patients with biochemical recurrence did not 
show any suspicious PSMA positive foci. The median TL-PSMA was 
13777.9  mm3 (6244.21–23510.79). The correlation between PSMA-TV 
and PSA levels was statistically significant (p < 0.05).

Conclusion: 
Automated PSMA-positive lesion detection on 68Ga PSMA PET is fea-
sible. Accurate and automated PSMA-positive tumor detection on 68Ga 
PSMA PET while providing whole-body tumor loads is feasible; such 
an automatic, robust, and fast approach may be used to inform the treat-
ment of prostate cancer and be employed routinely.
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Introduction: 
Millions of patients suffer from chronic kidney disease (CKD), which 
affects about 10% of the world’s population and is associated with 
high mortality and morbidity. The best predictor of CKD progression 
is the extent of fibrosis, i.e., pathological deposition of extracellular 
matrix (ECM) and loss of functional renal tissue. Currently, there are 
no specific treatment options and invasive biopsies remain the gold 
standard for diagnosis. Multiple signaling pathways are involved in 
fibrosis, including platelet-derived growth factor (PDGF) signaling. 
Mesenchymal stromal cells express both PDGF receptors PDGFR-α 
and PDGFR-β, whose activation drives proliferation, migration and 
production of extracellular matrix, i.e., key processes involved in fibro-
sis initiation and progression. Based on these notions, we set out to 
study the bicyclic PDGFR-β-binding peptide (BiPPB) [1-3] for diagno-
sis, staging and treatment monitoring of renal fibrosis (Fig. 1a).

Methods: 
The biodistribution and kidney accumulation of Cy7-labeled BiPPB 
and a scrambled peptide control were visualized and quantified using 
computed tomography - fluorescence molecular tomography (CT-
FMT), fluorescence reflectance imaging (FRI) and microscopy. This 
was done in three different mouse models for kidney fibrosis: the uni-
lateral ischemia/reperfusion injury (I/R), the adenine-induced nephrop-
athy (Adenine) and a transgenic model with constitutive PDGFR-β 
activation specifically in renal mesenchymal cells (Mutant; Fig. 1b) 
[4]. In the latter model, we also monitored pharmacological PDGFR-β 
inhibition with imatinib. Kidney fibrosis and therapeutic efficacy find-
ings were verified by immunohistochemistry (IHC).

Results: 
In vivo 3D CT-FMT imaging and ex vivo 2D FRI showed strong accu-
mulation in fibrotic kidneys for Cy7-labeled BiPPB, whereas only 
moderate amounts accumulated in the contralateral (I/R) and healthy 
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kidney (Adenine) over 48 hours after i.v. injection (Fig. 1c-d). The 
accumulation of the scrambled BiPPB was also significantly lower 
compared to the specific BiPPB. In transgenic mutant mice with spe-
cific activation of mesenchymal cells and primary renal scarring sig-
nificantly more Cy7-BiPPB accumulated in the kidneys in comparison 
to healthy wildtype littermates. In combination with imatinib treat-
ment for 3 weeks (mutant imatinib) the accumulation of Cy7-BiPPB 
is decreased (Fig. 1e-g). This was confirmed ex vivo by significantly 
increased probe accumulation (2D FRI; Fig. 1h) and PDGFR-β expres-
sion (immunohistochemistry (IHC) Fig. 1i) in fibrotic kidneys, which 
was diminished by imatinib treatment.

Conclusion: 
Our findings confirm the PDGFR-β signaling pathway as a prominent 
pathway and therapeutic target in renal fibrosis. Here we demonstrate 
the potential of PDGFR-β-based imaging agents for non-invasive, 
quantitative and longitudinal monitoring of renal fibrosis progression 
and therapy response.
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Introduction: 
The overexpression of purinergic receptor P2X7 ligand-gated ion 
channel type 7 (P2X7R) is strongly associated with the activation of 
microglia, which plays an important role in the development of Alz-
heimer’s disease (AD). GSK1482160  is  a well-reported P2X7R 
modulator with nanomolar binding affinity and high selectivity. The 
previous radiosynthesis of this compound faced challenges. In this 
study, the  [18F]GSK1482160 was radiosynthesized based on nucleo-
philic aromatic (SNAr) radiofluorination. PET/CT with newly radio-
sythesized [18F]GSK1482160 was applied to explore the P2X7R 

expression in APP/PS1 transgenic mice of AD compared to age-
matched controls.

Methods: 
The [18F]GSK1482160 was synthesized as shown in Figure 1A and 
radiopharmaceuticals were analyzed by Radio-HPLC to detect the radi-
ochemical purity  (RCP)  and radiochemical yield  (RCY).  Four 
12-month-old  APP/PS1 transgenic mice  (AD,  n  = 4)  and  aged 
match C57BL/6 mice (WT, n = 4) were assigned for this study. A 
10 min CT scan was conducted to confirm the positioning of the ani-
mal, followed by a 5 min transmission scan for attenuation correc-
tion. Each mouse was given ~8.15 MBq [18F]GSK1482160 tail intra-
venous  injection, and  a  30 min  dynamic (10×3s; 3×10s; 4×60s; 
6×150s;  2 ×300s)  emission scan was performed  on nanoPET 
(Mediso Inc., Hungary). Each mouse was given a pre-treatment of 
cyclosporin A (CsA) (25 mg/kg) 30 minutes before the PET scan. 
The brain MRI  image of each mouse was collected through 9.4T 
microMRI scanner (Bruker Inc, USA). The three-dimensional volume 
of interests (VOIs) was transformed into the PET space and then over-
laid on all reconstructed PET images. Activity measures were standard-
ized to the mice body weight, and injected dose of radioactivity yielded 
a standardized uptake value (SUV). Brain regions’ time active curves 
(TACs) were quantified based on PMOD (Technologies LLC, Zurich, 
Switzerland). The area under curves (AUCs) were calculated based 
on TACs from the different region of interests (ROIs).

Results: 
[18F]GSK1482160 was successfully synthesized with RCY 25-30%, R
CP ? 98%, and molar activity (Am) 55-85 GBq/?mol. PET/MRI imag-
ing showed these brain regions that the AD mice had significantly 
higher brain uptake than the WT mice (Figure 1B and 1C): basal 
forebrain septum (28.78 vs 20.51), amygdala (30.07 vs 22.04), cor-
tex  (26.62 vs 18.19), olfactory bulb (32.85 vs 23.30), hippocam-
pus (23.39 vs 16.30), striatum (28.28 vs 17.03), midbrain (24.88 vs 
18.09) (Figure 1D and 1E).

Conclusions: 
New PET tracer [18F]GSK1482160  was successfully achieved 
with  good RCY, RCP, and  Am.  The PET imaging of [18F]
GSK1482160 revealed that the expression of P2X7R was significantly 
higher in the AD mice. Therefore, this improved method for this novel 
tracer warrants further validation for potential PET imaging agents for 
neuroinflammation of AD.
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Introduction: 
Infective endocarditis (IE) is one of the main complications of noso-
comial bacteremia [1], frequently caused by Gram-positive bacte-
ria Staphylococcus aureus, infecting patients during surgical proce-
dures or associated with intravascular devices [2]. Early detection 
of infection allows for more efficient treatment and a more effective 
approach to the pathology. Nuclear imaging is rising as a noninvasive 
and selective tool for diagnosis. However, gold standard radiotracer 
 [18F]-FDG fails to discern infection from inflammation [5], causing 
false positives. Based on the presence of Collagen binding proteins 
(CnBP) in the cell wall of Gram-positive bacteria and to overcome 
those limitations in IE detection, we propose the development of novel 
radiotracer based on the radiolabeled collagen type I for the selec-
tive detection of gram-positive bacteria associated with IE, as it has a 
proved and specific interaction with S. aureus thanks to the presence 
of CnBP on its cell membrane [6,7].

Methods: 
Rat Tail Collagen I was conjugated to DTPA-bis-anhydride chelator 
in  NaHCO3 0.1M buffer at 37ºC and purified using 100kDa-Amicon 
filters. Radiolabeling was performed with sodium  [99mTc]NaTcO4, 
reduced to  99mTc(IV) using  SnCl2, at 37ºC/30 min, and filtered 
employing 100kDa Amicon. The reaction was optimized with differ-
ent collagen and  SnCl2 concentrations. Purity and In-vitro stability 
were assessed by Radio-TLC (90:10 MeOH:H2O). Hydrophobicity 
was established by LogP calculation. Blood circulation half-life was 
performed in SD rats by blood extraction (2 weeks). Selectivity of 
the tracer towards Gram-positive bacteria and fungi was evaluated In-
vitro using ATCC strains of: S. aureus 29213, Staphylococcus epi-
dermidis 35984, Enterococcus faecalis 35186, Escherichia coli 25922 
(Gram-negative, control) and Candida albicans 14053 (yeast, control) 
as controls. Binding of  [99mTc]-DTPA-Collagen and  [18F]-FDG to S. 
aureus was evaluated In-vitro. In-vivo validation of the radiotracer 
was performed by SPECT/CT in infective endocarditis model of 
SD rats, employing sterility Sham model as control. Radiotracer 
(1.03±0.20mCi, 250μL, 1X PBS) was administered intravenously 24h 
post-surgery. Ex-vivo biodistribution and autoradiography studies were 
performed after imaging. Finally, microbiological studies and H&E 
histology were performed to confirm the infection.

Results/Discussion:  
[99mTc]-DTPA-Collagen was successfully synthetized, with an optimal 
radiochemical-yield of 43±6% (Collagen 2mg/mL,  SnCl2  2x10-4M). 
Radio-TLC assessment confirmed a purity of 96±2% and a stabil-
ity higher than 90% after 50h post-incubation. LogP revealed a 
hydrophilic behavior of the tracer (LogP value: -3.69±0.58), suit-
able for In-vivo studies. In-vitro uptake showed a high specificity 
for Gram-positive bacteria (63±7%), in contrast to Gram-negative 
(9±2%) and fungi (12±3%); and three times greater sensitivity 

of  [99mTc]-CDTPA-Collagen to  S. aureus  (66±3%) compared to 
 [18F]-FDG (21±1%). Blood-circulation assay revealed a half-life of 
the tracer lower than 20 min (19±2min), which indicates a fast metab-
olism. Ex vivo biodistribution studies showed main uptake in liver 
(6.1±2.8%ID/g) and spleen (2.1±0.2%ID/g), confirming hepatobiliary 
excretion of the tracer. Preliminary in-vivo SPECT/CT imaging showed 
a very localized uptake in the cardiac valve, not present in the dam-
aged region of sham rats, proving the selectivity of the tracer towards 
infected regions, avoiding false positives by inflamed tissue. Autora-
diography, confirmed higher uptake in infected cardiac tissue, with 
an infected:sham uptake ratio of 1.4:1 (5.2±0.1x104: 3.6±0.8x104). 
Microbiological studies and H&E histology confirmed the infected/
inflamed status of the models.

Conclusions: 
We have synthesized and fully characterized the SPECT radiotracer 
 [99mTc]-DTPA-Collagen based on the 99mTc-radiolabeled Collagen 
I protein. We validated in-vitro the selectivity of the tracer towards 
Gram-positive bacteria and higher binding than “Gold-standard” 
 [18F-FDG]. In-vivo SPECT/CT assessment of the probe in an infec-
tive endocarditis model and further ex-vivo studies have confirmed its 
ability to selective detect the active infectious processes and avoid false 
positives by inflammatory uptake.
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Introduction: 
Fluorescence-guided surgery (FGS) is an imaging specialty capa-
ble of identifying tumors that would otherwise be undetected [1]. 
Patients with neuroendocrine tumors (NETs) are excellent candidates 
for tumor-targeted FGS since up to 45% of surgical cases have partial 
resection and most overexpress the somatostatin receptor subtype-2 
(SSTR2). Here we introduce two key advances in the translational 
evaluation of an FGS approach for NETs. First, we developed a sec-
ond-generation near-infrared fluorescent (NIRF) somatostatin analog, 
MMC(FNIR-Tag)-TOC, to enhance tumor specificity. Second, we 
examined agent performance using novel animal models and simu-
lated a clinical workflow to bridge preoperative nuclear imaging with 
SSTR2-targeted FGS.

Methods: 
The SSTR2-targeting peptide, TOC, was conjugated to a multi-
modality chelator (MMC) [2] on solid-phase, and followed by 
FNIR-Tag (charge balanced dye [3]) conjugation via click chem-
istry. The fluorescent conjugate was radiolabeled with 67Ga as 
previously described [2]. SSTR2-mediated binding was con-
firmed using established radioligand assays [2]. To determine the 
optimal dose and time, we injected increasing doses (2, 5 and 10 
nmol) of dual-labeled agent into nude mice with NCI-H69 xeno-
grafts and performed  in vivo  imaging up to 24 h post-injection 
(p.i.) (n = 4/group). Key tissues were resected for ex vivo imag-
ing and gamma counting. To simulate a patient selection pro-
tocol, we used an orthotopic pancreatic tumor model (BON1-
SSTR2; n = 5) and performed surgical planning on day 0 via PET/
CT scan using 68Ga-DOTA-TOC (1 h p.i.; 200 μCi; 0.5 nmol). 
Two days later, we injected mice with 5 nmol of MMC(FNIR-
Tag)-TOC, acquired in vivo fluorescence images 3 h p.i., and har-
vested tumors under white light. After direct visual inspection of 
the wound bed, we identified and harvested suspicious lesions for 
multiscale imaging and immunohistopathology. To assess imag-
ing performance in a translational setting, we first used our novel 
patient-derived xenograft (PDX) models, NEC913 (SSTR2+) and 
NEC1452 (SSTR2-) [4], and performed NIRF imaging studies in 
vivo  (n = 3) as described above. Finally, we examined specific 
binding in frozen sections from freshly resected pancreatic NETs, 
metastatic lesions (liver), and involved lymph nodes.

Results/Discussion: 
The dose-time finding study showed that agent uptake in tumor and 
nontumor tissues varied slightly as a function of dose or time, suggest-
ing saturable tumor binding (1.5-2.0 %IA/g) and efficient clearance 
(<0.25 and <0.50 %IA/g in muscle and blood at 3 h, respectively). On 
average, fluorescent TBRs were >3.5 and >5.5 in pancreas and small 
intestine, respectively, with no differences (P > 0.05) associated with 
dose or time. From these experiments, we identified 5 nmol and 3 h 
as preferred parameters. Using a theranostic approach for “patient” 
selection with a FDA-approved radiopharmaceutical, we observed 
excellent correlation between nuclear and fluorescence imaging find-
ings in the BON1-SSTR2 orthotopic model. Ex vivo imaging yielded 
a tumor-to-pancreas ratio of 17.7±9.3, suggesting strong potential for 

visual contrast in an intraoperative setting. Furthermore, we detected 
fluorescent focal points in the spleen and small intestine suspected to be 
metastatic disease. Analysis of tumor and suspicious lesions confirmed 
cancer status (H&E) and SSTR2-positive regions (IHC) that correlated 
with mesoscopic NIRF imaging. In the PDX imaging study, agent accu-
mulation was only observed in SSTR2+ tumors, with minimum to no 
signal in tumors lacking the receptor (SSTR2+ tumor/SSTR2- tumor 
ratio >4). MMC(FNIR-Tag)-TOC staining of surgical biospecimens 
showed excellent co-localization with IHC.

Conclusions: 
Using multiple translational models and a combination of fluorescent 
and radioactive readouts, we observed excellent correlation between 
preoperative nuclear imaging, fluorescence-guided surgery, and histo-
pathology, indicating strong potential of MMC(FNIR-Tag)-TOC for 
clinical applications.
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Necrotizing fasciitis (NF) is an aggressive form of a necrotizing soft-
tissue infection (NSTI)—commonly known as ‘flesh-eating bacteria’—
with a cumulative mortality rate of 34% (6-76%) (1, 2). NF occurs with 
an inoculation of virulent bacteria in or around fascia, the connective 
tissue layer investing our muscle and organ compartments. With some 
bacterial strains, this tissue layer provides an ideal environment for 
bacterial growth, facilitating rapid advancement along fascial planes. 
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The result is a soft-tissue infection that quickly spreads centrally—
often within hours—leading to sepsis, multi-organ failure, and death. 
Immediate, aggressive surgical debridement is considered standard-
of-care. Patients with NF present with non-specific findings—fever, 
pain, and elevated inflammatory laboratory values—and the overly-
ing skin can appear normal (Figure 1A). Therefore, diagnosis is often 
delayed, increasing morbidity and mortality. A key feature of NF is 
prominent blood vessel thrombosis in affected tissues. Because of this 
phenomenon, we hypothesized that perfusion imaging using indocya-
nine green (ICG) would show diminished blood flow in NF-affected 
tissues, particularly compared to non-necrotizing superficial infections 
(e.g., cellulitis). We therefore undertook a first-in-kind and Institutional 
Review Board-approved pilot study in patients presenting to the Emer-
gency Department at Dartmouth Health (ClinicalTrials.gov Identifier: 
NCT04839302). Patients presenting with clinical features of NSTI 
and Laboratory Risk Indicator for Necrotizing Fasciitis score ≥ 6 were 
educated about the study. Consenting patients received intravenous 
administration of ICG (0.1-0.5 mg/kg) and immediate imaging of the 
affected site. ICG is an established perfusion fluorophore that can be 
used to distinguish perfused tissues from non-perfused tissues and has 
been used extensively for angiography and various surgical subspecial-
ties (3, 4). Early results support our hypothesis that ICG signal voids 
occur in NF-affected tissues (peak fluorescence intensity at 50 s post-
injection of <100 a.u. vs. >250 a.u. for NF-affected and unaffected 
tissues, respectively; Figure 1A-D) and dynamic contrast-enhanced 
fluorescence parameters reveal tissue kinetics that can be related to 
disease progression and extent (e.g., egress slope (ES) of >0.8 vs. 
<0.2 near leading edge of disease and beyond disease extent, respec-
tively; Figure 1H). Future work will involve the identification of ICG 
fluorescence-to-histopathology correlates in NF-affected tissues that 
indicate bacterial burden and delineate appropriate surgical debride-
ment. Once robust histopathological correlates are determined, we aim 
to initiate a prospective, non-randomized, multi-center observational 
trial of ICG fluorescence in patients presenting to tertiary Emergency 
Departments with soft-tissue infections. ICG will be administered with 
the goals of, first, accurately distinguishing NF and non-NF infections, 
and second, correlating the use of ICG fluorescence with initial surgical 
debridement success.
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Magnetic resonance imaging (MRI) of the metabolic processes within 
the human body opens up new methods of studying cancers by assess-
ing tumors. It is accomplished through the monitoring of the 13C 
NMR signal of a metabolite, used as a tracer (e.g., pyruvate), and its 
downstream metabolic products. This has such a low signal intensity 
that measuring it is almost impossible, and hyperpolarization offers 
an attractive solution. Parahydrogen-induced polarization (PHIP), 
where parahydrogen is chemically added to an unsaturated precursor 
molecule, generates a high-purity entangled spin state in the product 
molecule. A transfer step is then undertaken to convert the spin-order 
of the hyperpolarized protons into observable 13C magnetization. To 
facilitate an efficient transfer several pulsed coherence transfer schemes 
have been developed in the past[1,2]. While very efficient, they often 
require complex and often expensive hardware and are difficult to scale 
to volumes needed for prospective clinical development of PHIP. As 
a cost-efficient and scalable alternative, adiabatic manipulation of a 
static field in the nano Tesla to micro Tesla rage have been suggested 
and used in the past [3]. Unfortunately, this approach is not compat-
ible with molecules containing quadrupolar relaxation sinks (such as 
deuterium) and does not allow the decoupling of different spin species. 
Both these factors greatly limit its potential for PHIP. Here, we pre-
sent a novel method using adiabatically ramped radio-frequency (RF) 
sweeps at low static magnetic fields (several uT). These RF sweeps are 
a robust, effective and cost-efficient method of polarization transfer. We 
demonstrate this method on a variety of molecules and find that its per-
formance either matches or exceeds the performance of magnetic field 
sweeps and can provide 13C polarization in excess of 30%. The experi-
mental process and setup is shown in figure 1. Additionally, we show 
that spin species can be decoupled from each other by RF-Irradiation, 
further increasing the performance of the polarization transfer for some 
molecules. Additionally, we demonstrate, that side specific deuteration 
can break the symmetry of spin coupling networks in pyruvate side-
arms. This in combination with the presented transfer method allows 
for 50% higher transfer of polarization.
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Monoclonal antibodies (mAbs) against the epidermal growth factor 
receptor (EGFR) have been developed for metastatic colorectal cancer 
(mCRC) therapy. However, the benefit of anti-EGFR mAbs was limited 
in patients with mCRC (Cetuximab: 0% KRAS mutant mCRC, 17% 
KRAS wild-type mCRC; Panitumumab: 10.8% mCRC). Therefore, a 
profound understanding of CRC characteristics based on a compre-
hensive exploration is an unmet need. The sensitive and quantitative 
nature of positron emission tomography (PET), coupled with the 
ability to produce targeted PET tracers, allow us to interrogate tumor 
metabolism non-invasively. We hypothesize that PET imaging with 
complementary genomics can confer new insights into mCRC milieu 
to improve targeted therapy. Altered glutaminolysis of cancer cells 
links signal transduction with nutrient accumulation, which can stimu-
late mitogen activated protein kinase (MAPK)-dependent proliferation 
irrespective of EGFR, and may contribute to resistance to anti-EGFR 
therapy. Given the significance of glutamine to cancer cells, targeting 
glutaminolysis represents a promising therapeutic approach. We aim 
to develop a preliminary signature based on combined PET imaging 
and genomics to predict response to combined inhibition of EGFR 
and glutamine metabolism in KRAS wild-type (WT) CRC. We have 
evaluated the feasibility of 18F-4-Fluoro-glutamine (18F-Gln) to detect 
metabolic activity of tumors in preclinical mouse models. We have 
imaged numerous CRC cell line xenograft models with 18F-Glnpre- and 
post-treatment with two drugs targeting different aspects of glutamine 
metabolism. V-9302 is a small molecule inhibitor of ASCT2, the pri-
mary glutamine transporter in cancer cells (Schulte et al. Nat Med. 
2018; 24(2):194-202), while CB-839 targets glutaminase, the enzyme 
responsible for conversion of glutamine to glutamate. In prior work, we 
have observed a decrease in 18F-Gln uptake following treatment with 
V-9302 reflecting a pharmacodynamic response (Supporting Informa-
tion Figure S1A). Here, we examined the correlation between base-
line 18F-Gln-PET and SLC1A5 (ASCT2) gene expression in patient-
derived xenograft (PDX) models and observed a positive correlation 
(Supporting Information Figure S1B). Furthermore, we are conducting 
a co-clinical trial evaluating 18F-Gln PET to detect response to the com-
bination of anti-EGFR mAbs and CB-839. Preclinically, we are evalu-
ating 18F-Gln PET pre- and post-treatment with combined CB-839 and 
panitumumab or cetuximab in CRC PDXs. We have observed changes 
in 18F-Gln avidity in each PDX following the combination treatment 
(Figure 1A and B). CRC can be divided into four gene expression-
based biologically distinct consensus molecular subtypes (CMS). A 
genomic landscape of PDXs with mutational status and transcriptomic 
profiles allows us to better understand each tumor phenotype (Fig-
ure 1C). We have identified resistance to the combination treatment in 
CMS1 with hypermutation and immune signature. PDXs with CMS2, 
which is a canonical subtype with WNT and MYCactivation, were more 
likely to have 18F-Gln PET uptake. In agreement with its CMS3 clas-
sification, which is a metabolic subtype, we observed better efficacy 
of the combination treatment in a CRC PDX with high expression 
of glutaminolysis-related genes and were able to predict its response 

using 18F-Gln PET. Clinically, we are conducting a Phase II clinical 
trial combining panitumumab with CB-839 (NCT03263429). As part 
of this trial, we have successfully imaged patients with 11C-glutamine 
PET for the first time and showed that this tracer allows non-invasive 
visualization of metastatic colon cancer lesions in multiple organs 
(Cohen et al. J Nucl Med. 2022; 63(1):36-43, Supporting Information 
Figure S1C). In conclusion, we have evaluated the feasibility of 18F-
Gln PET imaging for predicting response to combined inhibition of 
EGFR and glutaminolysis in KRAS WT CRC. To elucidate the under-
lying molecular underpinnings of colorectal cancer, we will further 
investigate metabolomic changes of tumors under a perturbed meta-
bolic milieu by the therapeutic approach. These studies could lead to 
important advances in overcoming resistance to anti-EGFR therapies 
in CRC.
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Introduction: 
The immune response following acute myocardial infarction (MI) 
encompasses a delicate balance between inflammatory and reparative 
programs. Our knowledge of these complex mechanisms is mainly 
derived from studies using a murine model of permanent coronary 
artery occlusion. In this study we developed, validated and imple-
mented multiparametric imaging methods to investigate cardiac func-
tion and the systemic immune response in transient or permanent coro-
nary artery occlusion mouse models.

Materials and Methods: 
The MI models encompassed either transient (40 min, refered to as 
ischemia reperfusion, IR) or permanent occlusion (PO) of the left coro-
nary artery, and non-infarcted mice were used as controls (Persuasive 
data file panel a). Both models were applied to male C57BL/6 mice. 
One, two or three days after MI, the animals subjected to systemic 
immunoimaging of the bone marrow, spleen and myocardium. We 
performed late gadolinium-enhanced (LGE) and 19F-cardiac magnetic 
resonance imaging (cMRI), 18F-fluorodeoxyglucose (FDG) positron 
emission tomography (PET) and 18F-fluorothymidine (FLT) PET. We 
also performed PET imaging using a 64Cu-labeled tracer targeting 
chemokine receptor 2 (CCR2) and an 89Zr-labeled nanobody targeting 
CD11b. Finally, the same MI models were applied to atherosclerosis-
prone Apoe-/- mice and systemic inflammation and plaque progres-
sion were assessed by flow cytometry and immunohistochemistry four 
weeks after infarction.

Results: 
Through LGE cMRI, we observed that IR resulted in a smaller infarct 
size, better cardiac function and reduced survival as compared to PO 
(Panel a, Persuasive data file panel b). 89Zr-CD11b nanobody and 64Cu-
CCR2 PET demonstrated that mice subjected to IR had less immune 
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cell influx to the ischemic myocardium compared to mice subjected to 
PO (Panels b and c). This finding was confirmed by flow cytometry 
analysis of the infarct zone (Persuasive data file panel c). In contrast, 
both MI models cause a similar systemic immune response in the bone 
marrow and spleen as observed with multimodal imaging (Panels d and 
e, Persuasive data file panels d-f). Both IR and PO aggravate athero-
sclerosis in Apoe-/- mice with higher macrophage and  Ly6Chi mono-
cyte numbers in aortas and larger plaque size compared to Apoe-/- mice 
without MI (Panel f). The cardiac phenotypes and survival were similar 
to wildtype mice (Persuasive data file panels g and h).

Conclusions: 
We developed and employed multimodal, multiparametric imaging 
protocols to characterize the immune response in the heart, bone mar-
row and spleen in two models of myocardial infarction. While cardiac 
function was superior in the IR model, both types of MI accelerated 
atherosclerosis.
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Background: 
Mycobacterium tuberculosis remains the second most deadly pathogen 
after SARS-CoV-2. While this pathogen affects mainly the lungs, it can 
also affect the brain, causing tuberculous (TB) meningitis, the deadli-
est form of the disease. Sutezolid (PNU100480) is an oxazolidinone 
antimicrobial thiomorpholine analog of linezolid, a commonly used 
antimicrobial. It is potent against drug-resistant M. tuberculosis clinical 
isolates. Studies have shown that sutezolid is less toxic than linezolid 
and generates a sulfoxide metabolite that is also active against extra-
cellular bacteria(1, 2). While drug dosing is commonly determined 
by pharmacokinetic studies based on plasma and cerebrospinal fluid 
(CSF), this traditional approach provides no information regarding drug 
delivery and biodistribution into privileged tissues, such as brain paren-
chyma and diseased lung areas (i.e., pulmonary cavities, granulomas). 
Here, we developed a  [18F]sutezolid radiotracer, chemically identical 
to the parent drug, to perform multicompartment pharmacokinetic 
quantification of the drug by positron emission tomography (PET) in 
healthy mice and mouse models of pulmonary TB and TB meningitis.

Methods:  
[18F]Sutezolid was obtained by copper-catalyzed radiofluorination of 
a boronic acid precursor, as previously reported for  [18F]-Linezolid(3). 

 [18F]Sutezolid was purified by preparative-HPLC in 4 % RCY (non-
decay corrected) and formulated for in vivo injection. Mice [C3HeB/
FeJ, female, healthy (n=4), pulmonary TB (n=3), TB meningitis (n=3)] 
were administered with a single dose of  [18F]Sutezolid (2.3 ± 0.5 MBq) 
intravenously. A 60 min dynamic PET/CT scan [nanoScan PET/CT 
(Mediso)] was acquired. 3D regions of interest (ROIs) were drawn to 
quantify radioactivity using VivoQuant 3.5 (Invicro). Ex-vivo biodis-
tribution was measured using an automated gamma counter.

Results: 
Whole-body  [18F]sutezolid PET imaging demonstrated rapid distribu-
tion to all organs with fast drug clearance via hepatobiliary and renal 
pathways, as early as 3 min post-injection. Ex-vivo biodistribution 
showed similar findings. In mice with pulmonary TB,  [18F]sutezolid 
demonstrated high lung penetration and spatial heterogeneity, with sig-
nificantly lower penetration in the lung lesions (e.g., pneumonia, granu-
lomas) compared to the unaffected lung (P< 0.05). In the mouse model 
of TB meningitis,  [18F]sutezolid penetrated the brain parenchyma and 
spatial heterogeneity was also observed, with higher concentration 
being found within the area of infection.

Conclusion: 
We report the first radiosynthesis of  [18F]sutezolid and an in vivo PET 
imaging study in mouse models of pulmonary TB and TB meningitis. 
Further studies will be conducted to fully characterize the biodistri-
bution of  [18F]sutezolid and optimize its use in novel chemotherapy 
regimens for multi-drug resistant pulmonary TB and TB meningitis.
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Introduction: 
Extracellular vesicles (EVs) have generated interest as delivery vehicles 
for multiple classes of therapeutics based on their ability to shuttle 
cargo and to mediate intercellular communication. We recently have 
described an engineered EV platform with overexpression of pros-
taglandin F2 receptor negative regulator (PTGFRN) which allows 
delivery of therapeutics to various immune cells. In this study, the 
biodistribution of engineered EVs was examined using in vivo and ex 
vivo techniques after systemic and compartmental administration.

Methods: 
EVs were surface-labeled with 89Zirconium deferoxamine  ([89Zr]Zr-
DFO) and/or Cy7-scrambled antisense oligonucleotide (Cy7-ExoA-
SOscr), or luminally loaded with GFP by fusion to PTGFRN. Labeled 
EVs were administered to rodents and non-human primates (NHP) via 
multiple routes. Positron Emission Tomography (PET) followed by 
immunohistochemistry (IHC) and autoradiography cross-validation 
enabled the assessment of the anatomical and cellular distribution of 
labeled EVs both spatially and temporally.

Results: 
Systemic or local administration of EVs distributed preferentially to 
the liver and spleen (Intravenous, IV), gastrointestinal tract and lymph 
nodes (Intraperitoneal, IP), or local/regional lymph nodes (Subcutane-
ous, SC) in both rodents and NHP. Immunostaining of dissected organs 
displaying PET signal revealed co-localization of an EV marker (PTG-
FRN) with a subset of macrophage markers (CD206, F4/80, IBA1). 
While a homogeneous distribution of compartmentally dosed labeled 
EVs was observed in rodents, dosing into the cerebrospinal fluid in 
NHP resulted in a heterogenous distribution of EVs depending on the 
route of administration, specifically intrathecal (ITH) versus intracis-
terna magna (ICM) and intracerebroventricular (ICV). Anatomically, 
ITH administration in NHP revealed meningeal distribution of EVs 
along the neuraxis to the base of the skull. In contrast, ICM and ICV 
administration resulted in meningeal distribution of EVs around the 
skull and to the cervical and thoracic spinal column. Further charac-
terization using IHC showed uptake of these EVs associated within a 
subset of meningeal macrophages.

Conclusions: 
The present study provides a comprehensive assessment of the fate of 
engineered EVs across several mammalian species. The in vivo dis-
tribution was robustly and reproducibly observed to be both spatially 
and temporally dependent upon the route of administration providing 
insight into potential targeting opportunities for engineered EVs car-
rying a therapeutic payload.
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One of the leading causes of death worldwide is cancer accounting 
for nearly 10 million deaths in 2020 [1]. To enhance the progres-
sion-free survival and overall survival after surgery it is important 
to determine the tumor-free margin, which is often not visible. Thus 
there is a demand for selective optical methods for image-guided 
surgery [2]. One possible approach is targeting cysteine proteases, 
especially cathepsin cysteine proteases, which are known to play a 
major role in cancer. Studies have shown that cathepsin S, which is 
expressed in brain cancer, gastric cancer, hepatocellular carcinomas, 
gioblastomas, melanoma and pancreatic islet cell cancer, plays a role 
in tumor invasion, resistance to apoptosis and in tumor angiogen-
esis [3]. Furthermore, it was shown that this protease is expressed 
on the surface of carcinoma cells and remains associated with the 
membrane. Development of a lipidated activatable cathepsin S probe 
(quenched fluorophore, probe 2) for tumor imaging leads to a good 
signal/background ratio due to internalization of the cleaved fluo-
rescent part (figure A) [4]. To further investigate the mechanism of 
labeling cathepsin S positive tumors new probes were designed and 
validated in vitro and in vivo. First we asked, if cleavage of the pro-
tease is required for labeling of 4T1 cells. Therefore, the product of 
proteolytic cleavage was synthesized and compared to the literature 
reported probe 2 (figure B). In cell assays with 4T1 tumor cells it was 
evident that in contrast to various other cleavable probes (2-5) the 
cleavage product 6 did not label the cells (figure C). That indicates 
that for in vitro labeling of cathepsin S-positive tumor cells cleavage of 
the probe by the protease is required for uptake into 4T1 cells. Second, 
both probes were tested in vivo in 4T1 tumor bearing mice (persua-
sive data, figure C). Interestingly, in the in vivo model, both probes 
(2 and 6) were capable of labeling the tumor, suggesting two differ-
ent, possibly synergistic mechanisms acting in vivo and in vitro. In 
another aspect of this work we studied the influence of the lipidation 
on the efficacy of labeling. A set of different lipidated probes was 
synthesized (figure B) and the quenched probes were validated in a 
protease assay (persuasive data, figure A). The results suggested that 
an inversion of the stereochemistry (probe 1) at the amino acid next 
to the cleavage side suppresses cleavage and thus activation of the 
probe. All other tested probes (2-5) were processed by the protease, 
shorter chain lengths displaying quicker cleavage. In a next step, the 
probes were tested in vitro on murine 4T1 tumor cells to investigate 
in the impact of lipidation on cellular labeling (figure C). C12 and 
C14 sidechains did display optimal labeling in this assay; the short 
chain analog 5 (bearing an acetyl chain) did show minimal cellular 
labeling despite being quickly processed in biochemical cathepsin 
assays. Probes 1 and 2 structurally only differ in stereochemistry at 
one center. In accordance with the in vitro results before, we could 
show that in vivo signal obtained for 1 was significantly lower than 
observed for 2, underlining specificity of cleavage (persuasive data, 
figure B). Further work is warranted to investigate the specific uptake 
mechanisms in more detail, in particular since cathepsin probes are 
advancing in clinical trials for cancer imaging [5].
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Many commonly-used cancer drugs, such as Doxorubicin, are toxic 
to normal tissues and have narrow therapeutic windows—a dose 
range between minimum effective drug dose (MED) and the mini-
mum toxic drug dose (MTD)1. Drug concentrations ideally should 
constantly remain between MED and MTD to minimize adverse 
effects. Currently, the clinically-injected dosage for chemotherapy 
treatment is computed based on body surface area, an overly simplis-
tic one-size-fits-all-type strategy that results in widely heterogene-
ous patient  responses2. In general, administration of too much drug 
(above MTD) causes serious side effects on normal human organs; 
too little drug (below MED) results in lack of treatment efficacy and 
may result in drug-induced cancer drug resistance—likely the most 
important reason for chemotherapy  failure3. In particular, given that 
only a median ~0.7% of an average administered nanoparticle dose 
reaches the tumor  site4, nanomedical drug concentrations are likely 
to remain below the therapeutic window, rendering them ineffective 
with potential induced tumor drug  resistance5; this also means the 
most nanodrug will enter normal tissues, leading to off-target effects 
and toxicity. Drug release monitoring may provide a solution. Drug 
release monitoring efforts have tested several imaging modalities: 
magnetic resonance imaging (MRI) is generally not linearly quantita-
tive and intrinsic/background signal can convolute drug distribution 
 signals1; optical imaging and photoacoustic imaging are limited by 
penetration depth and signal  convolution6. Magnetic particle imaging 
(MPI), a novel non-invasive imaging modality employing super-
paramagnetic nanoparticles (NPs) as contrast agents, offers excellent 
imaging depth, linearly-quantifiable signal, and real-time imaging 
 capability7. Moreover, MPI displays near-infinite contrast and high 
 sensitivity8. Based on these merits, MPI has broad potential for quan-
titative monitoring of drug release in vivo at large depths. However, 

drug release monitoring alone is insufficient to maintain drug con-
centrations in the therapeutic window because it cannot adjust said 
dose. Remote-controlled actuation of treatments using NPs in com-
bination with imaging to monitor drug release has the potential to 
address cancer treatment issues with precision-delivered dosages 
to the relevant disease sites and not to off-target sites. Importantly, 
precision-remote drug release monitoring represents a significant 
opportunity for physicians to better track/control drug doses in a 
more timely and accurate manner in cancer  patients1, allowing real-
time adjustments of already-administered doses by modulating the 
irradiation time of incident near-infrared (NIR) laser light in order 
to ensure maintenance of local tumor drug concentrations within the 
therapeutic window. Our remote-controlled precision medical com-
bination treatment and monitoring consists of a nanocomposite com-
prising a core of clustered superparamagnetic  Fe3O4 nanoparticles 
and Doxorubicin with a poly(lactide-co-glycolide acid) (PLGA) shell 
(SPNCD) (Fig1a). As PLGA shells degrade, Doxorubicin release 
and disassembly of clustered  Fe3O4 nanoparticles in the core occur 
simultaneously. This yields a linear correlation between the released 
Doxorubicin and disassembled clustered  Fe3O4  (R2=0.98, Fig1b), 
allowing precise, whole-body image-based quantification of drug 
release (Fig1c). When the intratumoral drug concentration is lower 
than MED, we deposit energy precisely to the tumor region bear-
ing nanoparticles using NIR (808nm, 1W) to controllably accelerate 
nanoparticle degradation, thereby boosting the local drug concentra-
tion (e.g., controlled acceleration of drug release up to 40% within 7 
mins) to within the therapeutic window and maintain it there using 
MPI to estimate drug localization/release. Importantly, <2% Doxo-
rubicin released at neutral pH 7.4 serum over 48 h, indicating that 
SPNCD nanocomposites are stable at neutral extracellular environ-
mental pH and can reduce off-target toxicity of Doxorubicin. Our 
nanoplatform has great potential for clinical translation as: i) all 
materials comprising SPNCD are FDA-approved; ii) our imaging 
approach means dosage regimens may be optimized and personal-
ized to maintain Doxorubicin concentrations within the therapeutic 
window of each patient by adjusting NIR irradiation time/intensity, 
both reducing side effects and reliably maintaining sufficient local 
doses to kill tumor cells (Fig1d).
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Introduction: 
Targeting of therapeutic nanoparticles (NPs) toward cancer cells has 
not been completely successful, and attempts are being undertaken 
to develop an effective targeting strategy that would ensure uniform 
distribution of NPs throughout the tumor. The utilization of stem cells 
with inherent trophic characteristics for homing to tumors has been 
suggested as a promising technique for NP delivery to cancer cells 
(1, 2). Monitoring the homing and intratumoral distribution of trans-
planted cells, as well as off-target site biodistribution in the rest of the 
body, might be addressable by in vivo hybrid imaging. The goal of 
this study was to develop a bimodal cell tracking approach based on a 
new superparamagnetic radiopaque nanocomplex that can be detected 
by magnetic particle imaging (MPI) and computed tomography (CT).

Methods: 
Through a step-by-step solvothermal decomposition method, 
a BBS nanocomplex composed of bovine serum albumin (BSA), radio-
paque Bi2S3 nanoparticles and superparamagnetic iron oxide (SPIO) 
was synthesized. BBS nanocomplexes were characterized with differ-
ent techniques. Human mesenchymal stem cells (hMSCs) were labeled 
with poly-L-lysine as transfection agent and the BBS nanocomplexes 
for 24 hours. Naked BBS or BBS-labeled hMSCs were injected intratu-
morally (i.t.) or intravenously (i.v.) in DU145 (human prostate cancer)-
bearing mice. Thirty minutes and 48 hours after injection, mice were 
imaged with MPI and CT. Two days after i.t. injection or four days 
after i.v. injection, mice were sacrificed and tumors were excised for ex 
vivo imaging.

Results: 
Spherical BBS nanocomplexes (average size: 90 nm) were charac-
terized with even distribution of bismuth, iron and sulfur across the 
spheres (Fig. 1A). In vivo MPI/CT images of mice receiving naked 
BBS nanocomplexes or BBS-hMSCs after i.t. injection are shown 
in Fig. 1B. I.t. injection of BBS-hMSCs demonstrated that labeled 
cells moved throughout the entire tumor and kept strong signal inten-
sity over 48 hours, while naked BBS nanocomplexes remaining as a 
focal point near the injection site with decreasing signal intensity. For 
i.v. injection, we observed the homing of cells to the lung 2 hours after 
injection and in the liver 24 hours later (Fig. 1C). No obvious signal 
could be noticed in the tumor for i.v. injection. Ex vivo imaging showed 
the highest amount of MPI signal intensity was obtained for i.t. injec-
tion of BBS-hMSCs (Fig. 1D).

Conclusion: 
Using CT and MPI, we demonstrated the feasibility and the dis-
parity of in vivo bimodal imaging of naked BBS and BBS-labeled 
hMSCs. We are now exploring different protocols for MPI/CT-guided 

hyperthermal treatment employing BBS nanocomplexes delivered by 
stem cells.
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Objectives: 
There is a critical need for tools that enable specific detection and 
tracking of neuroinflammation in neurodegenerative diseases such as 
Alzheimer’s Disease (AD) and Amyotrophic Lateral Sclerosis (ALS). 
Unfortunately, existing PET tracers for imaging activated microglia and 
macrophages, key elements of the innate immune response, are severely 
limited. A novel dendrimer PET tracer  [18F]OP-801, known to be selec-
tively (>95%) taken up by activated macrophages and microglia, has 
recently been studied in mouse models of sepsis and AD and was dem-
onstrated to be sensitive for imaging early stage  neuroinflammation1. 
Motivated by this promising preclinical data, we endeavored to opti-
mize the radiosynthesis of  [18F]OP-801 and complete radiation dosim-
etry studies in anticipation of clinical translation. Here we describe the 
automated, high-yield radiosynthesis and quality control (QC) analyses 
of  [18F]OP-801 for routine clinical production, in addition to analysis of 
its stability in human plasma, and human dosimetry estimates.

Methods:  
[18F]OP-801 was synthesized in two steps using a FX-FN synthe-
sis module (General Electric) with adjacent customized module. In 
brief,  [18F]fluoride and 3-azidopropyl-4-methylbenzenesulfonate in 
acetonitrile were reacted to yield   [18F]3-fluoropropylazide, which 
was subsequently purified via HPLC and transferred to a second reac-
tor containing alkyne-functionalized dendrimer precursor for copper 
catalyzed click chemistry. The reaction mixture was purified via HPLC 
and reformulated to furnish pure  [18F]OP-801 in saline/EtOH (10 mL/1 
mL). This optimized synthetic route was used to perform three valida-
tion runs followed by complete QC analysis to confirm identity, sta-
bility, and purity in compliance with USP283 for submission as part 
of a Drug Master File (DMF) application to support a human clinical 
trial. Aliquots of 15 mCi of  [18F]OP-801 in 70 mL human plasma 

S154



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

were incubated at 37 °C and stability assessed via HPLC at 0, 5, 15, 
30, 60, and 90 minutes. Radiation-absorbed dose for a human subject 
was calculated via image-based dosimetry in male (n=4) and female 
(n=5) C57BL/6 mice. 60-minute dynamic PET scans were performed, 
and images reconstructed via OSEM3D/MAP. %ID/g values were con-
verted to %ID/organ and underwent an animal-to-human biokinetic 
extrapolation using the percent kg/g  method2. Final projected human 
doses were calculated with OLINDA.

Results: 
Prior to optimization and dosimetry, a single intravenous GLP dose 
toxicology study was conducted in rats and a greater than 500-fold 
safety factor for  [19F]OP-801 was determined for the proposed maxi-
mum human mass dose (100 μg).  [18F]OP-801 was reproducibly syn-
thesized in suitable yield (76.36 mCi, 6.89% decay-corrected at end of 
beam, n=3) and radiochemical purity (>99%) (Fig 1A). QC analysis, 
including radiochemical identity and purity, residual solvent analysis, 
pH, and stability in formulation at 0 and 4 hours after end of synthesis, 
confirmed that  [18F]OP-801 is suitable for injection and human use. 
 [18F]OP-801 was found to be stable in vitro in human plasma, with 
>99% tracer intact after 90 minutes (Fig 1B). Dosimetry calculations 
provided human dose estimates for 24 organs of interest and identified 
kidneys (0.117 rem/mCi in females, 0.167 rem/mCi in males) and uri-
nary bladder wall without bladder voiding (0.198 rem/mCi in females, 
0.033 rem/mCi in males) as dose limiting (supplemental fig). Clinical 
imaging of  [18F]OP-801 will include bladder voiding, making kidneys 
the dose limiting organ in humans.

Conclusion: 
Here, we describe a high-yielding, automated synthesis of  [18F]OP-801 
that is amenable to regular implementation for in vivo imaging stud-
ies. In vitro stability in formulation and plasma, as well as human 
dosimetry estimates based on mouse imaging models, are conducive 
to translation and clinical imaging of  [18F]OP-801. Based on these 
data, validation runs for clinical dose manufacturing were completed 
and submitted as part of a DMF application, with the goal of conduct-
ing clinical imaging with  [18F]OP-801 in healthy humans and ALS 
patients in 2022.
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Cancer’s atypical metabolism is an imperative part of its ability to 
ensure the rapid growth and survival of cancer cells. Pyruvate kinase 
catalyzes the last and physiologically irreversible step in glycolysis, 
converting phosphoenolpyruvate to pyruvate. The ubiquitous expres-
sion of the pyruvate kinase M2 (PKM2) isoform in cancer, a key 
step in tumor metabolism and growth, makes it a promising target 
for molecular imaging. Recently we reported the development and 
translation of a novel positron emission tomography (PET) tracer 
([18F]DASA-23) for visualizing PKM2 in living subjects. While 
the successful imaging of PKM2 in patients with [18F]DASA-23 
is promising and highlights the importance of imaging PKM2, we 
observed several limitations with [18F]DASA-23. Most notably, 
high non-specific binding in normal brain and high radiation dose to 
the gallbladder wall. We hypothesized that the reduced lipophilicity 
and improved PKM2 functional activity of [18F]DASA-10 would 
lead to a more effective strategy for imaging of PKM2, while still 
retaining the favorable specificity of DASA-based molecules. Due to 
the limitations of [18F]DASA-23, we set out to develop an enhanced 
F-18 labeled version of this tracer, [18F]DASA-10, with the goal of 
improved physicochemical properties and detection of PKM2 in mind. 
Herein, we report the radiosynthesis of 1-((2,3-dihydrobenzo[b][1,4]
dioxin-6-yl)sulfonyl)-4-((2-fluoro-6-(fluoro18F)phenyl)sulfonyl)pip-
erazine ([18F]DASA-10) and our initial radiotracer validation studies. 
We synthesized [18F]DASA-10 via fluorination of the corresponding 
nitro-containing precursor with K[18F]F/K2.2.2.) (Fig. 1A). [18F]
DASA-10 was prepared in 5.61 ± 1.8% radiochemical yield (n = 5, 
non-decay corrected at end of synthesis) with molar activity >5 Ci/
μmol and radiochemical purity greater than 98%. Cellular uptake 
studies showed significantly increased cellular uptake of [18F]DASA-
10 relative to [18F]DASA-23 in U87 and GL26 glioma cells at both 
30- and 60-min post addition of tracer (Fig. 1B). Removal of tracer 
from cell media resulted in significant differences in tracer efflux of 
[18F]DASA-10 relative to [18F]DASA-23, with increased retention 
of [18F]DASA-10 in both U87 and GL26 glioma cells in dedicated 
efflux studies (Fig. 1C). To determine specificity of [18F]DASA-10 
for PKM2, we transiently modulated PKM2 expression in DU145 
cells using PKM2-siRNA, employing conditions previously studied 
with [18F]DASA-23. Gratifyingly, we detected a 72.70% reduction 
of cellular uptake in cells lacking PKM2 and reduced non-specific 
binding compared to our prior work with [`18F]DASA-23. Given the 
favorable results of [18F]DASA-10 and specificity in cellular work, 
we next moved to in vivo studies. Healthy nude mice were imaged 
to determine brain penetrance and biodistribution of [18F]DASA-
10 using micro PET/CT (Fig. 1D). We completed 60-min dynamic 
imaging immediately following intravenous administration of 100 
μCi [18F]DASA-10 and observed it passively crossed the blood brain 
barrier (BBB) and then rapidly cleared the healthy brain (Fig. 1E). 
We detected significantly lower levels remaining in the brain at the 
30- and 60-min time points relative to [18F]DASA-23 (Fig. 1F). We 
observed predominantly hepatobiliary clearance of [18F]DASA-10 
and some renal clearance. Importantly, a significant reduction in 
[18F]DASA-10 gallbladder uptake relative to [18F]DASA-23 (12.3 
± 6.1%ID/g vs 88.4 ± 11.8 %ID/g at 60 minutes post injection of 
tracer, p=0.0006) was observed. Lastly, we characterized the in vivo 
radiometabolite profile of [18F]DASA-10 at 30-min post administra-
tion of radiotracer. We tested the radiometabolite profile in key tis-
sues including brain, plasma, and liver. We observed [18F]DASA-10 
remained largely intact in brain tissue (72.4 ± 15.5% intact), while it 
underwent degradation in plasma after 30-min in circulation (34.1 ± 
9.6% intact) and substantial degradation in liver (4.5 ±0.6% intact). In 
conclusion, [18F]DASA-10 demonstrated improved physiochemical 
properties, greater specificity in cell culture for measuring PKM2, 
and favorable biodistribution in mice. Ongoing studies are comparing 
the ability of [18F]DASA-10 and [18F]DASA-23 to visualize tumor 
associated PKM2 in preclinical models of GBM.
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Motivation 
Brain tumor patients often experience impacted neural function. How-
ever, the complex interplay between brain tumor progression and aber-
rant neural activity remains poorly understood. Existing fluorescent 
labelling modalities distinguishing tumor from healthy tissue in the 
brain fail to provide in vivo in-depth information. Magnetic resonance 
reporter genes can non-invasively enable tumor imaging. However, 
the difficulty of studying behaving mammals inside MRI scanners 
restricts the monitoring of tumor-related perturbed circuit dynamics. 
In contrast, ultrasound readily permeates the brain, interacts with tis-
sue with a fundamental resolution on the order of 100μm and 1ms, and 
enables scans in awake and behaving subjects. Based on power doppler 
imaging, functional ultrasound imaging (fUSi) is a recently developed 
neurovascular imaging technology [1] that provides a highly sensi-
tive method to image dynamic deep brain neural activity. Furthermore, 
recent breakthroughs in molecular engineering showed the feasibility 
to connect ultrasound to cells at the genetic level for biomolecular 
acoustic imaging of gene expression [2]. In this study, we leverage 
these emerging new capabilities of ultrasound to study the biology 
of brain tumors by simultaneously imaging tumor gene expression, 
vascular perfusion and neural activity.

Methods 
To localize brain tumor in the whole-brain with high sensitivity, we 
engineered a glioblastoma cell line with genetically integrated acoustic 
reporter genes. The acoustic contrast is obtained through the expression 
of gas vesicles (GVs). GVs are a unique class of genetically encoded 
air-filled protein nanostructures derived from buoyant bacteria, which 
can scatter sound waves in the nonlinear regime, and thereby produce 
ultrasound contrast distinguishable from the linear scattering of tis-
sue [3]. Using lentiviral transduction, we created a stable U87 cell 
line (human glioblastoma [4]) expressing GVs under a Tet-inducible 
promoter (Fig.a).
To demonstrate the ability of GVs to report gene expression in vivo, 
we stereotaxically implanted GVs-transfected-U87 cells in the right 
ventral thalamic nucleus of 8-weeks-old immunodeficient mice (N=6).
Nonlinear ultrasound scans were performed on days 8, 12 and 16 
(transgene expression was induced by intraperitoneal injections of 
doxycycline before each session), while simultaneously recording fUSi 
functional response to visual stimuli. Baseline ultrasound scans were 
also performed before tumor implantation. All acquisitions were per-
formed transcranially and non-invasively in anesthetized mice.

Results 
GVs-expressing-tumor was readily distinguishable from healthy brain 
tissue in ultrasound images acquired on day 8 after implantation, and 
the tumor growth was monitored over multiple days (day 12, day 16). 
Functional ultrasound acquisitions enabled simultaneous mapping of 
the cerebral vascular network, and of functional visual regions (Fig.b). 
Both right and left lateral geniculate nuclei (LGN) were localized fol-
lowing visual-evoked activation before the tumor implantation (day-1), 

and on day 8 after implantation. As the tumor grew (day 12, day 16), 
the right LGN disappeared from the imaging plane.
Finally, the spatial distribution of gene expression was evaluated via 
fluorescence imaging of histological sections of the brain (Fig. c) and 
confirmed the borders of tumor located with ultrasound.

Conclusion 
Our results establish gas vesicles as the first genetically encoded acous-
tic reporter for brain tumor. GVs-dependent contrast of implanted brain 
tumor was readily observed non-invasively in mice and enabled the mon-
itoring of tumor growth over the course of multiple days. Simultaneous 
hemodynamic functional recording showed a displacement of visual-
evoked regions in the tumor-based hemisphere suggesting a reorganiza-
tion of the functional atlas during disease progression. Further work in 
three dimensions [5] and in awake behaving animals [6] would enable 
a complete understanding of the functional reorganization of the brain 
during disease progression. Finally, studying more invading tumor mod-
els would allow a better modelling of wild-type brain tumors in human.
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Introduction: 
Synapses are critical signal transmission microstructures within the 
nervous system. Following a stroke, synaptic degeneration is expected 
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to correspond to cognitive decline [1]. A novel position emission 
tomography (PET) radiotracer,  [18F]-SynVesT-1, targeting synaptic 
vesicle glycoprotein 2A (SV2A) could help in tracking the progression 
of synaptic loss and recovery after stroke [2]. Chemical exchange satu-
ration transfer (CEST) MRI is sensitive to endogenous metabolites that 
provide complementary information about synaptic deficits within the 
surrounding microenvironment after stroke, including glutamate with 
GluCEST [3], amide proton transfer (APT) [4] and the intracellular pH 
 (pHi) environment with amine and amide concentration independent 
detection (AACID) CEST [5]. This study aimed to monitor the effect 
of stroke on synaptic density and the synaptic microenvironment using 
both PET and CEST MRI.

Methods:  
T2-weighted and CEST MRI was acquired in healthy wild-type Fis-
cher 334 rats (N=6) using a 9.4 T Bruker MRI. GluCEST was calcu-
lated using the magnetization transfer ratio asymmetry  (MTRassym) at 
3.5 ppm. Amide CEST signal was calculated using APT CEST and 
 pHi environment was evaluated using AACID CEST. PET (Siemens 
Inveon) was performed the following day. A 60-minute dynamic PET 
acquisition was started immediately prior to a bolus injection of 30 
MBq  [18F]-SynVesT-1. The last 15 minutes of PET data was normal-
ized by the mean activity from the cerebellum to compute standardized 
uptake value ratio (SUVR). After the baseline imaging experiment, 
endothelin-1 (600 pmol/3 μl saline) was injected into the right dorsal 
striatum (RDS) of each rat to induce stroke. The same series of imaging 
experiments (MR + PET) was repeated 7 and 30 days after surgery. 
PET and CEST images were manually registered to the  T2-weighted 
MRI using 3D Slicer. RDS, left dorsal striatum (LDS), right cerebral 
cortex (RCX) and left cerebral cortex (LCX) were delineated using 
 T2-weighted MRI (delineated by the red, white, blue and pink dotted 
lines respectively in Figure 1).

Results (Figure 2): 
After surgery, hyperintense  T2-weighted signal spanned the RDS and 
RCX. SUVR in the RDS at Day 7 and 30 were significantly lower 
than baseline (P = 0.042 and 0.001 respectively). SUVR in the LDS 
was higher than RDS 30 days (P = 0.001) after the surgery. GluCEST 
 MTRassym measured in the RCX on Day 7 was significantly higher than 
baseline and Day 30 (P < 0.001); it was also significantly higher than 
LCX (P < 0.001). GluCEST  MTRassym in the RDS was higher than in 
the LDS on Day 30 (P < 0.001). LDS APT signal was significantly 
higher than RDS on Day 7 and 30 (P = 0.018 and 0.032 respectively); 
APT signal in the LCX was also significantly higher than RCX on 
Day 7 and 30 (P = 0.012 and 0.018 respectively). RDS  pHi decreased 
from baseline to Day 7 and increased on Day 30. LDS  pHi was higher 
than RDS on Day 7 and 30 (P < 0.001 and = 0.038 respectively); LCX 
 pHi was significantly higher than RCX (P = 0.012).

Discussion: 
This study demonstrated the highly complementary nature of combined 
PET and CEST-MRI measurements of both synaptic density and the 
synaptic microenvironment following a stroke. In ischemic brain injury, 
excess glutamate is released, often leading to a vicious cycle of glutamate 
excitotoxicity and neuronal death. Our results reflect the expected time 
course in the stroke region, with elevated glutamate, decreased pH, and 
decreased synaptic density in the acute phase (Day 7) and some recovery 
by the chronic phase (Day 30). Similarly, increased SUVR, APT, and pH 
in the contralateral region of the brain could reflect compensatory effects. 
These in vivo results will be compared to immunostaining for synaptic 
proteins, activated microglia, and reactive astrocytes.
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Background: 
PET measurements infer receptor occupancy through changes in bind-
ing potential  (BPND when using reference region models) associated 
with a drug or task. Because  BPND depends upon both receptor avail-
ability and ligand-receptor affinity, agonist-induced receptor desensiti-
zation and internalization can shift radioligand affinities and confound 
interpretation of results within a classical occupancy model [1, 2]; 
in fact, many PET radiotracers are not sensitive to even large doses 
of exogenous agonists. Beta-arrestin knock-mice (KO) do not read-
ily internalize receptors, and one prior PET study used these mice 
to demonstrate less prolonged depression of [11]C-MNPA and [18F]
Fallypride  BPND following amphetamine stimulation [3]. We employed 
mouse PET/MR and the most commonly used dopaminergic radi-
otracer, [11C]raclopride, to test the hypothesis that  BPND would show 
prolonged displacement in KO mice and that the change in  BPND due to 
a second amphetamine challenge could also provide an index of recep-
tor trafficking in vivo.

Methods: 
PET/MR scans were performed in 48 mice using a Bruker 4.7T Bio-
Spec MRI scanner with a Bruker PET insert. Wild-type (WT) and Beta-
arrestin KO mice were compared using simultaneous multi-mouse 
(n=6 per study) following injection of [11C]raclopride. A within-scan 
challenge design was employed (n=33 of 48 mice, double tail vein 
catheters) to determine changes in binding potential (ΔBPND) due to 
IV amphetamine injection (1 mg/kg) in mice that were either naïve to 
amphetamine or had been treated IP with 3.3 mg/kg at 2.5 hours prior 
to the second amphetamine challenge (Fig 1a). Colocalized MRI and 
PET data were extracted from the multi-mouse field-of-view, aligned 
to the Allen Mouse Brain space using a multi-subject MRI template 
[4], corrected for partial volume effects using the geometric transfer 
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matrix approach [5], and analyzed by the two-parameter multi-linear 
reference model with striatum and cerebellum as the target and refer-
ence regions, respectively. Group data for either  BPND or ΔBPND were 
analyzed by a random-effects general linear model including regressors 
for average, genotype, pretreatment, and the interaction of genotype 
and pretreatment.

Results: 
Figure  1 shows a map of  BPND  in space (b) and derivation of 
 BPND and ΔBPND in the time domain (c). Baseline  BPND was smaller 
for KO mice than WT mice, while  BPND was larger in KO than WT 
mice at 2.5 hours after AMP pretreatment (Fig 1d, e); the same rela-
tive orders were observed for the AMP-induced change ΔBPND (Fig 
1d,e). Relative to average values of  BPND  and  ΔBPND  in the 
naïve state, KO animals exhibited larger recovery at 2.5 hours in 
 BPND and in the response to a second AMP challenge (Fig. 1f). Both 
 BPND and ΔBPND showed highly significant changes associated with 
amphetamine treatment (p<<0.001). Groups were differentiated 
by genotype  (BPND, p<0.01; ΔBPND, p<0.05). Most informatively, 
groups were differentiated by the interaction of pretreatment and geno-
type (p<0.05 for  BPND, ΔBPND), showing that WT and KO animals 
responded differently to amphetamine pretreatment.

Discussion: 
An insensitive or paradoxical response to receptor agonists (neurotrans-
mitters or exogenous drugs) has confounded PET occupancy studies 
for many radiotracers and receptor systems. Here, we employed a fast 
and well characterized D2/D3-receptor radiotracer to show two phe-
nomena consistent with dopamine-induced affinity shifts: a prolonged 
reduction in  BPND and a decreased response to a second dopamine 
challenge. The change ΔBPND to a second challenge showed a larger 
relative effect size than  BPND but had slightly less discriminating power 
due to larger variance. These results implicate receptor desensization 
and internalization as prospective confounds for the interpretation of 
functional changes in  BPND in the context of a classical occupancy 
model, and the methods are readily extensible to other radiotracers 
and receptor systems.
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Introduction: 
Idiopathic Pulmonary Fibrosis (IPF) is a destructive lung disease 
which results in thickening of the lung interstitium, abolition of alve-
olar spaces and eventual respiratory failure.1 It is accompanied by 
upregulation of lysyl oxidase (LOX) enzymes which catalyze oxidation 
of lysine e-amino groups on extracellular matrix proteins to form the 
aldehyde containing amino acid allysine. An aminooxy-indole derived 
PET probe was shown to bind allysine in vivo and robustly staged and 
quantified pulmonary fibrogenesis in a mouse model.2 However, limi-
tations of that probe included very high reactivity/instability and high 
hepatobiliary elimination which makes PET imaging of the lower lung 
challenging. Herein, we report a systematic study to optimize allysine-
targeted PET probes for imaging pulmonary fibrogenesis.

Methods: 
8 novel allysine-binding chelators,  PIF-1-8  were devised 
and synthesized (Fig 1A).  Radiolabel ing procedures 
using 68GaCl3 and 64CuCl2 were developed and optimized. The per-
formance of these radiotracers was validated in naïve and fibrotic 
C57BL/6J male mice 14 days after intratracheal bleomycin instillation. 
PET/MR studies at 4.7T were performed to compare their pharmacoki-
netics and specificity in detecting pulmonary fibrogenesis. Tissues were 
harvested 90 min post injection for ex vivo analysis including gamma 
counting and biochemical analysis of lungs to quantify allysine and 
collagen content by hydroxyproline assay.

Results and discussions: 
In vivo comparison of different probes were based on their uptake in 
the lung of bleomycin injured mice as compared to liver (Fig 1B) and 
heart (Fig 1C). Results showed that 68Ga-PIF3 and 68Ga-PIF7 showed 
much higher sensitivity than the other probes in detecting pulmonary 
fibrogenesis with rapid renal clearance and low liver uptake. In com-
parison, there was negligible uptake in the lungs of naïve mice (Fig 
1D). To account for model heterogeneity, a cross-over PET/MR com-
parison of 68Ga-PIF3 and 68Ga-PIF7 showed that 68Ga-PIF7 has 
consistent higher uptake in fibrotic lungs (Fig 1E). A pair-wise com-
parison between 68Ga-PIF7 and an aldehyde unreactive control com-
pound 68Ga-PIFCtrl confirmed the specificity of the probe to fibrotic 
tissue (Fig 1F-G). Moreover, substituting 64Cu for 68Ga did not affect 
the uptake of the PIF-7 probe in fibrotic lungs (Fig 1H-I), indicating 
the robust PET signal of the probe in detecting pulmonary fibrogen-
esis. As 68Ga-PIF-7 has a α-carboxylate moiety near the hydrazine 
moiety, these results demonstrated the benefit of acid catalysis to pro-
mote the condensation reaction with allysine in vivo. Ex vivo analysis 
of the lung showed elevated lung allysine and hydroxyproline levels 
in bleomycin injured mice over naïve mice, indicating the presence 
of pulmonary fibrogenesis/fibrosis after bleomycin injury. The uptake 
of 68Ga-PIF7 in lung correlated well with the allysine concentration 
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in bleomycin injured animals (Fig 1J) and gave 68Ga-PIF7 as the most 
promising candidate probe for clinical translation.

Conclusion: 
A series of allysine-binding PET tracers with variations in the alde-
hyde reactive moiety were evaluated in a preclinical model of lung 
fibrosis. The hydrazine-bearing tracer with a α-carboxylate moi-
ety 68Ga-PIF7 exhibited consistent higher uptake in fibrotic lungs 
than other probes which correlated well with the expression of the 
biomarker of the disease activity (allysine). The probe showed high 
uptake in bleomycin injured lung, but low signal in normal lung, 
liver and blood pool, suggesting it will be effective for delineating 
disease activity in the lower lung where fibrosis is more prevalent 
in IPF.
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Introduction: 
The field of cellular immunotherapy has made major improvements 
to cancer treatment over recent years. For instance, chimeric anti-
gen receptor (CAR) T-cell therapy has been proven to be the para-
digm for engineered T-cell therapies due to its efficacy in treating 
blood-based cancers such as leukemia and lymphoma.1 Although 
the state-of-the-art CAR T-cell therapies have shown high success 
in most patients, it is difficult to understand why they have minimal 
effect in others. Clinically, blood tests are often used to monitor 
immunotherapies to detect circulating immune cells, which doesn’t 
accurately capture treatment efficacy. This study aims to build a 
new activatable system that secretes a unique blood biomarker when 
engineered therapeutic immune cells interact with target cancer 
cells within tumors. The synthetic notch (SynNotch) receptor is one 
of the most mechanistically versatile systems that signal cell-cell 
contact via transcriptional modulation of desired genes in response 
to SynNotch receptor-antigen binding (Fig. 1A).2 Our approach is 
to engineer immune cells with a SynNotch receptor that, upon can-
cer antigen binding, activates the expression of secreted embryonic 
alkaline phosphatase (SEAP) – a safe and sensitive human-derived 
blood-based reporter.3 Our goal is to engineer immune cells with 
a SynNotch system that will activate the expression of SEAP upon 
cancer binding, allowing for blood-based detection of in vivo cell-
cell communication.

Methods: 
We engineered Jurkat cells, a human T cell line, via sequential lentivi-
ral transduction of two components: (1) a SynNotch receptor directed 
against the B cell leukemia antigen CD19, and (2) a reporter response 
element encoding SEAP. The B-cell surface antigen CD19 was cho-
sen as it is the most successful target of CAR-T immunotherapy in 
humans currently.4 Successfully dual-engineered T cells were isolated 
using fluorescence-activated cell sorting and expanded. To validate 
this activatable system in vitro,  105 T cells were co-cultured in well 
plates with  CD19+ Nalm6 B-cell leukemia cells at a 1:1 ratio. As a 
negative control, we used CRISPR-knockout to generate  CD19- Nalm6 
cells. In media, SEAP concentration was assessed every 24 hours for 
4 days using the Great EscAPe SEAP Chemiluminescence Assay kit 
2.0. Translating this system in vivo, Nod-scid-gamma (NSG) mice were 
implanted with either  CD19+ or  CD19- Nalm6 cells subcutaneously. 
Once tumours reached ~100mm3, mice received an intratumoural injec-
tion of engineered Jurkat cells  (1x107), and blood samples were taken 
from the left flank for SEAP assays.

Results: 
Co-culturing of dual-engineered T cells with  CD19+ Nalm6 cells 
resulted in significantly higher SEAP activity on all days, only day 
2 is shown here (p < 0.001, Fig. 1B). In contrast, reporter expression 
was minimal when T cells engineered with the reporter gene only or 
naïve T cells when co-cultured with  CD19+ cells. Co-culturing with 
 CD19- cells resulted in no detectable SEAP levels above the back-
ground. No SEAP activity was also observed prior to engineered cell 
injection in tumor-bearing mice (Fig. 1C). Importantly, significantly 
elevated SEAP activity was observed post-T cell injection in mice bear-
ing  CD19+ tumors, but not  CD19- tumors.

Discussion: 
We have established a synthetic biology reporter system that is acti-
vated upon antigen binding, which allows for the detection of immune 
cell interactions with cancer cells through a simple and convenient 
blood test. Future work includes transferring this system into primary 
T-cells as well as expanding the potential target antigen. The develop-
ment of this system would allow for a specific monitoring tool for 
many cell-based cancer immunotherapies, ultimately improving our 
understanding of those treatment dynamics as well as the presence of 
side effects in individual patients.
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Introduction: 
Near-infrared (NIR) fluorescence has emerged as a safe tool in vari-
ous stages of research and clinical translation for applications such as 
tumor imaging. To suppress unwanted light or to image multiple dyes 
simultaneously, conventional spectral systems rely on optical filters 
and multiple light sources and cameras [1]. Fluorescence, however, 
also exhibits a specific time-domain behavior, the fluorescence lifetime, 
which can be used as additional contrast [2]. A new time-domain fluo-
rescence camera system is demonstrated which can image fluorescence 
lifetime at video-rate acquisition times.

Methods: 
The imaging system is built around the tauCAM, a novel fast-gated 
camera, housing a custom 64x64-pixel CAPS fast-gated CMOS image 
sensor with a quantum efficiency (QE) of 60% at 700 nm [3]. This 
sensor can image the time-behavior of fluorescence by synchronizing 
to a pulsed excitation source and capturing light in nanosecond gate-
windows that can be controlled with picosecond precision. The system 
is optimized for the 800 nm NIR fluorescence channel employing a 775 
nm LASER emitting 35-ps pulses at 40 MHz with an average power up 
to 1 watt and detection through a 70 nm optical bandpass filter around 
835 nm. The imaging system is compact and can image a field-of-view 
of 10x10 cm at a working distance of 30 cm. The capabilities of the 
system are demonstrated using commercially available fluorescence 
imaging standardization phantoms which contain ICG-equivalent fluo-
rescence in different concentrations and at different depths with tissue 
mimicking optical properties. Additionally, custom made phantoms 
have been constructed to demonstrate the fluorescence-lifetime capabil-
ity. These phantoms contain different NIR dyes (ICG, IRDye 800CW, 
s775z) in gelatin and epoxy and can be imaged at the same wavelength 
but are discernable by their fluorescence-lifetime contrast. Finally, this 
fluorescence-lifetime contrast is demonstrated in video, imaging phan-
toms that structurally mimic a tumor and blood vessels to demonstrate 
the potential for fluorescence-guided surgery. For video-rate imaging 
fluorescence-lifetime images are calculated from tauCAM time-gated 
images by a novel calibrated rapid-lifetime determination (CRLD) 
method. To validate the CRLD images, fluorescence-lifetime images 
are also calculated using a conventional non-linear fitting approach.
The sensitivity of the imaging system is compared to a commercially 
available conventional NIR fluorescence imaging system (Fluoptics 
Fluobeam) and the accuracy of the fluorescence-lifetime measurements 
is verified with a time-correlated photon counting fluorescence-lifetime 
spectrometer (Edinburgh Instruments Mini Tau).

Results/Discussion: 
It is demonstrated that the imaging system has a NIR fluorescence 
sensitivity down to nano molar concentrations, on par with conven-
tional fluorescence imaging systems [4] but adding fluorescence-
lifetime imaging capabilities. Accurate fluorescence lifetimes can be 
measured with a precision down to less than 20 ps and it is shown that 
this capability can be used to discern different NIR dyes at different 
concentrations based on their specific fluorescence lifetimes. In the 
gelatin phantom, the fluorescence lifetimes of the NIR dyes are similar 
to the sub-nanosecond lifetimes which are typically observed in vivo. 
These small but distinct lifetime differences are sufficient to provide 
clear contrast between the tumor and blood vessel mimicking phantoms 
at 15 frames per second.

Conclusion: 
The  tauCAM-based NIR fluorescence imaging system can image 
fluorescence and fluorescence lifetime with a high NIR QE efficiency 
bringing the advantages of fluorescence-lifetime imaging towards 
in vivo applications on moving subjects. These capabilities have been 
demonstrated on phantoms, but in vivo experiments are being planned 
in which the fluorescence-lifetime contrast will be used to increase 

tumor-to-background contrast or simultaneous imaging of two NIR 
nanobody contrast agents.
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Introduction: 
Magnetic resonance imaging (MRI) is a clinical standard for  in 
vivo detection of many macroscopic pathologies. Its sensitivity and 
specificity for small lesions can often be improved by the administra-
tion of paramagnetic contrast agents. For instance, gadolinium-ethoxy-
benzyl-diethylenetriamine-pentaacetatae (Gd-EOB-DTPA;Primovist) 
is a liver-targeted agent that is transported into healthy human hepato-
cytes primarily through organic anion transporting polypeptide (OATP) 
1B1 and 1B3. Reduced OATP expression in liver lesions results in 
regions of hypointense contrast compared with healthy liver on 
 T1-weighted MR images. Our group has also shown that engineering 
cells to synthetically express human OATP1B1 or 1B3 increases their 
detectability on  T1-weighted images upon administration of Gd-EOB-
DTPA. However, concerns over gadolinium deposition in patients with 
renal impairments, has shifted the focus in the field to the development 

S160



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

of new agents containing alternative paramagnetic ions, such as man-
ganese. This study describes the development of five novel amphi-
philic manganese agents (arbitrarily named Mn 1 – 5), the evaluation 
of OATP uptake both in vitro using human OATP isoforms, and in 
vivo liver uptake through endogenous OATP expression in mice.

Methods: 
Human breast cancer (MDA-MB-231) cells were engineered using 
a lentiviral vector expressing fluorescent zsGreen to facilitate cell 
sorting, and either the human OATP1B1 or OATP1B3. In vitro agent 
characterization: Agent relaxivity  (r1) was measured at low field 
(0.23 mT – 1 T) using fast-field cycling relaxometry, and at our imag-
ing field strength (3 T) using a fast-spin echo inversion-recovery 
sequence (FSE-IR) at 37ºC. Naïve and engineered MDA-MB-231 
cells containing either of the two OATP isoforms were incubated with 
one of the novel manganese-agents (1.6 mM) for 90 minutes, then 
washed and collected for analysis. An FSE-IR sequence was used to 
acquire  R1maps of cell pellets to assess agent uptake through OATP. 
Agent uptake was estimated by dividing the change in relaxation rates 
between the naïve and treated cells by the relaxivity of the agent at 3 
T and normalized to the uptake of Primovist through OATP1B3 (our 
benchmark probe-reporter combination). Based on the in vitro uptake 
data, Mn-2, Mn-3, and Mn-5 were selected for in vivo evaluation. 
In vivo MRI: Healthy BALB/c mice were imaged using a custom-
built whole-body linear birdcage coil at 3 T. Pre-contrast images 
were taken before agent administration using a 3D spoiled gradient 
recalled steady state acquisition (3D-SPGR). After administration 
of 0.1 mmol/kg dose of agent, repeated whole-mouse  T1-weighted 
images (300 m isotropic resolution) were acquired every 138 s over 
70 minutes to assess agent biodistribution and contrast enhancement 
in various organs.

Results: 
The measured mean relaxivity of the five manganese agents at 3 T was 
2.99 ± 0.3  mM-1s-1. In vitro uptake assays through human transport-
ers showed uptake of all five manganese-based agents compared to 
cells lacking the transporter. Higher uptake of Mn agents was observed 
through OATP1B1 compared to our Gd-EOB-DTPA-OATP1B3 bench-
mark. In vivo MRI showed mixed renal/hepatobiliary clearance of all 
three agents with peak contrast enhancements in the liver of 126%, 
151%, and 185% compared to precontrast, and estimated half-lives of 
24.73 mins, 20.03 mins, and 21.22 mins for Mn-2, Mn-3, and Mn-5 
respectively.

Conclusions: 
These next-generation Mn-based contrast agents display promising 
properties for MR imaging and offer a potential solution to reduce 
Gd-specific concerns that are associated with commercially avail-
able agents. The novel agents investigated showed good uptake 
through human OATP1B1  in vitro  and successfully generated 
strong liver contrast in vivo, showing fast clearance, and no evi-
dent toxicity at 0.1 mmol/kg. Future work will include evaluating 
these novel agents for OATP1 reporter gene imaging in various 
applications.
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Introduction: 
Ionizing radiation causes lung injury by increasing vascular perme-
ability. Recently we reported a physiologically based pharmacokinetic 
(PBPK) model based on non-invasive dynamic NIR imaging to esti-
mate vascular function and permeability in lungs [PMID: 28567545]. 
However, the role of inherited genes in pulmonary radiation injury and 
recovery has not been fully studied. We report the influence of inher-
ited endothelial notch-DLL4 expression on radiation injury via NIR-
2nd window dynamic imaging of ICG dye kinetics in consomic rat 
models. Consomic strains were generated by the substitution of the 
brown Norway (BN) rat (DLL4-low) chromosome 3 into the salt sensi-
tive (SS, DLL4-high) background (referred to as SS-BN3 consomic). 
We demonstrate the divergent effect of DLL4 expression on radiation 
induced vascular permeability, which further led to mortality differ-
ences, where SS rats (DLL4-high) exhibited high pulmonary mortality 
compared to SS.BN3 rats following whole thoracic radiation.

Method: 
SS and SSBN3 rats were bred to differ in the inheritance of  3rd chro-
mosome (Figure 1- A). Animals in each group were divided into two 
groups, where one group was exposed to 13.5 Gy leg out partial body 
irradiation. NIR-2nd window dynamic fluorescence imaging of ICG 
dye uptake and clearance was conducted with a NIRVANA camera (15 
minutes, 10.6 frame/second, and 808 nm excitation, 950 nm longpass 
emission ) at 42 days and 90 days post irradiation. Time dependent 
images were analyzed by principal component analysis (PCA) to detect 
lung ROI and time courses across groups were compared (Figure 1-B, 
and C). PBPK compartmental model parameters were estimated to 
quantify the permeability- surface area product (PS). Figure 1-D. To 
evaluate the endothelial cellularity, and the sensitivity of cells to the 
irradiation, and to evaluate the role of DLL4 expression on the irradia-
tion response, flow cytometry was performed for selected animals from 
each group. Also, about ten million lung cells per animal were used 
for  CD31+ enrichment to assess the effect of irradiation injury on the 
 CD31+ count in radiated and control groups.

Results: 
42 days post injury, the PS value increased to 6.85 ± 1.89 [CL: 
2.76- 10.94] mL/min for SS rats after 13 Gy irradiation, compared 
to 2.36 ± 0.20 [CL: 1.94- 2.78] mL/min for non- irradiated SS rats 
(p-value<0.05). While, the PS for SSBN3 rats was 2.56 ± 0.21 [CL: 
2.11- 3.01] mL/min, and 3.50 ± 0.69 [CL: 2.06- 4.94] mL/min for con-
trol and radiated groups(Figure 1-E). This suggests SS.BN3 pulmonary 
vasculature was resistant to radiation injury. The surviving animals 
has PS values reduce to match control at 90 day. We examined the 
endothelial cellularity (EC) in lung by flow cytometry (Figure 1-H). 
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In SS rats EC reduced from 9.87% in 0Gy to 5.65% in 13Gy. How-
ever, BN3 rats showed a nonsignificant reduction in EC from 7.08% in 
0Gy to 5.46% in 13Gy, suggesting radioprotective effects in consomic 
SSBN3 rats (Figure 1-F). There was significant decrease in Dll4 mRNA 
in SS rats upon radiation compared to that in SSBN3 rats. Notably, in 
non-radiated groups, SS rats have higher EC counts and Dll4 mRNA 
expression than SSBN3 rats (Figure 1-G) suggesting higher DLL4 
expression increases radiation injury. Also, the morbidity analysis of 
animals shows higher rate for irradiated SS rats compared to non- irra-
diated SS and radiated SSBN3 groups (Figure 1-H).

Conclusion: 
Our study suggests a significant dependence of radiation injury to the 
inherited notch-DLL4 expression, which can be imaged in 200g rats 
with NIR  2nd window imaging.
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Introduction: 
Chimeric antigen receptor T (CAR-T) cells have shown remarkable 
efficacy in treating blood-based  cancers1. However, current challenges 
of these transformative therapies include low effectiveness in many 
patients, accumulation in normal tissues leading to serious side effects, 
and insufficient migration into and treatment of solid tumours. Trans-
lationally relevant imaging technologies that allow one to monitor the 
fate of CAR-T cells could enable prediction of patient response and 
side effects, as well as better evaluate CAR-T designs. Our objective 
was to develop a highly efficient CRISPR system for editing human 
T cells with multiple transgenes at loci known to improve both safety 
and efficacy of CAR-T cells, whilst also making them “visible” with 
clinically relevant imaging modalities. As described by Eyquem et al.2, 
T cells were edited at the TRAC  locus to knock-in a CAR and simulta-
neously knock-out the endogenous T cell receptor (TCR) to improve 
CAR-T cell potency and delay exhaustion. Human MRI (OATP1B3), 
PET (NIS) or preclinical bioluminescent (Akaluc) reporter genes were 
included in our CRISPR system to allow for multi-modal molecular-
genetic imaging of edited CAR-T cells.

Methods: 
Human T cells were nucleofected with ribonucleoprotein complexes 
(RNPs) targeted to the TRAC  or AAVS1 safe-harbor loci. Adeno-associ-
ated viral (AAV) vectors were designed to carry CD19CAR and OATP
1B3, NIS or Akaluc reporter genes to the TRAC  or AAVS1 loci. Editing 
efficiency was determined by flow cytometry and integration by PCR 

analysis. CD19+ human B cell lymphoma (NALM6) cells expressing 
either firefly luciferase (FLuc) or Antares BLI genes were engineered 
for CAR-T targeted kill assays and in vivo preclinical moue models. 
Uptake of the PET tracer [18F]tetrafluoroborate (TFB, 1 MBq/1M 
cells, 45 mins) into NIS expressing cells was measured with a gamma 
counter. Uptake of the MRI contrast agent Gd-EOB-DTPA (5.2 mM, 
90 mins) was determined using a 3T clinical MRI scanner. Akaluc 
expression was determined by BLI using an IVIS imaging system and 
its substrate, akalumine (5 mM).

Results: 
Flow cytometry analysis showed >85% editing efficiency when target-
ing CD19CAR AAV to the TRAC  locus. CD19CAR+/TCR- T cells 
significantly delayed cancer progression and extended survival in a 
NALM6-Fluc leukemia mouse model. CD19CAR-OATP1B3, -NIS and 
-Akaluc CAR-T cells had functional reporter gene expression down-
stream of the CAR, as confirmed by uptake of Gd-EOB-DTPA into 
OATP1B3 expressing cells, [18F]TFB into NIS expressing cells and 
bioluminescence in Akaluc expressing cells (Fig.1 A-C). Multiplexed 
editing with CD19CAR-OATP1B3 or -NIS at the TRAC  locus and NIS- 
or OATP1B3-LNGFR at the AAVS1 locus together produced 50-74% 
TCR-/LNGFR+ duel edited cell populations (Fig.1 D). Single and dual 
edited CAR-T cells effectively killed NALM6-Fluc cells, whereas naïve 
and RNP only control T cells did not (Fig. 1 E). These data indicate that 
both the CAR and reporter gene components were functional in single 
and dual-edited T cells. Correct integration at TRAC  and/or AAVS1 loci 
was confirmed by junction PCR analysis. For preclinical mouse mod-
els, a dual BLI imaging system was employed that showed homing of 
CD19CAR-Akaluc T cells to subcutaneous NALM6-Antares express-
ing cancer cells.

Conclusion: 
Our work demonstrates the first CRISPR-Cas system for highly efficient 
editing of cancer-killing CAR-T cells with clinically relevant human 
reporter genes. Ongoing efforts are extending these studies to MRI and 
PET of edited CAR-T cells in preclinical mouse cancer models. These 
advanced CRISPR tools should have broad utility for co-editing pri-
mary cells with therapeutic genes and reporter genes to make trackable 
therapeutic cells with improved efficacy and safety profiles.
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Background: 
Although dissolution dynamic nuclear polarization generates high 
spin polarizations for feasible clinical magnetic resonance imaging 
(MRI) of 13C-metabolites, this hyperpolarization is non-renewable, 
and the effective relaxation time of hyperpolarized metabolites limits 
the achievable image SNR and spatial resolution. Our group has dem-
onstrated a preclinical method of increasing the polarization lifetime by 
dissolving 13C-pyruvate in deuterium (D2O) [1]. Here, we perform a 
translation of this method into humans to study its safety and imaging 
characteristics.

Methods: 
Several tests were performed to verify it was safe to inject humans with 
D2O. The results of the trials submitted for an IND approval are shown 
in Figure 1a. Three healthy volunteers (ages:29.5± 2.5 years) were 
imaged under IRB#21-309 on a GE Discovery MR750w 3.0T using a 
dual-tuned transmit/receive quad 1H/13C head coil. The pyruvate dose 
was prepared by loading 1.54 grams of [1-13C]-pyruvate/EPA solution 
into a cryostat vial, and 37 grams of D2O into a fluid path which was 
polarized in a 5T Spinlab Hyperpolarizer (GE Healthcare) for about 
two hours. After polarization, the [1-13C]-pyruvic acid was neutralized 
with 42 grams of 0.276 M NaOH and 0.153 M Tris in D2O in a receiver 
vessel. The solution was terminally sterilized into the patient adminis-
tration syringe. After performing quality control (see Figure 1b), 0.43 
ml/kg of the dose was injected at 5 mL/s into the volunteer followed by 
20 mL of saline flush using a Medrad power injector. Image acquisition 
was initiated immediately following the saline flush using a spectrally-
selective dual-echo 3D dynamic EPI sequence [2]. 12 timepoints of 13C 
images were acquired for 24 image slices over a field of view of 25 x 25 
x 48 cm3 and an image size of 16 x 16 x 24 voxels at a repetition inter-
val (TR) of 5 seconds with flip angles of 80° on 13C-bicarbonate and 
13C-lactate, and 11° on 13C-pyruvate. An axial T1-weighted image was 
acquired for anatomic localization. The kinetics of pyruvate perfusion 
and conversion to lactate was determined by fitting the imaging time 
series to an inputless two-site kinetic tissue model[3].

Results: 
We have injected 3 volunteers with no adverse effects. However, only 
two image acquisitions were successful. Pyruvate and lactate were 
readily detected (Figure 1 d), but the bicarbonate SNR was poor and 
this may have been due to a miscalibration of the bicarbonate fre-
quency. Good kinetic parameter maps were obtained in the interior of 
the brain, but the fit at the edge was poor (Figure 1c). Average time-
to-peak (TTP) values for pyruvate and lactate measured over a region-
of-interest (ROI) on the central slices were found to be 6.41 and 15.94 
seconds. Mean pyruvate to lactate conversion rate (kPL) was found to 
be 0.017/second and the mean effective T1 for pyruvate  (T1pyruvate) was 
47.5 seconds (Fig. 1e)

Discussion: 
We have verified the safety and determined the imaging characteristics 
of HP [1-13C-pyruvate] in D2O in the normal human brain. Despite 
the small number of subjects, it is interesting to note that the mean 
pyruvate to lactate conversion rate (kPL) is comparable to that reported 
in another work [4]. More notably, the effective T1 of pyruvate in D20 
obtained is almost 50 seconds which is about twice that reported for 
pyruvate in H20 in [3] and [4]. This suggests the increase in effec-
tive T1 of pyruvate from solvation in D2O may be maintained in the 
human brain.
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Introduction: 
HER2(+) metastatic breast cancer (BC) is one of the most aggres-
sive and lethal cancer type amongst female. HER2 targeted thera-
pies such as monoclonal antibodies and antibody-drug conjugates 
lack long-term efficacy and/or can cause severe off-target toxicity. 
Therefore, the development of novel targeted delivery strategies that 
minimize toxicity and increases therapeutic localization is critical 
to improve treatment outcomes. Pretargeting delivery separates a 
traditional single targeted delivery step into a pretargeting step fol-
lowed by the subsequent delivery of therapeutic components with 
optimized clearance and circulation time that can reduce off-target 
accumulation and associated toxicity.1 The delivery components 
are functionalized with bioorthogonal reactive groups that quickly 
react in situ. In the pretargeting step, a high-affinity mAb ligand 
targets HER2 markers on the cancer cell membrane. In the sec-
ond step, drug carrier molecules are administered and selectively 
react with the pretargeted receptors forming cross-linked cluster on 
the cell surface, facilitating rapid internalization and intracellular 
delivery of therapeutics. We have reported a click-chemistry based 
pretargeting platform for HER2(+) BC with dual-modality PET-
SPECT image guidance.2 An enhanced localization of the thera-
peutic components and improved treatment response was observed 
in pretargeted tumors.1, 2 However, an interference between PET/
SPECT channels; an increased radiation exposure; and complex 
logistics of imaging lead us to developing new PET-MRI guided 
pretargeting platform, that takes advantages of dual PET-MRI sys-
tems, reduced radioactivity dose, and improved soft-tissue contrast. 
Biocompatible uSPIO-based nanocarriers are used as the drug deliv-
ery platform due to their high MR relaxivity, high loading capacity, 
and non-toxicity.

Methods: 
Hydrophilic uSPIO carriers were constructed from an oleic-acid 
capped hydrophobic sub-5nm iron-oxide core. A bifunctional hydro-
philic ligand was synthesized having strong affinity towards iron-oxide 
core and bearing free amine group. A ligand exchange method was 
used to strip the native oleic acid cap with the synthesized ligand. 
TCO-tetrazine click chemistry was selected for pretargeting delivery 
due to its fast kinetics with no side reactions or products.3 Pegylated 
click-reactive linkers and/or DM1 (Mertansine) drug were conjugated 
onto uSPIO post-ligand exchange. TEM and DLS were used for meas-
uring uSPIO core size and hydrodynamic diameter.  T1 and  T2 uSPIO 
relaxivity was determined in a phantom study. The uSPIO-Tetrazine 
carrier was tested in preclinical models of HER2(+) BT-474 BC using 
pretargeting 89Zr radiolabeled trastuzumab conjugated with TCO click 
reactive group (Tz-89Zr-TCO). uSPIO was delivered 20h after pretar-
geting trastuzumab and PET-MRI images were acquired on a Bruker 7 
Tesla PET-MRI system at 1 to 24h post administration.
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Results: The developed uSPIO construct has a core size of 3.5nm and 
a hydrodynamic diameter of 15nm (Figure 1A). It produces strong 
positive  T1 contrast in MR images with  T1 relaxivity comparable to 
Gd-based contrast agents (1 vs 3  s-1•mM-1) (Figure 1C). Surface amine 
conjugation with PEG-tetrazine linker and drug does not induce sig-
nificant structural change to the uSPIO core, as confirmed by TEM 
(Figure 1B). MRI of pretargeted and non-pretargeted tumors is shown 
in Figure 1D. A 15%  T1 drop with the first hour and a 95% signal recov-
ery after 4 hours of administration was detected in non-pretargeted 
tumors suggesting passive EPR-based delivery and rapid washout of 
the carrier. Over 40%  T1 drop was detected in Tz-89Zr-TCO pretargeted 
tumors and the signal did not fully recover till 24 hours post injection, 
suggesting specific tumor retention of pretargeted uSPIO-PEG-Tt car-
riers. Co-registration of PET and MRI signals was observed only in the 
tumor region (Figure 1D).

Conclusion: 
This study builds a solid foundation for further development of the 
uSPIO-based drug carrier platform for pretargeting image-guided 
theranostic approach to simultaneously visualize biodistribution and 
enhance therapeutic localization using dual PET-MR imaging.
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Neurological proteopathies are diseases characterized by abnormal 
assembly of misfolded proteins, including Alzheimer’s disease (AD), 
Parkinson disease (PD), and prion disease.1 Fluorescence staining 
with Thioflavin T (ThT) is a gold standard method for detecting various 
misfolded proteins and is widely applied in in vitro testing and etiol-
ogy elucidation.2 However, the high background signal, short emission 
wavelength, and poor blood-brain barrier permeability hamper it’s in 
vitro and in vivo applications.3 In contrast, chemiluminescence imaging 
requires no excitation, which can significantly enhance signal to noise 
ratio (SNR) and thus facilitate deep tissue imaging.4 Currently, there 
are no chemiluminescence probe for monitoring proteopathies. In the 
present study, we first demonstrated that ADLumin-1, a highly sensi-
tive chemiluminescence probe (Fig. 1a),5 could target the long-axis of 

beta-sheet structure and serve as an excellent alternative to ThT. When 
interacting with amphiphile peptide PA-K/K2, ADLumin-1 showed 
selective binding to beta-sheet-rich PA-K2 (Fig. 1b) and displayed 
over 100-fold signal amplification compared to the gold standard ThT 
(Fig. 1c). ADLumin-1 also showed excellent capability to detect a 
broad spectrum of misfolding-prone protein biomarkers (Fig. 1d) and 
molecular docking indicated that ADLumin-1 bind along the long 
axis of beta-sheet structure (Fig. 1e). By using α-synuclein, the bio-
marker in PD, as an example, ADLumin-1 was successfully applied to 
monitor α-synuclein aggregation (Kd = 0.76 μM) and direct detection 
of α-synuclein aggregates with the lower limit of detection at 1 pg/
mL (Fig. 1f). By coupling with protein misfolding cyclic amplifica-
tion (PMCA) technology, ADLumin-1 enabled attomole level detec-
tion of α-synuclein aggregates in human cerebrospinal fluid (Fig. 1g), 
which could not be achieved with ThT. Moreover, the probe could 
label α-synuclein inclusions in brain slides of a PD patient (Fig.1h). In 
addition, ADLumin-1 could differentiate transgenic A53T mice from 
wildtype mice, evidenced by significantly higher chemiluminescence 
signal from brain region (Fig. 1i,j). Lastly, ADLumin-1 enabled non-
invasive monitoring of disease progression and α-synuclein aggrega-
tion in transgenic PD mice (Fig.1k). In summary, ADLumin-1 is a 
highly sensitive chemiluminescence probe for detection of neurological 
proteopathies both in vitro and in vivo.
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Introduction: 
Cellular therapies rely on proper communication between delivered 
cells and their target. Cancer immunotherapies harness the innate 
tumour-homing ability of immune cells to better target and kill malig-
nant cells. To improve cancer killing, immune cells can be engineered 
with targeting receptors, such as chimeric antigen receptors (CAR), to 
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recognize specific cancer antigens. CAR-T cells have already shown 
remarkable clinical success in treating B-cell cancers1, with the poten-
tial to treat other cancer types on the horizon. However, some patients 
still suffer from inadequate efficacy and/or serious side effects, thought 
to be due to sub-optimal tumour-homing and off-targeting of normal 
tissues by immune cells. This study aims to develop a non-invasive and 
clinically-relevant imaging tool to visualize when immune cells inter-
act with their targeted antigen – the prerequisite for inducing cancer 
killing. The synthetic notch (SynNotch) receptor is a uniquely versa-
tile system that signals cell-cell contact via activatable transcriptional 
expression of desired transgenes2 (Fig. 1A). The objective of this work 
was to engineer immune cells with a SynNotch system that activates 
the expression of multimodal imaging reporter genes in response to 
cancer antigen binding.

Methods: 
Human Jurkat T cells were engineered via sequential lentiviral 
transduction of two components: (1) SynNotch directed against the 
B-cell surface antigen CD193, and (2) an activatable response ele-
ment containing tdTomato (tdT) for fluorescence, firefly luciferase 
(Fluc) for bioluminescence (BLI), and organic anion transporting 
polypeptide 1B3 (OATP1B3) for MRI4. Successfully engineered 
T cells were isolated using fluorescence activated cell sorting. For 
in vivo evaluation, Nod-scid-gamma mice were implanted with 
either CD19+ or CD19- Nalm6 leukemia cells subcutaneously. 
Once tumours reached >100mm3, mice received an intratumoural 
injection of 10 million engineered T cells. BLI and gadolinium-
enhanced T1-weighted MRI was performed to assess Fluc and 
OATP1B3 reporter activation in tumours, respectively. Contrast-
to-noise ratio (CNR) measurement of MR images was performed by 
a blinded observer by drawing regions representing the enhanced 
cells and tumour background on individual slices and averaged 
per mouse.

Results: 
BLI revealed minimal background Fluc activity in subcutaneous 
tumours prior to T cell injection (Fig. 1B). Excitingly, as early as 
12 hours post-intratumoural T cell injection, mice carrying CD19+ 
tumours showed significantly elevated Fluc signal compared to mice 
with CD19- tumours at all timepoints. Following administration of 
the gadolinium agent Primovist, MRI revealed localized regions 
of contrast enhancement within CD19+ tumours whereas CD19- 
tumours showed no notable enhancement (Fig 1C). These enhanced 
regions in CD19+ tumours exhibited significantly higher contrast-
to-noise over the tumour background compared to CD19- tumours 
(Fig 1D).

Discussion: 
This work describes an activatable molecular imaging system to visu-
alize cell-cell communication between cells in vivo using clinically-
relevant imaging modality for the first time. The results demonstrate 
selective activation of reporter genes in immune cells interacting 
with cancer cells in an antigen-dependent manner with minimal off-
target activity. Notably, MRI revealed discernable regions of contrast 
enhancement within CD19+ tumours, but not CD19- tumours, reflec-
tive of OATP1B3 expression in T cells interacting with their target 
antigens. Future work for this imaging system includes adapting it 
for other immune cell types like natural killer cells and CAR-T cells. 
Moreover, the modularity of SynNotch can easily target antigens on 
solid tumours antigens instead, allowing this system to be used across 
a wide range of cancer types. Further refinement of this technology 
will provide a clinically-relevant imaging tool which could provide 
valuable insight into how cells communicate in multicellular organ-
isms, and ultimately help to improve the safety and efficacies of cell 
therapies as a whole.
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Background: 
Magnetic particle imaging (MPI) utilizes the nonlinear magnetic 
response of superparamagnetic iron oxide nanoparticle (SPION) trac-
ers, and is notable for its high sensitivity and lack of biological back-
ground signal. These traits, together with the SPION’s restriction to 
the cerebral blood spaces, make it an attractive modality for cerebral 
blood volume (CBV) imaging including mapping functional changes. 
Modeling analysis [3] as well as preliminary experiments of rats under-
going a hypercapnia challenge supported the use of MPI for functional 
neuroimaging [1, 2]. Here, we present a study of MPI’s ability to image 
hypercapnia induced CBV changes in 5 rats using improved MPI hard-
ware with increased sensitivity and temporal resolution.

Methods: 
The mechanically rotating field-free line (FFL) MPI system used 
in this experiment is described in the Open-Source MPI project[5] 
(seen in Fig. 1A), and utilizes a receive chain from the University 
Medical Center Hamburg Eppendorf. MPI images are acquired 
every 5.0 sec. The imaging parameters are: drive amplitude = 8 
mT pk, field of view (FOV) ≈ 30 mm diameter, and the images 
are reconstructed with an inverse radon transform. Synomag-D 70 
nm SPIONs (micromod, Germany) were injected into 5 adult male 
Sprague-Dawley rats. Availability of the particles necessitated the 
use of 2 batches (16321104-02, 08522104-01) of SPIONs. Spatial 
resolution is ∼2 mm. Each rat underwent two rounds of the hyper-/
hypocapnia protocol, with a 10 mg/kg dose before each, with doses 
∼1 hr apart. The hyper-/hypocapnic protocol is as follows: Hypercap-
nia was induced by ventilating the rat with 5%  CO2 + enriched (30% 
 O2) air at 35 breaths per minute (BPM); hypocapnia was induced by 
hyperventilation (55 BPM) on enriched air. Each state lasted 5 min-
utes (repetition period = 10 min), and the experimental protocol for 
each rat involved three full periods (30 min total). For each rat, a vol-
ume MPI scan was acquired (see Fig. 1B). Finally, 3T MRI data was 
obtained for each rat on the same bed used in the MPI system (3D 
GRE, TE=2.67 ms, TR=20 ms, isotropic 0.5 mm). The MR images 
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were then coregistered to the MPI. To analyze the imaging time 
sequence, a generalized linear model (GLM) was built for the experi-
ment with constant, linear, initial transient decay, scan direction, 
and “activation” terms. The “activation” term is the square-wave 
corresponding to hyper-/hypocapnia convolved with a hemodynamic 
response function and a particle decay term. The resultant activation 
model fit and the measured data with other regressors (constant, 
linear, etc.) subtracted, is shown in Fig. 1D. The contrast-to-noise 
ratio (CNR) is defined as the peak-to-peak activation divided by the 
standard deviation of the residual error from the GLM.

Results: 
The maximum positive CNR is located in the brain for each of the 
5 rats, and the values are: [13.6, 19.9, 11.5, 10.0, 10.4]. Within the 
brain, the percent signal change is ∼20-30%. Each corresponds to a 
Bonferroni corrected p-value of <  10−12. Fig. 1C shows the CNR map 
coregistered on the MRI for a representative rat, and for all 5 rats in 
the persuasive data file.

Discussion: 
The results show strong activation, localized to the brain, consist-
ent with the expected physiological response of hyper-/hypocap-
nia. These are the first MPI imaging of cerebrovascular functional 
changes in rats in vivo, localized to the brain as confirmed by MRI 
coregistration. Next steps include imager developments to accom-
modate larger rats, and reconstruction improvements (e.g. [4]) to 
mitigate artifacts, e.g. due to rat positioning near the edge of the 
FOV or out of plane signal. This study motivates future work such 
as 1) MPI imaging of localized neural activation, and 2) scaling to 
larger animals.
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Introduction: 
Early detection and treatment of hepatocellular carcinoma (HCC), one 
of the leading causes of cancer-related deaths due to its aggressive 
malignancy, remains a major challenge in healthcare. Considerable 
effort has been devoted to developing diagnostic tools,1 such as 1H 
MRI, FDG-PET, CT, for targeting and imaging HCCs. Yet, none of 
the methods provide insights into tumor metabolism, which is criti-
cal for tumor detection and evaluation of therapeutic treatment. Most 
recently, deuterium metabolic imaging, or DMI, has been demonstrated 
as a powerful and simple technique for non-invasive imaging of tumor 
metabolism in vivo.2 Fructose, which is mainly metabolized by the 
liver,3 is a promising reporter of metabolism in liver tumors. Here, we 
show quantitative assessment of [6,6’-2H2] fructose metabolic flux in 
subcutaneous HepG2 mouse models at 9.4 T and the comparison with 
[6,6’-2H2] glucose, exploring the possibility of developing deuterated 
fructose as a novel deuterium imaging probe for detecting liver tumors 
in vivo.

Results and Discussion: 
Kinetics of [6,6’-2H2] fructose and [6,6’-2H2] glucose metabolism in 
liver cancer cells were investigated in vitro for the quantification and 
comparison of metabolic rates derived from glycolytic and fructolytic 
pathways. Human-derived HepG2 liver cells were incubated with 10 
mM [6,6’-2H2] fructose and 10 mM [6,6’-2H2] glucose, respectively. 2H 
signals of the metabolic products of the precursors were observed in the 
culture media (Figure 1a-c), indicating HepG2 cells actively metabolize 
both precursors. The production rate of [3,3’-2H2] lactate is 2 times less 
of the consumption rate of the precursors, indicating half of the precur-
sor was converted into [3,3’-2H2] lactate during glycolysis, or fructoly-
sis (Table 1). As the production rate of lactate reflects the contribution 
of the precursors to anaerobic pathways, the 3 times faster [3,3’-2H2] 
lactate production rate of [6,6’-2H2] glucose implies that [6,6’-2H2] 
glucose metabolism dominates anaerobic glycolysis, and [6,6’-2H2] 
fructose is contributed more to other pathways. The visualization of 
[6,6’-2H2] fructose and [6,6’-2H2] glucose metabolism in vitro allows 
further study of their metabolism in vivo. Kinetics of the metabolism 
were monitored in subcutaneous HepG2 mouse models in vivo by 2D 
CSI using a 2H surface coil (Figure 1d). After the arrival of the pre-
cursors, an increase in the HDO production was observed, which cor-
relates well with the consumption of the precursors in the initial ~35 
mins (Figure 1e-i), implying HDO arising from the TCA cycle can be 
served as a robust reporter of the uptake of the precursors in the tumor. 
The in vivo HDO production rate of glucose is comparable to that of 
fructose (Table 1), indicating their contribution to in vivo TCA cycle 
is similar. After the initial period, HDO continues to increase rapidly 
which could be attributed to the second round of TCA cycle produc-
ing additional HDO, or the influx of HDO generated from metabolism 
of the precursors in the surrounding tissues. The lactate signal was 
observed by summing the 2H signal from the time points (Figure 1j), 
where in vivo lactate production rates were obtained (Table 1). The 
ratio of vlac-glu,in vivo/vlac-fru,in vivo and vHDO-glu,in vivo/vHDO-fru,in vivo is 
comparable to that observed in vitro. However, the metabolic rates in 
vivo are slower than that in vitro, which could be caused by the differ-
ences between an in vivo and in vitro environment as well as the perfu-
sion of precursors in tumors and a constant concentration of precursors 
in the cell culture.
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Conclusion: 
In summary, we have evaluated and compared the metabolic flux 
between [6,6’-2H2] fructose, and [6,6’-2H2] glucose which is the most 
widely used probe to study in vivo metabolism using DMI, demonstrat-
ing the feasibility of using [6,6’-2H2] fructose as a deuterium imaging 
probe to detect liver tumors.
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Introduction: 
A hallmark of a successful tumor resection surgery is the complete 
removal of all gross and microscopic disease with minimal damage to 
neighboring healthy tissue. Nevertheless, surgical guidance is largely 
accomplished by visual examination and palpitation, lacking contrast 
and sensitivity. As a result, patients suffer from increased risks of: 
recurrence through high positive margin  rates1, metastases from unde-
tected nodal disease, and long-term damage to healthy tissue such as 
neighboring  nerves2. Thus, fluorescence-guided surgery (FGS) sys-
tems—which can provide high-contrast, cell-specific imaging of mul-
tiple targets—are poised to significantly improve clinical  outcomes3. 
Current FGS systems, however, face tradeoffs between microscopic 
detection and maneuverability. Surgical microscopes are capable of 
microscopic resolution but require bulky optics that obstruct the surgi-
cal  workflow4. In contrast, laparoscopes achieve integration in mini-
mally invasive procedures with miniaturized optics that cover a large 
field of view (FoV), but are limited to macroscopic  detection5. Alter-
natively, contact imaging chips eliminate optical lenses and their asso-
ciated tradeoffs by maintaining direct tissue contact, capturing fluo-
rescence emissions before they  diverge6. In this way, contact imagers 
achieve high collection efficiencies necessary for microscopic detection 
while maintaining a compact form factor. Moreover, the FoV (sensor 
size) is scalable without significant sacrifices in resolution. Despite 
these advantages, contact imaging chips require thin, planar alterna-
tives to conventional emission filters and focusing optics. Collimators 
can be used to enhance  resolution7. However, high-performance inter-
ference filters show severe performance degradations at oblique angles 
of incidence (AOIs), precluding their use in lens-less  systems8. Prior 

works, therefore, use absorption filters, which exhibit weaker rejection 
and wavelength selectivity and require complex designs for multiplexed 
 imaging9,10. Here we demonstrate a fluorescence contact imaging chip 
with a novel emission filter design which is capable of multiplexed and 
microscopic intraoperative imaging in a thin and planar form factor, 
allowing for easy integration on surgical tools. Our filter design con-
sists of a low-NA fiber optic plate (LNA-FOP) and a multi-bandpass 
interference filter. The LNA-FOP acts as a collimator, compensating for 
the angle-sensitive interference filter while also improving resolution.

Methods: 
The filter is fabricated by directly coating a dual-bandpass (500-
575nm, 675-775nm) interference filter on a 500μm-thick LNA-FOP. 
It is then epoxied to our custom-designed 5x2.5mm CMOS image sen-
sor with 80x36 pixels at a 55μm pitch. To characterize resolution, we 
image a standard fluorescent USAF 1951 target. To determine sensitiv-
ity, we prepare fluorescently stained PC3-PIP cell culture slides and 
image cell clusters of 10-1000 cells. As an illustration of clinical rel-
evance, we image slide-mounted resected prostate tissue, fluorescently 
stained for tumor cells (anti-PSMA/anti-rabbit-IRDye680LT) and for 
nerves (anti-S100/anti-mouse-AlexaFluor488).

Results: 
Measurements of filter performance demonstrate at least 6 orders of 
magnitude rejection of excitation at 488nm and 633nm across AOIs 
and a line resolution of 110μm. Sensitivity measurements show 
detection of clusters of less than 100 cells with 50ms exposures and 
excitation intensities of 28mW/cm2 at signal-to-noise ratios (SNRs) 
of 4-20x depending the fluorophore used. Finally, ex vivo imaging 
results illustrate three clinically relevant scenarios: (1) the detec-
tion of microscopic disease (<100 cells) at the surgical margin, 
(2) simultaneous visualization and identification of both tumor and 
nerves within the same FoV, and (3) the identification of a nodal 
metastasis.

Conclusion: 
This work presents a highly sensitive intraoperative imaging chip 
with a novel filter design that enables high-resolution, multi-target 
imaging within a from factor suitable for imaging hard-to-access 
areas in minimally invasive procedures. We demonstrate the poten-
tial of this technology to detect microscopic disease along the resec-
tion margin, undetected nodal disease, and at-risk healthy structures 
in real-time during surgery, fulfilling a critical need in surgical 
oncology.
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Abstract Body: 
Macrophage, a key component of immune cell population, owing to 
its cellular plasticity is found to be a contributing factor both in can-
cer progression(1,2) and suppression(3,4). A seminal work proposed 
injected macrophages as pan-cancer sensor due to their preference to 
accumulate in breast tumors(5). However, evidence of this behavior 
is still lacking in different tumor models, let alone a transgenic mice 
model dedicated to visualize this.

Design Objective of the Study: 
The primary aim of this project is to visualize accumulation of geneti-
cally engineered macrophages injected in melanoma tumor mouse 
models. The second aim would follow this proof of concept to dedi-
cate a reporter mouse model that allows visualization of transgenic 
macrophages by dual-modality optical imaging, i.e. fluorescence (Fl) 
and bioluminescence (Bl) imaging. Transgenic macrophages would 
then be used to visualize pancreatic cancer.

Methodology and Results: 
Firstly, the BMC2 macrophages (Cellosaurus, CVCL_2I36, derived 
from C57BL/6 mice) and metastatic melanoma tumor cells (B16F10, 
ATCC CRL-6475) were transduced by lentiviral vectors for equimolar 
expression of CBG2 (click beetle red) (λ=680nm) and CBR2 (near-
infra-red click beetle) (λ=740nm) luciferases, respectively (Fig.a) (6,7). 
For in vivo experiments, CBR2 expressing B16F10 melanoma cells 
(4 x 104 cells) were injected intravenously (iv) in C57BL/6 mice. 

Tumor growth was monitored over time by CBR2-specific biolumi-
nescence. BMC2-CBG2 macrophages were pre-labeled with a near-
infrared fluorescent dye (Xenolight DiR, 320 μg/mL) and injected iv 
(10 x  106 cells) at day 14 post melanoma injection. Naphthyl luciferin 
substrate  (NH2NPLH2) was injected intraperitoneally (ip) (220mg/kg) 
that was used as a single substrate for CBG2 and CBR2 detection. 
The Fl emissions from BMC2-CBG2 and from B16-CBR2 metastatic 
melanoma were detected from the lungs at 72 h (Fig.1b). This was 
performed also at 24, 48 and 72 hour post BMC2-CBG2 injection. The 
Bl spectral unmixing algorithm was applied to distinguish co-localized 
bioluminescent signals of BMC2-CBG2 and B16F10-CBR2 in the 
lungs (Fig. 1c). Ex vivo BL quantification show metastasis (magenta 
color) and BMC2-CBG2 macrophages (green color) co-localized in 
the lungs (Fig. 1d). Secondly, a transgenic macrophage reporter mouse 
was developed for visualization of primary macrophage during pan-
creatic carcinoma progression and metastasis. To do so, CRISPR/CAS 
knock in of MRC-1 promoter was performed. This promoter drives 
the expression of a reporter gene fusion consisting of click beetle red 
luciferase (CBR2) and mKate2 fluorescent protein. To ensure stable 
expression this entire gene cassette is introduced in the ROSA26 locus 
of albino black/6 mice. MRC1 (mannose receptor C-type 1) also known 
as CD206, is a type 1 membrane receptor (8) expressed in macrophages 
making MRC1 as an ideal as promoter to report macrophages in our 
model. Based on this model, bone marrow derived myeloid progeni-
tor cells when polarized to macrophage lineage (naïve-macrophage) 
using mCSF1factor (50ng/ml), yielded 99.3% macrophage population 
(Figure 1d). This was based from CD11b gating in FACS analysis. In 
addition, these naïve macrophages could be further polarized to pro-
inflammatory (M1-like) macrophages using lipopolysaccharides (LPS) 
(100ng/ml) and INF-γ (50ng/ml) (Figure 1e, right). Likewise, polariza-
tion towards anti-inflammatory (M2-like) macrophages were possible 
when exposed to IL-4 (10ng/ul) (persuasive data). This reflects the cel-
lular plasticity of macrophage towards the micro-environmental (M.E) 
stimuli. Furthermore, the naïve transgenic macrophages (10 x  106 cells) 
pre-labeled DiR dye were injected in C57BL/6 mice engrafted with 
subcutaneous pancreatic cancer cells (3 x  105 cells) (persuasive data). 
Lastly, macrophages were visualized for the hour 24th, 48th, 72nd and 
day 7 th and 9 th. Bl and Fl imaging demonstrated a significant accu-
mulation of injected macrophages around tumor from 48 to 72 hours 
(persuasive data).

Conclusion: 
Together, both the engineered and the primary reporter macrophages 
could be successfully visualized in both metastatic melanoma and pan-
creatic tumor.
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Recent progress has shown that using wavelengths between 1000 and 
2000 nm, referred to as the Shortwave Infrared range (SWIR), can ena-
ble in vivo imaging at depths and resolution not possible with conven-
tional optical wavelengths such as visible (<700nm) and near infrared 
(NIR, 700-1000 nm) 1. However, a critical bottleneck in this field is 
access to biologically compatible and targeted fluorescent probes that 
operate in this range with well-separated absorbance maxima and effi-
cient emission in the SWIR region – properties critical especially for in 
vivo multiplexing experiments. In this context, indocyanine dyes are 
broadly used in multiplexed fluorescence-based experiments. Moreover, 
derivatives of heptamethine- indocyanines (e.g. Cy7, IRDye800CW and 
indocyanine green, ICG), which are the most broadly applied molecules 
not only for preclinical in vivo NIR imaging but also for clinical use 2, 
were recently found to exhibit substantial emission beyond 1,000nm 3. 
The use of heptamethine indocyanine “tail imaging” in the SWIR has 
been also investigated in the clinic using the FDA-approved NIR fluo-
rophore, ICG 4. This study extends the biological utility of the indocya-
nine scaffold to longer wavelengths for performing fluorescence guided 
surgery (FGS) in multicolor in tumor mice, with negligible crosstalk 
between the channels. Enabled by a rational design process, persul-
fonated indocyanine dyes (FNIR-872 and FNIR1072) were generated 
with absorbance maxima at 872 and 1072 nm through catechol- and 
aryl-ring fusion, respectively, onto the nonamethine scaffold. Both dyes 
were successfully conjugated to a therapeutic monoclonal antibody 
(Panitumumab, against the epidermal growth factor receptor (EGFR) 
overexpressed in multiple cancers) or to a glucan molecule such as dex-
tran, commonly used in microscopy experiments for vasculature imag-
ing. Both conjugates were tested in orthotopically transplanted breast 
tumor mice (MDA-MB-468, highly expressing EGFR) in combination 
with the heptamethine dye ICG. These chemical and biological studies 
were supported by complementary advances in a custom-built SWIR 
imaging setup and software package for multicolor real-time imaging in 
vivo that incorporates different NIR laser excitation sources specific for 

each dye (λex = 785 nm for ICG, λex = 892 nm for FNIR-872 and λex = 
968 nm for FNIR-1072), as well as a 1300 nm LED for reflectance imag-
ing. Lasers and LEDs were sequentially triggered and long-pass emission 
filters (>1050nm) were used to detect the fluorescence emission of these 
dyes (excitation multiplexing). Panitumumab targeted- tumor imaging 
was successfully performed using FNIR-872-mAb and FNIR-1072-mAb, 
revealing comparable tumor to background (TBR) and tumor signal to 
clinically used IR-800CW-mAb.
In addition, multiplexed three- colors in vivo imaging using mono-
clonal antibody Panitumumab and dextran- conjugates with FNIR-
872 or FNIR-1072 in tumor mice illustrate the benefits of concurrent 
labeling of the tumor mass as well as the macro and micro vascu-
lature in the surroundings. Moreover, these conjugates were multi-
plexed against ICG dye for labeling in parallel lymphatic vessels, 
while the reflection channel was used for room light visualization of 
the surface of the mouse.
These efforts demonstrate the potential of two novel bioconjugatable 
indocyanines derived dyes suitable for targeted- SWIR- FGS in mul-
ticolor in combination with existing heptamethine indocyanines. The 
high acquisition speed allowed us to precisely perform fluorescence-
guided resection of tumor mass and associated lymph-node in tumor 
mice. These molecules in combination with the multi-color real time 
visualization software tool we have developed will have applications 
in diverse preclinical and clinical contexts where multiplexed infor-
mation of targeted biological structures is needed.
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Introduction: 
Hyperpolarized dehydroascorbate (HP DHA) was first reported as a 
potential redox sensor more than a decade  ago1 but has since found 
limited use in preclinical magnetic resonance spectroscopy.2-4 This is 
due to the low polarization levels and limited concentration achievable 
by previous formulations. We sought to increase the polarization of 
DHA by generating a new formulation combining DHA with pyruvic 
acid (PA) and co-hyperpolarizing both substrates simultaneously. We 
herein demonstrate this fully developed method which allows for the 
metabolic imaging of glycolytic activity and redox status simultane-
ously in vivo.

Method: 
Co-hyperpolarization of [1-13C]DHA and [1-13C]PA – 150μL of a 
40:60 v/v mixture of monomeric [1-13C]DHA and [1-13C]PA contain-
ing 15 mM AH111501 trityl radical was hyperpolarized on a SpinLab 
polarizer (GE) for 2 hours. The frozen sample was dissolved in 13mL 
 D2O and collected in a flask containing an equimolar amount of sodium 
acetate resulting in a pH 5 solution containing 40 mM HP DHA and 
100 mM HP PA. Polarization and 13C  T1 of the hyperpolarized DHA/
PA solution was measured at 1T (Magritek) by recording 13C spectra 
every 3s using a 5 degree flip angle. The polarization and  T1 for [1-13C]
DHA and [1-13C]pyruvic acid were measured as 25%, 92s and 30%, 
99s respectively.
In vivo magnetic resonance spectroscopy (MRS) of co-hyperpolarized 
[1-13C]DHA and [1-13C]PA – Time-resolved MRS studies centered 
on a 10 mm axial slice across the brain were carried out on a 3T MRI 
spectrometer (Bruker) with a 13C urea phantom present for chemical 
shift reference. 13C MRS spectra were acquired every second and reso-
nances of bicarbonate, pyruvate, DHA, alanine, vitamin C, and lactate 
were observed throughout the time course of this study.
Dynamic magnetic resonance imaging of co-hyperpolarized [1-13C]
DHA and [1-13C]PA – NSG mice were injected with 250μL of 40mM 
HP DHA and 100 mM HP pyruvate. 13C HP MRS was performed 
using an axial 2D EPSI (3s TR) centered on a 10mm slice across the 
brain at the start of injection for 90s. Lactate/(Lactate + Pyruvate + 
Bicarbonate) (HP Lac/Total), bicarbonate-to-total pyruvate and Vita-
min C/(Vitamin C + DHA) (HP VitC/Total) ratios were calculated for 
representative brain voxels at 0s post-injection and 30s post-injection 
by taking the area under the curve of every metabolite for both time-
points. The correlation between time of acquisition, glycolytic activity, 
and redox status were statistically compared.

Results: 
The performance of DHA with the developed formulation shows 7 
times better polarization efficiency compared to previous reports of HP 
DHA (Figure A). Additionally, the sample does not contain an external 
compound for glassing and is made of only endogenous substrates, 
affording a dissolution of HP DHA and HP pyruvate with prolonged 
hyperpolarized lifetimes. All pyruvate metabolites classically observed 
in HP MRI were observed and were chemical shift resolved from DHA 
and ascorbate (Figure B). The increased signal enhancement allowed 
for dynamic MRS of DHA and pyruvate (Figure C). Significant dif-
ferences in the signal intensity of pyruvate and DHA metabolite reso-
nances are observed over time. The HP Lac/Total ratios at 0s and 30s 
post-injection are 0.095±0.035 and 0.192±0.042 (P=0.0002), respec-
tively. The HP VitC/Total ratios at 0 seconds and 30s post-injection are 
0.104±0.028 and 0.187±0.052 (P=0.0014), respectively (Figure D). 
There is moderate correlation between the observed HP Lac/Total and 
HP VitC/Total ratios (linear fit,  R2=0.562) 0s post-injection.

Conclusion: 
We demonstrated a new method for co-hyperpolarizing DHA and pyru-
vic acid. This method greatly enhances the signal lifetime of hyperpo-
larized DHA. Redox status and glycolytic activity can be metabolically 

imaged simultaneously for the first time. Conversion rates of pyruvate 
and DHA can be compared and correlations between them afford new 
information about the metabolic status of the brain.
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Objectives: 
With the advent of several new targeted and immuno-therapies, know-
ing the molecular expression profile of an individual patient’s tumor 
is more important than ever to properly stratify patients and ensure an 
effective treatment response. Precision medicine seeks advancements 
in molecular spatial profiling techniques with highly multiplexed 
imaging capabilities and sub-cellular resolution. Surface-enhanced 
Raman spectroscopy (SERS) imaging offers promise through the 
utilization of nano-based contrast agents that exhibit narrow spectral 
features and molecular specificity.1 SERS makes Raman scattering 
intensities competitive with fluorescence methods while offering the 
added benefit of unsurpassed multiplexing capabilities. Here, we 
present the largest library of 26 individually distinct SERS nanopar-
ticles (NPs) bearing high spectral uniqueness to arm researchers and 
clinicians facilitating unmixing of up to 26 components in a single 
imaging pixel. We demonstrated the utility of our SERS NPs for tar-
geting specific biomarkers on cultured cells and profiling cancerous 
human tissue sections for highly multiplexed optical imaging. This 
study showcases the far-reaching capabilities of SERS-based Raman 

S170



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

imaging in molecular profiling to improve personalized medicine and 
patient outcome.

Methods: 
Fabrication of SERS NPs: De-novo synthesized NPs were prepared 
by: (1) creation of 60-nm spheric AuNPs; (2) labeling of AuNPs with 
unique Raman reporter; (3) silica coating; (4) thiolation; (5) conjuga-
tion with biotargeting species; (6) capping remaining thiols; (7) puri-
fication. SERS spectra simulation: Density functional theory (DFT) 
facilitated selection of Raman reporters which met the key criterion 
of high spectral uniqueness.2 Multiplexed imaging assessment: A 
computer-controlled x–y translation stage was used to raster scan vari-
ous SERS NP mixtures. Cancer cell imaging: Each cell line (200,000 
cells) was incubated with 10 μL of 1.5 nM NP staining solution for 
15 min. In-vivo imaging: Mice were injected with 8 fmol of 26 equally 
mixed SERS NP flavors. Human tissue imaging: Human cancerous 
breast tissue sections were stained with SERS NPs for HER2.

Results: 
We demonstrated that, when both spatially separated and colocalized, 
our library of 26 SERS NPs can be successfully unmixed in a single 
Raman spectrum acquisition (Fig. 1A). Notable multiplexing capac-
ity and high sensitivity, with limits of detection in  10–18 M range, of 
SERS NPs break new ground in molecular spatial profiling (persuasive 
data). Active biomarker targeting was assessed with flow cytometry 
and Raman imaging of various types of cancer cells showing excel-
lent spatial co-registration with the cells depicted in the white light 
images (Fig. 1B). We observed high specific-to-nonspecific ratios of 
NPs targeting cells based on protein overexpression profiles: EGFR 
11.3±0.8 (n=35), CD47 7.4±0.3 (n=32), integrin αvβ3 6.1±0.6 (n=27), 
cMET 3.8±0.3 (n=20), HER2 9.2±0.8 (n=24). Moreover, our targeted 
SERS NPs allow spatial recognition of each cancer cell type after a 
single imaging acquisition of the mixed cells. We also demonstrated 
the ability to non-invasively unmix and localize the presence of all 26 
NPs in the liver of a mouse after they were mixed and administered 
intravenously (Fig. 1С). Finally, SERS imaging of HER2 expression on 
human tissue sections was validated with gold standard immunohisto-
chemistry (IHC) (Fig. 1D). Tumor areas with stronger IHC coloration 
demonstrated higher SERS specific-to-nonspecific binding ratios. The 
Pearson correlation coefficient between SERS binding ratios and IHC 
color intensity was 0.96 (p=0.05, n=20), indicating strong correlation 
between the techniques.

Conclusion: 
This is the first report presenting an expansive library of 26 NPs, each 
bearing a unique spectral fingerprint, and revealing the potential of 
NPs to gain an unparalleled understanding of the spatial relationships 
between a multitude of cell types using Raman imaging. Our ability to 
deconvolve a mixture of 26 SERS NPs in a single imaging pixel opens 
new opportunities to efficiently interrogate heterogeneous molecular 
expression found within and across patient samples.
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Over the past decades, classical drug development approaches for Alz-
heimer’s disease have yielded limited success, and this futileness has 
prompted scientists to seek non-classical approaches. In this report, 
CRANAD-147 and ADLumin-4 was designed, synthesized and char-
acterized as a novel approache for phototherapy of AD via attenuating 
Aβ’s neurotoxicity. CRANAD-147 contains curcumin scaffold that can 
bind with the hydrophobicity core of Aβ and diazirine scaffold that 
can be reacted to produce reactive oxygen species upon light stimula-
tion. ADLumin-4 was designed to activate CRANAD-147 by chemilu-
minescence resonance energy transfer (CRET) upon binding to the long 
axis of Aβ fibrils. With irradiation of LED light or with molecularly 
generated light (dubbed as “molecular light”) from chemiluminescence 
probe ADLumin-4, photolabile CRANAD-147 could cause changes of 
size properties, structures (sequences) and neurotoxicity of amyloid 
beta (Aβ) species in vitro. Mass spectra indicated that the photoreaction 
with photolabile curcumin changed the properties of Aβ via oxidation 
the vulnerable amino acids such as methione and histidines. In addition, 
with the assistance from molecular chemiluminescence imaging, the 
combination of CRANAD-147/LED or CRANAD-147/ADLumin-4 
(molecular light) could slow down the accumulation of Aβs in trans-
genic 5xFAD mice in vivo. Due to the unlimited capacity of tissue 
penetration of molecular light in vivo, phototherapy with the combina-
tion of photolabile Aβ ligand and molecular light has great potential as 
an alternative approach for AD drug discovery.

Reference
1. K. C. Moore, Photomed. Laser Surg. 2013, 31, 563-564.
2. a) Y. Zhang, Y. Hao, S. Chen, M. Xu, Front Chem 2020, 8, 770; b) 

C. Ran, Z. Zhang, J. Hooker, A. Moore, Mol Imaging Biol 2012, 
14, 156-162.

3. G. Hong, A. Antaris, H. Dai, Nature Biomedical Engineering 
2017, 1, 0010.

4. D. J. Selkoe, Nature 1999, 399, A23-31.
5. a) C. B. Anfinsen, Science 1973, 181, 223-230; b) R. Nelson, M. 

R. Sawaya, M. Balbirnie, A. O. Madsen, C. Riekel, R. Grothe, D. 
Eisenberg, Nature 2005, 435, 773-778; c) R. Riek, D. S. Eisen-
berg, Nature 2016, 539, 227-235.

6. a) R. E. Tanzi, R. D. Moir, S. L. Wagner, Neuron 2004, 43, 605-
608; b) B. Das, R. Yan, CNS Drugs 2019, 33, 251-263; c) J. Cum-
mings, G. Lee, K. Zhong, J. Fonseca, K. Taghva, Alzheimers 
Dement (N Y) 2021, 7, e12179.

7. a) F. Yang, G. P. Lim, A. N. Begum, O. J. Ubeda, M. R. Sim-
mons, S. S. Ambegaokar, P. P. Chen, R. Kayed, C. G. Glabe, S. 
A. Frautschy, G. M. Cole, J. Biol. Chem. 2005, 280, 5892-5901; 
b) E. K. Ryu, Y. S. Choe, K. H. Lee, Y. Choi, B. T. Kim, Journal 
of medicinal chemistry 2006, 49, 6111-6119.

8. a) C. Ran, X. Xu, S. B. Raymond, B. J. Ferrara, K. Neal, B. J. 
Bacskai, Z. Medarova, A. Moore, J Am Chem Soc 2009, 131, 
15257-15261; b) X. Zhang, Y. Tian, Z. Li, X. Tian, H. Sun, H. 
Liu, A. Moore, C. Ran, J Am Chem Soc 2013, 135, 16397-16409; 
c) X. Zhang, Y. Tian, C. Zhang, X. Tian, A. W. Ross, R. D. Moir, 

S171



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

H. Sun, R. E. Tanzi, A. Moore, C. Ran, Proc Natl Acad Sci U S A 
2015, 112, 9734-9739.

9. X. Zhang, Y. Tian, P. Yuan, Y. Li, M. A. Yaseen, J. Grutzendler, A. 
Moore, C. Ran, Chem Commun (Camb) 2014, 50, 11550-11553.

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

149-Preclinical evaluation of 68Ga- and 177Lu-radiolabeled inte-
grin αvβ6-targeting peptides

Presenter: Tanushree (Nina) Ganguly, University of California, Davis

Tanushree (Nina) Ganguly1, Nadine  Bauer1, Ryan A.  Davis2, Rebecca 
 Harris1, Sven  Hausner3, Yng (Sarah)  Tang4, Julie  Sutcliffe1

1University of California, Davis, Sacramento, CA
2University of California, Davis, Sacramnento, CA
3UC Davis Health, Sacramento, CA
4University of California, Davis, San Jose

Objectives: 
The integrin αvβ6 is an epithelial specific cell surface receptor that is 
overexpressed in numerous malignancies including pancreatic ductal 
adenocarcinomas (PDAC) and is an indicator of poor prognosis [1-5]. 
Here, we evaluated an αvβ6 binding peptide [6], DOTA-5G (Peptide 1) 
radiolabeled with Gallium-68 (68Ga,  t1/2 = 68 min) for positron emis-
sion tomography/computed tomography (PET/CT) imaging in mice 
bearing αvβ6 (+) pancreatic xenograft tumors. With the goal to improve 
the circulation time and renal recycling, and increase tumor uptake, 
Peptide 1 was further modified with an albumin-binder moiety (ABM) 
to yield Peptide 2 (DOTA-ABM-5G). 1 and 2 were labeled with Lute-
tium-177 (177Lu,  t1/2 = 6.7 days) and evaluated for their therapeutic 
efficacy [7-8].

Methods: 
Peptides 1 and 2 were synthesized using standard Fmoc chemistry on 
solid phase and their affinity for αvβ6 assessed by ELISA. The peptides 
were radiolabeled with 68Ga and 177Lu and evaluated for in vitro cell 
binding, internalization, and efflux in the αvβ6 (+) expressing human 
pancreatic cancer cell line BxPC-3. In vivo PET/CT imaging (68Ga-1) 
and biodistribution studies (68Ga-1, 177Lu-1, and 177Lu-2) were per-
formed in mice bearing BxPC-3 xenograft tumors. Therapeutic efficacy 
of 177Lu-2 was determined in mice bearing BxPC-3 tumors: Groups- 
Saline (Group 1), Peptide 2 (Group 2), 74 MBq 177Lu-2 (Group 3) and 
2 × 37 MBq 177Lu-2 (Group 4).

Results: 
Peptides 1 and 2 demonstrated high affinity for the integrin αvβ6 by 
ELISA (35.6 ± 1 nM and 27.3 ± 4 nM, respectively). 68Ga-1, 177Lu-
1, and 177Lu-2 were synthesized at 18.5 MBq/nmol molar activity, 
in >98% radiochemical purity (RCP). Rapid in vitro binding (>16% 
at 1 h) and internalization (>72% of bound at 1 h) of 68Ga-1, 177Lu-
1, and 177Lu-2 was observed in BxPC-3 cells, with negligible efflux at 
1 h. PET/CT imaging showed clear delineation of the BxPC-3 tumors 
at 1 and 2 h post-injection of 68Ga-1, with predominantly renal excre-
tion. The biodistribution studies also demonstrated uptake of 68Ga-
1 in the BxPC-3 tumor (% ID/g): 2.6 ± 0.8, 1 h and 2.03 ± 0.57, 2 h 
(Figure 1A). Introduction of the ABM in 177Lu-2 resulted in 3-5-fold 
increase in tumor uptake and retention over time compared to 177Lu-1, 
(% ID/g at 1 and 72 h – 177Lu-1: 1.23 ± 0.19, 0.81 ± 0.16 and 177Lu-2: 

4.54 ± 0.42, 5.29 ± 0.75; Figure 1B and 1C). Increased blood residence 
(1 h % ID/g: 0.1 ± 0.03 (177Lu-1) vs. 5.36 ± 0.71  ([177Lu-2); p = 0.0001) 
and a 4-fold improvement in BxPC-3-to-kidney ratio at 72 h were also 
observed (0.14 ± 0.05 (177Lu-1) vs. 0.60 ± 0.02 (177Lu-2); p = 0.0001). 
Based on these favorable pharmacokinetics, 177Lu-2 was evaluated pre-
clinically for therapeutic efficacy. The overall survival of mice treated 
with 177Lu-2 was prolonged (median survival - 82 d (Group 3), 113 d 
(Group 4)) compared to 56 d for the controls (Groups 1 and 2), with 
groups 3 and 4 having 30% and 43% overall survival respectively, at 
the end of 120 d (Figure 1D). No notable changes in body weight were 
observed in any group.

Conclusions: 
We have developed and tested a novel theranostic peptide pair targeting 
integrin αvβ6 in a mouse model. 68Ga-1 successfully imaged αvβ6 (+) 
BxPC-3 tumor and 177Lu-2 displayed favorable pharmacokinetics and 
superior therapeutic efficacy, especially on a two-dose regimen. 68Ga-
1/177Lu-2 holds promise for targeted imaging and therapy of αvβ6 (+) 
tumors, and warrants further investigation clinically.
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Abstract body: 
Cell tracking with magnetic particle imaging (MPI) provides valuable 
information on the location and number of therapeutic cells after admin-
istration in vivo. For MPI detection, cells must be labeled with super-
paramagnetic iron oxide (SPIO) nanoparticles by co-incubation in cell 
culture. Transfection agents (TAs) are commonly used to enhance cel-
lular incorporation of SPIO into cells [1]–[3]. Achieving high iron cell 
labeling permits the sensitive tracking of cells. There have been several 
longitudinal in vivo MPI cell tracking studies [4]–[9], however, cell pro-
liferation is expected to reduce the SPIO per cell. In this study, we use 
MPI and microscopy to study mechanisms of SPIO uptake and retention 
in stem cells. These techniques provide complimentary information; 
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MPI provides quantitative measurements of average iron per cell and 
microscopy allows for visualization of cell labeling uniformity. Live 
cell microscopy is used to observe dynamics of SPIO endocytosis and 
partitioning with cell division, which occurs on the timescale of min-
utes. Methods: Mesenchymal stem cells were co-incubated with feru-
carbotran  (VivoTraxTM, Magnetic Insight Inc.) for 4 hours with 60 g/
mL protamine sulfate and 3 U/mL heparin [3] in 5 mL serum free low-
glucose DMEM. Live cell microscopy was conducted with the Lux3 
microscope (CytoSmart Inc.) using a 10x objective every 5 minutes. 
Then, 5 mL complete media was added for overnight incubation. Cells 
were washed 3 times with saline then 1 x  106 iron-labeled cells were col-
lected for MPI (n = 4). The remaining cells were returned to culture and 
live cell microscopy was repeated to observe iron partitioning in divid-
ing cells. Cells were collected from culture every day for 5 days for MPI. 
2D MPI images were acquired on a  MomentumTM system (Magnetic 
Insight Inc.) with a 5.7 T/m selection field gradient and drive fields 20 
mT (X-channel) and 26 mT (Z-channel). A cell cytospin was performed 
daily to assess iron labeling efficiency with Perl’s Prussian blue (PPB) 
stain [10]. Results: With live cell microscopy, ferucarbotran endocy-
tosis by stem cells can be visualized. Self-assembling nanocomplexes 
of heparin, protamine, and ferucarbotran form that are approximately 
100 - 200 um in diameter (Fig i.). In multiple instances, cells are seen to 
approach these ferucarbotran clusters and engulf a small portion of the 
nanocomplex (Fig ii.). The MPI signal generated from ferucarbotran-
labeled stem cells diminishes over time (Fig iii.). Quantification from 
images reveals on day 1, stem cells were labeled with 18 pg iron/cell 
and the iron loading per cell decreased over time (Fig iv.). Perl’s Prus-
sian blue stain shows that on day 1, nearly all cells are labeled with iron 
but in variable amounts. An overall reduction in cellular iron content 
is visualized over time (Fig v.). Live cell microscopy shows that iron is 
shared between daughter cells as cells divide (Fig vi.).

Discussion: 
Ferucarbotran is a common cell labeling agent for both MRI and MPI, 
therefore understanding the uptake and retention mechanisms are valu-
able. To the best of our knowledge, the phenomenon of detachment and 
cellular uptake of ferucarbotran clusters from larger nanocomplexes has 
not been previously reported. The reduction in the amount of iron per 
cell, resulting from cell proliferation, leads to diminishing MPI cel-
lular sensitivity over time. After 5 days in cell culture, the amount of 
iron (0.15 pg/cell x 1,000,000 cells = 150 ng) approaches a previously 
reported detection limit (76 ng) [11]. While MPI can provide direct 
measurements of SPIO mass, it does not represent the number of cells 
that are present in longitudinal cell tracking studies. In vivo stem cells 
are expected to divide much more slowly, still this work can be applied 
to any proliferative cell type. Overall, this study contributes important 
knowledge for monitoring SPIO-labeled cells with MPI.
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Introduction: 
Positron emission tomography (PET) is an in vivo molecular imaging 
modality that plays an increasingly important role in neuroimaging. It 
has the potential to be an early diagnosis tool for brain disorders such as 
major depressive disorder (MDD) and Alzheimer’s disease (AD), thanks 
to the advances in specific radiotracers that binds to a wide range of brain 
markers (i.e.,  [11C]WAY-100635 to 5-HT1A  receptor1 and  [18F]MK6230 
to  tau2). However, even the state-of-art brain dedicated PET scanners suf-
fer from the trade-offs among spatial resolution, sensitivity, and system 
cost. The poor spatial resolution results in partial volume effect (PVE) 
that causes significant underestimation of binding potentials, especially 
for small brain structures surrounded by low uptake tissues (i.e., raphe 
nuclei, hippocampus, and locus coeruleus).3 On the other hand, the low 
sensitivity degrades the signal-to-noise (SNR) ratio which leads to noisy 
parametric images with inaccurate tracer quantification. Thus, there is a 
growing interest in building a brain PET system that can cost-effectively 
achieve high sensitivity and ultra-high spatial resolution.

Method: 
We have proposed the Prism-PET brain scanner based on our 
single-ended time-of-flight (TOF) and depth-of-interaction (DOI) 
capable Prism-PET detector technologies.4 Our scanner can offer 
next-generation imaging performance based on 1) conformal 
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decagon geometry that improves the solid angle coverage and 
reducing acollinearity blurring, 2) 2-mm FWHM DOI resolution 
that mitigates the parallax  error5, 3) 274 ps TOF resolution that 
further boost the effective sensitivity,6 and 4) ability to correct 
for inter-crystal scatter (ICS).7 In this work, we present the first 
reconstructed images of our prototype scanner (Figure 1.a) using 
a customized 3D brain phantom with built-in hippocampus and 
dorsal raphe nuclei (DRN). The prototype scanner consists of 40 
detector blocks per transaxial ring and one axial ring, forming an 
elliptical transaxial FOV of 291 mm (short diameter), 385 mm 
(long diameter), and an axial FOV of 25.5 mm. Each detector mod-
ule was composed of 1.5 x 1.5 x 20  mm3 LYSO crystals arranged 
in a 16 x 16 array and coupled with 4-to-1 ratios to an array of 3 x 
3  mm3 SiPM pixels. The customized brain phantom was filled with 
1.64 mCi of 18F and the activity concentration ratios among the 
DRN, hippocampus, gray matter, and white matter were 8:3:1:0.25 
which simulates the binding potentials of  5HT1A radiotracer found 
in autoradiography study.1 The energy window was set to 460-560 
keV and a 4 ns coincidence window was used for the phantom 
imaging. The ICS rejection and DOI-rebinning were performed on 
the list-mode coincidences and the data was reconstructed using 
3D-LM-OSEM with TOF and point spread function (PSF) mod-
eling by CASToR.4,8 The phantom with the same setup was also 
imaged by Biograph TruePoint PET/CT. We quantified the imaging 
performance of the two systems by calculating the relative uptake 
ratio (RUR) value as the average voxel intensity of volume of inter-
est (VOI) versus that of the gray matter.

Results: 
The brain phantom images (Figure 1.b&e) prove that our scanner ena-
bles accurate visualization and quantification of fine brain structures, 
with a 4-fold and ~2-fold RUR improvements for the DRN and hip-
pocampus, respectively, compared to the Biograph TruePoint (Fig-
ure 1.h). One must notice that the Prism-PET scanner can visualize 
the 0.8 mm white matter layers of the Hoffman phantom in the coronal 
view, demonstrating the ultra-high resolution in both transaxial and 
axial FOVs (Figure 1.b).

Conclusion: 
The Prism-PET brain scanner enables quantitative molecular imaging 
of the human brain, including important brain structures that cannot be 
accurately resolved with existing PET scanners. The full-scale Prism-
PET brain scanner with 12 detector rings will be a promising cost-
effective candidate to advance the molecular imaging in both clinical 
and research areas.
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Immunotherapies controlling the adaptive immune system are 
firmly established, but regulating the innate immune system remains 
much less explored. The intrinsic interactions between nanoparticles 
and phagocytic myeloid cells make these materials especially suited 
for engaging the innate immune system (1). However, developing 
nanotherapeutics is an elaborate process that typically needs to be 
repeated for each specific drug. Here, we demonstrate a modular 
approach that facilitates efficiently incorporating a broad variety of 
drugs in a nanobiologic delivery platform. Using a microfluidic for-
mulation strategy, we produced 4 different sizes of apolipoprotein 
A1–based nanobiologics (20, 35, 65, 120 nm, only the 35 variant 
is shown; Fig. 1A). Nanobiologics were radiolabeled with 89Zr, by 
functionalizing apoA-I with the chelator deferoxamine (DFO). Phar-
macokinetics and biodistribution were monitored by a combination 
of PET imaging and ex vivo gamma counting (Fig. 1B and 1C). 
Flow cytometry was used to reveal their high myeloid cell uptake. 
Based on these results, we selected the 35 nm-sized nanocarrier for 
therapeutic studies. Subsequently, we set out to develop a prodrug 
approach that enhances the therapeutic payload’s lipophilicity by 
functionalizing it with apolar promoieties. Rapamycin (2), diethyl 
malonate, (+)-JQ1 and GSK J-4, small-molecule inhibitors, were 
derivatized with lipophilic promoieties, ensuring their seamless 
incorporation and efficient retention in the lipid-based nanobio-
logics (comparison between the incorporation of drugs and prodrugs 
in nanobiologics are reported in Fig. 1D). This lipophilic prodrug 
strategy facilitates incorporating a broad variety of drugs without 
modifying the nanocarrier, thereby establishing a modular approach 
for developing nanotherapeutics targeting the innate immune sys-
tem. To test the rapamycin prodrug-loaded nanobiologics (mTORi-
NB), we performed biodistribution, toxicity, and efficacy studies 
in a mouse model for heart allograft transplantation, revealing sig-
nificant prolongation of graft survival (Fig 1E). To pave the way 
for clinical translation, we also studied mTORi-NB biodistribution 
and toxicity in two nonhuman primates. 89Zr-labeled mTORi-NB 
were intravenously administered and their in vivo distribution was 
examined using a fully integrated three-dimensional PET/MRI pro-
tocol. Dynamic scanning revealed that within the first 20 min after 
administration, mTORi-NB accumulate in the spleen, liver, kid-
ney, and bone marrow (Fig. 1F and 1G). Static whole-body PET/
MRI performed 2 and 48 hours after injection allowed quantifying 
mTORi-NB’s biodistribution. Using ex vivo gamma counting of 
blood samples, we found that mTORi-NB have a blood half-life 
of ~1 hour and mainly accumulate in the liver, spleen, kidney, and 
bone marrow 48 hours post injection (Fig. 1H-L). Blood analyses 
showed no signs of liver or kidney damage (Fig. 1M). These results 
indicate that the in vivo behavior and biocompatibility of mTORi-
NBs are preserved across species. This study has been published 
in Science Advances.
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Background: 
A considerable amount of research has been invested into the devel-
opment of contrast agents based on transition metal complexes that 
can also potentially overcome nephrogenic systemic fibrosis associ-
ated with the use of gadolinium-based contrast agents in patients on 
dialysis or with severely impaired kidney function. Advantageously, 
the sensitivity of valence electron configurations of 3d metal ion 
complexes to their microenvironment allows for the rational design 
of smart contrast agents capable of reporting a variety of biochemical 
changes.1-5While polynuclear (>2) systems are scarce they offer several 
advantages (tunability in size, shape and total spin  state6-8) since the 
collection of metal ions can act as a single entity – i.e., a super atom. 
However forming super-atomic contrast agents comprised of robust 
ligands must oppose complex dissociation/speciation in biological 
media, a challenge remaining to be met.

Methods: 
We previously established synthetic methodology to control the 
topology and nuclearity of Mn, Fe, and Zn complexes using N-2-py-
rimidylimidoyl-2-pyrimidylamidine  (Pm2ImAm) as ligand.9-12 We 
prepared homo- and heterometallic clusters of the general formula 
 [MA

IIIMB
II

3(Pm2ImAm)3Cl6]·xH2O (MnMn3  MA=Mn3+,  MB=Mn2+, 
x=5; FeMn3  MA=Fe3+,  MB=Mn2+, x=8; FeZn3  MA=Fe3+,  MB=Zn2+, 
x=6) (Scheme 1). Contrast agents were evaluated for magnetic and 
thermogravimetric behaviour, and redox response to common biologi-
cal reducing (glutathione, ascorbic acid) or oxidizing agents (hydrogen 

peroxide) by T1w/T2w ratiometric MRI in phantoms in vitro and in 
vivo in H460 lung cancer-bearing xenograft mouse models.

Results & Discussion: 
All super-atomic clusters were found to have excellent thermal stability 
 (Tdecomposition>250 oC). Variable temperature dc magnetic susceptibili-
ties of FeMn3 and FeZn3 validated that N-imidoylamidine frameworks 
favor superexchange pathways yielding antiferromagnetic (AF) inter-
actions between central and peripheral metals, yielding the strongest 
exchange coupling (-11.54  cm-1) for  Pm2ImAm-based complexes 
(Fig. 1). The varying oxidation states and metal types of our multi-
centric metal complexes led us to assay the MRI contrast their enhance-
ment properties in the presence of biological reducing and oxidizing 
agents (Fig. 2). In a redox neutral environment (1´PBS), the average 
voxelwise ratio of the  T1-weighted to  T2-weighted intensities  (T1w/
T2w) resulted in values of 1.4±0.06 and 1.6±0.03, respectively. Upon 
reduction by 10 mol-eq. glutathione,  T1w/T2w values were 4.2±0.29 
and 2.8±0.12 for FeMn3 and MnMn3, respectively, while oxidation by 
10 mol-eq. of hydrogen peroxide yielded  T1w/T2w values of 1.4±0.12 
and 0.9±0.02. A redox scale was implemented for ratiometric MRI, 
where voxels with  T1w/T2w~1.5 represented redox neutral (white), 
>1.5 indicated reducing (yellow-to-red gradient), and <1.5 indicated 
oxidizing conditions (white-to-blue gradient) (Fig. 2). Contrary to the 
other analogs, FeZn3 did not induce contrast enhancement under any 
redox conditions, providing strong evidence that the central metal ion 
does not directly participate in contrast enhancement, and that MR-
active peripheral metal ions are necessary to confer the observed 
contrast enhancement. We applied these contrast agents to map redox 
status in heterotopic H460 xenografts in mice (Fig. 3). Following intra-
tumoral injection, the extent of contrast agent distribution in tumor 
tissue was determined by the  T1-weighted image (Fig. 3, blue dashed 
line). Ratiometric redox mapping with FeMn3 delineated highly reduc-
ing tumor regions (Fig. 3, top row), where MnMn3 demarcated oxi-
dative tumor microenvironments (Fig. 3, middle row). Importantly, 
diethyl maleate-mediated glutathione depletion resulted in the loss of 
reducing but increase in redox neutral and slightly oxidative regions 
following the administration of FeMn3 (Fig. 3, bottom row).

Conclusions: 
The data presented support the application of FeMn3 and MnMn3 as 
MRI contrast agents capable of mapping tumor redox status through a 
simple  T1w/T2w ratiometric approach. The contrast agent design strat-
egy presented here introduces heteropolynuclear transition metal super-
atomic complexes suitable for semi-quantitative in vivo MR imaging 
of tissue redox status and opens up new avenues for non-invasive char-
acterization of the tumor environment by MRI.
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Glioblastoma (GBM) is a devastating cancer with basically no cura-
tive treatment. Even with aggressive treatment, the median survival 
is disappointing 14 months [1]. Surgery remains the key treatment 
and the postoperative survival is determined by the extent of resec-
tion [2]. Unfortunately, the invasive growth with infiltrating mar-
gins complicates an optimal surgical resection. Precise intraopera-
tive tumor visualization is therefore highly needed and molecular 
targeted near-infrared (NIR) fluorescence imaging potentially 
constitutes such a tool. The urokinase-type Plasminogen Activator 
Receptor (uPAR) is highly expressed in most solid cancers includ-
ing GBM, breast cancer, head and neck squamous cell carcinoma, 
pancreatic cancer, and lung cancer [3-7]. The level of expression is 
correlated to invasion and metastasis, one of the hallmarks of cancer, 
and accordingly it correlates to the aggressiveness of the cancer. 
Further, it is highly expressed at the invading front and the adjacent 
peritumoral activated stroma making it an attractive target allowing 
accurate margin visualization and tumor delineation [8]. The purpose 
of this study was to develop and evaluate a new uPAR-targeted opti-
cal probe, IRDye800CW-AE344, for fluorescence guided surgery 
(FGS). We characterized the probe with regard to binding affinity, 
optical properties, and plasma stability. Further, in vivo imaging 
characterization was performed in nude mice with orthotopic human 
patient derived glioblastoma xenografts, and we performed head-to-
head comparison within FGS between our probe and the traditional 
procedure using 5-ALA. Finally, the blood-brain barrier (BBB) pen-
etration was characterized in a 3D BBB spheroid model. The probe 
effectively visualized GBM in vivo with a tumor-to-background ratio 
(TBR) above 4.5 between 1 to 12 h post injection and could be 
used for FGS of orthotopic human glioblastoma xenografts in mice 
where it was superior to 5-ALA. The probe showed a favorable safety 
profile with no evidence of any acute toxicity. Finally, the 3D BBB 
model showed uptake of the probe into the spheroids indicating that 
the probe crosses the BBB. IRDye800CW-AE344 is a promising 

uPAR-targeted optical probe for FGS and a candidate for translation 
into human use.
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While immunotherapy has emerged as a promising treatment strategy 
for many cancers, most breast cancer types, including triple nega-
tive breast cancers (TNBC), are immune “cold” and unresponsive to 
 immunotherapy1. As the most prominent immune cells in the tumor 
microenvironment (TME), tumor-associated macrophages (TAM) 
more closely resemble the immuno-suppressive M2-like subtype. 
In contrast, pro-inflammatory M1-like TAM stimulate the TME and 
render anti-tumor activity. However, chemokines secreted by tumoral 
and stromal cells polarize the recruited monocytes and macrophages 
to the pro-tumoral M2 subtype. Although priming “cold” tumors into 
immune-responsive “hot” ones by reprogramming M2 TAM to M1 
has shown potentials in cancer treatment including  immunotherapy2, 
the targeted delivery of reprogramming agents to the M2 TAM 
remains a challenge, due to the intrinsic non-specific phagocytosis of 
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bioengineered drug delivery systems by the mononuclear phagocyte 
system. We report the application of an anti-biofouling (polyethyl-
ene glycol)-block-(allyl glycidyl ether) (PEG-b-AGE) polymer coated 
MRI-capable sub-5 nm ultrafine iron oxide nanoparticle (uIONP) 
functionalized with M2 targeted peptide M2pep (sequence: YEQD-
PWGVKWWY GGG SKKKC) for targeted imaging of M2 TAM using 
4T1 mouse model of TNBC breast cancer with abundant M2 TAM 
population. Specifically, PEG-b-AGE coated uIONP conjugated with 
M2pep (M2pep-uIONP) is used as a carrier for a signal transducer 
and activator of transcription 6 (STAT6) inhibitor AS1517499 (AS), 
which has been reported to repolarize M2 TAM to M1  subtype3. The 
loading efficiency of AS to M2pep-uIONP is 27 wt% determined by 
UV absorbance of AS at 308 nm. After conjugating with M2pep, 
M2pep-uIONP/AS can target M2 TAM and delivery AS for M1 repo-
larization. We validate the targeting specificity of M2pep-uIONP in 
vitro using M2 and M1 macrophages derived from Raw264.7 murine 
macrophages by interleukin-4 and lipopolysaccharide, respectively. 
The efficacy of M2pep-uIONP/AS in repolarizing M2 to M1 sub-
type is firstly confirmed  in vitro by incubation with induced M2 
macrophages for 48 h at the AS dosage of 0.8 μM. Flow cytometry 
analysis shows 40.6 ± 4.1% of treated cells present M1 phenotype 
 (CD80+/iNOS+), whereas M2pep-uIONP vehicle treated M2 only 
exhibited 8.95 ± 3.6% conversion to M1 subtype. Labeled with the 
near infrared (NIR) dye NIR830, M2pep-uIONP/AS is thereby used 
to probe the M2 reprogramming in xenograft 4T1 breast tumors after 
intravenous injection to the tumor bearing mice at the AS dosage of 
50 and 100 μg/kg body weight. Mice are sacrificed at 1 h, 3 h, 24 h 
and 48 h to collect the tumors. Immunofluorescence staining of the 
tumor tissue sections for M1  (CD68+/CD80+ and  CD68+/iNOS+) 
and M2  (CD68+/CD163+ and  CD68+/CD206+) TAM are carried out 
to investigate the change of intratumoral distribution and phenotype 
of the TAM labeled with NIR830-M2pep-uIONP/AS. The results 
show that M2pep-uIONP/AS labeled TAM are mainly found near 
tumor blood vessels (< 30 μm) with predominant M2 phenotype at 
1 and 3 h, and migrate > 200 μm away from the blood vessels at 48 
h, more importantly, demonstrating M1 phenotype. Meanwhile, the 
newly infiltrated TAM at 48 h with no M2pep-uIONP/AS remain M2 
phenotype. The result of flow cytometry analysis on collected tumors 
shows that there are 38.7 ± 9.2% and 24.8 ± 8.8% M1 population in 
total TAM for mice receiving M2pep-uIONP/AS at 100 and 50 μg/
kg, respectively. As a control, mice receiving M2pep-uIONP or no 
treatment only have 15.9 ± 5.8% and 13.2 ± 7.1% M1 population, 
respectively. In conclusion, M2pep-uIONP/AS has shown the capa-
bility in targeted repolarizing immuno-suppressive M2 TAM to pro-
inflammatory M1 subtype in the 4T1 breast tumors of mice.
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Glioblastoma is the predominant primary brain malignancy in adults 
[1]. The 5-year relative survival rate is 22% for patients aged from 
20 to 44 years, and an abysmal 6% for 55 to 64 year-old patients 
[2]. Maximizing the amount of resected tumors is essential to reduc-
ing cancer recurrence rate and extending patients’ survival. Recent 
developments in fluorescence image-guided surgery (FGS) holds 
promise to improve cancer resection with high accuracy by pro-
viding real-time visualization of the spatial distribution of tumors, 
including the difficult infiltrating and diffuse tumors [3, 4]. The US 
Food and Drug Administration and European Medicines Agency have 
approved 5-Aminolevulinic acid (5-ALA) in patients with high-grade 
glioma [5]. Metabolism of exogenously administered 5-ALA to the 
fluorescent protoporphyrin IX (PpIX) in tumors enables surgeons 
to distinguish PpIX-fluorescing gliomas from surrounding normal 
tissue [6-8]. In addition, PpIX is a photosensitizer used in photo-
dynamic therapy (PDT) of tumors [9]. However, PpIX emits weak 
red fluorescence that must compete with high autofluorescence from 
biological tissue, diminishing accuracy in its use to identify tumors 
during surgery [10, 11]. Moreover, the preferred PpIX excitation 
wavelengths in the 405 nm to 625 nm region confines its FGS and 
PDT to superficial lesions [12]. In this study, a novel near-infrared 
(NIR) cancer-targeting contrast agent LS301 [13] visualized by a 
wearable and head-mounted cancer vision goggle (CVG) [14] has 
the potential to address these limitations and extend the assessment 
of deep gliomas for both PpIX-FGS and PpIX-PDT. We demonstrate 
that LS301 accumulates selectively in delayed brain tumor (DBT) 
and Uppsala 87 malignant glioma (U87-MG) cells  in vitro, with 
maximum uptake at 24 hours post-incubation. Using flow cytom-
etry, fluorescence lifetime imaging, and confocal microscopy, we 
show that LS301 fluorescence co-localized with that of PpIX. In 
vivo, LS301 fluorescence retained 90% of its maximum signal at 24 
hours post-injection in DBT and U87 tumor-bearing BALB/c and Fox 
Chase SCID Beige mice, respectively. In contrast, PpIX fluorescence 
declined from 6 hours post-injection of 5-ALA. We discovered that 
LS301 produced reactive oxygen species when excited in the NIR 
wavelength, enabling cancer cell death through PDT. We did not 
observe any adverse events in mice or vital organs during the com-
bination of 5-ALA and LS301 administration, imaging, and PDT. 
Supplementing LS301 with PpIX fluorescence during glioma surgery 
is expected to improve image quality and determine the distribution 
of PpIX to optimize PDT. Dual excitation of both PpIX in the visible 
and LS301 in the NIR could potentiate PDT effect to eradicate brain 
tumors. The use of CVG to visualize LS301 during surgery allows 
for rapid tumor debulking, identify residual tumors, and enhance the 
precision of excitation light for PDT.
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Concussion is a form of mild traumatic brain injury (mTBI), 
defined as complex neurological impairment induced by biome-
chanical forces without structural brain damage. In Canada, con-
cussions make up 93% of sports-related injuries among children 
and  youth1. It is estimated that 1 in 4 adolescences in the United 
States have experienced a  concussion2. Currently, the diagnosis of 
mTBI relies on psychoneurological/cognitive testing via patient 
interviews, but there does not yet exist an objective diagnostic tool 
for concussion. Within the emergency department, the lack of con-
sistent guidelines for evaluations of concussion contributes to an 
estimated 50-90% of patients with undiagnosed  mTBI3. Symptoms 
can present days to weeks following  injury4, further amplifying the 
need for acute diagnosis for management and prognosis of  mTBI5. 

The lack of objective diagnostic tools for concussion has identified 
a need for molecular imaging probes targeted to the diagnosis of 
mTBI. Downstream injury from mTBI stems from oxidative dam-
age, leading to the production of neurotoxic  aldehydes6. However, 
the inability to image aldehydes in live subjects has prevented their 
exploitation as diagnostic biomarkers. A novel CEST-MRI contrast 
agent, 5-propargyloxy-2-hydrazinobenzoic acid (PHBA; Fig.1A), 
has been developed to map aldehyde production in vivo follow-
ing mTBI. PHBA binds rapidly and irreversibly with aldehydes, 
affording the use of pathology-associated aldehydes as imaging 
biomarkers for MRI. A new mouse model of closed-head, awake 
concussion was developed in a strain of aldehyde dehydrogenase 2 
knockout  (ALDH2-/-) mice. While previous mouse models of con-
cussion use anesthetized mice for impact, an awake model not only 
forgoes the neuroprotective affects of anaesthesia, but also allows 
for immediate post-impact behaviour evaluation. The use of an 
electromechanical impactor device allows for highly reproducible 
cranial impacts. A set of neurological severity score (NSS) tests 
were used to determine the parameters of impact (velocity, dwell 
time, and depth). Gadolinium contrast enhanced MRI was used to 
verify blood-brain barrier integrity after impact. Once a robust 
model was established, mice were separated into four cohorts (n=4 
per group): young (<20 weeks)  ALDH2-/-, young  ALDH+/-, old 
(>65weeks)  ALDH2-/-, and old  ALDH2+/-. Mice were either used 
for MRI or histology. For histology, brains were excised on days 
2 or 7 after impact and stained for Iba1 and GFAP. Mice in the 
imaging cohort underwent NSS, grid walk testing, and MRI before 
impact for baseline measurements. Immediately after impact, and 
once the righting reflex was regained, the mice were evaluated 
again with the NSS and grid walk. CEST-MRI was performed 
after the injection of PHBA on days 2 and 7 after impact. Signal 
enhancement significantly increases at two days post-injury and 
decreases to near baseline by 7 days post-injury in all mice(Fig.1 
B,C). GFAP staining, a marker of astrocyte activation, confirms a 
neuroinflammatory response at 2 days post-injury(Fig.2). The 
data, although a small sample size, suggest aged mice produce 
more aldehydes than young mice after concussion, independent 
of genotype(Fig. 3). The median change in signal enhancement 
is correlated with deficits in descending motor control (i.e. foot 
faults) in aged mice, but not young mice(Fig.4). Importantly, the 
NSS widely used for concussion assessment in mice does not cor-
relate with such sensorimotor deficits. These initial results sug-
gest that mapping aldehydic load post-concussion may be a better 
predictor of the outcomes of injury than the more broadly but 
less concussion-specific NSS test battery. These results support 
the use of aldehydes as an imaging biomarker in a mouse model 
of concussion. This novel MRI contrast agent represents the first 
objective diagnostic tool for concussion. If proven safe and effec-
tive, these probes may be used in a clinical setting, not only telling 
that mTBI occurred, but also mapping the location of damage to 
improve treatment outcomes on an individual patient basis.
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Introduction: 
Idiopathic pulmonary fibrosis (IPF) is the most common and most 
severe type of interstitial lung disease. The presence of oxidized col-
lagen, wherein lysine residues are converted to the aldehyde allysine, is 
a universal feature of fibrogenesis. Molecular MR imaging of fibrogen-
esis has the potential for early diagnosis of IPF and for monitoring dis-
ease progression and treatment response. Aldehydes can be targeted by 
hydrazine or oxyamine moieties. Hydrazines typically react faster, but 
the hydrazone product also hydrolyzes faster than the oxime product 
formed from oxyamine. In this work, we directly compare hydrazine- 
and oxyamine-derived Mn-based MR probes in their ability to quantify 
lung fibrogenesis in a bleomycin-injured mouse model.

Materials and Methods: 
The allysine-targeted probes (Figure 1A) were synthesized in 6 steps 
from the pyclen macrocycle. The condensation kinetics of MnL1 and 
MnL2 with butyraldehyde and hydrolysis rate constants of the con-
densation products were measured by UV spectroscopy and HPLC, 
respectively (25 °C, pH 7.4, PBS). Relaxivities of MnL1 and MnL2 in 
PBS, BSA solution, and allysine-modified BSA solution were meas-
ured at 1.4 T, 37 °C. Protein-bound MnL1 and MnL2 were isolated 
by ultrafiltration and relaxivities were measured. Lung fibrosis was 
induced in C57Bl/6 adult male mice by bleomycin instillation and MRI 
was performed on a 4.7 T Bruker scanner on day 14 post bleomycin 
injury.1 Age-matched naïve mice were used as healthy controls. MRI 
consisted of 3D Ultrashort Echotime (3D-UTE, TR/TE/FA=4 ms/12 
μs/16°, 0.6 mm isotropic spatial resolution) images were acquired prior 
to and dynamically post-injection of 100 μmol/kg contrast agent; 2D 
RARE (TR/TE=1.5 s/8 ms) and 3D T1-weighted FLASH (TR/TE/
FA=10 ms/2.6 ms/30°) images were used to define regions of inter-
est (ROIs) in the lung that excluded vessels and airways. ROIs in the 
dorsal muscle were also defined as a reference. We averaged the lung-
to-muscle ratio (LMR) from 6 UTE image slices to calculate changes 
in LMR (ΔLMR) at each time point.

Results: 
Compared with MnL2, MnL1 reacted 5 times slower with an aliphatic 
aldehyde (Figure 1B, 12.1  M-1s-1 vs. 2.6  M-1s-1); however, the oxime 
formed with MnL2 hydrolyzed 1000 times slower than the correspond-
ing hydrazone product with MnL1 (Figure 1C, 0.8 ×10-6  s-1 vs. 1.0 
×10-3  s-1). Relaxivities (Figure. 1D) of MnL1 and MnL2 were similar in 
PBS  (r1 = 3  mM-1s-1), consistent with the presence of one coordinated 
water ligand. Relaxivities were not enhanced in BSA solution indicat-
ing weak/no nonspecific protein binding, but dramatically increased in 
the presence of BSA-Ald, which demonstrates specific binding to the 
allysine residues. The relaxivity of protein-bound MnL1 and MnL2 

were almost 4-times higher than the unbound form, demonstrating a 
remarkable turn-on effect.
In bleomycin injured mice, both MnL1 and MnL2 showed significantly 
higher ΔLMR than in naïve mice (Figure 1E,1F). At 60 min post-
administration of probes, similar signal enhancement was observed 
in fibrotic lung (0.13 vs. 0.14). However, the lung signal enhance-
ment generated by MnL1 continued to decline with time, while MnL2 
induced persistent signal enhancement to at least 2 hours post-injection.

Conclusion: 
The novel hydrazine- or oxyamine-bearing Mn(II) probes MnL1 and 
MnL2 enable specific binding to allysine, 4-fold turn on in relaxiv-
ity upon binding, and show potential for noninvasive imaging of 
lung fibrogenesis. Imaging of lung fibrogenesis by MnL1 and MnL2 
demonstrated that the faster on-rate of MnL1 did not result in higher 
uptake in the fibrotic lung than MnL2. The faster hydrolysis rate of the 
MnL1 hydrazone resulted in more efficient lung elimination. Higher 
hydrolytic stability of the oxime formed by MnL2 resulted in long-
lasting signal enhancement in the fibrotic lung, which may be desired 
for longer acquisitions or when imaging multiple anatomical regions.

Reference
1. Akam, E. A.; Abston, E.; Rotile, N. J.; Slattery, H. R.; Zhou, I. Y.; 

Lanuti, M.; Caravan, P., Improving the reactivity of hydrazine-
bearing MRI probes for in vivo imaging of lung fibrogenesis. 
Chem Sci 2020, 11 (1), 224-231.

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

159-Bright, water-soluble, near infrared fluorophores for visu-
alization of vital nerve structures enabling two-color imaging for 
fluorescence-guided surgical applications

Presenter: Antonio Montano, Oregon Health & Science University

Antonio R. Montano1, Lei G.  Wang1, Anas M.  Masillati2, Connor 
 Barth3, Nourhan  Shams4, Summer L.  Gibbs1

1Oregon Health & Science University, Portland, OR
2Oregon Health & Science University, Portland
3Inherent Targeting, Portland, OR
4Oregon Health & Science University, Portland, Oregon

Injury of peripheral nerves during surgery remains a leading cause 
of iatrogenic complications and a major source of morbidity affect-
ing all surgical specialties. Prostate cancer, the second leading cause 
of cancer death among men in the United States, is the most preva-
lent form of cancer in men. Prostatectomy, surgical removal of the 
prostate, is the primary mode of therapy for patients with localized 
prostate cancer. While nerve sparing surgical techniques are practiced, 
because of extremely limited visibility of the nerve plexus, recognition 
and conclusive cancer delineation continue to challenge even the most 
experienced surgeons, with positive surgical margins occurring in up to 
21% of patients and nerve damage in up to 60% of patients. This means 
that not only is the cancer being poorly controlled, but even patients 
with positive cancer control could still be left with incontinence and/
or impotence that often has a severe impact on patient post-operative 
quality of life. Prostate-specific membrane antigen (PSMA) is a glyco-
sylated type II membrane protein (MW ~110 kDa) that is overexpressed 
in >90% of all primary prostate cancer lesions, tumor positive lymph 
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nodes and metastases and is the most well-established, highly specific 
prostate epithelial cell membrane antigen. A variety of PSMA specific 
contrast agents have been developed using the small molecule EUK 
targeting sequence that can be readily labeled for nuclear medicine 
and fluorescence guided surgery. Clinical trials with these fluorescence 
agents have demonstrated proof of concept contrast in prostate cancer, 
paving the way towards fluorescence guided prostatectomy. However, 
nerve damage still plagues these procedures warranting a two-color flu-
orescence guided surgery (FGS) solution. Our group has designed and 
synthesized over 200 oxazine-based near-infrared (NIR) nerve-specific 
fluorophores with potential applications in FGS. The design of these 
compounds has provided valuable knowledge regarding the structure-
activity relationship (SAR) responsible for nerve-specificity, allowing 
for further optimization of several lead candidates for specific applica-
tions. Our overall strategy is to label both tumor and nerves simultane-
ously with distinct fluorescent markers, pairing fluorescently labeled 
PSMA probes, optimized for the 800 nm channel in FGS systems, 
with a spectrally distinct, water-soluble, nerve-specific agent with emis-
sion tuned to the complementary NIR 700 nm channel. Our synthetic 
strategy, therefore, was aimed at improving key properties relevant to 
clinical translatability of several promising lead candidates to generate 
an optimized 700 nm fluorophore for use in two-color prostatectomy. 
Here, we report the design of a new library of bright, water-soluble, 
near infrared nerve-specific fluorophores centered around two promis-
ing lead candidates from our first published library. Our experimentally 
acquired knowledge of SAR has guided structural modifications and 
resulted in a new library of fluorophores, many of which demonstrated 
improved nerve specificity and in vivo brightness, effectively lower-
ing the minimum dose required for generating statistically significant 
contrast of nerve tissue at the surface and at depth.
Furthermore, through judicious incorporation of solubilizing moieties, 
we successfully engineered our current lead candidates for improved 
water-solubility, fully negating the need for formulation development 
with the added benefit of dramatically improving safety profiles for 
patient use in the clinic and decreasing the overall cost of clinical 
translation.
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Introduction: 
Trastuzumab emtansine (TDM1) combines the specific HER2-tar-
geting antibody trastuzumab with the chemotherapy drug emtan-
sine (DM1). Although TDM1 is the standard of care for women 
with HER2-positive  (HER2+) breast cancer, a substantial fraction 
of patients are refractory to TDM1 and it failed in clinical trials for 
gastric  cancer1. Additionally, TDM1-mediated side effects often 
require lowering the dose or that patient’s stop taking the drug in 
the more severe toxicity  cases2. Modulation of HER2 surface avail-
ability via cholesterol-depleting drugs (Statins) enhances TDM1-
tumor uptake, as visualized with immuno-PET, ultimately converting 

non-responding tumors into  responders2,3,4. Here, we used HER2-
PET imaging to investigate the dosing regime of TDM1 therapy in 
gastric tumor models, comparing the efficacy of a multi-dose regime, 
which replicates the clinical standard, to a single-dose regime with 
and without the co-administration of Statins. We hypothesized that 
the enhanced potency of TDM1 therapy seen with the co-administra-
tion of Statins would enable lowering TDM1 doses while achieving 
similar therapeutic efficacy.

Methods: 
Animals: NCIN87 gastric cells or gastric PDX fragments were s.c. 
implanted in Balb/c nude or NSG mice (n≥8 mice/cohort). Treat-
ments: Mice received TDM1 (5 mg/kg, i.v.) or saline weekly for 5 
weeks (clinical/multi regime) or as a single-dose (Figure 1A). Lov-
astatin (4.15 mg/kg) or saline was orally administered 12 h prior to 
or at the same time of TDM1 treatment. Radiolabeling: Trastuzumab 
coupled with the DFO chelator was labeled with the positron emitter 
zirconium-89. Imaging: HER2 tumoral levels at day 48 post-treatment 
initiation were monitored via PET/CT images and ex vivo biodistribu-
tion of  [89Zr]Zr-DFO-Trastuzumab (6.66–7.4 Mbq, 45–50 μg protein, 
>99% RCP). Western blot analysis: Analyses of HER2-mediated sign-
aling pathways were conducted using ex vivo NCIN87 tumor extracts 
excised at day 60 (n=3).

Results: 
NCIN87 tumor volumes monitored across a 60-day period from 
treatment initiation were significantly lower (P<0.001) in both 
Statin-treated TDM1 cohorts, regardless of multi- or single-
dose TDM1 administration, than compared to control and TDM1 
administration alone (Figure 1B). The same observations were 
made in the gastric PDX model of known clinical resistance to 
anti-HER2 therapy. Immuno-PET demonstrated decreased uptake 
of 89Zr-Trastuzumab in NCIN87 tumors upon co-administration 
with Statins, in both multi- and single TDM1 dosing regimes, 
indicating TDM1-mediated HER2 depletion at 48 days after ther-
apy initiation (Figure 1C). Ex vivo biodistribution of the tumors 
excised from mice after imaging quantified a 1.3-fold decrease 
in 89Zr-Trastuzumab uptake when Statins were co-administered 
with TDM1 compared to TDM1 administration alone, which 
was significant in TDM1 single-dose vs. TDM1/Statin single-
dose (P=0.02, Figure 1D). Downstream signaling analysis from 
NCIN87 tumor extracts demonstrated depletion of HER2 and 
phospho-HER2 following TDM1 co-administration with Statins, 
in both multi- and single-dose regimes, as well as an 8-fold reduc-
tion in phospho-HER3 and a 6-fold reduction in phospho-EGFR 
in comparison to control tumors. Tyrosine phosphorylation was 
downregulated in TDM1/Statin multi- or single-dose tumors. 
Depletion of HER signaling pathways was more successful upon 
co-administration with Statin compared to TDM1 treatment alone 
(Figure 1E,F). Although TDM1/Statin delayed tumor growth via 
signaling inhibition, xenograft regrowth arises at 59 days accom-
panied by an upregulation in phospho-ERK signaling (3-fold 
induction vs. TDM1 alone; Persuasive Data). Ongoing work is 
exploring phospho-ERK as a resistance mechanism in TDM1/Sta-
tin treated tumors.

Conclusions: 
This study demonstrates that Statins enhance TDM1 potency in gastric 
tumor models to such a degree that it enables single-dose adminis-
tration. Immuno-PET serves as a non-invasive tool to monitor HER2 
depletion in vivo in response to TDM1 administration. Ongoing work 
is investigating the possible role of Erk signaling as a resistance mecha-
nism to TDM1/Statin therapeutic strategies and developing combinato-
rial approaches to prevent or delay the emergence of TDM1 resistance 
in HER2-expressing tumors.
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Alzheimer’s disease (AD) is a devastating, progressive, neurodegen-
erative disorder that affects more than 6 million Americans [1]. Cur-
rently there is a paucity of effective treatments to counteract or slow 
the progression of AD due in part to the limitations of current pre-
clinical models and tools for studying clinically relevant disease. As 
a result, the mechanisms underlying the development and progression 
of AD remain unclear. Recent advancements in viral vector-mediated 
gene transfer have enabled an inducible, tau-based monkey model of 
AD that recapitulates the degenerative phase of disease [2]. To-date, 
however, characterization of this model has been limited spatially and 
temporally by the high resource costs of terminal histopathological 
studies. PET with correlative MRI may be particularly well suited to 
characterize the spatiotemporal progression of AD in this model, and 
additionally probe candidate mechanisms, such as neuroinflammation 
and tau accumulation, as these processes can be monitored longitudi-
nally before and after the initiation of disease. Thus, the objective of the 
present study was to investigate the interaction between adeno-associ-
ated virus (AAV)-induced tau expression and local neuroinflammatory 
responses using tau- and translator protein (TSPO)-PET, respectively, 
within this emerging monkey tauopathy model of AD. Adult female 
rhesus macaques (n=5) were administered bilateral injections of AAV 
expressing a double tau mutation (AAV1-2xTAU; left entorhinal cor-
tex) or empty vector (AAV1-CTR4; right entorhinal cortex) using a 
surgical stereotaxic navigation system. Tau- and TSPO-PET utilizing 
the  [18F]T807 (T807) radiotracer to assess tau accumulation and  [18F]
PBR111 (PBR111) to assess neuroinflammation, respectively, were 
conducted at baseline (prior to injection) and 6-months post AAV 
administration using a dedicated non-human primate brain PET scanner 
(pPET, Brain Biosciences). PET data were reconstructed into a single 
50-60 min or 80-110 min frames for PBR111 or T807, respectively. 
PET images were manually registered to corresponding  T1-weighted 

3.0T brain MRI scans of each animal, and then normalized into the 
INIA19 space [3]. Spherical volumes of interest (VOIs) were centered 
on AAV injection sites within the entorhinal cortex based on surgical 
planning coordinates, and a third sphere was placed within the cer-
ebellum (reference region). The mean standard uptake value (SUV), 
and SUV ratio (SUVR) normalized to the cerebellum, were calculated 
for injection site VOIs using the PMOD software. Statistical analysis 
included two-way analysis of variance (ANOVA) with Tukey post hoc 
test to assess differences across imaging time points and hemisphere. At 
the completion of imaging, animals were taken for correlative histology 
to evaluate neuroinflammation and signs of AD neuropathology. Co-
registered PET and MR images acquired 6 months after AAV injec-
tion revealed areas of increased T807 and PBR111 uptake in the left 
hemisphere that were visually most pronounced at injection sites and 
spread dorsally and posteriorly along the entorhinal and hippocampal 
formations. No such lesions were observed on the contralateral loca-
tion nor was this asymmetry observed in baseline scans of either tracer. 
Quantitative SUVR analysis revealed significant increases in PBR111 
uptake at injections sites in both hemispheres at follow-up compared 
to baseline (left, p< 0.001; right, p= 0.016). Uptake of T807 showed 
a similar trend (p=0.055) in only the left hemisphere. Furthermore, 
6-months post AAV, PBR111 uptake in the AAV-2xTAU injection site 
was significantly increased when compared to the contralateral AAV-
CTR4 site (p=0.016). Again, T807 showed a similar trend (p=0.0855), 
and no such changes were observed between the injection sites at base-
line. Collectively, these data suggest localized increases in tau accu-
mulation (detected by T807) drive corresponding neuroinflammation 
(detected by PBR111) in this non-human primate tauopathy model of 
AD. Our results strongly suggest that longitudinal Tau- and TSPO-
PET warrant further investigation as tools for monitoring AD-related 
progressive neuropathology.
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Objectives: CD8+ T cells are the main effector cells for immune-
mediated anti-tumor responses [1], and CD8+ T cell tumor infiltration 
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correlates with prognosis and response to immunotherapy across many 
disease sites [2-4]. Preclinical data have also demonstrated a CD8+ 
cell-dependent synergistic effect of radiation treatment (RT) combined 
with checkpoint inhibitors [5-8]. However, as combinatorial strategies 
are investigated for clinical translation, better prognostic and predictive 
biomarkers are needed. CD8 immunoPET is being explored for nonin-
vasive, whole body CD8+ cell imaging in early clinical trials [9] but 
optimal timing for imaging after RT + immunotherapy is unknown and 
has not been studied in preclinical models, particularly with orthotopic 
tumors that better approximate the natural tumor immune microenvi-
ronment. The purpose of this study is to characterize the intratumoral 
CD8+ response to RT combined with anti-CTLA4 in an orthotopic 
mouse model of breast cancer and to test the feasibility of using CD8 
immuno-position emission tomography (immunoPET) to visualize this 
response at an early timepoint after treatment.

Methods: 
4T1 tumors were implanted in a mammary fat pad of female BALB/c 
mice and treated conformally with 8 Gy fractions for 3 consecutive 
days (X-RAD SmART system) followed by 3 doses anti-CTLA4 (200 
micrograms intraperitoneally every third day). Tumors were harvested 
prior, during and after treatment at multiple timepoints for analysis 
of CD8 staining by immunohistochemistry (IHC). CD8+ cell density 
was quantified using Visiopharm software; comparisons were made 
by one-way ANOVA of log-transformed data, with p values adjusted 
for multiple comparisons. Single cell suspensions of digested tumors 
were analyzed by flow cytometry for CD8 and additional immunologi-
cal markers. For imaging studies, a Zr-89 radiolabeled CD8-specific 
cys-diabody was injected by tail vein within 24 hours of the final treat-
ment day, or in mice with size-matched untreated tumors, and static 
images were acquired 24 hours later on a PET/CT scanner (GNext). 
Mean % injected dose (%ID)/cc for each tumor was calculated from 3 
non-overlapping intratumoral regions of interest (ROIs, drawn on CT 
scans) to mitigate partial volume effects. Activity (%ID/gram, %ID/g) 
was confirmed with ex vivo biodistribution studies. Unpaired t-test was 
used for comparisons of treated to untreated mice.

Results: 
Tumors treated with RT + anti-CTLA4 (n=14) demonstrated variable 
but overall increased CD8+ cell density by IHC 24 hours after complet-
ing treatment compared to untreated tumors (n=12), mean cell count/
mm2 852 vs 63, p<0.0001; median 590 vs 50, range 40-3484 vs 24-210. 
Flow cytometry analysis confirmed variability in CD8+ cell infiltra-
tion of treated tumors (n=5). Compared to untreated tumors, CD8+ 
cell density by IHC was not significantly increased in tumors after 1 
fraction of RT alone (8 Gy), those treated with RT alone (8 Gy x3) 
and those harvested 2 weeks after completion of combined treatment. 
Tumors and tissues enriched for CD8+ cells (including lymph nodes, 
thymus, and spleen) were visualized with CD8 immunoPET in all mice. 
Mean %ID/cc for intratumoral ROIs was higher on average for treated 
vs untreated tumors (6.55 vs 4.91, p=0.0019, n=9 each group). Ex 
vivo biodistribution studies demonstrated increased %ID/g for treated 
tumors, n=8, compared to untreated tumors, n=9 (mean %ID/g 3.63 
vs 2.25, p=0.0005), consistent with greater CD8+ cell infiltration into 
treated tumors.

Conclusion:
 CD8 immunoPET successfully visualized the intratumoral CD8+ cell 
response induced by RT + anti-CTLA4 combination therapy as early as 
24 hours after completion of treatment in an orthotopic mouse model 
of breast cancer. CD8 immunoPET will facilitate further studies of 
longitudinal immune responses in this newly established model for 
combination therapy with RT + immunotherapy, and will also enable 
investigation of adjunct therapies for tumors with low CD8+ responses 
after initial treatment. These preclinical data could inform clinical use 

of CD8 immunoPET as an early biomarker after RT + immunother-
apy in future clinical trials.

Reference
1. Durgeau A et al. Recent advances in targeting CD8 T-cell immu-

nity for more effective cancer immunotherapy. Frontiers in immu-
nology. 2018 Jan 22;9:14.

2. Barnes TA, Amir E. HYPE or HOPE: the prognostic value of 
infiltrating immune cells in cancer. British journal of cancer. 2017 
Aug;117(4):451-60.

3. Gooden MJ et al. The prognostic influence of tumour-infiltrating 
lymphocytes in cancer: a systematic review with meta-analysis. 
British journal of cancer. 2011 Jun;105(1):93-103.

4. Paijens ST et al. Tumor-infiltrating lymphocytes in the immu-
notherapy era. Cellular & molecular immunology. 2021 
Apr;18(4):842-59.

5. Demaria S et al. Immune-mediated inhibition of metastases after 
treatment with local radiation and CTLA-4 blockade in a mouse 
model of breast cancer. Clinical Cancer Research. 2005 Jan 
15;11(2):728-34.

6. Lee Y et al. Therapeutic effects of ablative radiation on local 
tumor require CD8T cells: changing strategies for cancer treat-
ment. Blood. 2009 Jul 16;114(3):589-95.

7. Gupta A et al. Radiotherapy promotes tumor-specific effector 
CD8T cells via dendritic cell activation. The Journal of Immu-
nology. 2012 Jul 15;189(2):558-66.

8. Twyman-Saint Victor C et al. Radiation and dual checkpoint 
blockade activate non-redundant immune mechanisms in cancer. 
Nature. 2015 Apr;520(7547):373-7.

9. Farwell MD et al. CD8-Targeted PET Imaging of Tumor-Infiltrat-
ing T Cells in Patients with Cancer: A Phase I First-in-Humans 
Study of 89Zr-Df-IAB22M2C, a Radiolabeled Anti-CD8 Mini-
body. Journal of Nuclear Medicine. 2022 May 1;63(5):720-6.

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

163-Photoacoustic imaging for the detection of endogenous near-
infrared biomarkers in high-risk atherosclerotic plaques

Presenter: Martin Schneider, Stanford University

Martin K. Schneider1, James  Wang2, Caitlin  Bell3, Tom  Alsaigh4, 
Steven R.  Long5, Nicholas R.  Leeper6, Katherine W.  Ferrara1

1Stanford University, Palo Alto, CA
2Stanford University, Palo Alto, California
3Stanford School of Medicine, CA
4Stanford School of Medicine
5University of California, San Francisco, San Fransisco, CA
6Stanford University, Stanford, California

Abstract body: 

Atherosclerosis is a major cause of mortality and morbidity, due to 
progression to myocardial infarction and stroke. These complications 
are caused by thrombotic arterial occlusions localized at the site of 
high-risk atherosclerotic plaques, and therefore early detection and 
therapeutic stabilization are urgently needed 1-6. The goal of this project 
is to discriminate vulnerable versus stable plaques using non-invasive, 
non-ionizing photoacoustic (PA) imaging 7,8. PA signals caused by 
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near-infrared endogenous chromophores within high- and low-risk 
human plaques have been evaluated and compared with histological 
analysis and spatial RNAseq 7,9.

Experimental Design: 
An IRB (IRB-50541) approved by the Stanford University Investiga-
tor Review Board approved the collection of discarded human carotid 
plaque specimens from Stanford Hospital. The specimens have been 
imaged fresh or fixed in 4% PFA for the auto-near-infrared (Auto-
NIR) signal in the 670-700nm range, using a commercial PA device 
(Visualsonics 3100). Afterwards, tissue slides of each plaque specimen 
were generated and imaged for the endogenous autofluorescence near-
infrared (NIR) signal (Cy5). Additionally, slides were processed with 
histological stains spanning H&E, Masson’s Trichome, Picrosirus Red, 
CD68, αSMA and bilirubin. Spatial RNA sequencing (10x Visium) has 
been performed on plaque sections. Detected Auto-NIR signals in PA 
images and histological images were compared with established stains 
and spatial RNA sequencing results.

Results: 
PA 3D imaging of ex vivo human carotid plaque detected areas of high 
Auto-NIR PA signals (Fig.1a-b). Cross section analysis of PA images 
and respective stained histological sections showed that the Auto-NIR 
signal correlates with vulnerable histology markers, such as CD68 
and bilirubin (Fig.1c). The PA intensity was significantly enhanced 
in the vulnerable regions (p<0.0001) in comparison to histologically 
stable regions of the plaque (n = 22) (Fig. 1d). We also demonstrated 
a significant correlation between the naturally-occurring NIR signal, 
the CD68 macrophage marker (p<0.0001) and bilirubin (p<0.0001) 
(Fig. 1e). Other tissue structures such as alpha smooth muscle actin 
(αSMA), a marker for a healthy and stable artery, were evaluated as a 
control and correlation with the near-infrared biomarker was signifi-
cantly lower (p<0.0001) (Fig. 1e).

Conclusion: 

Photoacoustic imaging detected the  CD68+  bilirubin+ region of patho-
logical atherosclerosis associated with unstable plaque.
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Introduction: 
Nanoparticles have been widely explored for use in cancer diagnosis 
and treatment; however, the efficacy is often limited by the inability to 
penetrate into the tumor due to the dense extracellular matrix (ECM) 
and the high interstitial fluid pressure (IFP) around tumor cells. A 
previous paper explored whether a magnetic device comprised of two 
oppositely polarized magnets could be used to enhance the accumula-
tion and penetration of magnetic nanoparticles within tumor tissues. 
The use of two oppositely polarized magnetics created a constant 
magnetic field gradient between the two magnets, thus allowing mag-
netic nanoparticles to be manipulated at much greater depths than 
is possible with a single magnet, whereby there is a rapid drop in 
magnetic field strength with distance from the magnet surface [1]. 
To further improve upon the 2-magnet device, here we describe an 
8-magnet device with a stronger magnetic flux density and magnetic 
field gradient that is constant in 360 degrees. As the magnetic force on 
magnetic particles is proportional to the field gradient, the 8-magnet 
device is able to accelerate the penetration of magnetic nanoparticles 
into deeply seeded tumors and thus improve both the magnetic reso-
nance imaging (MRI) contrast and treatment efficacy of drug-loaded 
magnetic nanoparticles.

Materials and Methods: 
CoSPIONs are synthesized by seed growth and are encapsulated 
within the amphiphilic photosensitizer Ce6, forming clusters (Ce6 
cluster). Our customized magnetic device was built with 8 neodym-
ium-iron-boron (NdFeB) rare earth element magnets arranged in a 
cylindrical halbach array. Finite element modeling software, COM-
SOL, was used to simulate the orientation of the magnetic field and 
calculate the magnetic field gradient. To calculate the actual mag-
netic field gradient in three dimensions, we measured the magnetic 
flux density at different points in the inner space of the device with 
a gaussmeter. A 0.6% agarose gel tumor phantom was used to study 
the magnetic forces on clusters placed in the device. in vivo MR 
and ex vivo fluorescence images using a syngeneic orthotopic mouse 
model of 4T1 breast cancer cells were acquired at 24h post-injection 
(i.v.) of Ce6 cluster, dosed at 5 mg Ce6/kg, followed by magnetic 
exposure.
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Results and Discussion: 
First, we confirmed the size and uniform morphology of synthe-
sized clusters by transmission electron microscopy (TEM) and 
dynamic light scattering (DLS). The diameter of CoSPIONs was 
~10 nm with a uniform size distribution (Figure A). After the 
encapsulation into clusters, the size increased to ~60 nm (Figure 
B). Then, we verified the generation of a sharp zero point at the 
center of the magnetic device, which was surrounded by uniform 
field gradients radiating outward (Figure C-F). Next, we evaluated 
the movement of magnetic clusters through a gel phantom when 
placed in the 8-magnet device and compared the penetration speed 
with the 2-magnet device (Figure G-H). Based on MR imaging, it 
is clear that exposure to the 8-magnet device significantly reduces 
T2 signal (hypointensity) from Ce6 clusters in tumors (Figure I-J). 
In addition, tumors from the mice exposed to 8-magnet device 
show the highest Ce6 fluorescence indicating the improved accu-
mulation of nanoparticles compared with the 2-magnet groups 
(Figure K-L).

Conclusions: 
By using an 8-magnet device, we were able to generate a con-
stant magnetic field gradient with the zero point at the center 
which exerts a uniform force on the clusters and yields constant 
velocity in tumor tissues. Our results also proved the possible 
application of this new system in targeted magnetic delivery and 
deep tissue penetration, which can result in the improved MR 
imaging contrast and treatment efficacy of drug-loaded magnetic 
nanoparticles.
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Objectives: 
Manual segmentation of the internal carotid arteries (ICA) is 
the current gold standard target for deriving the image derived 
blood input function (IDIF), which, in turn, is used to calibrate 
glucose kinetics for human dynamic Fluorine-18 f luorodeoxy-
glucose positron emission tomography (dFDG-PET). The main 
objective of this work is to develop a fully automatic pipeline 
that can facilitate segmentation of ICA, enabling consistent 
and efficient derivation of image derived blood input function 
(IDIF).

Materials and Methods: 
Dynamic FDG PET (dFDG-PET) of the brain was performed on 35 
subjects using a time of flight PET CT scanner to produce a DICOM 
file that contained a complete four dimensional image of each patient’s 
brain tracer uptake with attenuation correction over time (400 pixels 
x 400 pixels x 110 slices x 38 timeframes). Dynamic acquisition con-
sisted of an intravenous ~10 mCi tracer injection over 10 seconds with 
initiation of a 60-minute scan in list-mode format. PET was preceded 
by non-contrast T1-weighted MPRAGE MRI scans for co-registration. 
Image pre-processing started with motion correction for the 60-min-
ute acquisition to align and lock the anatomy in the same 3-dimen-
sional space throughout the entire time period. Motion correction of 
dynamic PET data and co-registration into MRI space were performed 
as described [1] with bash scripts designed using the FMRIB’s Soft-
ware Library (FSL) tool kit [2-6]. Next, a reference frame containing 
the ICA was programmatically selected from dFDG-PET data through 
intensity analysis. This was followed by semi-automatic annotation of 
both the left and right ICA by localized thresholding using 3DSlicer. 
A supervised artificial neural network architecture was developed and 
trained to segment the ICA from the reference frame, allowing for 
the automatic derivation of the IDIF. Briefly, a 3D U-Net architec-
ture was trained with the reference frame as the input volume and the 
binary 3D segmentation mask consisting of the model’s prediction of 
the ICA for that dataset as output. The model architecture was defined 
in Keras TensorFlow with a depth of 2 (number of encoder / decoder 
blocks) and 16 base convolutional filters in the first layer (~984k model 
parameters) along with 3D spatial dropout layers of 0.5. Due to com-
putational limitations, for pre-processing, the selected image frames, 
originally of varying dimensions, were rescaled, systematically padded 
and cropped to 128x128x128 dimensions. Similarly, the output binary 
mask (obtained with a decision threshold of 0.5) was post-processed to 
restore the dataset to its original dimensions. Training was performed 
over the 35 dFDG-PET datasets using 10-fold cross-validation using 
the centerline Dice loss function [7], with a batch size of 1 and Adam 
optimizer with a learning rate of 0.001 for 50 epochs per fold (~8.3 
hours total) in Google Colab Pro+ (P100 GPU). 3-fold data augmenta-
tion was also applied on the training set for each fold based on rotation, 
elastic deformation and horizontal flips during training. Downstream 
IDIFs were computed from the predicted ICA segmentations.

Results: 
For generated test set segmentations, average evaluation metrics across 
the 10 folds show a Dice Similarity Coefficient of 0.737 ± 0.092, 
Intersection over Union (IoU) of 0.599 ± 0.112, 95% Robust Haus-
dorff Distance (RHD 95) of 13.479 ± 7.821. The downstream metrics 
for similarity between ground truth IDIFs and those generated from 
predicted ICA segmentations had a root mean squared error (RMSE) 
of 1397.148 ± 777.056 Bq/cc and a mean absolute percentage error 
(MAPE) of 8.415 ± 3.960 %.

Conclusion: 
Despite the limited sample size, this work suggests that the 3D U-Net 
was effectively able to learn the underlying distribution of the target 
structure of the ICA and could precisely facilitate the automatic com-
putation of the IDIF for dFDG-PET of the human brain.
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Background & Aims: 
Chronic liver disease is a major global health care  burden1. Early diag-
nosis of liver fibrosis is highly important to improve patient outcomes 2. 
Liver biopsy is the gold standard for assessing liver fibrosis. However, 
the biopsy is invasive, and the sample may not be representative of dis-
ease 3. To address these limitations, a single-chain antibody (C1-3) and in 
vivo fluorescence imaging have successfully been used to assess fibro-
genesis in murine models of liver injury 4. C1-3 is a potent binder of 
synaptophysin (SYN), a transmembrane protein expressed on scar-form-
ing hepatic myofibroblasts (HM) 5,6. While in vivo fluorescent imaging 
provides a screening tool, it is limited by autofluorescence and lacks clini-
cal translatability 7. This study aims to Zirconium-89  [89Zr] labelled C1-3 
and determine if it can be used with clinically available positron emission 
tomography (PET). PET allows the in vivo detection of radiopharmaceu-
ticals with high sensitivity and unlimited depth penetration 8.

Methods: 
C1-3 and CSBD9 single chain antibodies (ScAb) were generated using 
phage display. CSBD9 is raised against bacterial protein, therefore, it 
doesn’t recognise mammalian SYN. ScAbs were modified with des-
ferrioxamine and characterised by MALDI-TOF before radiolabelling 
with 89Zr. C1-3-DFO-[89Zr]Zr and CSBD9-DFO-[89Zr] Zr (60ug/ml) 
were incubated with activated HM to determine the specificity of C1-3 
for SYN. A mouse model of acute liver injury in conjunction with in 
vivo optical (Cerenkov) imaging was applied to determine if C1-3-
DFO-[89Zr] Zr can be used as an in vivo imaging agent. In vivo activa-
tion of HM and therefore expression of SYN was induced via an I.P 
injection of Carbon Tetrachloride  (CCl4). An IVIS® spectrum was 
applied to visualise radiolabelled ScAbs. Ex vivo liver uptake was 

determined using a gamma counter (Figure 1A). Alpha-smooth muscle 
actin (α-SMA) staining was performed to assess the number of HM.

Results: 
To determine if C1-3 can be used as an imaging agent, ScAbs were con-
jugated to desferrioxamine (DFO, yield = 70.58 ± 3.34 %) followed by 
labelling with 89Zr. Stability assays demonstrated that both ScAb com-
plexes, C1-3-DFO-[89Zr]Zr and CSBD9-DFO-[89Zr]Zr were stable in 
both human and mouse serum (supplemental 1). Cell analysis revealed 
that the ability of C1-3 to bind to HM was not hindered by radiolabelling. 
Considering that C1-3 specifically binds to SYN, and SYN is involved in 
endocytosis, it was not surprising that cell internalisation of C1-3-DFO-
[89Zr]Zr was significantly higher compared to control CSBD9-DFO-[89Zr]
Zr (Figure 1B). In vivo Cerenkov imaging showed that C1-3-DFO-[89Zr]
Zr was highly retained in the  CCl4 injured livers compared to oil treated 
controls where HM are in a quiescent state and the expression of SYN is 
negligible. In  CCl4 injured mice, the uptake of C1-3-DFO-[89Zr]Zr was 
preferential compared to CSBD9-DFO-[89Zr]Zr (Figure 1C-D). A limita-
tion of Cerenkov chemiluminescence is the low signal-to-noise ratio due 
to tissue depth and the inability of the technology to control for photon 
attenuation. To validate the in vivo results, livers were harvested and the 
injected dose per gram of tissue was assessed. Ex vivo Gamma counting 
revealed that the uptake of C1-3-DFO-[89Zr]Zr was significantly higher 
compared to CSBD9-DFO-[89Zr]Zr and that C1-3 differentiates between 
fibrotic and non-fibrotic injury (Figure 1E). Analysis of αSMA (whole 
mark of HM) staining confirmed that the uptake of C1-3 is specific rather 
than due to differences in HM numbers between C1-3 and CSBD9 imaged 
mice (Figure 1F). Our data demonstrate that C1-3 can be used as an in 
vivo imaging agent in conjunction with PET imaging. Because C1-3 is 
humanised, it has the potential to be used in clinics in the early diagnosis 
of liver fibrosis and assess antifibrotics.
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Iatrogenic nerve injury presents one of the most feared surgical com-
plications and a major source of morbidity across various surgical 
specialties. A major challenge in skull base surgery is the preserva-
tion of cranial nerve integrity, which is required to maintain their 
critical function and to decrease post-surgical morbidity. Cranial 
nerves are often intimately associated with tumors of the skull base, 
where surgery can be curative, but must be balanced against injury 
risk. Unlike other critical tissues, nerve repair results in negligible, 
unreliable functional improvement leading to permanent motor or 
sensory disabilities and chronic neuropathies. During skull base sur-
gery, neurosurgeons rely mainly on their neuroanatomical knowl-
edge, white light visualization and neurophysiological monitoring 
to identify and visualize the cranial nerves, making preservation 
extremely challenging especially during minimally invasive proce-
dures. Currently there is no clinically approved method to enhance 
the visualization of nerve structures intraoperatively, and as a result 
cranial nerves remain one of the most frequently injured nerve 
structures across all surgical subspecialities. Recently, our group 
has developed a library of novel near infrared (NIR) small molecules 
with demonstrated high specificity and signal to background ratio 
in the peripheral nerves. Strikingly, it was discovered that a sub-
set of these novel probes can cross the blood-brain barrier (BBB) 
resulting in varied degrees of cranial nerves specificity. Pharma-
cokinetic (PK) studies of our lead compounds demonstrated cranial 
nerve contrast is obtained 30 minutes post systemic administration, 
and the contrast lasts for > 4 hours post intravenous injection, a 
PK profile compatible with a variety of neurosurgical interventions. 
In addition, our lead compounds showed substantial specificity for 
trigeminal and facial nerves branches, which expands the utility of 
the obtained contrast to head and neck surgical application as well. 
Overall, these newly developed NIR nerve-specific compounds will 
significantly improve nerve identification at depth, enhancing the 
ability to detect buried cranial nerves, which will be paramount to 
decreased iatrogenic injury. Finally, the ability of these compounds 
to cross the BBB and their cranial nerve specificity could solve the 
unmet clinical need for an intraoperative methodology to enhance 
identification and visualization of cranial nerves.
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Objectives: 
Compared with β-amyloid (Aβ) plaques, abnormal deposition of Tau 
protein is more positively associated with the degree of cognitive dys-
function in Alzheimer’s disease (AD). Thus, developing Tau imaging 
tracers with excellent characteristics is conducive to enhancing diag-
nostics and providing more valuable information for disease staging 
and treatments. In this study, we designed and synthesized a novel 
probe with satisfying properties for the detection of Tau fibrils.

Methods: 
Radiosynthesis of 125I-labeled ligands was carried out using corre-
sponding tributyltin precursors. Specific binding to neurofibrillary tan-
gles was confirmed by in vitro autoradiography on brain tissues from 
AD patients (102 years old, female, temporal lobe and hippocampus; 
95 years old, female, frontal lobe). Furthermore, to measure the affinity 
to Tau, we performed the self-blocking study by in vitro autoradiog-
raphy on brain sections in the presence of cold PND-118 with differ-
ent concentrations. We also assessed its affinity to Aβ1–42 aggregates 
through in vitro competitive binding assays using  [125I]IMPY as the 
radioligand. In vivo biodistribution was conducted on normal ICR mice 
(18-20 g, male).

Results: 
As shown in Fig. 1, specific binding of neurofibrillary tangles was veri-
fied by in vitro autoradiography and GB-staining on brain sections of 
AD patients. There is a marked accumulation of radioactive signal on 
the gray matter of temporal lobe loading with Tau aggregates, which 
the regional distribution corresponds precisely to the GB-positive Tau 
pathology. The affinity of Tau was obtained through the displacement 
curve  (IC50 = 2.56 nM). What’s more, PND-118 displayed poor binding 
to Aβ1–42 aggregates  (Ki = 985.07 nM). In biodistribution,  [125I]PND-
118 exhibited good initial brain uptake (3.2 ±0.71 %ID/g at 2 min) and 
rapid washout rate (brain 2min/brain 60min = 12.9).

Conclusions:  
[125I]PND-118 displayed high affinity to native Tau aggregates at 
nanomolar scale, high specificity to neurofibrillary tangles against Aβ, 
and desirable pharmacokinetic characteristics with high initial brain 
uptake and fast clearance from normal brain regions. Therefore,  [125I]
PND-118 fulfills the primary criteria for depicting in vivo Tau neuro-
imaging clearly as a promising SPECT radiotracer, further studies of 
this probe are currently underway.
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Objectives: 
Lewy pathologies, which mainly consist of insoluble α-synuclein 
(α-syn) aggregates, are the hallmarks of Parkinson’s disease and 
many other neurodegenerative diseases termed “synucleinopathies”. 
Detection of Lewy pathologies with optical methods is of inter-
est for preclinical studies, while the α-syn fluorescent probe is still 
in great demand. In most synucleinopathies patients, Lewy patholo-
gies are always concomitant with the accumulation of β-amyloid 
(Aβ) plaques, which makes the development of α-syn fluorescent 
probes more changeling. In this study, we designed and synthesized a 
series of D-π-A based trisubstituted alkenes probes and evaluated their 
capability as potential fluorophores for α-syn pathologies.

Methods: 
The probes were directly obtained using Knoevenagel condensation 
between corresponding aldehydes and acetonitriles. The binding affini-
ties to α-syn and Aβ1–42 aggregates were quantitatively measured by in 
vitro ThT competitive binding assay. Fluorescent interaction with syn-
thetic α-syn, Aβ1–42 aggregates, and bovine serum albumin (BSA) were 
measured. In vitro fluorescent staining was performed on the brain 
tissues of the AD patient (88 years old, female) and the PD patient (73 
years old female). Ex vivo fluorescent imaging was carried out with the 
ICR mice (4-weeks-old).

Results: 
After comprehensive consideration of the biological and optical prop-
erties of the probes, TQXN-2 showed high binding affinities (Ki = 8.20 
± 1.85 nM for α-syn and 0.94 ± 0.03 nM for Aβ1–42), significant fluo-
rescent enhancement (26.6-fold with α-syn and 67.6-fold with Aβ1–42), 
and a satisfying quantum yield (10.4%). Especially, TQXN-2 displayed 
a 23 nm difference in maximum emission wavelength after binding to 
α-syn and Aβ fibrils and showed potential in fluorescent discrimination 
of Lewy pathologies and Aβ plaques at the tissue level. Ex vivo fluo-
rescent imaging of ICR mice brains ensured its blood-brain barrier 
(BBB) penetration.

Conclusions: 
We successfully identified a f luorescent probe for α-syn 
and Aβ. These trisubstituted alkene probes enriched the tools for the 
fluorescent detection of Lewy pathologies and provided ideas for fur-
ther developing selective α-syn fluorescent probes. More modifications 
on this probe are needed to enhance the specific binding over α-syn.
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Aim: 
To investigate a new urokinase-type Plasminogen Activator Recep-
tor (uPAR)-targeted optical probe for intraoperative visualization of 
malignant glioma in patients scheduled for neurosurgery.

Design: 
Open-label, non-randomized, dose escalation, single-dose administra-
tion, multi-center phase I/II clinical trial.

Background: 
The principle of using a fluorescent agent for optimizing glioma sur-
gery is well known. ICG-glu-glu-AE105 (FG001) is a novel fluorescent 
compound that binds specifically to uPAR. uPAR is overexpressed in 
glioblastoma and facilitates the invasion of the cancer into normal tis-
sue. Hence, uPAR is a suitable target for fluorescence-guided surgery 
(FGS) to aid surgeons in the delineation of tumor from normal tissue.

Methods: 
A pre-designed dose-escalation schedule from 1 to 48 mg FG001 was 
performed in high-grade glioma patients scheduled for neurosurgery. 
Safety and efficacy (tumor-to-background ratio; TBR) was the major 
readout. Biopsies taken from various areas of the tumor/border were 
histologically analyzed in a blinded manner. These were compared with 
image readout to evaluate the performance of FG001 to detecting and 
discriminating cancer from normal tissue. Based on the phase I results, 
an optimal dose for the phase II study was established.

Results: 
In total, 40 patients were administered FG001 in the phase I part of the 
trial, and the compound was shown to be safe and well-tolerated. No 
serious drug-related adverse events were reported. The pharmacoki-
netic (PK) profile for FG001 was assessed for all dose levels. FG001 
showed dose-dependent increases in exposure across dose levels in a 
linear manner. TBR generally increased with dose and peaked at a dose 
of 36 mg administered the evening before surgery. This dose/time was 
selected as optimal and all patients revealed a clinically relevant TBR 
value at this dose.
The histology samples from doses 36 mg and 48 mg administered in 
the evening before surgery, confirmed that FG001 lights up aggres-
sive brain cancer with high specificity and sensitivity.

Conclusion: 
FG001, a novel uPAR-targeting drug for image-guided surgery, is safe 
and well-tolerated. It provides excellent images with high contrast dur-
ing surgery. Histopathology confirmed the ability to discriminate tumor 
from non-tumor tissue and thereby the potential for use in fluorescence-
guided surgery in patients with high-grade glioma.
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Introduction: 
Immune checkpoint protein targeted antibodies (mAb) have trans-
formed cancer treatment but majority of patients do not respond. 
Although sub-optimal drug exposure is a major contributor to drug 
resistance, tools to quantify the pharmacokinetics and pharmacody-
namics of those mAbs in real-time and at the tumor are few. Here, 
we explored the concept of using target-centric measurements to gain 
insights into mAb activity at the tumor. Target levels were measured 
using a validated radiotracer that exhibits less affinity than the thera-
peutics so that only unoccupied (or accessible) target levels could be 
measured during therapy. To demonstrate the concept, we measured 
immune checkpoint protein programmed death ligand 1 (PD-L1) 
expression levels using a peptide-based radiotracer,  [68Ga]DK223 
 (KD=1.01±0.83 nM), during therapy with two FDA approved PD-L1 
mAbs avelumab and durvalumab  (KD< 0.7 nM). We quantified acces-
sible PD-L1 levels during therapy by PET and biodistribution studies.

Methods: 
To test whether  [68Ga]DK223 binds PD-L1 in the presence of mAbs, 
BFTC909 cells (PD-L1high) were incubated with 1 μCi  [68Ga]DK223 in 
presence (60 nM) or absence of avelumab and durvalumab. To quantify 
aPD-L1 mAb exposure at the tumor, mice with BFTC909 xenografts 
(100-200  mm3) were treated with 10 mg/kg dose of avelumab or dur-
valumab and  [68Ga]DK223 PET (7.4 MBq/mouse) was acquired to 
measure changes in PD-L1 levels before mAb treatment and every 
24 h up to 120 h (n=5-6). Ex vivo biodistribution studies (1.85 MBq/
mouse) were performed to validate imaging findings (n=5-6) and mice 
treated with PBS were used as controls. Accessible PD-L1 levels were 
calculated by percentage of incubated dose (%ID/g) of treatment groups 
as a ratio of PBS group.

Results: 
In vitro uptake studies showed that  [68Ga]DK223 binding to BFTC909 
cells (27.9±2.4 percentage of incubated dose (%ID)), reduced to less 
than 1% in presence of avelumab and durvalumab, indicating that 
 [68Ga]DK223 binds to only accessible PD-L1 during anti-PD-L1 
therapy.  [68Ga]DK223 PET revealed low uptake of radioactivity in the 
tumors in treated mice at 24 h after treatment indicating high tumor 
exposure of avelumab and durvalumab, while high tumor uptake was 
observed in PBS treated group. Over a 120 h period, avelumab treated 
mice showed increased  [68Ga]DK223 uptake (i.e. high accessible 
PD-L1) indicating mAb clearance from the tumor. In contrast,  [68Ga]
DK223 tumor uptake remained low even at 120 h in durvalumab treated 
mice indicating continued drug exposure at the tumor. In treated mice, 
we observed 5±3 % accessible PD-L1 during avelumab or durvalumab 
treatment at 24 h which increased to 50.8±20.0% at 120 h in case of 
avelumab but remained significantly low for durvalumab (4.4±0.5).

Conclusion: 
Our data demonstrate that  [68Ga]DK223 PET derived pharmacody-
namic measures provide insights into drug exposure at the tumor, thus 

supporting its use for guiding and optimizing immune checkpoint 
therapy.
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Background: 
Gestational disorders caused by placental vascular dysfunction, such 
as preeclampsia (PE), are prevalent and can result in adverse preg-
nancy outcomes. PE occurs in ~4% of all pregnancies and is associated 
with maternal mortality and preterm birth. Despite scientific advances, 
underlying mechanisms and progression of PE remain poorly under-
stood. No preventative or curative treatments are available. A major 
roadblock for early identification of PE is the lack of imaging systems 
that monitor placenta hemodynamics and oxygenation. Current clinical 
imaging systems are either harmful due to ionizing sources, too expen-
sive and inaccessible, or provide insufficient  data1. The structure of the 
placenta is intertwined with its function and throughout pregnancy 
there is remodeling of its dynamic  structure2. We propose the use of 
combined quantitative ultrasound (QUS) and photoacoustic imaging 
(USPAI) to characterize the functional and structural changes of the 
placenta between embryos with and without preeclampsia.

Methods: 
The Slc20a2 knockout mouse used here displays increased ectopic 
placental vascular calcification, reduced fetal growth, and decreased 
postnatal bone mineral  density3,4. The Slc20a2 knockout, heterozy-
gous, and wild-type placentas were imaged on embryonic day (E) 
18.5. In vivo and externalized placenta imaging was conducted using 
Vevo LAZR-X with a 21 MHz transducer (MX250S) to obtain oxygen 
saturation  (sO2) of the placenta. Ex vivo imaging of placenta was con-
ducted with a 40 MHz transducer (MX550). Radio frequency data was 
utilized to investigate spectral parameters, zero slope intercept (ZSI), 
mid-band fit (MBF), and spectral slope (SS) in relation to ectopic calci-
fication. The placenta genotypes were determined after data collection 
using yolk sac tissue.

Results: 
The  in vivo scans indicated that the wild-type tissue had a higher 
 sO2 values than theSlc20a2 knockout tissues. Using the externalized 
3D scans, it was discovered that the  sO2 variances between wild-type 
placenta and heterozygous placenta were significantly different. Our 
quantitative ultrasound data revealed gene-specific effects and sup-
ported that the ZSI and MBF parameters are statistically significant 
from each other. Qualitatively the MBF and ZSI spectral peaks of the 
placenta are found to be distinct amongst different genotypes. The 
spectral peaks, MBF and ZSI are, sparsely distributed around the 
edges in the wild-type placenta and intensely distributed throughout 
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the knockout placenta (Fig. 1). The highest of the spectral peaks are 
localized in obvious calcified areas are found in the labyrinth. Slc20a2 
and wild-type SS were statistically significant from the heterozygous 
placenta.

Conclusions: 
Differentiating heterozygous and wild-type placentas using  sO2 values 
and between three types of placentas using QUS parameters provides 
strong confidence in the application of USPAI as a novel approach to 
determining an unhealthy versus a healthy placenta. Building upon 
the (E) 18.5 gestation data collected here, future work will involve 
monitoring functional parameters over time including early placenta-
tion to support translating the method to early diagnosis of placental 
vascular diseases.
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Objectives: 
As companion diagnostics, Amyloid PET tracers offer versatile nonin-
vasive tools for quantifying the efficacy of disease modifying anti-amy-
loid therapies for Alzheimer’s disease (AD). While radiotracers, such 
as  [18F] Florbetapir, Florbetaben and Flutemetamol are commercially 
available for β-amyloid (Aβ) imaging,  [11C] PiB PET tracer has been 
rigorously investigated worldwide and continues to be the gold stand-
ard for the Aβ) imaging in vivo due to better correlations of imaging 
data with pathological expression of the disease in autopsy confirmed 
tissues. Nevertheless, these tracers allow effective detection of fibril-
lary amyloid plaques (later stage of Aβ pathophysiology). To further 
embellish PET imaging resources and enable disease-specific imaging 
at earlier stages, we have reported earlier, the preclinical validation 
of 18F-Fluselenamyl, a novel PET imaging agent that demonstrated the 
ability to detect both fibrillary and diffuse plaques and demonstrates 
unprecedented molecular and disease specificity in human brain sec-
tions. To determine whether or not, Fluselenamyl has the ability to map 
binding patterns of PiB in the cortical regions of the AD human brain 
sections, we report herein, comparative analysis of 3H-Fluselenamyl 
and 3H-PiB using saturation binding assays, and in vitro autoradiog-
raphy experiments.

Methods: 
 [3H] PiB was purchased commercially and  [3H] Fluselenamyl was 
custom synthesized from ViTrax Radiochemicals by supplying the 
precursor 6 (Fig 1) synthesized in our lab. Non-Tritiated (Cold) PiB 
and Fluselenamyl were synthesized in our lab. Brain sections were 
obtained post-mortem from subjects diagnosed with AD, and subjects 
with no clinical symptoms of dementia. Saturation binding assays was 
performed using insoluble fraction obtained from clinically character-
ized AD tissue sections. Autoradiography experiments were performed 
by exposing the tissues to GE phosphor screens.

Results: 
Using saturation binding assays,  [3H]-PiB demonstrated bind-
ing average  (Kd=2.5 ± 0.3 nM; Bmax = 1152.2 pmol/g; n=3) and 
 [3H]-Fluselenamyl  (Kd=4.1 ± 0.6 nM; Bmax = 589 ± 67 pmol/g, 
n=3) to AD insoluble fraction. Non-specific binding was determined 
using the cold standards. Binding studies revealed that both tracers 
likely bind the similar sites, while Kd value of  [3H]-PiB is 1.5 times 
higher than  [3H]-Fluselenamyl, it is not explicitly clear, if the higher 
binding constant of  [3H]-PiB could be partly attributed to specific 
activity differences between both tracers. Next, the auto radiography 
experiments were performed in AD and control brain sections for 
comparative analysis of both the tracers. Previous head on compari-
son using autoradiography experiments, in our lab, showed higher 
Grey to White Matter ratio of signal corresponding to 18F-Fluselena-
myl compared to 11C-PiB in AD brain sections. To warrant effec-
tive head-on comparison, the tritiated version of both the agents 
were used in this study. Accordingly, uptake of  [3H]-Fluselenamyl 
and  [3H]-PiB measured via autoradiography experiments following 
incubation of brain slices, demonstrated higher precision of cortical 
mapping of both the tracers, which correlates, with the distribution 
of abundant Aβ plaques detected by fluorescent immunostaining 
with anti-Aβ antibody (Alexa 647-mHJ 3.4) and was displaceable 
by excess cold ligands thus suggesting high molecular specificity. 
In addition, both tracers showed low binding in frontal cortex sec-
tions from control cases lacking Aβ pathophysiology. Further cor-
relation of Grey matter retention in AD cases by picking eighteen 
non-overlapping ROI’s over the cortical uptake regions of the auto-
radiography images minus background for both tracers revealed the 
mean ratio of PiB to Fluselenamyl activity of 2.5 for AD compared 
to 5.0 for control, whereas the similar comparison of AD vs con-
trol case activity resulted in the mean ratio of 124 for  [3H]-PiB and 
208 for  [3H]-Fluselenamyl respectively. When excess cold was used, 
we observed ≥ 97% blocking of tracer activity.

Conclusion: 
Combined data show that  [3H]-Fluselenamyl has both a cortical 
and white matter uptake comparable  to  [3H]-PiB. Overall, Fluse-
lenamyl demonstrates Aβ binding profiles desirable for a prom-
ising translational  imaging agent.  Following regulatory approv-
als,  [18F]-Fluselenamyl will undergo first-in human studies at our 
institution.

Oral Presentation

Disclosures: The authors have disclosed no financial interest.

174-Functional Nerve Imaging Using Near Infrared Nerve-Specific 
Fluorophores for Enhanced Nerve Repair Surgery

Presenter: Connor Barth, Oregon Health & Science University

Connor Barth1, Anas M.  Masillati2, Lei G.  Wang3, Antonio R. 
 Montano3, Summer L.  Gibbs3

S189



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

1Oregon Health & Science University
2Oregon Health & Science University, Portland
3Oregon Health & Science University, Portland, OR

Acute peripheral nerve injuries frequently result from penetrating 
trauma, closed or open fractures, joint dislocations, and high-energy 
collisions. Nerve crush, stretch or transection can lead to functional def-
icits ranging from numbness to complete motor and sensory function 
loss, affecting ~1.6M trauma patients annually. Surgery is the primary 
treatment for severe peripheral nerve injuries, but finding the optimal 
timing and approach for surgery remains a challenging dilemma. Cur-
rently, surgeons rely mainly on gross visual examination of the nerve 
during surgery to identify damaged vs. healthy nerve tissue. However, 
this fails to capture the degree of axonal disruption, leaving ~50% of 
patients with poor functional recovery outcomes. Surgeons and patients 
would benefit from a rapid intraoperative assessment of nerve damage 
to make informed treatment decisions. We have developed a library of 
first-in-kind near-infrared (NIR) fluorophores that label nerve tissue 
with high affinity and are undergoing preclinical pharmacology and 
toxicology testing to facilitate first-in-human (FIH) trials. These fluo-
rophores provide nerve visualization with high contrast at millimeter 
to centimeter tissue depths in mice, rats, swine, canine, and human 
specimens. Importantly, fluorescence uptake and retention profiles 
are decreased in damaged nerve tissue facilitating clear identification 
between healthy and injured nerve tissues following topical/paint-on 
or systemic administration. Utilizing this difference, we have devel-
oped an objective intraoperative nerve damage assessment methodol-
ogy that provides rapid contrast between healthy and damaged nerves 
for real-time nerve repair surgery guidance. Further characterization 
of the developed methodology in nerve stretch and crush models are 
underway, including longitudinal studies to assess the ability to diag-
nose transient vs. permanent nerve injuries and compare with clini-
cal gold standard nerve conduction velocity testing. We believe that 
the continued development and use of the developed methodology in 
humans will improve nerve repair surgery and patient outcomes fol-
lowing peripheral nerve injury.
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Background: 
Radioligand therapy (RLT) is still relatively unexplored in metastatic 
castration resistant prostate cancer (mCRPC), with much of the focus 
having been on bone seeking radionuclides and PSMA-directed RLT. 
Subsets like small cell neuroendocrine prostate cancer (SCNC) are not 
expected to respond to the current options for RLT. Another genitouri-
nary (GU) cancer type common among men is bladder cancer. Despite 
recent drug approvals for immune checkpoint inhibitors and antibody 
drug conjugates targeting Nectin-4 or TROP2, metastatic bladder 

cancer remains incurable with a dismal five-year survival rate. The lack 
of treatment options for GU cancers has elevated the urgency to iden-
tify new cancer associated targets that can be exploited for RLT. CUB 
domain containing protein 1 (CDCP1) is a cell surface protein highly 
overexpressed on the surface of many cancer types with low expression 
in normal tissues. In this study, we evaluated whether CDCP1 can be 
a target for cancer theranostics. Our goal was to determine if mCRPC 
and bladder cancer overexpress CDCP1, and whether CDCP1 can be 
targeted for treatment with radiolabeled antibodies.

Method: 
CDCP1 mRNA levels were evaluated in publicly available RNA-seq 
data sets. Protein expression was evaluated in patient derived xeno-
grafts and cell lysates by immunoblot. Receptor number per cell was 
defined using a saturation binding assay with 4A06, a recombinant 
human antibody we recently developed that targets the CDCP1 ecto-
domain. The feasibility of imaging and treating mCRPC and bladder 
cancer in vivo was tested with 89Zr-4A06 and 177Lu-4A06 in mouse 
models.

Results: 
CDCP1 expression was observed in 90% of mCRPC biopsies, including 
SCNC and adenocarcinoma with negligible PSMA expression. Over-
all, no correlation was observed between CDPC1 and PSMA expres-
sion, and modest but significant anticorrelation was observed between 
CDCP1 and PTEN. CDCP1 mRNA and protein levels were expressed 
in multiple bladder cancer subtypes. There was a tendency toward 
higher expression in the basal subtype of bladder cancer. Interestingly, 
CDCP1 was not correlated with Nectin-4 or TROP2 mRNA. Full 
length and/or cleaved CDCP1 was expressed in six of seven SCNC 
PDX samples and expressed in four of five adenocarcinoma PDX 
samples, including LTL-484 which has low PSMA expression. Bmax 
values of ~22,000 and ~6,200 fmol/mg were calculated for PC3 and 
DU145, two PSMA null human prostate cancer cell lines. Protein 
expression of CDCP1, although not uniformly present in all bladder 
cancer specimens, was observed in several PDX samples and human 
cells lines that lacked Nectin-4 and/or TROP2. The cell lines with the 
highest CDCP1 expression had ~1 x 107 receptors per cell. 89Zr-4A06 
PET enabled detection of five human prostate cancer and five bladder 
cancer xenografts. An antitumor assessment study showed that 177Lu-
4A06 significantly suppressed the growth of PSMA null DU145 tumors 
compared to control and extended overall survival. In case of bladder 
cancer, the antitumor assessment study showed that fractionated doses 
of 177Lu-4A06 significantly inhibited the growth of UMUC3 xenografts 
and improved overall survival. In a representative cohort, 4 of 8 mice 
experienced complete responses and no tumor regrowth was observed 
over three months of monitoring.

Conclusions: 
We provide the first evidence that CDCP1 can be targeted for RLT 
in mCRPC and bladder cancer. Combined with the results showing 
widespread CDCP1 expression in mCRPC including SCNC and low 
PSMA-expressing models, these data position CDCP1-directed RLT as 
a potential means to broaden the impact of RLT in prostate cancer. Our 
data also show that CDCP1 expression does not entirely overlap with 
Nectin-4 or TROP2, which suggests that CDCP1 directed treatments 
may have a role in bladder cancer treatment distinct from standard of 
care. These data sets are the proof of concept that CRPC and bladder 
cancer can be treated with CDCP1 directed RLT.
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Intraductal papillary mucinous neoplasms (IPMN) are a common 
precursor to the highly fatal disease pancreatic ductal adenocarci-
noma (PDAC), which is the main form of pancreatic cancer. IPMN 
is considered a premalignant disease, and monitoring tumor progres-
sion is recommended over surgical excision for a majority of patients. 
However, there is ongoing debate regarding the optimal guidelines 
regarding management and surveillance strategies for IPMN patients 
[1], and tumor size measurements obtained from anatomic imaging 
do not provide sufficient information about the potential malignant 
development of the IPMN lesion. Ideally, a clinical imaging marker 
would differentiate between IPMN and PDAC and inform the decision 
between surgery and continued surveillance. Given the changes in the 
cellular architecture and stromal features during IPMN’s transition to 
PDAC, we hypothesized that diffusion-weighted (DW-) and dynamic 
contrast-enhanced (DCE-) MRI, two imaging methods sensitive to the 
tumor microenvironment, could provide quantitative metrics that dis-
cern IPMN from PDAC. The transition of IPMN to PDAC has preva-
lent genetic mutations including activating mutations to the KRAS 
oncogene and inhibiting mutations to TP53 and SMAD4. Therefore, 
genetically engineered mouse (GEM) models provide powerful tools to 
replicate the human diseases in a pre-clinical setting. Mice with KRAS 
and TP53 mutations  (KrasG12D:  Trp53R172H: Pdx1-Cre), also known as 
KPC, have been shown develop tumors with key characteristics similar 
to human PDAC [2]. Recent development has also shown that mice 
with KRAS and SMAD4 mutations  (KrasG12D:  Smad4L/L: Ptf1a-Cre), 
also known as CKS, develop tumors with characteristics similar to 
human IPMN [3]. Using these two GEM models, we aimed to: (1) 
compare quantitative DW- and DCE-MRI metrics of KPC and CKS 
tumors; (2) use immunohistochemistry and pixel classifiers of tumor 
sections to identify corroborating the differences in MRI metrics; and 
(3) demonstrate an approach for direct comparison of apparent dif-
fusion coefficient (ADC) maps and cell density maps obtained from 
hematoxylin and eosin (H&E) staining using ex-vivo MRI and affine 
transformation. We used radial k-space sampling for the in-vivo MRI 
protocols due to their robustness to respiratory motion artifacts [4]. We 
found that two DW-MRI quantitative metrics, ADC and kurtosis index 
(KI), reliably differentiated KPC tumors (n=44) from CKS tumors 
(n=20), separating the two groups with almost no overlap (Figure 1). 
We also showed a clear inverse correlation between the local ADC 
value and local cell density in KPC tumors (R=0.327, p<10-30). The 
same correlation was seen when comparing the KPC and CKS groups 
(KPC: ADC = 1.66 e-3  mm2/s, cell density = 7098 cells/mm2; CKS: 
ADC = 2.24 e-3  mm2/s, cell density = 6122 cells/mm2). DCE-MRI 
metrics were not able to separate KPC and CKS tumors as effectively 
as DW-MRI metrics. However, patterns in parametric maps of Ktrans, a 
metric of perfusion from capillaries to tissue, showed that KPC tumors 
have a highly perfused periphery and low perfused center, in contrast 
with CKS tumors, which have a more homogeneous perfusion profile. 
This aligns with patterns of CD31 staining, which shows that KPC 
tumors have higher microvasculature density on their periphery, and 

that CKS tumors have a homogeneous distribution of microvascu-
lature. Our results point at both DW- and DCE-MRI as potentially 
useful tools to identify IPMN’s transition to PDAC and to understand 
the microenvironment of both. DW-MRI quantitative metrics ADC 
and KI effectively differentiate between two GEM models with similar 
characteristics to IPMN and PDAC. ADC also provides information 
about tumor cell density, while Ktrans, a DCE-MRI metric, provides 
information on the pattern of microvasculature across the tumor.
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Introduction: 
Imaging plays an important role in infection diagnosis, especially for 
organs where biopsies are inaccessible. However, differentiating sterile 
inflammation and bacterial infection on imaging exams remains a clini-
cal challenge. Reliable imaging techniques that can detect live bacteria 
with high specificity in vivo could address this unmet clinical need. 
Bacteria have distinct metabolic profiles from mammalian cells, as 
they can 1) utilize alternative energy sources such as sugars other than 
glucose, and 2) produce bacteria-specific metabolites, such as acetate 
and ethanol. Deuterium Metabolic Imaging is an NMR/MRI technique 
that allows quantitative study of metabolism of 2H-labeled substrates 
beyond probe uptakes [1, 2]. We aim to study 2H-labeled sugar and 
sugar alcohols targeting microorganism-specific metabolism, with the 
goal to develop new MRI techniques for infection imaging.

Methods and Results: 
in vitro  2H NMR-based screening of bacterial metabolism of  2H 
sugar and sugar alcohols An  in vitro NMR-based assay in deute-
rium-depleted depleted media was developed to study bacterial uti-
lization of 2H-labeled sugar probes. S. aureus (gram-positive) and E. 
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coli  (gram-negative) were cultured in LB agar/broth made with 
deuterium-depleted water. 2H-labeled sugar (D-glucose, D-mannitol, 
D-sorbitol, D-arabinose, D-xylose) (1 mg/mL) were introduced to sub-
cultures during the linear growth phase (optical density = 0.3-0.4), then 
sampled every 20-30 minutes. 2H NMR of heat-killed bacterial culture 
samples was acquired on an 800MHz spectrometer (Fig. 1A). Both S. 
aureus and E. coli showed fastest growth when cultured with [U-2H]
glucose-d7, followed by [U-2H]mannitol-d8. Moreover, [U-2H]glucose-
d7 culture (Fig. 1C, D) showed greatest and fastest HDO enrichment for 
both S. aureus and E. coli, with [U-2H]mannitol-d8 culture (Fig 1. F, 
G) showing comparable degrees and rates of HDO enrichment. Nota-
bly, S. aureus showed no metabolism of [U-2H]sorbitol-d8 (Fig 1I), 
whereas E. coli showed delayed and slow metabolism of [U-2H]sorb-
itol-d8 (Fig. 1J). Moreover, S. aureus preferentially produces lactate 
in addition to acetate, whereas E. coli preferentially produces ethanol. 
No metabolic conversion of D-arabinose (negative control, as bacteria 
only use L-arabinose) or D-xylose were observed. In summary, bacteria 
preferentially utilize glucose > mannitol >> sorbitol, as evidenced 
by their impacts on growth curves and rates of metabolic conversion.
In vivo 2H MR Spectroscopic Imaging (MRSI) of mammalian metabo-
lism of selected 2H sugar and sugar alcohols: MRSI with [U-2H]glu-
cose-d7, [U-2H]mannitol-d8, and [U-2H]sorbitol-d8 was performed 
on CBA/J mice to study background mammalian metabolism of the 
selected probes (Fig. 1B). 2D Chemical Shift Imaging (CSI) were 
performed on a 14.1T MR microimaging system, with a surface RF 
coil placed on lower-extremity muscles. Baseline scans were acquired 
before the start of 1-hour infusion of 10-20 mg probes (2.5 uL/min), 
followed by 1.5-2 hours of dynamic 2D CSI (24 averages/5 minutes per 
time point). No HDO enrichment was observed in healthy muscle fol-
lowing 10mg [U-2H]mannitol-d8 infusion (Fig. 1H), whereas a 2-fold 
HDO enrichment was observed following a 20 mg [U-2H]glucose-d7 
infusion (Fig. 1E). Moreover, a 3-fold HDO enrichment was observed 
following a bolus injection of 50mg [U-2H]sorbitol-d8 (Fig. 1K).

Conclusion: 
Mannitol was identified as a promising imaging probe targeting bac-
teria-specific metabolism, as it can be readily utilized by bacteria with 
minimal background (host) metabolism. Ongoing work focuses on 
investigating [U-2H]mannitol-d8 MRSI to detect bacterial infection in 
vivo.
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Background: 
As molecular targeted fluorescence imaging emerges as a strategy for 
intraoperative tumor detection, it is challenging to predict results of 

clinical studies conducted in different cancers using fluorescent tracers. 
In this study, clinical fluorescence images in four types of solid tumors 
using a near-infrared labeled EGFR antibody shared the same imaging 
pipeline and outcomes were compared against the same criteria. We 
hypothesized that clinical attributes including tumor biological char-
acteristics and physical imaging conditions contributed to the differ-
ential translation of microscopic biomarker expression to macroscopic 
fluorescence in tumors. While genetic alterations may predict EGFR 
expression in  gliomas1, biopsies are rarely taken for brain cancer diag-
nosis in clinical practice. Therefore, radiographic markers on preop-
erative neuroimages that correlate to biological features in the tumor 
microenvironment (TME) were examined to stratify patients before 
surgery for molecular targeted fluorescence imaging.

Methods: 
Thirty-five patients with high-grade glioma (HGG, n = 5), head-and-
neck squamous cell carcinoma (HNSCC, n = 23), lung adenocarcinoma 
(LAC, n = 3) or pancreatic ductal adenocarcinoma (PDAC, n = 4) 
were systemically infused with 50 mg panitumumab-IRDye800, 1 – 3 
days prior to surgery. Intraoperative open-field fluorescent images of 
the surgical field were acquired, where imaging device settings and 
operating room lighting conditions were tested on tissue-mimicking 
phantoms. Fluorescence contrast and margin size were measured on 
resected specimen surface. Antibody distribution and EGFR immu-
noreactivity were characterized in macroscopic and microscopic 
histological structures. Integrity of the blood-brain barrier (BBB) 
was examined via tight junction protein (claudin-5) expression 
around endothelial cells (ERG) with immunohistochemistry. Step-
wise multivariate linear regression of biological variables was per-
formed to identify independent predictors of panitumumab-IRDye800 
concentration in tissue. In HGG patients, intraoperative fluorescence 
intensity and documented biopsy sites were spatially registered via 
neuronavigation against preoperative contrast-enhanced T1-weighted 
MRI  radiographs2 that were mapped to dynamic MRI features includ-
ing forward transfer rate  (Ktrans), relative cerebral blood volume (rCBV) 
and fractional tumor burden (FTB). Perfusion and tumor density in 
HGG biopsies were immunohistochemically evaluated by vasculature 
(CD31) and proliferation (Ki-67) markers.

Results: 
Optimally acquired at the lowest gain for tumor detection with ambient 
light, intraoperative fluorescence imaging enhanced tissue-size depend-
ent tumor contrast by 5.2-fold, 3.4-fold and 1.4-fold in HGG, HNSCC 
and LAC, respectively, but not for PDAC (Fig. S1A). Fluorescence 
contrasts dropped below 1.0 in the wound beds of HGG, HNSCC and 
LAC, yet remained unchanged for PDAC. Tissue surface fluorescence 
target-to-background ratio correlated with margin size and identified 
93%, 97%, 78% and 48% of at-risk resection margins ex vivo in HGG, 
HNSCC, LAC, and PDAC, respectively (Fig. S1B). In 4 mm-thick tis-
sue sections, fluorescence detected tumor with 0.52 – 0.89 areas under 
the receiver operating characteristic curves. Preferential breakdown 
of BBB in HGG improved tumor specificity of intratumoral antibody 
distribution relative to that of EGFR (96% vs 80%) despite its reduced 
concentration (3.9 ng/mg tissue) compared to HNSCC (8.1 ng/mg) and 
LAC (6.3 ng/mg) (Fig. S1C). Cellular EGFR expression, tumor cell 
density, plasma antibody concentration and delivery barrier were inde-
pendently associated with local intratumoral panitumumab-IRDye800 
concentration with 0.65 goodness-of-fit for prediction (Fig. S1D). In 
vivo fluorescent antibody uptake in HGG tissue biopsies correlated (r = 
0.52 – 0.79) to both presurgical radiographic parameters and differen-
tial expressions of claudin-5, ERG, CD31, Ki-67 and EGFR (Fig. S1E).

Conclusions: 
In multi-cancer clinical imaging of receptor-ligand based molecular 
probe, plasma antibody concentration, delivery barrier, as well as 
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intratumoral EGFR expression driven by cellular biomarker expres-
sion and tumor cell density, led to heterogeneous intratumoral antibody 
accumulation and spatial distribution while tumor size, resection mar-
gin, and intraoperative imaging settings substantially influenced mac-
roscopic tumor contrast. TME information from either biopsy immu-
nohistochemistry or dynamic MRI scans could guide patient selection 
for molecular targeted fluorescence imaging.
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Magnetic particle imaging (MPI) is a tracer-based imaging modality 
with comparable applications to nuclear medicine [1-4], but rather than 
measuring the distribution of radioactive tracers, MPI measures the 
temporal derivative of the magnetization of super paramagnetic iron 
oxide nanoparticles (SPIOs) to construct an image with linear contrast, 
zero background signal, and micromolar sensitivity [5-7]. However, 
current MPI tracers have poor spatial resolution (~1 mm in an expen-
sive 7T/m gradient). To improve the resolution of MPI one could either 
increase the gradient strength which comes with significant expense, or 
one could improve the magnetic susceptibility of the particle tracers. 
By improving the magnetic susceptibility of the particles, we would 
thus be able to lower the cost of the MPI gradients. To this end, our 
lab recently reported on super ferromagnetic iron oxide nanoparticles 
(SFMIOs) that improve MPI image resolution and sensitivity by over 
10-fold [8] and scanner cost by 100-fold. These SFMO magnetic nano-
particles form highly interacting chains that create a steep magnetiza-
tion derivative. Here, we improved the synthesis of high resolution 
nanoparticles by implementing a post-oxidation step, which produced 
the best resolution MPI particles reported in the literature. Previous 
work demonstrated improved magnetic behavior through oxidation 

[9-11]. By introducing a post-synthesis oxidation step, we showed 
more consistent and improved FWHM resolution particles compared to 
nitrogen (Fig. 1a). After over 150 particles synthesized, we optimized 
the production of SFMIO particles and discovered a new magnetic 
nanoparticle that we have deemed high resolution SPIOs (HR-SPIOs) 
that have ideal magnetic properties. To synthesize high resolution parti-
cles more reliably, we use an extended La Mer mechanism by dripping 
iron oleate precursor for high control over size and morphology [12]. 
Thereafter, we induce a clustering event and apply a post-synthesis 
oxidation (Fig. 1b). Magnetic properties were analyzed in our arbitrary 
waveform relaxometer [13]. SFMIOs show an almost steplike response 
with applied fields [8]. Unlike SPIOs, SFMIOs form highly interact-
ing chains which enhance the chain’s internal magnetic field to boost 
the sensitivity and resolution. With this novel oxidation procedure, 
we have produced the highest recorded resolution MPI tracer in the 
literature (Fig. 1d-g). However, safe encapsulation of these particles 
to be dispersed in aqueous solution remains a challenge. Since these 
particles require interaction [8], creating a microbubble encapsulate 
disrupts their interaction capabilities and degrades their resolution. 
Despite this challenge, these particles are an enabling technology for 
affordable MPI imaging. We foresee a 100-fold reduction in scanner 
cost utilizing SFMIOs once these particles have been encapsulated for 
in vivo use. Unlike SFMIOs, HR-SPIOs are believed to be noninter-
acting because they do not have to overcome a coercive field prior to 
magnetization (Fig. 1f-I). These particles still obtain a 5-fold boost in 
resolution compared to commercial particles and do not need to form 
interacting chains. This implies that existing SPIO surface modifica-
tions, such as catechol-based polyethylene glycol, could be used [14]. 
Once surface functionalization is successful, these HR-SPIOs would 
imply a 25x reduction in scanner cost.
In this work, we have demonstrated that oxidation of magnetic nanopar-
ticles improves the resolution of MPI tracers and significantly reduces 
scanner costs. By testing our synthesis method on 150 batches, we have 
created the highest resolution SFMIO nanoparticles reported in the 
literature. These SFMIOs could reduce the cost of MPI by 100-fold, 
but encapsulation of these particles and maintaining high interaction 
remains a challenge. HR-SPIOs, on the other hand, improve the scan-
ner cost of MPI by 25-fold, but don’t require a complex encapsulation 
method. Overall, synthesizing high resolution particles could enable 
clinical translation of MPI by reducing scanner cost for radiation-free 
and highly sensitive medical imaging.
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Abstract body: 
Blockade of the programmed cell death-1 receptor and its ligand (PD-1/
PD-L1) signaling pathway has been proven to be one of the most prom-
ising immunotherapeutic strategies in oncology [1]. PD-L1 expression 
has been used clinically as a biomarker for the prediction of response to 
anti-PD-1/PD-L1 therapies [2]. Multiple antibody-based PD-L1 PET 
tracers have been published in recent years, but these tracers showed 
slow clearance, resulting in higher background signals in non-PD-L1 
expressing tissues [3]. This study reports the characterization of  [18F]
BMS-986229 (anti-PD-L1 macrocyclic peptide, 2 kDa), as a novel 
PD-L1 PET tracer, with the potential for an improved profile of bind-
ing, tumor penetration, and clearance.

Methods:  
[18F]BMS-986229 was radiolabeled via click-chemistry and assessed 
for its ability to measure PD-L1 expression. BMS-986189, from the 
same chemotype series, was also used as a PD-L1 binding blocker of 
the PET tracer. Tracer binding to PD-L1 positive (L2987) /negative 
(HT-29) mouse xenograft tumor tissues and human non-small cell lung 
cancer (NSCLC) tissues was assessed by in vitro/ex vivo autoradiogra-
phy. In vivo PET imaging experiments were performed in mice bearing 
bilateral xenograft L2987 and HT-29 tumors for PD-L1 expression 
detection (n=4 mice). Target engagement and kinetics with the tracer 
used mice pre-dosed with the blocker BMS-986189 (n = 58 mice, 
doses: 0, 0.05, 0.1, 2, 7, 15, 30, 60 mg/kg). To evaluate the ability of 

the PET tracer to detect various levels of PD-L1 in vivo, PET imag-
ing was performed at various times after the blocker had dissociated 
from PD-L1 over time and was cleared. Longitudinal PET imaging 
was performed in mice bearing L2987 tumor (n=2 each time-point: at 
0, 3, 6, 9, and 21 hours after a single dose, 2 mg/kg) and in the spleen 
of non-human primates (n=4-6 each time-point: at 0, 2, 24, 74, 146 
hours after a single dose, 3.6 mg/kg). In addition, a radiation dosimetry 
study was performed on 4 NHPs and the radiation effective dose was 
estimated to support the clinical translation of the tracer.

Results: 
In vitro autoradiography of  [18F]BMS-986229 showed an 8:1 binding 
ratio in L2987 vs. HT-29 tumor tissues, more than 90% of which could 
be blocked with 1 nM of BMS-986189 in human NSCLC tumor sec-
tions with high PD-L1 expression. Ex vivo autoradiography of tumors 
showed a 10:1 binding ratio in L2987 vs. HT-29 tumors and the  [18F]
BMS-986229 signal was penetrant throughout a series of L2987 tumor 
sections. In vivo PET imaging in mice bearing bilateral tumors demon-
strated a 5:1 tracer uptake ratio (at 90-100 min after tracer administra-
tion) in L2987 vs. HT-29 tumors and demonstrated 83%-93% specific 
binding within those dose ranges of BMS-986189. In the longitudinal 
study after a single dose of BMS-986189, L2987 tumor PD-L1 binding 
went from 3% of tracer bound at 2 hours to 34% at 21 hours. Similarly, 
monkey spleen PD-L1 binding was 11% at 2 hours but increased to 
92% at 146 hours. Target engagement is maintained for this binding 
series, even though the concentration of the blocker in plasma (time 
between  Tmax to below low of quantifying) is less than 24 hours. Thus, 
an optimal profile of fast clearance, but prolonged target binding was 
seen. Finally, in the dosimetry study, the urinary bladder wall is a dose-
limiting organ with an estimated single administration dose of 285 
MBq for an average subject.

Conclusion: 
This study demonstrates the strong potential of  [18F] BMS-986229 
as a macrocyclic peptide PD-L1 PET tracer for tumor PD-L1 expres-
sion assessment. Clinical studies with  [18F] BMS-986229 are currently 
underway to further evaluate the performance of the tracer in oncology 
patients treated with immune checkpoint inhibitors.
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Introduction: 
Cancer therapy may be revolutionized by using specific tumor enzyme-
targeted theranostics. The overall aim of this study is to develop a 
precision-based nanotheranostic platform for prostate cancer that can 
be monitored by CEST MRI. Exploiting overexpression of enzymes 
in prostate cancer cells, olsalazine-conjugated peptides were designed 
to induce self-assembly of olsalazine nanoparticles by the tumor-over-
expressed enzymes legumain and furin. Olsalazine is a diaCEST MRI 
contrast agent with a 9.8 ppm chemical shift from water protons, and 
acts as a DNA methylation inhibitor anti-cancer agent (1).

Methods: 
Synthesis: R6-AAN-CK peptide was synthesized using solid-phase 
synthesis and subsequently conjugated with olsalazine and 2-cyanoben-
zothiazole (CBT) to create the peptide-olsalazine-CBT (POC) com-
plex. Characterization: Matrix-assisted laser desorption ionization 
(MALDI) and nuclear magnetic resonance (NMR) were used for pep-
tide characterization. In vitro and ex vivo immunohistology: Furin and 
legumain (over)expression was analyzed in 2D and 3D cell cultures 
and xenografted tumors. DU145 and LNCaP xenografts were estab-
lished in Rag2 immunocompromised mice. Aggressive DU145 prostate 
adenocarcinoma was compared to less-invasive LNCaP tumor cells 
and RWPE1 normal prostate cells. 3D tumor organoids of prostate 
cancer were developed and enriched for cancer stem cells up to genera-
tion 10 to get the most aggressive clones which were assessed for the 
expression of legumain, furin and the stemness tumor markers CD133, 
CD44 and CD24. In vitro CEST MRI: After incubation of DU145 with 
5 mM POC for 3 h, cells were washed and collected for CEST MRI, 
performed on a Bruker 11.7 T vertical bore magnetic resonance scanner 
with a 10-mm birdcage transmit/receive coil.

Results:
 In 2D cultures, the levels of legumain and furin expression in DU145 
cells were 4- and 3-fold higher than LNCaP and 8- and 6-fold higher 
than RWPE1 cells, respectively. For 3D tumor spheres, legumain was 
overexpressed in the periphery while furin was expressed throughout 
the entire sphere. Legumain and furin expression increased about 6% 
with each sphere generation accompanied by a 4.5% increase of cancer 
stem cells according to  CD133+,  CD44+, and  CD24- expression analy-
sis. Xenografted 5, 15. 50, 75, 100 and 150  mm3 DU145 tumors showed 
heterogeneity in furin and legumain expression with overexpressed legu-
main in peripheral cells correlating with tumor progression stage. CEST 
MRI of DU145 cells incubated 3h with POC showed 0.2% asymmetric 
magnetization transfer ratio (MTR asym) increase at 9.8 ppm compared 
to control cells (incubated with olsalazine only) as a result of legumain 
expression and consequent intracellular accumulation and retention of 
Olsalazine.

Conclusion: 
Based on a legumain-mediated CBT click condensation reaction fol-
lowed by intracellular self-assembly of olsalazine nanoparticles, we 
successfully developed a POC complex for future imaging of drug 
accumulation and therapeutic response in aggressive vs. non-invasive 
prostate tumors.
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The interplay between N-methyl-d-aspartate receptors (NMDARs) 
and macrophage-related inflammation has not been explored, despite 
several reports on the importance of NMDAR activation in the progres-
sion of neurological disorders. We aimed to elucidate the biological 
role of NMDARs in metabolic reprogramming for M1 polarization of 
macrophages and their feasibility as a new bio-imaging marker for in 
vivo detection of macrophage-mediated inflammation. We analyzed 
cellular responses to NMDAR antagonism and small interfering RNAs 
using mouse bone marrow-derived macrophages treated with lipopoly-
saccharide (LPS). An NMDAR targeting imaging probe, N-TIP, was 
produced via introduction of NMDAR antibody and the near-infrared 
(NIR) fluorescent dye FSD  FluorTM 647. N-TIP binding efficiency was 
tested in intact and LPS-stimulated BMDMs. N-TIP was intravenously 
administered to mice with CG and LPS-induced paw edema, and in 
vivo NIR fluorescent imaging was conducted. Anti-inflammatory 
effects of dexamethasone were evaluated using the N-TIP-mediated 
macrophage imaging technique. NMDARs were overexpressed in 
LPS-treated macrophages, subsequently inducing M1 macrophage 
polarization. Mechanistically, NMDAR-mediated  Ca2+ accumulation 
results in LPS-stimulated glycolysis via upregulation of PI3K/AKT/
mTORC1 signaling. In vivo imaging with N-TIP showed LPS- and 
carrageenan-induced inflamed lesions at 5 h post-inflammation, and 
the inflamed lesions could be detected until 24 h. Our N-TIP-mediated 
imaging technique helped successfully visualize anti-inflammatory 
effects of dexamethasone in mice with inflammation. This study dem-
onstrates that NMDAR-mediated glycolysis plays a critical role in M1 
macrophage-related inflammation. Moreover, our results suggests that 
NMDARs are a feasible bio-imaging marker for M1 macrophages.
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Introduction: 
Cardiovascular disorders are a major public health problem. Some of 
these disorders originate from endothelial dysfunction such as arthero-
sclerosis or thrombosis. Developments of vascular endothelium repair 
therapies are thus challenging to restore physiological hemorheology 
and tissue properties. We propose in this study to evaluate by intravital 
microscopy, hPSC-ECs therapeutic potential to promote angiogenesis 
after vascular ischemia in mice.

Materials & Methods: 
Multiscale intravital imaging of the vascular network was performed 
through dorsal skinfold chamber. Surgical implantation was done at 
Day 0 (D0) onto nude mice divided into 3 groups: (G1)- 4 control mice 
injected with 20 μL PBS with ischemia; (G2)- 7 treated mice injected 
with 3.105 hPSC-ECs suspended in 20μL of PBS with ischemia; 
(G3)- 7 treated mice injected 3.105 hPSC-ECs suspended in 20μL of 
PBS without ischemia. All mCherry-hPSC-ECs were injected close to 
ischemia induced by thermal cauterization of a macrovessel 15 minutes 
before cells injection to allow sufficient heat dissipation for preventing 
cell injuries. Surgical procedure was ended by closing the dorsal cham-
ber with glass coverslips. Mice recovered until D5 and were imaged 
at D5, D19, D26 and D29 onto a macroscope (AZ100M, Nikon) and a 
confocal microscope (SP8, Leica) in wildfield and fluorescence mode 
after 100 μL Dextran-FITC intravenous injection (25μg/μL). Differ-
ent Dextran-FITC molecular weights from 2000 to 70kDa were used. 
Acquisition settings were fixed identical as far as possible from D5 to 
D29. For each day and mouse, fluorescent images were post-processed 
with Fiji and vascular density was quantified using the skeleton plugin 
after background subtraction.

Results & Discussion: 
An unexpected mortality was observed for all mice after the 2nd Dex-
tran injection for molecular weight ranging from 2000 to 150kDa. In a 
previous and similar study, multiple Dextran 2000kDa-FITC injections 
resulted in a 100% survey in C57Bl6 mice. Dextran-FITC molecular 
weight was thus decreased until 70 kDa in order to reach 0% mice 
mortality. The number of mice/group was thus reduced to 1, 2 and 2 for 
G1, G2 and G3 respectively. Despite a reduced number of mice/group, 
qualitative observations of fluorescent images revealed a migration of 
hPSC-ECs towards the proximities of blood vessels in the presence of 
ischemia but also without vessel injury which was confirmed in post-
mortem by immunofluorescence. Quantitatively, the number of new 
vessels did not differ between G1 and G3 with a slight increase of vas-
cular density for G2. Further investigations need to be now conducted 
in order to: 1- elucidate the “intolerance” of Dextran-FITC ranging 
from 150 to 2000kDa after 2nd intravenous injection in nude mice, 
2- the underlying processes for vessel density increase in presence of 
hPSC-ECs without ischemia and 3- to confirm the angiogenic potential 
of hPSC-ECs on a larger cohort of animals.
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Introduction: 
While immune checkpoint blockade (ICB) treatments such as pro-
grammed death-1 and cytotoxic T lymphocyte antigen-4 blockade 
shifted the paradigm of cancer treatment, this ICB combination pro-
duces objective response rates of only 35.9% for patients with non-
small cell lung cancer,1 and 58% for melanoma patients.2 One mecha-
nism allowing tumors to suppress the anti-tumor T cells that drive 
ICB is the reduction extracellular tumor pH (pHe) to approximately 
pH 6.4 – 6.9,3-5 a function inherent to tumor cells due to the Warburg 
effect. We thus hypothesize that increasing pHe prior to ICB therapy 
potentiates the T cell-mediated anti-tumor effect of ICB treatment.

In vitro pH sensitizer screening
To interrogate this question, we first screened a panel of six inhibi-
tors that interfere with tumor cell mechanisms that reduce pHe, 
termed pH sensitizers. We found that esomeprazole significantly 
reduced the proton efflux rate (PER) of 4T1 cells compared to the 
other pH sensitizers. Esomeprazole did not significantly affect the 
PER of B16-F10 cells, making this tumor cell line an ideal model 
for tumors that are not susceptible to esomeprazole. Furthermore, 
the ability of esomeprazole to decrease PER in 4T1 cells was not a 
result of cytotoxicity, as esomeprazole did not significantly reduce 
cell viability of 4T1 cells or B16-F10 cells. This finding also indi-
cates that the effect of combining esomeprazole and ICB in vivo will 
not be a result of tumor lysis or increased immunogenic cell death. 
Lastly, esomeprazole did not inhibit T cell activation in vitro, making 
it a suitable candidate for combination with ICB in vivo.

Tumor response to esomeprazole and ICB in vivo
When tested on mice bearing orthotopically-implanted 4T1 tumors, 
esomeprazole was only able to significantly delay tumor growth when 
delivered one day prior to the beginning of ICB treatment. While the 
combination of esomeprazole and ICB delayed by one day increased 
the rate of tumor rejection in mice bearing B16-F10 tumors, there 
was no significant change in tumor growth. The immune profile of 
B16-F10 may be responsible for the lack of response, as one day 
after esomeprazole treatment 4T1 tumors significantly reduce the 
frequency of Ly6C+ myeloid cells with no change in CD8+ T cell 
frequency, whereas B16-F10 tumors respond by increasing the fre-
quency of CD8+ T cells with no change in Ly6C+ myeloid cell 
frequency.
pH response to esomeprazole corresponds to treatment efficacy
AcidoCEST MRI interrogation indicated a correlation between 
pHe after esomeprazole and tumor control due to ICB, driven by 
an increase in several activated CD8+ and CD4+FoxP3- T cell 
subsets whose frequencies increase with pHe, particularly TCF-1. 
TCF-1-expressing cells amongst both CD8+ and CD4+FoxP3- T 
cells populations correlated with pHe after esomeprazole treatment. 
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However, B16-F10 tumor control due to esomeprazole and ICB one 
day afterwards correlated with change in pHe, rather than pHe fol-
lowing esomeprazole treatment. Also in contrast to the 4T1 tumor 
results, CD11b+ myeloid cell and CD11c+ dendritic cell frequen-
cies increase with an increase in the change of pH in B16-F10 cells 
after esomeprazole. Our data suggests that myeloid cell control is 
integral to the efficacy of increasing pHe in to promote ICB tumor 
control, as 4T1 tumors respond to esomeprazole by reducing Ly6C+ 
myeloid cell frequency while B16-F10 tumors do not respond to 
combination treatment and showed an increase in CD11b+ myeloid 
cell frequency with an increase in change in pH. Tumoral pHe thus 
has great potential as a biomarker for ICB success, but the immu-
notherapeutic combination must also be optimized. The results of 
our study emphasize the need to better understand individual cancer 
biology when determining patient treatment with the highest prob-
ability of success.
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Introduction: 
Worldwide mass vaccination against Covid-19 started in late 2020. 
Covid-19 vaccines cause benigne hypermetabolic lymphadenopathy. 
Differentiation between vaccine-associated benigne lymphadenopathy 
and malignant lymphadenopathy via ultrasound, MRI or FDG PET-CT 
is not possible, which leads to unnecessary lymph node biopsies, exci-
sions, and even radical lymph node dissections. Therefore, to avoid 
unnecessary surgery we investigate whether noninvasive multispectral 

optoacoustic tomography (MSOT) allows a better differentiation 
between benign and malignant lymphadenopathy.

Patients and methods: 
All patients were vaccinated against Covid-19. We used MSOT to 
image deoxy- and oxyhemoglobin levels in lymph nodes of tumor 
patients to determine metastatic status. MSOT imaging results were 
compared with standard Ultrasound and pathological lymph node 
analysis. Furthermore, the influence of gender, age and time between 
vaccination and MSOT measurement of lymph nodes on the measured 
deoxy- and oxyhemoglobin levels in patients with reactive lymph node 
changes was investigated.

Results: 
MSOT identified cancer-free lymph nodes in vivo without a single 
false negative (32 total lymph nodes), with 100% sensitivity and 50% 
specificity. A statistically significant higher deoxyhemoglobin con-
tent was seen in patients with tumor manifestations in the lymph node 
(P=0.02). There was no statistically significant difference concerning 
oxyhemoglobin (P=0.65). Age, sex, and time between vaccination and 
MSOT measurement had no statistically significant impact on deoxy- 
and oxyhemoglobin levels in patients with reactive lymph nodes.

Conclusion: 

MSOT measurement could be a useful tool to differentiate between 
vaccine-associated benign lymphadenopathy and malignant lymph 
node metastasis based on the deoxygenation level in lymph nodes.
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Human papilloma virus (HPV), one of the most common cancer-
causing viruses, accounts for more than 90% of human anal and 
cervical cancers. Clinical studies have focused on adjuvant therapy 
with vaccines to improve therapeutic outcomes in patients with late-
stage HPV-related cancers. In the present study, a mannose receptor 
(CD206) targeting lithocholic acid-modified polyethylenimine (PEI) 
nano-adjuvant delivering the toll-like receptor 7/8 agonist, resiqui-
mod (R848) (mLAPMi-R848) in HPV E6-and E7-expressing TC1 
tumor murine model was developed. Peritumoral administration of 
mLAPMi resulted in enhanced accumulation in tumor/tumor-draining 
lymph node and significantly targeting antigen presenting cells like 
macrophage and dendritic cells. PEI-based nanocarriers can exploit the 
adjuvant potency of R848 and improve the antitumor immunity. Hence, 
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co-administration of mLAPMi-R848 along with E6/E7 peptide in TC-1 
tumor mice eradicated tumor burden and elicited splenocyte-induced 
cytotoxicity in TC-1 cancer cells. In a bilateral TC-1 tumor model, 
administration of mLAPMi-R848 and E6/E7 peptide significantly sup-
pressed both primary and secondary tumor burdens and improved the 
overall survival rate. Immune cell profiling revealed elevated levels 
of mature DCs and CD8+T cells but reduced levels of tumor-associ-
ated immunosuppressive cells (TAICs) like Myeloid derived suppressor 
cells and regulatory T (Treg) cells in the distal tumor. Overall, this 
study demonstrated that mLAPMi-R848 has improved the antitumor 
immunity of the peptide antigen against HPV-induced cancers by tar-
geted immunodulation of APCs and reducing TAICs. Furthermore, 
this nano-adjuvant have the potential to offer a new treatment option 
for patients with cervical cancer and can be applied for the treatment 
of other HPV induced cancers.
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Introduction: 
Complete surgical resection, combined with (neo)adjuvant chemo-
therapy, remains the only potential curative treatment for pancrea-
tobiliary cancer (PBC)  patients1. To increase surgical accuracy, a 
method to detect tumors, metastases and to assess resection margins 
intraoperatively is essential. Near-infrared (NIR) fluorescence using 
tumor-specific tracers seems  promising2-5. However, thus far, none of 
the probes tested in early phase clinical trials have been considered 
suitable for incorporation into daily clinical practice. Interesting targets 
for pancreatobiliary surgery include integrins which regulate various 
processes in tumor growth, including cellular proliferation, migration 
and invasion. Integrins are overexpressed on the epithelium in over 80% 
of pancreatic cancers and  cholangiocarcinomas6. Among all integrins, 
specifically integrin ?v?6 resembles an interesting target by virtue of 
its low expression in most healthy tissues and upregulation in malig-
nant cells. We developed and preclinically validated the integrin ?v?6 
targeted tracer R01-MG-IRDye800CW 7. However the dye appeared to 
precipitate in the intended solvent (PBS), hampering clinical transla-
tion. In this study we describe the translational hurdles needed to be 

taken before clinical translation of a novel tumor-specific NIR tracer, 
R01-MG-IRDye800CW, prior to first in-human clinical studies.

Methods: 
First, 90:10 propylene glycol (PG):H2O solution was diluted in PBS in 
a 2:3 ratio as a novel solvent. The binding properties of the fluorescent 
dye R01-MG-IRDye800CW dissolved in both PBS and the solvent 
PG/H2O:PBS were first tested in vitro with fluorescence-activated cell 
sorting (FACS), and subsequently in a subcutaneous murine model and 
in a xenograft murine model. For the subcutaneous murine model ten 
six-week-old nude mice were injected with either  1x106 BxPC-3-Luc2 
cells per injection site and five mice were injected with  1x106 HT-29 
cells per injection site. After 20 days of tumor growth, five mice car-
rying HT-29 tumors (cohort A) and five mice carrying BxPC-3-Luc2 
(cohort B) tumors received 28.89 ?g (6 nmol) R01-MG-IRDye800CW 
dissolved in a 100 ?L solution of PG/H2O-PBS via tail vein injec-
tion. Five mice incubated with BxPC-3-Luc2 (cohort C) xenografts 
received 28.89 ?g R01-MG-IRDye800CW dissolved in 100 ?L PBS. 
For the orthotopic xenograft murine model, All mice were injected 
with  1x106 BxPC-3-Luc2 cells in the pancreas. Tumors were grown 
for 20 days, and all mice received R01-MG-IRDye800CW in 100 ?L 
PG/H2O-PBS 24 hours prior to imaging.

Results: 
R01-MG-IRDye800CW showed high binding specificity for ?v?6 in 
the fluorescence-activated cell sorting FACS in both solutions. In the 
subcutaneous model mean TBRs after 6, 20 and 24 hours were sig-
nificantly higher in cohort B and C compared to cohort A, 2.52 and 
2.33 vs. 1.58, respectively (p=0.005). The TBRs in cohort B were 
comparable to the TBRs in cohort C after 6, 20 and 24 hours (p=0.700, 
p=0.200, and p=0.841, respectively). Renal fluorescence signals were 
analyzed by calculating SBRs for all kidneys in all three cohorts. SBRs 
were comparable for all groups at each time-point (p=0.133-1.000). 
Mean in vivo and ex vivo TBR in the orthotopic mice were 2.57 and 
2.04, respectively. Fluorescence intensities in all surrounding organs, 
the kidneys excluded, were significantly lower than fluorescence inten-
sities in the tumors. Mean ex vivo SBRs were 0.93 (p=0.016), 0.69 
(p=0.011), 0.22 (p<0.0001), and 0.70 (p=0.002) for the stomach, small 
bowel, colon and liver, respectively.

Conclusions: 
In these final preclinical experiments prior to translation into human 
subjects we have demonstrated that administration of the fluorescent 
dye R01-MG-IRDye800 is safe, and both renal clearance and fluores-
cence properties have not been influenced by altering the solvent. Pend-
ing the results of the toxicology study, a phase I/IIa study in healthy 
volunteers and in patients with potentially resectable pancreaticobiliary 
cancers will be initiated.

Reference
1. Park W, Chawla A, O’Reilly EM. Pancreatic Cancer: A Review. 

Jama 2021; 326(9): 851-62.
2. Lu G, van den Berg NS, Martin BA, Nishio N, Hart ZP, van 

Keulen S, et al. Tumour-specific fluorescence-guided surgery for 
pancreatic cancer using panitumumab-IRDye800CW: a phase 1 
single-centre, open-label, single-arm, dose-escalation study. Lan-
cet Gastroenterol Hepatol 2020; 5(8): 753-64.

3. Hoogstins CES, Boogerd LSF, Sibinga Mulder BG, Mieog JSD, 
Swijnenburg RJ, van de Velde CJH, et al. Image-Guided Surgery 
in Patients with Pancreatic Cancer: First Results of a Clinical Trial 
Using SGM-101, a Novel Carcinoembryonic Antigen-Targeting, 
Near-Infrared Fluorescent Agent. Annals of surgical oncology 
2018; 25(11): 3350-7.

S198



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

4. Tummers WS, Miller SE, Teraphongphom NT, Gomez A, Stein-
berg I, Huland DM, et al. Intraoperative Pancreatic Cancer Detec-
tion using Tumor-Specific Multimodality Molecular Imaging. 
Annals of surgical oncology 2018; 25(7): 1880-8.

5. Tummers WS, Miller SE, Teraphongphom NT, van den Berg NS, 
Hasan A, Longacre TA, et al. Detection of visually occult meta-
static lymph nodes using molecularly targeted fluorescent imag-
ing during surgical resection of pancreatic cancer. HPB (Oxford) 
2019; 21(7): 883-90.

6. Reader CS, Vallath S, Steele CW, Haider S, Brentnall A, Desai A, 
et al. The integrin ?v?6 drives pancreatic cancer through diverse 
mechanisms and represents an effective target for therapy. J Pathol 
2019; 249(3): 332-42.

7. Tummers WS, Kimura RH, Abou-Elkacem L, Beinat C, Vah-
rmeijer AL, Swijnenburg RJ, et al. Development and Preclinical 
Validation of a Cysteine Knottin Peptide Targeting Integrin ?v?6 
for Near-infrared Fluorescent-guided Surgery in Pancreatic Can-
cer. Clinical cancer research: an official journal of the American 
Association for Cancer Research 2018; 24(7): 1667-76.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

188-Hyaluronan-coated Prussian Blue Nanoparticles Relieve LPS-
induced Peritonitis by Suppressing Oxidative Species Generation 
in Tissue-resident Macrophages

Presenter: In Kyu Park, Chonnam National University Medical School

In Kyu Park

Chonnam National University Medical School, Hwasun, South Korea

Excessive inflammatory response during sepsis causes irrevers-
ible damage to healthy tissues and results in multi-organ failure. 
During infection, bacterial endotoxin-triggered inf lammatory 
responses in macrophages facilitate the recruitment of circulating 
leukocytes, including neutrophils and monocytes. A key compo-
nent that aggravates the systemic inflammatory response is the 
generation of stable reactive oxygen species like hydrogen perox-
ide  (H2O2). In this study, we present a versatile strategy for reduc-
ing the activation of tissue-resident macrophages and preventing 
leukocyte infiltration in an LPS-induced endotoxemia model. 
We designed and synthesized hyaluronic acid stabilized Prussian 
blue (HAPB) nanoparticles and validated their activity in the dis-
mutation of  H2O2 in LPS-induced tissue-resident macrophages. 
Hyaluronic acid provided stability and enhanced intracellular 
uptake of insoluble Prussian blue through the CD44 receptor in 
the LPS-activated macrophages. Following HAPB administra-
tion in an LPS-induced peritonitis murine model, the level of M1 
inflammatory macrophage population decreased, and infiltration 
of neutrophils along with monocytes was suppressed. Overall, we 
have developed biocompatible Prussian blue nanoparticles that can 
mitigate inflammatory stress LPS-induced endotoxemia by scav-
enging the intracellular peroxide production, thereby inhibiting 
inflammatory cascades in tissue-resident macrophages. Therefore, 
HAPB nanoparticles may potentially be used as novel nano-stress 
relievers for sepsis. The nanomaterial may have clinical appli-
cability in sepsis and in other inflammatory diseases involving 
peroxides as key inflammatory agents.
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Background: 
Cerenkov luminescence (CL) is produced when charged particles 
travel faster than light in a dielectric medium. As the particle travels 
it polarizes the surrounding molecules, which generate luminescence 
upon relaxation [1]. CL is UV weighted with an exponential decrease 
as wavelength increases (1/λ2) in the visible and infrared spectrum.
[2] Detected CL is correlated to the emitted particles energy upon 
radioisotope decay, the level of isotope present and is used in astro-
physics, nuclear physics, and biomedical imaging.[3] CL imaging 
(CLI) promises an economical alternative increasing global access to 
nuclear imaging. CLI is performed in the visible regime is limited by 
the scattering and absorption of tissue and requires complete ambient 
light removal.[4, 5] CLI has been employed in a clinical setting for 
the screening of radioisotope administered patients with high correla-
tion to PET & SPECT, massively reduced costs and rapid acquisition.
[5] Theoretically, CL from radioisotopes is also produced in the short-
wave infrared (SWIR) spectrum (900 – 1700 nm) but has only been 
detected from orders of magnitude brighter linear accelerator (LINAC) 
sources.[6] Radisotope SWIR CLI would overcome many of CLIs cur-
rent limitations.[7]

Results: 
A commercially available SWIR sensor (NIRVana 640 TEC, Teledyne, 
NJ, USA) and appropriate SWIR lens were used to assess the feasibil-
ity of radioisotope SWIR CLI. SWIR CLI could be readily performed 
with 68Ga and the employed open source and automated processing 
steps (ImageJ) removed γ strikes, preserved SWIR light detection 
with SWIR CLI responding linearly to radioisotope levels. Having 
detected radioisotope SWIR CL, we investigated the detection of 
other radioisotopes, the SWIR CLI limit of detection, the advantages 
of SWIR CLI for tissue scatter, and possible in vivo applications. 
SWIR CLI successfully distinguished between four clinical radioiso-
topes: 68Ga, 18F, 89Zr, 131I and 32P, used in biomedical research (Fig-
ure 1A). The relative SWIR radiances provided similar results to visible 
CLI. A source of 68Ga was imaged during multiple decays (Figure 1B) 
providing a limit of detection of 7 μCi (0.23 μCi/μl) for 68Ga and con-
served linear detection at low radisotope levels. Using suitable acqui-
sition settings and the same phantom we directly compared the IVIS 
(visible, current CLI gold standard) to SWIR to image a 90Y source 
through scattering tissue depths. SWIR clearly outperformed visible 
CLI (Figure 1C). Finally, we assessed SWIR CLIs capability to detect 
~200μCi of 90Y labelled silica nanoparticles (SiNPs) in the footpad of 
mice.[8] The acquisition settings and processing steps removed inher-
ent thermal signatures, providing the first radioisotope in vivo SWIR 
CLI images and accurately locating the source. Four mice injected in a 
similar fashion are were quantified (Figure 1D,E) with mean signal to 
background ratios (SBRs) of 3 compared to 1 for a control.
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Conclusion & Outlook: 
This work outlines the successful approach to detect SWIR CL from 6 
radioisotopes via commercially available “off-the”shelf” components. 
Previously, SWIR CL had only been detected from LINAC sources pro-
ducing orders of magnitude brighter CL.[6] SWIR CLI performed in a 
linear manner similar to visible CLI at high and low radisotope levels, 
is capable of distinguishing the radiance of various radioisotopes, has 
a current detection limit of 7μCi for 68Ga, showed a comprehensive 
improvement at imaging through tissue and can detect radisotopes in 
vivo preclinically at clinically relevant levels. Undoubtedly the main 
limitation of SWIR CLI lies within the sensors inherent dark noise 2 
to 3 orders of magnitude higher than EMCCDs and a constant obstacle 
throughout this work. However, future SWIR CLI iterations employing 
lower dark noise can readily overcome this obstacle and harness the 
clear advantages of radisotope SWIR CLI.
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Introduction: 
Image-guided surgery can aid in precise tumor delineation during 
surgical procedures and herewith prevent or reduce the occurrence 
of positive surgical margins. Since surgery remains one of the most 

widely used treatment options for solid tumors, this imaging-based 
method has broad applicability. The gastrin-releasing peptide receptor 
(GRPR) is a promising target for this application, because of its over-
expression in several solid tumors, including high-incidence cancers 
such as prostate and breast cancer. In accordance with this, the GRPR-
targeting radiotracer NeoB (Nock BA et al., JNM 2017) was modified 
to generate a bimodal probe applicable for preoperative nuclear imag-
ing and intraoperative fluorescence guidance. Here, a full preclinical in 
vivo characterization of the bimodal probe is presented, including the 
pharmacokinetic profile, mass optimization and a proof-of-concept for 
image-guide surgery.

Materials and Methods: 
The bimodal  probe DOTA-K(sCy5)-pADA-fQWAVGH-
NHCH[CH2CH(CH3)2]2) was synthesized. Studies were conducted 
in mice xenografted with the GRPR-positive prostate cancer cell line 
PC-3 on the right shoulder. To determine target specificity, mice were 
also xenografted with the GRPR-negative small cell lung cancer cell 
line H69 on the left shoulder in the pharmacokinetic and proof-of-
concept studies. To characterize the pharmacokinetic profile of the 
probe, mice were intravenously injected with ~20 MBq/1 nmol of 
the indium-111 and sulfo-cyanine5 labeled bimodal probe. After 4 
(n=4) and 24 hours (n=4), SPECT/CT and optical imaging was per-
formed using one mouse per group and all mice were included in an ex 
vivo biodistribution study examining both the radioactive and optical 
signal. The same experimental set-up was used for the mass optimi-
zation study, but here mice (n=4 per mass) were injected with three 
different masses (~20 MBq/0.75, ~20 MBq/1.25 and ~20 MBq/1.75 
nmol) and analyzed 24 hours post injection (p.i.). Furthermore, ex 
vivo analyzes on the tumors were performed to localize the nuclear and 
optical signal within the tissue. Finally, the optimal mass was injected 
for a proof-of-concept study (n=2) simulating the surgical removal of 
tumors. Twenty-four hours p.i. a SPECT/CT scan was performed, after 
which the tumors were resected post-mortem and fluorescent scans 
were obtained before, during and after surgery.
Results: PC-3 xenografts were clearly visualized on nuclear and 
optical images with 3.0±0.8% and 2.7±0.7% injected dose/gram 
(ID/g) radioactivity uptake in the tumor at 4 and 24 hours p.i., 
respectively. The probe was excreted hepatobiliary and renally with 
the highest tumor-to-background ratios (TBRs) at 24 h p.i. (tumor-
to-blood: 10.6±3.9). Target specificity was demonstrated by the 
low signal measured in the GRPR-negative tumor (0.5±0.1% ID/g 
at 24 h). Injection of increasing masses of the probe led to similar 
TBRs for optical imaging, however, as a result of target saturation 
the radioactive tumor signal was slightly lower with increasing mass 
(2.7±0.2% vs. 2.1±0.3% ID/g for 0.75 and 1.75 nmol, respectively). 
Furthermore, higher liver radioactivity uptake was observed with 
increasing mass (0.4±0.2% vs. 5.5±1.1% ID/g for 0.75 and 1.75 
nmol, respectively). Together, this identifies 0.75 nmol as the optimal 
mass for further studies. Co-localization of the radioactive and fluo-
rescent signal was observed between organs, but within the sectioned 
tumor specimens, a stronger fluorescent signal originated from the 
necrotic core, most likely due to interaction of the dye with dead 
cells. The mimicked fluorescence guided surgery demonstrated the 
possibility to clearly visualize the tumor during all surgical steps.

Conclusion: 
The GRPR-targeting bimodal probe has favorable pharmacokinetic 
properties resulting in high TBRs 24 hours p.i. The lowest mass of 
0.75 nmol yielded the best TBRs for both imaging modalities. In addi-
tion, the bimodal probe has shown promise for image-guided surgery 
in a simulated surgical situation. Overall, this study demonstrated the 
potential of the developed bimodal probe for image-guided surgery of 
GRPR-positive cancer.
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Aim: 
To evaluate the role of Ga68 PSMA in the dignosis and staging of 
Prostate Cancer

Introduction: 
FDG-PET has been used to image prostate cancer but has shown low 
sensitivity in well differentiated cancers,PSMA has been shown to be 
more specific in this area. We retrospectively analysed data of patients 
who were referred by neurologists and oncologists. In patients with 
suspected prostate cancer in view of elevated PSA and newly diag-
nosed prostate cancer patients, the age range was 50 years to 85 years. 
Data from 50 patients was analyzed out of which 38 patients were 
referred for rising PSA or peristent elevation, scans were reported by 
two nuclear medicine physicians and a radiologist. Analysis showed 
20 patients with PSMA positive prostate tumor with no metasta-
sis,24 patients showed PSMA positive prostate tumor with metastasis, 
1 patient with elevated PSA showed no prostate uptake, 5 patients with 
biopsy proven cancer showed minimal prostate uptake.Our experience 
shows that Ga68 PSMA imaging is useful dignostic tool in suspected 
prostate cancer and staging of prostate cancer thus helping in treat-
ment planning
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Bleomycin-induced lung injury is a well-accepted animal model of 
pulmonary fibrosis and widely used in drug discovery programs for 
idiopathic pulmonary disease. However, to demonstrate the efficacy 
of anti-fibrotic molecules in this model, there is an increasing need 
to establish reproducible and quantitative assessments. There exists 
an unmet need for a quantitative, high-resolution imaging probe to 
detect pulmonary fibrosis, with special interest in a marker that can 
differentiate between inflammatory and fibrotic components of disease. 
Matrix remodeling and overexpression of extracellular matrix proteins, 
such as collagen and fibronectin, are hallmarks of organ fibrosis. Splice 
variant of fibronectin extra-domain A, FnEDA, is of particular interest 

as a target for fibrosis due to its high level of expression in diseased tis-
sue, which is confirmed here using extensive immunohistochemistry in 
mouse and human lung samples. Supported by these findings, a mono-
clonal antibody against FnEDA is generated and evaluated as an imag-
ing marker, and the specificity of the probe to assess fibrotic disease 
activity in the mouse bleomycin model is demonstrated using 111In-
SPECT and 800CW-NIR imaging. Further, the uptake of the FnEDA 
probe in mouse lungs is shown to reduce significantly with treatment 
response induced with an ALK5 inhibitor. These results are further 
corroborated and correlated to subsequent downstream assessments in 
lung tissue sections, including microscopic distribution of the 800CW-
labeled FnEDA, histopathology measurements using modified Ashcroft 
scoring by a pathologist and digital image analysis of collagen content 
using machine-learning algorithms in whole-slide images. The dataset 
presented here establishes a strong rationale for further evaluation of 
the FnEDA probe as an imaging marker of pulmonary fibrosis disease 
progression and pharmacological response.
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Introduction:
 31P-MR is mainly use for assessing various metabolites in vivo. Its 
further potential is tested, but due to high background physiological 
signal, the imaging requires a specific exogenous probe. Presented 
polymer [1], is a metal-free phosphorus-containing probe for a specific 
and functional 31P-MR, because the phosphorothioate group (P=S) in 
its structure creates a high chemical shift from phosphoester group 
(P=O). Furthermore, P=S groups are prone to metabolic oxidation by 
reactive oxygen species (ROS) occurring at higher levels in inflam-
mation and cancer tissue, which makes its signal change a promising 
functional in situ sensor of oxidative stress. In this proof-of-principle 
experiment, we measured the probe in vivo and tested the oxidation-
triggered chemical shift.

Methods: 
The  polymer  (pTMPC: Poly[O-(2-(methacryloyloxy)ethyl)
O-(2(trimethylamoniumyl)ethyl)phosphorothioate]) was synthesized 
by controlled radical polymerization technique of the corresponding 
zwitterionic monomer. MR spectroscopy and imaging were obtained 
on 4.7T scanner using custom dual 1H/31P RF solenoid (in vitro) and 
surface (in vivo) coils. The healthy Balb/C mouse was injected subcu-
taneously with an aqueous solution of pTMPC (200 μL,  cP=100 mmol 
 L−1) into the inner site of left leg and measured using 1H MR imag-
ing (localization) and 31P MR: spectroscopy (single pulse sequence; 
TR=200ms, scan time=10min) and imaging (CSI; TR=500ms, scan 
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time=30min). The oxidation-triggered chemical shift (conversion from 
P=S to P=O) was measured using 31P-MRS (singlepulse sequence; 
TR=500ms, scan time=5min) by placing the polymer (cP=10mM) in 
two oxidative conditions mimicking the inflammatory and tumor tis-
sue: with hydrogen peroxide  (H2O2; c=20mM; V=0.5mL) and cells 
suspension  (40x106 4T1 mouse mammary tumor cell line; V=0.5mL). 
Quantification of phosphorus P=S MR signal conversion under oxida-
tive stress was obtained using Matlab script. The signal amplitude was 
averaged from each hour and is presented as a percentage change from 
the experiment onset.

Results/Discussion: 
High content of P=S groups in pTMPC provided a high intensity and 
chemical shift (∆δ=56.07ppm) in 31P-MR at relatively low non-toxic 
concentrations, making it easily distinguishable from the biological 
background in vivo (Fig.1A). The signal conversion from P=S to P=O 
over the time accompanied by a significant frequency shift in the 31P-
MR spectrum was observed in vitro (Fig.1B). pTMPC underwent oxi-
dation and the P=S signal amplitude was reduced by 91.1%  (H2O2) 
and 36.0% (4T1). The 4T1 cell line will be used in future in vivo experi-
ment on oxidative stress in animal tumor model.

Conclusion: 
Novel phosphorus-containing contrast agent showed high sensitivity 
at 31P-MR and a large chemical shift from biological 31P signal. Add to 
this the favorable 1H and 31P relaxation times and biocompatibility [1], 
the probe represents a conceptually new diagnostic for 31P-MR. Fur-
thermore, it can serve as a sensitive 31P-MR sensor of pathological 
conditions, as it undergoes oxidation-induced structural changes in the 
presence of ROS.
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Background: 
The carbohydrate antigen 19.9 (CA19.9) is a clinical target 
(NCT02672917, NCT02687230, NCT03118349) used to screen for 
primary and metastatic tumors and to evaluate response to therapy 
in pancreatic ductal adenocarcinoma (PDAC). PDAC is a notoriously 
lethal disease with a five-year survival rate of less than 10%.[1] The 
recently identified monoclonal antibody 5B1 is a suitable tumor-tar-
geting vector for CA19.9.[2] The delivery agent was used in a thera-
nostic approach to either carry the diagnostic radionuclide 203Pb or 
the therapeutic radionuclide 212Pb to the tumor. 203Pb  (t1/2=2.2 d) is 
a single-photon emission computed tomography (SPECT) compat-
ible radionuclide, while 212Pb  (t1/2=10.6 h) is an in vivo generator of 
α-particle emitting daughters – highly effective for inducing fatal DNA 
double-strand breaks in cancer cells. Due to the short half-life and the 
high linear energy transfer of 212Pb, quick tumor uptake of the radi-
otracer and a lower systemic radiation dose for the patient are essential. 
Pretargeting takes advantage of the antibodies’ excellent affinity and 
specificity and the fast clearance of a small molecule. Here, the trans-
cyclooctene (TCO) conjugated antibody 5B1 and the corresponding 
biorthogonal tetrazine (Tz) unit conjugated to a suitable lead chelator, 
were employed.

Aim: 
This study aimed to investigate different Tz-conjugated lead chelators 
for their potential to efficiently deliver 203/212Pb to a TCO-5B1-pretar-
geted tumor in a BxPC-3 mouse model.

Methods and Results: 
In collaboration with Viewpoint Molecular Targeting®, Inc., four 
Tz-conjugated lead chelators were synthesized and investigated for 
radiolabeling with 203/212Pb, and in vitro stability was tested in human 
serum. Pretargeting studies were performed in vitro (via size exclusion 
chromatography), testing the bioorthogonal IEDDA (inverse electron 
demand Diels–Alder) chemistry between 5B1-TCO and tetrazines.
A first pilot study was performed using 100 μg of TCO-5B1 and the 
radiolabeled tetrazine conjugate  [203,212Pb]Pb-PSC-PEG7-Tz injected 
into subcutaneous BxPC-3-xenografted nude mice. A three-day 
interval was chosen between pretargeting the tumor with 5B1-TCO 
and injecting the tetrazine. SPECT imaging (203Pb) and a multiple-
timepoint biodistribution study (212Pb) were performed, showing a 
tumor uptake of (4.8 ± 0.9) %ID/g at 24 h post-injection (p.i.). The 
tumor-to-blood ratio was 4.1 ± 1.0 and the tumor-to-muscle ratio 
27.2 ± 8.4 at 24 h p.i. However, a relatively slow kidney clearance 
was observed for Pb-PSC-PEG7-Tz leading to a kidney uptake of 
(3.9 ± 0.4) %ID/g at 1 h p.i., and (1.5 ± 0.3) %ID/g at 24 h p.i.

Conclusion and Outlook: 
In this study, the pretargeting approach for the matched pair 203Pb 
and 212Pb is investigated. A first in vivo study showed promising bio-
distribution for Pb-PSC-PEG7-Tz. This radiotracer carries no overall 
charge, which might lead to a longer circulation time and slower clear-
ance. In the following studies, the other chelator-tetrazine conjugates, 
with charges variating from -2 to +2 will be investigated, and a charge 
clearance profile will reveal the influence of the overall charge on the 
pharmacokinetics of the radiotracer. The best tetrazine candidate will 
be considered for a therapy study.
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Background: 
Magnetic resonance imaging (MRI) is the gold-standard imag-
ing modality in the glioblastoma (GBM) setting. However, avail-
ability of rodent MRI scanners for pre-clinical studies is limited 
and CT is a more widely available and cost-effective alternative. 
To study the utility of contrast-enhanced (CE)-CT in rodent GBM 
models, we optimised CE-CT protocols on two instruments 
 (IVISSPECTRUM-CT;TRIUMPH-X-O-CT). and established pipelines for 
extraction of tumour-specific preclinical CT-derived radiomic fea-
tures [2-6]. Preclinical tumour-specific features were further studied 
in an exploratory patient-CT cohort (n=11) from The Cancer Imag-
ing Archive (TCIA) to assess species conservation. This study had 
four aims. A) To identify whether CE-CT may be employed to detect 
invasive, orthotopic GBM tumours in mice, when MRI is unavailable. 
B) Establish robust, preclinical GBM CT-specific radiomic workflows 
on two small animal CT systems. C) Assess whether radiomic features 
extracted from longitudinal CE-CT scans support earlier detection of 
tumours and differentiation of tumour from normal tissue. D) Verify 
putative pre-clinical CT-radiomic classifiers in clinical datasets

Methods: 
Two orthotopic, invasive GBM murine models were studied (U87R-
Luc2 (n=25); NFpp10a-Luc2 (n=10) treated +/-temozolomide [TMZ]). 
Throughout, tumours were monitored via bioluminescence imaging. 
Concurrently, mice underwent CE-CT imaging (IV-iodine/300mg/
mL/50kV-scan). Radiomic features were extracted using PyRadiom-
ics. Feature dimensionality was reduced via removal of shape features 
and Spearman correlation (>0.85; ‘Uncorr’). Most informative and 
non-redundant CT radiomic features were retained. Remaining features 
were analysed across timepoints (Wk-3,6,9,12), via recursive feature 
elimination and random forest (RFE; Caret package; Cross-Validated 
via Repeated CV, 5 fold) or vis Boruta algorithm (random forest). 
Performance measured as area under the receiver operator charac-
teristic (ROC) curve (AUC). Specifically, normal (Left hemisphere 
(LH)) and tumour tissue (Right Hemisphere (RH)) were analysed 
across timepoints (Wk-3,6,9,12), and between treatment (+/-TMZ) 
groups via recursive feature elimination (RFE)[7].

Results: 
CE-CT imaging and radiomic pipelines have been established 
in invasive orthotopic GBM models, on two rodent CT systems 
 (TRIUMPHX-O-CT and  IVISSPECTRUM-CT). First, randomised CE-CT 

scans (n=63) were visually assessed, with only 19% of images dem-
onstrating evidence of tumour presence. Unsurprisingly, BLI is signifi-
cantly more sensitive than CE-CT (by-eye), with tumours detectable 
at Wk1. Early RH-timepoint (Wk3 vs Wk6) comparison, and RH-mid 
(Wk6) and RH-late (Wk9/12) timepoint comparisons, identified two 
five-feature classifiers which distinguish between timepoints using the 
 TRIUMPHX-O-CT. These classifiers may represent novel imaging bio-
markers for early tumour detection. Next, radiomic analysis of overall 
LH vs RH features identified three ‘firstorder TotalEnergy’ features 
which were significantly altered between hemispheres (p<0.001). 
Finally preclinical features, identified were assessed in the TCIA-GBM 
patient cohort. Here, ‘TotalEnergy’ features trended towards increased 
intensity in tumour vs normal tissue. Two features, ‘Glszm small area 
low grey level emphasis’ and ‘wavelet HLL firstorder Maximum’ were 
also significantly altered between normal and tumour tissue (p<0.05) 
in the TCIA dataset.

Conclusion: 
Overall, radiomic analysis of preclinical CE-CT GBM scans identified 
putative radiomic signatures which may allow tumour detection (Wk3/
Wk6) earlier than is feasible by eye (Wk9/Wk12). Parallel trends in 
‘TotalEnergy’ feature intensity across animal and patient CTs suggest 
species conservation. Overall CT-derived radiomic features could sup-
port early, non-invasive GBM tumour detection.
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In vivo molecular imaging is an indispensable part of screening and 
symptomatic disease monitoring in cancer management. Positron 
emission tomography (PET) imaging offers noninvasive whole-body 
visualization to ascertain the size and location of cancerous tissues. 
Other modalities such as near-infrared fluorescence (NIRF) imaging 
allow for rapid, real-time identification of cancerous tissues during 
fluorescence-guided surgery. The development of agents for preop-
erative multimodal PET/NIRF imaging would be advantageous in 
these endeavors due to their complementary nature. This study aims 
to design, develop, and characterize a multimodal PET/NIRF imaging 
probe for ovarian cancer based on the AR20.5 antibody, which binds 
to tumor-associated mucin-1 (MUC1).1 This goal is founded on the 
need for imaging tools to noninvasively identify and surgically resect 
ovarian cancer and improve the overall survival of patients diagnosed 
with metastatic disease. MUC1 is a highly glycosylated transmem-
brane glycoprotein expressed on the apical surface of epithelial cells. 
However, in epithelial ovarian cancer and most other adenocarcino-
mas, MUC1 is overexpressed and hypoglycosylated. 2, 3 The designed 
MUC1-targeted immunoconjugate probe, Dual-AR20.5, employs 
desferrioxamine (DFO) as a chelator for labeling with the radiometal 
zirconium-89 (89Zr)  (t1/2 ≈ 3.3 d) for PET imaging, and the near-
infrared fluorophore IRDye 800 (λabs = 773 nm, λem = 792 nm) for 
NIRF imaging. AR20.5 has been previously shown to reduce tumor 
burden in a murine ovarian cancer model using the human ovarian 
cancer line OVCAR-3, and has also been used to develop a radioim-
munoconjugate for the imaging of MUC1-expressing ovarian cancer 
xenografts in mice using zirconium-89.4, 5 Here, DFO and IRDye800 
were conjugated to lysine residues of AR20.5 to generate the mul-
timodal construct, DFO-IR800-AR20.5, or Dual-AR20.5, with 2.7 
+/- 0.1 chelates and 0.93 +/- 0.08 fluorophores per antibody. Dual-
AR20.5 was evaluated based on its spectroscopic properties, stability in 
serum, antigen binding, radiochemical yield, and radiochemical purity. 
A stability study in human serum revealed that over 96% of  [89Zr]Zr-
DFO- IR800-AR20.5 remained intact after a 5-day incubation period, 
indicating a high in vivo stability for  [89Zr]Zr-DFO-IR800-AR20.5. 
 [89Zr]-DFO-IR800-Dual-AR20.5 also demonstrated low nonspecific 
binding, and its binding to MUC1 was effectively blocked by excess 
unlabeled AR20.5. Furthermore, in vitro studies using the MUC1-
expressing OVCAR-3 ovarian cancer cell line confirmed the ability 
of Dual-AR20.5 to bind to tumor-associated MUC1, and that Dual-
AR20.5 retained the spectroscopic properties of IRDye800 for fluo-
rescence imaging. Together, these findings suggest that Dual-AR20.5 
is a promising tool for the visualization of MUC1-expressing ovarian 
cancer with multimodal PET and NIRF imaging.
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Background: 
Small cell lung cancer (SCLC) is an aggressive form of lung cancer, 
with few treatment options. Delta-like ligand 3 (DLL3) has emerged as 
a viable therapeutic target in SCLC because DLL3 cell surface expres-
sion is restricted almost exclusively to malignant tissue. Pretargeting 
takes advantage of antibodies’ excellent affinity and specificity as well 
as fast clearance of small molecules. This approach allows for early 
imaging post-administration of the radiotracer and lowers systemic 
radiation dose to the patient.

Aim: 
This study aimed to investigate novel non-internalizing antibodies for 
pretargeted immunoPET/CT imaging and radioimmunotherapy.

Methods and Results: 
In collaboration with the Tri-Institutional Therapeutics Discovery 
Institute, we screened and assessed 27 antibodies for their internali-
zation rates. Three monoclonal IgG4 antibodies were found to pos-
sess low internalization as well as high affinity to the DLL3 recep-
tor: A18, E9, and J8. The pretargeting studies were performed in 
vitro and in vivo using the bioorthogonal IEDDA chemistry between 
trans-cyclooctene (TCO) and tetrazine (Tz). Further optimizing of 
the pretargeting strategy was tested  in vitro. The successful click 
reaction between the different clones conjugated to TCO and  [64Cu]
Cu-SarAr-Tz was verified by size-exclusion chromatography. A18 and 
J8 reacted with the tetrazine. However, E9 failed did not show any 
conversion and was therefore deemed not suitable for in vivo imag-
ing. A pilot study using 100 mg of TCO-conjugated mAb for each 
of the clones delineated the tumors in H82 xenograft mouse models, 
and the ex vivo tumor-to-tissue ratios ranged between 4 and 6% ID/g. 
A three-day interval was chosen between injecting the mAb-TCO 
and the 64Cu-labeled tetrazine  ([64Cu]Cu-SarAr-Tz). However, the 
tumor-to-blood ratio ranged between 1-2% ID/g, indicating a pro-
longed mAb-TCO circulation.
To achieve an improved tumor-to-blood ratio, the study was repeated 
with 30 mg TCO-conjugated mAb. However, this resulted in a lower 
tumor uptake of 1-2% ID/g.
For the last in vivo experiment, the time interval between injecting 
the mAb-TCO conjugates and the  [64Cu]Cu-SarAr-Tz(488-537 mCi, 
0.67 nmol) was increased to five days. The immunoPET/CT images 
were performed 4h and 24h post-injection of the  [64Cu]Cu-SarAr-Tz, 
before concluding the study with an terminal ex vivo biodistribution.
The in vivo study showed a tumor uptake of between 2-3% ID/g on 
the PET/CT images. However, the biodistribution data revealed a 
tumor-to-blood ratio of 1-3% ID/g.
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Conclusion: 
This novel study showed the potential of a pre-targeting approach for 
anti-DLL3 antibodies targeting SCLC.
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Vulvar squamous cell carcinoma (VSCC) is a rare type of cancer with 
an incidence of 1.5–2.7 per 100,000 women, necessitating specialized 
centralized care. However, overall incidence worldwide is increasing. 
The cornerstone of treatment for VSCC consists of surgery with or 
without radiochemotherapy. Despite these interventions, high recur-
rence rates up to 40% and significant morbidity are observed in more 
than half of the VSCC patients. Morbidity includes genital disfigure-
ment, sexual dysfunction, and psychological problems. In addition, 
precursor lesions are often found adjacent to the tumor, which are 
sometimes difficult to identify clinically and therefore not treated 
adequately. This is at least partially related to the limited ability to 
distinguish (pre)malignant from normal vulvar tissue. Consequently, 
better identification and timely recognition of vulvar (pre)malignant 
lesions may result in prevention of re-excisions, local recurrences, 
metastases, and associated prognosis. Illumination of neoplastic tis-
sue based on fluorescent tracers, known as fluorescence-guided sur-
gery (FGS), could help resect involved tissue and decrease ancillary 
mutilation. Clinical studies on various cancer types have shown that 
FGS improves the recognition of tumor tissue significantly, primarily 
in cases with incomplete visual and tactile information. Proper iden-
tification of tumor-specific targets for molecular imaging is key to the 
success of FGS. Until now, potential targets for FGS in VSCC have not 
been studied. The aim of this study was to examine the expression of 
several targets on vulvar tissues to assess their potential for FGS. The 
selection of targets was on (i) enhanced expression in vulvar tumors 
as described in the available literature and (ii) effectiveness of tracers 
against these targets obtained from studies with other tumor types.
To determine their suitability as a target for tumor-specific imaging in 
vulvar (pre)malignancies, immunohistochemistry was performed on 
paraffin-embedded premalignant (high grade squamous intraepithelial 
lesion and differentiated vulvar intraepithelial neoplasia) and (human 
papillomavirus (HPV)-dependent and -independent) VSCC tissue 
sections with healthy vulvar skin as controls. Sections were stained 
for integrin alphavbeta6 (αvβ6), carbonic anhydrase IX (CAIX), CD44 
variant 6 (CD44v6), epidermal growth factor receptor (EGFR), epithe-
lial cell adhesion molecule (EpCAM), folate receptor α (FRα), mul-
tidrug resistance-associated protein (MRP1), mucin 1 (MUC1), and 
urokinase plasminogen activator receptor (uPAR). The expression of 
each marker was quantified using digital image analysis. H-scores were 
calculated, and percentages positive cells, expression pattern, and bio-
marker localization were assessed. In addition, tumor-to-background 
ratios (TBRs) were established.
TBRs were highest for (pre)malignant vulvar tissues stained for 
integrin αvβ6 (Figure 1). This conclusion is based on the upregu-
lated homogeneous expression of αvβ6 in VSCCs compared with 
surrounding stromal tissue and normal squamous epithelium of the 

healthy control group. αvβ6 showed suitable TBRs in 78% of HPV-
independent and 40% of HPV-dependent VSCC patients (Figure 2). 
TBRs for αvβ6 in premalignancies dVIN and HSIL were lower com-
pared with VSCC, but still above the indicated threshold.
αvβ6 is a promising target for tumor-specific (pre- and intra-oper-
ative) molecular imaging of VSCC lesions, which can be hard to 
distinguish from healthy tissue. For HPV-unrelated VSCCs with 
adjacent dVIN, that comprise the vast majority of all VSCCs, αvβ6 
has shown great potential for precise discrimination at the superficial 
tissue margins. Further research is needed to validate the use of an 
αvβ6-targeted probe for FGS of vulvar (pre)malignancies.
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Muscle vasculature plays a critical role in both muscle function and 
energetics. In many pathologies, poor vascular perfusion and reduced 
microvascular density can lead to deficits in muscular performance. 
Assessment of vascular perfusion in skeletal muscle at rest and after 
contraction is a valuable biomarker to assess muscle blood supply, 
often measured in the clinic using contrast enhanced ultrasound 
(CEUS) imaging. The utility of CEUS imaging in assessing skeletal 
muscle vascular perfusion in the resting and post-contraction state, 
however, has not been evaluated in preclinical animal models. To test 
this technique preclinically, external stimulation-induced muscle con-
traction was used as a localized form of exercise, followed by CEUS 
imaging to measure vascular perfusion pre and post hindlimb muscle 
stimulation. The MS-NASH model was used to test this technique, 
a metabolically driven HFpEF model which demonstrates impaired 
skeletal muscle perfusion. MS NASH mice were injected intravenously 
with an ultrasound contrast solution using a perfusion pump, and flow 
of the contrast through the right hind limb muscle was monitored using 
ultrasound in nonlinear contrast mode. Following initial imaging at 
resting state, mice underwent a muscle stimulation protocol aimed at 
inducing muscle fatigue, then were bolus-infused with contrast agent, 
and imaged again. Post-stimulation imaging revealed a significant 
increase in perfusion kinetics (blood volume, wash in rate, fill time). 
These results suggest contrast imaging with muscle stimulation could 
provide researchers the ability to study muscle performance in disease 
models at the vascular level with a clinically translatable modality and 
open the window of measurability needed to assess therapeutic efficacy 
in the same models.
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Genetically engineered medicines such as chimeric antigen receptor 
(CAR) T cells have great potential to be the next pillar of medical 
therapy beyond chemo- and biologic therapies. To develop genetic 
medicines, new methods to understand their pharmacokinetics (PK) in 
humans are crucial. It is not feasible to perform traditional PK analysis 
for “living drugs”, because the genes themselves (in the form of DNA 
or RNA), are not typically responsible for the therapeutic effect. Rather, 
the protein products of the genes or the cells harboring the engineered 
genes are the actuators, and thus cannot be measured using standard 
HPLC or radiolabeled PK experiments. We used a positron emission 
tomography (PET) reporter gene or “imaging tag” based on the intra-
cellular bacterial enzyme dihydrofolate reductase (eDHFR) that can be 
paired with radiolabeled versions of trimethoprim (TMP). In this work, 
we evaluate the potential for immunogenicity using primary human 
cells and assays geared to assess low affinity and rare T cell clones that 
may react to eDHFR. We used overlapping pools of 15-mer eDHFR 

peptides and found that across 9 patients, there was little reactivity 
compared to EBV and CMV peptide controls. Further, the relative 
strength of reactivity to the eDHFR peptides was less than that of the 
viral peptides. Next, we showed that eDHFR iTag harboring CAR T 
cells were not functionally inferior to unlabeled CAR T cells in vitro, 
and demonstrated strong, selective  [18F]-TMP uptake in the eDHFR-
expressing CAR T cells. Finally, using a glypican 3 (GPC3) CAR T 
rodent model and scFv of differing affinity, we performed a feasibility 
study to non-invasively track proliferation in antigen-harboring xeno-
graft tumors over time with ex vivo correlation to anti-CD3 immuno-
histochemistry. These data demonstrate the potential for non-invasive 
monitoring of CAR T cells using PET imaging and translational appli-
cability of DHFR / TMP radiotracers.
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Specific hepatocellular carcinoma (HCC) biomarkers and molecular 
targets hold clinical significance for early diagnosis and development 
of targeted therapies for patients with HCC, the most common type of 
primary liver cancer cases [1,2]. Glypican (GPC) are a family of hep-
aran sulfate proteoglycans anchored to cell membrane and Glypican-3 
(GPC3) is a cell surface antigen highly expressed on HCC. There is 
limited GPC3 expression in adult normal liver, but GPC3 expression is 
at high levels in HCC. It is therefore an attractive target for developing 
a theranostic platform which combines detection and treatment of both 
early and advanced diseases [1-3]. The objective of this study was to 
evaluate the 68Ga-DOTA-GPC3-Adnectin for uptake and specificity 
in tumor bearing mice. Tumor bearing mice with either H446 (small 
cell lung cancer line; GPC3+) or Hep3B (HCC line; GPC3+++) were 
enrolled in the imaging study with a mean tumor volume of 179 ± 34 
 mm3 (n=9/tumor line). PET imaging was acquired on the NanoScan 
PET/CT (Mediso Medical Imaging Systems) along with a low dose CT 
for attenuation correction and structural definition of organs. Either 
75-minute dynamic PET images or 20-minute static PET images (at 
40 min after tracer injection) were acquired. To demonstrate selectivity 
to GPC3 expression in the tumors, mice were injected with either tar-
geted tracer 68Ga-DOTA-GPC3-Adnectin or non-targeted tracer 68Ga-
Adnectin to demonstrate selectivity to GPC3+ tumors. Tracer uptake 
was seen in tumors, kidneys and bladder in both tracers. Specific bind-
ing was evaluated using flank muscle as a reference region. Uptake 
of 68Ga-DOTA-GPC3-Adnectin was observed in both tumor types with 
higher uptake observed in the Hep3B tumor, consistent with GPC3 
expression; SUV of 1.04 ± 0.31 in Hep3B mice vs. 0.23 ± 0.06 in 
H446 mice. The uptake of 68Ga-Adnectin was low with SUV values of 
0.09±0.03 in Hep3B mice and 0.10±0.03 in H446 mice. In summary 
PET/CT imaging demonstrated successful imaging using 68Ga-DOTA-
GPC3-Adnectin with better specific binding and improved tumor to 
muscle ratio in Hep3B tumor bearing mice vs H446 tumor bearing 
mice. 68Ga-Adnectin did not show specificity to GPC3. Optimization 
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would be needed to further test if GPC3 would be a suitable target 
for radionuclide therapy using GPC3-Adnectin-Theranostic (Lu-177).
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Introduction: 
The targeting capability of hyaluronic acid (HA) to CD44, a cancer 
cell molecular marker, along with HA’s excellent biocompatibility and 
ease of chemical modification [1], suggests HA will play a role for both 
cancer imaging and therapy [2]. Although overexpressed in cancers, 
CD44 is also ubiquitously present throughout the body [3], thereby 
lowering specificity of HA for CD44-directed tumor targeting. This 
issue can be circumvented by site-specific modification of HA [4] or by 
adding another tumor-targeting ligand to achieve simultaneous binding 
to both targets. The integrin αvβ6 is an epithelial-specific cell surface 
receptor that is highly expressed in a wide range of tumors but has 
low/undetectable expression in healthy adult tissue [5]. In this study, 
we synthesized dual targeted agents by combining HA with the αvβ6-
BindingPeptide (αvβ6-BP [6]). Additionally, unlike most HA-based 
imaging agents reported to date that have used optical probes [7], we 
explored the feasibility of radiolabeling the HA-constructs with cop-
per-64 for positron emission tomography (PET) imaging [8]. Previous 
reports suggest that the molecular weight (MW) of HA affects the inter-
action between HA and CD44 as well as the in vivo pharmacokinetics 
of HA [9, 10], therefore the effects of HA MW was examined with a 
MW range of 10 - 200 kDa.

Methods: 
HA (MW=10, 40, and 200 kDa) was modified with either the DOTA 
chelator alone for copper-64 labeling, or the αvβ6-BP-DOTA conjugate, 
using strain-promoted alkyne-azide cycloaddition (Fig. 1A). Sulfo-
dibenzocyclooctyne (Sulfo-DBCO-PEG-NH2) was first coupled onto 
HA’s carboxylic acid to yield HA-DBCO. DOTA-Orn(N3)-αvβ6-BP was 
synthesized by Fmoc solid phase peptide synthesis. Azido-DOTA or 
DOTA-Orn(N3)-αvβ6-BP were then reacted with HA-DBCO to form 
HA-DOTA or HA-[αvβ6-BP-DOTA], respectively. The radiolabeling 
of  HAMW-DOTA and  HAMW-[αvβ6-BP-DOTA] was performed with 
 [64Cu]CuCl2 in ammonium acetate buffer (pH 5-6) at 40°C for 30 min 
at a molar activity of 18.5 MBq/nmol (DOTA). The radiolabeled HA 

constructs were evaluated in vitro for binding and internalization using 
DX3puroβ6 (CD44+αvβ6+) and DX3puro (CD44+αvβ6-) cells.

Results: 
The  fo r mat ion  o f   HA MW-DBCO,   HA MW-DOTA and 
 HAMW-[αvβ6-BP-DOTA] was confirmed by UV spectrophoto-
metric analysis. By adjusting the degree of substitution with 
DBCO for the different molecular weight HAs,  HAMW-DOTA and 
 HAMW-[αvβ6-BP-DOTA] with about 9 copies of DOTA or [αvβ6-BP-
DOTA] per HA molecule, respectively, were prepared. For all the HA 
conjugates tested, the incorporation of copper-64 was ≥85% (iTLC), 
and the constructs were formulated in PBS (pH = 7) and used without 
further purification.  [64Cu]Cu-[HAMW-DOTA] showed low binding 
(<12%) and internalization (<3%) to DX3puroβ6 and DX3puro cells, 
and no selectivity for αvβ6 (DX3puroβ6/DX3puro ratio <1.1). Con-
versely,  [64Cu]Cu-[HAMW-[αvβ6-BP-DOTA]] showed a high binding 
(58 - 66%) and internalization (48 - 51% of total radioactivity, 77 - 82% 
of bound radioactivity) to the DX3puroβ6 cells regardless of the HA 
MW. The binding of  [64Cu]Cu-[HA-[αvβ6-BP-DOTA]] in the DX3puro 
cells decreased with increasing MW of HA: 24, 11, and 5% for 10, 40, 
and 200 kDa, respectively. As a result, the selectivity for αvβ6 increased 
with increasing MW of HA (Fig. 1B).

Conclusion: 
Hyaluronic acid was successfully modified to yield dual targeted 
(CD44 and αvβ6) constructs by conjugating αvβ6-BP-DOTA onto 
HA through strain-promoted alkyne-azide cycloadditions. The 
resulting constructs were successfully radiolabeled with cop-
per-64. The αvβ6-targeted  [64Cu]Cu-[HA-[αvβ6-BP-DOTA]] dem-
onstrated significantly higher binding to and internalization into 
DX3puroβ6 cells, as compared to the non-αvβ6-targeted analogs. 
With the molecular weight range of 10 to 200 kDa, the selec-
tivity for αvβ6 increased with increasing MW of HA. Given the 
promising  in vitro  data obtained for  [64Cu]Cu-[HA-[αvβ6-BP-
DOTA]], further investigation into its potential as an in vivo PET 
imaging agent is warranted.
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Cutaneous malignancies are the important and needs to be dif-
ferentiated from the other skin lesions. Squamous cell carcinoma 
(cSCC) is the second most common cutaneous malignancy. Usually 
these pathologies are being evaluated by the CT/MRI . But her it is 
being evaluated by the FDG-PET/CT for staging of cSCC. Meth-
ods: Whole body FDG-PET/CT study is being used for the diagnosis 
of the and staging of the cSCC were reviewed retrospectively. Lower 
limb was done separately in the clinical cases The images were 
quantified by the metabolic activity and quantified by the amount 
of the FDG uptake by the SUV values. These were evaluated in both 
the primary and secondary sites . Borderline suspected cases were 
evaluated by the FDG-PET/CT which was correlated with histopa-
thology and correlated with the follow-up imaging or clinical data 
. Results: 92 suspected cases of the cSCC patients who underwent 
the FDG-PET/CT at diagnosis were evaluated. The primary sites in 
head/neck (n=84), chest (n=4), and foot (n=4). These all patients 
are having FDG-positive scans and showing the 102 FDG-positive 
lesions with significant uptake of the (SUV4.3–20.8; mean 5.2). The 
different positive lesions include 42 nodes, 8 cutaneous lesions, 2 
osseous and 2 lung lesion seen in the whole body imaging. Sensitiv-
ity, PPV, and accuracy of FDG-PET/CT scan was 100%, 77.5%, and 
77.5%, respectively. FDG has detected many lesions and of these 
14 additional lesions in 6 patients, compared to CT/MR imaging. 
Overall, staging FDG-PET/CT detected 18 prior unknown lesions 
in 10 patients that were proven metastatic disease by histopathology 
or follow-up; FDG-PET/CT modified management in 5/23 patients 
(21.7%). Conclusion:
Thus FDG-PET/CT is having very high sensitivity in detection of 
cSCC lesions, for the evaluation of the small cutaneous and nodal 

disease and has important role in staging and management of these 
cancers.
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Deuterium magnetic resonance imaging is a new method for gener-
ating metabolic contrast in tissues that does not use ionizing radia-
tion. Experiments with [6,6-2H2]glucose have a specificity advantage, 
producing methyl deuterated lactate from glycolysis and glutamate/
glutamine (glx) enriched at the C4 position after a single turn of the 
TCA cycle (De Feyter, Behar et al. 2018). However, these signals are 
relatively low intensity compared to the natural abundance (NA) sin-
gly deuterated water (HDO) that is always present. The relative size 
of these peaks makes chemical shift imaging (CSI) the most suitable 
means of reading out enrichment, but this acquisition mode is time 
consuming compared to more standard imaging sequences like gradient 
recalled echo (GRE). HDO generated from perdeuterated substrates 
has previously been used to assess whole body fatty acid and glu-
cose metabolism. The general methodology involves administration of 
the perdeuterated substrate followed by a 3-hour delay to allow body 
water enrichment to reach pseudo-equilibrium, where the final HDO 
enrichment is used as a biomarker of whole body metabolic turnover 
(Votruba, Zeddun et al. 2001). It was hypothesized that administration 
of perdeuterated  ([2H7]glucose) with imaging of the HDO immediately 
after the injection should produce readouts of tissue specific glycolysis 
and oxidation in the TCA cycle. Male Sprague-Dawley rats were anes-
thetized and placed in an 11 T Bruker Biospec imaging system with a 
1.2 cm surface coil placed over the brain. Shimming was accomplished 
by minimizing the NA HDO in the brain using unlocalized 2H spec-
troscopy. A 1.95 g/kg bolus of perdeuterated glucose was injected via 
tail vein catheter, and single pulse spectroscopy was used to determine 
when the glucose began to reach the brain, which was typically within 
2-3 minutes. A 2H GRE scan using a 30 degree flip angle, 32-32 pixels, 
and a 1 cm slice thickness was executed using 256 scans per phase 
encode for a total time of 13 minutes. A second approach was to per-
form 2-point Dixon (2PD) imaging to separate the large signals from 
the perdeuterated glucose and the HDO signal. In some experiments 
single pulse, unlocalized, 2H spectroscopy was used to measure the 
HDO enrichment as a function of time post-injection. The 2H spectra 
following injection of the perdeuterated glucose showed the relatively 
sharp HDO peak and a large broad resonance associated with the multi-
ple different chemical shifts of the glucose deuterium atoms. Metaboli-
cally produced glx was also detected, along with a very small signal 
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from lactate. As the normal brain is very oxidative, these observations 
were expected. It was notable that HDO enrichment in the brain went 
from the natural abundance 13.3 mM (assuming 75% water volume) 
to an average of 87.5 mM over a 2.5-hour time course. Given the size 
of the bolus, a final enrichment concentration of 1.35 M in the body 
water would be expected if the deuterium was incorporated into HDO 
quantitatively. After an initial jump in HDO enrichment, the signal 
grew almost linearly from 40 minutes to 150 minutes. GRE images 
were of notable quality with an in-plane resolution of 0.39  mm2. The 
2PD imaging produced excellent images of the HDO signal alone. Most 
importantly, for the time window of 8-24 minutes, the HDO signal was 
observed in a relatively constant 2.5 ratio to the signal associated with 
the glx component. This suggests that if imaging is executed during 
this time window, the HDO signal can serve as a biomarker of oxidative 
metabolism in the brain.
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Objectives: 
The Tuberculous peritonitis (TBP) will be closely mimicking perito-
neal carcinomatosis (PC). We evaluated the role of the PET/CT in the 
evaluation of the parietal peritoneum.

Materials and Methods: 
This was the retrospective study where the parietal peritoneum was 
evaluated by the PET/CT . 76 patients with diagnosed tuberculous 
peritonitis TBP (n = 25) and Peritoneal carcinomatosis PC (n = 51) 
were evaluated retrospectively. Different regions of the abdomen were 
included and different locations were included like right subdiaphrag-
matic, left subdiaphragmatic, right paracolic gutters, left paracolic 
gutters, and pelvic regions. The peritoneal involvement was seen in 
the pelvic and/or right subdiaphragmatic regions suspected of the peri-
toneal implantation, and also the less-susceptible area for peritoneal 
implantation, and both uniform distribution. PET features were classi-
fied as F18-fluorodeoxyglucose (18F-FDG) uptake in a long beaded line 
(string-of-beads 18F-FDG uptake) or in a cluster (clustered 18F-FDG 
uptake) or focal 18F-FDG uptake. The various CT patterns were smooth 
uniform peritoneal thickening, irregular thickening, or nodules.

Results: 
Commonest presentation in the parietal peritoneum is the tuberculous 
peritonitis compared to the peritoneal carcinomatosis (a) ≥4 involved 
regions (80.0% vs 19.6%), (b) uniform distribution (67.0% vs 6.9%), 
(c) string-of-beads 18F-FDG uptake (54.0% vs 8.8%), and (d) smooth 
uniform thickening (70.0% vs 2.8%) (all P < 0.001) these were the 
tuberculous presentations.
The Peritoneal Carcinomatosis in comparison with TBP were (a) 
distribution (78.4% vs 28.0%), (b) clustered 18F-FDG uptake (56.9% 
vs 20.0%), (c) focal 18F-FDG uptake (21.6% vs 4.0%), (d) irregular 
thickening (51.0% vs 12.0%), and (e) nodules (21.6% vs 4.0%) (P < 
0.001, P < 0.05, P > 0.05, P < 0.05, P > 0.05, respectively).

Conclusion: 
Thus, the role of the PET/CT findings in the parietal peritoneum 
is more useful for the differentiation between the tuberculosis and 
malignancies
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Aim: 
The Radiomic workflow has several steps such as image acquisition, 
tumor delineation, pre-processing of the image, feature extraction, fea-
ture selection and prediction model development. The image acquisi-
tion, tumor delineation, and pre-processing steps impact the reproduc-
ibility of radiomic extraction and hence such factors need to be studied 
in detail. In this study, we have assessed the reproducibility of radiomic 
features by changing GTV in a controlled manner.

Methodology: 
Pre-treatment 18F-FDG PET scans of (n= 28) NSCLC cases were 
selected for this retrospective study approved by the Institutional Ethics 
Committee, of our hospital. The SimMD software installed on Advan-
tage Workstation 4.1 (GE Healthcare) was used for the delineation of 
the tumor. The SUV threshold (42% of SUVmax) method was used 
to delineate the tumor by an expert imaging medical physicist. The 
tumor volume was contoured by using a 42% threshold, was named 
 GTV100 and saved as an RTSTRUCT file. Further, tumor volume was 
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reduced to 70% and 30% of  GTV100 by changing the SUV threshold 
accordingly and stored as two different RTSTRUCTs i.e.,  GTV70 and 
 GTV30  respectively. Three sets of radiomic features (1129) were 
extracted by using PyRadGUI in-house developed software from all 
three sets of GTVs. The stability of radiomic features was analyzed 
using the Intra-class correlation (ICC3) method using psych, library in 
R (R-4.1.3). Reproducibility of the features was categorized based on 
ICC3 values i.e., excellent: ICC ≥0.9, good: 0.9>ICC ≥0.75, moderate: 
0.75>ICC≥0.5, and poor: ICC<0.5.

Results: 
The reproducibility of PET radiomic features was impacted by the 
change in tumor volume. Out of the total, 237/1129 (21%), 403/1129 
(36%), 219/1129 (19%), and 270/1129 (23%) radiomic features had pre-
sented excellent, good, moderate, and poor reproducibility respectively.

Conclusion: 
Our study suggests that the change in tumor volume impacts the repro-
ducibility of radiomic features substantially. However, 21% of features 
showed excellent reproducibility, and they need to be investigated 
further.
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Post operative fever is seen in the various post operative vascular 
scenarios which can be manifested in various forms like endocardi-
tis, infected aneurysms, or infected vascular prostheses. In this study, 
we studied the role of the 18Ffluorodeoxyglucose positron emission 
tomography/computed tomography (18F-FDG-PET/CT) in post opera-
tive fever analysis at diagnosis and during follow-up. Methods: Post 
operative status patients of vascular causes who underwent the surgery 
an having the symptoms of the fever were studied retrospectively from 
the June 2017 to December 2021. The clinical data analysis and results 
were obtained from the 18F-FDG-PET/CT at diagnosis and also at the 
follow-up and were evaluated and documented . Results: The total, 73 
patients who has suspected post operative fever and proven by clini-
cal symptoms of fever were included. 18F-FDGPET/CT scans were 
performed initially for the diagnosis and this has lead to significant 
change in the 13.5% in diagnosis. The mortality rate in patients with 
and without vascular infection diagnosed on the 18F-FDG-PET/CT 
were 23.8% and 2.1%, respectively (p= 0.001). With the 18F-FDG-
PET/CT the modified Duke criteria as major criteria was used with, 
17 patients showing the definite endocarditis. For this diagnosis 
19.6% of 18F-FDG-PET/CT has changed the line of management . 
During follow-up, 57.3% of 18F-FDG-PET/CT resulted in treatment 
modification.

Post operative fever and during follow-up leading to the significant 
change in diagnosis leading to the treatment modification thus provid-
ing the significant prognostic information on patient survival.
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Aim/Introduction: 
Radiomic feature stability is influenced by various acquisition factors 
like imaging, image reconstruction and pre-processing steps that affect 
the final generalizability of the radiomic based prediction model. In 
this study, we have analysed the reproducibility of PET radiomic fea-
tures by changing pre-processing parameters i.e., bin width and voxel 
resampling.

Materials and Methods: 
Pre-treatment whole-body 18F-FDG PET/CT scans of 28 patients 
with non-small cell lung carcinoma (NSCLC) were used in this 
study. SUV threshold-based (42%) semiautomated delineation of 
primary lung tumor was performed by an expert imaging medi-
cal physicist on an Advantage Workstation (GE Healthcare) using 
SimMD software and saved as an RT-STRUCT file and named GTV. 
In-house developed PyRadGUI software was used for radiomic fea-
ture extraction. In total five sets of radiomic features were extracted 
for fixed isotropic voxels (2x2x2  mm3) by changing bin width to 
0.25,0.5,1.0,1.5,2.0 SUV. Similarly, three sets of radiomic features 
were extracted for fixed bin width (0.5 SUV) by changing isotropic 
voxel resampling to 1x1x1, 2x2x2, 3x3x3  mm3.Reproducibility of 
radiomic features were assessed using intra-class correlation coeffi-
cient (ICC3) [excellent: (ICC≥0.90), good: (0.9 >ICC ≥0.75), mod-
erate: (0.75 >ICC ≥0.5), poor: ICC<0.5] using the psych library 
in R (R-4.1.3).

Results: 
The reproducibility of radiomic features was impacted for both the 
scenarios i.e., change in bin width and change in voxel resampling 
size. For bin width; 425/1129 (37.64%), 93/1129 (8.23%), 173/1129 
(15.32%), and 438/1129 (38.79%) features had excellent, good, 
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moderate, and poor reproducibility respectively. Similarly, for voxel 
resampling; 220/1129 (19%), 79/1129 (7%), 148/1129 (13.10%), and 
682/1129 (60.40%) features had excellent, good, moderate, and poor 
reproducibility respectively.

Conclusion: 
Our study suggests that pre-processing parameters like bin width and 
resampling size impact radiomic extraction and very few features 
remain unchanged. Our study confirms the results of previously pub-
lished literature hence standard guidelines need to be prescribed and 
followed by the radiomic community.
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Purpose: 
To evaluate the role of the 2-deoxy-2-(18F)fluoro-D-glucose (FDG) 
uptake on positron-emissions tomography/computed tomography 
(PET/CT) imaging in the inflammatory bowel disease by using stand-
ard uptake value (SUV) levels as an assessment tool

Methods: 
This was the retrospective study comprising of the 57 patients sus-
pected to have the inflammatory bowel disease . Whole body PET CT 
was done after the injection of the FDG Contrast. The quantification is 
done by the SUV and the analysis is done . The process of the Regions 
of interest (ROIs) along with the CT images and volumes of interest 
(VOIs) is done. These VOIs are being analysed based on the anatomical 
evaluation of the stomach, small bowel and large bowel

Results: 
There is the significant correlation between age and average 
FDG uptake (avg-SUV) of the GI tract (P=.0003) in comparison 
with the esophagus as the reference of the uptake . The corre-
lations are seen in the sigmoid colon with the (P<.0001), and 
between the descending colon VOI and the group (P<.0001). 
There is the intra-operator reproducibility over 3 trials hav-
ing the coefficient of variation (CV) of .63%. The other inter-
operator CV in the few selected patients was 5.6% over the 
entire GI tract.

Conclusion: 
Thus FDG-PET/CT imaging is a promising technique for quantifying 
bowel inflammation and also used for the management.
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Aim/Introduction: 
Radiomics is a process to extract high throughput quantitative data 
from medical images which are not appreciable to the expert human 
eye. These advanced mathematical features have the ability to finitely 
describe tumor phenotypes. Although radiomic features have shown a 
strong correlation with clinical outcome, the stability of these features 
is questionable. Radiomic stability is impacted by various factors like 
the diverse acquisition parameters, tumor delineation, voxel resampling 
parameters, and bin-width parameter. In this study, we investigated the 
reproducibility of CT radiomic features by changing the bin-width and 
voxel size parameter.

Materials and Methods: 
Pretreatment whole-body PET/CT scans of 50 patients with colorec-
tal cancer were used in this study. Contouring of tumor volume on 
the DICOM data was performed manually by an experienced imag-
ing medical physicist on Philips IntelliSpaceDiscovery workstation 
in trans-axial view of CT image. The delineated volume for each 
patient was stored as an RT-STRUCT file and named GTV. Using our 
in-house developed PyRadGUI software, the radiomic features were 
extracted. Radiomic features were extracted for voxel size 1 × 1 × 
1  mm3, 2 × 2 × 2  mm3, 3 × 3 × 3  mm3 and 4 × 4 × 4  mm3 keeping 
the same sigma values as 1, 2, 3mm and bin width 25 .In addition, 
the variability of features due to different bin widths was evaluated 
by resampling the bin width to 5, 10, 25, 15, 50 keeping the same 
sigma values as 1, 2, 3mm and voxel size 2 × 2 × 2  mm3. Stabil-
ity of radiomic features was assessed using Intra class correlation 
coefficient (ICC3) using psych package of R-software: excellent: 
(ICC≥0.90), good: (0.9 >ICC ≥0.75), moderate: (0.75 >ICC ≥0.5), 
poor: ICC<0.5.

Results: 
Features were extracted for five different bin width for CT. 
1032/1093 (94.41%) features showed excellent reproducibility 
(ICC≥0.90); 10/1093(0.91%) features showed good reproducibil-
ity (0.9>ICC ≥0.75); 12/1093 (1.097%) features showed moder-
ate reproducibility (0.75>ICC ≥0.5), 39/1093 (3.568%) features 
showed poor reproducibility (ICC<0.5). Features were extracted 
for different isotropic voxel size. 186/1093 (17.01%) features 
showed excellent reproducibility (ICC≥0.90); 225/1093(20.58%) 
features showed good reproducibility (0.9>ICC ≥0.75); 277/1093 
(25.34%) features showed moderate reproducibility (0.75>ICC 
≥0.5), 405/1093 (37.05%) features showed poor reproducibility 
(ICC<0.5).
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Conclusion: 
Our study demonstrates the change in bin width do not impact the 
reproducibility of the CT radiomic features significantly. However, 
change in voxel size impacts the reproducibility of radiomic features 
hugely.
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Introduction: 
Quantitative Susceptibility Mapping (QSM) is widely applied to dif-
ferent studies, such as neural degeneration diseases, tumor detection, 
and BOLD-based venography that can observe the vessel regeneration 
of stroke rat brains. However, the long scanning time of conventional 
3D gradient-echo (GRE) limits the high spatial resolution/thin slice 
QSM venogram and neglects the small blood vessel. Wideband MRI 
[1] has been proposed to reduce scanning time without additional hard-
ware, and the time saved by Wideband MRI can utilize to acquire high 
spatial resolution and thinner slice MRI. Therefore, this study aims to 
use Wideband MRI for a 2-fold high resolution/thin slice 3D rat brain 
QSM venogram in the same scan time and observe subtle blood vessels.

Materials and Methods: 
MR experiments were performed on a Bruker (Ettlingen, Germany) 
9.4T animal MR scanner with a 4-channel phase array for signal 
reception. The 3D conventional GRE and 3D Wideband GRE were 
performed on Sprague-Dawley (SD) rats with the following param-
eters: TR/TE = 50/12ms, FOV=20×20×40mm3, flip angle=20 deg, 
resolution=156×156×156μm3 (conventional)/ 78×78×156μm3 (Wide-
band high resolution)/ 156×156×78μm3 (Wideband thin slice), scan 
time=27min18s. The rats were under normoxia by inhaling mixed 
gas (20%O2+80%N2). The high proportion of deoxyhemoglobin in 
veins can elevate the contrast of QSM venography. All MR images 
were reconstructed from raw data using MATLAB (The MathWorks; 
Natick, MA, USA). The multichannel data used sum-of-square and 
complex summation algorithms [2] to reconstruct magnitude and phase 
images. The wrapped phase images were resolved with the 3D path-
based unwrapping algorithm [3] and turned into the total field. The 
background field caused by the air-tissue susceptibility difference was 
removed by the SHARP [4] algorithm to obtain the local field. Finally, 
use the MEDI algorithm [5] to calculate QSM from the local field.

Results and Discussion: 
The image results of conventional 3D GRE and high resolution Wide-
band GRE are shown in Fig(a)(b), including the axial view of magni-
tude images and maximum intensity projection (MIP) of QSM. The 
spatial resolution improvement resolved the partial volume effect, 
especially the tiny vessels. The arrows in Fig(a)(b) point out the blood 

vessels that blur or vanish in the conventional QSM become clearer 
and manifest after using Wideband MRI. Fig(c) presented the coro-
nal view of the conventional 3D GRE magnitude images and MIP of 
QSM. Same as Fig(c), Fig(d) included the image results of the thin 
slice Wideband. The continuity of the cortical vessels of the zoom-
in region in Fig(c)(d) enhance obviously because these vessels tilted 
along the slice acquisition direction (Z-axis). In conclusion, the high 
resolution/thin slice Wideband QSM increases the capability of small 
vessels detection.

Conclusion: 
In this study, we utilized the Wideband technique to achieve 2-fold 
spatial resolution/ thin slice 3D GRE in the same scanning time and 
the size can decrease from 156um to 78um. The high resolution and 
thin slice rat brain QSM venogram alleviate the partial volume effect 
and achieve the purpose of subtle vessels detection, which will help 
for precision medicine. Currently, we combine Wideband MRI and 
QSM successfully and observe the subtle vessel in high resolution/thin-
slice image results. In the future, we will compare the image results 
to anatomy structure for validation and apply the high resolution/thin 
slice Wideband QSM to disease models to provide precision quantita-
tive information.
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Background and Aim: 
Qigong practice is a kind of walking meditation with doing deep 
breathing and some gentle movements that shows it is good for health 
and it became very popular in many countries in the world, This 
dynamic meditation is back to 5000 years ago, that originate mainly at 
China and little by little became more known and widespread among 
other countries, including Iran. Nuclear medicine has been showed as 
a good and reliable imaging modality for detection of any changes 
in physiology of human body and therefore is a good method and use-
ful device to evaluate any changes in body perfusion and function, 
specially many disease can be recognized very soon before appearance 
of any clinical sign and symptoms. We decided to have a survey in this 
regard and to find the essential qigong effect on patients with obsessive 
disease by brain SPECT. We chose the obsessives patients because, 
many of this disease still remained unknown. This clinical symptoms 
sometimes cannot be differentiated correctly and consequently their 
therapy encountered with some difficulty. Obsessions is more means 
as a psychological and behavioral disorders and it seems the prevalence 
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of this mental disease is increasing. Therapy for those patients is man-
datory. But it always therapy is conservative and many of them went 
for some alternative therapy like yoga, meditation, Taichi,chigong.etc. 
For behavioural/ mental disease we almost always prescribe to do Shi 
ba fa Qigong or Yi jin jing qigong cause of its simplicity and easy 
acceptance of patients and asked them do 2-3 times a week for almost 
2-3 months.

Material and methods: 
12 patients with obsessive disease, 10 female and 2 male with age 
range 20-72 years old were selected and enrolled for this study. The 
main criteria for selection of those patient is their cooperation ability 
and willingness for doing qigong. Two series of images with Tc99m- 
ethylene-diamine-tetra-acetic acid Brain SPECT were obtained for each 
patient. First scan named pre-qigong and the second scan was obtained 
after practicing Yi ji jing qigong that asked them to do this meditation 
for 2-3 months. All of those brain scans series was performed with 
Philips ADAC gamma camera with the same imaging conditions as 
standard protocols, by injection 25 mCi Tc99m-ECD, for all pre-qigong 
and post-qigong images and compared to find any changes in brain 
flow and function if any. The percent value of tracer uptake for both 
right and left brain cortex for each lobes and also brain nucleus, basal 
ganglias were evaluated by drawing region of interest (ROI)

Results: 
The result shows the cortical perfusion value in pre qigong scan was 
un-even with mean 0.62 percent of count/pixels activity in temporal, 
frontals and parietal area. 10/12 patients has asymmetry of tracer activ-
ity in their basal ganglias as the same as their deterioration on cortical 
activity, that more seen in frontal, temporal and parietal. Patient asked 
doing Yi jin jing qigong for 2-3 months and the post qigong scan shows 
a definite reduction on that asymmetry of tracer uptake more in corti-
cal and more seen harmonized activity on frontal and parietal corti-
cal tissue. Scan result shows, the perfusion/ function of brain cortex 
became more even and harmonized as a 0.89 percent of mean count/
pixels without asymmetry of activity, It means after Yi jin jing, the 
brain tissue reach to more balance rise up to 1.3 times. The same value 
occurred for their basal ganglia as more activity means better perfu-
sion and function.

Conclusion: 
Nuclear medicine has strong role to evaluation of brain perfusion and 
function and can predict correctly the treatment response it seems that 
qigong also is a promising therapy for them.

Reference: 
Qigong meditation is an ancient method of meditation and calmness 
that is helpful to have an healthy body,mind and soul, Raharam medi-
cal qigong center offers many kind of qigong forms for each specific 
patients with various brain, body disease and disabilities . You can get 
in touch with raharamqigong both instagram/ youtubesh . with tel no: 
+989123075890 and @raharamqigong on instagram.
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Objective:  
[11C]UCB-J is a tracer that selectively binds to synaptic vesicle gly-
coprotein 2A (SV2A), which is ubiquitously and homogeneously 
expressed in presynaptic vesicles across the brain. However, the 
original C-11 radiochemistry protocols [1][2] were challenged to pro-
duce  [11C]UCB-J due to C-11 chemistry module difference (Fig. 1a). 
Therefore, we have re-configured and installed two 3-way valves on 
the radiosynthesis module to perform  [11C]UCB-J production with 
enhanced efficiency and demonstrate its reliability in a clinical PET/
MR study of schizophrenia.

Methods: 
The radiochemistry was performed with  [11C]CO2 produced from the 
cyclotron, converted to  [11C]CH4 and  [11C]CH3I via reduction and iodi-
nation.  [11C]CH3I was trapped in -8 oC DMF and then coupled with a 
pre-hydrolyzed 3-pyridyl trifluoroborate precursor via Suzuki-Miyaura 
cross-coupling reaction at 100 oC. In the original  [11C]UCB-J protocol, 
palladium was involved as a catalyst in the reaction. There were precip-
itates observed after the reaction, which can often cause HPLC injec-
tion failure. Two 3-way valves and a 10 mL tube were installed before 
the HPLC injection port, and this setup allowed to remove palladium 
particles from the crude mixture by filtration through a PVDF filter (4 
mm). Afterward, the crude reaction mixture was injected onto semi-
preparative HPLC for purification. The  [11C]UCB-J HPLC fraction 
was formulated in 0.9% NaCl containing no more than 10% ethanol via 
sterile filtration. Subjects received 10-15 mCi dose intravenously. 90 
min Dual-acquisition dynamic 3D PET and MR images were acquired 
on a PET/MR system.

Results: 
Radiosynthesis of  [11C]UCB-J was successfully accomplished with 
reliable reproducibility.  [11C]UCB-J was obtained at 86.1±34.3 mCi in 
1.4±0.6% radiochemical yield with a specific activity of 7.19±3.4 Ci/
μmol (n=20, decay-corrected to EOS). Both radiochemical and chemi-
cal purities were > 99%. Stability tests also showed that prepared doses 
were stable for 1 hour at ambient temperature. All other QC test results 
met specified criteria according to USP 823. (Fig. 1b). In the clinical 
study, we have imaged 20 subjects (10 healthy, 10 with schizophrenia), 
and one representative whole-brain image of  [11C]UCB-J binding is 
displayed in Fig. 1c.

Conclusion: 
We successfully optimized  [11C]UCB-J radiochemistry. In this modi-
fied setup of the C-11 chemistry module, we achieved reliable radio-
chemical yield and reproducible high molar activity for clinical use.
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Introduction: 
Diffusion tensor imaging (DTI) is an MR-based technique that uti-
lizes multi-directions diffusion gradient to measure the water diffusion 
and track neural fiber direction. With the rise of the concept of preci-
sion medicine, the importance of high-resolution/thin slice DTI has 
increased. However, DTI scanning needs to trade-off between acquisi-
tion time, spatial resolution/slice thickness, and image signal to noise 
ratio (SNR). Therefore, different sacrifices are required depending on 
the studies. The single excitation Wideband MRI (SE-WMRI) [1] pro-
posed to increase the MR acquisition efficiency is favorable to relieve 
the limitation aforementioned. Hence, this study aims to combine 
SE-WMRI with DTI to achieve (1) 2-fold thin slice DTI and (2) 1.3-
fold thin slice DTI with 1.5-fold NEX that improves image SNR and 
slice thickness simultaneous. The scan time of SE-WMRI scannings 
is the same as the conventional acquisition because of the assistance 
of SE-WMRI.

Materials and Methods: 
MR experiments were accomplished on a Bruker (Ettlingen, Germany) 
7T animal MR scanner with a 4-channel phase array. The DTI scanning 
was performed on Sprague-Dawley (SD) rats. The image parameters are 
listed below: (1) Conventional Spin echo DTI: slice thickness = 1mm, 
slice number = 6, TR/TE = 1500/30ms, NEX=2. (2) SE-WMRI spin 
echo DTI (1.3X thin slice + 1.5X NEX): slice thickness = 0.75mm, 
slice number = 8, TR/TE = 2000/30ms, NEX=3. (3) SE-WMRI spin 
echo DTI (2X thin slice): slice thickness = 0.5mm, slice number = 10, 
TR/TE = 3000/30ms, NEX=2. All scans have same FOV=30×30mm2, 
matrix size=128×128, resolution=234×234μm2, scan time=44min. B 
value = 700s/mm2, and use 6 direction diffusion gradient with one set 
of B-null image. The B-null and diffusion images were reconstructed 
from raw data using MATLAB (The MathWorks; Natick, MA, USA). 
The combination of multichannel data used sum-of-square algorithms 
[2]. The SNR of B-null images was measured by ImageJ. Moreover, the 
B-null and diffusion images were imported to the DSI studio (Carnegie 
Mellon University, USA) for fractional anisotropy (FA) analysis.

Results and Discussion: 
The conventional B-null image and color FA map are presented in 
Fig(a) and the SNR of the B-null image is 120.26±2.88. Fig(c) dem-
onstrates the image results of the 2-fold thin slice SE-WMRI DTI. 
Although with the SE-WMRI benefit, the slice thickness can decrease 
from 1mm to 0.5mm, the SNR of the B-null image also declined 
to 85.59±3.47. SE-WMRI can not only apply to single parameter 
improvement but also upgrade multiple parameters. In Fig(b), the time 
saved by SE-WMRI improved slice thickness from 1mm to 0.75mm 
(1.3-fold) and increased the NEX from 2 to 3 (1.5-fold) simultaneously. 
Moreover, the scan time is 44min which is the same as the conventional 
scan. The assistance of SE-WMRI implements the thin slice while 
maintaining the SNR successfully. Follow the equation: SNR ∝ slice 

thickness×(1-exp(-TR/T1) )×√NEX. The SNR of conventional DTI 
B-null image is set as 1, the SNR of hybrid SE-WMRI DTI can main-
tain as 1.09, and 2-fold thin slice SE-WMRI remains 0.72.

Conclusion: 
In this study, we utilize the SE-WMRI to achieve the 2-fold thin slice 
DTI and hybrid DTI with 1.3-fold slice thickness and 1.5-fold NEX 
improvement in the same acquisition time as conventional DTI. The 
capability of SE-WMRI that optimizes different parameters depending 
on the applications makes the flexible DTI parameter setting. Currently, 
the results demonstrated in this study are based on 2-fold acceleration 
SE-WMRI. In the future, we will work on the further acceleration of 
SE-WMRI that benefits the DTI and other MRI-based techniques to 
supply faster, more accurate image results for helping clinical usage 
and the research domain.
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Although the death of tumor cells seems to hinder the growth of 
tumors, it is actually an important mechanism for tumor growth, espe-
cially for fast-growing tumors, the higher the proportion of death. The 
mechanisms that accompany other cells no longer present in tumors are 
collectively referred to as Cell Loss Factor. Generally, the cell loss rate 
of human tumors is about 40-90%. The "life and death storm" within 
the tumor tissue may be the main cause of the tumor’s continuous 
growth, but its mechanism is still unclear. If the cells that can survive 
smoothly inside the tumor may have their specificity, they can survive 
in harsh environments. Here we used reporter-gene imaging to track 
the progression of living cells in tumor model, and ex vivo investi-
gated the properties of this population at late-stage tumor. Cancer stem 
cells have been considered to be a minority group in tumor tissues, but 
they have the characteristics of stem cells to differentiate into cancer 
cells. They are also drug-resistant and radiation-resistant. They are also 
considered to cause recurrence and metastasis after tumor treatment. 
This research plan will focus on human head and neck cancer FaDu 
cells. FaDu xenotransplantation of head and neck cancer cells into nude 
mice were sacrificed when the tumor grew to the terminal stage (about 
1000mm^3). The remnant living cancer cells named FaDu-CSC cells 
exhibited mainly cancer stem cells properties compared to parental 
FaDu cells. Using ultrabright biocompatible polymer dots (pDots) with 
the emission at near infrared II (NIR II) spectrum, the angiogenesis of 
tumors formed by FaDu-CSC cells were more abundant and irregular 
than that formed by parental FaDu cells detected by a self-composed 
3D multimodality tumor-vessel imaging system. The characteristics 
of cancer stem cells detected using the novel method of vessel imag-
ing, confirm the identification of human head and neck cancer stem 
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cells, which will be used as an evaluation platform for tumor treatment 
methods in the future.
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Introduction: 
Numerous acquisition schemes, made possible by the flexibility of 
k-space encoding are currently in use for clinical imaging. 3D MRI 
is now center of interesting research efforts as a result of increase in 
signal-to-noise ratios (SNRs) due to volume excitation and the poten-
tial for isotropic voxel dimensions. However, it is important for the 
development of common and flexible analytical phantom in the Fou-
rier domain (FD) to evaluate the effectiveness of many 3D encoding 
schemes in simulation studies. To address this problem, Koay et al. 
(2007) made modifications to the simulated head section produced 
by Shepp and Logan (1974) by proposing a common and flexible 3D 
analytical phantom in the FD such that the 3D k-space signal derived 
from this phantom consists of several ellipsoids that can be analytically 
expressed. This study is aimed at exploring the possibility of modeling 
the image space signal intensity within each ellipsoid as a function of 
MRI parameters such as longitudinal relaxation time  (T1), transverse 
relaxation time  (T2) and apparent diffusion coefficient (ADC).

Method: 
To address this problem, Fourier transform (FT) of an ellipsoid that 
is centered at the origin of the coordinate system and whose principal 
directions are aligned parallel to the coordinate axes needs to be found. 
However, since the ellipsoid is spherical in nature, the excited protons 
move within this geometry and thus, can be described by the NMR dif-
fusion equation with variable diffusion coefficients. In the rectangular 
coordinate, this equation is expressed as eqn (1). In this equation, B 
is the RF magnetic flux, γ is gyromagnetic ratio,  F0 =  M0/T1,  T0 = (1/
T1) + (1/T2),  M0 is equilibrium magnetization.  Dx,  Dy and  Dz are the 
spatially dependent diffusion coefficient along the indicated directions. 
With the assumptions in eqns (2)-(5), the solution to eqn (1) is given 
by eqn (6). Sampling the transverse magnetization  (My) at the highest 
signal amplitude such that M ≈ 0 (ie,  F0 ≈ 0) and for a function f (x, y, 
z) (eqn (7)), the Fourier transform of the function is the same as that 
of the  My. This is given as eqn (8) and after further evaluations; we 
arrive at eqn (9). To specify the 3D diffusion human head phantom for 
our calculations, we set δ is the pulse time,  Gx,  Gy and  Gz are the RF 
gradient magnitudes in x, y and z directions respectively. The ADC is 
set to be  D0. Setting x =y =z =0.0000025 m, δ=0.25 and employing 
the solutions, we have tables 1-5.

Results and Discussion: 
Using the results of the computations, a Python computer program for 
2D reconstruction of these data has been developed. Because of the 

significant differences in the values of the ADC, a direct reconstruction 
did not return results with noticeable contrasts. This is the reason we 
did reconstruction for 1/ADC. These results in two dimensions for the 
relaxation times, ADC and  My are shown in figure 1. For the 3D recon-
struction, we developed a Wolfram Mathematical computer program 
to reconstruct the computed data as shown in figure 2. As shown in 
these figures, the phantoms are now dependent on dynamic processes 
via ADC and deeper tissue contrasts via  T1 and  T2 relaxation times.

Conclusion: 
In this study, we have provided modifications to the basic framework 
for constructing a 3D analytical MRI phantom in the FD which can 
find applications in comparison of different non-Cartesian encoding 
schemes and reconstruction methods. Furthermore, the k-space sig-
nal for the 3D phantom can be evaluated analytically and sampled 
according to any chosen k-space trajectory, encoding scheme, dynamic 
process or contrast parameters. This implies that these phantoms are 
more realistic.
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Introduction: 
MRS has the ability to detect N-acetylaspartate (NAA) in the normal 
brain tissue and citrate in the normal prostate, and their levels decrease 
once the tumor cells start replacing normal cells. MRS detection of 
total choline signal has been impressive in the diagnosis and moni-
toring of brain, breast and prostate cancers. It has also been useful 
in monitoring of patient’s response to anticancer therapy. However, 
MRS has lower sensitivities and requires much longer acquisition 
times and more complex data processing. In addition to this, clinicians 
are not very much familiar with this technique and thus, limiting the 
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application of MRS in the clinical setting. In order to overcome this 
problem, we attempt developing a computational program (macros) 
with Microsoft excel macros programming for MRS of tissues with 
fast data processing.

Methods: 
For this study, we consider the precessing proton spins [2] within rotat-
ing frame of reference. Resonance condition exists at Larmor frequency 
after RF excitation according to eqn(1) [3]. For spatial variations in the 
fluid velocity, the Bloch NMR flow equation becomes eqn(2) [3]. If 
 B1 (x) is applied such that transverse magnetization  (My) is sampled 
at maximum magnitude,  M0 ≈ 0. For spatial velocity expressed as v(x) 
x/τ, eqn(2) becomes eqn(3). The chemical shift measured in parts per 
million (ppm) is expressed as eqn(4) [4]; where ω = λB is the measured 
angular frequency of the metabolites, λ =  106/ω0 and ω = γB0 is the 
frequency of the MR system (ppm) and ωR is resonant frequency of a 
reference substance. Defining the RF frequency as follows ω1 = γB1 = 
γGT0τx, and noting ω = ω0 + ω1. Setting x = Ω/(γGλ), eqn(3) becomes 
eqn(6). Eqn(6) is an equation transformable to Bessel DE and the solu-
tion is given as eqn(7).  Jn is Bessel function of the  1st kind,  Yn is Bessel 
function of the  2nd kind, τ is gradient pulse duration,  A1 and  A2 are 
constants. Eqn(7) hold only if  (T0)2 ≥  4Tg (n ≥ 0). If the frequency of 
the MR system is in Hertz and since the NMR signal must be measur-
able at all values of chemical shifts,  A2 = 0 while  My becomes eqn(8).

Results: 
Using the result of eqn(8), a Microsoft excel macro has been developed 
to generate  My data for different brain tissues (normal and disease-
affected) and they produce magnetization profiles according to their 
unique relaxation times. These relaxation times have been measured 
at  B0 = 1.5T are given in table 1 [5]. Using table 1, MRS profiles are 
presented in Figures 1 to 3.

Discussion: 
With the computational model presented in this study and the computer 
program developed, MRS is simply achieved by entering the measured 
values of  T1 and  T2 relaxation times. Figure 1 gives an illustration of 
the graphic user interface (GUI), figure 2 gives the MRS profiles of 
CSF and three different types of brain neoplasms. Figures 3 combines 
the profiles in figure 2 for the purpose of comparative analysis of nor-
mal brain tissue and tumors. As demonstrated in these profiles, the 
program is not only able to perform tumor diagnosis but also able to 
provide inter tumor contrast.

Conclusion: 
This program is easy to use, highly interactive and the data processing 
is fast and unambiguous. The advantage of this study is that laborato-
ries that are unable to acquire or maintain magnetic resonance equip-
ments can now perform magnetic resonance diagnosis with straight 
forward computer programs as long as they find ways of obtaining the 
required relaxation data  (T1 and  T2). MR relaxometers are cheaper and 
easier to maintain; they could be used to generate these data.
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Preclinical and clinical studies have demonstrated that anti-angiogenic 
therapies can lead to hypoxia as a compensatory mechanism which may 
lead to immunosuppressive microenvironment. Assessment of tumor 
hypoxia could contribute towards better understanding on how anti-
angiogenic therapies can modulate immune microenvironment that can 
be conducive to cancer immunotherapy. The objective of this study 
was to assess longitudinal changes in tumor hypoxia by PET imag-
ing in tumor bearing mice treated with Lenvatinib, an anti-angiogenic 
multi-kinase inhibitor and correlate with molecular changes assessed 
using RNAseq. Longitudinal PET imaging (baseline, d2 and d7 after 
start of treatment) was conducted with the clinically used hypoxia PET 
tracer [18]F-FAZA in mice bearing MC38, CT26 or B16F10 tumors 
treated with either 10 mpk PO Lenvatinib or vehicle control. Tumors 
were collected at d7 after last PET scans for correlative analyses using 
RNAseq. In a parallel efficacy study, mice were treated until 16-20 days 
to determine tumor growth inhibition. In MC38 tumors, normalized 
tumor hypoxia measured by PET were lower for Lenvatinib group than 
the control group (2.0 ± 0.3 vs 2.9 ± 0.6, p = 0.001, n ≥ 8) indicative 
of reduction of tumor hypoxia by Lenvatinib treatment. However, nor-
malized tumor hypoxia in Lenvatinib-treated CT26 tumors were greater 
than control group (3.8 ± 0.6 vs 2.8 ± 0.3, p < 0.001, n ≥ 10). Similar 
observation was found in B16F10 tumors, Lenvatinib-treated group 
had higher normalized tumor hypoxia than control group (2.7 ± 0.4 vs 
2.0 ± 0.2, p < 0.001, n ≥ 10) indicative of Lenvatinib induced tumor 
hypoxia in CT26 and B16F10. The gene expression profiling analysis 
confirmed the findings from PET, Lenvatinib treatment increased the 
hypoxia associated genes and modulated HIF downstream target genes 
in CT26. Lenvatinib treatment resulted in gene expression changes 
in all 3 tumor models with MC38 showing the most robust effects. 
Although the gene expression changes were mostly model-specific, 
a subset of 28 genes were similarly regulated across the 3 models 
following Lenvatinib treatment, with genes involved in Type 1 IFN 
pathways enriched in this set. In the efficacy study, 96% tumor growth 
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inhibition (TGI) was observed in MC38 tumors and 46% and 49% TGI 
in CT26 and B16F10 tumors respectively. Lenvatinib treatment resulted 
in decrease tumor hypoxia in MC38 tumors while an increase was 
observed in CT26 and B16F10 tumors. Analysis from gene expression 
profiling provided molecular basis behind these changes and further 
our understanding of role of anti-angiogenics on tumor hypoxia and 
tumor microenvironment.
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Fluorine (19F) MRI is a new molecular imaging approach for visuali-
zation and quantification of various disease in vivo. In this technique 
usually a contrast agent based on non-radioactive isotope of fluorine 
(19F) is used during imaging to monitor, quantify, and stage different 
disease states [1]. Due to a negligible amount of 19F nuclei in human 
body, 19F allows for a background-free imaging with a high sensitiv-
ity. Current FDA approved 19F contrast agents are based on perfluoro-
carbons (PFCs) in a lipid-based emulsions. The main drawbacks of 
these formulations are low stability and poor specificity. More recently, 
advanced nanoparticles (NPs) with carefully engineered structure and 
properties are proven effective to carry a high amount of 19F atoms, 
increase their solubility, delivery efficiency, and signaling proper-
ties [2]. Poly (D,L-lactic-co-glycolic acid) (PLGA) is an FDA approved 
polymer and is one of the most used NP platforms in both drug and 
contrast agent delivery systems. It can be easily metabolized in vivo, 
modified with various targeting agents to enhance binding effects, and 
loaded with a high amount of hydrophobic/hydrophilic drugs/imag-
ing moieties [3]. In this work, we use a PFCs with a cyclic structure 
named perfluoro-15-crown-5-ether (PFCE) as a tracer for 19F-MRI 
and incorporate it into PLGA polymers. PFCE holds a high density 
of 19F nuclei, 20 magnetically equivalent, and provides a strong single 
resonance peak. But it is not injectable in a free formulation. PLGA 
polymers would offer several advantages by increasing PFCE solubil-
ity, delivering high amount of 19F in vivo, and eventually enhancing 
contrast-to-noise ratio [4, 5]. We study the feasibility of the PLGA 
platform to produce a responsive probe with signal-activable function 
to detect caspace-1 activity. The responsive probe is formed of PFCE 
in the PLGA polymer core and modified by a  Gd3+-conjugated cas-
pase-1 peptide substrate (WEHD) on the particles surface. Due to the 
paramagnetic relaxation enhancement (PRE) effect of  Gd3+ complex, 
the 19F signal can be quenched and subsequently recovered after cleav-
age of  Gd3+-conjugated peptide in the caspase-1 active environment. 
This approach will allow for sensing caspase-1 by MRI imaging in vari-
ous inflammatory disease in deep tissues. We evaluated two different 
PLGA-NHS (Mw ~25KD) and PLGA-PEG-Maleimide (Mw ~20KD) 
polymers to encapsulate PFCE using water-in-oil emulsion technique. 
We confirmed formation of uniform particles by dynamic light scat-
tering (DLS) and obtained average particles size of ~200 nm with a 
low polydispersity index (PDI). We applied 19F NMR spectroscopy to 
confirm and quantify PFCE encapsulation in the polymeric formula-
tions. Both PFCE-PLGA-NHS and PFCE-PLGA-maleimide samples 

showed an intense and single sharp fluorine peak at ~92ppm with a 
high stability compared to pure PFCE. For the PFCE-PLGA-NHS 
sample, we calculated 16% amount of PFCE encapsulation using 19F 
NMR. We assessed the ability of the PLGA-NHS and PLGA-PEG-
Maleimide polymers to covalently attached to the  Gd3+-conjugated 
caspase-1 peptide substrate. For this purpose, we investigated two dif-
ferent amine-N-hydrosuccinimide (NHS) esters and thiol-maleimide 
conjugation chemistry to bind the  Gd3+-peptide to the PLGA-NHS 
and PLGA-PEG-Maleimide polymers respectively. We investigated 
the influence of polymeric structures and various reaction conditions 
such as different solvents on the efficiency of the conjugation using 1H-
NMR. In general, this study opens up a new approach for real-time 
imaging of caspapse-1 activity in deep tissue of living animals with a 
high sensitivity and specificity.
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Colorectal cancer (CRC) is the third most diagnosed malignancy in 
adults. Almost half of patients diagnosed develop metastatic colorectal 
cancer (mCRC). While Computed Tomography (CT) is a gold-standard 
imaging modality in this setting, bioluminescence imaging (BLI) repre-
sents the default modality in the pre-clinic. However, many preclinical 
models, including patient derived xenografts (PDX), are not amenable 
to BLI. Moreover, while orthotopic PDXs may faithfully recapitulate 
metastatic dissemination evidenced in patients, it remains especially 
difficult to monitor disease evolution in these models. Overall, use of 
preclinical CT may assist in the visualization of such tumours. Here, we 
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have developed a novel double contrast-enhanced CT (CE-CT) method 
for visualisation of orthotopic CRC tumours and metastases. NSG mice 
(N=26) were intracaecally implanted with  1x106 cells of metastatic 
CRC cell-line HT29-LUC2 and tumours allowed to develop. Mice 
were imaged by CE-CT on the Quantum GX2 (Perkin-Elmer) and 
underwent 4 rounds of CE-CT (90kV, 88μA, Resolution:144μm). 90 
minutes preceding CT, iopamidol (iodine-based contrast agent) was 
administered via oral gavage, contrasting the colon lumen. Prior to 
imaging, iopamidol was injected intraperitoneally providing contrast 
in peritoneum, negatively contrasting the intracaecal tumour. To detect 
metastatic dissemination by CT, metastases were first confirmed by in 
vivo BLI (IVIS Spectrum). A bioluminescence signal was present in 
lungs of mice. Subsequently, mice were intravenously injected with 
contrast agent ExiA-160XL (liposomal encapsulated iopamidol) and 
imaged as before. The contrast agent was specifically taken up in liver 
and metastatic lesions appeared as dark halos against contrasted liver 
parenchyma. Moreover, lung metastatic lesions were evident from 
CT images. At study termination, ex vivo BLI confirmed metastatic 
dissemination to liver and lung in a similar pattern as evidenced in 
patients. Here we report for the first time the development of a novel 
contrast-enhanced protocol for the detection and monitoring of ortho-
topic CRC primary and metastatic tumours. This imaging protocol 
will be vital for monitoring orthotopic PDX tumours in ongoing stud-
ies which aim to establish novel combination treatments for MSS 
 Rasmut mCRC. Pre-clinical and patient mCRC CT data are also being 
mined to establish radiomic signatures as non-invasive biomarkers to 
predict response to novel precision medicine treatments.
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Aim/Introduction: 
Chondrosarcomas have diverse clinical and morphological behaviour. 
The imaging features of chondrosarcomas on magnetic resonance 
imaging (MRI) are characteristic for definitive diagnosis. Grading of 
tumour is performed on the pathological diagnosis. This study aims 
to develop a radiomic signature for grading the tumour on MRI scan.

Materials and Methods: 
The study is approved by IEC as a retrospective study with a waiver of 
informed consent. The pre-treatment MRI scans of 50 chondrosarco-
mas patients who underwent treatment in our hospital were used in this 
study. The primary tumour was delineated on T1 images on a 3D slicer 
by expert imaging physicists and reviewed by an expert ortho-surgeon. 
In total 1093 radiomic features were extracted from the tumours on 
T1images. Pathological grade of tumour grade was binarized as Grade 
1: 0 (low-grade) and Grade 2 and above: 1 (high-grade). Minority class 

data balancing is performed using Synthetic Minority Oversampling 
Technique (SMOTE) in python script. The most appropriate feature 
was selected using the recursive feature elimination technique (RFE) 
and random forest (RF) algorithm. The Random Forest model was 
developed for the classification of the tumour grade using five-fold 
cross-validation as well as a train-test split.

Results: 
A total of eight features were selected using the RFE (table 1). The 
accuracy of the random forest model on five-fold cross-validation was 
found to be 0.92(±0.7). The model accuracy and AUC on the test set 
in the train-test model validation were found to be 0.88 and 0.988 
respectively.

Conclusion: 
Although it is a preliminary result with very few numbers of patients, 
our initial result shows the predictive power of radiomic features in the 
classification of high and low-grade chondrosarcoma. Recruitment of 
patients in this study is in progress to develop a prediction model on 
a large data set. Table 1: shows the features selected using RFE for 
model development

Serial No. Feature Name
1 ’log-sigma-3-0-mm-3D_firstorder_Skewness’
2 ’log-sigma-3-0-mm-3D_glrlm_LongRunHighGray-

LevelEmphasis’
3 ’wavelet-LLH_glcm_Idmn’
4 ’wavelet-LLH_glcm_Idn’
5 ’wavelet-LLH_glrlm_LongRunHighGrayLevelEm-

phasis’
6 ’wavelet-LLH_gldm_SmallDependenceLowGray-

LevelEmphasis’
7 ’wavelet-LHH_gldm_SmallDependenceLowGray-

LevelEmphasis’
8 ’wavelet-LLL_gldm_LargeDependenceHighGray-

LevelEmphasis’
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Objectives:
 18F-fluorodeoxyglucose (FDG), the most widely used PET/CT radi-
otracer in oncologic staging and surveillance, has limited sensitivity, 
particularly in the evaluation of mucinous tumors.1 A curative, thera-
nostic 3-step pretargeted strategy combining radioimmunodiagnosis 
(PRID) and radioimmunotherapy (PRIT), both using a glycoprotein 
A33 (GPA33)-targeting bispecific antibody (BsAb) and a DOTA-
based radiohapten has been reported.2 The sensitivity and specificity 
of 18FDG PET were compared to that of GPA33-PRID, where PRID 
used 86Y for PET and 111In for SPECT. Two preclinical in vivo tumor 
models that positively stain for Periodic acid-Schiff (PAS) were used: 
SW1222 cell line derived xenograft (CDX) colorectal carcinoma 
model, and CRC107Li, an organoid derived xenograft (ODX) model 
from colorectal liver metastasis.3

Methods: 
6-week-old female NSG (NOD.Cg-Prkdcscid  Il2rgtm1Wjl/SzJ) mice 
were inoculated subcutaneously with  1x106  SW1222 (n=5) or 1 
x  105 CRC107Li (n=3). Following 10 days (SW1222) or 4 months 
(CRC107Li) of tumor growth, mice were injected with 500uCi 18FDG 
for PET/CT imaging 2 hours post injection (hpi). Mice under-
went 111In-GPA33-PRID in week 1 and 86Y-GPA33-PRID in week 2 
as follows: at time 0 of each week, 250ug (1.2nmol) anti-GPA33 BsAb 
was given, followed by 25ug (2.8nmol) CCA16-DOTAY clearing agent 
22 hours later, followed by 500 pmol of DOTA-based radiohapten at 
26 hours: 9.3MBq 111In “proteus-DOTA”(Pr)4 for 111In-GPA33-PRID, 
and 7.4MBq 86Y-aminobenzyl-DOTA (ABD) for 86Y-GPA33-PRID. 
SPECT/CT and PET/CT images following PRID were obtained at 
24hpi of 111InPr and 18hpi of 86Y-ABD, respectively. Following 86Y-
PET/CT, tissues were assayed for radioactivity biodistribution. Regions 
of interest (ROI) were selected based on CT imaging, and the volume 
average radioactivity of each ROI was compared to tissue radioactiv-
ity counted by gamma counter. GPA33 expression on SW1222 and 
CRC107Li were confirmed by flow cytometry prior to tumor inocula-
tion, and confirmed after tissue dissection by IHC and autoradiography.

Results: 
Radioactivity uptake expressed as injected dose per gram of tumor 
(%ID/g) was consistent across 111In SPECT, 86Y PET and tissue counts 
for both SW1222 (7.6, 17.6, and 32, respectively) and CRC107Li mod-
els (1.9, 3.1, 3.8). There was greater uptake and targeting in SW1222 
vs CRC107Li tumors, consistent with the higher GPA33 expression 
in SW1222 than in CRC107Li as demonstrated by flow cytometry 
(SW1222 MFI:13471, CRC107Li MFI: 3617). Both models demon-
strated high tumor to non-tumor tissues by PRID (see figure) and by 
biodistribution. The average tumor-to-organ ratios on 86Y-PRIT PET 
for heart, lungs, and bone were 32.9, 32.3 and 31.4 in SW1222, and 
15.0, 11.9, and 12.2 for CRC107Li, respectively. In contrast, the same 
ratios on 18FDG PET were less than 1: 0.48, 0.64 and 0.42 for SW1222 
and 0.45, 0.90 and 0.61 for CRC107Li. In the low antigen density 
CRC107Li model, sensitivity for tumor detection was similar with the 
average radioactivity uptake ranging from 1.9-3.8% ID/g for tumors 
in all imaging modalities (18FDG PET, 111In SPECT, 86Y PET and 
biodistribution), but PRID strategy demonstrated superior tumor to 
non-tumor tissues (tumor, heart, lung, kidneys, bone, brain, bladder).

Conclusions: 
The feasibility and targeting of DOTA-based PRID in two  in 
vivo murine models GPA33-expressing carcinoma, including a patient 
derived organoid, were demonstrated. The PRID strategy yielded 
higher contrast of tumor vs non-tumor tissues with  111In-SPECT 
and  86Y-PET imaging when contrasted with  18FDG PET. Studies 
evaluating the efficacy of PRIT in these CDX and ODX models are 
currently underway.
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Aim/Introduction: 
The role of artificial intelligence and radiomics in prediction model 
development in cancer has been increasing every passing day. Cervical 
cancer is the 4th most common cancer in women worldwide contribut-
ing 6.5% of all cancer types. The treatment outcome of cervical cancer 
patients varies and individualized prediction of disease outcome is of 
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paramount importance. The purpose of this study is to develop and 
validate the digital signature for 5-years overall survival prediction in 
cervical cancer using robust CT radiomic and clinical features.

Materials and Methods: 
Pretreatment clinical features and CT radiomic features of 68 
patients, who were treated with chemoradiation therapy in our 
hospital were used in this study. Radiomic features were extracted 
using an in-house developed python script and pyradiomic package. 
Clinical features were selected by the recursive feature elimina-
tion technique. Whereas radiomic feature selection was performed 
using a multi-step process i.e., step-1: only robust radiomic features 
were selected based on our previous study (Jha AK et.al., 2021), 
step-2: a hierarchical clustering was performed to eliminate feature 
redundancy, and as final step-3: recursive feature elimination was 
performed to select the best features for prediction model devel-
opment. Four machine algorithms i.e., Logistic regression (LR), 
Random Forest (RF), Support vector classifier (SVC), and Gradi-
ent boosting classifier (GBC) were used to develop 24 models (six 
models using each algorithm) using clinical, radiomic and combined 
features. Models were compared based on the prediction score in 
the internal validation.

Results: 
The average prediction accuracy was found to be 0.65±0.05, 
0.72±0.09, and 0.77±0.05 for clinical, radiomic, and combined mod-
els respectively. The average prediction accuracy was found to be 
0.69±0.07, 0.79±0.07, 0.71±0.09, 0.72±0.06 for LR, RF, SVC and 
GBC models respectively (figure 1).

Conclusion: 
Our study shows a strong correlation between robust radiomic signature 
and 5-year overall survival in cervical cancer patients. However, this 
model needs to be trained and validated on a larger and external dataset.
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Background: 
Androgen receptor (AR) is a potential therapeutic target in triple-
negative breast cancer (TNBC). This study aimed to elucidate the 
association of AR expression with glucose metabolic features in 
TNBC.

Methods: 
Two independent datasets were analyzed: FDG PET data of our insti-
tution and a public dataset of GSE135565. In PET analysis, patients 
with TNBC who underwent pretreatment PET between Jan 2013 and 
Dec 2017 were retrospectively enrolled. Clinicopathologic features 
and maximum standardized uptake value (SUV max) of tumors were 
compared with AR expression. In GSE135565 dataset, glycolysis score 
was calculated by the pattern of glycolysis-related genes, and of which 
association with SUV max and AR gene expression were analyzed. 
Results: A total of 608 female patients were included in the PET data 
of our institution. SUV max was lower in AR-positive tumors (P < 
0.001) and correlated with lower AR expression (rho = –0.26, P < 
0.001). In multivariate analysis, AR was a deterministic factor for low 
SUV max (P = 0.012), along with other key clinicopathologic features. 
In the GSE135565 dataset, AR expression also exhibited a negative 
correlation with SUV max (r = –0.34, P = 0.001) and the glycolysis 
score (r = –0.27, P = 0.013).

Conclusions: Low glucose metabolism is a signature of AR expres-
sion in TNBC. It is suggested that evaluation of AR expression status 
needs to be considered in clinical practice particularly in TNBC with 
low glucose metabolism.
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The failure of animal models to predict therapeutic responses in 
humans is a major problem. Organ on a chip technology with human 
cells cultured under constant flow can recreate organ level physiology 
and pathophysiology with high precision and serve as a living ava-
tar for personalized medicine [1]. Prostate-specific membrane antigen 
(PSMA) overexpression is a characteristic of prostate cancer and is 
associated with cancer progression, metastasis, and poor prognosis 
in patients [2,3]. Interestingly, increased expression levels of PSMA 
are also found on the vasculature of a variety solid tumors [4,5]. Here, 
using cutting-edge microfluidic organ on a chip technology and human 
endothelial cells, we have established an innovative approach to inves-
tigate PSMA-dependent mechanisms promoting tumor vascularization, 
where endothelial cells are migrating, coordinating, and organizing 
themselves into three-dimensional structures similar to those found in 
a human body. Our preliminary data confirmed that endothelial cells 
can be activated to sprout, or endothelial cells with elevated PSMA 
expression levels are more likely to form vessel-like structures. We 
can alter some of these interactions using PSMA’s enzymatic activity 
inhibitors such as PMPA that impact endothelial cell activation. We 
hope to gain more understanding of this complex system that reliably 
bridges the gap between in vitro and in vivo models and further allows 
precise studies of cellular and molecular mechanisms driving PSMA-
dependent tumorigenesis.
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Introduction: 
It has been reported that radiation therapy (RT) occasionally causes 
regression of non-irradiated metastatic lesions, which is called abscopal 
effect. The radiation-mediated systemic anti-tumor effects are induced 
by an activation of tumor-specific CD8+ T cells which are primed 
by antigen-presenting cells that capture tumor-specific antigens from 
the collapsed tumor. 1 2 Although it has been reported that immuno-
therapy, especially immune checkpoint blockade (ICB), can enhance 
abscopal effect, the imaging biomarkers which predict the induction 
of the abscopal effect have not been investigated to date. 3, 4 Hypoxia 
is reported to cause T cell exhaustion by inducing a mitochondrial 
defects. 5 Increased vessel permeability and perfusion may predict 
the efficacy of ICB.6 Therefore, in the current study, we investi-
gated  pO2 distribution, permeability and perfusion in the primary/meta-
static model tumors treated with the combination therapy to explore the 
physiological changes in the tumors showing abscopal effect.

Methods: 
MC38 colon adenocarcinoma tumor model treated with RT and PD-1 
inhibitor were used to evaluate the abscopal effect.  1x106 tumor cells 
and  2x105 were inoculated subcutaneously into right and left hindlegs 
of C57BL/6 mice, respectively. In group 1, only right leg tumor was 
irradiated, and αPD-1 antibody 200 μg was intraperitoneally injected 
on days 0, 3, and 7 after treatment. In group 2, right leg tumor was irra-
diated and IgG isotype antibody 200 μg was injected. In group 3 and 
4, mice were injected with αPD-1 antibody and IgG isotype antibody, 
respectively. Imaging studies were performed on both hindleg.
Electron para-magnetic resonance imaging (EPRI) were performed for 
quantitative intra-tumor  pO2 mapping with high resolution (~0.2mm) 

by observing the linewidth of the exogenously administered trityl radi-
cal probe Oxo63.
Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) 
were performed on a 3T scanner (Bruker BioSpec 3T). T1-weighted 
fast low-angle shot (FLASH) images were obtained. Gd-DTPA solu-
tion was injected through a tail vein cannula. To determine the local 
concentrations of Gd-DTPA, T1 maps were calculated from three sets 
of Rapid Imaging with Refocused Echoes (RARE) images, with the 
acquisitions being made before running the FLASH sequence.
Flowcytometry: To analyze tumor infiltrating lymphocytes (TILs), 
single-cell suspensions were prepared from left hindleg tumor. The 
cell surface phenotypes were determined by direct immunofluorescence 
staining with aCD3, aCD8, and aCD4 antibody and analyzed using 
FACS Calibur (BD Biosciences). TILs were identified and gated on a 
forward scatter versus side scatter plot.

Results and Discussion: 
Combination treatment of RT and PD-1 inhibitor showed a synergistic 
effect on MC38 tumor (Fig.1). Flowcytometry showed that CD8+ T 
cell infiltration in unirradiated tumor increased after the combination 
of RT and PD-1 inhibitor (Fig.2), suggesting that in vivo synergistical 
effect was caused by higher CD8+ T cell infiltration. Hypoxic fraction 
< 10 mmHg (HF10), permeability, perfusion in unirradiated tumor 
improved after the combination of RT and PD-1 inhibitor (Fig.3 and 
4), suggesting that enhanced CD8+ T cell infiltration by the abscopal 
effect caused the changes in these imaging biomarkers. Interestingly, 
these biomarkers (high Permeability, Perfusion, and low HF10) before 
treatment were found to be associated with the extent of induction 
of abscopal effect (Fig.5), which may imply the mode of tumor cell 
death by radiation therapy has a significant impact on the induction 
of abscopal effect.

Conclusion: 
Hypoxic fraction < 10 mmHg, permeability, perfusion and CD8+ T 
cell infiltration in unirradiated tumors improved after the combination 
of RT and PD-1 inhibitor. Higher permeability/perfusion and lower 
HF10 in irradiated tumor before treatment was associated with slower 
unirradiated tumor growth after the treatment. These data can provide 
imaging biomarkers to predict the successful radiation-induced absco-
pal effect when treated with PD-1 inhibitor.
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Introduction: 
Autoimmune Inflammatory Arthritides (AIA), such as Rheuma-
toid Arthritis (RA) or Psoriatic Arthritis (PsA), are chronic and 
systemic disorders that result in significant functional disability 
and musculoskeletal pain [1,2]. Left undiagnosed for even a few 
months, AIA may cause permanent musculoskeletal tissue dam-
age. Effective targeted treatments for AIA continue to advance, 
however, assessment of disease activity is essential for optimizing 
treatments and improving long-term outcomes [3,4]. Current clini-
cal tools, primarily based on physical exam or structural imaging, 
are vastly inadequate for evaluating AIA systemic disease activity 
[5]. Recently developed total-body (TB) PET/CT scanners could 
help address this challenge by providing objective, molecular-level 
assessment of tissues across the entire human body [6,7]. In this 
prospective, first-in-human study, we assessed the performance 
of an ultra-low-dose 18F-FDG TB-PET/CT acquisition protocol to 
evaluate systemic joint, entheseal, and nail involvement in AIA. 
We also report the association of rheumatologic measures derived 
from standardized outcome instruments with those extracted from 
TB-PET/CT.

Methods: 
Thirty participants (24 with AIA [15 with PsA, 9 with RA] and 
6 with osteoarthritis (OA)), were prospectively enrolled in this 
single-center, observational study. All participants underwent a 
TB-PET/CT scan on the uEXPLORER scanner (United Imaging 
Healthcare) for 20 min starting at 40 min after intravenous injec-
tion of 78.1±4.7 MBq of 18F-FDG. Evaluation of 18F-FDG uptake 
was performed from the resulting images for 28 joints (as per the 
Disease Activity Score-28 [DAS-28] outcome measure) in both 
AIA and non-AIA groups. In the PsA group, 6 entheses locations 
(as per the Leeds Enthesitis Index [LEI]) and nails (as per Nail 
Psoriasis Severity Index [NAPSI] evaluation) were assessed from 
TB-PET/CT. A rheumatologist blinded to the imaging finding 
evaluated DAS-28, LEI, and NAPSI within two weeks before the 
TB-PET/CT scan. Statistical analysis involved correlation meas-
urement (Spearman’s ρ) and group comparisons (Mann-Whitney 
U or Fisher’s exact test).

Results: 
TB-PET/CT enabled the visualization of 18F-FDG uptake at sites of 
interest across the entire body in a single bed position, and in the same 
phase of radiotracer uptake. There was concordance between TB-PET 
assessments and joint-by-joint rheumatologic evaluation in the AIA 
and non-AIA cohorts for 69.9% and 91.1% joints, respectively, while 
an additional 20.1% and 8.8% joints, respectively, deemed negative on 
rheumatologic examination showed PET-positivity. On the other hand, 
10.0% and 0% joints in the AIA and non-AIA cohorts, respectively, 
were positive on rheumatologic evaluation but negative on TB-PET. 
Quantitative joint measures from TB-PET in the AIA cohort demon-
strated a strong correlation (Spearman’s ρ=0.60-0.68, p<0.05) with 
DAS-28. In the PsA cohort, 10/15 participants presented with enthesi-
tis on TB-PET/CT. Concordance between the LEI and TB-PET/CT 
assessments was 78%. An additional 19.5% entheses were negative on 
rheumatologic exam but were positive on TB-PET/CT. On the other 
hand, 2.5% entheses were positive on rheumatologic exam and negative 
on PET. When comparing nails in PsA participants, there was con-
cordance between TB-PET/CT and NAPSI evaluation for 82% of the 
nails. A total of 17% nails considered negative by rheumatologic exam 
were positive on TB-PET/CT. There were 1% nails that were positive 
on rheumatologic exam but negative on PET and this mismatch was 
attributed to intrascan motion.

Conclusion: 
Systemic evaluation of hallmark pathologies underlying AIA (as 
opposed to those in non-AIA) is feasible with a TB-PET/CT system and 
an ultra-low-dose protocol. TB-PET/CT measures showed an overall 
positive association with the different clinical scales, and demonstrated 
the ability to detect pathologies occult on rheumatologic exam. These 
results provide the foundation for future larger studies to evaluate the 
possible improvements in AIA systemic assessment via the TB-PET/
CT technology.
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Recently, bacterial-mediated cancer therapy can be used as an effec-
tive delivery system since bacteria can selectively accumulate and 
proliferate in tumors. However, the complex microenvironmental 
structure of the tumors might reduce the penetration of bacteria. Thus, 
depleting the irregular structure of the tumors can increase bacterial 
colonization, resulting in the enhanced therapeutic effect. However, 
altering the tumor microenvironment may also facilitate metastasis. 
Here, we tested the therapeutic effect and impact on cancer metasta-
sis of engineered Salmonella typhimurium which can be induced with 
doxycycline to secrete hyaluronidase to destroy the tumor environ-
ment, and cytolysin A to kill cancer cells. Our results indicate that 
the engineered Salmonella can suppress metastasis and the growth of 
various cancer models such as breast cancers, pancreatic cancers, and 
colon cancers in mice. Therefore, we suggest that the engineered Sal-
monella can bring an excellent anti-cancer effect and reduce the inva-
sion and metastasis of tumors.
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Introduction: 
Depression is a complex psychiatric disorder characterized by persis-
tent and pervasive low mood accompanied by anhedonia, disturbances 
of sleep and/or appetite, and feelings of sadness [1,2]. Moreover, 
detecting and evaluating alterations in glutamate levels is important, 
as it has the potential to be used as an essential key-marker for quantify-
ing cerebral metabolism in depressive disorders. This study aimed to 
visualize and quantitatively evaluate hippocampal glutamate changes 
in a rat model of depression using 1H-MRS and glutamate-weighted 
chemical exchange saturation transfer (GluCEST).

Methods: 
Twenty-four rats were randomized into two groups (forced swimming 
test [FS], n=12; and control, n=12). Rats were individually forced 
to swim in an open Plexiglas cylinder filled with water up to 40-cm 
deep [3]. All FS rats were individually subjected to two swimming 
sessions: an initial pre-swimming trial (15-min), followed 24-h later 
by a 10-min test.
All MR experiments were performed using a horizontal 7-T preclini-
cal scanner. GluCEST imaging was carried out in a selected single 
slice in which the hippocampus was well observed using the follow-
ing parameters: turbo-RARE sequence, slice thickness=1.5-mm, 
FOV=30×30-mm2, TR/TE=4200/36.4-ms, RARE-factor=16, and 
RF saturation pulse (power/length)=3.6-μT/1000-ms. Z-spectra were 
acquired at 25-frequency offsets from 6 to -6ppm with a step size of 
0.5ppm, and the reference image  (S0) [4,5]. To correct for  B0- and 
 B1-inhomogeneity, water saturation shift referencing Z-spectra (33-fre-
quency offset; ±0.8ppm; 0.05ppm step size; 0.05-μT RF saturation 
power) [6], and  B1-field map (flip-angle 30° and 60°) [4] were obtained.
In vivo  1H-MRS data were acquired from a single voxel (12-μL) 
positioned in the hippocampus using a PRESS sequence (TR/
TE=5000/16.3-ms, spectral width=5-kHz, data points=2048, and 256 
averages) [7].
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The equation for calculating the GluCEST map was as follows: 
GluCEST(%)=100×(M[−3ppm]–M[+3ppm])/M[−3ppm] where, 
M[±3ppm] are  B0- and  B1-corrected signals at ±3ppm from water 
resonance, respectively [4,5]. A ROI was drawn in the hippocampal 
region for the computation of GluCEST values. The LCModel was 
used to quantify MRS data. Metabolite concentrations were determined 
using the unsuppressed water spectrum as an internal reference.
The quantified metabolite concentrations in all spectra were normally 
distributed (Kolmogorov-Smirnov test of normality, all p>0.2), and 
independent t-tests were used. Statistical differences were assumed to 
be significant for p-values below 0.05.

Results and Discussion: 
Figure1 shows the magnetization transfer ratio asymmetry  (MTRasym) 
curves and quantified GluCEST-weighted values in the hippocampus of 
FS and control rats. The average GluCEST value between the left and 
right hippocampus in FS group was significantly lower (3.67±0.81%) 
than in controls (5.02±0.44%; p<0.001). Figure2 shows voxel place-
ment in the hippocampal region of rats and presents the spectral fit-
ting results of 1H-MRS in a representative rat from each group. The 
quantified glutamate concentrations in the hippocampal region were 
significantly lower in FS rats than in controls (6.560±0.292-μmol/g 
vs. 7.133±0.397-μmol/g, respectively; p=0.001). Figure3 indicates the 
calculated multi-parametric MR values in the FS and controls in the 
hippocampal region. There were no significant differences between 
two groups. These results might reflect that multi-parametric values do 
not affect the formation of GluCEST signals in the present study [8]. 
Figure4 shows reconstructed maps of the quantified multi-parametric 
MR and GluCEST values overlaid on the corresponding  S0 images 
from a representative rat in the FS and controls. There was no apparent 
difference in the multi-parametric MR images in visual inspections, as 
shown in Fig.3, but remarkable contrasts were observed in the GluC-
EST maps of the hippocampal region.

Conclusion: 
Our findings suggest that GluCEST may provide a unique method to 
detect and monitor glutamate levels in a rat model of depression. Fur-
thermore, using GluCEST and 1H-MRS techniques may yield greater 
insight into the neurochemical role of glutamate in various psychiatric 
disorders.
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Introduction: 
Prostate cancer (PCa) is the third cause of cancer deaths and affects 
millions of men globally with high incidence in western countries. 
Although many different treatment modalities have been proven to be 
effective in treating localized prostate cancer, radical prostatectomy 
is still the most accurate way to eradicate localized PCa. However, 
approximately 20-40% of patients will present biochemical recurrence 
after the  surgery1. Prostate-specific membrane antigen (PSMA) is over-
expressed in the epithelium of prostate cancer and has been increas-
ingly used as a target for cancer imaging and  therapy2-3. The aim of 
this study is to develop PSMA-targeted fluorescent probes that would 
provide intraoperative image guidance for prostate tumor resection 
and allow for subsequent interstitial Targeted Photodynamic Therapy 
(tPDT)4 to eliminate unresectable or residual tumor lesion.

Methods: 
A new bivalent PSMA-targeted Si-phthalocyanine (Pc)-based photo-
sensitizer, functionalized with thiol-Glu-NH-CO-NH-Lys-2-naphthyl-
L-Ala-cyclohexane, a well-known PSMA inhibitor, was synthesized 
(Persuasive data Fig. 3). The cellular uptake of the dye was examined in 
human PCa cells with different PSMA expression, PC3-PIP (PSMA+) 
and PC3-FLU (PSMA-), by NIR fluorescent cell binding assay. Pho-
todynamic properties were evaluated in vitro after irradiation with a 
diode laser at 690 nm (total light fluence: 20 J/cm2). MTS assay was 
performed 24h post irradiation. To determine whether ROS genera-
tion was involved in contributing to cell death after PDT treatment, 
fluorescence levels of 2’,7’-dichlorofluorescein (DCF) were measured 
in PC3-PIP and PC3-FLU treated or untreated cells by fluorescence 
spectroscopy or confocal microscopy. To validate the PSMA-binding 
specificity of SiPc-(PSMAi)2 and identify the optimal time-point for 
fluorescence guided surgery and PDT treatment, PC3-PIP and PC3- 
FLU tumor bearing mice were injected with 10 nmol dose of SiPc-
(PSMAi)2 and imaged at 1h, 4h and 24h post injection. After imaging, 
mice were sacrificed and organs harvested to detect the fluorescence 
signal.
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Results and Discussion: 
As shown in Figure 1b, SiPc-(PSMAi)2 probe specifically target PSMA 
positive PC3-PIP cells displaying a binding proportional to the con-
centration, whereas a negligible affinity was observed for the PSMA 
low-expressing PC3-FLU cells (Fig.1a-b). The probe was also evalu-
ated in terms of PDT effect. SiPc-(PSMAi)2 induced a PSMA-specific 
PDT (Fig. 2a) with a concentration-dependent decrease of cell viability 
(up to 20,3% at 500 nM) only in the treated PC3-PIP cells but not in 
control PC3-FLU cells. Treated PC3-PIP cells showed a significant 
concentration-dependent increase in level of ROS production (up to 
4-fold higher at 500 nM) compared to treated PC3-FLU cells (Fig. 2b 
and Persuasive data Fig. 4). These results clearly demonstrate that 
SiPc-(PSMAi)2 possesses PSMA-specific phototoxicity and negligi-
ble in vitro cytotoxicity in the absence of light irradiation. This probe 
was preliminary tested on mice bearing PC3-PIP and PC3-FLU tumors 
showing a significant tumor uptake after the injection of 10 nmol at 4h 
and 24h (Persuasive data Fig. 5). The kidney and liver uptake were par-
tially due to the route of excretion as well as because a high expression 
of PSMA was found in many normal tissue types and on endothelial 
cells of tumor  vessels5. However, the background toxicity is reduced 
by the fast clearance rate observed from non-target tissues, the low 
concentration of PDT agents used, and the tissue or organ specific and 
focused irradiation required for PDT.

Conclusions: 
A novel dye has been designed to be used intraoperatively as dual 
NIRF/tPDT agent. The probes showed promising results in terms of 
target affinity, in vitro photo-induced cytotoxicity and in vivo tumor-
to-background fluorescence ratio. Future study will be focused on 
testing in vivo the PDT therapeutic potential of the tumor targeted 
photosensitizer.
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Many rare disease animal models generated with transgenic and gene 
targeting methods present with altered cardiac structure and function. 
As a result, high-sensitivity in vivo echocardiography has become an 
attractive method to evaluate cardiac system phenotype and various 
therapeutic treatment effect including gene therapy in these models. 
High frequency echocardiography platform, transthoracic B-mode, 
M-mode, pulse wave Doppler, ECG kilohertz, VevoStrain, VevoVeso 
visualization are major imaging methods currently used for assessing 
cardiac structure and function with great temporal (~msec) and spatial 
(~0.1 mm) resolutions and relatively high throughput (5 to 15 min per 
animal). We have used Vevo2100 platform for phenotyping and efficacy 
imaging of several genetic disease models. Here we present our imag-
ing methods and major conclusions based on these models. 1. Myotonic 
dystrophy type 1 mouse model (DMSXL): DMSXL mice carry a 45-kb 
human genomic fragment that includes the mutant DMPK with 1,000-
1,600 CTG repeats. DMSXL mouse model recapitulates some of the 
molecular and clinical features of DM1 phenotype. Phenotyping stud-
ies demonstrated that DM1 mice have lower cardiac output, decreased 
descending aorta diameter and decreased blood flow velocity compared 
to their wild-type littermates. Furthermore, AAV-mediated muscle tar-
geted expression of engineered artificial microRNA directed against 
DMPK mRNA treatment reduces toxic DMPK mRNA and improves 
DM1 model cardiac phenotype compared to untreated mice at two-
months post AAV treatment, including the strain and strain rate analy-
sis. 2. Mucopolysaccharidoses type 1-Hurler (MPS I-H) mouse model 
(Hurler mice): Hurler mice carries a nonsense mutation analogous to 
the Human severe form of α-L-iduronidase (IDUA deficiency muta-
tion). The homozygous IDUA mutation mice develop cardiac and aortal 
deficiencies as they age. An AAV vector expressing α-L-iduronidase 
(IDUA) was administered via single IV injection at 4-5 weeks of age. 
CV function was measured a half-year post-injection. Substantial aor-
tic dilation improvement was detected and confirmed by histology in 
the treated cohort. 3. Sickle cell disease model (Towne mice): Towne 
mice carry several human sickle hemoglobin knock-in genes replacing 
the endogenous mouse gene. Hearts from Townes mice are grossly 
enlarged at all time points compared to age matched controls. With 
increasing age Towne mice (5 weeks, 3 and 6 months), there is an 
increase in aortic diameter, carotid artery diameter, left ventricular 
mass, cardiac output, stroke volume with decreases in fractional short-
ening, ejection fraction as compared to controls and compared to ear-
lier time points. 4. Osteogenesis Imperfecta Mouse Model (OI model 
G610C mutation): The G610C dominant knock-in OI mouse (Amish) 
had Glycine to cysteine residue mutation in COL1A2 gene. Cardiac 
phenotype was profiled at 2-, 6- and 12-months of age. At 2 months 
age, decreased cardiac output, ejection fraction and descending aorta 
velocity was observed as compared to matched wild type mice. At 6 
months only ejection fraction is lower and no differences at 12 months. 
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Cardio myofiber changes were seen histologically in OI mice. These 
applications have demonstrated that ultrasound imaging as a rapid, 
comparatively inexpensive, non-invasive imaging modality for in-vivo 
model studies in our early discovery projects.
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Hypoxia imaging in surgery has never been possible to date, but a 
newly discovered signal from protoporphyrin IX (PpIX) shows that 
fluorescence can be produced in areas of hypoxia. The molecule PpIX 
produces a delayed fluorescence signal that is a direct result from low 
oxygenation, because there is reverse intersystem crossing from the 
triplet state of the molecule, leading to a long lived red emission. Since 
the signal comes from the triplet state, that is normally quenched by 
molecular oxygen, the signal intensity is a direct reporter on the lack 
of oxygen in tissue. Additionally, since the molecule PpIX is an endog-
enously produced species from administration of aminolevulinic acid 
(ALA), it is well tolerated and widely available in a number of pro-drug 
formulations. The emission signal capture requires a time-gated fluo-
rescence approach, which is achieved by a short pulsed diode laser with 
a fast off time, followed by a fast on-gated camera. The average irradi-
ance used was just 50 microWatts/cm2 at 635nm wavelength, delivered 
through a single fiber through a lens based launcher. The camera used 
was a fast time-gated image intensifier coupled to a CMOS camera with 
onboard FPGA processing, which had nanosecond level optical gating. 
The PpIX delayed fluorescence emission lifetime varies from 10s of 
microseconds to several milliseconds, when going from oxygenated to 
hypoxic tissue. The production of PpIX is ubiquitous throughout most 
cells when a patient is given ALA. The demonstration used for this has 
been in xenograft pancreatic cancer tumors in nude mice, who were 
given 200 mg/kg ALA in an intraperitoneal administration. After 3-6 
hours of incubation, PpIX is known to be highly produced through-
out the skin of the mice, and relocates through diffusion and vascular 
transport to most tissues in the body. The enhanced permeability and 
retention into the pancreatic cancers is shown, and the delayed fluores-
cence from PpIX provides very high contrast relative to all normal tis-
sues, which are oxygenated. The quantitative assessment of the signal 
shows at contrast of 5x-6x in the emission from the pancreatic cancer 
relative to background normal tissues. PpIX is homogenously present 
throughout most of the mouse skin and in high concentrations in most 
organs based upon vascular perfusion.
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Lung cancer is the leading cause of death due to cancer, accounting 
for an estimated 18 percent of all cancer deaths globally in 2020 [1]. 
Expression of oncogenic mutant Kras and p53 genes in lung tissues of 
the  KrasLsl.G12D;  p53frt/frt; adenoCre.FLP genetically engineered mouse 
model (GEMM) drives development of lung adenocarcinomas resem-
bling human lung cancers, and enables translational preclinical studies 
focused on treatment of non-small cell lung cancer [2]. GEMMs of 
lung cancer have been shown to correlate with human tumor growth 
and response to treatment, providing insight into the development of 
new therapies [2]. To effectively investigate these GEMMs, micro-
CT scans of mouse lungs are used for quantification of lung tumor 
burden and detection of individual lung tumors as well as longitudinal 
response of total tumor burden and individual tumors in response to 
treatment with anti-VEGF antibodies, chemotherapy and small mol-
ecule kinase inhibitors [2, 3, 4]. Although manual tissue segmenta-
tion has the benefits of simplicity and increased control over the task, 
both preclinically and clinically, segmentation of the lungs and lung 
tumors by a human reader is time-consuming and impacted by inter- 
and intra-reader bias and variability. Automated image segmentation 
is a broad area of research that aims to replace or augment manual 
segmentation and reduce bias and variability [5]. While numerous 
machine learning and deep learning methods have been proposed for 
segmentation of lungs and lung tumors in clinical CT images, there 
is a comparatively low number of published pre-clinical studies that 
have utilized these techniques. Here, we’ve developed an automated 
image processing algorithm for segmenting lungs and individual lung 
tumors in micro-CT scans of the  KrasLsl.G12D/+;  p53frt/frt; adenoCre.FLP 
genetically engineered mouse model for non-small cell lung cancer. 
Over 3000 scans acquired from two different scanners across multiple 
studies were used to train and validate a 3D U-net model to segment 
the lungs and, subsequently, a Support Vector Machine (SVM) clas-
sifier to segment individual lung tumors using a radiomics approach. 
The trained U-net segments the lungs with a dice coefficient of 0.92 as 
calculated on hold-out test scans, where the U-net based lung masks 
show qualitatively excellent agreement with manual segmentation. The 
U-net lung segmentation algorithm can be used to estimate changes in 
soft tissue volume within the lungs (primarily tumors and blood ves-
sels), while the trained SVM is able to discriminate between tumors 
and blood vessels and identify individual lesions. Based on hold-out 
test scans an F1 score of 0.85 was calculated with respect to the ability 
of the SVM classifier to correctly identify tumor “objects” generated by 
watershed segmentation. The trained lung and lung tumor segmentation 
algorithms 1) significantly reduce time required to perform lung and 
tumor segmentation, 2) reduce bias and error associated with manual 
segmentation of images and 3) facilitate identification of individual 
lung lesions and objective assessment of changes in lung and individual 
tumor volumes under different experimental conditions. Additionally, 
we demonstrate that these algorithms can be used to segment micro-CT 
scans collected from different scanners.
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Aim and Objective: 
The high throughput extraction of quantitative imaging features from 
medical images viz radiomics has opened new doors to imaging bio-
marker research in oncology. Usually, radiomic feature is extracted 
from original medical images or LoG filtered images, or wavelet trans-
formed images. In this study, we propose the disease classification 
based on radiomic features extracted from the 2D Fourier Spectrum 
of CT images.

Methodology: 
This study is approved as a retrospective study by the institutional 
ethics committee (IEC) of our hospital with a waiver of informed con-
sent. In total 90 patients’ pretreatment, CT images, 30 patients from 
each disease group i.e., rectal cancer (Class:0), cervix cancer (Class:1), 
and lung cancer (Class:2) were used for this study. Two best repre-
sentative transaxial slices of tumor for each patient were selected by 
an experienced radiologist and were used for the analysis. The 2D axial 
slices were reshaped and normalized followed by the forward Fourier 
transform was performed on an in-house developed python script. The 
Fourier transformed spectrum is further converted to an 8-bit image 
on which the mean method of thresholding was performed on ImageJ 
software. ROI was drawn on the image post thresholding. Subsequently, 
33 shape and first-order statistical features were extracted from images. 
Feature selection was performed using the recursive feature elimina-
tion technique using a random forest algorithm. Train and test split of 

the dataset was performed. A random forest model was developed for 
multiclass classification on the training dataset and validated on the 
test dataset.

Results:
 Five optimum features were selected using recursive feature elimina-
tion. The accuracy of the random forest model validated on test dataset 
was 0.77, precision (weighted average) was 0.80 and recall (weighted 
average) was 0.77. Area under the curve- ROC for class 0, 1, 2 are 
respectively 0.96, 0.90 and 0.90.

Conclusion: 
Our preliminary results show excellent predictive power of features 
extracted from the Fourier spectrum in classifying diseases viz Ca 
Lung, Ca Cervix and Ca Rectum. This proof-of-concept study will be 
further validated on external datasets.
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Meningioma are the most common primary tumors of the central 
nervous system. Tumor resection as first line therapy is often not cur-
ing.[1] Recurrences mostly arise at the surgical margin presumably 
from small tumor lesions that are currently invisible to the surgical 
eye.[2] Objective of this study is the development of a highly specific 
and sensitive optical method for intraoperative meningioma imaging 
in order to make tumor remnants resectable and thus lower recurrence 
rates.
Labeling of meningioma shall be accomplished by targeting reliably 
overexpressed somatostatin receptor type 2 (SSTR2) with octapep-
tide TATE, a synthetic somatostatin analogue.[3] 68Ga-DOTA-TATE 
is already clinically used for pre- and post-operative diagnostics via 
SSTR-PET/CT.[4] Due to low spatial resolution and radioactivity of 
the tracer, PET is not suitable for intraoperative labeling of tumor 
remnants. Conjugation of TATE to a Near-Infrared (NIR) dye, on the 
other hand, should allow detection of SSTR2-expressing tissue with 
high spatial resolution in real time up to few millimeters in depth. 
Two different heptamethine cyanine dyes were used for conjugation; 
 IRDye®800, a commercially available NIR-dye whose conjugates are 
currently propelling more than 20 Phase I and Phase II clinical tri-
als,[5] and sNIR, a newly developed NIR-dye. Despite similarities in 
terms of structure, solubility, net charge and optical properties, sNIR 
and its TATE-conjugate have higher photostability than IRDye®800 
and its TATE-conjugate, both in vitro and in vivo. The decisive advan-
tage of TATE-sNIR over TATE-IRDye®800, however, is its noticeably 
faster tissue clearance when injected intravenously in anesthetized mice 
(compare Figure A). Tissue half-life of TATE sNIR (28 ± 2 min, n = 
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3) is one-sixth of TATE-IRDye®800 (180 ± 42 min, n = 2), indicating 
that there is a retention of TATE-IRDye®800 that TATE sNIR is not 
subjected to. Rapid clearance of non and unspecifically bound probe 
is prerequisite for detection of specifically bound probe in a beneficial 
target-to-background ratio. Therefore, further experiments were con-
ducted with TATE-sNIR.
TATE-sNIR is stable in aqueous solution up to two weeks when 
stored at 4 °C in the absence of light. The probe showed high affinity 
for SSTR2 in a filtration based radioligand competition assay (low 
nanomolar inhibition constant  Ki). To evaluate the ability of labeling 
SSTR2-expressing tissues in vivo, mice were intravenously injected 
with 4 nmol TATE-sNIR and sacrificed 3 h (equalizing six tissue half-
lives) post injection and organs were imaged ex vivo. Specific signal 
uptake was observed in gastric epithelium, pancreas and pituitary 
gland, which highly express SSTR2 according to immunohistochem-
istry (IHC). The negative control scrambled TATE-sNIR (not bearing 
the SSTR2-targeting pharmacophore) did not enrich in these tissues 
(compare Figure B). As proof-of-principle, an orthotopic meningioma 
mouse model is currently being developed in order to resect tumor 
tissue using fluorescence guidance. Moreover, washout and blocking 
experiments with freshly excised human meningioma tissue ex situ are 
currently conducted.
The preliminary preclinical results demonstrate that the SSTR2-tar-
geted fluorescent probe TATE-sNIR is capable of specifically targeting 
SSTR2 in vitro and in vivo potentially enabling sensitive and specific 
meningioma fluorescence guided surgery in the future.
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Objective: 

Aim of the study is to carry out a performance evaluation of in-house-
developed sensitivity and scatter phantoms with the Philips Gemini 
TOF PET/CT system as per the NEMA NU2-2007 guidelines.

Methods: 
According to the NEMA (National Electrical Manufacturers Associa-
tion) NU-2 2007, sensitivity, scatter fraction, count-rate performance, 
the accuracy of count losses, and random corrections were evaluated 
for in-house developed sensitivity and scatter phantoms. System sen-
sitivity was measured by inserting a 70 cm 18F line source in an 80cm 
tube with an activity concentration of 4.1 MBq in five concentric alu-
minum sleeves with varying diameters. Scatter fraction and count-rate 
performance was calculated by analyzing dynamically acquired data 
of an 18F 565 MBq line-source inside a polyethylene cylinder in 20 cm 
diameter and 70 cm length. Our results were validated with the refer-
ence value provided by the vendor.

Results: 
The average system sensitivity recorded is 6819 cps/MBq. (acceptance 
criteria: >6400 cps/MBq). The scatter fraction of the system is 25.8% 
(acceptance criteria: <32%. A peak NECR of 106.395 kcps (acceptance 
criterian: >95 kcps), activity concentration of 18.54 kBq/ml (accept-
ance criteria: < 20 kBq/ml). The observed maximum true rate is 243 
kcps (acceptance criterian: >205 kcps). Conclusion: This study dem-
onstrated that the performance of in-house-developed sensitivity and 
scatter phantoms is as per the limits specified by the vendor.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

237-177Lu-LHRH analog as a potential theragnostic agent for 
prostate cancer

Presenter: Ximena Camacho, Universidad de la República

Ximena Camacho1, Lucía  Alfaya2, Carolina  Perroni3, Marcos 
 Tassano4, Mirel  Cabrera5, Ana Laura  Reyes6, Andrea  Paolino7, Mar-
celo Fernández1, Pablo  Duarte7, Eduardo  Savio7, Pablo  Cabral1, Juan 
P.  Gambini8

1Universidad de la República, Montevideo, Montevideo, Uruguay
2Universidad de la República, Montevideo, Radiofarmacia, Uruguay
3University of the Republic, Montevideo, ---Select---, Uruguay
4Universidad de la República, Montevideo, Uruguay
5Universidad de la República, Montevideo, ---Select---, Uruguay
6Mntevideo, Uruguay
7Montevideo, Uruguay
8Hospital de Clinicas, Universidad de la Republica, Montevideo, 
Montevideo, Uruguay

Introduction: 
Prostate cancer (PC) is the most common malignancy in men, account-
ing for about one quarter of new cancer diagnoses worldwide. Despite 
several improvements in early detection and management of PC 
patients, it remains the second leading cause of cancer-related mortality 
[1]. Luteinizing hormone-releasing hormone receptors (LHRHR) are 
overexpressed in this pathology, demonstrating that LHRHR could be 
a molecular target for molecular imaging [2-4]. Therefore, we propose 
the design, synthesis and preclinical evaluation of an analog of the 
LHRH peptide (DOTA-Axh-(DLys6)-LHRH), labeled with 177-Lute-
tium as a potential theragnostic agent for PC. Methodology: 20 ug 
of DOTA-Axh-(DLys6)-LHRH was radiolabeled with 177LuCl3 (600 
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MBq) at 90 ºC for 15 min (pH 4.5) for maximum radiochemical yield 
(≥ 98 %). Final formulation conditions were optimized and analyzed 
by HPLC. Log D and stability in serum, PBS, EDTA and ammonium 
acetate 0.5 M (pH 4.5) were evaluated up to 96 hs. In vitro cell binding 
studies were done in normal prostate cell line RWPE-1 (negative con-
trol) and different PC cell lines (PC3, LnCap, DU145) up to 120 min. 
Biodistribution studies were developed in normal Swiss and in PC3 
tumor-bearing Nude mice, up to 4, 24 and 48 h p.i. (n = 4), using a high 
purity germanium detector (HPGe) (Canberra). SPECT-CT (Mediso) 
images were carried out the same times that biodistributions studies.

Results: 
Radiochemical purity of 177Lu-DOTA-Axh-(DLys6)-LHRH was 
98.98 ± 1.42 %, with good hydrophilicity (Log D = - 1.72 ± 0.11) 
being stable in different in vitro analyzed conditions. Relevant binding 
affinity and specificity of 177Lu-DOTA-Ahx-(D-Lys6)-LHRH) were 
observed in different PC cell lines (LnCap, PC3, Du-145) showed rel-
evant membrane-bound results in all of them, with low internalization. 
We did not observe significant binding affinity in the RWPE-1 cell line 
with this tracer. Biodistribution and SPECT/CT imaging in normal 
Swiss mice and PC3 tumor-bearing nude mice revealed high kidney, 
liver, gastrointestinal uptake and also relevant tumor uptake (tumor-
to-muscle ratios of 2.40 ± 0.25, 4.87 ± 0.48 and 3.77 ± 0.85 at 4, 24 
and 48 h, respectively).

Conclusions: 
Our results suggest that 177Lu-DOTA-Ahx-(D-Lys6)-LHRH represents 
a potential theragnostic agent for PC.
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Tumor-targeted molecular imaging may overcome current limi-
tations in preoperative and intraoperative diagnosis and deline-
ation of tumor tissue. Aberrant glycosylation is a hallmark of 
cancer, potentially providing a new set of tumor-specific targets 
for molecular imaging (1, 2). Targeting of aberrant glycans on 
cancer-associated proteins present on the cell membrane may offer 
significant advantages for molecular imaging over traditional pro-
tein targeting, considering their strongly amplified, tumor-specific 
presence on the outermost layer of the cell and low abundance on 
healthy tissues (2). Tumor-associated glycans  Lewisa/c/x  (Lea/c/x) 
and sialyl-di-Lewisa  (sdi-Lea), as described by Chua et al. and 
Tivadar et al., respectively, are highly expressed on gastrointesti-
nal tumors including pancreatic, gastric, colon and rectal cancer, 
along with a limited expression on healthy surrounding tissues (3, 
4). Previous research by our group showed the high potential of 
 Lea/c/x and sdi-Lea as biomarkers for pancreatic ductal adenocarci-
noma (PDAC) imaging (5). Subsequently, chimeric (mouse/human) 
monoclonal antibodies CH88.2 and CH129 were developed to tar-
get  Lea/c/x and sdi-Lea, respectively. In a proof-of-concept study, 
we showed that the  Lea/c/x-targeting tracer CH88.2-800CW allowed 
clear visualization of human colon carcinoma and pancreatic ductal 
adenocarcinoma (PDAC) xenografts in immune-compromised mice 
using near-infrared fluorescence (NIRF) imaging (6). However, 
the potential of CH129 as a targeting vehicle for NIRF imaging 
is unknown. The current study therefore provides a comprehen-
sive preclinical evaluation and comparison of CH88.2-800CW and 
CH129-800CW for NIRF imaging of PDAC, facilitating the clinical 
translation of  Lea/c/x and sdi-Lea targeted NIRF imaging agents.
CH88.2 and CH129 mAbs were conjugated to the NIRF dye IRDye 
800CW. Binding of CH88.2-800CW and CH129-800CW was evalu-
ated on multiple human pancreatic cancer cell lines. Subsequently, 
mice with subcutaneous or orthotopic BxPC-3_luc2 tumors were 
intravenously injected with 1 nmol (150 μg) of CH88.2-800CW, 
CH129-800CW or negative control tracer CD20-800CW (chimeric 
mAb rituximab). Mice were imaged daily until 1 week post injec-
tion (subcutaneous models) or at 4 days post injection (orthotopic 
models) using the preclinical PEARL and clinical Artemis NIRF 
camera systems. After sacrificing the mice, tumors and organs were 
resected after which tracer uptake was evaluated ex vivo using the 
PEARL NIRF imager.
CH88.2-800CW and CH129-800CW showed high binding on 
BxPC-3_luc2 cells. Administration of CH88.2-800CW and 
CH129-800CW to BxPC-3_luc2 tumor-bearing mice demon-
strated clear tumor delineating f luorescence signal and high 
tumor-to-background ratios (TBRs) compared to CD20-800CW, 
suggesting specific CH88.2 and CH129 tumor binding. Next, the 
NIRF imaging potential of both tracers was evaluated in clini-
cally more relevant orthotopic PDAC models. Using the clinical 
Artemis NIRF imager, orthotopic PDAC tumors could be clearly 
delineated with mean TBRs of 2.5±0.3 and 2.9±0.4 at 4 days 
post injection for CH88.2-800CW and CH129-800CW, respec-
tively, providing high-contrast tumor localization (Figure 1). 
Ex vivo analysis revealed that f luorescent signals in all tumor 
lesions were higher compared to healthy organ signals, including 
the liver and kidneys.
Our study showed that  Lea/c/x and sdi-Lea-targeting tracers CH88.2-
800CW and CH129-800CW are highly promising agents for NIRF 
imaging of PDAC. Through this research, we pave the way for a 
clinical translation of CH88.2-800CW and CH129-800CW, which 
could improve real-time intraoperative delineation of PDAC and 
clinical outcomes.
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Introduction: 
The main treatment of Head and Neck cancer (HNC) is surgery but 
surgeons still rely on visual inspection and palpation because current 
preoperative imaging modalities (e.g., CT, MRI, and PET) lack suf-
ficient resolution to detect microscopic disease - larger than 0.5–1cm 
to be detectable. Thus, near-infrared fluorescence (NIR FL) probes 
are widely accepted in fluorescence-guided surgery (FGS) due to low 
autofluorescence and reduced light scattering, but their limited tis-
sue penetration is still an obvious handicap for clinical translation. 
Recently, luminescence imaging shows deeper penetration into tissues 
in vivo with an excellent signal-to-noise ratio (SNR), but the require-
ment for substrates (e.g., D-luciferin) is an important drawback and 
current luminescence systems predominantly emit visible light, whose 
penetration through heterogeneous matrices is limited. Here, we devel-
oped novel NIR luminescent nanoprobes and our results in mice clearly 
demonstrated that luminescent imaging successfully identifies HNC 
in the orthotopic models: the NIR chemiluminescence (CL) can pen-
etrate deeper into tissues (>4 cm below surface which is several times 
deeper than can be achieved using planar fluorescence imaging that is 
currently used) and yield more accurate CL imaging in vivo with an 
excellent SNR. The nanoprobes are unique because the CL is thermally 
activated: thus, probes can be stored at low temperature, and their CL 
is emitted only when they are warmed to body temperature (i.e., a 
chemical or electrical stimulus is not required). The nanoprobes will 

significantly advance the combined use of luminescent imaging, to pro-
vide improved detection of micrometastatic disease, reduce morbidity 
of surgery by avoiding unnecessary removal of normal tissue, and serve 
as a prognostic and predictive biomarker of response to therapy which 
can guide management decisions for cancer patients.

Materials and Methods: 
Chitosan has recently attracted much attention for biomedical applica-
tions such as tissue engineering and drug delivery systems due to their 
high biocompatibility, biodegradability, and bioconjugatable function-
ality. Here, we have fabricated thermally activated chemiluminescent 
(CL) and fluorescent (FL) chitosan nanoparticles (CFL CNPs) incor-
porating NIR dyes and singlet oxygen release agents via carbodiimide 
chemistry.

Results and Discussion: 
The figure shows the results of a typical whole-body imaging experi-
ment with chemiluminescence and fluorescence pixel intensity maps 
of anesthetized mice at 3h and 24h after tail vein injection of CNPs. 
There is clear evidence for selective accumulation of CNP and FA-CNP 
in Head and Neck Cancer (HNC) through FL/CL modes, and the CL 
from HNC exhibited significantly high intensity without background 
noise (note that most luciferins have relatively short half-lives of just 
a few hours). The mice were then sacrificed after 48h and their tissues 
harvested for ex vivo analysis of probe biodistribution. FL intensity 
images of the excised tissues confirmed the relatively high tumor selec-
tivity of CNPs. In summary, CNPs can selectively accumulate in HNC 
in the orthotopic animal model and the results suggest that the floate-
conjugated CNP (FA-CNP) more efficiently targets the tumor compared 
with the non-targeted CNP.

Conclusions: 
These results highlight an attractive feature of dual modality probes 
that enable in vivo optical imaging of cancer. In details, the NIR CFL 
CNPs can image relatively deep tumor sites in vivo using chemilu-
minescence mode and subsequently, analyze the microscopic targets 
within thin histopathology using fluorescence mode. Furthermore, 
CFL CNPs can be employed for image-guided surgery because cur-
rent fluorescence-guided surgery images tumors only less than 0.2 cm 
from the surface but under chemiluminescence mode, CFL CNP is able 
to identify the deep sites (> 4 cm) within several minutes.
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Background: 
The enhanced permeability effect (EPR) has been widely employed 
for the delivery of nanomedicines to cancer. However, the EPR 
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effect is heterogeneous and in many cases the delivery to tumors is 
low.1,2 Active tumor targeting of nanodrugs has the potential to improve 
imaging contrast and therapeutic efficacy in vivo.3

Methods: 
To evaluate the targeted deep-tumor uptake of star-PEG nanodrugs 
beyond EPR mediated tumor accumulation, we designed and synthe-
sized three star-PEG nanodrugs without or with different number of 
PSMA targeting ACUPA ligands (Fig 1a). The radiometal chelator 
deferoxamine B (DFB) was also tethered to the nanodrug conjugates 
for 89Zr labelling and small animal PET imaging. The radiolabeled 
nanodrugs were evaluated in vitro and in vivo using PSMA+ PC3-Pip 
and PSMA- PC3-Flu cell lines and xenografts, respectively.

Results: 
The 89Zr labeled star-PEG showed significantly higher in vitro bind-
ing affinity with a lower dissociation constant (kd) in PC3-Pip cells 
with increasing number of ACUPA ligands per molecule (Fig 1b). 
The in vivo PET images and organ biodistribution of mice bearing 
PSMA(+) PC3-Pip and PSMA(-) PC3-Flu dual xenografts demon-
strated around 5.75±0.74 ID% tumor uptake for the non-targeted nan-
odrug  ([89Zr]PEG-DFB4) as a result of the EPR effect (Figure 1c-d). 
An enhancement in the PSMA positive PC3-Pip tumor uptake was seen 
in the ACUPA labelled polymers (9.64±0.87 for  [89Zr]PEG-DFB3-
ACUPA1, 6.69±1.24 for  [89Zr]PEG-DFB1-ACUPA3). The autoradi-
ography images showed improved deep-tumor penetration of targeted 
nanodrugs selectively in PSMA(+) PC3-Pip xenograft (Fig 1e). In 
contrast, peripheral low tumor accumulation only was observed for 
the non-targeted nanodrugs in both PSMA(+) PC3-Pip and PSMA(-) 
PC3-Flu xenografts.

Conclusions and Future Directions: 
These data demonstrated a significant improvement in the targeted 
delivery of nanodrugs with deep-tumor penetration in the presence of 
PSMA targeting ACUPA ligands (Scheme 1). These PSMA targeted 
multivalent nanodrugs with high tumor to background ratio could be 
potentially employed in therapeutic applications.
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Introduction: 
Prostate and breast cancer are the most prevalent primary malignant 
human tumors globally. Prostatectomy and breast conserving surgery 
remain the most common definitive treatment options for the >500,000 
men and women per year newly diagnosed with localized prostate and 
breast cancer in the US [1,2]. Morphological examination is the main-
stay of diagnosis, but margin under-sampling of the excised cancer 
tissue may lead to local recurrence [3,4]. There still exists a clinical 
need for targeted optical imaging probes that could rapidly and globally 
visualize cancerous tissues during the surgical procedure.

Methods: 
Elevated expression of junctional adhesion molecule-A (JAM-A) on 
tumor cells and its multiple cancer protumorigenic activity make the 
JAM-A a candidate for molecular imaging [5,6]. Previously a near-
infrared imaging agent, which employed an anti-JAM-A monoclonal 
antibody (mAb) conjugated to phthalocyanine IR700 dye, was syn-
thesized (Probe) and used to identify and visualize heterotopic human 
prostate and breast cancer mouse xenografts  in vivo  [7]. Here the 
same model was used to assess the potential for anti-tumor effects 
of the Probe. Briefly, each group of animals harboring human breast 
(MDAMB-231) or human prostate (PC3pip) tumors was randomly 
divided into four groups and treated as follows: 1) Probe alone (20-
μg), 2) Probe competition, probe (20-μg) and JAM-A mAb (40-μg) 
were mixed immediately before i.v. injections, 3) Norm Ab, normal 
non-specific mAb/IR700 conjugates (20-μg), and 4) IR700 alone (5.0-
mg/mL). To assess the effect of the treatment on cancerous tissue, 
tumors were collected, snap-frozen, sectioned (10-μm) and stained for 
Cleaved Caspase-3 (Casp-3), minichromosome maintenance protein-2 
(MCM2), and phosphorylated-histone H3 (Ser10) markers. Presence, 
if any, of IR700 in the tumor tissue after treatment was determined by 
fluorescent microscopy (Leica) in consecutive sections of the tumors.

Results: 
The i.v. injected Probe confirmed the detection of prostate and breast 
cancerous tissue by fluorescence imaging in vivo (Maestro In Vivo 
Imaging System, PerkinElmer). After 48-hr of circulation in the mouse 
a single dose of Probe reduced the number of proliferating  (MCM2+) 
and mitotic  (H3+) cancer cells in vivo as compared to controls. In par-
allel and in contrast to all controls, the levels of accumulation of the 
IR700 fluorescence and expression of apoptotic marker (Casp-3) were 
strongly upregulated in the cancerous tissue only after treatment with 
Probe.

Conclusion: 
This agent demonstrates theranostic characteristics to image the extent 
of prostate and breast cancer in vivo, to suppress cancer cell prolifera-
tion, and to set into motion apoptotic machinery 48-hr after a single 
systemic dose delivery.
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Kinases are attractive drug targets in neurodegenerative diseases and 
brain tumors. However, the inability to predict brain concentrations 
of drugs from their blood concentrations, due to the blood-brain bar-
rier (BBB), presents a major barrier to the efficient testing of kinase 
inhibitors for these nervous system diseases. [1-4] Existing methods 
of evaluating the BBB-permeability of a candidate drug require animal 
sacrifice and biochemical analysis or radioactive labeling, which are 
expensive, slow, and labor-intensive. [5-6] A faster and less expensive 
approach to evaluating drug activity in the brain would greatly aid the 
discovery of effective brain-permeant kinase inhibitors. We describe 
a novel genetically encoded kinase-modulated bioluminescent indica-
tor (KiMBI) that produces light in response to kinase inhibition. As 
a first example, we successfully created a KiMBI for ERK inhibition 
with a 10-fold response amplitude. ERK KiMBI expressed in the brain 
successfully differentiated between brain permeant and impermeant 
inhibitors of the MEK-ERK pathway. In both subcutaneous and intrac-
ranial tumor xenograft mouse models, ERK KiMBI revealed real-time 
drug inhibition of the hyperactivated MEK-ER pathway in these cancer 
cells. Finally, by longitudinal imaging of KiMBI signals, we could 
assess the kinetics of kinase inhibition following a single-dose injec-
tion, a task that would be highly resource-intensive using traditional 
animal sampling approaches. In summary, we developed KiMBI as a 
novel method for rapid and non-invasive visualization of the efficacy 
of kinase inhibitors in living subjects. KiMBI should greatly facilitate 
the discovery of effective treatments for cancers driven by dysregu-
lated kinase signaling. KiMBIs should provide a generalizable and easy 
method to rapidly assess the efficacy and pharmacokinetics of kinase 
inhibitors in the brains of living animals.
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The cell-in-cell (CIC) phenomenon is known to lead to cell death, 
and heterotypic CIC structures formed of cancer and immune cells 
have been observed in tumor tissues. These structures are commonly 
observed in the tissues of patients with malignant tumors allowing 
immune evasion. Although many studies have suggested that hetero-
typic CIC events are involved in the development and progression of 
multiple tumors, an association with anticancer drug resistance have 
not been reported. We aimed to assess the feasibility of using het-
erotypic CICs as a functional biomarker to predict drug resistance. 
For this, heterotypic CIC structures formed of cancer and NK cells 
were characterized by microscopic imaging and flow cytometry analy-
sis. NK cells and cancer cells were co-cultured, and CIC and non-CIC 
populations were separated using a cell sorter. After treatment with 
anti-cancer drugs, cancer cells that formed heterotypic CICs showed a 
higher resistance to anti-cancer drugs, including docetaxel, etoposide, 
doxorubicin, and gemcitabine, than non-CIC cancer cells. We also 
observed the formation of more CIC structures in cancer cells treated 
with anticancer drugs than in the non-treated group. Our results con-
firm the association between heterotypic CIC structures and anticancer 
drug resistance in CICs formed from NK and cancer cells. These results 
suggest a novel mechanism underlying immune evasion in heterotypic 
CIC cancer cells and provide novel insights into the anticancer drug 
resistance of cancer cells.
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Objective: 
Metabolic associated fatty liver disease (MAFLD) is a more recent 
concept developed from non-alcoholic fatty liver disease (NAFLD) that 
clearly indicates metabolic dysfunction is the primary cause of the type 
of fatty liver [1]. Prior studies have found that liver steatosis and blood 
glucose levels can influence 18F-FDG uptake in the liver, a reference 
tissue used for semi-quantitative assessment [2-4]. However, the results 
are inconsistent or contradictory, and studies on the hepatic 18F-FDG 
uptake in patients with MAFLD are still lacking. This study is designed 
to analyze the hepatic 18F-FDG uptake of the Chinese population with 
MAFLD and its affecting factors with integrated PET/MRI.

Methods: 
A retrospective analysis was conducted on 203 patients who accepted 
whole-body PET/MRI scanning as well as Liverlab scanning at our 
center between July 2020 and December 2021. Meanwhile, data of 
height, body weight, fasting blood glucose (GLU), aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP), glutamine transferase (GGT), high-density lipoprotein 
(HDL), triglyceride (TG), C-reactive protein (CRP) were recorded. 
According to the MAFLD diagnostic criteria [1], the patients were 
divided into MAFLD group and non-MAFLD group. The proton den-
sity fat fraction (PDFF) and R2water of the right lobe of the liver were 
calculated automatically. The maximum and average standard uptake 
value  (SUVmax and  SUVmean), the maximum and average standard 
uptake value of lean body  (SULmax and  SULmean) were obtained on PET 
images with the same ROI. SPSS v25.0 was used for statistical analysis.

Results: 
There were statistically significant differences between MAFLD and 
Non-MAFLD groups in terms of gender, age, BMI, GLU, PDFF, R2wa-
ter, AST, ALT, GGT, HDL, TG, CRP, and  SUVmax (P < 0.05). There 
were no differences in ALP,  SUVmean,  SULmax, or  SULmean between 
the two groups (P>0.05).  SUVmax was significantly correlated with 
BMI(r=0.304), GLU(r=0.174), PDFF(r=0.185), R2water(r=0.177) and 
ALT(r=0.177) (P < 0.05). Stepwise regression analysis showed that 
BMI had a significant positive effect on  SUVmax.

Conclusions: 
In the Chinese population with MAFLD, there is a significant increase 
in hepatic uptake of 18F-FDG, and BMI is a major factor in this process.
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Background and Aim: 
Qigong practice is a kind of walking meditation with doing deep 
breathing and some gentle movements that shows it is good for health 
and it became very popular in many countries in the world, This 
dynamic meditation is back to 5000 years ago, that originate mainly at 
China and little by little became more known and widespread among 
other countries, including Iran. Nuclear medicine has been showed as 
a good and reliable imaging modality for detection of any changes 
in physiology of human body and therefore is a good method and use-
ful device to evaluate any changes in body perfusion and function, 
specially many disease can be recognized very soon before appearance 
of any clinical sign and symptoms.
We decided to have a survey in this regard and to find the essential 
qigong effect on patients with obsessive disease by brain SPECT. 
We chose the obsessives patients because, many of this disease still 
remained unknown. This clinical symptoms sometimes cannot be 
differentiated correctly and consequently their therapy encountered 
with some difficulty.
Obsessions is more means as a psychological and behavioral disor-
ders and it seems the prevalence of this mental disease is increasing. 
Therapy for those patients is mandatory. But it always therapy is 
conservative and many of them went for some alternative therapy 
like yoga, meditation, Taichi,chigong.etc.
For behavioural/ mental disease we almost always prescribe to do 
Shi ba fa Qigong or Yi jin jing qigong cause of its simplicity and 
easy acceptance of patients and asked them do 2-3 times a week for 
almost 2-3 months.

Material and Methods: 
12 patients with obsessive disease, 10 female and 2 male with age 
range 20-72 years old were selected and enrolled for this study. The 
main criteria for selection of those patient is their cooperation ability 
and willingness for doing qigong.
Two series of images with Tc99m- ethylene-diamine-tetra-acetic acid 
Brain SPECT were obtained for each patient.
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First scan named pre-qigong and the second scan was obtained after 
practicing Yi ji jing qigong that asked them to do this meditation 
for 2-3 months.
All of those brain scans series was performed with Philips ADAC 
gamma camera with the same imaging conditions as standard proto-
cols, by injection 25 mCi Tc99m-ECD, for all pre-qigong and post-
qigong images and compared to find any changes in brain flow and 
function if any.
The percent value of tracer uptake for both right and left brain cortex 
for each lobes and also brain nucleus, basal ganglias were evaluated 
by drawing region of interest (ROI)

Results: 
The result shows the cortical perfusion value in pre qigong scan was 
un-even with mean 0.62 percent of count/pixels activity in temporal, 
frontals and parietal area.
10/12 patients has asymmetry of tracer activity in their basal ganglias 
as the same as their deterioration on cortical activity, that more seen 
in frontal, temporal and parietal.
Patient asked doing Yi jin jing qigong for 2-3 months and the post 
qigong scan shows a definite reduction on that asymmetry of tracer 
uptake more in cortical and more seen harmonized activity on frontal 
and parietal cortical tissue.
Scan result shows, the perfusion/ function of brain cortex became 
more even and harmonized as a 0.89 percent of mean count/pixels 
without asymmetry of activity, It means after Yi jin jing, the brain 
tissue reach to more balance rise up to 1.3 times. The same value 
occurred for their basal ganglia as more activity means better perfu-
sion and function.

Conclusion: 
Nuclear medicine has strong role to evaluation of brain per-
fusion and function and can predict correctly the treatment 
response it seems that qigong also is a promising therapy (alter-
native/complementary) for patients with behavioral disease 
and nuclear medicine can ascertain the value of such of those 
treatments.
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Introduction: 
Ferroptosis serves as a vital role in tumor therapy as it can overcome 
the resistance of tumor cells to apoptosis [1]. Nanozymes with Fenton/
Fenton-like reaction properties are commonly used to induce tumor 
cells ferroptosis by generating reactive oxygen species (ROS), but 
its efficacy is substantially neutralized by the insufficient  H2O2 and 
excessive GSH in the tumor microenvironment (TME) [2]. Herein, a 
self-cascade nanozyme consisting of BSA-enclosed Au nanocores and 
ultrasmall  MnO2 nanodots (BAM) is fabricated. BAM is first found 
to have glucose oxidase (GOx)-mimic activity. Once accumulated 
in tumors, BAM can 1) self-supply  H2O2 by catalyzing endogenous 
glucose, followed by the production of cytotoxic HO·; 2) efficiently 
deplete GSH to inactivate GPX4, thus leading to the upregulation of 
lipid peroxide (LPO) and tumor cells ferroptosis. Combined with the 
relieved hypoxia and sensitization of Au, ferroptosis-stressed tumor 
cells become exceptionally vulnerable to X-ray radiation, and radio-
therapy completely inhibit the tumor progression.

Materials and Methods: 
BAM was prepared by first synthesis of BSA-coated Au nanoclusters 
(BA), followed by in situ reduction of  KMnO4 in BSA corona to gener-
ate  MnO2 nanodots surrounding Au nanoclusters. The enzyme-mimick-
ing property of BAM was assessed by commercial detection kits. The 
pH/GSH-responsive magnetic resonance imaging (MRI) capability of 
BAM was tested by dispersing BAM into buffer solutions (pH = 6.4, 
7.4) with or without GSH. The ferroptosis-inducing capacity of BAM 
was evaluated by assessing the change of intracellular ROS, GSH and 
LPO level after incubating 4T1 tumor cells with BAM. The TME-
responsive MRI was performed to monitor the tumor-targeting behavior 
of BAM. The tumor inhibition rate and sensitization of BAM to tumor 
radiotherapy were investigated on 4T1 tumor-bearing mice with X-ray 
radiation (6 Gy) after intravenous injection of BAM.

Results and Discussion: 
The synthesized BAM has an ultrasmall size (< 5 nm) and unique 
structure with Au nanoclusters in center and  MnO2  nanodots in 
surrounding. BAM exhibited fascinating GOx-mimic activity and 
had excellent thermostability. The relative GPX4 level in 4T1 cells 
decreased to 48% after treated with BAM (100 mg Mn  mL-1) for 12 h. 
After incubation with BAM, the intracellular ROS and LPO level was 
upregulated remarkably, and mitochondria were shrunken with dense 
membranes, indicating the ferroptosis induction in 4T1 cells. BAM 
exhibited a high tumor targeting efficiency (7.8 %ID/g at 6 h after injec-
tion). As a result, the tumor growth was completely inhibited after the 
mice were treated with BAM + X-ray radiation.

Conclusion: 
Our results demonstrated BAM had self-cascade enzymatic property 
to self-supply  H2O2, generate HO· and deplete GSH to upregulate 
intracellular LPO level, efficiently inducing tumor cells ferroptosis. 
In synergy with the tumor hypoxia alleviation and sensitization of Au, 
radiotherapy thoroughly inhibited the tumor growth. Overall, the self-
cascade nanozyme described here holds great potential as an efficient 
ferroptosis inducer for sensitization of tumor radiotherapy.
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Purpose: 
Alzheimer’s disease (AD) is the most common neurodegenerative dis-
order.1 The distinct mechanism of AD is still unclear, and no appropri-
ate treatment strategy has not been developed. Present study aimed to 
systemically elucidate the effect of Aβ pathology on the major neuro-
transmission system using positron emission tomography (PET).

Methods: 
APPswe/PS2  transgenic mice (21 months of age, AD, n=6) and 
wild-type mice (WT, n=6) underwent PET and magnetic resonance 
spectroscopy (MRS). Firstly, 18F-FDG and 18F-florbetaben PET was 
obtained to elucidate the neuronal integrity and amyloid pathology, 
respectively. Then, 18F-FPEB and 18F-FMZ PET data were acquired to 
evaluate the excitatory-inhibitory neurotransmission system. To meas-
ure dopamine system, 18F-fallypride PET was performed. Thereafter, 
MRS experiment was performed. Finally, animals were sacrificed, the 
Aβ42 levels in the brain were also confirmed by immunohistochemical 
analysis. PET images were analyzed to compute standardized uptake 
value (SUV) in the brain regions.

Results: 
Amyloid PET imaging revealed that radioactivity was 6-12% higher 
in the AD group than in the WT group, which was validated by IHC. In 
the cortical and limbic areas, the AD group showed a 25–27% decrease 
and a 14–35% increase in the glutamatergic and the GABAergic system 
compared to the WT group. The dopaminergic system in the striatum 
of the AD group had a 29% decreased striatal uptake compared to that 
of the WT group. MRS studies also showed a significant reduction of 
glutamate, N-acetylaspartate, and taurine in the AD group.

Conclusion: 
Present work suggested that amyloid pathology is significantly related 
to the disfunction of neurotransmitter system. Changes in the GABAe-
rgic system were prominent, indicating that the inhibitory system may 
be the most vulnerable to AD pathology.
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Lung cancer is the second leading cancer in the world and spreads 
to the other organs, frequently. There is a lack of a metabolism plat-
form for diagnosis of primary lung tumors or metastatic tumors. In this 
study, our aim is to establish a metabolite-based diagnosis platform for 
lung cancer staging with 18F-FDG PET and 1H-NMR (Nuclear Mag-
netic Resonance spectroscopy) based serum metabolomics. The nude 
mice were conducted by surgical orthotopic lung tumor cell implanta-
tion with the mixture of H460 (1 x  104 cells) and  matrigel1. The mice 
were performed 18F-FDG PET/CT scan after implantation in 3 and 
5 weeks. Before sacrificing animals, the blood was withdrawn from 
heart chambers for serum collection. The metabolites in serum for 
mice with primary lung tumors and metastatic tumors were assessed 
and analyzed by 1H-NMR  system2. Histopathologically, the hematox-
yline and eosin (H&E) stain and immunofluorescent ki-67 stain were 
exploiting in validation of tumor proliferation. A receiver-operating-
characteristic (ROC) analysis was performed in SUVmean, SUVmax 
and serum metabolites of the tumor bearing mice. The Results: The 
18F-FDG uptake of metastatic tumors is significantly higher than 
that of primary lung tumors in the metastasis mice (n=4, SUVmean, 
metastatic tumors 1.97 ± 0.29 v.s. primary lung tumors 1.25 ± 0.38, p 
<0.05). However, in comparison of 18F-FDG uptake of primary lung 
tumors in non-metastasis and metastasis mice, there is no significant 
difference between two groups. The normalized serum pyruvate level in 
the metastatic mice was significantly lower compared with in the non-
metastastic mice ( non-mettastatic mice: 0.29± 0.27 v.s. -0.19±0.32,p 
<0.05). The quantitative expression of fluorescent ki-67 of metastatic 
tumors is significantly increased compared to that of primary lung 
tumors (n=3, metastatic tumors 13.41± 1.184 % v.s. primary lung 
tumors 6.052 ± 1.934 %, p < 0.05). The AUCs of SUVmean, SUV-
max and tyrosine generated from ROC curves were 0.91, 0.89 and 0.86 
with p <0.05, respectively. Conclusion: The metastatic tumors showed 
high glucose uptake correlated to the increased proliferation and gly-
colysis. The combination of 18F-FDG PET and 1H-NMR based serum 
metabolomics demonstrated the feasibility of a metabolism platform 
for differentiation between primary lung tumors and metastatic tumors. 
In the future, this platform potentially could provide the metabolic 
information for the therapeutic strategies of lung cancer.
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Optical imaging with fluorescent dyes is widely used to evaluate bio-
distribution of drug delivery systems in preclinical research. Although 
it is known that some dyes can interact with transporters (e.g., organic 
anion transporting polypeptides (OATPs)), there exists hardly any 
systematic investigation on the influence of dye conjugation on the 
biodistribution of macromolecules.1,2 Therefore, cell uptake, biodis-
tribution and tumor accumulation of four near-infrared dyes (AF750, 
IRDye750, Cy7 and DY-750) and the respective poly(N-(2-hydroxy-
propyl)methacrylamide)-co-aminoethyl-methacrylate (pHPMA)-con-
jugates (AF750-pHPMA, IRDye750-pHPMA, Cy7-pHPMA and DY-
750-pHPMA) are investigated and compared. Hydrophilicity of the free 
dyes is assessed by high-performance liquid chromatography (HPLC) 
on a C18 column with an increasing acetonitrile gradient of 0-100 %. 
Cellular uptake of the fluorescent probes is assessed using a micro-
plate reader. Mice are imaged longitudinal via hybrid micro-computed 
tomography-fluorescence tomography. HPLC retention times indicate 
that the dye hydrophobicity is highest for DY-750, followed by Cy7, 
IRDye750, and lowest for AF750. In vitro studies on A431 tumor cells 
indicate that more hydrophobic dyes have higher uptake. The more 
hydrophobic DY-750 has the highest uptake, then, in decreasing order 
Cy7, IRDye750 and the most hydrophilic dye, AF750, are internalized. 
Temperature-dependent uptake is observed for Cy7 and DY-750, which 
reveals an active internalization mechanism, which however, is not 
strongly related to OATPs. Treatment with OATP-inhibitors (bromosul-
fophthalein, atazanavir, rifampicin and sincalide) do not result in a sig-
nificant reduction in uptake, with a decreasing tendency only observed 
for 17β-estradiol on Cy7 and DY-750. Dye-pHPMA-conjugates show 
lower cellular uptake than free dyes, with the highest uptake for DY-
750-pHPMA, followed by AF750-pHPMA, Cy7-pHPMA and lowest 
for IRDye750-pHPMA, which is mostly related to dye-hydrophobic-
ity. OATP-blocking experiments with the classical OATP-inhibitor 
rifampicin do not show a strong reduction; however, 17β-estradiol 
addition again leads to a slight reduction in dye-pHPMA uptake. In 
mice, optical imaging indicates that dye hydrophobicity shapes dyes’ 
elimination pathways, leading to renal clearance for AF750, hepatic 
clearance for DY-750 and mixed clearance for IRDye750 and Cy7. In 
contrast to the elimination pathways, tumor uptake depends mainly on 
the dyes blood half-lives, with AF750 and DY-750 having the short-
est blood half-lives and lowest tumor accumulation (0.1 h and 0.0 % 
ID  cm-3, and 1.2 h and 0.4 % ID  cm-3, respectively) compared with 
IRDye750 and Cy7 (1.8 h and 3.5 % ID  cm-3, and 1.3 h and 3.1 % 
ID  cm-3, respectively). As expected, in vivo, dye-pHPMA-conjugates 
circulate longer and accumulate stronger in tumors than free dyes. 

Blood half-lives vary from 6.0 h to 8.6 h and tumor accumulation is 
in line with the in vitro results (from highest to lowest 5.2 % ID  cm-3, 
4.1% ID  cm-3, 3.1% ID  cm-3 and 2.6% ID  cm-3 at 3 h, respectively 
for DY-750-pHPMA, AF750-pHPMA, Cy7-pHPMA and IRDye750-
pHPMA). Interestingly, labeling pHPMA with different dyes leads 
to an up to threefold different tumor accumulation, which correlates 
mainly with dyes’ hydrophobicity, with the highest difference that is 
observed between DY-750-pHPMA and IRDye750-pHPMA at 24 h 
after injection. Dye hydrophobicity also affects the elimination routes 
of dye-pHPMA-conjugates, as Cy7-pHPMA and DY-750-pHPMA have 
a higher liver-to-kidney ratio than AF750-pHPMA and IRDye750-
pHPMA (1.4-0.5 and 1.1-0.2, respectively). In conclusion, this study 
shows that labeling of macromolecules like pHPMA, with a labeling 
rate of only 0.3 mol % dye/pHPMA significantly impacts their biodis-
tribution and tumor uptake. Thus, careful selection of low-interference 
dyes and further exploration of dye classes is required to reveal reliable 
results in optical imaging experiments and to avoid potential bias.
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Introduction: 
Prostate cancer (PCa) is the most prevalent cancer and the second lead-
ing cause of cancer deaths in American males.1 Advanced optical imag-
ing agents could profit precisive detection of PCa and have potential for 
fluorescence-guided surgery. The prostate-specific membrane antigen 
(PSMA) with high expression in the epithelium of most PCa is entitled 
as one of the most charming targets. Thus, a variety of PSMA-targeted 
near-infrared (NIR) agents have been widely reported. However, most 
of the targeted agents were restricted to “always on” NIR dyes (Cy7, 
IRdye800CW, indocyanine green etc.), with delayed imaging time 
points and limited optical contrast.2-3 Few PSMA-targeted activatable 
fluorescent probes have been reported.4 Therefore, there is an urgent 
need to develop activated probes to increase image contrast. In virtue 
of upregulated glycolysis, the slightly acidic microenvironment (pH 
6.2–6.9) is a distinctive feature of tumor. Consequently, pH-activated 
fluorescent probes have been widely designed for imaging tumor and 
delineating tumor margin.5 Among these, ratiometric fluorescence pH 
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probes could get rid of the factor of local concentration of chromo-
phores owing to self-calibration mechanism and likely provide higher 
contrast.6 Here, a PSMA-targeted NIR ratiometric fluorescence pH 
probe was designed and synthesized based on an oxalyldiaminopro-
pionic acid-urea (ODAP-urea) PSMA inhibitor and a pH-sensitive 
heptamethine indocyanine dyes (Figure 1 A). Notably, the probe 
was selectively activated with dual channel of fluorescent emission 
in PSMA-positive 22Rv1 bearing mice model and fluorescence ratio 
images were acquired. We reasonably believe that this targeted ratio-
metric fluorescence pH probe could provide higher optical contrast than 
traditional “always-on” probes.

Method: 
Balb/c nude mice bearing 22Rv1 tumor xenografts were imaged at 1, 
2, 4, 10 and 24 h by the IVIS Spectrum Imaging System after tail vein 
injection of NIR-pH-ODAP. Two channel images were acquired using 
auto-exposure with the following parameters: channel 1 (Ex745nm/
Em840nm), channel 2 (Ex535nm/Em700nm). Fluorescence ratio 
images (channel 1/channel 2) could be calculated and acquired using 
Living Image 4.3.1 software. The thigh muscle was chose as the back-
ground when calculating the tumor-to-background ratio (TBR).

Result: 
pH-responsive fluorescent properties of NIR-pH-ODAP were illus-
trated in Figure 1 B. In both channel 1 and ratio channel, tumors were 
clearly visualized early at 1 h post-injection (Figure 1 C,D). The fluo-
rescence signal in tumor region reached to the peak value at 2-4 h 
and maintained until 24 h in channel 1. From 1 h to 24 h, the TBR 
increased in channel 1 from 1.7 to 2.4, and ratio channel from 2.4 to 
3.1, respectively (Figure 1 E). The optical contrast in ratio images 
showed approximately 1.4-fold higher than single channel images.

Conclusion: 
The PSMA-targeted NIR ratiometric fluorescence pH probe could 
detect 22Rv1-tumor at 1 h post-injection, better than PSMA-targeted 
“always-on” NIR probes reported before. And the ratio channel could 
achieve higher contrast than single channel imaging. The novel probe 
has promising potential in intraoperatively delineating PCa and guid-
ing surgery.
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Objective: 
To evaluate the diagnostic value of new ultra-fast and large field of 
view Confocal Microscopy (UFCM) imaging of lymph nodes (LN) 
in patients with upper aerodigestive tract squamous cell carcinoma, 
compared to conventional histology (CHi). The UFCM images are arti-
ficially colored in purple as frozen sections. This technique would be 
considered interesting if accuracy based on UFCM images was higher 
than those on frozen section examination (FSE).

Method: 
We carried out an ex vivo study on LN from patients N0. The two 
parts of fresh lymph nodes were stained with acridine orange for 15s, 
rinsed and imaged with the Histolog-Scanner (UFCM) (SamanTree 
Medical, Switzerland) during 1 min. With an optical window of 20 
 cm2, two parts of several lymph nodes were imaged simultaneously. 
In postprocessing, all acquired and anonymized UFCM images were 
independently interpreted by two pathologists (PT1 and PT2) and the 
“UFCM diagnoses” were compared to CHi.

Results: 
We included 11/44 patients, i.e. 64 LN. 8/64 LN were metastatic (N+) 
on CHi. On UFCM images, PT1 was in accordance with CHi in 93.75% 
(95% CI= 84.8-98.3%) and PT2, 95.3% (IC95=86.9%-99%). PT1 con-
sidered as negative one patient, who was finally N+. The errors were 
as follows: the metastatic area has escaped the screening of the UFCM 
image (n=3), a metastasic area has been analyzed as only «suspect » 
(n=1)

Conclusion:
 Inclusions have now reached 44 patients and 206 LN, allowing a robust 
statistical analysis (in progress). At this stage, the analysis by UFCM 
seems to be a very promising technique. It could eventually replace the 
FSE, because its diagnostic reliability seems at least equivalent and its 
speed processing (5 minutes) constitutes a major asset.
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Objective: 
We have recently reported the first glutamatergic and GABAergic 
false neurotransmitters, meaning that these molecules are trans-
ported across several membranes, stored in synaptic vesicles where 
they dose-dependently replace endogenous neurotransmitters and 
are released upon neuronal membrane depolarization just like the 
endogenous neurotransmitters; however, they fail to activate recep-
tors [1]. Our glutamatergic false neurotransmitter, the S enantiomer of 
2-menthylglutamate, does not enter the Kreb’s cycle but does enter the 
glutamate-glutamine cycle where it is rapidly converted to S-2-meth-
ylglutamine by astrocytes but slowly converted back to 2-methyl glu-
tamate by neurons. Given the unique biochemical and neurochemi-
cal properties of S-2-methyl glutamate we have synthesized 2-[11C]
methyl glutamate  ([11C]AMG) and are pursuing it as an imaging agent 
for L-glutamate transport and L-glutamine biosynthesis in the brain, 
which has potential to inform on a multitude of neurological conditions.

Methods: 
Three individual radiosynthesis modules were used for  [11C]AMG radi-
ochemistry. The synthetic route is depicted in Scheme 2. Briefly,  [11C]
CH3I was produced from cyclotron delivered  [11C]CO2 via reduc-
tion followed by iodination.  [11C]CH3I was transferred and trapped 
in DMF at -10 oC, then reacted with 3.0 ± 0.5 mg of precursor (E)-
di-tert-butyl 2-(benzylidene amino)pentanedioate at 80 oC for 5 min-
utes. Either a mixture of (11bR)- and (11bS)- or (11bR)-Maruoka 
catalysts (4,4-Dibutyl-4,5-dihydro-2,6-bis(3,4,5-trifluorophenyl)-
3H-dinaphth[2,1-c:1´,2´-e]azepinium bromide) were added to 
catalyze the 11C-methylation and for directing the stereoselectivity 
towards either the racemic mixture or the (L)-isomer, respectively.
[2] After the 11C-methylation reaction was complete, the mixture was 
injected  onto the HPLC for  11C-Intermediate purification.  Col-
lected 11C-intermediate was hydrolyzed with 0.55 mL of 12M HCl 
at 120 oC for 3 minutes. After hydrolysis, the mixture was neutralized 
with 1M phosphate buffer, and purified by three C18 cartridges. Qual-
ity control consisted of pH determination, GC evaluation of residual 
ethanol and acetonitrile, radiochemical purity, and radiochemical 
identity through OPA-MPA derivatization. The product was diluted 
with saline as needed. We completed small animal PET/CT imaging 
of healthy C57/Bl6 mice (n=4) to determine the brain penetrance and 
biodistribution of  [11C]AMG. 60-min dynamic imaging was completed 
immediately following intravenous administration of 150 μCi  [11C]
AMG.

Results and Discussion: 
The total  [11C]AMG radiosynthesis takes 55 min from EOB, and the 
average EOS radioactivity for the formulated product was 88±25 mCi 
with an RCY of 24.7±8.3% (n=3, decay corrected to EOB) Radio-
chemical purity was consistently higher than 95%, and derivatization 
with OPA confirmed the structure of  [11C]AMG by comparison with 
non-radioactive racemic 2-methylaminoglutamate-OPA derivative 
retention time. Residual MeCN was consistently lower than 410 ppm. 
Dilution with saline prior to animal administration was required due 
to the high salt concentration of the radiotracer vehicle (1M phosphate 
buffer, which is needed for neutralizing the HCl). Small animal PET/
CT revealed that  [11C]AMG appeared to passively cross the intact 
blood-brain barrier (BBB) and then clear the healthy brain (Fig. 1B). 

In line with other radiolabeled amino acid derivatives, we observed 
predominantly renal clearance of  [11C]AMG (Fig. 1C).

Conclusion: 
We have established a reliable radiosynthesis of  [11C]AMG and per-
formed initial imaging in healthy mice. Further development will be 
focused on the determination of enantiomeric excess of the L-isomer 
via chiral HPLC. Given the brain penetration and favorable biodistribu-
tion of  [11C]AMG, future work will focus on its application in animal 
models of neurodegenerative disease.
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Abstract Body: 
Methodologies that can provide quantitative information on antibody 
distribution in tissues, and thus infer important biochemical insight, 
are critically needed. Inductively coupled plasma-mass spectrometry 
(ICP-MS) and laser ablation-inductively coupled plasma-mass spec-
trometry (LA-ICP-MS) are highly sensitive analytical techniques 
capable of quantifying and imaging antibody localisation. To improve 
upon existing current literature methods, new dibromopyridazinedione 
conjugation chemistry has been developed to produce robust heavy 
metal tags that bridge interchain disulphide bonds of antibodies.[1] The 
clinically-approved therapeutic antibody, trastuzumab, targets human 
epidermal growth factor receptor 2 (HER2) over-expressed in breast 
and ovarian cancers. The new chemistry developed has been applied 
to map trastuzumab distribution in cells and tissue, both quantitively 
and qualitatively using LA-ICP-MS.

Synthesis: 
A novel rhodium-based sarcophagine metal complex attached to a 
dibromopyridazinedione linker was synthesised (Fig. A). Interchain 
disulphide bonds of trastuzumab were reduced with TCEP, and reacted 
with the newly synthesised rhodium (Rh) compound. The resulting 
Rh-sar-trastuzumab immunoconjugate was characterised, by sodium 
dodecyl sulphate–polyacrylamide gel electrophoresis (SDS-PAGE), 
electrospray ionisation- mass spectrometry (ESI-MS), and UV-Vis 
spectroscopy.
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In vitro work: 
Rh-sar-trastuzumab was incubated with HER2-positive HCC1954 
and HER2-negative MDA-MB-231 breast cancer cells for 1 h at 37°C. 
After washing, cells were fixed with 4% PFA. Rh distribution was 
imaged with LA-ICP-MS at a spatial resolution of 8 μm.
In vivo work. Rh-sar-trastuzumab (0.5 mg) was administered to mice 
bearing HCC1954 orthotopic tumours. Mice were culled 72 h post-
injection, and the organs dissected, dried and digested in nitric acid 
and hydrogen peroxide before being analysed for Rh (μg/g dry weight) 
content by ICP-MS.
Simple and efficient bioconjugation of the rhodium (Rh) metal tag 
to trastuzumab was readily achieved producing the novel, near-
homogenous product, Rh-sar-trastuzumab. LA-ICP-MS analysis 
revealed significantly higher HER2-specific uptake of metal-tagged 
antibody in HER2-positive cells relative to HER2-negative cells (3.00 
± 0.68 vs. 1.52 ± 0.49 average Rh counts per pixel respectively, p < 
0.0001; Fig. B).
Rh-sar-trastuzumab in HER2-positive tumour-bearing mice at 72 h 
post-administration was quantified using 103Rh ICP-MS measure-
ments. Rh content was high in HER2 expressing tissues, including 
the tumour, ovaries and uterine horn, as well as tissue that is known 
to accumulate IgG antibodies (spleen, liver; Fig. C), consistent with 
reported trastuzumab biodistribution.[2] In animals that were not 
administered Rh-sar-trastuzumab, negligible amounts of endogenous 
Rh were recorded for all organs.
In addition to developing a new chemical platform for labelling anti-
bodies with heavy-metal tags, this is the first example of a Rh-tagged 
antibody that is capable of being imaged and quantified at a cellular 
level using LA-ICP-MS. This preliminary work provides proof-of-
concept, with a future outlook to mapping and quantifying antibody 
distribution in tissues, and moving from conventional HER2 antibod-
ies to novel antibody-based drugs.
This technology is poised for future integration into the field of 
imaging sciences, offering a complementary ex vivo tool that can be 
coupled with in vivo imaging techniques such as PET.
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Background: 
Although vulvar squamous cell carcinoma (VSCC) is rare, the dis-
ease burden is tremendous and prognosis has not improved over the 
last decades. Current treatment consists of surgery with or without 
(chemo)radiotherapy and is associated with significant and long-
term side effects. To improve current treatments and discover new 
therapies, more research into VSCC pathogenesis and management 
is urgently needed. Unfortunately, no proper models are available that 
mimic human VSCC. Most vulvar cancer research and drug screen-
ing programs are performed in tumor biopsies or (transgenic) animal 
models. Reconstructed 3D-human skin equivalents (HSEs) might be 
a solution for the issues faced. HSEs are in vitro cultured skin models 
designed to mimic the characteristics of native human normal or dis-
eased skin as closely as possible. Knowledge of sqaumous cell carci-
nomas and the crucial tumor microenvironment is essential to mimic 
VSCCs in vitro. Within the tumour microenvironment (TME) different 
fibroblast subtypes are present, including papillary fibroblasts (PFs), 
reticular fibroblasts (RFs) and cancer associated fibroblasts (CAFs). 
The latter being mostly associated with tumour progression and inva-
sion. Whether PFs, RFs and CAFs also play an important role in VSCC 
invasion and EMT remains to be determined. Moreover, HSEs can 
serve as a prediction model to determine the penetration profile of 
drugs across the skin.

Objectives: 
Development of a 3D-organotypic model that mimics normal and 
malignant vulvar skin for drug screening purposes.

Methods: 
Normal and VSCC models were established by seeding primary 
vulvar keratinocytes or tumor cell lines (A431 and HTB-117) onto 
dermal matrices harboring PFs, RFs and CAFs. PFs and RFs were 
isolated from surplus abdominal skin from healthy female donors. 
CAFs were isolated from cSCC primary tumours obtained from the 
department of Dermatology. HSE models were firstly cultured for two 
days under submerged conditions, followed by 2 weeks of culture at 
air-liquid interface. Next, epithelial morphogenesis was examined by 
immunohistochemistry and qPCR for e.g., cell activation, prolifera-
tion, differentiation and fibroblasts activation biomarkers. In addition, 
VSCC models were treated with carboplatin and paclitaxel in low 
and high concententrations in the medium to study their anticancer 
drug efficacy.

Results: 
Human 3D-vulvar models were successfully developed that resemble 
both normal native vulvar and VSCC. The vulvar models demonstrated 
the dissimilar effects of PFs, RFs and CAFs in tumor invasion. Further-
more, chemotherapeutic treatments resulted in a significant reduction 
in tumor-load and invasion.

Conclusions: 
This study is the first to our knowledge that showed the successful 
establishment of ex vivo normal human vulvar 3D skin models which 
mimic native healthy vulvar tissue. In addition, VSCC cell lines were 
seeded on a scaffold of normal and cancer-associated fibroblast sub-
types. This way 3D full-thickness VSCC-like models were created, 
harboring both keratinocytes and several types of fibroblasts in a well-
controlled microenvironment (Figure 1). The vulvar cancer models 
revealed the invasive influence of CAFs on VSCC progression. Lastly, 
shrinkage of the epithelial tumor in the VSCC FTMs was observed 
after application of chemotherapeutics carboplatin and paclitaxel. 
These results showed the potency of these 3D ex vivo 3D models as 
reliable platform for further studies for e.g. drug development in this 
tumor field.
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Abstract Body: 
Most patients with pancreatic adenocarcinoma present with advanced 
disease (locally or metastatic) and there is a strong need for improved 
systemic treatment. A promising strategy is the targeted delivery of 
cytotoxic radioactivity using antibody fragments against tumor-specific 
antigens, such as prostate stem cell antigen (PSCA). In this study, we 
use 89Zr-immunoPET to evaluate the in vivo targeting and biodis-
tribution of an anti-PSCA scFv-Fc fusion protein (A2scFv-Fc2DM) 
with optimized pharmacokinetics for radioimmunotherapy in a xeno-
graft model of pancreatic cancer. The 110 kDa antibody fragment was 
engineered for rapid blood clearance (double mutant, DM) and gets 
excreted through the hepatobiliary route, with the goal of reducing 
toxicity to the bone marrow and the kidneys.

Methods: 
The A2scFv-Fc2DM (A2DM) and the wild-type control A2scFv-
Fc2 (A2WT) were chelated using a 5-fold molar ratio of p-SCN-
Bn-Deferoxamine (SCN-DFO) and radiolabeled with zirconium-89 
(89Zr). 89Zr-A2scFv-Fc2DM or 89Zr-A2scFv-Fc2 (10 μg/3.7 MBq) 
were injected intravenously into nude mice (male and female) bear-
ing subcutaneous Capan-1 tumors (human pancreatic adenocarcinoma 
endogenously expressing PSCA). A blocking group was co-injected 
with 10-fold excess of cold A2scFv-Fc2. Static 10 min iPET/CT scans 
were acquired at 4, 24 and 96 hours post injection (p.i.) and groups of 
5 mice were euthanized for ex vivo biodistribution at 24 and 96 h p.i.

Results: 
Anti-PSCA scFv-Fc fusion proteins were successfully radiolabeled 
with efficiencies of 72-98%, resulting in specific activity of about 10 
μCi/μg and radiochemical purities of >98%. ImmunoPET showed 
high uptake of both 89Zr-A2scFv-Fc2DM and 89Zr-A2scFv-Fc2 in 
the PSCA-expressing Capan-1 tumors. While 89Zr-A2scFv-Fc2DM 
reached peak uptake at 24 h p.i. (5.3± 2.1 %ID/g), the longer half-
life of 89Zr- A2scFv-Fc2 resulted in increased uptake out to 96 h p.i. 
(9.4+/-0.8%ID/g). The lower activity in the tumors (1.8+/-0.5, %ID/g) 
in the blocking group at 24 h confirmed antigen specificity of the tracer. 
Rapid clearance of activity from the blood (heart) and accumulation of 
activity in the liver was evident for 89Zr-A2scFv-Fc2DM as early as 
4 h p.i, confirming the shift toward hepatic clearance. The modulated 
half-life of 89Zr-A2scFv-Fc2DM resulted in significantly higher tumor-
to-blood ratios compared with the control 89Zr-A2scFv-Fc2 (41.1 ± 
4.4 vs 0.7 ± 0.1 %ID/g at 96 h p.i.). ImmunoPET/CT images and the 
ex vivo biodistribution revealed no gender-specific differences or non-
specific tissue uptake.

Conclusion: 
ImmunoPET as a non-invasive whole body imaging application can 
inform on in vivo targeting, pharmacokinetics, and clearance of anti-
body-based therapeutics, and surrogate immunoPET using a positron 
emitting radionuclide with correlating characteristics can guide the 
development of radioimmunotherapy. Here, 89Zr-immunoPET of the 
re-engineered fusion protein A2scFv-Fc2DM confirmed specific target-
ing to PSCA expressing pancreatic xenografts. 89Zr-A2scFv-Fc2DM 
cleared through the liver (sparing the more radiosensitive kidneys) and 
demonstrated rapid blood clearance (reducing hematological toxicity). 
Thus, A2scFv-Fc2DM could provide an improved therapeutic index for 
radioimmunotherapy of pancreatic cancer.
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Introduction: 
Galectin-3 binding protein (Gal-3BP) is a glycoprotein that is over-
expressed in a variety of cancers and has been implicated as a marker of 
tumor progression and poor prognosis in several tumor types, including 
melanoma, non-small cell lung cancer, head and neck squamous cell 
carcinoma, and breast cancer. Herein, we report the use of Gal-3BP-
targeting radioimmunoconjugate,  [89Zr]Zr-DFO-1959, in three different 
patient-derived melanoma xenograft models.

Methods: 
Humanized anti-Gal-3BP antibody 1959 was modified with desfer-
rioxamine (DFO) and labeled with zirconium-89  (t1/2 ~ 3.3 d) via 
standard procedures to produce  [89Zr]Zr-DFO-1959. Subsequently, 
athymic nude mice bearing subcutaneous patient-derived xenografts 
(PDX) were injected with  [89Zr]Zr-DFO-1959 (n=3-4). Three different 
melanoma PDX models were used: JW-217a, JW-218a, and JW-159a. 
At 24, 48, 72, 96, and 120 h after the injection of  [89Zr]Zr-DFO-1959 
(2.6-3 MBq, 70-80 μCi, 5-6 μg), PET images were acquired. At the last 
imaging timepoint (120 h) the mice were sacrificed, and their organs 
were collected, weighed, and assayed for radioactivity with a gamma 
counter calibrated for zirconium-89.

Results: 
A radiolabeling yield of >95% was obtained along with a post-purifica-
tion purity of >99%. In PET experiments,  [89Zr]Zr-DFO-1959 clearly 
delineated Gal-3BP-secreting PDX tissue, reaching optimal tumor-
to-background contrast at 120 h. Of the three PDX models, JW-159a 
showed the highest radioactivity uptake at the tumor, and JW-217a had 
the lowest uptake, with JW-218a in between. The ex vivo biodistribu-
tion data confirmed the PET imaging results.

Conclusions: 
 [89Zr]Zr-DFO-1959 effectively visualized Gal-3BP-secretion in mela-
noma PDX tissues. Our preliminary results and the expression of Gal-
3BP by a variety of cancers make it an enticing target for further devel-
opment for therapeutics, including antibody-drug conjugates (ADC). 
We are currently further validating  [89Zr]Zr-DFO-1959 in other PDX 
models and exploring the theranostic value of  [89Zr]Zr-DFO-1959 in 
the context of a Gal-3BP-targeted ADC.
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Purpose: 
To evaluate the performance of the Biograph Vision (Siemens Health-
ineers) PET/CT system. This new system is based on the Siemens 
Biograph Vision 600, using the same silicon photomultiplier-based 

detectors with 3.2×3.2×20-mm lutetium-oxoorthosilicate crystals. The 
Vision 8 detector rings provide axial field of view (AFOV) of 26 cm, 
enabling imaging of major organs in one bed position.

Methods: 
The new digital PET/CT  features  silicon photomultiplier  (SiPM)
based detectors with 3.2 mm lutetium oxyorthosilicate (LSO) crys-
tals  and  full  coverage  of  the  scintillator  area.  The  PET  com-
p o n e n t s   i n c o r p o r a t e   e i g h t   r i n g s   o f   3 8   d e t e c -
t o r   b l o ck s   a n d   e a ch   b l o ck   c o n t a i n s   4 x 2   m i n i 
b locks .   Each  minib lock   cons is t s   of   a   5x5  LSOar-
ray of 3.2x3.2x20 mm crystals coupled to a SiPM array of 16x16 
mm, resulting in an axial field of view (FOV) of 26.1 cm. In this study 
PET/CT system performance will be evaluated conform the NEMA 
NU 2 2012 standard. The Spatial resolution, sensitivity, count rate 
performance, scatter correction, Time‐of‐Flight (TOF) performance, 
and image quality will be determined. Measurements will be directly 
compared to results from its predecessor.

Results: 
The Biograph Vision shows a NEMA sensitivity of 15.1 kcps/MBq, an 
axial spatial resolution at Full Width Half Maximum (FWHM) of 3.5 
mm at 1 cm offset of the center of the FOV, a NEMA peak NECR of 259 
kcps  at  32  kBq/mL and TOF timing resolution  was 213.7 ps. 
The overall image contrast seen with the NEMA image quality phan-
tom ranged from 80.79% to 90.86%.

Conclusions: The Biograph Vision is able to meet NEMA standards.
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In the past few years, there has been a significant interest in the design 
of new theranostic radiopharmaceuticals targeted at the Prostate-Spe-
cific Membrane Antigen (PSMA), which is overexpressed in the major-
ity of prostate cancer (PCa) and its metastases [1]. A variety of PSMA 
ligands were labeled with different imaging and therapeutic radionu-
clides, namely with the soft beta minus emitter 177Lu. This intense 
research work led to the development of 177Lu-PSMA-617, undergoing 
a Phase III clinical trial to treat metastatic castration-resistant PCa 
(mCRPC) [1,2]. However, the use of beta minus emitters in targeted 
radionuclide therapy (TRNT) of cancers has some limitations, such 
as the nephrotoxicity and beta radiation resistance encountered in a 
non-negligible number of patients. Auger electron (AE) emitters can 
be an attractive alternative to circumvent these difficulties and common 
radionuclides for nuclear medicine imaging applications can be used 
(e.g. 67Ga, 99mTc or 111In) [3]. The radiobiological effects induced by 
AE emitters might include hardly repairable and lethal DNA damage 
in the targeted tumor cells, if the AEs are emitted in close proximity to 
a radiosensitive cellular target, such as the nuclear DNA or the mito-
chondria. In particular, mitochondria-targeted radioconjugates may be 
an attractive alternative because mitochondrial DNA is damaged by 
exposure to ionizing radiation, which is also able to elicit other del-
eterious effects such as ROS production or apoptosis. For this reason, 
recently, the energized mitochondria of tumor cells started to be stud-
ied as a subcellular target for therapeutic AE-emitting radionuclides 
[4]. Having this in mind, we have designed dual-targeted 111In-DOTA 
complexes carrying a PSMA inhibitor (PSMA-617 derivative) and a 
triphenyl phosphonium (TPP) group to promote a selective uptake by 
PCa cells and their accumulation in the mitochondria, respectively. 
Conjugates bearing a cathepsin B cleavable linker between the PSMA-
617 moiety and the DOTA chelator were also synthesized, aiming at 
a further enhanced accumulation in the mitochondria upon enzymatic 
cleavage of the linker. In this way, we expected to obtain AE emitting 
radioconjugates suitable for a more selective TRT of mCRPC (see 
Figure 1). In this communication, we describe novel DOTA-based che-
lators functionalized with PSMA-617 and/or TPP derivatives and their 
respective natIn and 111In complexes. The “cold” compounds (ligands 
and natIn complexes) were fully characterized by HPLC, ESI-MS and 
multinuclear NMR analysis. The 111In complexes were obtained by 
reaction of the different ligands with 111InCl3, in high radiochemical 
yield and purity at high specific activity; their chemical identity was 
ascertained by HPLC comparison with the cold congeners. All the 
radiocomplexes showed high in vitro stability in physiologic conditions 
and in the presence of cell culture medium. The biological evaluation 
included cellular uptake and internalization and PSMA-blocking stud-
ies in different cell lines (LNCaP, PC3 PIP and PC3 Flu), subcellular 
localization experiments and the assessment of radiobiological effects 
based on the clonogenic survival assay. The PSMA-targeted 111In-
radiocomplexes displayed high cellular uptake and internalization 
in the PSMA-positive PC3 PIP cells while presenting a negligible 
internalization in the PSMA-negative PC3 Flu cells. In some cases, 
the radiobiological studies indicated that the complexes compromise 
the cellular viability in a dose-dependent manner. In summary, the 
high and specific cellular uptake and internalization in prostate cancer 
cells displayed by the PSMA-targeted 111In-complexes, as well as their 
significant radiotoxicity in the same cell lines, are indicative of their 
potential for Auger therapy of cancer. MicroSPECT imaging studies 
in PSMA-positive PCa xenografts are underway to assess how the dif-
ferent components (TPP and PSMA-617 pharmacophores, cleavable 
linker) influence the in vivo behavior of the radioconjugates.
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Developing non-invasive imaging of cell distribution and migration in 
the brain using MRI remains an important tool to evaluate longitudi-
nally how transplanted and endogenous neural progenitor/stem cells 
contribute to brain repair. Although  T2-weighted techniques relying 
on iron oxide-based contrast agents can provide a strong signal that 
even allows the detection of individual particles, this approach is com-
promised by false positives (i.e. air bubbles, hemosidrin), as well as 
a limitation on resolving the exact position of cells within their ana-
tomical context. Gadolinium (Gd)-based  T1-weighted signals provide 
a unique signal for detection, but the signal attenuation is much lower 
than with iron-oxide based contrast agents. Engineering of Gd parti-
cles with DNA cross-linked on gold (Au) nanoparticles (Gd-DNA@
AuNP) can dramatically increase their T1 relaxivity, as well as mitigate 
T1 quenching upon endocytosis. To achieve a maximum  T1-weighted 
contrast between Gd-DNA@AuNP and brain tissue, we measure the 
T1 of Gd-DNA@AuNP in transplanted cells and contrast this with the 
T1 measured in brain tissue. Considering the Curie point for Gd (19-
20 °C), we performed these measurements at different temperatures 
(14, 18, 20, 22, 26, 30, 34, 38 °C, Figure 1A). The difference in T1 
between Gd-DNA@AuNP and brain tissue was 20% greater at 38 °C 
than at 14 °C. Although there was a higher T1 signal for brain and Gd-
DNA@AuNP at 11.7T compared to 9.4T, T1 contrast at 11.7T was 
only 4% higher compared to 9.4T. Using a design of experiment (DoE) 
simulation approach to determine optimal repetition time (TR= 50, 
100, 500, 1000 ms, Figure 1B) and flip angle (10-90°), we determined 
that a TR=1000 ms with a flip angle of 90° provided maximum con-
trast between Gd-DNA@AuNP and brain tissue. These experiments 
highlight the importance of the image acquisition parameters to ensure 
maximum  T1-weighted contrast that is required to detect Gd-DNA@
AuNP labeled cells for cellular MRI.
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Introduction: 
Detecting pancreatic cancer in early stage should be the most effective 
means to improve curative outcomes, but existing imaging modalities, 
including US, CT and MRI, have been insufficient. Focusing on the 
hypermetabolism of cancers,  [18F]FDG-PET imaging have provided 
new insight in pancreatic cancer imaging diagnosis, however, its detect-
ing rate, especially of early stage PDAC, have been limited. Researches 
on antibody-based imaging probes, targeting cancer cell surface pro-
tein antigen, are also in the development stage. One promising yet 
untapped target is the glycan-enriched outer layer of cancer cells known 
as the glycocalyx. We have previously demonstrated that fucosylated 
glycans (H type-3 antigens) are expressed in pancreatic cancers and 
a recombinant lectin, called rBC2LCN, binds to these glycans spe-
cifically (Shimomura O, Oda T, et al: Mol Cancer Ther 2018). Here, 
we developed a novel lectin-based PET probe for molecular imaging 
of cell surface glycans for pancreatic cancer. In this study, we first 
engineered 18F-Labeled rBC2LCN lectin and evaluated its behavior in 
pancreatic cancer xenograft mice.

Material and Methods: 
rBC2LCN (16kDa) lectin was labeled with N-succinimidyl-4-[18F]
fluorobenzoate  ([18F]SFB) which was prepared according to literature 
(Maeding P, et al: Appl Radiat Isot 2005) in phosphate buffer (pH 
8.5).  [18F]FB-rBC2LCN thus obtained was purified using gel filtra-
tion column (PD-10, GE, Uppsala, Sweden). A pancreatic cancer cell 
line Capan-1 was used as a model which expresses H type-3 antigens. 
The biodistribution of the  [18F]FB-rBC2LCN was evaluated in athymic 
nude mice bearing subcutaneous Capan-1 tumors. Static small-animal 
PET imaging studies (G4, SOFIE, Dulles, VA) were performed to fur-
ther evaluate in vivo tumor targeting and specificity.

Results: 
Decay-corrected radiochemical yield of  [18F]FB-rBC2LCN was 3.6% ± 
0.3% (mean ±SD, n = 5) based on  [18F]SFB and radiochemical purity 
was more than 96%. Dose of the labeled product injected intravenously 
to mice was 0.32 ± 0.16 MBq which corresponds 59 ± 21 mg. The 
biodistribution study demonstrated that Capan-1 tumor uptake (6.5 
± 2.0 %ID/g) was high as early as 60 min after injection of  [18F]FB-
rBC2LCN, and the uptake increased over time (9.6 ± 2.2 and 11 ± 3.9 
at 150 and 240 min after injection, respectively). Tumor-to-muscle 
ratio increased with time up to 15.2 ± 3.7 at 240 min after injection 
indicating image contrast. Although kidneys (72 ± 23 %ID/g), liver 
(7.1 ± 1.7 %ID/g) and lungs (7.4 ± 2.9 %ID/g) showed high uptake at 
60 min after injection, the uptake of those organs decreased over time. 
The blood activity concentration of the tracer was also high at 60 min 
after injection (12 ± 4.4 %ID/g) and decreased over time (6.3 ± 2.1 and 
3.8 ± 1.3 at 150 and 240 min after injection, respectively). Bone uptake 
was very low (below 1.8 %ID/g throughout the study) indicating that 

defluorinating metabolism was negligible. High-contrast PET imag-
ing of tumors was achieved as early as 60 min after injection, and the 
contrast became clearer over 240 min, which was consistent with the 
biodistribution result.  [18F]FB-rBC2LCN exhibited moderate blood 
clearance predominantly through renal excretion.

Conclusions: 
The 18F-labeled rBC2LCN lectin represents a new class of tumor-spe-
cific probes for PET that are based on targeting cell surface glycans. 
The  [18F]FB-rBC2LCN demonstrated high-contrast small-animal PET 
imaging of pancreatic cancer xenografts. It could be translated to the 
clinic for PET of pancreatic cancer.
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The current paradigm for the treatment of intracranial tumors is 
maximizing the extent of resection (EOR). Even for highly malignant 
and infiltrative tumor types, such as glioblastoma, increased EOR is 
correlative to increased overall  survival1-2 . To help maximize EOR, 
a preoperative MRI (pMRI) is acquired, often using a gadolinium-
based contrast agent (GBCA), and these images are co-registered to 
the patient in the operating room for stereotactic neuro-navigation. 
Yet, this procedure has limitations arising from the deformation of 
brain tissue during resection. To help address this challenge, fluores-
cence guidance has emerged as an important modality for improving 
EOR. Existing contrast agents (CAs) for fluorescence guidance that 
are either approved or under investigation for this indication each have 
their own limitation. ALA-PpIX, approved for this indication, can pro-
vide exceptional contrast in many tumors but has shown unpredictable 
sensitivity to tumor  heterogeneity3, sodium fluorescein can display sig-
nificant normal tissue uptake, and long-incubation ICG, which provides 
robust tumor contrast, is often performed using a 24-hr administration 
schedule, which can be logistically challenging in some  settings4. In 
this context, we aim to identify a new agent for fluorescence neuro-
surgical guidance that displays the following characteristics: (1) high 
tumor-to-normal contrast within minutes of administration that persists 
well into the surgical procedure and (2) similar uptake behavior to 
GBCA’s to provide familiar information to neurosurgeons. By using a 
whole animal hyperspectral fluorescence cryomacrotome co-registered 
to MRI, we screened several fluorescent candidate agents selected to 
minimize normal brain uptake and maximize tumor:normal tissue con-
trast. Herein, we report on a lead candidate, rhodamine conjugated to 
a small (1 kDa) methoxy-polyethylene glycol (mPEG) chain, which 
shows high contrast within minutes of administration that persists for at 
least 90 minutes. Mice containing orthotopic gliomas were positioned 
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in a specialized MRI coil, and after pre-CA images were acquired, 
administered a cocktail of contrast agents consisting of a GBCA and 
multiple fluorescence CA candidates. GBCA images were acquired 
until a set time at which point animals were euthanized and prepared 
for multi-channel, hyperspectral cryo-macrotome imaging which pro-
duces 3D whole body images of up to four fluorescent agents overlaid 
on color-RGB volumes at 100-micron  resolution5. MRI and macrotome 
volumes were co-registered using fiducial-based registration for com-
parison between the two modalities. Cohorts were imaged at 10, 40 and 
90 min. after administration and tumor:normal metrics assess.
Representative images of the lead candidate agent, mPeg-rhodamine 
1kDa (PegRhd1k), and the GBCA in two mice (10 and 40 min. time 
points) are provided in Fig. 1. Qualitatively, we observed high tumor 
uptake with a profile that largely matches the GBCA. Quantitative 
analysis of all three cohorts confirms these observations. At 10, 40, 
and 90 min. after administration, tumor:normal brain contrast of 
PegRhd1k was 16.5 (n = 7, σ=9.5), 19.2 (n = 5, σ=2.35) and 12.7 
(n = 3, σ=5.34), respectively. Notably, the normal brain signal in 
all animals was close to that measured in control animals without 
a fluorophore administered, a major factor in increasing contrast. 
These results indicate that the PegRhd1k agent provides very high 
tumor contrast within 10 minutes of administration which persists 
for at least 90 minutes. These favorable properties support further 
evaluation and development of this strategy.
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Purpose: 
The aim of the study is to evaluate the PET image processed with vari-
able penalization factor of Block sequential regularized expectation 

maximization (BSREM) reconstruction algorithm on 5 rings BGO 
based PETCT system. The evaluation was required to check its per-
formance on the basis of both quantitative and qualitative analysis 
to improve the overall image quality that will not only promote the 
diagnostic confidence but also treatment response evaluations. Order 
Subset Expectation Maximization (OSEM) is a fast and most applied 
standard PET reconstruction method, however, image noise increases 
with subsequent iterations and the algorithm is stopped before the 
images become too noisy. This could lead to inaccuracies for quan-
titative assessment as the algorithm does not reach full convergence. 
BSREM reconstruction algorithm allows full convergence of measured 
and estimated data with point spread function modeling without noise 
amplification during the image reconstruction process by noise control-
ling penalty factor.

Method: 
In this study, 20 patients’ data of 18F FDG PETCT study with con-
firmed malignancies were retrospectively assessed. For each study one 
OSEM reconstruction was performed with the standard protocol of 2 
iterations, 12 subsets,4.8 mm Gaussian filter, and eight reconstruc-
tions with BSREM algorithm of variable β factors from 200 to 600 in 
the step of 50. To check the performance post image reconstruction 
process quantitative parameters SUVmax, SUVmean, SUVstd, Noise 
levels, Signal to Background ratio (SBR), and Signal to noise ratio 
(SNR) were calculated for each reconstruction method. The compari-
son was made among different reconstruction methods using statistical 
methods. Qualitative analysis was also done with visual scoring by 
two experienced nuclear medicine Physicians. All statistical analyses 
were performed using Microsoft Excel and IBM SPSS. Descriptive 
parameters were expressed as mean and SD. A value of p < 0.05 was 
considered statistically significant.

Result: 
20 lesions of mean size 1.9±0.7 cm (range 1.2-4.1 cm) was identified. 
SNR significantly increased on increasing beta value from β 200 to 600 
(p < 0.05) because the noise was decreasing on increasing beta value. 
SBR decreased on increasing beta values since SUVmax of lesion 
decreased on increasing β value. On com with a conventional algo-
rithm noise level of β 200 was similar to OSEM(p=0.1). SBR of β200 
to β400 were significantly higher (p<0.05 each) than OSEM whereas 
β450 500 and 550 doesn’t show a significant difference(p>0.05 each) 
with the only exception of β600 which shows significantly lower SBR 
than OSEM. Visual scoring results for overall image quality consider-
ing both parameters of noise as well as lesion detection, β350 was the 
preferred choice among both readers with the moderate agreement. 
(Cohen kappa k = 0.5)

Conclusion: 
The study indicates that in the BSREM reconstruction algorithm of 
PET images higher beta value could be utilized if noise is very high 
without loss of signal to background level and lower beta values could 
be beneficial in case of suspicious lesion detection for better lesion 
delineation where the study suggests the preferable range of 300 to 400. 
The overall evaluation shows β350 of BSREM is optimum in oncologi-
cal cases for 18F FDG PET CT in a non-TOF-based PETCT system and 
it outperforms the conventional reconstruction method.
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Introduction: 
Increases in myocardial extracellular volume (MECV) are often inter-
preted as existence of scar—presence of clinically important levels 
of myocardial  fibrosis[1]. Increases in MECV can be detected using 
extracellular contrast agents with  MRI[2]. If the increase in fibrosis 
is focal, a delayed enhancement method can qualitatively detect its 
presence. However, if the increase in fibrosis is diffuse, quantifica-
tion of MECV is needed, which requires T1-maps prior to and after 
contrast administration along with a measure of hematocrit. With 
advances in T1-mapping, determination of MECV is now more often 
used to characterize cardiac tissue when diffuse fibrosis is present 
including tissue remote to the ischemic tissue following myocardial 
infarction (MI). However, pathophysiological interpretation of MECV 
measurement requires an understanding of tissue changes that generate 
changes in MECV and how these evolve with time. We investigated 
the relationship between the increase in MECV by MRI, tissue inflam-
mation by PET, and extent of tissue fibrosis by histology in dogs, five 
days after MI.

Methods: 
In seven adult female hounds, a MI was induced by permanent liga-
tion of the left anterior descending coronary artery during left thora-
cotomy. The care and treatment of the animals was in accordance with 
the University of Western Ontario Council on Animal Care (Animal 
Use Subcommittee) guidelines. At baseline and five days after MI, 
hybrid PET/MRI was performed; MECV and metabolic rate of glu-
cose (MRGlu) were assessed during a 150-minute constant infusion 
of Gd-DTPA at 4 μmol/min/kg and FDG at 170 kBq/min/kg. T1 maps 
acquired before and after contrast administration allowed the calcula-
tion of the MECV, assuming a hematocrit of 0.45[3]. Simultaneous 
constant infusion of Gd-DTPA and FDG has been shown to be an 
effective approach to measure the MECV by MRI and the MRGlu 
by  PET[4]. Animals were euthanized and heart tissue samples were 
collected from four regions: center of infarct, edge of infarct, remote 
tissue, and right ventricle. Tissue samples were fixed, frozen and 
embedded in optimal cutting temperature compound, and subse-
quently sectioned at 5-6 μm  thickness[5][6]. They were then stained 
with Masson’s Trichrome Stain. All data points from the seven dogs 
were grouped into the 4 regions of tissue and statistical analysis was 
performed using GraphPad Prism (GraphPad Software, La Jolla, CA). 
Data did not pass normality; therefore, an unpaired and nonparamet-
ric Mann-Whitney test was used to compare mean percent fibrosis 
between tissue regions (Figure 1).

Results: 
Percent fibrosis by histology decreased significantly between all 
regions, from Infarct Center to Infarct Edge to Remote Tissue to Right 
Ventricle (p<0.05, Fig 1). MECV significantly increased with percent 
fibrosis (r=0.6740, p<0.05) and with MRGlu (r =0.7221, p<0.05).

Discussion and Summary: 
Although the temporal increase in MECV following MI remains con-
stant in both  dogs[7] and  humans[8][9] the underlying tissue characteris-
tics are changing with time. For example, Pereira et al. (1999) showed 
that within hours of a MI induced by occlusion/reperfusion injury that 
the MECV had increases in 30 min to the same values seen months 
later, even though at 30 min no fibrosis is present whereas at the later 
time fibrosis tissue content would be significant. Here, we show that 
by five days the increase in MECV is only partially related to fibrosis. 
The dependence on inflammation and the observation that even at five 
days the amount of fibrosis varied between animals (data not shown) 
suggests that the temporal response to MI varies even between well 
matched subjects. Hence, to better determine tissue conditions impor-
tant for patient management, additional imaging methodologies (e.g. 
T1ρ for  fibrosis[10], T2 for  edema[2], FDG/PET for  inflammation[11]) 
are needed.
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Background/Aim: 
Positron emission tomography (PET) radiotracers targeting muscarinic 
acetylcholine receptors (mAChR) could have an enormous impact on 
enhancing therapeutic strategies for various neurological diseases 
including dementia. (+)N-[11C]methyl-3-piperidyl benzilate  ([11C]
(+)3-MPB) was developed as a PET radiotracer for mAChR. The aim 
of the present study is to characterize the binding of  [11C](+)3-MPB 
to mAChR in the brain of living mice.

Method: 
A total of 24 ICR mice underwent dynamic  [11C](+)3-MPB PET/CT 
studies after treatment with vehicle and different doses of mAChR 
antagonists, solifenacin and oxybutynin. Regional brain non-displace-
able binding potential  (BPND) of  [11C](+)3-MPB to mAChR was esti-
mated using a time-course of  [11C](+)3-MPB distribution in cortical 
and subcortical structures and a simplified reference tissue model with 
cerebellar reference tissue input function. The differences in regional 
brain  BPND of  [11C](+)3-MPB were examined to establish the dose-
response relationship in terms of the effective dose  (ED50) using non-
linear regression analysis for the Emax model.

Results/Conclusions:  
[11C](+)3-MPB PET quantitatively visualized cortical and subcorti-
cal mAChR function and its dose-dependent changes after solifenacin 
and oxybutynin treatment in the brain of living mice. Solifenacin and 
oxybutynin showed a maximal 61% and 60% difference compared to 
 BPND of vehicle treatment for the highest doses of those drugs (10 
mg/kg and 1 mg/kg, respectively) in the striatum.  ED50 across regions 
ranged 3.67 – 12.54 mg/kg and 0.42 – 1.18 mg/kg for solifenacin and 
oxybutynin, respectively. In vivo quantitative PET analysis of brain 
mAChR occupancy may provide a fundamental basis for managing 
therapeutic strategies of potential drugs that exert mAChR antagonism 
implicated in neurological diseases.
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Aims/Introduction:  
[18F]PSMA-1007 shows similarity in structure, biodistribution, and 
tumor uptake to the theranostic compound PSMA-617. Thus,  [18F]
PSMA-1007 and  [177Lu]PSMA-617 seem to be a perfect theranostic 
tandem. This study aimed to predict the absorbed dose in the tumor 
and non-target organs of  [177Lu]PSMA-617 using  [18F]PSMA-1007 
and an image-based internal radiation dosimetry analysis in prostate 
cancer xenograft model mice.

Material & Methods: 
A total of eight BALB/c mice bearing lymph node carcinoma of the 
prostate cells underwent  [18F]PSMA-1007 PET/CT studies to illustrate 
the time-courses of distribution in the tumor and various organs. And 
the virtual PET images mimicking the biodistribution and pharma-
cokinetics of  [177Lu]PSMA-617 were artificially created using  [18F]
PSMA-1007 PET images by considering the differences in the physi-
cal half-life between F-18 and Lu-177. Accordingly, given voxelized-
source (PET) and -phantom (CT) images were used in the simulation 
for radiation transportation and electromagnetic process of radioactive 
decay of Lu-177 with Geant4 application for tomographic emission 
(GATE) Monte Carlo simulation software. Finally absorbed doses were 
calculated from the integral sum of the area under the dose rate curve to 
complete the image-based internal radiation dosimetry analysis.

Results: 
The substantial accumulation of the  [18F]PSMA-1007 was shown in the 
tumor, kidney and salivary glands. The radiation dose of  [177Lu]PSMA-
617 in the tumor and various organs were visualized and quantified 
via the energy deposition map (MeV) and the dose distribution map 
(Gy) by using the virtual PET images, while statistical uncertainties 
for the estimation were kept below 2%. The absorbed dose of  [177Lu]
PSMA-617 in the tumor, kidney and salivary glands was predicted at 
0.71 ± 0.14 Gy/MBq, 2.80 ± 0.53 Gy/MBq and 0.39 ± 0.06 Gy/MBq, 
respectively.

Conclusion: 
Preclinical dosimetry in prostate cancer xenograft model mice can pro-
vide a starting point for the radiobiological interpretation and mod-
eling of the dose distribution for response assessment during targeted 
radionuclide therapy. The present study suggests the possible applica-
tion of  [18F]PSMA-1007 in the pre-therapeutic dosimetry for  [177Lu]
PSMA-617.
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Objective: 
To design a smart liposomal nanoformulation for immunotargeted and 
real-time monitored delivery of chemotherapeutic drugs at the target 
site.

Introduction: 
Liposomal formulations loaded with chemotherapeutic drugs have 
shown promising results for drug delivery in clinics [1]. However, 
smart nanoformulations are desired for targeted delivery and quan-
titation of the percentage of drug delivered at the target site for opti-
mizing the doses and schedule of cancer treatment. Herein, we report 
the design, characterization, radiolabeling and preclinical evaluation 
of 99mTc labeled liposomes loaded with doxorubicin and decorated 
with antibodies for targeting HER2 receptor overexpressing cancers.

Methods: 
Liposomes were prepared using N-(carbonyl-methoxypolyethylene gly-
col 2000)-1,2-distearoyl-sn-glycero-3-phosphoethanolamine sodium 
salt (MPEG-DSPE), cholesterol and 1,2-distearoyl-sn-glycero-3-phos-
phocholine (DSPC) by using ethanol injection method in acetate buffer. 
Drug doxorubicin was loaded using the active pH gradient method. 
After loading of drug, unloaded doxorubicin was removed using 
dialysis followed by sephadex G-25 exclusion column purification. 
For evaluating the drug loading efficiency, liposomes were ruptured 
using triton X-100, and absorbance of doxorubicin was measured at 
485 nM using a plate reader and reverse phase-HPLC. For conjuga-
tion of doxorubicin loaded liposomes (Lip-Dox) with HER2 receptor 
targeting monoclonal antibody trastuzumab, liposomes were prepared 
using maleimide conjugated lipid. Antibodies were modified with 
Traut’s reagent. Maleimide-liposomes and –SH modified antibodies 
were incubated at a ratio of 1:10 [2]. The formulation was purified for 
removing unconjugated antibodies using a superdex 200 size exclu-
sion column using PBS. The Lip-Dox conjugated with trastuzumab 
(Lip-Ab-Dox) was radiolabeled with 99mTc (DTPA-lipid was utilized in 
preparing liposomes) using stannous chloride as a reducing agent. The 
stability of 99mTc-Lip-Ab-Dox (99mTc labeled liposomes encapsulat-
ing doxorubicin and conjugated with trastuzumab) and 99mTc-Lip-Dox 
(99mTc labeled liposomes encapsulating doxorubicin) was studied. For 
ascertaining the affinity of 99mTc-Lip-Ab-Dox against HER2 receptor, 
cell binding and inhibition studies were carried out in HER2 posi-
tive SKBR3 and negative MDA-MB-231 (Human breast cancer) cell 
lines. In vivo comparative evaluation of 99mTc-Lip-Ab-Dox and 99mTc-
Lip-Dox in SKBR3 xenograft SCID mice was also carried out.

Results: 
Liposomes of size 84.2 ± 2.9 nm could be prepared in a reproducible 
manner. The encapsulation efficiency of doxorubicin into liposomes 
was found to be 64.9 ± 2.8 %. Radiolabeling with 99mTc resulted in 
100% radiochemical purity of the formulation. The stability of 99mTc-
Lip-Ab-Dox and 99mTc-Lip-Dox was found to be 99.5 ± 0.3 % in 
serum and PBS at 37°C and 4°C when studied up to 24 h using thin 
layer chromatography and saline as mobile phase. 99mTc-Lip-Ab-Dox 
showed binding of 28.5 ± 0.2 % in HER2 positive cells. Up to 51.6 
% inhibition in the uptake of radiolabeled formulation with 5 μg of 
unlabeled trastuzumab was observed indicating specificity of the radi-
oformulation. 99mTc-Lip-Dox showed only 4.3 ± 0.9 % cell uptake 
and no inhibition was observed. While in similar studies with HER2 
negative MDA-MB-231 (breast cancer) cell line, 99mTc-Lip-Ab-Dox 

and 99mTc-Lip-Dox showed 3.2 ± 0.7 % and 3.6 ± 0.5 % binding 
respectively and no inhibition was observed with unlabeled trastu-
zumab. This confirms the specificity of 99mTc-Lip-Ab-Dox for HER2 
receptors. In In vivo comparative evaluation of 99mTc-Lip-Ab-Dox 
and 99mTc-Lip-Dox in SKBR3 xenograft bearing SCID mice, 99mTc-
Lip-Ab-Dox showed two-fold higher uptake in tumor at 6 h and 24 h 
as ascertained by SPECT imaging. Results of biodistribution studies 
also corroborated with the SPECT imaging data. These results reveal 
the potential of 99mTc-Lip-Ab-Dox for immunotargeted and real-time 
monitored delivery of doxorubicin in HER2 positive tumors using 
SPECT imaging.

Conclusion: 
A smart liposomal nanoformulation for immunotargeted and real-time 
monitored delivery of chemotherapeutic drugs at the target site was 
successfully formulated and evaluated with encouraging results in pre-
clinical studies. To the best of our knowledge, this is the first attempt 
to design a target-specific radiolabeled liposomal nanoformulation 
for immunotargeted delivery and quantitation of drug delivery using 
SPECT imaging.
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Purpose: 
When ascorbate is administered at high concentration via intraperito-
neal or intravenous injection, it is feasible to achieve concentration. At 
such high concentrations ascorbate can get autoxidized forming active 
oxygen including superoxide with subsequent dismutation to hydrogen 
peroxide.(1) (Figure 1) In the current study, we examined local oxygen 
consumption by the pharmacological ascorbate therapy using treat-
ment sensitive pancreatic ductal adenocarcinoma MIA Paca-2 model 
and resistant lung carcinoma A549 model and further evaluated the 
effect of induced hypoxia on the treatment efficacy of hypoxia-activated 
prodrug evofosfamide therapy.(2)

Methods: 
The oxygen consumption rate (OCR) and extracellular acidification 
rate (ECAR) were analyzed on a XF96 Extracellular Flux Analyzer 
(Agilent Technology). Twenty thousand cells were plated into each 
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well of a 96-well plate and cultured overnight. During the measure-
ment of OCR and ECAR, cells were treated with ascorbate (0.1, 1 and 
1000 μM) and catalase (100 μg/ml) at time point of 30 minutes and 60 
minutes, respectively.
Photoacoustic imaging was performed by scanning tumors with the 
Visual Sonics Vevo®LAZR System (FUJIFILM VisualSonics Inc., 
Canada) using a 21-MHz linear array transducer system (central fre-
quency) integrated with a tunable nanosecond pulsed laser. During the 
scan, mice were anesthetized using isoflurane (1.5–2.5%). Respiration 
was continuously monitored to ensure the data reproducibility and ani-
mal well- being. The tumor area in the sagittal plane of the leg was 
manually determined from concurrently acquired ultrasound images. In 
this study, the experiments were performed on a fixed plane depicting 
the center of the tumor in order to achieve better temporal resolution.

Results: 
In both MIA Paca-2 and A549 cells, we could observe the increased 
OCR right after ascorbate treatment followed by quick decrease, 
and following catalase treatment cancelled the decrease in OCR 
and increased the OCR level higher than baseline again. (Fig-
ure 2) The result suggested that pharmacological ascorbate caused 
hydrogen peroxide production resulting in enhanced consumption 
of oxygen. The following drop in OCR was considered the result 
of oxidative stress on mitochondrial respiration, which could be 
rescued by catalase. ECAR decreased after ascorbate treatment 
and the decrease was stopped by catalase in both cell lines, sug-
gesting that anaerobic fermentation was also downregulated by 
hydrogen peroxide and the effect persisted after catalase treatment 
unlike mitochondrial damage.(1,3) The in vivo oxygen consum-
ing effect on both MIA Paca-2 and A549 tumors was examined 
by photoacoustic imaging (PAI).(Figure 3) As expected, the tran-
sient hypoxia for 6-7 min after ascorbate injection was observed in 
both tumors. Since the changes was not observed in MIA Paca-2 
tumors treated with same amount of vehicle, the biphasic sO2 and 
vasodynamic changes might be induced by the mixed effect of 
rapid oxygen consumption and ascorbate-induced vasodilation. In 
both tumor models, we could confirm the significantly improved 
tumor doubling time in ascorbate + evofosfamide group compared 
to control group suggesting that adjuvant use of ascorbate can 
improve the treatment effect of evofosfamide by inducing transient 
hypoxia. (Figure 4)

Conclusion: 
The treatment induced transient but severe hypoxia sensitized both 
ascorbate-sensitive MIA Paca-2 and ascorbate-resistant A549 tumors 
to evofosfamide, without increasing toxicity. Since both treatments 
in the combination therapy are selectively targeting and have shown 
safe profiles in clinical studies, the combination therapy has a great 
potential to be safely and positively evaluated in clinical settings in 
the future.

Reference
1. Chen Q, Espey MG, Sun AY, Lee JH, Krishna MC, Shacter E, 

Choyke PL, Pooput C, Kirk KL, Buettner GR, Levine M. Ascor-
bate in pharmacologic concentrations selectively generates ascor-
bate radical and hydrogen peroxide in extracellular fluid in vivo. 
Proc Natl Acad Sci U S A 104: 8749-54, 2007.

2. Doskey CM, Buranasudja V, Wagner BA, Wilkes JG, Du J, Cullen 
JJ, Buettner GR. Tumor cells have decreased ability to metabo-
lize H2O2: Implications for pharmacological ascorbate in cancer 
therapy. Redox Biol 10: 274-284, 2016.

3. Uetaki M, Tabata S, Nakasuka F, Soga T, Tomita M. Metabolomic 
alterations in human cancer cells by vitamin C-induced oxidative 
stress. Sci Rep 5: 13896, 2015.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

268-Quantification of Effective Dose In Patients From 18F-FDG 
WBPETCT Study for Radiation Dose Optimization

Presenter: Pooja Dwivedi, Advanced Centre for Treatment, Research 
and Education in Cancer (ACTREC)

Pooja Dwivedi1, Vishal Vajarkar, Sayak  Choudhury2, Ashish K.  Jha3, 
Venkatesh  Rangarajan4

1Advanced Centre for Treatment, Research and Education in Cancer 
(ACTREC), Mumbai, Maharashtra, India
2Advanced Centre for Treatment, Research and Education in Cancer 
(ACTREC), Mumbai, India
3Tata Memorial Hospital, Mumbai, Maharashtra, India
4Tata Memorial Hospital, Mumbai, IN-Mah, India

Purpose: 
The underline motive of this study was the assessment of radiation dose 
optimization by quantifying the estimated effective dose in patients 
from both PET and CT components in 18F-FDG WB PETCT pro-
cedure. Another important reason for the study was to make a small 
effort in providing such data which could help in establishing DRL 
levels at the regional level as per ICRP recommendations. As it is 
well-established fact that PET-CT is a valuable medical imaging tool 
in oncology since combined metabolic and morphological informa-
tion is provided in a single study however hybrid imaging also brings 
an increased patient exposure to radiation. With the advancement in 
imaging technology, it is now easier to track the patient dose along with 
simple calculation methods which are both practical as well as based 
on ICRP recommendations and utilized in this study.

Method: 
Data of 98 patients with various confirmed malignancies who under-
went WB F18 FDG PETCT study were retrospectively studied. Scans 
were acquired on 5 ring BGO PETCT scanner with 60 minutes uptake 
period after injecting18F FDG. CT scans were performed under beam 
collimation of 10mm, pitch 0.938, helical thickness 5mm, rotation time 
0.5 sec, and tube voltage of 120 kV. CT dose optimization strategy 
was adopted by selecting smart mA which uses automatic tube cur-
rent modulation. PET Scans were acquired in the 3D mode for dose 
optimization. Estimation of effective (ED) dose from PET component 
was calculated based on injected activity and Γ dose coefficient as 
per ICRP128. Effective dose from CT component was estimated as a 
product of DLP and conversion factors k as per ICRP 102 for various 
scan protocols The conversion factor k was used as 0.014 and 0.015 
mSv/mGy-cm for the chest and trunk respectively according to ICRP 
publication 102. All the calculations and statistical analyses were per-
formed using Microsoft Excel. Descriptive parameters were expressed 
as mean and SD.

Results: 
Average injected activity of 18F-FDG was 261.57 ± 52.50 MBq 
in adult patients  with a mean weight of  51.92± 10.48 kg. Mean 
 CTDIvol and DLP and corresponding calculated mean estimated effec-
tive dose are provided in Supplementary Table. The total calculated 
ED of CT component from standard protocol which includes CT lung 
and CT WB was found to be 12.07± 1.25 mSv (range 8.16-15.21 mSv). 
The calculated mean estimated ED of the PET component was found 
to be 4.96 ±0.99 mSv (range 3.1-7.6 mSv) which is significantly lower 
than the dose from CT (p<0.05). The total mean effective dose of both 
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components CT and PET in the standard protocol of WB PETCT is 
found to be 17.04 ± 1.71 mSv (range 13.43- 21.38 mSv).

Conclusion: 
The results indicate that the total mean effective dose from the stand-
ard WB PET CT protocol was found to be 17.04 ± 1.71 mSv which 
is within the range of the global estimated dose with an average of 25 
mSv. This shows that dose optimization strategies work well if imple-
mented in a planned manner. The study also reflects that periodic data 
monitoring and auditing of estimated effective dose is important for 
the verification of dose optimization strategies adopted.
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Objective: 
Inflammatory bowel disease (IBD) is a multifaceted and complex dis-
order with significant unmet clinical treatment options for patients. 
The most common forms of idiopathic IBD include Crohn’s disease 
(CD) and ulcerative colitis (UC) with hallmarks of disease that include 
inflammation of the gastrointestinal tract and reduced [RG1] epithelial 
barrier function. We hypothesize that non-invasive in vivo imaging 
techniques can detect, visualize, and quantify disease progression in 
preclinical IBD models. Two imaging modalities were tested in this 
study: (1) Ultrasound (3D B-Mode) to measure induced changes from 
normal intestinal structure; and (2) Fluorescent molecular tomography 
(FMT), in conjunction with specific imaging probes, to detect paren-
teral inflammation [RG2] of the gut and responses to known treatments. 
As each technology aims to visualize and quantify different aspects of 
the disease, this multimodal imaging approach should facilitate non-
invasive assessment of IBD progression in preclinical models.

Methods: 
The IBD mouse model was established by administering 4% Dex-
tran Sulfate Sodium (DSS) ad libitum in drinking water to female 
BALB/c mice, which induces chemical irritation and, ultimately, 
acute colitis in these mice. The animals were then imaged at vari-
ous timepoints during the study timeline. Abdominal hair removal 

and depilation were performed prior to imaging to prevent interfer-
ence with optical and ultrasound signal. In addition to the untreated 
control (CTRL) and DSS-treated (DSS) mice, we modulated the 
disease severity by using dexamethasone (DSS-DEX) and imiqui-
mod (DSS-IMQ). Although widely used as an anti-inflammatory 
therapeutic, dexamethasone is known to exacerbate acute colitis 
induced by DSS. Imiquimod, on the other hand, a proinflammatory 
agonist of TLR7, has been shown to have antibacterial activity and 
to reduce colon inflammation in this particular model. The DSS-
DEX group combined 4% DSS with daily IP injection of 1 mg/
kg Dexamethasone; the DSS-IMQ group received 4% DSS with 
daily imiquimod (IMQ) oral gavages at a dose of 30 mg/kg. 3D 
B-mode ultrasound images were captured on a Vega imaging sys-
tem (PerkinElmer Inc.). 3D FMT imaging of tissue inflammation 
was performed with a FMT4000 imaging system (PerkinElmer Inc.) 
using  IVISenseTM Pan Cathepsin 680 (PC 680), a fluorescent probe 
for cathepsin activity, delivered via the tail vein 24h prior to FMT 
acquisition. Non-invasive imaging measurements for DSS-induced 
changes in the thickness of the colon wall and loss of barrier func-
tion were validated via H&E staining of fixed and sectioned tissue 
collected from both the cecum and colon. Histology sections from 
each study group were scored for disease severity by an independ-
ent pathologist.

Results: 
Inflammatory bowel disease was observed in all DSS treated groups 
after 10 days. Hallmarks of disease, including loss of body weight, 
loose feces, and perianal bleeding, were confirmed by daily observa-
tion. Colon diameter (mm) measured on Day 9 by ultrasound showed 
a significant ~40% increase (student t-test: **P< 0.01) in both the DSS 
and DSS-DEX cohorts. Interestingly, IMQ protected the colon from 
acute colitis induced by DSS; DSS-IMQ mice had improved colon 
diameters as measured by ultrasound and calipers. However, histologic 
analysis indicated that IMQ did not protect the cecum from elevated 
leukocyte infiltration, ulceration, or erosion. The increased cathepsin 
activity in the GI area of the DSS mice was inhibited by DEX but fur-
ther elevated in the DSS-IMQ mice, suggesting induction of either 
protective innate immunity or an enhanced wound healing response 
by IMQ.

Conclusion: 
This multimodal strategy provides a novel approach for the non-inva-
sive visualization and quantitative assessment of IBD disease progress 
in animal models. Additionally, we show that this approach is useful 
in separately assessing anatomical and molecular phenotypes of IBD 
before and during response to therapy.
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Background: 

Current cancer treatments have serious limitations, such as surgical 
resection, chemotherapy, and radiation therapy. Photothermal therapy 
(PTT) as an adjunct to radiation therapy (RT) can significantly increase 
tumor regression, and the combination of PTT and RT has been shown 
to be synergistic. Noble metal nanoparticles such as gold (Au) and sil-
ver (Ag) exhibit a unique photophysical phenomenon called localized 
surface plasmon resonance (LSPR) that enhances their light absorption. 
Therefore, they are thought to be able to stimulate hyperthermia in can-
cer cells upon exposure to near-infrared radiation (NIR). Additionally, 
magnetic nanoparticles (NPs) have been used for magnetic resonance 
(MR) imaging due to their  T2 shortening effect. [1] Considering all the 
above properties and capabilities of  Fe3O4 NPs and AuNPs, they can 
be combined into a single nanocomposite[2]. Gold-coated iron oxide 
nanoparticles are under intense investigation as a promising theranos-
tic nanoparticle, as they can be used as a contrast agent for MRI, as 
well as a sensitizer to enhance the effects of laser and radiofrequency 
hyperthermia.

Objective: 
By combining MRI imaging, PTT, and RT capabilities, an Au NP-
coated  Fe3O4 NP was fabricated to develop promising biocompatible 
theranostic nanoplatform.

Methods: 
A novel magnetic vortex nanoring  Fe3O4@Au was synthesized. A 
series of physical and chemical characterizations confirmed the suc-
cessful construction of  Fe3O4@Au. The heat generation ability of 
 Fe3O4@Au was confirmed under the excitation of 808 nm laser. The 
cell viability of different concentrations of  Fe3O4@Au, and the thera-
peutic effects of PTT and RT were investigated in vitro with MCF-7 
cells. Additionally,  T2-weighted MRI was studied in vitro and inves-
tigated in vivo contrast-enhancing capabilities and tumor aggrega-
tion behavior. Finally, the effects of different hyperthermia on can-
cer treatment were evaluated and compared through in vivo animal 
experiments.

Results:  
Fe3O4@Au was successfully constructed. By simply reducing ring-
Fe2O3, uniform hollow magnetite  Fe3O4 is obtained with excellent 
magnetic properties. Nanoring  Fe3O4 coated with Au exhibited strong 
absorption and photothermal conversion efficiency, and the heat gener-
ation capacity, heating rate and peak value were significantly improved. 
Cell culture results showed that the nanoparticles themselves possess 
excellent biocompatibility, but have high levels of cytotoxicity upon 
activation with NIR.

Conclusions: 
In conclusion, a novel iron oxide-based theranostic nanosystem was 
reported for the effective enhancement of MRI-guided photothermal 
therapy. This work not only demonstrates that the nanoring  Fe3O4@Au 
is a highly efficient nanocomposite for imaging-guided photothermal 
therapy, but also provides a basic guidance for the development of a 
hollow iron oxide-based multifunctional therapeutic nanoplatform for 
efficient hyperthermia and monitoring of cancer.
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Objective: 
Interstitial cystitis (IC) is a long-lasting, complex medical condition 
currently with no cure. Intravesical IC therapy competently attains 
a high local concentration of drug payloads to directly contact the 
afflicted area of the bladder with reduced systemic side effects. How-
ever, the low drug retention and bladder elimination during urinary 
emiction greatly limit therapeutic efficacy. To circumvent the vari-
able pharmacological behaviors of multiple modalities and achieve 
therapeutic synergy with precision, we developed a versatile thera-
nostic NADC using covalent conjugation that comprises a Tanezumab 
monoclonal antibody (Tan) targeting the nerve growth factor (NGF), 
near-infrared fluorescent (NIRF) catalytic enzyme-mimicking gold 
quantum nanoclusters (AuQCs), and the dihydroorotate dehydroge-
nase (DHODH) inhibitor, Vidofludimus (Vido). We hypothesize that 
the hybrid NADC framework presents synergistic therapeutic efficacy 
in treating IC with high NGF expressions in bladder mucosae by intra-
vesical instillation under NIRF image guidance.

Methods: 
Firstly, AuQCs were synthesized from an alpha-lactalbumin (α-LA)-
mediated reduction reaction using the HAuCl4 precursor, as reported 
 previously1. Secondly, the primary amines of lysine side chains of 
AuQCs reacted with the NHS ester of Traut’s reagent (2-iminothi-
olane) to afford reactive maleimides. In the meantime, solvent-acces-
sible primary amines of the Tan antibody were similarly modified into 
sulfo-SMCC, which successively reacted with the maleimide-activated 
AuQCs. Last, after purification, the remaining unreacted amines were 
further covalently crosslinked with the benzoic acid of Vido via the 
classic EDC/NHS reaction to derive the NADC. We then compre-
hensively characterized the NADC using dynamic light scattering 
(DLS), transmission electron microscopy (TEM), circular dichroism, 
biolayer interferometry (BLI), and optical spectroscopies. Further-
more, the nanocluster-to-drug-to-antibody ratio (NDAR) was calcu-
lated that maintain balanced efficacy, pharmacokinetics, and toxicity. 
To investigate the anti-inflammatory effects, we evaluated the NADC 
in the immortalized human uroepithelial SV-HUC-1 IC model induced 
with lipopolysaccharide (LPS) and ATP. Time-lapse non-invasive 
near-infrared fluorescence (NIRF) imaging was conducted in living 
rats following intravesical instillation of the NADC in the bladder. 
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To understand the bladder mucosal permeability, flux rates, and body 
absorption, we tested the transport of NADCs with rat bladder tissues. 
Finally, the in vivo intravesical treatment using the NADC was verified 
in the cyclophosphamide (CYP)-induced cystitis rat model.

Results: 
The AuQCs-Tan-Vido NADC has a hydrodynamic size of ~40 nm 
and a negative zeta-potential (-18 mV). Moreover, the NDAR ratio is 
approximately 5:3:1 for AuQCs:Vido:Tan. The NADC preserved the 
unique optical properties of AuQCs and enabled NIRF around 700 
nm by visible excitation at 500 nm. The high binding affinity constant 
(KD) to NGF from Tan remained at the same  10-9 order of magnitude 
in the NADC with a similar association and dissociation kinetics as 
measured by BLI. The NADC coordinately regulated pro- and anti-
inflammatory cytokines in the SV-HUC-1 IC model. Further, time-
course in vivo NIRF imaging disclosed prolonged bladder retention 
of NADCs in the rat IC model with an extended half-life compared to 
the ultrasmall AuQCs. The transmucosal permeability assay verified 
negligible penetration of NADCs across the bladder tissue. Intravesical 
administration of NADCs in rats with IC improved the therapeutic effi-
cacy on the mechanical threshold and micturition function by inhibiting 
expressions of pro-inflammatory cytokines, including the Vido-targeted 
IL-17A, and the phosphorylation of the NGF receptor, tropomyosin 
receptor kinase A (p-TrkA).

Conclusion: 
Since an effective IC management strategy remains challenging due 
to its complicated unelusive pathogenesis, the NADC has great thera-
nostic potential with imaging to guide drug administration, doses, and 
frequencies. The state-of-art NADC framework for diagnosing and 
treating IC patients with high NGF expressions in the bladder mucosae 
provides a viable all-in-one polytherapeutic solution. Consequently, IC 
symptoms, such as mechanical allodynia and micturition function, were 
significantly mitigated following intravesical administration of NADCs. 
These preliminary results strongly suggested that the AuQCs-Tan-Vido 
NADC could serve as a precision IC theranostic agent with alleviated 
systemic toxicity.
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Systemic Lupus Erythematosus (SLE) in humans is a complex multi-
genic, systemic disorder that can cause acute or chronic inflammation 
of multiple organ systems, involving autoantibody production, lym-
phoid activation/hyperplasia, and nephritis. There are multiple mouse 
models that capture some of the important hallmarks of human disease, 
and the MRL MpJ Fas-lpr /J (MRL/lpr) mouse is one of the most com-
monly used, developing lymproliferation by 16-18 weeks, as well as 

progressive albuminuria and renal disease, lymphadenopathy, and skin 
lesions, typically dying at around 20 weeks of age. In contrast, related 
MRL-MpJ (MpJ) control mice demonstrate mild and slow progressing 
signs of autoimmunity, generally living for 73 weeks. We tested the use 
of non-invasive in vivo fluorescence imaging techniques to detect, visu-
alize, and quantify disease progression in animal MRL/lpr as compared 
to MpJ and BALB/c mice. Multiple near infrared (NIR) fluorescent 
 IVISenseTM imaging probes (PerkinElmer Inc.) were used to profile 
inflammatory responses (pan-cathepsin-, matrix metalloprotease-, cath-
epsin B-, and cathepsin K-activatable probes), kidney function (renin 
activatable probe), and cell death (Annexin V probe). Fluorescence 
tomography (3D) and epifluorescence (2D) images were acquired on 
the FMT4000 (PerkinElmer Inc.) to visualize and quantify tissue sig-
nal. MRL/lpr lupus develops spontaneously, and animals were assessed 
at 16 and 20 weeks for albuminuria and lymphadenopathy. Albuminu-
ria microplate assay readings ranged from 50 to 140 mg/dL at week 20, 
and 16 week lymphadenopathy scores ranged from 2-5, with brachial or 
inguinal lymph node sizes from <0.5 cm to >1 cm at 1 to 2 sites. MpJ 
and BALB/c mice showed no signs of lymphadenopathy or albuminu-
ria. All animals were depilated (light shaving and depilatory cream) the 
day prior to fluorescent probe imaging to prevent fur interference with 
fluorescence signal. Imaging probes were injected IV (2 nmol/mouse) 
every two weeks in separate mouse cohorts, each of which received the 
same probe injections 6 times over 4-16 weeks. Mice were imaged in 
2D and 3D at 4, 8, 10, 12, 14, and 16 weeks to detect biological changes 
associated with lupus progression, as compared to MpJ and BALB/c 
mice. All six imaging probes revealed whole body 3D signal increases 
at 12-16 weeks as compared to BALB/c, in both MRL/lpr and MpJ 
mice, suggesting systemic basal increases in inflammatory activity. 
However, total signal could not differentiate between subclinical MpJ 
and clinical MRL/lpr disease. This suggested that these imaging probes 
are sensitive enough to detect even low grade lupus progression. Three 
fluorescent probes in particular, specific for cathepsin B, cathepsin K, 
and Annexin-V-binding, detected regional tissue differences localized 
to the spleen, lymph nodes, and kidneys, that had increased signal in 
MRL/lpr mice as compared to both MpJ and BALB/c controls, i.e. 
these probes were able to differentiate clinical and subclinical disease. 
These specific regional signals were very low in BALB/c mice, gen-
erally intermediate in MpJ mice, and distinctly elevated in MRL/lpr 
mice. In addition, the renin-activatable probe detected distinct but low 
increases in liver signal unique to late stage disease in MRL/lpr mice, 
suggesting an increase in liver renin-angiotensin system activity in 
lupus development. In summary, NIR fluorescent imaging strategies 
using validated imaging probes can provide a novel means for the non-
invasive assessment of lupus progression in animal models. In addition, 
expansion of this approach to other relevant biomarkers may further 
help to identify critical tissues and biological pathways involved in 
lupus development or progression.
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Introduction: 
A novel bioresponsive macromolecular probe based on a conjugate 
of phosphorus-containing zwitterionic polymer with anticancer drug 
5-fluorouracil (FU) enabling dual 19F and 31P magnetic resonance 
imaging (MRI) has been developed. The polymer is characterized by 
a high content of naturally rare phosphorothioate (P=S) groups in its 
structure, which oxidize to phosphoesters (P=O) in the presence of 
reactive oxygen species (ROS) overproduced in tumor and inflamed 
tissues. This transformation is accompanied by a significant chemical 
shift detected by 31P MRI [1]. The presence of FU provides the probe 
not only with a source of fluorine, but also with a potential antitu-
mor effect. In this proof-of-principle experiment, we assessed the MR 
properties of the probe and performed in vitro and in vivo 19F/31P MRI 
measurement of the probe.

Methods: 
The phosphorus-containing polymer precursor was synthesized by the 
controlled radical copolymerization (RAFT) technique of a zwitterionic 
monomer O-(2-(methacryloyloxy)ethyl) O-(2-(trimethylamoniumyl)
ethyl) phosphorothioate (TMPC) with an amino group-containing 
monomer N-(2-aminoethyl)methacrylamide (AEMA) in the presence 
of a dithiobenzoate-based chain transfer agent. The resulting probe was 
generated by attaching a thiazolidine-2-thione-activated FU deriva-
tive (5-fluoro-3,4-dihydro-2,4-dioxo-1(2H)-pyrimidinoacetic acid) to 
AEMA units of the precursor via a stable amide bond. MR relaxometry, 
imaging and spectroscopy were performed in 4.7T scanner using dual 
home-made 1H/31P and 1H/19F radiofrequency coils. Laboratory rat was 
subcutaneously injected in right hind leg by 170 μl dose consisting of 
polymer dissolved in distilled water.

Results/Discussion: 
Both nuclei (31P and 19F) incorporated in the probe possessed optimal 
 T2 relaxation times for MRI visualization (172 ms for 19F and 83 ms 
for 31P). This made it easy to visualize them in both aqueous solution 
phantoms and animal using two independent MR imaging modalities 
– 31P MRI and 19F MRI (Fig.1). The P=S groups in the probe structure 
caused a chemical shift of 56.07 ppm enabling separation of phos-
phorus coming from the probe from naturally occurring phosphorus 
compounds in the body. Signal from isoflurane anaesthetics does not 
interfere with the in vivo probe’s signal in 19F MR, their chemical shift 
was large (more than 60 ppm).

Conclusion: 
The macromolecular probe combining a phosphorus-based polymer 
and a fluorine-containing antitumor drug was successfully visualized 
in both phantoms and animal using 19F and 31P MRI. MRI experiments 
were performed on magnetic fields close to those used in clinical medi-
cine, which opens up the possibility of transition to clinical medicine. 
The next step in testing the probe will be an in vivo experiment on 
a statistically significant population of mouse models with tumours, 
aimed at simultaneous reduction of ROS at the tumour site and induc-
tion of antitumor effect of FU. We believe that this innovative concept 
of polymeric theranostics can be used in both the diagnosis and treat-
ment of cancer.
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ject no. 21332/3002 of the Technical University of Liberec and by the 
Ministry of Health of the Czech Republic [NU20-08-00095].
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Introduction: 
Lung cancer is the leading cause of cancer-related death in the United 
States with a 5-year survival rate of less than 20%.1 Approximately 85% 
of lung cancers are non-small cell lung cancers (NSCLC) which are 
primarily treated by surgical resection. NSCLC resections rely on tissue 
palpation and visual inspection to identify margins. This nonspecific 
identification leads to roughly 40% of NSCLC patients experiencing 
disease recurrence.2,3 Thus, developing targeted imaging agents for 
the intraoperative detection of NSCLC would improve rates of cura-
tive resections by aiding surgeons in identifying malignancies. Cyto-
solic phospholipase A2 (cPLA2) is overexpressed and hyperactive in 
NSCLC. A cPLA2 activatable NIR fluorophore, DDAO-arachidonate 
(DDAO-A) was previously developed for in vivo triple-negative breast 
cancer (TNBC) imaging, but intravenous injections resulted in poor 
biodistribution and off-target activation of the probe.4-6 However, 
DDAO-A exhibited rapid activation kinetics making topical admin-
istration of the probe a possible alternative.4,5 Due to the high cPLA2 
expression and mortality rate associated with NSCLC, we hypothesized 
that DDAO-A would be preferentially activated in human and canine 
lung cancer tissues when compared to normal lung tissues making it a 
promising agent for real-time guidance of NSCLC surgical resections 
and identification of malignant positive margins of resected tissues.

Methods: 
Five DBA/2 mice bearing NSCLC derived KLN 205 tumors, 
were treated intratumorally with DDAO-A, with the control probe 
DDAO-palmitate (DDAO-P), or with DDAO-P chased by DDAO-A 
to rescue fluorescence activation. Tumors and flank muscle tissues 
were excised from the mice and imaged for ex vivo fluorescence. 
Human (n=10) and canine (n=3) normal lung and lung tumor tis-
sues were obtained from patients undergoing lung cancer surgery 
from our hospital and veterinary school, respectively. Tissues were 
treated topically with DDAO-A, and fluorescence was measured 
after 15 min. Results: Mice treated with the negative control probe, 
DDAO-P, exhibited insignificant increases in tumor fluorescence. 
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DDAO-A chase treatments and initial intratumoral injections 
resulted in significant increases in the signal-to-noise ratios (SNR) 
showing strong activation of DDAO-A in tumors with SNRs up to 
9.5:1. In 8 out of 10 human and in all canine specimens, tissues 
exhibited fluorescent tumor-to-normal ratios (TNRs) of at least 2:1 
and up to 5.2:1 demonstrating that DDAO-A is preferentially acti-
vated in lung tumor tissues.

Discussion: 
DDAO-A is preferentially activated by lung tumor tissues in mouse 
models and in human and canine specimens. TNRs of 2:1 and higher 
demonstrated tumor selectivity making the probe a promising candi-
date for the real-time guidance of surgical resections. Additionally, 
this study demonstrates that the use of human and canine tumor tis-
sue specimens provides a promising alternative to in vivo murine 
studies for fluorophore development. By imaging tumor accumula-
tion in human and canine tumors, fewer mice were needed to verify 
the effectiveness of DDAO-A for NSCLC imaging. Due to the rapid 
activation of the probe, topical administration of the fluorophore in 
surgical cavities and for back table imaging in surgeries could aid sur-
geons in identifying residual disease without significantly increasing 
the duration of surgeries. As systemic administration is not necessary 
for probe application, there are fewer concerns for biodistribution 
and toxicity
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Introduction: 
The goal of this study was to utilizeT2 /T2W MRI and 18FDG PET 
multimodal imaging to assess the local innate immune response in skel-
etal muscle and draining lymph node following vaccination in rats, and 
to compare two different vaccine platforms (Adjuvant System (AS01B), 
and Self Amplifying mRNA (SAM)) to better understand the temporal, 
local immune response profile of these different vaccine platforms and 
to provide a direct measure of reactogenicity in  muscle1-5.

Methods: 
Two groups of Sprague Dawley rats (250-300 g) received 50 ml 
injections, in the right gastrocnemius muscle, of 1) Adjuvanted vac-
cine, CMV (gB/pentamer)/AS01B, n=4; 2) AS01B (adjuvant alone), 
n=2; 3) CMV (gB) SAM LNP (lipid nanoparticle), n=4; 4) LNP alone, 
n=2.
Group 1 was imaged after the prime vaccine injection (Day 0). Group 
2 received a booster vaccine injection (Day 21) and was imaged 
only after receiving the booster injection. Serial 18FDG PET imag-
ing using a Mediso LFER150 PET scanner was followed by T2/
T2W MRI performed on a 4.7T Bruker scanner @ 4, 24, 48, and 
72 hr post-injection. Blood was drawn prior to each imaging ses-
sion for cytokine and antibody titer assessment. All procedures were 
approved by the Institutional Animal Care and Use Committee of 
GlaxoSmithKline.

Results: 
18FDG PET/CT signal was detected in both right popliteal lymph 
node (Fig. 1A, B) and right gastrocnemius (Fig. 1C, D) of vaccinated 
hindlimbs with little to no uptake in contralateral hindlimb. The regions 
of MRI signal enhancement and 18FDG PET uptake in muscle were 
similar as can be observed in the coregistered image (Fig. 1E). T2 
weighted MRI signal enhancement in skeletal muscle at the site of 
injection was used as a biomarker of innate immune activation. The 
right gastrocnemius signal enhancement in the CMV SAM group 
appeared greater at 24 hr and longer in duration compared with the 
CMV AS01B group (Fig 1F, G). Similar responses were observed with 
the AS01B or empty LNP alone. There was no signal enhancement 
observed in the contralateral hindlimb. The MRI signal enhancement 
volume in gastrocnemius was increased and duration of enhancement 
was temporally shifted right in the CMV SAM vs CMV AS01B groups 
following both Prime and Prime-Boost vaccinations (Fig 1H, I). Total 
glycolysis in gastrocnemius following 18FDG PET also showed a simi-
lar response profile to MRI (Fig. 1J, K). MRI assessed right popliteal 
lymph node volume was rapidly elevated in both the CMV SAM and 
CMV AS01B groups (Fig. 1L, M). However, only the AS01B groups 
showed a robust increase in volume following Prime-Boost administra-
tion. Additionally, 18FDG PET signal enhancement and total glycolytic 
burden in the right popliteal lymph node was higher in CMV SAM vs 
CMV AS01B groups. Again, only the AS01B groups showed a robust 
increase in volume following Prime-Boost administration. Correla-
tions were observed between imaging endpoints and cytokine response 
with IL-6 and IL-13 showing the strongest correlations. However, the 
imaging endpoints exhibited greater dynamic responses than did the 
cytokines. Finally, AI/ML radiomics was used to systematically assess 
a variety of image features, including those based on intensity, shape, 
and texture, in the right gastrocnemius and draining popliteal lymph 
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node. These features were correlated with cytokines and mAb titers to 
identify clusters of features with strong associations.

Conclusion: 
In vivo imaging provides direct and sensitive reactogenic readouts by 
directly visualizing the entire skeletal muscle and draining lymph node. 
Combining these spatiotemporal imaging approaches with AI/ML & 
systems vaccinology approaches may better predict immune responses 
and cellular profiles at site of injection and draining lymph node which 
may be especially useful in evaluating next generation

Reference
1. Burger et al., Clin Nucl Med 36: 848-853, 2011
2. Coates et al., Clin Nucl Med 42:329-334, 2017
3. McIntosh et al., Am J Roentgenology 217:975-983, 2021
4. Eisenberg et al. Radiology Case Reports 16:3024-3028, 2021
5. Win et  al., Front Immunol 11:613496., doi.org/10.3389/

fimmu.2020.613496

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

276-Automated synthesis and preliminary imaging results of a 
sodium glucose co-transporter 2 PET imaging agent, Me 4-[18F]
FDG

Presenter: Avinash Bansode, Wake Forest School of Medicine

Avinash H. Bansode1, Naresh  Damuka2, Ivan Krizan, Mack  Miller1, 
Krishna  Gollapelli3, Bhuvanachandra Bhoopal, Suzanne  Craft4, Kiran 
Kumar Solingapuram Sai

1Wake Forest School of Medicine, Winston-Salem, NC
2Wake Forest School of Medicine, Winston Salem
3Wake Forest School of Medicine, Winston salem, NC
4Wake Forest School of Medicine, Winston Salem, North Carolina

Introduction: 
Metabolic and vascular disorders are powerful risk factors for Alzhei-
mer’s disease (AD). Medications used to treat type2 diabetes mellitus 
(T2DM) could be repurposed as therapeutic agents for AD. Among 
them, sodium-glucose co-transporter 2 inhibitors (SGLT2is) are an 
important new class of therapeutic compounds that have attracted con-
siderable interest because of their concomitant effects on metabolism 
and vascular function in adults with T2DM. While preclinical studies 
have drawn attention to SGLT2is as possible AD therapeutics, deter-
mining in vivo levels of SGLT2s will provide critical information on 
their underlying mechanisms, which could lead to develop novel drug 
candidates to treat AD symptoms. Direct regulation of SGLT2is in AD 
brain in vivo has not yet been investigated and to examine these changes 
in the metabolic cascade of AD, it is important to image SGLT2 in vivo. 
Automated radiochemistry of a new SGLT2-based PET radioligand, 
β-methyl-4-[18F]fluoro-4-deoxy-D-glucopyranoside (Me-[18F]-4FDG) 
in a commercial radiochemistry module, TRASIS AIO is reported. 
To validate the radiotracer production, microPET imaging, post-PET 
biodistribution, and autoradiography studies were performed with Me-
[18F]-4FDG in normal/healthy mice.

Methods: 
Me 4-[18F]FDG was produced in the TRASIS AIO radiochemis-
try module following  [18F]F¯/K222/K2CO3-assisted nucleophilic 

substitution reaction of the corresponding triflate analog (methyl 
2.3.6-tri O-acetyl-4-trifluoromethanesulfonate), which was purchased 
from ABX. Briefly, triflate precursor (1-3 mg) was dissolved in dry 
acetonitrile (1 mL) and added to the dried  [18F]F¯/K222 reaction vessel. 
The reaction mixture was heated at 90 °C for 15 min and the residual 
solvent was evaporated under nitrogen at 110°C. HCl (1N, 1.5 mL) 
was then added to the dried reaction vial and heated at 110°C for an 
additional 15 min. The crude reaction mixture was passed through 
cation, anion, and alumina resins before transfer to the C18 semi prep 
HPLC column (mobile phase: water). The final radiotracer was directly 
collected into a sterile vial through a 0.2 μm sterile filter. Me 4-[18F]
FDG (150 ± 10 μCi) was intravenously injected via tail vein and 0-60 
min dynamic PET/CT brain imaging was performed in normal/healthy 
male mice (n=4). Post-PET whole-body biodistribution and brain auto-
radiography studies were performed in the same mice. Tracer uptakes 
in organs of interest were measured using a γ-counter and expressed as 
%ID/g tissue. Brain autoradiography studies were performed at base-
line and blockade conditions, with nonradioactive Me 4-FDG as the 
blocking agent.

Results: 
Herein simplified and automated the Me 4-[18F]FDG radiosynthesis 
in the TRASIA AIO module. Me 4-[18F]FDG was produced in high 
radiochemical purities (~97 ± 2%) in 8 ± 4 % radiochemical yield, with 
decay corrected to the end of synthesis. Me 4-[18F]FDG was identified 
using the analytical QC- HPLC system by co-eluting with a stand-
ard Me 4-FDG (retention time of 10.0−10.9 min). In vivo, microPET/
CT images in rodents indicated brain penetration. Ex vivo post-PET 
biodistribution in the same mice showed favorable kinetics, includ-
ing renal and/or hepatic clearance, non-significant bone uptake (no 
defluorination), and high target (brain) to non-target (muscle) ratio. 
Autoradiography data with blockade showed a significant reduction 
(>80%) of uptake when compared to baseline.

Conclusions: 
Our TRASIS AIO-based automated radiochemistry can be directly 
translated and easily adapted to any commercially available automated 
modules for human injections. Strong preliminary biological evalua-
tions of Me 4-[18F]FDG in rodents support its high translational poten-
tial to image SGLT2s effectively.
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Kinase signaling networks among cells play crucial roles in many 
pathophysiological processes, such as tumorigenesis and inflammation. 
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The temporal patterns of kinase signaling, such as oscillations, and 
transient or sustained activity, have been found to carry information 
that controls cellular responses. To understand the kinase signaling 
dynamics and access a comprehensive perspective of the cellular 
signaling network, combining single-cell kinase signaling dynamics 
with multiplex protein analysis is required. However, with conven-
tional immunofluorescence, the number of protein detection is lim-
ited. Herein, an iterative immunofluorescence method was developed 
to address this unmet need. This method utilizes a photocleavable (PC) 
linker to connect the antibody and fluorophore. After imaging and data 
acquisition, the PC linker can be cleaved with UV light under a mild 
condition in the buffer solution. The fluorophore is separated from the 
antibody and washed away, which allows a new cycle of immunostain-
ing. This approach can be readily combined with the kinase dynam-
ics detection methods. For a proof of concept, cells were first treated 
using a pair of peptide-based AKT sensors, which enabled continuous 
analysis of AKT signaling activities under various perturbations. Then, 
the iterative immunofluorescence method was implemented to quan-
tify eighteen proteins along the AKT pathway. Such exercise allowed 
a better understanding of AKT signaling dynamics in the context of 
phenotypical signatures at single-cell resolution.

Reference
1. F. Ji, S. Wang, S. Shao, P. Sarkar, M. Xue, Real-Time Analysis of 

AKT Signaling Activities at Single-Cell Resolution Using Cyclic 
Peptide-Based Probes, Biomedical Engineering Technologies 
2022, 65-80.

2. S. Shao, Z. Li, H. Cheng, S. Wang, N. G. Perkins, P. Sarkar, W. 
Wei, M. Xue, A Chemical Approach for Profiling Intracellular 
AKT Signaling Dynamics from Single Cells, Journal of the Amer-
ican Chemical Society, 2018, 140, 13586-13589.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

278-In vivo imaging system for intravital cellular-level visualiza-
tion of mouse brain

Presenter: Pilhan Kim, Korea Advanced Institute of Science and Tech-
nology (KAIST)

Jerome  Kim1, Alex  Kim1, Hayden  Kwon1, Pilhan Kim2

1IVIM Technology, South Korea
2Korea Advanced Institute of Science and Technology (KAIST), Dae-
jeon, South Korea

For the investigation of the central nervous system (CNS) and patho-
genesis of neuroinflammation, previous studies have been mainly 
conducted with in vitro or ex vivo histological analysis. However, the 
conventional histological analysis has difficulty understanding the 3D 
spatiotemporal cellular changes of the central nervous system over a 
long time in the pathological condition because the available infor-
mation was limited to a single specific time point of tissue harvest. 
During the last decades, fluorescence microscopy, including confocal 
and multi-photon microscopy, has been actively utilized for the direct 
in vivo visualization of dynamic cellular movement in live animal mod-
els. However, the cellular-level dynamics in the central nervous system 
are still poorly understood due to technical limitations [1]. Herein, 
we optimized the surgical procedure for cranial imaging window 

implantation with less inflammation and we established the stereotaxic 
plate with the heating function of maintenance of live animal physi-
ological conditions [2]. By utilizing the IVM-CM intravital imaging 
system and in vivo fluorescence labeling of target cells, in vivo cellular-
level observation of brain vasculature was clearly achieved in the cra-
nial imaging window implanted mouse model. By switching the imag-
ing mode from confocal to two-photon, collagen fibers from detection 
of second-harmonic generation signal were simultaneously visualized 
with brain vasculature. In addition, with the ultrafast uniform laser-
beam scanning of the IVM-CM imaging system, real-time dynamics 
of rapidly circulating neutrophils fluorescently labeled in blood vessels 
were successfully visualized in the brain cortex. Furthermore, longitu-
dinal visualization of brain vasculature in the photothrombosis-induced 
mouse model was conducted. For phototrombosis induction on the 
specific brain area, laser beam with 561 nm wavelength was illuminated 
right after the retro-orbital injection of Rose Bengal [3]. At 4 days 
after induction of photothrombosis, the damaged vessels with greatly 
reduced diameter were observed, in comparison with the normal state. 
To conclude, we established the intravital imaging method for in vivo 
high-resolution cellular visualization of the brain. We believe that it 
could be a highly useful tool for a comprehensive understanding of 
the studies of the central nervous system in pathological condition. 
Furthermore, it can also be applied for real-time analysis for in vivo 
drug tests in the various brain disease murine model.
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Introduction: 
The isocitrate dehydrogenase 1 mutation  (IDHmut) drives tumorigenesis 
in low-grade gliomas (LGGs)1,2. The wild-type isocitrate dehydroge-
nase  (IDHwt) enzyme converts isocitrate to α-ketoglutarate (α-KG) 
while  IDHmut catalyzes the conversion of α-KG to 2-hydroxyglutarate 
(2-HG)3. 1H-MRS-based detection of 2-HG has been used to determine 
 IDHmut status and assess response to  IDHmut  inhibitors4. However, 1H-
MRS detects steady-state metabolism and does not reflect metabolic 
pathway activity. 2H-MRS following administration of 2H-labeled sub-
strates recently emerged as a novel, clinically translatable method of 
assessing flux via metabolic  pathways5,6. The goal of this study was 
to determine whether 2H-MRS-based assessment of [3,3’-2H]-α-KG 
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metabolism has the potential to detect  IDHmut status and response to 
 IDHmut inhibitors in LGG models.

Methods: 
Synthesis of [3,3’-2H]-α-KG: To reduce the complexity of 2H-MR 
spectra, we examined the utility of [3,3’-2H]-α-KG. Specifically, metab-
olism of [3,3’-2H]-α-KG (2.9 ppm) is expected to produce [3,3’-2H]-
2-HG or [3-2H]-2-HG (1.9 ppm; hereafter referred to as 2H-2-HG for 
clarity) through the action of the  IDHmut enzyme. [3,3’-2H]-α-KG was 
synthesized as previously described using  D2O at basic  pH7.

Cell Culture: 
Immortalized normal human astrocytes expressing  IDHwt  (NHAIDHwt) 
or  IDHmut   (NHAIDHmut) were maintained in Dulbecco’s modified 
Eagles Medium supplemented with 10% fetal calf serum and 2 mM 
glutamine as described  previously8-10.  IDHwt  and  IDHmut  expres-
sion has been confirmed  previously8-10. For assessment of response 
to  IDHmut  inhibition,  NHAIDHmut  cells were treated with 1  mM 
BAY1436032 or vehicle-control (DMSO) every 24h for  72h11.

1H-MRS: 
Metabolites were extracted by methanol-chloroform extraction and 1H-
MR spectra acquired on a Bruker 500 MHz spectrometer equipped with 
a Triple Resonance  CryoProbe8-10. Data was analyzed using Mnova. 
Peak integrals were calculated, corrected for saturation, and normalized 
to cell number and to an external reference (trimethylsilyl propionate).

2H-MRS: 
Cells were incubated in media containing 10 mM [3,3’-2H]-α-KG for 
72h. 2H-MR spectra were acquired from live cell suspensions on a Var-
ian 14.1T scanner using a 16mm 2H surface coil. Data was analyzed in 
Mnova. Peak integrals were normalized to α-KG, the natural abundance 
of semi-heavy water (HDO, 4.75 ppm; estimated to be 12.8 mM and 
quantified from the signal collected from a vial containing saline), cell 
number and expressed as normalized 2-HG per  1012 cells.

Statistical Analysis: 
All results are expressed as mean±standard deviation. Statistical sig-
nificance was assessed using an unpaired two-tailed Student’s t-test 
with p<0.05 considered significant.

Results: 
[3,3’-2H]-α-KG metabolism to 2-HG can be observed in 
 IDHmut cells: We confirmed the presence of 2-HG in  NHAIDHmut but 
not  NHAIDHwt cells by 1H-MRS. Importantly, as shown in the repre-
sentative 2H-MR spectra,  NHAIDHmut cells showed a clear peak at 1.9 
ppm corresponding to 2H-2-HG, which was absent in  NHAIDHwt cells. 
Quantification of the data confirmed that  NHAIDHmut cells produced 
significantly higher 2H-2-HG relative to  NHAIDHwt cells.
2-HG production from [3,3’-2H]-α-KG can be used to moni-
tor response to  IDHmut  inhibitors:  Next, we examined whether 
[3,3’-2H]-α-KG can be used to assess response to BAY1436032, 
an  IDHmut inhibitor that reduces 2-HG production in  IDHmut glioma 
 cells11. As shown in the representative 2H-MR spectra and quanti-
fication, 2H-2-HG labeling was significantly reduced by treatment 
with BAY1436032, confirming that the peak at 1.9 ppm is 2-HG and 
pointing to the potential ability of [3,3’-2H]-α-KG to assess response 
to  IDHmut inhibitors.

Conclusions: 
Our study shows that [3,3’-2H]-α-KG metabolism to 2-HG can be 
specifically observed in  NHAIDHmut, but not  NHAIDHwt, cells. 
Importantly, 2-HG production from [3,3’-2H]-α-KG is reduced in 
 NHAIDHmut  cells following treatment with the  IDHmut  inhibitor 

BAY1436032. Further studies in patient-derived  IDHmut cells and 
tumor xenografts are ongoing to determine the utility of [3,3’-2H]-α-KG 
for in vivo imaging of tumor burden and treatment response in LGGs.
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Early life stress has a deleterious effect on the development of normal 
brain development, and as a result, it also induces various psychiatric 
disorders in adulthood. Previous studies mainly focus on behavioral 
or molecular biology, but researches on the functional aspects are still 
limited. The aim of the present study is to elucidate the effect of early 
life stress on specific neurotransmission—including glutamatergic, 
GABAergic, and serotonergic systems—by means of positron emis-
sion tomography (PET). Early life stress models include single trauma 
(MS), and complex trauma groups (MRS). Here, MS was generated 
from maternal separation, and MRS was derived from maternal sepa-
ration and restraint stress. As a result, the MRS group displayed sig-
nificant weight loss and depressive/anxiety-like behavioral phenotypes 
than the MS and control groups. Corticosterone levels in MRS showed 
a greater extent of decline than in the MS group; however, there was 
no significant difference in the change of thyroid hormones between 
MRS and MS. In the PET, the MS and MRS group showed lower 
brain uptake for GABAergic, glutamatergic, and serotonergic systems 
compared with the control group. We also confirmed the neuronal 
degeneration in the stress exposure groups by immunohistochemistry. 
Taken together, we suggested that early life stress induces dysfunction 
of neurotransmission in vivo.
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Introduction: 
There are three different interpretation criteria for prostate-specific 
membrane antigen (PSMA)-targeted PET. As up to 10% of prostate 
cancer (PC) do not express PSMA, other targets such as gastrin releas-
ing peptide receptor (GRPR) were evaluated. GRPR-targeted imaging 
has been increasingly used for initial staging and biochemical recur-
rence (BCR). We therefore propose a unified interpretation criteria for 
GRPR-targeted PET based on the Prostate Cancer Molecular Imaging 
Standardized Evaluation (PROMISE) criteria which was developed 
for PSMA-PET [1].

Materials and Methods: 
Participants who were initially prospectively enrolled in research pro-
tocols at our institution, were retrospectively reviewed. One-hundred 
patients, aged 67.9±7.0 years, underwent 68Ga-RM2 PET/MRI for 
BCR PC. Two nuclear medicine physicians independently evaluated 

whole-body and dedicated delayed pelvic PET/MRI according to a 
modified PROMISE criteria (Table 1). Inter-rater reliability was com-
puted using Gwet agreement coefficient for overall GRPR expression, 
prostate bed, lymph node stations, skeleton, organ, and final judgement 
of the scan.

Results: 
Prostate specific antigen (PSA) at 68Ga-RM2 PET/MRI was 4.8±13.22 
(range 0.2 – 124) ng/mL. The inter-rater reliability were as follows: 
substantial agreement was seen for GRPR expression (0.70 [95% con-
fidence interval [CI] 0.59, 0.81]) and final judgement (0.65 [95% CI 
0.53, 0.78]), and almost perfect agreement was found for the prostate 
bed in the whole-body (0.87 [95% CI 0.80, 0.94]) and pelvic (0.83 
[95% CI 0.75, 0.92]) images as well as for lymph nodes (0.92 [95% CI 
0.85, 1.00]), skeleton (0.97 [95% CI 0.93, 1.00]), and organ metastases 
(0.97 [95% CI 0.93,1.00]). No consensus read was performed yet.

Conclusion: 
Interpreting GRPR-targeted PET according to a modified PROMISE 
criteria showed its reliability with an almost perfect interrater agree-
ment amongst all regions except for GRPR expression and final judge-
ment, where substantial agreement was seen. This proposed stand-
ardized reporting system will aid clinicians to decrease the level of 
uncertainty, especially those who are starting GRPR-targeting imaging 
at their facility, and clinical trials to uniform evaluation and reporting 
of GRPR-targeted PET. Prospective studies, especially at initial staging 
of PC, is needed to support the robustness of this interpretation criteria.
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Hypoxia is a feature of most solid tumors and a key determinant of 
cancer growth and propagation. Sensing hypoxia effectively could 
lead to more favorable clinical outcomes. Here, we report a molecular 
antenna-based bimodal probe designed to exploit the complementary 
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advantages of magnetic resonance (MR)- and optical-based imaging. 
Specifically, we describe the synthesis and evaluation of a dual action 
probe (NO2-Eu) that permits hypoxia-activated chemical exchange 
saturation transfer (CEST) MR and optical imaging. In CT26 cells, 
this NO2-Eu probe not only provides an enhanced CEST MRI signal, 
but also turns “ON” the optical signal under hypoxic conditions. Time-
dependent in vivo CEST imaging in a hypoxic CT26 tumor xenograft 
mouse model revealed probe-dependent tumor detection by CEST MRI 
contrast in the tumor area. We thus suggest that dual action hypoxia 
probes, such as the one reported here, could have a role to play in solid 
tumor diagnosis and monitoring.
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There has been  growing concern regarding the  impact  of air 
pollution, especially fine dust, on human health. However, it 
is difficult to estimate the toxicity of fine dust on  the human 
body because of its diverse effects depending on the composi-
tion and environmental factors. We focused on the difference in 
the biodistribution of fine dust according to the size distribu-
tion of particulate matter after inhalation into the body to predict 
its impact on human health. We synthesized Cy7-doped silica 
particulate matters (CSPMs) having different particle sizes and 
employed them as model fine dust, and studied their whole-body 
in vivo biodistribution  in BALB/c nude mice. Image-tracking 
and quantitative and qualitative analyses were performed on the 
ex vivo organs and tissues. Smaller particles with a diameter 
of less than 100 nm (CSPM0.1) were observed to be removed 
relatively rapidly from the lungs upon initial inhalation. Smaller 
particles were found to spread rapidly to other organs during the 
early stages of inhalation. The results show in vivo behavioral dif-
ferences that arisen from particle size. This study might provide 
with insights on association between CSPM0.1 accumulation in 
several organs including the lungs and adverse effect to underly-
ing diseases in the organs.
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Tumor hypoxia is correlated with increased resistance to chemotherapy 
and poor overall prognoses across a number of cancer types. We pre-
sent here a cancer cell-selective and hypoxia-responsive probe (fol-
BODIPY) designed on the basis of density functional theory (DFT)-
optimized quantum chemical calculations. Probe fol-BODIPY was 
found to provide a rapid fluorescence ‘off-on’ response to hypoxia 
relative to controls, which lack the folate or nitro-benzyl moieties. In 
vitro confocal microscopy and flow cytometry analyses, as well as in 
vivo near-infrared (NIR) optical imaging of CT26 solid tumor-bearing 
mice, provided support for the contention that fol-BODIPY is more 
readily accepted by folate receptor-positive CT26 cancer cells and 
provides a superior fluorescence ‘off-on’ signal under hypoxic condi-
tions than the controls. Based on the findings of this study, we pro-
pose that fol-BODIPY may have a role to play as a tumor-targeting, 
hypoxia-activatable probe that allows for direct cancer monitoring 
both in vitro and in vivo.
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Purpose: 
Developmental complex trauma is known to be an exacerbation factor 
for normal brain development, which associated with psychiatric disor-
ders such as anxiety and depression.1 Previous studies have shown that 
the amygdala-mPFC circuit plays a key role in stress responses. How-
ever, many studies on developmental trauma have mainly focused on 
the behavioral, and structural changes of the amygdala-mPFC circuit. 
Therefore, the purpose of the present study was to identify functional 
changes in the amygdala-mPFC circuit in a developmental complex 
trauma model using neuroPET.

Methods: 
Maternal separation (PND 1-12) and restraint stress (PND 20-26) 
were used to generate developmental trauma model. The body weight 
and corticosterone levels were examined in the developmental trauma 
group (PND 55, n=5) and its age matched control group (n=5). 
Then, the neuroPET studies of dopaminergic, and serotonergic sys-
tems were assessed in both groups. Thereafter, IL-1β, TNF-α, and 
IL-10 concentrations in the serum were determined using a rat-specific 
ELISA sandwich assay kit.
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Results: 
The developmental trauma group showed lower body weights and 
corticosterone levels compared to the control group. As for the neu-
roPET aspect, dopaminergic and serotoninergic radioactivities for the 
developmental trauma group showed 16-32% lower than those for the 
control group in the amygdala-mPFC circuit. As part of the inflamma-
tory response, trauma leads to changes in proinflammatory cytokines, 
resulting in upregulation of TNF-α and downregulation of IL-β.

Conclusion: 
Overall, our data indicate that developmental complex trauma weak-
ens the serotonergic and dopaminergic systems in the amygdala-mPFC 
circuit.
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Synthetic biology to design the expression system of therapeutic 
gene(s) in attenuated bacteria is an appealing approach in tumor 
therapy as bacteria are specifically targeted to tumor tissue [1-3]. In 
this study, an attenuated Salmonella typhimurium deficient of ppGpp 
biosynthesis (△ppGpp) [4] was designed to express IL15/FlaB, a 
fusion protein of interleukin 15 (IL15) and flagellin B (FlaB) in the 
presence of inducer, and named SLpIF. IL15/FlaB secreted from 
bacterial retained the both bioactivity of FlaB and IL15 in vitro. We 
assessed the anti-tumor effects of engineered bacterial in multiple 
mouse tumor models, SLpIF showed more efficient tumor growth 
inhibition and increased survival than treating with bacteria express-
ing mono-therapeutic gene, SLpFlaB or SLpIL15, in the presence 
of L-ara. In SLpIF-treated mice, we detected the pronounced shift 
from an M2-like to an M1-like phenotypes in macrophage as well as 
higher proliferation and activation in tumor-infiltrated CD8+ T, NK 
and NKT cells. Moreover, we observed a robust immune memory in 
≥50% of the cases rejects tumor re-challenged in SLpIF vaccinated 
mice. Compared with engineered bacteria expressing IL15/FlaB, we 
further enhance therapeutic effects with the combination of SLpIF 
and anti-PD-L1 antibody [5], an immune checkpoint inhibitor, in 
mice bearing tumors with high malignancy, 4T1 and B16F10. Such 
mice showed improved tumor suppression and prolong survival. 
Together, our study provides new insights to design the bacterial-
mediated combination cancer immunotherapy.
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Mengiomas form 20 percent of all intracranial tumours. They are often 
located in proximity to critical areas of the brain and tend to recur 
post operatively which makes accurate radiation therapy planning 
important. Well differentiated tumours express somatostatin receptors 
strongly picking up Ga68 dotanoc. This helps in precise tumour vol-
ume delineation.Reports of 39 patients were analysed retrospectively. 
14 patients had previous surgery and 4 had recurrence. 5 patients had 
no tissue diagnosis and were presumed to have meningioma. 1 patient 
had incision biopsy. 1 patient had an FDG pet scan with poor uptake 
done elsewhere.Patients were scanned one hour after IV injection of 
the tracer for 15 minutes from vertex to neck with IV contrast unless 
contrast was contraindicated. Scans were reported jointly by a nuclear 
medicine physician and radiologist. 25 patients showed high uptake 
in the lesions with the rest showing no or minimal uptake.The visual 
impression along with SUV max was reported. Location of the lesions 
included the optic nerve sheath, the cerebellum, clinoidal and cerebel-
lopontine angle. Incidental uptake was noted in the thyroid in 2 patients 
and nodal uptake in 1. Conclusion-Ga 68 dotanoc imaging is useful 
in radiation therapy planning of meningiomas, particularly in view of 
their location and tendency to recur and will probably help in prognos-
tication as uptake is high in well differentiated tumours.
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Background: 
Inflammatory bowel diseases (IBD), which include both Crohn’s 
disease and ulcerative colitis, are relapsing inflammations of the gas-
trointestinal  tract1. It is prevalent in western countries, but incidence 
is increasing in developing  countries2. Moreover, about 35-44% of 
patients administered with immune checkpoint inhibitors experience 
diarrhea/colitis as an adverse effect, which can be life-threatening if 
 severe3. Currently, diagnosis and therapy monitoring of IBD in patients 
are reliant on endoscopy, which is invasive and cannot provide detailed 
molecular information. Development of imaging agents that target coli-
tis-specific molecular signatures to provide real-time and quantitative 
information on the degree of disease severity and response to therapy 
by patients is clearly needed. Immuno-PET could be used to nonin-
vasive imaging of inflammation in IBD by targeting specific immune 
effector molecules responsible for inflammation. Herein, we evaluated 
the diagnostic potential of a 89Zr-labeled murine antibody targeting 
IL12/23p40, an established key cytokine in the pathogenicity of IBD 
in a chemically induced mouse model of colitis.

Methods: 
Colitis in BALB/c mice was induced by replacing normal drinking 
water with 3% (w/v) dextran sodium sulfate (DSS) for 7 days. Mice 
were assessed and weighed daily. The anti-IL-12/23p40 antibody was 
conjugated to deferoxamine (DFO), labeled with zirconium-89  (t1/2 ~ 
3.27 d) and injected intravenously on the lateral tail vein on day 5. PET 
images were acquired at 24-96 h post-injection (p.i.) on healthy and 
DSS-treated mice. Volume-of-interest (VOI) analyses were performed 
on large intestines to quantify probe uptake. Ex vivo biodistribution of 
 [89Zr]Zr-DFO-Bz-anti-IL12/23 p40 antibody was evaluated at 48 h p.i. 
A parallel cohort of DSS-treated mice were injected with 89Zr-labeled 
nonspecific isotype-matched antibody. Specificity of radiotracer for 
IL12/23 p40 was further investigated via in vitro and in vivo blocking 
studies. Serum concentration of IL12/23 p40 at baseline and 5 days 
after DSS treatment was measured by ELISA. Intestinal tissue damage 
will be evaluated via H&E and trichrome stains.

Results: 
DSS-treated mice showed weight loss beginning on day 6. Colon length 
was significantly reduced (~26%) in the DSS group compared to con-
trol. From the PET images, increased VOIs of  [89Zr]Zr-DFO-Bz-anti-
IL12/23p40 in colitic mice clearly visualized the large intestines versus 
healthy controls. Biodistribution demonstrated an enhanced uptake of 
radiotracer in colon of DSS mice than that in healthy mice (3.0 ± 0.38 
%ID/g in DSS group vs. 1.7 ± 0.35 %ID/gr in control group, P<0.01). 
Competitive binding studies decreased the uptake in the small intes-
tines (1.3 ± 0.2 vs 0.4 ± 0.1, P<0.0001), colon (3.0 ± 0.4 %ID/g vs. 
0.8 ± 0.2 %ID/g, P<0.0001) and cecum (1.6 ± 0.5 vs 1.0 ± 0.3 %ID/
gr, p <0.01). The results of ELISA revealed elevated IL12p40 in sera 
on day 5 versus baseline (Day 5: 2.25 ± 0.63 vs. baseline: 1.53 ± 0.46 
ng/ml p=0.03).

Conclusions: 
We have shown that immuno-PET using 89Zr-labeled antibody directed 
to IL12/23 p40 detected colonic inflammation in the gut of animals 
with colitis. The results of this study indicate that IL12/23 p40 may be 
a promising target for non-invasive imaging of IB.
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Background: 
TRA-1−60 (TRA) is a pluripotency stem cell marker that is lost upon 
cell  differentiation1. TRA is also a marker of malignancy and therapy 
resistance and its overexpression has been reported in prostate, breast, 
ovarian, germ cell and tumors and in follicular  lymphoma2. We pre-
viously described 89Zr radiolabeled anti-TRA full-length antibody, 
and established proof-of-principle studies demonstrating its efficacy 
in tracking TRA in pancreatic and prostate  xenografts3. However, 
smaller fragments of the monoclonal antibody have better favorable 
pharmacokinetics (PK) and tumor penetration, which shortens the 
waiting period between infusion and  imaging4. The aim of this study 
seeks to develop and compare the specificity and pharmacokinetics of 
a humanized anti-TRA-scFv-Fc, a smaller fragment of the antibody (~ 
110 kDa), separately radiolabeled with Zr-89  (t1/2 ~ 3.27 d) and Cu-64 
 (t1/2 ~ 12.7 h) for targeting TRA in BxPC-3 xenografts.

Methods: 
Anti-TRA-scFv-Fc was conjugated with deferoxamine (DFO) and 
2,2′-(7-(4-isothiocyanatobenzyl)-1,4,7-triazonane-1,4-diyl)diacetic 
acid (NODA) through an isothiocyanates (NCS) linker for labeling with 
Zr-89 and Cu-64 respectively. BxPC-3 (5 ×106 cells) were injected sub-
cutaneously (s.c.) on the shoulder of female athymic nude mice. Tumor 
growth was monitored until volumes reached 150−200  mm3. Tumor 
bearing mice were imaged with  [89Zr]Zr-DFO-anti-TRA-scFv-Fc from 
3–120 h post injection (p.i.). Mice injected with  [64Cu]Cu-NODA-anti-
TRA-scFv-Fc Bsg were imaged from 3–48 h p.i.. Tissue distributions 
of both radiotracers were performed in tumor-bearing mice.

Results: 
Anti-TRA-scFv-Fc sufficiently labeled with Zr-89 and Cu-64 with 
a >99% radiochemical purity and specific activity of 0.185 ± 0.01 
GBq/mg (5 ± 0.3 mCi/mg). PET images of  [89Zr]Zr-DFO-anti-TRA-
ScFv-Fc- showed tracer uptake as early as 3 h p.i. (VOI: 4.7 ± 1.6 
%ID/mL), which increased over time. The highest tumor uptake was 
achieved after 120 h (VOI: 17.5 ± 3.5 %ID/mL). PET images of  [64Cu]
Cu-DFO-anti-TRA-ScFv-Fc exhibited high tumor uptake after 24 and 
48 h p.i. Uptake in tumor peaked after 48 h p.i. (VOI: 68 ± 4.2 %ID/
mL). Tissue distribution studies revealed that maximal accumulation 
of  [89Zr]Zr-DFO-anti-TRA-ScFv-Fc occurred at 24 h p.i. (12.02 ± 2.6 
%ID/g). The probe was retained in the tumor at 72 h (7.5 ± 1.7%ID/g) 
and 120 h (6.3 ± 2.1%ID/g) p.i.. Blood retention was lower compared 
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to the Zr-89 labeled full length antibody after 120 h p.i3. indicative of 
the effect of the scFv-Fc’s smaller size.

Conclusions: 
We have successfully developed radiolabeled anti-TRA-scFv-Fc frag-
ments with retained TRA + tumor affinity and especially, rapid phar-
macokinetics than the full-length antibody. Studies are underway to 
develop this tracer for theranostic applications in TRA + lesions.
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Introduction: 
Whole brain delineation (WBD) is a common technique used in neu-
roimaging analysis to alleviate the impact of unwanted, non-brain sig-
nals on brain measures of interest.[1] Furthermore, WBD is utilized 
in brain image pre-processing to improve the accuracy of automated 
and semi-automated co-registration to other medical images or atlases.
[2] A limitation of currently available WBD techniques, particularly 
in pre-clinical research, is that they perform poorly on brain images 
that show large deformations due to neuropathology, such as those 
resulting from organophosphate intoxication (OPI).[3,4] The U-Net 
convolutional neural network (CNN) has shown promise for brain MRI 
segmentation in humans and other species.[5,6] We optimized a 2D 
U-net CNN and evaluated its performance for WBD for MRI scans of 
a rat model of OPI.

Methods: 
The CNN has a modified architecture with 18 (3x3) convolutions 
(activation function=leaky rectified linear unit (ReLU)), four max 
pooling operations with zero padding, and two dropout operations 
to prevent overfitting. Training parameters for the U-Net were opti-
mized, including the learning rate, number of epochs, steps per 
epoch, and batch size. Our data consisted of T2-weighted MRI rat 
brain scans (n=120 scans, 59 slices/scan, acquired on a Bruker Bio-
Spec 7T scanner, phased array coil, voxel size: 125x125x500μm, 
matrix size: 280x200x59). These scans were of adult Sprague Daw-
ley rats in an OPI (diisopropylfluorophosphate (DFP)) study, testing 
the impact of novel neuroprotective therapies at three timepoints 
(3-, 7-, and 28-days post-OPI).[7] The treatments tested were mida-
zolam (MDZ), allopregnanolone (ALO), and MDZ and ALO (DUO). 

Additional groups were vehicle controls (VEH) and untreated DFP-
exposed animals (DFP). These data thus presented a wide range of 
acute and chronic OPI pathologies.[8] Each scan was segmented by 
an experienced human observer to delineate the whole brain, exclud-
ing the olfactory bulb and brainstem. The training and evaluation 
datasets for the CNN consisted of 100 scans (DFP=23, MDZ=23, 
ALO=21, DUO=21, VEH=12) and 20 scans (DFP=4, MDZ=4, 
ALO=4, DUO=4, VEH=4), respectively. MRI scans and manu-
ally segmented label data were preprocessed by applying N4ITK 
bias correction, centering and cropping the volumes to the brain (to 
[200x200x59]), and down-sampling the resolution of each slice to 
improve runtime efficiency (to [128x128x59]). Data augmentation 
(with Medical Open Network for Artificial Intelligence (MONAI)[9]) 
parameters utilized to improve performance were: shifting each slice 
(-40,40) pixels in both x- and y- direction, rotating between (-45,45) 
degrees, flipping the image horizontally and vertically, scaling each 
slice from (-0.3, 0.3) in the y-direction, shifting the brightness lev-
els by ±0.5, and adding gaussian noise (mean=1, st. dev.=0.25). 
The performance of the CNN was tested on the evaluation data via 
calculating the Dice coefficients of volumetric overlap between the 
CNN-generated labels and those from manual segmentation.

Results and Conclusion: 
The CNN training parameters converged on a learning rate=0.002, 
number of epochs=125, steps per epoch=20, and batch size=10. The 
CNN output WBD labels achieved a Dice Coefficient (median[range]) 
of 0.9836[0.9356-0.9900], indicating excellent segmentation accuracy. 
Model training accuracy and loss did not improve significantly after 
60 epochs, indicating that the CNN was quickly able to find robust 
segmentation features despite changes in brain volume and signal het-
erogeneity. However, the model accuracy (percentage of correct pixel 
values out of the total number of pixels) did marginally improve from 
98.08% to 99.07% from epochs 60 to 125. The training runtime was 
30 minutes for 150 epochs, while the individual scan segmentation 
processing took approximately 10 seconds. We conclude that the U-net 
CNN provided a fully automated, efficient, segmentation approach and 
achieved a high accuracy. Future research will include examining the 
applicability of this WBD CNN on other preclinical disease and animal 
models.

Reference
1. R. Feo, et. al., “Towards an efficient segmentation of small 

rodents’ brains: A short critical review.” Journal of Neuroscience 
Methods, vol. 32, 2019; 82-89.

2. L. Hsu, et. al., “Automatic skull stripping of rat and mouse brain 
MRI data using U-net.” Frontiers in Neuroscience. vol. 14, 2020.

3. M. Lyman, et. al., "Neuroinflammation: the role and conse-
quences." Neuroscience Research, vol. 79, 2014;1-12.

4. W. Chen, et. al., “Role of neuroinflammation in neurodegenerative 
diseases,” Molecular Medicine Reports. 2016;3391-3396.

5. O. Ronneberger, et. al., “U-Net: Convolutional networks for bio-
medical image segmentation,” in International Conference on 
Medical image computing and computer-assisted intervention. 
Springer, 2015; 234–241.

6. S. Salehi, et. al., Auto-context convolutional neural network (auto-
net) for brain extraction in magnetic resonance imaging. IEEE 
transactions on medical imaging. 2017 Jun 28;36(11):2319-30.

7. S. Supasai, et. al., “Acute administration of diazepam or mida-
zolam minimally alters long-term neuropathological effects in the 
rat brain following acute intoxication with diisopropylfluorophos-
phate.” European Journal of Pharmacology, vol. 886, 2020.

8. B. Hobson, et. al., “Magnetic resonance imaging reveals progres-
sive brain injury in rats acutely intoxicated with diisopropylfluo-
rophosphate.” Toxicological Sciences. 2017; 342-53.

S261



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

9. The MONAI Consortium. (2020). Project MONAI. Zenodo. 
https://doi.org/10.5281/zenodo.4323059

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

291-Mitochondrial pyruvate carrier (MPC)-dependent [3-11C]
pyruvate PET imaging driven by androgen receptor in prostate 
cancer and its role in metabolic changes

Presenter: Chul-Hee Lee, Weill Cornell Medicine

Chul-Hee Lee1, Nicole  Waterhouse1, Thomas M.  Jeitner2, Clarence 
Williams,  Jr2, Ruth  Fernandez2, John W.  Babich2, James M.  Kelly3

1Weill Cornell Medicine, NY
2Weill Cornell Medicine
3Weill Cornell Medicine, New York, NY

Introduction: 
Although  [18F]FDG (FDG) PET is the most frequently used non-
invasive imaging method for oncology, it has poor sensitivity for pri-
mary, androgen-sensitive prostate cancer (PCa).1 PCa undergoes major 
metabolic changes when it becomes androgen resistant. One significant 
difference is a reduction in the expression of mitochondrial pyruvate 
carriers (MPCs), which regulate mitochondrial pyruvate metabolic flux 
and are regulated by the androgen receptor (AR)2. We hypothesize 
that MPC is critical to the metabolic reprogramming that drives PCa 
progression and is an imaging biomarker in PCa whose activity can be 
visualized with [3-11C]pyruvate PET. Our aim was to determine the 
potential of [3-11C]pyruvate PET to characterize metabolic phenotype 
in PCa.

Methods: 
We compared the uptake and retention of FDG and [3-14C]pyruvate in 
three prostate cancer cell lines: LNCaP (AR+ and androgen-dependent; 
AD), C4-2 (AR+ and androgen-independent; AI), and PC-3 (AR- and 
AI). Furthermore, we examined the relationship between uptake of these 
probes and the expression of key metabolic regulators using western blot. 
To determine the role of MPC in pyruvate metabolism, we reduced its 
expression by treatment of the cells with 100 μM of the MPC inhibitor 
UK5099 for 72 h and repeated the assays described above. Next, we com-
pared FDG and [3-11C]pyruvate PET in male nu/nu mice bearing LNCaP 
or PC3 xenograft tumors. We synthesized [3-11C]pyruvate via [3-11C]
alanine using D-amino acid oxidase, alanine racemase, and  catalase3. 
Mice were administered 14-16 MBq [3-11C]pyruvate or 7-9 MBq FDG 
intravenously, and a 60 min dynamic PET acquisition was performed 
beginning 7-10 min post-injection. Time-activity curves were estimated 
by drawing a volume of interest (VOI) over the tumors.

Results: 
FDG uptake was the highest in PC-3 cells (p <0.001), while [3-14C]
pyruvate uptake and retention was greater in LNCaP cells than PC-3 
cells (p < 0.05). Uptake of each tracer was intermediate in C4-2 cells. 
These findings were attributed to the high expression of glycolytic pro-
teins in PC-3 cells, e.g., GLUT1, PKM2, LDHA/B, and MCT1, as well 
as mitochondrial OXPHOS proteins in LNCaP cells, e.g., MPC1/2, 
PDH complex, and MCT4. Interestingly, except for GLUT1, the expres-
sion of glycolytic/OXPHOS proteins in C4-2 cells was similar to that 
of LNCaP cells. The [3-14C]pyruvate flux in MPC1/2 expressing cells 
changed after treatment with UK5099, but there was no change in cell 

viability. In addition to decreased expression of MPC1/2, we found sig-
nificant changes in LDHA/B and MCT1/4. These changes support the 
role of MPC as a driver of metabolic change in PCa. [3-11C]Pyruvate 
was prepared in 18.5 ± 2.2% decay-corrected radiochemical yield and 
>99% radiochemical purity. PET imaging in xenograft mice confirmed 
rapid distribution of [3-11C]pyruvate-derived radioactivity to tumors 
followed by gradual clearance over 60 min. In agreement with our 
in vitro findings, peak uptake in LNCaP tumors significantly higher 
uptake than in PC-3 tumors (p <0.0001).

Conclusions: 
Our findings support the notion of MPC as a major metabolic regulator 
in PCa and a driver of PCa progression. We show that pharmacologi-
cal MPC inhibition in androgen-sensitive cells induces the metabolic 
phenotype seen in androgen-resistant PCa. Furthermore, these distinct 
metabolic phenotypes can be distinguished in vitro and in vivo by dif-
ferential pyruvate uptake. Consequently, we demonstrate the poten-
tial of [3-11C]pyruvate PET imaging to monitor AR-driven metabolic 
changes. This modality may prove to be a useful tool for characterizing 
the metabolic phenotype of PCa.
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Introduction: 
Pre-clinical PET/MR imaging can be expensive and time consum-
ing, so methods to increase throughput are valuable (see also Zhou). 
If short-lived isotopes are used, multi-animal scanning increases the 
efficiency of tracer use. We developed new multi-animal imaging beds 
that integrate into the beds provided by our instrument vendor. The 
criteria for new beds were that animals were able to be anesthetized, 
warmed and monitored over long scan times, with access for catheters 
for dynamic acquisitions.

Methods: 
Two multi-animal imaging beds were designed for simultaneous PET/
MR imaging. A 4-mouse bed was designed to fit inside an enclosed 

S262



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

bed originally intended for rat imaging and was 3D printed using Vero-
Clear resin (linear attenuation coefficient 9.41x10-2 cm2/g) (Kucuk) 
on a Stratasys J750. Animals are warmed by warm air (using a system 
built in by the vendor) and one mouse can be monitored (SAII) . A 
2-rodent bed was constructed partially of 3D printed components and 
partially from a polyvinyl chloride (PVC) pipe (linear attenuation coef-
ficient 8.98x10-2 cm2/g) cut lengthwise to fit on top of the existing rat 
MRI bed, which was extended 12.5 cm in the Z direction using a 3D 
printed attachment. The system is modular to allow swapping between 
sets of animals for repeated imaging with consistent positioning, and 
includes bite bars and nose cone inserts to stabilize rat or mouse heads. 
Animals are warmed using warm water circulation and one animal is 
monitored.
We acquired images on a 7T Bruker BioSpin 70/30 MRI with a 3 
ring PET insert with inner diameter of 12 cm. To demonstrate multi-
animal imaging capabilities, [F-18]-2-deoxy-fluoroglucose (F-18 
FDG, ~5.5 MBq/animal ) was injected IV into 4 mice simultaneously 
through tail vein catheters (3D FISP MRI sequence with 72 mm 
PET-optimized RF coil), and 2 rats were similarly injected IV with 
F-18 FDG (~6.1 MBq/animal) (T2TurboRARE MRI sequence with 
86 mm RF coil). To measure recovery coefficient and spillover, saline 
bottles with known activity of F-18 FDG were scanned by PET/MRI 
for 5 minutes with cold saline in the neighboring positions. High 
throughput MRI-only of 4 mice with spontaneous pancreatic tumors 
(T2TurboRARE sequence) was also performed. Animals were anes-
thetized with isoflurane (1-2%). Images were analyzed in PMOD.

Results: 
With the 4-mouse bed, we obtained 4 whole-body PET/MRI images. 
With the 2-rodent bed, we obtained heart-to-brain PET images, with 
the whole head covered by MRI. For the 4-mouse bed, 94% of the 
phantom signal was recovered, compared to 97% with only the vendor 
bed in place. For the 2-rodent holder, 78% of signal was recovered. 
Spillover was 0.01-0.67% for the 4-mouse bed, and 0.025% for the 
2-rodent bed. We were able to monitor respiration and maintain animal 
temperature at 37 ± 1 °C for over an hour. These systems decrease scan 
time and therefore cost by 60-75%. The implementation of these beds 
did not require any instrument modification.

Conclusions: 
Two cost-effective multi-animal imaging beds were built and tested 
for simultaneous PET/MR imaging in rodents. Recovery coefficient 
was high for the 4-mouse bed and lower for the 2-rodent bed, but an 
attenuation map that compensates for the new beds can be created 
and integrated into the workflow in the acquisition software. Animal 
health was monitored and maintained while using new beds, which will 
increase efficiency for data acquisition, reduce scan time, and increase 
the practicality of using short-lived isotopes.
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Magnetic Particle Imaging (MPI) is a promising molecular imaging 
modality that uses magnetic nanoparticles (MNPs) as a tracer in appli-
cations such as cancer detection, cell tracking, and angiography [1]. 
There are active efforts to build a human scale MPI scanner by several 
groups, which are concentrated around brain imaging application [2,3]. 
There are significant challenges, however, of scaling up such a scanner 
to a full body size. An alternative approach is to adopt an open geom-
etry design for imaging of a local body region [4]. Such a single-sided 
design has an advantage of accommodation of all body sizes, lower 
power consumption, and smaller footprint. The major challenges of the 
single-sided designs are non-homogeneous fields, limited penetration 
depths, low sensitivity and spatial resolution that impact their utility. In 
our prototype of a single-sided scanner we incorporated a field-free 
line (FFL) topology of the magnetic field to achieve higher sensitivity 
and robust image reconstruction using back-projection technique as 
compared to the alternative topology utilizing field-free point (FFP) 
[5]. Previously, we showed simulations of 2D imaging with our scanner 
using the back-projection image reconstruction and the experimental 
1D imaging showing the capability of the spatial resolution of up to 6 
mm with low field gradient [6]. In this work, we present the first 2D 
imaging of a mouse phantom. In the imaging experiments, we used an 
anatomical 3D printed fillable mouse phantom (BIOEMTECH) with 
various organs. Kidneys were filled with 300 μl each of undiluted SPIO 
Vivotrax+ (MagneticInsight). The phantom was placed on a subject 
table with the graduated angles corresponding to 22° rotation step and 
imaged from 0 to 180° with 4 cm x 4 cm FOV in coronal plane at the 
penetration depth of 17 mm. For each angle position the signal was 
obtained with the FFL moving back and force and the background 
was subtracted from the average. A sinogram was collected and back-
projected to obtain a 2D image. A separate PSF image was experimen-
tally obtained with the symmetrical point source of a glass bulb placed 
at the center and containing 18 μl of SPIO. A deconvoluted image 
was overlaid with the photograph of the mouse phantom to obtain the 
contour lines of the mouse and the kidneys. The results show the proof 
of principle of in-plane projection imaging with the single-sided FFL 
MPI scanner.
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Background: 
Sodium (23Na) MRI is a molecular imaging technique that can detect 
the increased tissue sodium concentration (TSC) exhibited in several 
tumour types, including prostate cancer (PCa). In recent work, TSC 
measured by sodium MRI was shown to significantly correlate with 
histological lesion grade in human PCa (1). This study employed 
an endorectal coil and a 3D fast gradient-recalled-echo sequence to 
acquire sodium images. Although an endorectal coil can facilitate 
higher imaging signal-to-noise ratio (SNR), it is associated with a 
limited field of view, increased scan times, gland deformation, and 
patient discomfort. To address these challenges, this abstract focuses 
on the development and evaluation of a completely external ‘butter-
fly’ surface coil for sodium imaging using a 3D density-adapted radial 
projection sequence (2).

Objective: 
To compare sodium MRI SNR in the human prostate using an exter-
nally located butterfly surface coil versus a conventional endorectal 
surface coil.

Methods: 
Two PET-compatible, custom-built radiofrequency systems for sodium 
MRI were compared using a 3-Tesla PET/MRI scanner (Siemens 
Biograph mMR).
The first setup consisted of a 23Na transmit body coil, a rigid 1H/23Na 
dual-tuned receive endorectal coil (dimensions=7.2×2.3cm2, tun-
ing=32.6 MHz), and a flexible anterior receive array for 1H imag-
ing. Sodium images were acquired with a gradient echo sequence 
(TR=218ms, TE=2.3ms, FOV=20cm2, resolution=3mm2, slice 
thickness=8mm, total scan time=32min) and evaluated in two patients 
with biopsy-proven PCa (62 and 68 yrs; 95.2 and 77.5 kg; Gleason 
scores 7).
The second setup consisted of a 23Na transmit/receive butterfly coil 
(diameter=18cm, tuning=32.6 MHz), and a flexible anterior receive 
array and spine array for 1H imaging. Sodium images were acquired 
with a 3D density-adapted radial projection sequence (TR=50ms, 
TE=0.5ms, FOV=36×36×10cm3, resolution=5×5×5mm3, total scan 
time=27min) and evaluated in a healthy volunteer (28 yrs, 72 kg) and 
one patient with biopsy-proven PCa (65 yrs, 66.8 kg, Gleason score 
to-be-determined).
Prostate-specific membrane antigen (PSMA)-PET (3D mode, 
resolution=4.2×4.2×2.0mm3, frame duration=20min) was acquired 
during all patient imaging sessions 2 hours following the administration 
of  [18F]PSMA-1007 (dose=372.7±39.1MBq). Sodium SNR in patient 

images was calculated for the region defined by 40% of the maximum 
standardized uptake value  (SUVmax) of PSMA-PET (3). Sodium SNR 
in the volunteer image was calculated for a manually-drawn region 
capturing the whole prostate.

Results and Discussion: 
For the first two patients imaged with the endorectal coil, the sodium 
signal dropped below noise thresholds starting 1cm from the surface 
of the coil. As a result, the sodium SNR was low (SNR=4.4 and 4.0, 
respectively) in the primary lesion identified by PSMA-PET  (SUVmax = 
7.8 and 19.9, respectively). There were also difficulties in the insertion 
of the endorectal coil that resulted in gland deformation, coil ejection, 
and patient discomfort.
In contrast, the butterfly coil achieved a greater field of view 
and higher SNR (SNR = 26.8) in the region defined by 40% of 
 SUVmax  (SUVmax=4.7) of the third patient. A lower SNR was observed 
in the whole prostate of the healthy volunteer (SNR=14.5) using this 
setup, which is consistent with prior findings of higher TSC in PCa 
relative to healthy prostatic tissue (1). The prostate peripheral zones in 
both the patient and volunteer exhibited greater sodium signals com-
pared to the rest of the gland likely due to larger extracellular space and 
loose stroma (4). Future work will investigate the correlation between 
TSC in lesions and Gleason grade as determined by whole-mount 
histopathology.

Conclusion: 
This work demonstrates that, in the same scan time, the proposed non-
invasive butterfly surface coil can achieve a higher SNR over the whole 
prostate compared to the endorectal coil for patients with PCa, which 
may enhance the workflow and applicability of sodium MRI in PCa 
studies.
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Currently, a definitive Alzheimer’s Disease (AD) diagnosis can only be 
achieved at autopsy, through pathology examinations of brain tissue. 
No non- or less-invasive examination can yet diagnose and character-
ize AD during the patient’s life, in turn limiting insights into potential 
strategies for countering AD modes of progression. Here, using high-
resolution magic angle spinning (HRMAS) nuclear magnetic resonance 
(NMR) spectroscopy, we studied human blood samples obtained from 
AD and non-AD subjects to reveal potential AD-associated metabo-
lomic changes measurable in blood, and quantified tissue and blood 
metabolomics for AD and wild-type (WT) mouse models for potential 
developments of an ex vivo to in vivo translational platform capable 
of using AD associate endogenous cellular metabolomics profiles for 
metabolomic imaging to assist with AD diagnosis and, more impor-
tantly, contribute to the development of precision treatments. HRMAS 
MRS-based metabolomics has demonstrated its utility in studies of 
biofluids for various diseases. HRMAS MRS is uniquely well-suited 
for analysis of human blood samples due to the small quantity of sam-
ple and minimal preparation required. Metabolomic analysis has been 
proposed as a potential methodology to better investigate and under-
stand the progression of AD. Our investigation focuses on developing 
AD and non-AD metabolomics differentiating models, including pro-
cedures of quality assurance (QA) and quality control (QC) through 
pooled samples. The quality evaluations and procedures designed for 
these evaluations are critical for the development of MRS-based metab-
olomics for various disease of concern. We obtained AD metabolomics 
results using HRMAS NMR on human blood plasma samples obtained 
from AD and non-AD subjects, as well as in vivo MRS and ex vivo 
NMR studies of AD and wild-type (WT) mouse. From the analysis 
of human serum samples, our study found several metabolites to be 
significantly correlated with AD compared to controls. We also dem-
onstrated that HRMAS NMR technology has the ability to differentiate 
diseased from wild-type brain tissue in mice. These results suggest the 
potential for future translational research with important clinical impli-
cations, including comprehensive comparisons of in vivo and ex vivo 
imaging measurements in animal models and AD diagnostics from a 
simple, non-invasive blood sample. Establishing connections between 
in vivo imaging and ex vivo brain tissue and serum measurements will 
enable us to design in vivo imaging and blood serum evaluation proto-
cols to test age- and AD-associated metabolomic changes in humans, 
aimed at non-invasively detecting AD onset, development, and progres-
sion, monitoring the effects of potential future therapies, as well as 
understanding AD metabolic mechanisms. In summary, using endog-
enous cellular metabolomics measured ex vivo from blood samples 
from human patients and animal models, together with in vivo and 
ex vivo measurements of animal brain metabolomics, our rigorous, 
stepwise, and translational approaches evaluate metabolomics corre-
lations between in vivo brain and ex vivo blood from animal models. 
Advised by thus observed correlations, human AD metabolomics meas-
ured from blood samples may be investigated for their relationships 
with AD brain metabolomics that maybe investigated through in vivo 
metabolomics imaging.
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Introduction: 
Protein estimation assays used for research applications are classified 
on the basis of their sensitivity and specificity of detection. Established 
assays like Bradford’s, Lowry’s, BCA assay, and UV absorption have 
been used conventionally for estimation of protein concentrations in 
samples. This study aims to devise and compare alternate method for 
protein estimation using HPLC and generating standard curves from 
the absorbances observed with Bovine Serum Albumin (BSA) and 
Bovine IgG as standards. Trastuzumab, a monoclonal antibody used 
for treatment of breast cancer was used as the test sample. It has been 
observed that the protein concentrations of radiolabeled antibodies 
differ from its original concentration after radiolabeling. An alternate 
method for protein estimation in this study explores an additional 
option for confirmation of the final antibody concentration in such 
radiolabeling and other test samples.

Method: 
Standard solutions of varying known concentrations (750 ng to 100 μg 
range) were prepared using the commercially available Bovine Serum 
Albumin (BSA) and Bovine Immunoglobulin (IgG) (Sigma-Aldrich) 
and chromatograms were generated in the HPLC system (Synthra) 
using a TSK gel column. The sample volumes were kept constant at 
15 μL. A calibration curve was generated by plotting the concentrations 
versus absorbance and an equation for the best fitted linear regression 
line was generated. As test samples, different known concentrations of 
trastuzumab were injected into the HPLC system and chromatograms 
were generated using the same protocol under identical conditions. 
Their absolute concentrations were estimated using the equation1 gen-
erated for the regression (R1) and its correlation to the known concen-
tration was estimated.
Another calibration curve was generated by plotting known concentra-
tions of Trastuzumab solution at varying known concentrations (150ng 
to 75μg) versus absorbance at identical conditions as above and the 
equation for best fit linear regression line generated. Absolute concen-
tration of three blinded concentrations of trastuzumab was estimated 
using equation2 generated for this regression (R2).

Results: 
The percentage error observed between the calculated trastuzumab 
sample concentration and their known concentrations from R1 was 
significantly higher at higher concentrations. For R1 average percent-
age error ± Standard deviation observed was 44.17±24.95 % using 
the standard curve generated for BSA and 39.13±33.14 % for Bovine 
IgG. On the other hand, R2 gave more accurate result with an average 
of 5.3 % (range) error for blinded concentrations with least error at 
higher concentration (2.7%) and slightly higher error at lowest con-
centration (6.8%).

Conclusion: 
Our study reveals that the concentration of monoclonal antibodies by 
HPLC best correlates with the standard curve generated with the same 
antibody. Further studies would deal with the validation of this HPLC 
method with other standard methods like Lowry’s or Bradford’s assay 
for protein estimation.
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Exploiting the power of the immune system to eliminate cancer cells 
has led to exciting advances in cancer treatment in some cancers such 
as melanoma, but not in prostate cancer (PCa) that continues to cause 
20% of cancer-related death in men. The multiple checks and balances 
built into the immune system are exploited by cancer cells to escape 
immunesurveillance. The ability to target two or more of these immune 
pathways concurrently and specifically in PCa cells may provide an 
effective treatment strategy for advanced prostate cancer. The flex-
ibility of siRNA design and synthesis makes siRNA therapeutics an 
appealing option for blocking immune checkpoints, especially if they 
can be specifically delivered to cancer cells to avoid the autoimmune 
complications of antibody based checkpoint blockade. Prostate specific 
membrane antigen (PSMA) is a transmembrane protein that is highly 
expressed by castrate-resistant PCa cells. Here, we demonstrated the 
ability of a novel PSMA-specific degradable dextran nanocarrier to 
deliver siRNA to simultaneously downregulate two important immune 
molecules, PD-L1 and CD46, which are exploited by cancer cells to 
escape immune surveillance, in PSMA-expressing human PCa cells. 
These studies pave the way for harnessing the power of the immune 
system using siRNA therapeutics for effective treatment of advanced 
PCa in humans. The NP structure and characterization are shown in 
Fig. 1A. In the NPs, amine groups that electrostatically bind siRNA 
were conjugated to the dextran scaffold through acetal bonds that were 
rapidly cleaved in weak acid conditions to release siRNA within cells, 
while the small molecular PSMA targeting moieties were conjugated 
to the dextran through a polyethylene glycol (PEG) linker. Imaging and 
therapy studies with the NP were performed with PC3-PIP (PSMA+), 
PC3-Flu (PSMA-) cells and with PC3-PIP cells treated with ZJ-43, 
which is a PSMA blocking agent. Cell imaging studies indicated that 
the cellular uptake of siRNA NPs in PC3-PIP cells was much higher 
than that in PC3-Flu cells and PC3-PIP cells treated with ZJ-43. The 
measurement of fluorescence by flow cytometry confirmed these 
results. mRNA (Fig.1B-C) and protein analysis indicated that PD-L1 
and CD46 siRNA dextran NPs reduced PD-L1 and CD46 levels in 
PC3-PIP cells. Our data confirm that PSMA targeted dextran NPs can 
be used as a safe siRNA carrier to effectively reduce PD-L1 and CD46 
expression specifically in PSMA expressing PCa cells.
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Previous studies have reported that Salmonella typhimurium showed 
the capability of colonization and active proliferation in tumor tissue, 
therefore they can be used as a vehicle to deliver anticancer agents for 
cancer treatment. However, the bio-distribution of bacteria in normal 
organs may result in toxicity to these normal organs. To address this 
issue, we engineered synthetic genetic logic based on combination of 
recombinase system and hypoxia-inducible promoter to express the 
therapeutic molecules exclusively in the cancerous tissue and not in 
healthy organs. Additionally, synthetic genetic logic does not require 
constant recombinase production from the cell to maintain state, result-
ing in reducing metabolic burden on the bacteria. Recently, we devel-
oped a two-plasmid system. The first plasmid contains an irreversible 
recombinase gene, under the control of the inducible promoter. The 
second reporter plasmid contains synthetic genetic logic to regulate the 
reporter gene expression, included two recognition sites of recombinase 
flanking a hypoxia-inducible promoter in reverse orientation without 
inducible agent. In the presence of inducible agent, the recombinase 
expression results in inverting of the orientation of the hypoxia-induc-
ible promoter, which can upregulate the expression of reporter gene 
in tumor microenvironment. In order to develop our system, firstly by 
using a constitutive promoter instead of hypoxia-inducible promoter, 
we optimized the expression of our system. Further experiments using 
hypoxia-inducible promoter in synthetic logic gate system would be 
conducted.
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Late diagnosis of lung cancer is one of the leading causes of higher 
mortality in lung cancer patients worldwide. Significant research atten-
tion has focused on the use of magnetic resonance imaging (MRI) 
based nano contrast agents to efficiently locate cancer tumors for surgi-
cal removal or disease diagnostics. Although contrast agents offer sig-
nificant advantages, further clinical applications require improvements 
in biocompatibility, biosafety and efficacy. To address these challenges, 
we fabricated ultra-fine Iron Carbonate Nanoparticles  (FeCO3 NPs) for 
the first time via modified literature method. Synthesized NPs exhibit 
ultra-fine size (~ 17 nm), good dispersibility and excellent stability in 
both aqueous and biological media. We evaluated the MR contrast 

S266



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

abilities of  FeCO3 NPs and observed remarkable T2 weighted MRI 
contrast in a concentration dependent manner, with a transverse relax-
ivity (r2) value of 730.9 ± 4.8  mM−1  S−1at 9.4 T. Moreover, the r2 
values of present  FeCO3 NPs are respectively 1.95 and 2.3 times higher 
than the clinically approved contrast agents  Resovist® and Friedx at 
same 9.4 T MR scanner.  FeCO3 NPs demonstrate an enhanced T2 
weighted contrast for in vivo lung tumors within 5 h of post intrave-
nous administration with no apparent systemic toxicity or induction 
of inflammation observed in in vivo mice models. The excellent bio-
compatibility and T2 weighted contrast abilities of  FeCO3 NPs suggest 
potential for future clinical use in early diagnosis of lung tumors.
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In vivo molecular imaging techniques, as invaluable tools, enable the 
new biology finding in preclinical studies, and help to diagnose and 
provide guidance for the treatment of diseases in clinics. Preclinical and 
clinical studies to predict response to anti-PD-1/PD-L1 immunotherapy 
mainly rely on the in vivo positron emission tomography (PET), single 
photon emission computed tomography (SPET), and also fluorescence 
imaging. However, optical imaging suffers from autofluorescence and 
image depth limitation. PET imaging suffers from the short half-life 
of radiotracers and radioactivity. Hence, it is still worth exploring new 
imaging methods to realize the sensitive detection of PD-L1 expres-
sion in vivo with no safety concern. Magnetic particle imaging (MPI), 
as an emerging imaging modality, possesses high sensitivity and image 
depth, linear quantitativity, positive contrast, almost no background 
from tissues, and no radiation. Moreover, the iron oxide nanoparticles 
of MPI are safe for clinical use. Hence, in this study, we developed 
anti-PDL1 antibody conjugated magnetic-fluorescent hybrid nanoprobe 
(aPDL1-MFNPs) and carry out the in vivo MPI imaging of PD-L1 
expression at different tumor xenografts with varying PD-L1 expres-
sion levels. The MPI tailored MFNPs-aPDL1 nanoprobe were SPIO 
encapsulated with semiconducting polymer to produce nanoprobe that 
both possessed optical and magnetic properties for MPI and fluores-
cence imaging (FMI), and the aPD-L1 was conjugated to the surface 
of the nanoparticle to realize the PD-L1 targeting and binding prop-
erty. The specific and targeted PD-L1 imaging of MFNPs-aPDL1 was 
demonstrated through comparing with IgG-MFNPs control probe. The 
CT26 tumors with or without IFN-γ treatment were utilized to provide 
tumor models with varying PD-L1 expression levels. The MPI imaging 
of PD-L1 with different expression levels were detailed characterized 

and quantified, and the in vivo FMI was also carried out to confirm and 
complement with MPI imaging. In addition, the ex vivo real-time PCR, 
western blot and immunofluorescence staining were also performed 
for further validation of in vivo observation of PD-L1 expression. Our 
study aims to provide an alternative whole body imaging method for 
the characterization of immune checkpoint molecule expression with 
high sensitivity and specificity, which may possess the clinical trans-
lation potential. Such insights may also facilitate the optimization of 
existing treatments and in development of new immunotherapeutic 
agents or combinations.
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Background: 
Vasculature offers an attractive therapeutic target in tumors since dis-
ruption causes massive amplification through downstream cell death. 
Most vascular disrupting agents (VDAs) function by inhibiting microtu-
bule formation, which causes rapid morphological changes, resulting in 
dramatically increased vessel permeability, cellular detachment, vessel 
occlusion, and vessel wall damage. Being highly vascular, kidney tumors 
are expected to be particularly sensitive to VDAs. A promising indole-
based molecule (OXi8007) [1,2], structurally inspired by the first genera-
tion VDA combretastatin A-4 (CA4), was examined non-invasively for 
VDA activity, using multispectral optoacoustic tomography (MSOT) and 
bioluminescence imaging (BLI) and confirmed by histology [3]. Repeat 
dosing was used to examine tumor growth, as revealed by BLI.

Method: 
Luciferase-expressing RENCA tumor cells were implanted orthotopi-
cally in the right kidney capsule of syngeneic BALB/c mice. Biolumi-
nescence Imaging (BLI) was applied weekly to assess tumor growth. 
Once tumors reached about  1x107 photons/s, both dynamic BLI and 
Multispectral Optoacoustic Tomography (MSOT) were applied to eval-
uate acute and chronic response to OXi8007 (250 mg/kg) at baseline 
and 4h post-treatment. Tissue samples were further evaluated through 
histology. Two groups of mice  (nControl = 5,  nOXi8007 = 9) were treated 
with saline or OXi8007 (250 mg/kg IP) respectively, twice a week. 
BLI images were acquired over several weeks to observe the tumor 
growth delay.

Data Analysis: 
MSOT images were acquired from a single transaxial slice for 15 min-
utes at a sampling frequency of 10fps at 700, 730, 760, 800, 850,875 
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nm wavelengths. MSOT image analysis was performed using ViewM-
SOT software. The Model Linear method was applied to reconstruct 
images at the optimal speed of sound followed by fluence correction 
masking the background. Signals were unmixed for  HbO2 and Hb to 
quantify oxygen saturation  (sO2

MSOT) at each pixel. Mean oxygen satu-
ration was calculated for selected ROIs. BLI images were acquired 
following administration of luciferin subcutaneously and the signal 
was quantified using Living Image 4.7. Further analysis was conducted 
using MATLAB (2022a) or Python 3.8. Growth rates were calculated 
using linear regression on log-transformed total flux with respect to the 
days after initial treatment using the SciPy package.

Results: 
MSOT showed that OXi8007 reduces the oxygenation in the tumor 
at 4h post-treatment compared to baseline (Fig. B, C). Post-treat-
ment there was reduced oxygen saturation in the tumor and a smaller 
response to the gas oxygen-breathing challenge compared to baseline. 
Other organs did not show this depression. The change is emphasized 
in histograms showing a left shift relative to the oxygen saturation dur-
ing air/oxygen (Fig. C). BLI signals (Fig. D) reached a peak within 2-6 
minutes of luciferin injection (Fig. E). At 4h post-VDA, the BLI signal 
was reduced to about 2% of baseline, indicating a vascular disruption 
in a group of mice (n=6; p=0.008). Histology revealed massive hem-
orrhage 4h following OXi8007 (Fig. E). The treated group showed a 
statistically slower tumor growth rate compared to the control group 
(p=0.008) (Fig. F).

Discussion & Conclusion: 
BLI effectively revealed acute responses to VDA and allows effective 
long-term monitoring of tumor growth as well as the impact of VDA in 
the orthotopic kidney tumor. MSOT revealed changes in tumor oxy-
genation in real-time based on endogenous signal alone. The promis-
ing VDA OXi8007, demonstrated acute vascular disruption and long-
term tumor growth delay in orthotopic kidney tumors, as revealed by 
BLI, MSOT, and histology. MSOT showed selectivity for tumors ver-
sus other organs. These results provide further evidence for the utility 
of combined BLI and MSOT for effectively evaluating novel VDAs [3].
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Introduction: 
Various macromolecular delivery systems have been developed to 
increase the stability and potency of subunit vaccines, but many have 
not optimal size size and morphology to ensure efficient interaction of 
antigens with immune cells and accumulate in the body after perform-
ing their function. To overcome these limitations, we have introduced 
new biocompatible polymer-colloidal carriers based on maghemite 
(γ-Fe2O3) nanoparticles coated with poly[N-(2-hydroxypropyl)meth-
acrylamide] (PHPMA) polymers. In this proof-of-principle experiment, 
we assessed the MR properties of the probe and performed phantom 
and in vivo 1H MRI measurement of the polymer based nanocarrier.

Methods: 
PHPMA polymers (semitelechelic homopolymers, statistical copol-
ymers and di-block copolymer) were attached to the surface of 
γ-Fe2O3 (maghemite) particles via an iron-chelating deferoxamine 
group linked to the ends of their chains through stable or stimuli-
responsive bonds. In addition, a minimal peptide immunogen (V3) 
derived from the HIV-1 binding site was successfully conjugated to 
exemplary polymer-colloid systems to demonstrate their suitability for 
vaccine delivery. To characterize the physicochemical properties of 
prepared conjugates, dynamic light scattering (DLS) measurements 
were conducted. The MR properties of the probes were assessed by 
relaxometry at 1.5 relaxometer (37°C,  r1: saturation recovery sequence, 
repetition time (TR) = 0.01–10 000ms, echo time (TE) = 0.05ms;  r2: 
Carr–Purcell–Meiboom–Gill (CPMG) sequence, TR = 10 000ms, TE 
= 0.05ms).  T1 and  T2 weighted MR images of the phantoms containing 
the nanoparticles and in vivo measurements were acquired on a 4.7 T 
scanner using a resonator coil. A standard 2D rapid acquisition with 
relaxation enhancement (RARE) multi-spin echo MR sequence  (T1w: 
TR = 294.8ms, TE = 16.7ms, turbo factor = 2 and  T2w: TR = 3300ms, 
TE = 36ms, turbo factor = 4) for both phantom and in vivo measure-
ment was used. Whistar rats were scanned immediately and 48 hours 
after administration of polymer into the muscle.

Results/Discussion: 
The resulting probes were chemically stable, well-defined nanoparti-
cles characterized by negligible toxicity and suitable hydrodynamic 
size and shape for efficient uptake by immune cells. DLS studies of 
maghemite nanoparticles and polymer-coated maghemite nanoparti-
cles determined their size to be around 100 nm. Relaxometry shows a 
strong effect of iron binding to the probe,  r1 was 4.6L.mmol−1s−1 and 
 r2 was 46.1L.mmol−1s−1, respectively. These excellent MR properties 
were confirmed by imaging of phantoms, where CNR was much higher 
compared to CNR of phantoms containing only pure polymer. The 
quantification from phantom study is summarized in Figure 1.
The polymer bound to the surface of γ-Fe2O3 particles (maghemite) 
was clearly detected as a hypointensive signal also in vivo immediately 
after its administration (CNR = 77). In the case of pure polymer, we 
observed a slightly hyperintensive signal (CNR = 25). This illustrates 
Figure 1. Two days later, we still detected a polymer with maghemite 
as a strong hypointensive signal (CNR = 65). In contrast, pure polymer 
was not detected, indicating its removal from the body.
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Conclusion: 
The resulting materials were stable, well-defined nanoparticles charac-
terized by negligible toxicity and suitable hydrodynamic size and shape 
for efficient uptake by immune cells; those having polymers attached 
via stimuli-responsive bonds exhibited rapid decoating upon being 
incubated in the solutions mimicking reductive environment inside the 
cells. In addition, the favorable magnetic properties of the nanoparticles 
enabled their detection by MRI, which can be used to monitor their 
pharmacokinetics.
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Introduction: 
Neutrophils are one of the first responders at early stages of acute 
inflammation underlying several pathologies, such as cancer or heart 
and lung  injury[1,2]. Although the modulatory role of these neutrophils 
in the immune response is known, new non-invasive tools are still 
needed to gain a deeper understanding of their recruitment process and 
differentiation into subpopulations in vivo[1]. This work aims to design 
a novel immunePET specific of the Ly6G GPI protein, expressed in 
neutrophils, to evaluate its infiltration in acute lung injury, for further 
application in cardiopulmonary disorders.

Methods: 
Chelator p-DFO-Bz-NCS was conjugated to the anti-mouse Ly6G 
monoclonal antibody (2mg) for 30min at 37ºC and pH 9.0, in a 5-fold 
molar excess. Resultant product was labeled with  [89Zr]Zr-oxalic for 
1h at RT and pH 5.5, and then purified using 100KDa Amicon filters. 
Purity was stablished by radioTLC and antibody integrity was evalu-
ated by immunoblot. For the in vivo evaluation of the radiotracer, we 
used the acute lung injury (ALI) model by direct intratracheal lipopoly-
saccharide (LPS, n = 5) instillation compared to sham animals (PBS, 
n = 3). 89Zr-antiLy6G was injected intravenously in all mice after 24h 
of model induction (95-135μCi, 100μL PBS). In vivo PET/CT imag-
ing was performed at 24 and 48h hours post-administration and tracer 

biodistribution was assessed in vivo by imaging quantification and ex 
vivo by gamma-counter.

Results: 
89Zr-antiLy6G was synthetized with 41.49 ± 16.55 % radiochemical 
yield and > 99% purity (Figure 1A), without altering the integrity of 
the antibody, established by immunoblot. CT imaging confirmed lung 
injury in ALI model, especially after at latest imaging point, as well 
as no lung damage to the sham mice. PET imaging revealed signifi-
cant nuclear signal accumulated in lungs of ALI mice, while activity 
was mainly located in heart and spleen in sham group (Figure 1B). In 
vivo quantification (Figure 1D) confirmed higher uptake of the tracer 
in ALI lungs compared to sham after 48h of administration (4.05·104 ± 
2.54·104 total activity (SUV) in ALI vs. 1.90·104 ± 1.27·104 total activ-
ity (SUV) in sham mice. Ex vivo biodistribution (Figure 1C) also sup-
ported these results, presenting values of 26.12 ± 4.08 % ID/g in ALI 
mice lungs vs. 2.72 ± 0.36 % ID/g in sham.

Conclusions: 
This work presents a neutrophil selective immunePET tracer and its 
non-invasive evaluation in acute injured tissues. Results achieved sug-
gest the promising application of this approach for the detection of 
neutrophil infiltration in cardiopulmonary disorders and cardiovascular 
pathologies in which exacerbated inflammatory response plays a role, 
allowing an early stage detection of this phenomenon.
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Objective: 
Pancreatic ductal adenocarcinoma (PDAC) is a devastating human 
cancer and a growing burden to the healthcare system in the United 
States. The tumor microenvironment of PDAC is heavily infiltrated 
with myeloid-derived suppressor cells (MDSCs) which express C-C 
chemokine receptor type 2 (CCR2). The CCR2-bearing MDSCs greatly 
outnumbers PDAC cells and are the initial cell type accumulating at 
the earliest stages of distant metastasis which are invisible to conven-
tional imaging modalities and are likely the cause of distant relapse for 
patients after resection. Therefore, we developed a CCR2 targeting PET 
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tracer (68Ga-DOTA-ECL1i) and evaluated the PET imaging on PDAC 
metastasis in mouse models.

Methods: 
PET/CT imaging of 68Ga-DOTA-ECL1i was performed in widely 
adopted hemisplenic injection liver metastasis models (KI) at 1-4 
weeks post tumor injection and 16-23 week old genetically-engineered 
KPC (p48-CRE; LSL-KRasG12D/wt;  p53flox/flox) orthotopic PDAC 
models and compared to 18F-FDG. Hematoxylin and eosin (H&E) 
and CCR2 immunohistochemical (IHC) staining were performed to 
characterize the metastatic lesions. Autoradiography was conducted 
to confirm the uptake of 68Ga-DOTA-ECL1i in the metastatic sites.

Results: 
PET/CT images visualized the PDAC metastases in both liver and 
lung in KI mice at 1-4 weeks post tumor injection and in the liver 
of 16-23 week old KPC mice. Quantitative uptake analysis revealed 
increased liver and lung metastasis uptake in the KI mouse model 
(liver: from 1.38±0.46%ID/gram (p<0.05, n=7) at 1 week to 
2.36±0.70%ID/gram (p<0.005, n=5) at 4 weeks post tumor implan-
tation; lung (1.15±0.46%ID/gram (p<0.05, n=7) at 2 weeks to 
1.80±0.43 %ID/gram (p<0.005, n=5) at 4 weeks post tumor implanta-
tion). 68Ga-DOTA-ECL1i also demonstrated increased liver metastasis 
uptake in the 16-18 week old (0.82±0.07%ID/gram, p<0.05, n=4) and 
20-23 week old (1.50±0.62%ID/gram, p<0.05, n=4) KPPC mice. In 
comparison, 18F-FDG PET failed to detect any metastases during the 
time course study. H&E staining showed metastases in the liver and 
lung of KI mice, within which immunostaining clearly demonstrated 
the overexpression of CCR2 as well as  CCR2+ cell infiltration into the 
normal liver. Autoradiographic images confirmed the metastatic uptake 
of 68Ga-DOTA-ECL1i.

Conclusion: 
Our data showed the specific expression of CCR2 at metastatic 
organs, indicating its potential as a biomarker for PDAC metasta-
sis. 68Ga-DOTA-ECL1i PET/CT in KI and KPC models demonstrated 
its sensitivity and specificity to detect PDAC metastasis.
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Introduction: 
Tissue viability depends on adequate blood supply, indicated by the 
perfusion level [1-3]. Bone perfusion level is estimated by the total 
blood flow in endosteal and periosteal vessels. The low -flow regions of 
bone are regarded as inviable, and request timely surgical debridement 
in order to prevent surgical site infection [4, 5]. Fluorescence-guided-
surgery is a recently developed technique that using the fluorescent 
signal to visualize targeted tissue and provide guidance for surgeons. 
A bone specific tracer kinetic model [6, 7] and texture analysis model 

[8], based on dynamic contrast enhanced-fluorescence imaging (DCE-
FI), can correspond to the level of bone viability. However, there are 
currently no techniques that can intraoperatively quantify bone viability 
level quickly and model independently.

Study Design: 
Eleven participants with confirmed below knee amputation were 
included in this study. The study was approved by the Institutional 
Review Board of the Dartmouth-Hitchcock Medical Center and listed 
on ClinicalTrials.gov as NCT04250558. Three surgical conditions were 
created at each patient limb, designed to mimic three decreasing lev-
els of bone viability after trauma, and 0.1 mg/kg indocyanine green 
(ICG) was intravenously injected in each condition: (1) baseline (i.e. 
high viability); (2) osteotomy (i.e. medium viability); (3) osteotomy and 
soft tissue stripping (i.e. low viability). Time series of fluorescence 
images and a white-light image were recorded after ICG injection 
in each condition, using SPY Elite imaging system (Stryker Corp., 
Kalamazoo, MI, USA). An in-house built ICG pulse dye densitom-
eter has been placed on the patient’s finger to acquire an arterial input 
function (AIF). DCE-FI images were processed by custom MATLAB 
(The MathWorks, Natwick, MA) programs. In each time series of fluo-
rescence images, three circular Regions-of-interest (ROIs) with same 
radius were respectively selected at proximal and distal to the oste-
otomy. For each ROI, model-independent first-pass kinetic parameters: 
maximum intensity, time-to-peak, ingress slope and egress slope of dye 
wash-in phase (denoted by Imax, TTP, IS and ES, respectively) were 
extracted from temporal fluorescence intensity (FI) curve (Fig. 1(a)) 
that was averaged over the pixels covered by the ROI. To account for 
the AIF-dependent effects, tissue temporal FI curves were corrected by 
replacing the individual AIF with averaged AIF [9].

Results: 
First pass parameters Imax (Fig. 1(b) top) and IS (Fig. 1(b) bottom) 
were consistently decreasing as bone viability level decreased, which 
reflected the importance of maximum capacity of blood volume 
and transit rate of ICG in blood vessel, respectively, in bone viabil-
ity. TTP and ES were not significant factors. As a result, Imax and IS can 
be used for classifying the bone viability states. The optimal thresh-
olds for classification were as followed: ROIs with  Imax>120 
and log(IS)>-1 are classified as high viability (Fig. 1(c) in green), ROIs 
with 30<Imax<120 and -1<log(IS)<2 are classified as medium viabil-
ity (Fig. 1(c) in yellow), and ROIs with Imax<100 and log(IS)<-0.5 
are classified as low viability (Fig. 1(c) in red).

Discussions and Conclusion: 
In this human study, quick quantification of bone viability was achieved 
by using model-independent first pass kinetic parameters from DCE-FI 
captured intraoperatively. The population variation caused by various 
cardio functions among participants has been efficiently accounted for 
by arterial input function correction. This study is the first clinical 
study that performs DCE-FI in quantifying bone viability. The software 
and hardware is relatively straight-forward and the later can be 3D 
printed in a hospital lab.
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Background: 
Hemizygous and Homozygous deletion of hallmark DNA damage 
repair (DDR) protein, BRCA2 in Prostate cancer (PC) are associated 
with increased risk of aggressive PC, highere rate of distant metasta-
sis and resistance to androgen deprivation therapy (ADT). Clinical 
data has shown BTCA2/DDR deficiency commonly results in poor 
prognosis. Lately immunohistochemical analysis of mCRPC patient 
samples by Paschalis et al. revealed that mutations in DDR genes (in 
particular BRCA2 and ATM) are associated with increased prostate-
specific membrane antigen (PSMA; folate hydrolase, FOLH1) expres-
sion on the cell membrane. We wanted to investigate if this upregula-
tion in PSMA expression can be targeted with a dignostic positron 
emission tomograpy (PET) imaging agents such as  [68Ga]-PSMA11 
or  [124I]-MSK-PSMA1. Therefore, we hypothesized that upregulation 
of PSMA expression can be used as a marker for BRCA2 alteration, 
which can be measured using PET imaging in vivo.

Experimental Design: 
We analyzed human prostate cancer cell line, LNCaP, at mRNA and 
protein level and quantified the expression of PSMA using saturation 
binding assays with  [124I]-MSK-PSMA1. Using CRISPR-Cas9, we 
knocked out BRCA2 in the castration sensitive cell line LNCaP cells 
and evaluated its effect on PSMA at the transcriptional and transla-
tional level. Saturation binding assay using  [124I]-MSK-PSMA1 was 

performed to measure changes in cell surface PSMA receptor density 
in LNCaP BRCA2 knockouts.

Results: 
BRCA2 knockout was achieved successfully using CRISPR-Cas9 based 
methods. Western blot analysis revealed that PSMA levels increase 
significantly with BRCA2 loss when BRCA2 knockouts were compared 
to control LNCaP cell line. Immunohistochemical analysis confirmed 
this obervation. Cell binding assays demonstrated that BRCA2 knock-
out LNCaP cell lines have about 6 fold higher uptake of the PET 
tracer  [124I]-MSK-PSMA1. in vivo studies were planned to demonstrate 
that BRCA2 deletion leads to a signficant increase in PSMA signal in 
mice xenograft models.

Conclusions: 
Our results indicate that BRCA2 silencing leads to signficant upregula-
tion of PSMA expression in PC cell lines, which can be imaged using 
a PSMA targeted PET tracer.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

307-A Vascularized Organoid On-A-Chip Model for the Investiga-
tion of HIF-1-Alpha in Angiogenesis

Presenter: Ngan Phung, Memorial Sloan Kettering Cancer Center

Ngan Phung1, Magdalena  Skubal1, Ben E. Mc  Larney1, Jan  Grimm1

1Memorial Sloan Kettering Cancer Center, New York, NY

Angiogenesis, the development of new blood vessels from pre-existing 
ones as a response to hypoxia, plays an important role in tumor growth, 
progression, and metastasis.1 Under hypoxic conditions, hypoxia induc-
ible factor 1 alpha, HIF-1-alpha, is stabilized and translocated into the 
nucleus, resulting in the upregulation of pro-angiogenic factors, such as 
vascular endothelial growth factor (VEGF) and platelet-derived growth 
factor (PDGF).2 Hypoxia is a major therapeutic barrier and is known 
to be highly correlated with increased tumor resistance to cancer treat-
ments.3 Most preclinical in vitro studies on solid tumors and angiogene-
sis are done using the conventional two-dimensional (2D) tissue culture 
system. However, 2D systems as a model are limited, as they lack the 
organization and complexity of a tumor and do not comprehensively 
replicate the hypoxic microenvironment within the tumor and vascula-
ture. Here, we have established a three-dimensional co-culture system 
combining organoids and microvessels to model vasculature in solid 
tumors on a microfluidic chip. Our preliminary data showed that co-
culturing patient derived organoids with endothelial cells on the chip 
results in a vascular network formation. We propose to model hypoxia-
induced angiogenesis and investigate the role of HIF-1-alpha in angi-
ogenesis by co-culturing patient derived colorectal adenocarcinoma 
cancer organoids and endothelial cells on the microfluidic chips.
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Current methods only measure inflammation (an indirect biomarker of 
infection, therefore lacking sensitivity and specificity), are highly inva-
sive (requires multiple tissue samples and has a high risk of infection), 
or can only detect the infection once it is too late (imaging anatomy 
alone). We propose a targeted bacteria probe as a noninvasive tool that 
can rapidly diagnose and determine the extent of bacterial infections. 
Our probe consists of a maltodextrin sugar linked with a fluorescent 
dye, indocyanine green (ICG) since only bacteria have the transporter 
that can uptake the sugar and ICG has the best fluorescent and pho-
toacoustic properties. Our fluorescence studies were conducted with 
SKH1-elite female mice, with 20μL of S. aureus (Xen36) of differ-
ent CFUs injected subcutaneously as an infected wound model. We 
used 10nmol / mouse of the maltotriose-ICG probe injected via the tail 
vein and a sample size of 5 mice. We measured fluorescence with an 
excitation of 745nm and an 820nm long-pass filter. Our photoacoustic 
studies were conducted with nu/nu female mice, with the same bacteria 
just injected into the thigh muscle. We used 10nmol / mouse of the 
maltotriose-ICG probe and a sample size of 5 mice. We measured with 
an excitation of 800nm and a Z 250 transducer as the ultrasound probe. 
These studies were also repeated with fluorescence to complement. 
Overall, our findings that there is a distinguishable signal at the site of 
infection with fluorescence imaging as early as 2 hours post-injection 
and remains visible until 20 hours. Furthermore, with photoacoustic 
methods, the entire infection in the mouse thigh of 10mm in depth can 
be imaged. Therefore, we can reliably detect and distinguish bacterial 
infection from non-bacterial inflammation or any mammalian cells 
(including cancer) in an accurate and highly specific manner, leading 
to a novel method for accurately and completely detecting ear infections 
as well as numerous other bacterial infections.
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Melabolic MRI using hyperpolarized 13C nuclei has been becoming a 
popular tool for the study of metabolic processes and has been used 
for a variety of applications ranging all the way from tumor treatment 
response [1] to the study of heart disease [2]. In this modality, the meta-
bolic conversion of biologically relevant tracer molecules is studied by 
means of MR imaging and spectroscopy. In order to make this modality 
technically feasible, the signal of these marker molecules needs to be 
enhanced by several orders of magnitude prior to injection, commonly 
referred to as hyperpolarization. So far, the most prominent method 
and gold standard in this field is dissolution Dynamic Nuclear Polariza-
tion (d-DNP). However, for many applications, d-DNP is prohibitively 
expensive, complex and slow. Hyperpolarization of biomolecules using 
Parahydrogen Induced Polarization (PHIP) is an efficient and cost-
effective alternative to the established d-DNP method and was therefore 
studied as an alternative to d-DNP by several research groups [3,4]. 
Nevertheless, the d-DNP approach was superior to the PHIP approach 
due to its broad applicability to various biomolecules. So far, from the 
metabolites of interest only pyruvate and fumarate could be satisfacto-
rily polarized using the PHIP approach. The most promising technique 
used to hyperpolarize pyruvate via parahydrogen is called PHIP-SAH 
(ParaHydrogen Induced Polarization - Side-Arm Hydrogenation). This 
technique involves a side-arm with an unsaturated bond that is cova-
lently attached to a metabolite and hydrogenated with parahydrogen by 
the help of a (homogeneous) catalyst. Following the hydrogenation and 
polarization of the target, the side-arm can be cleaved off selectively, 
resulting in the hyperpolarized metabolite of interest. The presented 
results demonstrate the translation of the PHIP-SAH approach to other 
interesting biomolecules than pyruvate and therefore, extending the 
portfolio of relevant PHIP-polarizable metabolites with two addi-
tional molecules which provide key metabolic insight, namely lactate 
and α-ketoglutarate. Figure 1 a) and b) shows the hyperpolarized 13C 
NMR spectrum before side arm cleavage of α-ketoglutarate and lactate 
respectively. Both probes can be polarized to levels exceeding 10 % 
with concentrations above 100 mM. Following polarization, both mol-
ecules can be cleaved and purified resulting in usable hyperpolarized 
probes for HP-MRI. These two important probes significantly expand 
the class of molecules efficiently polarized by PHIP-SAH, and will 
enable key metabolic insights, as shown in initial in vivo experiments 
with these probes by d-DNP in preclinical studies.
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Background & Hypothesis: 
The ability to detect and treat brain metastases (BM) in breast cancer 
patients expressing human epidermal growth factor receptor type 2 
(HER2) is an urgent medical  need1. One of the main challenges towards 
developing efficient BM treatments is associated with the more restric-
tive brain blood-tumor barrier (BTB) in BMs compared to glioblasto-
mas (GBM), which limits the efficient delivery of therapeutic agents 
to intracranial  lesions2. Single-domain antibody fragments (aka  VHH, 
~13 kDa) are promising targeting systems for BM lesion theranostics. 
However, strategies are needed to overcome the BTB and to enable 
efficient intra-cranial lesion uptake without affecting the surround-
ing normal brain tissue. Low-dose (< 3-Gy) whole-brain irradiation 
(WBRT) has been shown, both in mice and humans, to increase brain 
tumor perfusion and permeability and is considered a viable option 
to circumvent BTB and enhance uptake of therapeutic  agents3. This 
preclinical study evaluates WBRT as a strategy to modulate and alter 
BM microenvironment with the goal of enhancing tumor uptake of 
theranostic 18F-labeled anti-HER2  VHH  5F74. The experimental frame-
work for this study involved a mouse model implanted with HER2-pos-
itive BT474BrM3 and use of a combination of non-invasive imaging 
techniques (MRI and PET/CT)5 supported by histology flow-cytometry 
and genetic assays.

Methods: 
Mice implanted with BT474Br intracranial xenograft were divided 
into a control and irradiated group (n=4). Longitudinal non-invasive 
imaging was conducted following WBRT to  evaluate associated 
changes in tumor perfusion and permeability and to track the migra-
tion of 18F-labeled anti-HER2 VHH 5F7 using respectively, dynamic 
contrast-enhanced MRI (DCE-MRI) and PET/CT. Ex-vivo histologi-
cal and western blot analysis were used to obtain vascular and Her2 
expression data.

Results & Discussion: 
Panel (i) summarizes DCE-MRI results. (a) Comparison of DCE-MRI 
derived parametric maps show general increase and more heterogeneity 
in the irradiated mice group as compared to the control group. Shown in 
Panel (i)-(b) are representative 3D whole-tumor rendered images from 
a WBRT and control mice. Use of different treshold windows for ren-
dering enables 3D visualization of tumor microenvironment differences 
reflecting tumor wide increases in permeability. Panel (i)-(c) depicts 
quantitative trends of tumor perfusion/permeability data which reflect 
the transient changes occuring in treated mice as compared to controls. 
PET results are summarized in Panel (ii). PET uptake images and quan-
titative analysis show higher tumor uptake of 18F-labeled anti-HER2 
5F7 at ~12 days post-radiation in radiation treated mice as compared 
to controls. The PET-uptake increase and timing is consistent with 
the corresponding observed increases in permeability measured with 
MRI. Ex-vivo histology and Western Blot (data not shown) were to 
used to confirm that the observed tumor uptake of labeled antibodies 

was directly linked to radiation effects and not to changes in Her2 
expression.

Conclusion: 
The results presented in this study validate the hypothesis that low-
level radiation can induce transient changes in tumor microenvironment 
which improve tumor uptake of single-domain antibody fragments. In 
addition to validating the potential of a novel theranostic approach the 
work presented suggests that the combined use of non-invasive DCE-
MRI and direct PET imaging of labeled therapeutic antibodies could 
be used as a tool to optimize novel treatment strategies by providing 
non-invasive real-time insight into radiation-induced effects on tumor 
physiology.
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Aim: 
Recently, Poly (ADP-ribose) polymerase (PARP) inhibitors are postu-
lated to have possible therapeutical benefits for the patient with pancre-
atic cancer. However, the treatment efficacy of theses PARP inhibitors 
seems to be related with the BReast CAncer (BRCA) gene mutation, 
which means a predictive biomarker may be helpful for the screening 
of the suitable patients to receive a PARP inhibitor treatment in the 
future. As such reason, in the study present herein, an radioiodinated 
rucaparib derivative  ([123I]KX1) was used as a PARP-1 imaging ligand 
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and applied for the in vivo SPECT imaging on the pancreatic tumor 
bearing mouse model.

Methods: 
For the preparation of the tumor bearing animal model, briefly, Mia-
PaCa-2 cells  (2x106 cells in 200μL PBS) were injected subcutaneously 
in lower right flank on 4-6 male Balb/c nu/nu mice (9-weeks-old). 
Four weeks after tumor inoculation, each animal was received a dose 
of 0.6-0.8 mCi  [123I]-KX1 via the tail vein and applied for a 30 min 
SPECT imaging procedure (1hr after tracer injection). After in vivo 
imaging studies, all animals were sacrificed and the tumor tissues 
were dissected for the further autoradiography (ARG) and immuno-
histochemistry (IHC) examination. The tumor tissue sections with 
a thickness of 20μm were used for the ex vivo ARG preparation. For 
the IHC staining on the tumor section, the PARP-1 targeting antibody 
(9532, Cell Signaling) and the DAB substrate kit (ab64238, abcam) 
were used tissue staining.

Results: 
Four weeks after tumor inoculation, all tumor-bearing animals were 
used for the in vivo  [123I]KX1 SPECT imaging. Based on the imaging 
acquisition results on the pancreatic tumor bearing mice, the tracer 
uptakes in the regions of tumor and muscle were 14.3±1.3 and 2.9±0.7, 
and the tumor-to-muscle ratio is 4.93. For the following ex vivo ARG 
and PARP-1 IHC results were correlated well with the finding on the 
SPECT images.

Conclusion: 
Taken together, a high tumor-to-muscle ratio of  [123I]KX1 on the 
PARP-1 overexpression pancreatic tumor cells bearing mice demon-
strates the this radiotracer may have the potential on the patient selec-
tion for PARP inhibitor treatment in the future.
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Introduction: 
Epidermal growth factor receptor (EGFR) is overexpressed in many 
 cancers1. There are a number of therapeutic antibodies currently used to 
treat EGFR positive cancers. Nimotuzumab is a humanized therapeutic 
antibody that targets EGFR. Surgical resection is used to treat many 
solid tumors including non-disseminated non-small cell lung cancer 
(NSCLC)2. 40-80% of NSCLC overexpress  EGFR3. Detection of lung 
cancer during surgery can be difficult when there are deeply located 
lesions that can be impossible to see by white light alone. Image-guided 
surgery using a fluorescent probe provides a way to increase detection 
of tumors during surgery and improve negative resection margins. We 
are currently recruiting for a clinical trial (NCT04459065) to evalu-
ate an anti-EGFR fluorescent imaging probe in image-guided surgical 
resection of EGFR positive cancers.

Methods: 
The preclinical evaluation of IRDye800CW-nimotuzumab probe has 
been  published4,5. We are recruiting for a phase I/II clinical trial in 
Canada to evaluate this probe in lung cancer surgery. GMP produc-
tion and quality control specifications of the fluorescent probe were 
determined. Clinical evaluation was carried out in lung cancer patients 
eligible for surgical resection. The trial was designed to determine the 
optimal dose and time for imaging. Participants received an infusion 
of IRDye800CW-nimotuzumab. Blood, vitals, and lab parameters were 
collected for safety and pharmacokinetics (PK), and surgical resection 
was performed following probe injection. The resected tissue was ana-
lyzed for fluorescence (from the probe), H&E staining, and for EGFR 
expression by immunohistochemistry.

Results: 
IRDye800CW-nimotuzumab had high uptake in the tumor and a high 
tumor to background ratio (TBR) compared with normal tissue (Fig-
ure 1). The tumor-to-background-ratios (TBRs) were between 5-7 for 
one participant and up to 30 for the second participant.
Pharmacokinetics were analyzed and IRDye800CW-nimotuzumab 
probe had a half-life of ~1.6 days. The probe was stable as shown by its 
ability to bind to EGFR positive cells a few days after injection. Immu-
nohistochemistry of the tumor tissue with an EGFR antibody showed a 
strong correlation with fluorescence from IRDye800CW-nimotuzumab 
in tissues. We did not observe related adverse events from the probe.

Conclusions: 
In this study, we produced GMP-grade IRDye800CW-nimotuzumab 
for image-guided surgery of EGFR positive cancers. The probe had 
high accumulation in NSCLC tumors in humans. This data showed the 
potential for this probe to be used during surgical resection of NSCLC. 
We also observed uptake in nearby lymph nodes, highlighting another 
potential benefit of using this probe during surgery to detect dissemi-
nated cancer cells in lymph nodes.
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Lipid nanoparticles (LNPs) have shown great potential for deliver-
ing a variety of nucleic acid-based  therapeutics1, especially after 
FDA approval of mRNA vaccines for conquering the COVID-19 
 pandemic2. However, systemic delivery of nucleic acids with LNPs 
is more complicated than the intramuscular injection of LNP-mRNA 
vaccines, given the physiological barriers for organ-specific deliv-
ery of different disease-specific gene editorial or mRNA pay-
loads.3 Recently, LNPs have emerged as a versatile organ-specific 
delivery carrier for RNA  therapeutics4, 5, 6. Most efforts in the 
gene/mRNA delivery field have mainly been focused on improving 
the delivery efficiency and efficacy of payloads to liver-specific 
 cells7, 8, 9, because the liver is still the main site for clearing the 
payloads independent on the delivery system, viral or non-viral10. 
Realizing the importance of expanding the delivery system from 
liver to other organs to potentially treat other non-liver diseases, 
we have developed several lead LNP candidates with lung-specific 
targeting for mRNA delivery.11 In order to illustrate the whole-body 
distribution of LNP delivered mRNA, cryo-fluorescence tomogra-
phy (CFT), an ex-vivo molecular imaging technique, was utilized 
to localize the mRNA expression in specific tissues and cells in the 
Ai9 transgenic mouse model leveraging the tdTomato gene reporter 
system. With successful Cre mRNA delivery, the tdTomato gene 
will be transcribed due to the Cre recombinase activity on the loxP-
flanked STOP cassette. Thus, the tdTomato fluorescence intensity 
will indicate the level of Cre mRNA delivery efficiency mediated 
by LNPs, in addition to the biodistribution of mRNA LNPs. After 
3 days of intravenous injection of Cre mRNA LNPs (0.5 mg/kg 
mRNA dose), mice were sacrificed and immediately frozen in dry 
ice and shipped to Emit Imaging for CFT using the  XerraTM imag-
ing platform. The automatic microtome slicing and fluorescence/
white light imaging system of the  XerraTM allowed the robust and 
efficient visualization of the tdTomato signals through the whole 
mouse. After imaging the sections (20 μm thickness), a 3-dimen-
sional fluorescence image was reconstructed from thousands of 
individual 2-dimensional images for each mouse. The CFT data 
have confirmed the Cre mRNA delivery in the liver or lung tissues 
by the LNPs targeting to those organs, indicating that CFT is a 
powerful tool to establish the whole-body distribution database for 
our organ-specific LNP delivery platforms.
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Cardiovascular complications including heart failure or ischemic heart 
disease are the leading cause of death in patients with chronic kidney 
disease. Amongst others, components of the renin angiotensin sys-
tem, particularly the Ang II type 1 receptor (AT1R), are responsible 
for blood pressure and electrolyte homeostasis. The AT1R antagonist 
radioligand, 11C-KR31173, was developed and has been utilized in 
rodents,1-3 dog,2 baboon,2 pig,4,5,6,7 and human.5,7,8 In the myocardium 
and kidneys,tracer retention has been reported as well as the 2-tissue-
compartment model.5-8 The objective of this work was to establish a 
reference region and determine suitable graphical models for the esti-
mation of  BPND in rodent kidneys. Dynamic 11C-KR31173 PET images 
were acquired on the NanoScan PET/CT (Mediso) along with a low 
dose CT for attenuation correction and structural definition of organs. 
Based on low protein level expression, muscle and spinal cord were 
investigated as possible reference regions. Left and right kidney were 
drawn as regions with established expression of AT1R. Time activ-
ity curves (TAC) were exported into PKIN (Pmod4.0) for modeling. 
Graphical models including Logan reference, linear SRTM, SRTM, and 
 MRTM0 were evaluated. Model selection was based on lowest Akaike 
Information Criterion (AIC) reduced χ2 and associated standard error 
with the estimated parameters. Naïve Sprague Dawley rats were used 
for the imaging evaluation in three groups (n=6/ group): baseline, 
valsartan (10 mg/kg) challenge, and vehicle challenge. Valsartan and 
vehicle challenges were dosed 20 minutes before radiotracer injec-
tion. Spinal cord was chosen as the preferred reference region based 
on time activity curve shape, relatively low inter-subject variability, 
lack of effect during vehicle and blocking studies, and performance in 
graphical models. All methods provided reasonable estimates of  BPND, 
with  MRTM0 being favored by lowest AIC. In the highest region of 
AT1R, kidneys, the estimated  BPND  (MRTM0) was reduced ~50% in 
the valsartan challenge, as expected from literature.3 In summary, 11C-
KR31173 uptake in naïve rats was evaluated for a suitable reference 
region and establish a robust graphical method for modeling  BPND. 
Spinal cord and muscle were evaluated as possible reference regions 
and the spinal cord was better performing.  MRTM0 was the best fit-
ting graphical model of those evaluated and provided good fits across 
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baseline and challenge scans. Graphical models provide simplified, 
yet robust estimates of specific binding when validated. This allows 
for target engagement to be performed, without blood sampling, in 
preclinical species.
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Introduction: 
Triple negative breast cancer (TNBC) is characterized by lacking 
expression of the estrogen and progesterone hormone receptors (ER/
PR), and human epidermal growth factor receptor 2 (HER2). TNBC 
comprises approximately 15% of breast cancer diagnoses, and TNBC 
patients face a worse prognosis than ER+/PR+ and/or HER2+ breast 
cancer patients [1]. Given the lack of key receptor targets, alternate 
markers are necessary for identification of TNBC. Fibronectin (FN) is 
an alternatively spliced extracellular matrix (ECM) protein, and splice 
variants containing the Extradomain B (EDB-FN) exon are unique to 
oncogenic tissues, and significantly upregulated in TNBC relative to 
healthy breast tissues [2, 3]. EDB-FN expression is correlated with 
increased invasive potential, and increased FN expression is associ-
ated with worse overall cancer progression and prognosis in invasive 
breast cancers [2-4]. IUG-1 is an immunouteroglobin construct that 
harnesses the targeting scFv regions of the anti-EDB-FN antibody, 
CGS-1, in combination with the enhanced stability and blood clearance 
of a uteroglobin backbone [5, 6]. We propose that IUG-1 is a suitable 
fusion protein construct for the non-invasive PET imaging of TNBC 
by targeting EDB-FN.

Methodology: 
A panel of TNBC cell lines (MDA-MB-231, Hs578T, MDA-MB-468, 
BT549, MCF7) was screened for EDB abundance in vitro utilizing 
western blotting. A 3D culture system for MDA-MB-231 and Hs578T 
cell lines was developed to enhance ECM protein expression. EDB-
FN abundance was compared between 2D and 3D culturing systems 
by western blotting. Recombinant human uteroglobin and IUG-1 were 
bioconjugated to p-SCN-Bn-DFO through non-specific lysine bio-
conjugation. In vitro radioactive ligand binding assay using  [89Zr]Zr-
DFO-IUG-1 was performed utilizing MDA-MB-231 cells grown in 3D 

culture. Six to eight week old female NSG mice were xenografted with 
MDA-MB-231 cells, and tumors were allowed to develop for 2 weeks 
prior to imaging. 200μCi of  [89Zr]Zr-DFO-IUG-1 was administered to 
mice and PET scans were performed at 4, 24, 48, and 96 hours post-
injection. SUVs within tumor ROIs were calculated for each imaging 
time point.

Results: 
Western blotting analysis indicated that invasive mesenchymal stem 
like subtype TNBC cells MDA-MB-231 and Hs578T displayed the 
greatest abundance of EDB-FN in 2D culture. 3D culture conditions 
provided 3.9 and 4.1-fold increases in EDB-FN abundance in MDA-
MB-231 and Hs578T cultures, respectively.  [89Zr]Zr-DFO-IUG-1 was 
synthesized with >97% radiochemical yield with a specific activity of 
~12μCi/μg. In vitro binding assay demonstrated specificity of  [89Zr]
Zr-DFO-IUG-1 for EDB-FN. In vivo PET scans and SUV determina-
tion demonstrated enhanced tumor uptake by 24 hours post-injection, 
with retention of radioligand through 96 hours post-injection in mice 
bearing MDA-MB-231 xenografts.

Conclusions: 
Our findings demonstrate the successful utility and feasibility of  [89Zr]
Zr-DFO-IUG-1 as a radiotracer for PET imaging of TNBC by targeting 
a component of the extracellular matrix. We are working to validate 
EDB-FN targeted imaging for detection of metastatic lesions of TNBC.
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Purpose: 
Although durable benefit has been demonstrated with anti-PD-L1 
and anti-PD-1 therapies, only a subset of the total patient popula-
tion responds these interventions. Heterogenous expression of PD-L1 
across the tumor, immune, and stromal microenvironments argues for a 
non-invasive, quantitative, image-based process to evaluate the whole-
body status of this receptor for diagnosis and treatment monitoring. 
There have been numerous efforts to image systemic PD-L1 expres-
sion through PET/CT. While radiolabeled anti-PD-L1 antibodies with 
picomolar target affinity have been developed, these take multiple days 
to achieve sufficient systemic clearance for high-resolution  imaging1. In 
contrast, radiolabeled anti-PD-L1 peptides clear rapidly from circula-
tion yet often lack sufficient affinity and/or specificity for high sensi-
tivity  imaging2. The triple helix affibody scaffold provides a favorable 
combination of potential affinity and clearance rate for imaging agent 
design. In this structured polypeptide, three α-helices assemble into a 
stable three-dimensional fold with a large binding surface defined by 
13 surface-exposed amino  acids3. These residues can be randomized 
(e.g. by phage display) to generate a library of affibodies which can 
be selected for target binding. However, the achievable complexity 
of phage display libraries (~1011 unique sequences) is significantly 
lower than the possible combinations of the 13 residues that define 
the affibody binding surface (~1017 possible sequences). In contrast, 
mRNA  display4 can achieve maximal library diversities greater than 
 1015 sequences, increasing the probability of obtaining true antibody-
like affinity (< 100 picomolar). However, the affibody scaffold has yet 
to be adapted for implementation in mRNA display and affibodies have 
yet to find use as PD-L1 imaging agents.

Procedures: 
We generated an mRNA display library in which the 13 residues com-
prising the affibody binding site were randomized. The resulting library 
underwent four rounds of selection against the human PD-L1 (hPD-L1) 
ectodomain followed by 3 rounds of selection against either human or 
mouse PD-L1 (mPD-L1) ectodomains. Off-rate selections were carried 
out to enhance the affinity of the final pool. Putative PD-L1 binding 
affibodies were screened by expressing each clone as a radiolabeled 
mRNA-Affibody fusion and measuring binding to immobilized hPD-
L1 and mPD-L1. Dissociation constants for the highest affinity clones 
were measured by ELISA and surface plasmon resonance (SPR). 
Affibody binding to hPD-L1 and mPD-L1 on the surface of CHO cells 
was quantified by flow cytometry and blockade of the PD-L1:PD-1 
signaling axis was measured by bioluminescence imaging (BLI) in a 
cell-based functional assay. Tumor uptake of the most promising Cy5-
labeled PD-L1 affibody in a syngeneic mouse model of lymphoma was 
assessed by in vivo optical imaging.

Results: 
mRNA Display selections against both hPD-L1 and mPD-L1 yielded 
multiple affibody sequences with affinity for both human and mouse 
isoforms. One clone from the dual-target selection, denoted M1, 
showed low nanomolar affinity against hPD-L1 and mPD-L1 by SPR 
and ELISA. Fluorescein-labeled M1 showed similar high-affinity 
binding against hPD-L1 and mPD-L1 on the surface of CHO cells 
and inhibited PD-L1:PD-1 signaling at single-digit micromolar 

concentrations in a cell-based BLI reporter assay. Binding of M1 to 
hPD-L1 was completely inhibited by atezolizumab confirming that 
its binding site overlaps that of PD-1. Cy5-labeled M1 showed hPD-
L1 selective tumor uptake in the EL4 syngeneic mouse model of 
lymphoma.

Conclusions: 
These results confirm the feasibility of evolving target-specific affibod-
ies by mRNA Display and indicate that specificity for multiple isoforms 
can be achieved by dual-target selections. The resulting M1 affibody 
showed low nanomolar target affinity for hPD-L1 and mPD-L1 and 
could image PD-L1 expression in a fully immune-competent mouse 
model. These results demonstrate utility of the affibody scaffold in the 
context of mRNA display and indicate the potential for affibody-based 
PET imaging agents for the interrogation of PD-L1 expression.
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Immunotherapy has emerged as a safe and effective approach to 
treat  some  cancers because of  reduced  side  effects, longer  post-
treatment protection, and potential to treat metastatic disease. Cell-
based vaccines using dendritic cells (DCs) have proven to be a safe 
therapeutic approach although with inconsistent clinical results. DCs 
must migrate to lymphoid organs to be effective, and the magnitude 
of anti-tumor response is correlated to DC migration to lymph nodes. 
Therefore, non-invasive methods to monitor and quantify migration 
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of adoptive DC therapies would be tremendously helpful in evaluat-
ing immune response. Although techniques such as magnetic reso-
nance imaging (MRI), single-photon emission computed tomography 
(SPECT), and positron emission tomography (PET) have previously 
been used to track DCs, these techniques are limited by low cell detec-
tion sensitivity in the range of  104 cells or more. Magnetic particle 
imaging (MPI) is a novel molecular imaging technology that can 
sensitively and quantitatively detect iron oxide magnetic tracers in 
vivo. MPI is non-invasive, tomographic and quantitative, has negli-
gible background signal and no practical tissue penetration depth 
limitations. Compared to other imaging approaches, MPI can achieve 
higher cell sensitivity. Cell detection sensitivity in MPI is determined 
by two factors: the properties of tracer used to label cells and tracer 
uptake. We expect better MPI sensitivity with tracers developed for 
MPI and improved nanoparticle uptake by DCs. In this study, cellular 
uptake was evaluated using superparamagnetic iron oxide nanoparticle 
(SPION) tracers (RL-1) which are tailored for improved MPI sensitiv-
ity. Particles were coated with poly(maleic anhydride-alt-1-octadecene) 
(PMAO) to be water-soluble for cell labeling application. The arith-
metic volume weighted mean hydrodynamic diameter and standard 
deviation values of RL-1 tracer were evaluated using dynamic light 
scattering, which is 79.3 ± 7.2 nm. The MPI maximum signal intensity 
values for the tracer is 100.9  mgFe-1, while the corresponding value 
is 33.8  mgFe-1 for ferucarbotran. The upper limit to label DCs using 
tracers without compromising viability or functionality was determined 
by screening SPION concentration and incubation time. Cells were 
co-incubated with tracers for 1, 2, 4 and 24 hours, while concentra-
tions ranged from 10 – 200 μgFe/mL. Tracer uptake was quantified 
by MPI, particle intracellular internalization was evaluated by confo-
cal microscopy. The optimal labeling condition was determined to be 
50 μgFe/mL for 4 hours incubation, which provided cellular uptake 
~ 50 pgFe/cell. Confocal images suggest particles are in vesicle-like 
structures inside cells. Cell dilution studies demonstrate detection of 
 103 cells with MPI using optimized labeling conditions and imaging 
under high sensitivity mode.
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Introduction: 
Several pre-clinical and clinical investigations have shown that stem 
cell therapy for the central nervous system is a potential strategy for 
treating a variety of diseases. Intra-arterial (IA) injection into the 
carotid artery is an appealing delivery route because it avoids initial 
uptake by systemic organs, allowing large numbers of cells to be deliv-
ered directly to the brain (1). Information on the effectiveness of this 
procedure and the amount of delivered cells is highly desirable for 
further optimization. In this study, we used magnetic particle imag-
ing (MPI) combined with magnetic resonance imaging (MRI) to track 

human mesenchymal stem cells (hMSCs) labeled with superparamag-
netic (SPIO) nanoparticles in vivo (2, 3).

Methods: 
Bone marrow-derived hMSCs were magnetically labeled with poly-
L-lysine as transfection agent and Resovist® (25 μg Fe/ml). Labeled 
cells were collected for IA injection into immunodeficient male 
Rag2 mice (4). Prussian blue staining and a Ferrozine-based spec-
trophotometric assay were used to assess intracellular iron uptake. 
Labeled cells were delivered into the brain using 4 separate injec-
tions (30,000 cells each) with a time interval of 6 min between each 
injection (Figure 1A). Whole body 2D MPI was performed before 
and after each injection using a Magnetic Insight Momentum scan-
ner. Animals were then sacrificed and the heads were imaged ex 
vivo with MRI using a 17.4T vertical bore Bruker Biospec scan-
ner and then with MPI. MR images were acquired using a FLASH 
sequence with TR=8.4 ms, TE=2.5 ms, NEX=16, FA=5 deg, resolu-
tion=0.1 mm, slice thickness= 18 mm, matrix size=150x300x180, 
and FOV=3x2x1.8 cm. Heads were scanned with MPI using the 
same FOV as MRI with 55 projections, 3D high resolution mode, 
and one scan per projection.

Results: 
Peri-nuclear accumulation of SPIOs in labeled hMSCs was 
confirmed (Figure 1B). An amount of 25 pg Fe per cell was 
measured with a Ferrozine assay. Figure 1C shows representa-
tive individual and overlay images of the ex vivo MRI and MPI 
datasets, where a unilateral distribution of labeled hMSCs at the 
side of IA injection can be seen. Figure 1D shows  in vivo MP 
images of a mouse before and after IA injection, where hot 
spots in brain and lung as well as signal intensity alterations 
over time are present.

Conclusions: 
This successful example MRI/MPI application of in vivo tracking of 
hMSCs may encourage further use of this technique to probe the fate 
of therapeutic cells after transplantation.

Reference
1. B. Rodríguez-Frutos, et al., Stem cell therapy and administration 

routes after stroke, Translational stroke research. 2016; 7(5):378.
2. J.W.M. Bulte, Superparamagnetic iron oxides as MPI tracers: A 

primer and review of early applications. Advanced Drug Delivery 
Reviews. 2019; 138:293.

3. J.W.M. Bulte, et al., Quantitative “hot-spot” imaging of trans-
planted stem cells using superparamagnetic tracers and magnetic 
particle imaging. Tomography. 2015;1(2):91.

4. C. Chu, et al., Hyperosmolar blood–brain barrier opening using 
intra-arterial injection of hyperosmotic mannitol in mice under 
real-time MRI guidance. Nature Protocols. 2022; 17, 76.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

319-PSMA-Targeted Gold Nanoparticles for Photodynamic Ther-
apy of Prostate Cancer in Canine Prostate Cancer Model

Presenter: Xinning Wang, Case Western Reserve University

Xinning Wang1, Dong  Luo2, Ramamurthy  Gopalakrishnan3, Ethan 
 Walker3, Thomas  Rosol4, Michael F.  Tweedle5, James  Basilion3

S278



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

1Case Western Reserve University, Beachwood, OH
2Case Western Reserve University, Cleveland, Ohio
3Case Western Reserve University, Cleveland, OH
4Ohio University, 5Ohio State University, Columbus, Ohio

Prostate cancer is the most prevalent cancer among men in the United 
States[1]. Although surgeons are experienced with this disease, radical 
prostatectomy remains an imperfect intervention. Local and meta-
static relapses often occur following surgery of the primary tumor 
as a result of microscopic tumor deposits left behind[2]. New thera-
pies are needed for the treatment of prostate cancer. Photodynamic 
therapy (PDT) has been used as a minimally invasive therapy for the 
treatment of many cancers. A major concern with PDT is off-target 
tissue accumulation and activation of photosensitizer leading to cell 
death in normal tissue. Nanoparticles offer great opportunities for 
precision medicine. Prostate-specific membrane antigen (PSMA) 
is a unique membrane-bound biomarker which is overexpressed in 
prostate cancer and neovasculature of many solid tumors[4]. We have 
developed PSMA-targeted theranostic gold nanoparticles (PSMA-
1-AuNPs-Pc158) to selectively deliver the photosensitizer Pc158 to 
PSMA-expressing cancer cells[5]. While excellent results have been 
achieved in mouse models, the mouse models are limited to predict 
therapeutic efficacy and collateral damage to tissues surrounding the 
prostate because of the small size of the gland. Dogs are ideal large 
animal models because of their similar anatomy to human and the 
fact that they are the only laboratory animals that develop prostate 
cancer similar to men. The objective of this study is to further assess 
the utility of PSMA-1-AuNPs-Pc158 for surgery and local ablation 
of prostate tumors using an orthotopic dog prostate cancer model. 
Immunocompromised dogs were orthotopically injected with 1 mil-
lion canine prostate cancer cells modified to express human PSMA 
(Ace1-hPSMA cells) under ultrasound guidance to form tumors within 
the prostate gland. When the tumors reached appropriate size, dogs 
received PSMA-1-AuNPs-Pc158 at the dose of 0.1 mg/kg through 
i.v. injection. The dogs underwent surgery to expose the prostate at 
24-hour post injection. The prostates were imaged using a Curadel 
fluorescence imaging device. Ace1-hPSMA prostate tumors showed 
bright fluorescent signal, while normal prostate tissue showed minimal 
fluorescent signal. After imaging, half of the tumor and a small area 
of normal prostate adjacent to the tumor were exposed to 150 J/cm2 
of 672 nm light for PDT treatment, while the remaining tumor and 
prostate were covered with opaque paper. After PDT, the prostate was 
imaged again. It was found that fluorescence in the treated area was 
photobleached, indicating the activation of PSMA-1-AuNPs-Pc158. 
In contrast, the fluorescence signal in the un-irradiated area remained 
the same intensity. Two hours after PDT, the dog was euthanized and 
the prostate was removed for ex vivo imaging. Ex vivo imaging results 
were consistent with in vivo imaging results: fluorescent signal was 
only observed in the un-irradiated tumor, while the irradiated area and 
non-irradiated normal prostate didn’t show any fluorescence. Histo-
pathological analysis of the tumor and adjacent prostate showed that 
in the treated tumor area there was necrosis of the outer region of the 
tumor cells with additional hemorrhage and acute inflammation. The 
necrosis extended from 2-4 mm deep. The histology revealed evidence 
of a treatment effect that included necrosis, hemorrhage, secondary 
inflammation, and occasionally focal thrombosis in the tumor capsule. 
Mononuclear inflammation around tumors was consistent with a mild 
immune reaction from the dog. There was no effect of PDT treat-
ment on the adjacent normal prostate tissue. In summary, our results 
indicated that the PSMA-targeted PSMA-1-AuNPs-Pc158 can be 
systemically administered and then selectively accumulate in PSMA-
expressing canine orthotopic prostate tumors, but not in normal pros-
tate tissues. Furthermore, PDT of prostate tumor within the gland 
can be performed without destroying surrounding necessary tissues. 
PSMA-1-AuNPs-Pc158 have the potential to be used for fluorescence 

image guided surgery and photo ablation of prostate cancer. Acknowl-
edgements: This research was supported by the National
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The manual process for image recognition and tracking in cell biol-
ogy is a common and traditional way for ROI based quantification, 
though it always consumes a lot of time and effort. Even the results 
have a significant chance to be variant from expert to expert. As the 
regular strategy for ImageJ based identification is not convenient from 
the aspect of user’s comfort for handling such a huge data. So, for a 
long decade image scientists are trying to use the various automa-
tion platform for image data analysis. Herein, we have represented a 
Cell profiler software (CPS) based automatic methods for analysis of 
macrophage and microglial differentiation based on their polarization 
state. Though, it has been earlier verified that CPS can firmly deline-
ate cell components, biomolecules, and receptor’s locations. The cur-
rent results implied that using CPS can identify objects and analyse 
quantitatively to distinguish proinflammatory and anti-inflammatory 
polarizing state of BMDM and murine microglia BV2 cell line. The 
hypothesis has been reported and established that a single immune cell 
can polarized to make inflammatory (M1) response reciprocally it can 
exhibit as anti-inflammatory (M2) polarized form with characterized 
response. Our present data from constructed pipeline indicate that a 

S279



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

clear detection and differentiation can made from general macrophage 
and microglia markers labelled image, also from polarization markers 
CD86 and CD206. Based on database searching and knowledge, this 
is the earliest study report for CPS based immune cells identification 
and cytokine-based optimization and quantification. As we reported 
the increased concentration of inflammatory cytokines (IFN-γ) can 
leads a differentiation in between inflammatory states with changed 
morphology and antibody intensity. The CPL based automated pipe-
line could perform a clear differentiation of interchanging cytokine 
response of M1 like cells which could corelate AD/PD response based 
on neuroinflammation condition. On the other hand, considering to 
cancer dilemma, immune cells act a vital task for prognosis (M2) and 
suppression (M1). Immunotherapy and immunomodulation in cancer 
is a hot topic and optimistic scope for cancer therapy and diagnostics. 
Identification, quantification of TAM and immune modulation through 
inhibition could be done depending on phenotyping of immune cells. 
The automation pipeline can be effortlessly acclimated to differentiate 
polarization state of macrophage and microglias based of their surface 
and subcellular localization of markers. Our present data from con-
structed pipeline indicate that a clear detection and differentiation can 
made from general macrophage and microglia markers labelled image, 
also from polarization markers CD86 and CD206. Based on database 
searching and knowledge, this is the earliest study report for CPS based 
immune cells identification and cytokine-based optimization and quan-
tification. The future research will be needed to illustrate influential 
differentiation of different cytokines and polarization hitching nature 
immune cells. Our present finding is approached to be a supportive tool 
for polarized immune cells identification and their immune response 
prediction.
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Introduction: 
Anastomotic leakage (AL) can be a severe complication of esophagec-
tomy with gastric conduit reconstruction and occurs in 4 to 30% of 
patients (1, 2). Poor perfusion of the gastric conduit is a likely an 
important risk factor for AL. Intraoperative assessment of perfusion 
of the gastric conduit with near infrared (NIR) ICG-fluorescence angi-
ography (ICG-FA) may help in reducing AL rates but strong scientific 
evidence is lacking. This may be due to the subjective interpretation 
of the fluorescence signal, which solely depends on the ‘in real-time’ 
interpretation of the surgeon (3). Quantitative NIR ICG-FA can objec-
tively measure the fluorescence signal. This study aims to perform 
quantitative ICG-FA on gastric conduit reconstructions and to assess 
perfusion patterns of the gastric conduit.

Methods: 
In this prospective study, 20 patients undergoing esophagectomy with 
gastric conduit reconstruction were included. Before creating the anas-
tomosis, a standardized NIR ICG-FA video of the complete gastric 
conduit was recorded with the Quest Spectrum V2 fluorescence camera 
(Quest Medical Imaging, Middenmeer, The Netherlands). Postopera-
tively, the videos were quantified by plotting time-intensity curves from 
contiguous regions of interest (ROIs) on the whole gastric conduit (4). 
The following nine perfusion parameters were extracted from the ROIs: 
time to max, Imax, ingress rate, max ingress slope, normalized ingress 
slope, maximum egress slope, and the area under the curve (AUC) 
30, 60, and 120 seconds after the peak intensity. Primary outcomes 
were the time-intensity curves and perfusion parameters of the ROIs. 
Secondary outcomes were the inter-observer agreement of the subjec-
tive interpretation of the ICG-FA videos between the surgeons and the 
occurrence of anastomotic leakage.

Results: 
Based on a total of 424 curves, three distinct perfusion patterns were 
recognized: pattern 1 (steep inflow and steep outflow); pattern 2 (steep 
inflow, no/minor outflow); and pattern 3 (slow inflow, no outflow). All 
curves were categorized in 3 patterns according to the max egress and 
the time to max. Figure 1A shows the average time-intensity curves 
of the three perfusion patterns. All perfusion parameters were sig-
nificantly different between the perfusion patterns. The inter-observer 
agreement of the subjective ICG-FA video interpretation between the 
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surgeons was poor (intraclass correlation coefficient (ICC): 0.345). 
Figure 1B shows all curves from ROIs on the anastomoses stratified 
by anastomotic leakage. ROIs of locations with anastomotic leakage 
(n=4) had significant lower median Imax (47.17 vs. 97.69, p=0.007) 
and max ingress slope (2.34 vs. 7.58, p=0.049) compared to ROIs of 
locations without leakage.

Discussion: 
This is the first study to describe three distinct perfusion patterns of 
the complete gastric conduit after esophagectomy. The presence of a 
specific perfusion pattern on the location of the anastomosis possibly 
has clinical predictive value on AL, but this is yet unclear and should be 
further evaluated. The poor inter observer agreement of the subjective 
analysis of the ICG-FA videos between the surgeons underlines the 
need for quantification of ICG-FA assessment of the gastric conduit.
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Reactive oxygen species (ROS) and reactive nitrogen species (RNS) 
play important roles in inflammation initiation and resolution.(1) While 
molecular probes for tracking cellular ROS and RNS have been piv-
otal tools to track these species in cells, commonly used arylboronate/
arylboronic-acid based probes struggle to discriminate between two 
key ROS/RNS:  H2O2 and peroxynitrite  (ONOO-).(2) We hypothesized 
that the ROS/RNS selectivity of arylboronic acid-based probes could 
be tuned with neighboring effects. Here, we present a physical organic 
study that shows cyclization of arylboronic acids to diazaborines 
(DABs) slows the rate of  H2O2-mediated oxidation by more than 
3,000-fold. However, the cyclized diazaborines oxidize immediately 
upon addition of peroxynitrite. Thus, DABs enhance kinetic discrimi-
nation between  H2O2 and  ONOO-. These results prompted the pursuit 
of diazaborine-based peroxynitrite imaging probes for chemoselective 

peroxynitrite detection in live macrophages. We anticipate these results 
will motivate the development of new DAB-based imaging and chemi-
cal biology tools for peroxynitrite-specific applications.
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Non-invasive imaging methods for tracking gene expression, cell 
growth and migration and other biological events in vivo are indispen-
sable tools for biomedical studies. Bioluminescence imaging (BLI) 
can achieve sensitive detection with low background in vivo, which is 
desirable for body imaging of small animals. Yet, BLI in the central 
nervous system (CNS) is challenging because many luciferase sub-
strates show limited permeability of the blood-brain-barrier (BBB). 
For example, outside of the brain, the Antares reporter, a fusion of 
the luciferase NanoLuc to the orange fluorescent protein CyOFP, ena-
bles highly sensitive bioluminescence imaging when coupled with 
the substrate fluorofurimazine (FFz). However, FFz suffers from low 
BBB permeation, limiting its applicability for brain imaging. Here 
we report the discovery of a new brain-permeant NanoLuc substrate, 
cephalofurimazine (CFz). CFz paired with Antares produces an order 
of magnitude more signal from the brain than the standard combination 
of D-luciferin with firefly luciferase, and matches the peak output of 
AkaLumine with AkaLuc. The CFz-Antares system will be a powerful 
imaging tool for preclinical animal models of CNS diseases and could 
allow for sensitive two-population imaging in the brain when used 
together with AkaLuc-AkaLumine.
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Objectives: 
The intracellular enzyme 11β-hydroxysteroid dehydrogenase type 1 
(11β-HSD1) catalyzes the conversion of inactive cortisone (11-dehy-
drocorticosterone in rodents) to active cortisol (corticosterone).  [18F]
AS2471907 has been used to quantify in vivo levels of 11β-HSD1 in 
brain(1,2,3), liver(3,4) and adipose tissue (AT)(3) in humans and rats. 
Dysregulation of glucocorticoid action at the tissue level is thought to 
be a part of the pathophysiology of metabolic diseases. The amount 
of 11β-HSD1 in tissues, including the liver, brain and adipose tissue, 
may be a key to understanding obesity and fatty liver disease patho-
physiology. As such, a careful characterization of  [18F]AS2471907 in 
an animal model of obesity is needed. With this in mind, we performed 
PET imaging studies to examine 11β-HSD1 levels in liver, brain, and 
AT of lean Zucker Fatty (ZF) rats.

Methods: 
Four (2M/2F) lean ZF rats (weight 260 ± 80 g; Charles River; Strain 
186) were assessed. Rats were injected with  [18F]AS2471907 via tail 
vein (mean ± SD injected dose: 12.6 ± 7.6 MBq; mass: 0.10 ± 0.12 
μg). Listmode PET data were acquired for 60 min on the Inveon micro-
PET/CT scanner. At the end of the PET scan, blood was drawn for 
radioligand metabolite analysis via HPLC, and after sacrifice, the liver 
was removed for immunoblotting. PET image reconstructions were 
performed with 3D-OSEM-MAP. An image-derived input function 
(IDIF) was obtained from a ROI drawn on the abdominal aorta (AA) 
during early time frames (0-30 s) and was not corrected for partial 
volume effects. Liver, brain, and AT ROIs were drawn on summed 
images from 20-50 min and TACs were generated. Volume of distribu-
tion (VT, mL/cm3) was calculated using the Logan graphical approach 
(t*=40min) using the AA TAC as the IDIF (Logan IF). Standardized 
uptake values (SUV) and SUVR (ref region AA) were also calcu-
lated. An additional cohort of lean ZF rats (2M/2F; 286 ± 79 g) were 
injected (15.5 ± 3.6 MBq; mass: 0.11 ± 0.03 μg) to measure liver tissue 
metabolites. Each rat was sacrificed (n=2 30 min; n=2 60 min) and the 
liver removed and homogenized for radiolabeled liver tissue metabolite 
analysis via HPLC.

Results: 
A representative SUV PET image (30-60 min) demonstrates high 
uptake in the liver with moderate uptake in the intrascapular AT 
and brain (Fig 1A). Representative coronal (Fig 1B) and axial (Fig 
1C)  SUV PET images  (0-30 sec) demonstrate the AA IDIF. 

Representative time activity curves for AA, liver, AT and brain (Fig 
1D). HPLC analysis of  [18F]AS2471907 demonstrated a mean intact 
parent fraction of 89% in whole blood at 60 min post injection. Logan 
IF, SUV and SUVR (ref: AA) quantitative values were measured in 
liver, AT, and brain (Table 1). Liver tissue metabolites were <3% at 
30 min and <10% at 60 min post injection. Liver Logan IF values 
correlated well with 11β-HSD1 protein levels  (R2=0.62), as measured 
by western blot analysis. Semiquantitative measures of liver SUVR 
and SUV correlated with Logan IF (SUVR:  R2=0.99; SUV:  R2=0.66).

Conclusions: 
These preliminary results suggest that SUV PET images 40-60 min 
after injection are a suitable quantitative measure in this rodent model 
of obesity. This is possible given the nature of  [18F]AS2471907, which 
has minimal metabolites in blood and liver tissue allowing use of semi-
quantitative measures that correlate well with ex vivo protein levels in 
the liver. Confirmatory studies are in progress in our laboratory.
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Oxygen is an important fundamental physiological parameter affect-
ing all aspects of living being. In tumors, hypoxia is one of the most 
important factors that impact tumor growth, development, aggres-
siveness, metastasis, and treatment outcome. In tissue engineering 
and regenerative medicine (TERM), oxygen affects survivability and 
functionality of artificial tissue grafts and cell encapsulation devices. 
In type I diabetes, the lack of oxygen to metabolically active islet 
cells is considered the major roadblock in developing functional islet 
replacement devices. Therefore, the biomedical field needs a noninva-
sive unambiguous oxygen imager that can provide three-dimensional 
maps of partial oxygen pressure  (pO2) in tissues. We report the first 
commercial preclinical oxygen imager, JIVA-25™, based on electron 
paramagnetic resonance oxygen imaging (EPROI). EPROI is a non-
invasive oxygen mapping method with high precision and absolute 
accuracy. EPR detects unpaired electron spins subjected to the constant 
uniform magnetic field by manipulating them using radio-frequency 
electromagnetic radiation. EPROI uses the relaxation of an injectable 
non-toxic soluble contrast agent, trityl (OX063 or its deuterated coun-
terpart OX071), for obtaining oxygen maps in tissues. EPROI was used 
recently for the first successful demonstration of oxygen-guided radia-
tion therapy in a mouse model of tumor (1). JIVA-25™ has been used 
in studies related to cancer, tissue engineering, and T1D (2-5).
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JIVA-25™ is a compact 25 mT EPROI instrument suitable for  in 
vitro and small animal in vivo (mice) oxygen mapping. JIVA-25™ 
provides  pO2 maps with a high spatial resolution (up to 0.25 mm in 
vitro or 1 mm in vivo), high  pO2 resolution (~1 torr in hypoxic condi-
tions, ~3-5 torr in hyperoxic conditions), and high temporal resolution 
(1-10 min). An intuitive software, OxyVue™, makes image acquisition, 
processing, and visualization easy for a new user to adapt. JIVA-25™ 
has two leading oxygen imaging modalities, inversion recovery electron 
spin-echo (IRESE) and single point imaging (SPI). Several vertical and 
horizontal resonators to fit various samples sizes have been developed. 
JIVA-25™ is fitted with an animal temperature control and respiratory 
monitor. Overall, we expect that JIVA-25™ will be a unique tool in 
helping scientists to understand and develop better therapies in cancer, 
TERM, and T1D.
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Head and neck cancer is the  6th common cancer worldwide and surgical 
resection is the primary treatment intervention. The current standard of 
care for surgical resection of the tumor is either surgery based on pre-
operative imaging or white light-based image guided surgery. However, 
the ability of these strategies to correctly identify the tumor margin 
is limited leading to the tumor recurrence in more than 35% of the 
patients. Recently, the use of fluorescently labeled antibodies that target 
the surface receptors overexpressed on cancer cells has been found to 
be promising for effectively assessing the surgical margin due to their 
ability to specifically localize to tumor regions. However, the long time 
interval, typically 2-5 days, that the patients have to wait for surgical 
debulking after the probe is administered is a limitation of this strategy. 
Sub-therapeutic doses of photodynamic therapy (PDT), also known as 
Photodynamic Priming (PDP) has the ability to modulate the tumor 
microenvironment. So, in this study we have shown that PDP increases 
the diagnostic accuracy (264.2% improvement), fractional tumor cover-
age (49.5% improvement) and overall tumor delivery (138.6% improve-
ment) of Cetuximab-IRDye800 CW (Cet-IRDye800) that targets EGFR 
receptors in orthotopic FaDu head and neck tumors. Moreover, Low 
Intensity Focused Ultrasound (LIUS) was found to synergize with PDP 
to augment the delivery of IRDye800 conjugate of aPD-L1 antibody 
(an immune checkpoint inhibitor) into syngeneic head and neck tumors 
by 300.9%. Thus, PDP, when combined with LIUS, has the potential 
to synergistically improve the delivery of immune checkpoint antibod-
ies by overcoming the limitations of vascular and stromal barriers in 
solid tumors.
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Objectives: 
Cancers associated with the human papillomavirus (HPV), includ-
ing oropharyngeal, anal canal, cervical, and vulvar carcinomas are 
responsible for 5% of all  cancers1. HPV-positive patients have much 
better prognosis and treatment responses than HPV-negative  patients2. 
HPV derived E7/E6 are drivers of malignancy and expression exists in 
patient with head and neck squamous-cell carcinomas of (HNSCC)3. 
HPV16/18 subtypes are high-risk, detected in 26% of all HNSCC. 
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Hence, oncogene E7/E6 with HPV16/18 subtypes is a valuable bio-
marker for non-invasive imaging and potential therapy. Here, we 
introduce a novel E7-specific affibody (HPV16 E7-affibody) for the 
fluorescent imaging of HPV-positive HNSCC.

Methods: 
To synthesize the appropriate targeted affibody optimized from a phase 
display screening and its corresponding wild-type4, we cloned the 
genes into pET21b(+) plasmid, transformed, expressed and purified 
the recombinant protein using bacterial expression system with excel-
lent yields of ∼50 mg/L of culture. To develop biomarker probes, we 
synthesized four fluorescently labeled affibodies, namely  Zwt-Cy7.5 
and  Zwt-IR800CW and HPV16 E7-Cy7.5 and HPV16 E7-IR800CW. 
HPLC and mass spectrometric methods were used to assess purity and 
identity of the conjugates. In vivo studies were conducted in HPV+ 
and HPV- HNSCC cell lines.

Results: 
Peptide purity was confirmed with HPLC (>99%). HPLC/electrospray 
ionization/MS confirmed the identity of all NIR affibodies gener-
ated and gave mass-to-charge ratio corresponding to the calculated 
mass. Probe characteristics and accumulation were assessed in vitro, 
in vivo and ex vivo using HPV-negative and HPV-positive xenograft 
mouse models. In vitro studies showed uptake of HPV16 E7-Cy7.5 in 
HNSCC cell lines but not HPV-negative cell lines which were block-
able (20×). The tumor uptake of HPV16 E7-Cy7.5 was observed in 
mice which was statistically significant than vehicle control and it was 
blockable (10×).

Conclusions: 
We synthesized and characterized HPV16 E7-specific probe. This rep-
resents the first step towards the development of companion imaging 
agents for HPV-positive HNSCC.
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Near infrared fluorescence imaging (NIRF) is one of the most used 
imaging technologies for preclinical investigations. However, it 
has several intrinsic limitations, such as low signal-to-noise ratio 
(SNR) and autofluorescence. By contrast, chemiluminescence imag-
ing can provide very high SNRs and high sensitivity. Although 
chemiluminescence imaging has been frequently explored in many 
diseases such as cancers and diabetes, it is rarely applied in the 
brain disorders including Alzheimer’s disease (AD). In our pre-
vious study, we reported that ADLumin-1 was a highly sensitive 
turn-on chemiluminescence probe for amyloid beta (Ab) species. 
Importantly, we demonstrated that ADLumin-1’s light emitting was 
not dependent on ROS or enzymatic reactions. With ADLumin-1, 
we found that it could provide 1.80-fold signal difference between 
transgenic 5xFAD mice and wild type mice.1 However, ADLumin-1 
suffers two apparent shortcomings: a) its chemiluminescence emit-
ting efficiency is low; and b) its emission peak with Ab was around 
540 nm, which is not ideal for in vivo NIR imaging to achieve deep 
tissue penetration. To overcome these drawbacks, we designed and 
synthesized a series of ADLumin-X (X = 5-9) probes with differ-
ent substituents that can adjust emission efficiency and wavelength 
(Figure 1A). We speculated that the rotation of the conjugated dou-
ble bonds in ADLumin-1 caused its low emission efficiency, due to 
non-radiative decay. In this regard, in ADLumin-X, we introduced 
five-member rings (benzofuran and benzothiazole) to restrict the 
rotation. Indeed, we found that ADLumin-5 could provide over 
10-fold enhancement of emitting efficiency and longer emission 
peak (580nm), compared to ADLumin-1 (Figure 1B). To further 
extend the emission wavelength, we designed ADLumin-6 via intro-
ducing -cyano (-CN) group into ADLumin-5 to reduce the energy 
level of LUMO and thus to decrease the HOMO-LUMO energy 
gap. As expected, ADLumin-6’s emission peak is longer than that 
of ADLumin-5 (600nm). We further investigated the signal ampli-
fications of the probes with Ab aggregates in vitro, and found that 
ADLumin-6 provided the highest amplification, evident by a 118-
fold chemiluminescence intensity increasing upon mixing with Aβs 
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(Figure 1C). In vivo imaging studies with ADLumin-6 showed the 
differences between 5xFAD and WT were 5.10-fold at 90 min after 
i.p. injection, which is much higher than that from ADLumin-1 (1.8-
fold) (Figure 1D). In summary, through rational design and in vitro 
testing and in vivo imaging, we demonstrated that ADLumin-6 was 
a highly sensitive chemiluminescence probe for Aβs in vitro and 
in vivo, which may have great potential for preclinical animal AD 
studies in the future.
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Background: 
Measuring vasculature hemodynamic properties is crucial to gauge 
the aggressiveness of tumors, as tumors exploit leaky and abundant 
vasculatures to promote survival and progression [1]. Currently, 
dynamic contrast-enhanced MRI using gadolinium(Gd)-based 
agents is the major clinical tool for hemodynamic assessment, 
but potential Gd toxicity limits its use in patients with impaired 
renal function [2]. Here we explored the use of an optical probe, 
IRdye800CW labeled 2-deoxyglucose (2-DG-800), to measure the 
tumor hemodynamics in multispectral optoacoustic tomography 
(MSOT).

Methods: 
Four female athymic mice bearing 2-LMP orthotropic xenografts were 
scanned using MSOT inVision 512-TF (iThera Medical GmbH) using 
10 Hz laser pulses and wavelengths ranging from 680 to 900 nm. A sin-
gle-slice axial image was repeatedly acquired at the center tumor posi-
tion for 4 min and 10 nmol of 2-DG-800 (LI-COR Biosciences) was 
then i.v. injected in bolus for 1 min. Mice were scanned at a temporal 
resolution of 15 s for 40 min. MSOT images were reconstructed using 
the curve-driven-based model-matrix inversion (CDMMI) algorithm 
using the MSOT-RAFT Matlab package[3]. The two-compartmental 
extended Tofts model (ETM)[4] (Eq.1) and non-linear reference region 
model (RRM)[5] (Eq.2) were used to analyze time-course signal of 
2-DG-800. The time-dependent probe concentration in tumor using 
ETM can be described as:

Where * denotes convolution, and  vplasma denotes plasma volume in 
tumor.
In RRM,  Ctumor(t), with respect to the probe concentration in reference 
region  CRR(t), can be descried as:

Where  Ktrans,RR denotes the  Ktrans values of the reference region, which 
was muscle in the current study. Based on the linear relationship 
between the MSOT signal of 2-DG-800 and the concentration in tissues
C(t) can be simply replaced by S(t). The dynamic 2-DG-800 signal 
in the spinal aorta was referred to as the arterial input function (AIF) 
which, together with  Ctumor(t) or  Cmuslce(t), were used to solve the dif-
ferential equation (Eq. (1)) to estimated rate constant parameters in 
ETM. In RRM, only  Ctumor(t) and  Cmuslce(t) were used to solve the 
relative rate constants. Based on measured rate constants in muscle in 
ETM, absolute values of tumor parameters were calculated in RRM. 
Regions of interest (ROIs) of tumor, aorta, and muscle were selected 
based on MSOT signal at 900 nm (Fig.1A).

Results: 
Fig.1B shows 2-DG-800 maps of a representative mouse from 5 to 40 
min. Injection of 2-DG-800 occurred at around 4 min and at 5 min, 
spikes of aorta signal became prominent because of 2-DG-800 adminis-
tration (Fig.1C). Tumor and muscle also demonstrated initial increases 
after injection, followed a plateau, with a higher probe accumulation 
in tumor than muscle (Fig.1D). The ETM and RRM were fitted to the 
empirical data points in a voxel-wise manner by optimizing the relevant 
rate constants. The  Ktrans values of voxels in tumor, which is a param-
eter indicative of vessel permeability, derived from the two models 
demonstrated strong resemblance (Fig.1E,F). Strong correlations can 
be found for voxel values of  Ktrans (Fig.1G) between the two models 
(correlation coefficient (r2) = 0.370).

Discussions and Conclusions: 
Pharmacokinetic modeling in MSOT is rarely explored [6, 7] because 
MSOT as an in vivo imaging modality is still at its infancy. Our data 
support the feasibility of MSOT to characterize tumor hemodynam-
ics using a metal-free probe, 2-DG-800, and two-compartment mod-
els including ETM and RRM. The lack of ionizing radiation and the 
capability to perform MSOT at the bedside give MSOT advantages 
in monitoring the tumor frequently, thus facilitating timely clinical 
management of cancer.
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Introduction: 
A  CD8+ PET imaging probe using a radiolabeled human CD8 mini-
body (89Zr-Crefmirlimab, ImaginAb) can help to select effective sin-
gle or combination immunotherapies in oncology clinical trials [1,2]. 
 CD8+ T-cells are not only a major biomarker in cancer immunotherapy, 
[3] but they are also a critical biomarker in vaccine development [4]. 
The COVID-19 pandemic generated significant interest for new vaccine 
development and the ideal species to understand the immune response 
to vaccines is the non-human primate (NHP) [5]. This study is the first 
CD8 PET imaging study in NHPs to provide a non-invasive method 
of visualizing the biodistribution of  CD8+ leukocytes in the lymphatic 
organs.

Methods: 
Two female Cynomolgus NHPs with body weights of 4.25 kg (5.7 years 
old) and 5.45 kg (5.3 years old) were included in this study. Each NHP 
received a bolus IV injection of a GMP grade 89Zr-Crefmirlimab (89Zr-
Df-IAB22M2C, ~1mCi) in the concentration of 0.18mg/ml for a total 
dose 0.25mg/kg. The dose calculation was based on the estimated affin-
ity of Crefmirlimab in Cynomolgus NHP. ADA (anti-drug antibody) 
assay was performed prior to the imaging study to confirm immuno-
genicity. Full body PET/CT imaging was performed on a Mediso LFER 
scanner at 17 hours, and on days 2, 5, and 7 post injection. SUVmean 
uptake of 89Zr-Crefmirlimab was measured in the heart, liver, spleen, 
kidneys, and lymph nodes.

Results: 
The PET images (Figure 1) showed high uptake of 89Zr-Crefmirlimab 
in the liver, spleen, kidneys, and lymph nodes and a low background 

uptake in CD8 poor tissues (e.g. muscle and lung). The quantitative 
SUVmean (Figure 2) showed a decreasing uptake over time in the heart 
matching the ex-vivo blood uptake (Figure 2A). A steady state uptake 
was observed in the liver and spleen after the end of the distribution 
phase  (SUVmean: 13.87, and 5.21 on day 5, respectively. Figure 2B). 
Interestingly, the uptake in the kidney was very high compared to any 
other organ with a distinguished uptake in the cortex compared to 
the medulla  (SUVmean: 18.44, and 9.95 on day 5, respectively). The 
SUVmean uptake gradually increased over time in lymph nodes (LNs) 
with the highest uptake in the cervical LN compared to the axillary 
and inguinal LNs  (SUVmean: 15.4, 9.4, and 9.18 on day 5, respectively. 
Figure 2B).

Conclusion: 
In this study, we assessed the baseline distribution of 89Zr-Crefmirli-
mab in healthy NHPs. The data confirmed Crefmirlimab has a high 
uptake in the lymphatic system with a low background which makes 
it an ideal PET probe to non-invasively monitor whole body bio-
distribution of CD8+ T-cells for vaccine and infection disease drug 
development.
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Introduction: 
Anastomotic leakage (AL) is a severe postoperative complication in 
colorectal surgery with an incidence ranging from 1 to 20% (1). The 
etiology of AL is known to be multifactorial, in which compromised 
tissue perfusion is considered as a major contributing factor. In several 
studies, intraoperative bowel tissue perfusion assessment using near-
infrared (NIR) fluorescence imaging with Indocyanine Green (ICG) has 
demonstrated its potential benefit in the prevention of AL (2). However, 
the qualitative evaluation of the fluorescence signal could be a limiting 
factor of the validity and reproducibility of this technique in daily prac-
tice (3). Quantitative evaluation of the fluorescence signal holds prom-
ise as a more objective and accurate method to assess bowel perfusion 
(4). Therefore, this prospective cohort study evaluated quantification 
of bowel tissue perfusion patterns of patients undergoing colorectal 
surgery by using a standardized NIR fluorescence imaging protocol.

Method: 
Twenty (20) patients who underwent oncological colorectal surgery 
were included in the study. After dissection of the vascular branch, all 
patients received 5 mg ICG intravenously for intraoperative extracor-
poreal bowel tissue perfusion assessment according to standard of care. 
A standardized fluorescence video was recorded for 5 minutes using the 
Quest Spectrum 2.0 NIR fluorescence imaging system. Fixed camera 
settings, camera-to-tissue distance and angle of camera on tissue were 
maintained. Postoperatively, the fluorescence videos were quantified by 
drawing contiguous ROIs from proximal to distal of the intended anas-
tomosis on the bowel (i.e., ileum, afferent colon and/or efferent colon, 
depending on the surgical procedure) using the Quest Research Frame-
work quantification software. For each ROI, a time-intensity curve was 
plotted from which 5 inflow and 5 outflow parameters were derived and 
analyzed seperately for the ileum, afferent colon, and efferent colon. 
Furthermore, the inter-observer agreement of the surgeon’s subjective 
interpretation of the fluorescence signal was assessed.

Results: 
Thirty (30) percent of the patients underwent a right-sided colectomy 
(i.e., ileocecal resection or right hemicolectomy), 65% of the patients 
underwent a left-sided colectomy (i.e., left hemicolectomy, sigmoidec-
tomy or low anterior resection) and 5% of the patients underwent a sub-
total colectomy. Based on the quantified time-intensity curves, bowel 
tissue perfusion could be divided into 3 different perfusion patterns: 
well perfused, transition zone and poorly perfused. Similar for both the 
ileum, afferent colon, and efferent colon, the perfusion patterns were 
characterized by a significantly steeper inflow and outflow slope in the 
well perfused time-intensity curves compared to the transition zone 
(p=<0.001). Moreover, the time to maximum fluorescence intensity 
(Tmax) was significantly shorter in the well perfused time-intensity 
curves (p=<0.001). The poorly perfused time-intensity curves only 
reached its peak intensity after 3 minutes with a slow inflow gradi-
ent preceding it (Figure 1). The inter-observer agreement was poor 
(Intraclass Correlation Coefficient (ICC): 0.368, 95%-CI 0.192 < ICC 
< 0.580).

Conclusion: 
This prospective cohort study shows that quantification of bowel 
tissue perfusion is a feasible method to differentiate between well 
perfused, transition zone and poorly perfused perfusion patterns. In 

addition, the poor inter-observer agreement of the subjective assess-
ment of the fluorescent signal between surgeons emphasizes the need 
for quantification of the fluorescence signal. Future studies should 
examine the correlation between each perfusion pattern and the 
occurrence of AL.
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Aim: 
We aimed to evaluate the added information of imaging with DOTA-
TATE-PET after two cycles of peptide receptor radionuclide therapy 
(PRRT) in patients with somatostatin receptor (SSR)-expressing neu-
roendocrine tumors (NET).

Methods: 
In this retrospective study, 105 patients (54 women and 51 men, 
62.5±10.5-year-old) with progressive NET treated with at least two 
cycles of 177Lu-DOTATATE were included. All patients had DOTA-
TATE-PET (PET/CT or PET/MRI), at baseline, after two cycles, and 
upon completion of PRRT. RECIST and change in SSR-density were 
used to evaluate the scans and assess treatment response. If appli-
cable, additional dedicated CT and MRI was obtained and change 
in tumor marker chromogranin A was recorded. Patients were inter-
viewed about their thoughts of the additional scan midway through 
the treatment.
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Results: 
All patients considered the additional DOTATATE-PET very impor-
tant for peace of mind mid-way through the therapy. After two PRRT 
cycles, 0/105 (0%) patients showed complete response, and 54/105 
(51%) partial response (PR) while 40/105 (38%) had stable disease 
(SD) with agreement between RECIST and SSR-density. In 11/105 
(11%) patients RECIST and SSR-density was discordant. Progressive 
disease (PD) according to RECIST was seen in 11/11 patients, how-
ever, evaluation of SSR-density showed true progression (new lesions) 
in only 4/11 participants. Follow-up imaging after completion of PRRT 
proved true progression in these patients while the other 7/11 patients 
showed PR. These patients were considered to show pseudo-progres-
sion (PSP) after two cycles. The pattern of PSP consisted in an overall 
up-to ~2 mm increase in size of known NET lesions, with/without 
central necrosis, with/without new stranding, but no new lesions. The 
SSR-density in these patients showed to be stable or decreased when 
related to the liver. Chromogranin A was available in 37/105 patients. 
The change in chromogranin A did not correlate well with response/
stability nor progression of disease at 2 cycles.

Conclusion: 
Our data show that a DOTATATE-PET after 2 cycles of PRRT provides 
important reaussurance for the patient about the status of the disease 
as they go through the therapy. No patient showed complete response 
after 2 cycles of PRRT, clearing concerns about possible overtreatment. 
DOTATATE-PET is more accurate in assessing treatment response 
at 2 cycles when RECIST and SSR-density criteria is used, allowing 
continuation of treatment in patients with pseudo-progression. Change 
in tumor marker did not correlate well with response/stability nor pro-
gression at 2 cycles.
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Introduction: 
Pheochromocytoma and paraganglioma (PPGL) are very rare tumors 
characterized by a heterogenous prognosis. In the setting of unresect-
able, metastatic PPGL, there is a lack of clear treatment guidelines, 
and options are very limited. Here we present our initial experience 
with peptide receptor radionuclide therapy (PRRT) in advanced PPGL.

Methods: 
Six patients (1 woman and 5 men, mean±SD: 59.7±11.7-year-old) 
with progressive, somatostatin receptor (SSR)-expressing PPGL (4 
paraganglioma and 2 pheochromocytoma) were treated with 177Lu-
Dotatate. 68Ga-Dotatate PET (PET/CT or PET/MRI) was obtained at 
baseline, after 2 cycles, and after 4 PRRT cycles. Follow-up imaging 
was performed every 3 months. RECIST and change in SSR-density 

(based on change in  SUVmax) were used to evaluate treatment response. 
Laboratory tests were performed 1 week before each cycle and every 
2 months at follow-up. Toxicity was determined based on the National 
Cancer Institute Common Terminology Criteria for Adverse Events 
(NCI CTCAE) V5.0. Overall response rate (ORR), disease control 
(DC) and progression free survival (PFS) were determined.

Results: 
All patients underwent 4 cycles of PRRT. After the first cycle, 1/6 
(16.7%) and 1/6 (16.7%) patients, respectively, developed neutropenia 
and lymphopenia grade 3 which resolved in both cases after 1 month. 
2/6 (33.3%) patients showed lymphopenia grade 3, 1 and 3 months 
after the last cycle might also be related to newly initiated radiation 
therapy after PRRT in both cases. No other grade 3 toxicity was seen, 
especially regarding liver and renal function. The mean follow-up since 
PRRT initiation was 21.9±7.4 (range 10.3 – 30.3) months. The Kaplan-
Meier curve analysis showed a PFS of 83%, 58% and 39% at 11-month, 
15-month and 18-month follow-up since PRRT initiation, respectively. 
The ORR (complete and partial response [CR, PR]) was 33.3%. DC 
(CR, PR and stable disease) was 80% at 11-month follow-up.

Conclusion: 
Our preliminary data show that patients with unresectable, metastatic 
PPGL treated with 177Lu-Dotatate show overall good results with a 
disease control of 80% and PFS of 83% at 11-month follow-up.
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Our goal is to improve the localization of solid tumors that express 
and secrete high levels of protease enzymes.1 Proteases degrade the 
extracellular matrix and cellular stroma, increasing tumor proliferation, 
invasion, and metastasis. More specifically, our research focuses on the 
detection of tumors with cathepsin B, which is a protease biomarker 
of malignant tumors.2To meet our goal, we have designed a “caged 
melanin precursor” that is cleaved by cathepsin B, then undergoes 
spontaneous disassembly, and finally spontaneously polymerizes to 
form eumelanin (Figure 1). The caged agent cannot form eumelanin 
prior to cleavage by cathepsin B. This nano-sized eumelanin product 
strongly absorbs near-infrared light, and therefore can be detected with 
Multispectral Optoacoustic Tomography (also known as photoacous-
tic tomography; Figure 2).3 Pre-clinical MSOT can image an entire 
torso of mouse tumor models, and clinical MSOT has been used to 
image many tumor types including breast cancer. We use an innovative 
Dynamic Contrast Enhanced (DCE) MSOT imaging protocol that can 
monitor the generation of eumelanin in tumors, which improves the 
specificity of protease-active tumors vs. normal tissues.4 Furthermore, 
the strong pigmentation of eumelanin provides potential to improve 
surgery of solid tumors (Figure 3). As an analogy, fluorescent contrast 
agents have been developed that are trapped or activated in tumors 
with high protease activity.5These tumors can then be visualized during 
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surgery, when the tumors can be imaged with fluorescence imaging 
instrumentation. Our agent causes eumelanin to accumulate in tumors 
with high protease activity, causing the tumors to become black. Sim-
ple visual inspection, without expensive and cumbersome fluores-
cence imaging instrumentation, can identify the black tumors against 
the beige-to-red background of normal tissues. As a longer-term goal, 
MSOT during surgery has potential to detect melanin-stained tumors as 
deep as 3 cm below the tissue-exposed surface during surgery.
To meet our objectives, we have completed the synthesis of our agent. 
Friedel-Craft alkylation of L-tyrosine 6 was performed to introduce a 
ketone group on the ortho position of the phenol, to provide a stable 
diphenol structure with different protecting groups 7. The BOC protect-
ing group was introduced to the free amine group 8 to improve solubil-
ity in organic solvent. We performed an oxidation reaction of the ketone 
by mCPBA 9, as the ketone is the only group that can be oxidized in 
this intermediate. Dibenzyl protected groups were introduced on both 
the acid and phenol substitutes 10.6 The BOC protecting group was 
transformed to a picoliamide group 11, as the carbonyl and nitrogen 
on the pyridine ring are required for the cyclization reaction to form 
the indole ring. The hydrolysis reaction was performed to facilitate the 
coupling reaction with the peptide linker making the melanin precur-
sor maintained as a monomer in vitro. Cyclization was catalyzed by 
Pd(OAC)2 on the hydrogen of the benzene ring and the amide of the 
picoliamide substitute 13.7 All of our reactions are similar to previ-
ously published reactions. High performance liquid chromatography 
was used to purify our caged-melanin contrast agent 14. The polarity 
of our contrast agent is high, providing good aqueous solubility for 
upcoming in vivo studies.
We are currently improving the yield of our final product, so that we 
have material for subsequent DCE MSOT studies that measure Michae-
lis-Menten kinetics of cathepsin B with our caged melanin precursor.
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Purpose: 
Tumor heterogeneity limits the predictive value of PD-L1 expression 
and influences the outcomes of the immunohistochemical assay for 
therapy-induced changes in PD-L1 levels. This study aimed to deter-
mine the predictive value of PD-L1 for non-small-cell lung carcinoma 
(NSCLC), thereby developing imaging agents to non-invasively image 
and examine the effect of the therapeutic response to PD-L1 blockade 
therapy.

Methods: 
A cohort of 102 patients with lung cancer was analyzed, and the prog-
nostic significance of PD-L1 expression level was investigated. Recom-
binant human PD-1 ECD protein (rhPD1) was expressed, purified, and 
labeled with 64Cu for the evaluation of PD-L1 status in tumors. Mice 
subcutaneously bearing PD-L1 high-expressing tumor HCC827 and 
PD-L1 low-expressing tumor A549 were used to determine tracer-tar-
get specificity and examine the effect of therapeutic response to PD-L1 
blockade therapy.

Results: 
PD-L1 was proved to be a good prognosis marker for NSCLC, and 
its expression was correlated with the histology of NSCLC. PET 
imaging revealed high tumor accumulation of 64Cu-NOTA-rhPD1 in 
HCC827 tumors (9.0 ± 0.5 %ID/g), whereas it was 3.2 ± 0.4 %ID/g in 
A549 tumors at 3 h post-injection. The lower tumor uptake (3.1± 
0.3 %ID/g) of  64Cu-labeled denatured-rhPD1 in HCC827 tumors 
at 3 h post-injection (P<0.001) demonstrated the target-specificity 
of 64Cu-NOTA-rhPD1. Furthermore, PET showed that 64Cu-NOTA-
rhPD1 sensitively monitored treatment-related changes in PD-L1 
expression, and seemed to be superior to  [18F]FDG.

Conclusion: 
We identified PD-L1 as a good prognosis marker for surgically resected 
NSCLC and developed a PET tracer 64Cu-NOTA-rhPD1 with high 
target-specificity for PD-L1.

Innovation: 
This study confirmed that PD-L1 is a good prognostic marker for surgi-
cally resected NSCLC and our developed 64Cu-labeled rhPD1 derived 
protein could accurately visualize the dynamic changes in PD-L1 
expression in NSCLC tumors, and distinguish PD-L1-positive NSCLC 
malignancies from negative tumors.
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Simultaneous imaging of anatomical features such as peripheral nerves, 
blood and lymphatic vessels, and sebaceous glands in live animals 
for several hours will help improve understanding of diseases, study 
the effects of therapeutics, and guide molecular optimization in pre-
clinical models.1,2 Currently available techniques to simultaneously 
image the above-mentioned features involve either injecting multiple 
contrast agents, which often interfere with each other, or using mice 
genetically engineered with fluorescent proteins, which are expensive, 
time-consuming and not translatable clinically.3,4 Current approaches 
to image lymphatic vessels use standalone dyes such as Evans blue 
or indocyanine green (ICG), which are not photostable, get absorbed 
by the blood vessels, and cannot be used for long-duration imaging 
as they clear out in less than 30 – 60 minutes.5,6 Imaging of periph-
eral nerves using injectable contrast agents has been challenging and 
only a few studies have been published that image peripheral nerves 

through fluorescence imaging.7,8 Photoacoustic imaging of peripheral 
nerves has been done only ex vivo.9 Imaging of sebaceous glands on 
the skin can help study several disorders, such as sebaceous adenoma, 
sebaceoma, sebaceous carcinoma, etc.10 A method that utilizes a single 
injectable contrast agent to simultaneously image several anatomical 
features will provide an inexpensive, faster, and clinically translatable 
approach to understand the physiological characteristics of the ana-
tomical structures and associated diseases such as peripheral neuropa-
thy, lymphoma, vasculitis, sebaceoma.11,12 In this study, we labeled an 
IgG4 isotype control antibody with the near-infrared sulfo-cy7.5 dye 
and injected it into a mouse ear to perform simultaneous visualiza-
tion of peripheral nerves, blood and lymphatic vessels, and sebaceous 
glands for up to 3 hours using photoacoustic microscopy. We imaged 
the blood label-free with 559 nm wavelength light while imaging the 
lymphatic vessels, peripheral nerves, and sebaceous glands through 
the dye-labeled antibody with 780 nm wavelength light. To enable 
multi-feature imaging, the lymphatic vessels are visualized outside the 
injected dye-labeled antibody mass while visualizing the peripheral 
nerves and sebaceous glands inside the mass. Initially, the peripheral 
nerves and the sebaceous glands were not visible due to background 
signals from the dye-labeled antibody. We removed the excess back-
ground signals by inspecting the two-dimensional sections from the 
three-dimensional volume at various depths. The peripheral nerves 
and sebaceous glands are distinguished from each other through their 
shapes as the sebaceous glands are circular while the nerves are shaped 
as long elongated fibers. Peripheral nerves and arteries are aligned 
together in mouse skin, a feature that enabled us to identify the nerves 
in our images.13 We digitally labeled the structures in different colors 
through image segmentation. The mean photoacoustic signal from 
both the lymphatic vessel and the peripheral nerve decreased by only 
~20% after 3 hours of injection. This was possible because of the slow 
clearance of the large-size dye-labeled antibody (~ 147 kDa) from the 
injection site. Apart from imaging the mouse ear, we also injected the 
sulfo-cy7.4 dye-labeled antibody in the hind-paw of the mouse and 
observed its deep medial lymphatic vessel and lymph node up to 0.4 
cm deep through photoacoustic computed tomography. We did not 
perform imaging of peripheral nerves and sebaceous glands in deep 
tissues because the sebaceous glands are present only on the skin and 
unlike in skin, we have no information about the nerves in deep tissues 
to help us correctly identify them. Our approach to image multiple 
features for a long duration will potentially improve preclinical thera-
peutic optimization, shorten discovery timelines, and enable clinical 
treatments. Further engineering can be performed on the antibody to 
bind to specific antigens to enable long-duration imaging of deep and 
shallow individual structures in live animals.
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Introduction: 
Magnetic particle imaging (MPI) is a tracer imaging modality that 
detects superparamagnetic iron oxide nanoparticles (SPIOs). Since its 
inception [1], MPI has enjoyed a rich developmental history - from its 
k-space and x-space formulation [2], [3]; to scanner design [4]–[7]; to 
optimized coil and instrumentation [8]–[11]. Promising clinical appli-
cations for MPI include brain imaging [6], [7], [12]; stem cell tracking 
[13], [14]; immune cell tracking [15]; lung imaging [16]; gastrointes-
tinal bleed imaging [17]; and cancer imaging [18]. Magnetic Particle 
Spectroscopy (MPS) and Magnetic Particle Relaxometry (MRX) are 
used to characterize the nanoparticles used in MPI, as well as other bio-
sensing applications [19]. Preclinical MPI, while both highly sensitive 
and quantitative [citation], has yet to have the resolution for economical 
human-scale clinical scanner [12], [20]. Novel tracers called Superfer-
romagnetic Iron Oxide (SFMIO) particles show an order-of-magnitude 
improvement in resolution that would allow for 100-fold decrease in 
scanner prices. However, these high-resolution tracers show a rich har-
monic spectrum showing strong peaks at harmonic numbers well past 
where common MPI tracers (e.g. VivoTrax, ferucarbotran) have signal 
above the noise floor, shown in Figure 1 [21]. Therefore, an order of 
magnitude improvement in resolution with SFMIOs necessitates a cor-
responding increase in the RX signal bandwidth. This work focuses on 

optimizing the RX frontend of MPI/MPS/MRX systems to realize this 
10-fold increase in bandwidth, while also improving the limit of detec-
tion with broadband noise matching and improving dynamic range with 
a combination of gradiometric cancellation and active compensation 
of the drive field feedthrough interference.

Methods: 
Previous work in MPI broadband noise matching has shown exquisite 
noise performance down to 100 pV/rtHz voltage noise [9], [10] by 
increasing the noise matching ratio N by adding more turns or parallel 
amplifiers. However, increasing N leads to decreasing effective noise 
bandwidth due to two major factors. The first is that the resonant fre-
quency of the RX coil decreases as the effective inductance increases 
(winding more turns or using a transformer increases inductance and 
capacitance) and effective capacitance increases (adding more ampli-
fiers in parallel increases input capacitance). Reported resonance fre-
quencies of 200 kHz to 300 kHz for existing RX coils allow for suf-
ficient bandwidth to reconstruct 10-15 harmonics for VivoTrax (at 20 
kHz drive frequency) and other commercial particles, but squander 
the several remaining harmonics of SFMIOs. The current noise con-
tribution of the preamplifier due to the increasing impedance of the 
inductive coil over frequency can also become more dominant than 
the coil noise voltage and noise voltage of the preamplifier. These two 
factors limit effective noise match bandwidth. This work showcases a 
design procedure for minimizing RX noise over a desired bandwidth 
and improve limit-of-detection, with results in Figure 2. Drive field 
feedthrough interference occurs because of transmit (TX) coil to RX 
coil coupling. Dynamic range suffers when feedthrough interference 
is too large since the feedthrough may saturate the RX amplifier before 
the particle signal is adequately amplified. Previous works have used 
coil geometry to cancel out the interference by reducing the effective 
mutual inductance between the TX and RX coils [8], [22], [23]. Previ-
ous works have also used active components to analog subtract the 
feedthrough [11], [24], [25]. These techniques achieve several orders 
of magnitude more suppression for single tone excitation. This work 
utilizes this concept for broadband suppression with a combination of 
an easily shim-able gradiometer for passive compensation and instru-
mentation amplifier and DAC for active compensation, with results 
in Figure 3. With an established noise floor and adequate drive field 
feedthrough suppression, the next design step is to choose an appropri-
ate Analog-to-Digital Converter (ADC) to quantize the particle signal 
outlined in the supplementary.
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Introduction: 
Acidosis is a useful biomarker for tumor diagnoses and for evaluat-
ing early response to anti-cancer treatments.1 Despite these useful 
applications, there are few methods available for non-invasively meas-
uring tumor extracellular pH (pHe), and none are routinely used in 
clinics.2 Responsive MRI contrast agents have been developed, and 
they undergo a change in MRI signal with pH. However, these signal 
changes are concentration-dependent, and it is difficult to accurately 
measure the concentration of an MRI contrast agent in vivo.3 PET/MRI 
provides a unique opportunity to overcome this concentration depend-
ence issue by using the PET component to report on the concentration 
of the pH-responsive MRI agent.4,5

Hypothesis: 
Herein, we hypothesize that simultaneous PET/MRI co-agents can 
measure tumor pHe, with a precision that depends on the concen-
tration of the MRI co-agent. In this work, we synthesized a Gd-
based MRI agent,6 and we have correlated pH with the  r1 relaxivity 
of the MRI co-agent. We then chelated the same agent with 68Ga 
to develop 68Ga PET/MRI co-agents, and we chelated the agent 
with 64Cu to develop 64Cu PET/MRI co-agents. In addition, we 
synthesized a  18F- and  19F-labeled versions of the Gd-based 
MRI agent that served as 18F PET/MRI co-agents. We have also 
developed a procedure that uses MRI  r1 relaxation rate measure-
ments, PET radioactivity measurements, and the ratio of the PET/
MRI co-agents administered to the mouse model to determine 
the  r1 relaxivity of the MRI co-agent, which can then be used to 
estimate pHe. We used our procedure to measure tumor pHe in a 
subcutaneous flank model of MIA PaCa-2 pancreatic cancer and 
4T1 breast cancer.
Simultaneous 68Ga PET/MRI can measure tumor extracellular pH
We synthesized 68Ga PET/MRI co-agents with high yields and purity, 
and we used these agents to accurately measure pH in solution. The 

precision of the pH measurement was dependent on the concentration 
of the MRI co-agent. At the highest concentration of MRI co-agent 
(0.8 mM), a standard error of 0.08 pH unit was achieved compared to 
a gold-standard pH microsensor. These PET/MRI co-agents were used 
to measure tumor pHe. However, the 68Ga PET co-agent degraded in 
urine after 20 min, raising potential concerns that the PET agent lacked 
stability in the tumor.
Simultaneous 64Cu PET/MRI was not able to measure tumor extracel-
lular pH
We synthesized 64Cu PET/MRI co-agents with high yield and radio-
chemical purity. However, 64Cu is known to de-chelate from DOTA-
based ligands and can be easily transchelated by enzymes in the liver, 
which often leads to high retention of the metal ion in the liver. This 
was observed in our in vivo PET/MR images with the 64Cu PET co-
agent, as validated by radioHPLC of extracted urine post-injection. 
Therefore, a 64Cu PET agent was an unsuccessful choice for our 
simultaneous PET/MRI approach.
Simultaneous 18F PET/MRI can measure tumor extracellular pH
We synthesized  18F PET/MRI co-agents with high yield and 
radiochemical purity. The radiolabeling was performed in less 
than one hour using an automated synthesizer. We achieved a 
standard deviation as low as 0.06 pH units in solution. With 
sufficient co-agent tumor uptake, we measured tumor pHe  in 
vivo with a correlation of 0.848 compared to a gold-standard 
pH microsensor. In addition, the co-agents showed high stabil-
ity in solution and  in vivo with no metabolic degradation of 
the 18F radiolabel.

Conclusion: 
These preliminary results showed that tumor acidosis can be evaluated 
with simultaneous PET/MRI. The 18F PET/MRI co-agents showed the 
most promising approach. Improvements are needed to more precisely 
measure MRI  r1 relaxation rates, and to ensure the in vivo stability of 
the agents.
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Introduction: 
Breast conserving surgery (BCS) is the upmost option for patients 
with early-stage breast cancer. However, due to no clinically effective 
approach for the evaluation of BCS’s margin, positive margin resulting 
in local recurrence is still a problem. Accordingly, radiation therapy 
(RT) is a common modality in patients with advanced breast cancer. 
In addition, there is an urgent need for a multimodal nano-therapy 
platform for precision cancer drugs. Therefore, a novel self-assembled 
multifunctional nano-probe GdDTPA-HSA@ICG- Bevacizumab (NPs-
Bev), is developed to improve fluorescence image-guided surgery and 
breast cancer RT efficacy. The nano-probe-based NIR-II fluorescence 
image guidance facilitates complete tumor resection, improves the 
overall mouse survival rate, and effectively discriminates between 
benign and malignant breast tissues in spontaneous breast cancer trans-
genic mice. Moreover, introducing the nano-probe to tumors generated 
more reactive oxygen species under X-ray irradiation, improved RT 
sensitivity, and reduced mouse tumor progression. We also found that 
the probe could accurately identify mouse malignant tissues and normal 
tissues by rapid in vitro immersion with great clinical transformation 
potential to identify breast malignant tissues/margins.

Methods: 
1. Characterization and biosafety of the probe  NPs-Bev were 
performed.
2. The targeting of the probe was verified by in vitro fluorescence 
co-localization and flow cytometry experiment.
3. MDA-MB-231-luc breast cell tumor-bearing mouse modal was 
performed to investigate the characterization of the probe.
4. Dynamic MR imaging is respectively used to monitor the bound-
ary of the tumor.
5. Fluorescence image-guided surgery in multiple micro-tumor 
mouse, spontaneous breast cancer transgenic mice and transplanted 
tumor model were to evaluated the specificity and sensitivity of 
guided tumor resection with the probe.
6. In vitro probe immersion and incubation were performed to iden-
tify tumor properties.
7. RT sensitization in MDA-MB-231-luc bearing mice to evaluate 
radiosensitization properties of the probe.

Results: 
1. NPs-Bev was successfully synthesized with good dispersibility, sta-
bility with high intensity of NIR-II fluorescent and high quality signal 
of MRI imaging.
2. NPs-Bev could specifically target high expression level of VEGF-
A in breast cancer cell lines compared with NPs-IgG.
3. NPs-Bev was able to detected the MDA-MB-231-luc breast cell 
tumor-bearing mouse models with a tumor-to-muscle ratios of ~6, 
correspondingly, 2 fold NIR-II FL signal decrease was detected while 
blocked by unlabeled Bevacizumab. The signal to background ratio 
of MRI was nearly 3 fold increase in the group NPs-Bev vs. NPs-IgG.
4. NPs-Bev was able to detected the multiple micro-tumor mouse 
and the minimum detectable tumor diameter is about 1mm. The 
nano-probe-based NIR-II fluorescence image guidance facilitates 

complete tumor resection, improves the overall mouse survival rate, 
and effectively discriminates between benign and malignant breast 
tissues in spontaneous breast cancer transgenic mice (area under the 
curve = 0.985; 95% confidence interval: 0.965, 1.0).
5. The probe could accurately identify mouse cancer tissues and nor-
mal tissues by rapid in vitro immersion (5min), and had great clinical 
transformation potential to identify intraoperative breast malignant 
tumor tissues/margins.
6. Tumor elimination efficiency was evaluated for mice that had been 
intravenously injected with NPs-Bev. The non-irradiated NPs-Bev 
-treated mice exhibited almost no tumor growth inhibition. However, 
upon X-ray irradiation, NPs-Bev-treated mice exhibited efficient RT 
sensitization and remarkably tumor regression compared to the mice 
that had only received X-ray RT.

Summary: 
In summary, this study results present the potential benefits of 
a novel self-assembled, diagnostic, and therapeutic integrated 
nanoplatform for the precise breast cancer treatment strategies. 
Combining multimodal imaging with tumor-targeting strategies 
can shift the paradigm of surgical oncologic and diagnostic imag-
ing and offer a unique opportunity to improve RT benefits. This 
study also provides a new method for recognition of malignant 
breast tissue: a rapid incubation method based on antibody-based 
nano-probe.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

340-A comparison of the dual-peak vs. dual-power acidoCEST 
MRI methods that measure pH

Presenter: Priya Trakru, University of Texas MD Anderson Cancer 
Center

Priya N. Trakru1, Tianzhe  Li1, Ananya  Sharma2, Sanhita  Sinharay3, 
Marty  Pagel4

1University of Texas MD Anderson Cancer Center, Houston, TX
2GMC Saharanpur
3Indian Institute of Science Bangalore
4MD Anderson Cancer Center, Houston, TX

Introduction: 
The extracellular tumor microenvironment of many solid tumors 
has high acidosis due to upregulated glycolysis (known as the War-
burg effect).1 The noninvasive imaging of extracellular pH in the 
tumor microenvironment can be used to improve cancer diagnosis 
and the evaluations of anti-cancer therapies.2 Chemical Exchange 
Saturation Transfer (CEST) MRI can measure pH using an exog-
enous, diamagnetic agent (known as acidoCEST MRI). The “dual-
peak” method measures pH based on a ratio of two CEST signals 
from TWO unique protons on the agent while using ONE satura-
tion power.3 The “dual-power” method measures pH based on a 
ratio of two CEST signals from ONE proton on the agent while 
using TWO saturation powers.4 We sought to compare the dual-
peak vs. dual-power acidoCEST MRI methods to determine which 
method is best for clinical translation. Furthermore, we sought to 
determine the optimal saturation power and saturation time for each 
method. Finally, we sought to determine if the CEST-pH calibra-
tions from either method are independent of concentration, T1 
relaxation time, and temperature.
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Methods: 
We developed 200 samples of iopamidol (Isovue™, Bracco Diagnos-
tics) with 8 pH values ranging from 6.2 to 7.3; 5 concentrations ranging 
from 5 to 50 mM; and 5 T1 values ranging from 0.4 to 2.0 sec (by dop-
ing samples with gadobutrol). We acquired 36,000 CEST spectra with 6 
saturation powers ranging from 0.5 to 6 μT; 6 saturation times ranging 
from 0.5 to 6 sec; and at 5 temperatures ranging from 31°C to 43°C.
We fit each spectrum with three Lorentzian lineshapes to obtain 
the amplitude of the CEST signals at 4.2 and 5.6 ppm, while also 
accounting for the direct saturation of water at 0 ppm. We then gener-
ated CEST-pH calibrations using a ratio of CEST signal amplitudes 
at 4.2 and 5.6 ppm (the dual-peak method). We also generated CEST-
pH calibrations using a ratio of the 4.2 ppm CEST signal amplitude 
acquired with saturation powers of 2 vs. 4 μT; 1 vs. 4 μT, and 2 vs. 
6 μT. We evaluated the precision of each calibration for measuring 
a range of pH 6.2-7.3.

Results: 
CEST signals acquired with 0.5 μT saturation power or 0.5 sec satura-
tion time were too low to be included in our analysis. The Lorentz-
ian lineshape fitting showed outstanding fits for the remaining 25,000 
CEST spectra.
Analysis with the dual-peak method showed outstanding correlations 
between estimated pH and true pH from a benchtop pH meter. Using 
practical saturation times and powers, the average standard deviation 
of the pH measurement was 0.04-0.06 pH units, depending on various 
conditions. This correlation was independent of concentration and T1 
relaxation time, and was the same between 31°C and 43°C.
Analysis with the dual-power method showed relatively poor correla-
tions between estimated pH and true pH from a benchtop pH meter. The 
best average standard deviation of the pH measurement was 0.45 pH 
units even when using optimal conditions for the comparison of 2 vs. 
4 μT saturation power. Comparisons of 1 vs 4 μTand 2 vs 6 μT had even 
worse performance than 2 vs 4 μT.

Conclusions: 
Our results demonstrated that the dual-peak method is superior to the 
dual-power method. Both methods can estimate pH independent of 
concentration and T1 relaxation time, and has negligible dependence on 
temperature between 31-43°C. Finally, a saturation power of 4 μT and 
saturation time of 3 sec is optimal for the dual-peak acidoCEST MRI 
method, producing an average standard deviation of 0.04-0.06 pH units 
for the pH measurement between pH 6.2-7.3.
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Imaging organelles in live cells through nonlinear optical imaging 
will help understand several cellular mechanisms and design targeta-
ble therapeutics for a range of diseases.1 Organic dyes that be used for 
nonlinear optical imaging absorbing light in the near-infrared (NIR) 
region based on two-photon excited fluorescence (TPEF) and second 
harmonic generation (SHG) offer various advantages, such as deep 
light penetration and reduced background signal.2,3 Designing and syn-
thesizing photostable dyes that can target different cellular organelles 
has been a longstanding challenge. Porphyrin-based dyes have been 
shown to possess excellent nonlinear optical characteristics without 
significant photobleaching.4,5 In this work, we show that by engineer-
ing the molecular structure of porphyrin dyes, different cellular orga-
nelles can be targeted for nonlinear optical imaging. Upon performing 
live cell imaging in HEK 293T cells, we found that singly-charged 
cationic porphyrin dye, although amphiphilic, is taken by the cells to 
label the mitochondria giving bright TPEF signals. However, upon 
increasing the cationic charge from one to two, we found that the dye 
stains the endoplasmic reticulum of the cells to give bright TPEF and 
SHG signals. TPEF signals were also observed from the mitochondria 
but SHG signals were only visible from the endoplasmic reticulum. 
After a few hours, the cellular trafficking machinery drove out the dyes 
from the endoplasmic reticulum to the plasma membrane, generating 
strong TPEF and SHG signals from the plasma membrane. This is of 
significance because it is well known that the endoplasmic reticulum 
is a network of membranous tubules that are involved in lipid synthesis 
for the plasma membrane.6 Observing the trafficking of lipids from the 
endoplasmic reticulum to the plasma membrane through SHG has not 
been possible before. We further observed that upon increasing the 
number of cationic groups from two to three, a perfect plasma mem-
brane localization can be attained for several hours in a wide range of 
cells including cultured rat hippocampal neurons and neurons in mice 
brain slices. We attached an electron-donor and an electron-acceptor 
group to the triple-charged dye to make it an electrochromic voltage-
sensitive dye, which can further make it useful to measure membrane 
potentials. We tested the membrane potential efficacy of the triple-
charged dyes in live beating cardiomyocytes and found the voltage 
sensitivity, ∆F/F to be significantly high at around 60%. Given that the 
dyes are electrochromic they are extremely fast working in a time scale 
of nanoseconds to picoseconds, thus exceeding the milliseconds time 
scale of a typical neuronal action potential by several orders of mag-
nitude.7 The high voltage sensitivity of the singly-charged porphyrin 
dye has been demonstrated in lipid bilayers.8 This is very promising 
not only in the field of neurobiology but also in cell biology because 
the doubly-charged dyes that locate in the endoplasmic reticulum can 
be used to measure potentials in endoplasmic reticula. In preliminary 
studies, the porphyrin dyes were also seen to generate throng nonlinear 
optical signals from E.coli bacteria thus displaying potential to image 
and study microbes.
We further engineered the dyes to switch off their TPEF while keep-
ing the SHG on, thus making it purely SHG-based dye that does not 
undergo any photobleaching. The advantages of SHG-only dyes are: 
(a) SHG does not cause the production of reactive oxygenated spe-
cies and (b) SHG signals are not generated from isotropic media.4 We 
introduced a copper element in the center of the porphyrin dye which 
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made it pure-SHG dye and confirmed its efficacy in the HEK 293T 
cells.5
Overall our approach to changing the number of cationic charges in 
the porphyrin dyes to target and image different cellular compart-
ments offers a huge potential to design more dyes as well as use these 
dyes to study cellular physiology.
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Introduction: 
Natural killer (NK) cells are a component of innate immunity, they 
can detect and control early signs of cancer without prior sensitisation 
or immunisation. NK cells can kill cancer cells via a process known 
as antibody-dependent cell-mediated cytotoxicity (ADCC).1 In this 
process, the binding of a tumour-associated antigen (TAA)-specific 
antibody to the cancer cells recruits NK cells to the tumour site and 
activates their killing mechanism.2 This ability has been employed 
for cancer immunotherapy.3 PET imaging permits longitudinal  in 
vivo tracking and quantification of radiolabelled immune effector cell 
infiltration.4 Thus, this study aimed to use PET imaging to demonstrate 

the recruitment of NK cells within the tumour environment, with and 
without a therapeutic antibody treatment.

Methods: 
NK cells were isolated from healthy human volunteers and expanded ex 
vivo.  [89Zr]Zr-oxine was synthesised using a kit.5 NK cells were radi-
olabelled with  [89Zr]Zr-oxine at RT for 15 min in PBS. Various in 
vitro  functions of  [89Zr]Zr-oxine labelled NK cells were assessed 
including viability, proliferation, migration and ADCC using the thera-
peutic monoclonal trastuzumab antibody against HER2 overexpressing 
human breast cancer cell lines HCC1954 and SKBR3. Flow cytometry 
was used to monitor NK cell surface markers. To visualise the effects 
of trastuzumab treatment on NK cell tumour infiltration in vivo,  [89Zr]
Zr-oxine labelled NK cells were administered intravenously together 
with a therapeutic dose of trastuzumab (5 mg/kg) to mammary fat 
pad HCC1954 tumour-bearing NSG mice (n=4). In a control group, 
tumour-bearing mice were injected with  [89Zr]Zr-oxine labelled NK 
cells and PBS only (n=4). PET imaging was performed on days 1, 3 
and 7 post cell injection. Organs were collected at the end of imaging 
study to further quantify cell biodistribution.

Results:  
[89Zr]Zr-oxine was reproducibly synthesised with labelling yields of 
92.1±3.5% (n=10) and used to radiolabel ex vivo expanded NK cells 
with moderate labelling efficiencies of 39.4±6.6% (n=23). The radiola-
belling did not affect NK cell viability and characteristic CD16/CD56 
cell surface expression. 89Zr-labelled NK cells exhibited comparable 
ADCC functions to those of non-radiolabelled NK cells. Cell migra-
tion assay demonstrated that 89Zr-labelled cells presented typical NK 
migration responses to stimuli.
PET/CT imaging showed that NK cells migrated from lungs to reside 
mostly in liver and spleen over the 7 days (Figure A). Ex vivo flow-
cytometric analyses of these mouse tissues detected  huCD45+ human 
leukocytes, which were further confirmed as human  CD56+CD16+ NK 
cells. Bone uptake of 89Zr was observed at all time points. This is a 
known phenomenon in multiple 89Zr cell tracking studies due to osteo-
tropic properties of weakly chelated 89Zr released from cells. Radio-
active signals were visualised and quantified in the tumours of both 
groups (Figures A and B), with stronger 89Zr signals in trastuzumab-
treated group, compared to buffer only controls, especially on days 1 
and 3; this effect was less prominent on day 7. Ex vivo quantification 
of 89Zr in tumours on day 7 was consistent with PET imaging data, 
with 89Zr tumour concentration in trastuzumab-treated mice higher 
than that of non-treated mice (0.81 ± 0.24 vs 0.66 ± 0.10 %ID/g, n=4/
group, respectively).

Conclusion: 
Ex vivo expanded NK cells can be radiolabelled with  [89Zr]Zr-oxine 
at levels required for preclinical PET imaging while maintaining their 
basic cellular and cytotoxic functions. The results showed that NK 
cells traffic to HER2+ tumour even without trastuzumab and this can 
be tracked with PET imaging for up to 7 days. Trastuzumab treatment 
increased HER2+ tumour infiltration by NK cells compared to that in 
the non-treated group. This study demonstrates the possibility of using 
PET imaging to track NK cells in real-time and to explore the effects 
of therapeutic antibodies on NK cell recruitment to solid tumours in 
cancer immunotherapy.

Reference

1. Ilieva, K. M., Fazekas-Singer, J., Achkova, D. Y., Dodev, T. S., 
Mele, S., Crescioli, S., Bax, H. J., Cheung, A., Karagiannis, P., 
Correa, I., Figini, M., Marlow, R., Josephs, D. H., Beavil, A. J., 
Maher, J., Spicer, J. F., Jensen-Jarolim, E., Tutt, A. N. & Karagi-

S295



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

annis, S. N. Functionally active Fc mutant antibodies recognizing 
cancer antigens generated rapidly at high yields. Front. Immunol. 
8, 1112 (2017).

2. Miller, S. E., Tummers, W. S., Teraphongphom, N., van den 
Berg, N. S., Hasan, A., Ertsey, R. D., Nagpal, S., Recht, L. D., 
Plowey, E. D., Vogel, H., Harsh, G. R., Grant, G. A., Li, G. H. & 
Rosenthal, E. L. First-in-human intraoperative near-infrared fluo-
rescence imaging of glioblastoma using cetuximab-IRDye800. J. 
Neurooncol. 139, 135–143 (2018).

3. Shimasaki, N., Jain, A. & Campana, D. NK cells for cancer immu-
notherapy. Nat. Rev. Drug Discov. 19, 200–218 (2020).

4. Man, F., Lim, L., Volpe, A., Gabizon, A., Shmeeda, H., Draper, 
B., Parente-Pereira, A. C., Maher, J., Blower, P. J., Fruhwirth, G. 
O. & T.M. de Rosales, R. In Vivo PET Tracking of 89Zr-Labeled 
Vγ9Vδ2 T Cells to Mouse Xenograft Breast Tumors Activated 
with Liposomal Alendronate. Mol. Ther. 27, 219–229 (2019).

5. Man, F., Khan, A. A., Carrascal-Miniño, A., Blower, P. J. & T.M. 
de Rosales, R. A kit formulation for the preparation of [89Zr]
Zr(oxinate)4 for PET cell tracking: White blood cell labelling and 
comparison with [111In]In(oxinate)3. Nucl. Med. Biol. 90–91, 
31–40 (2020).

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

343-Simultaneous evaluations of pH and enzyme activity using a 
cat-acido-CEST MRI contrast agent with three CEST signals

Presenter: Elijah Gonzalez, MD Anderson Cancer Center

Elijah Gonzalez1, Alyssa  Pollard2, Xiaofei  Liang3, Chathuri J. 
 Kombala3, Sanjaya  Lokugama4, Aikaterini  Kotrotsou5, Tianzhe  Li6, 
Marty  Pagel3

1MD Anderson Cancer Center
2MD Anderson Cancer Center, Smithtown, NY
3MD Anderson Cancer Center, Houston, TX
4University of Arizona
5University of Texas MD Anderson Cancer Center, Houston, Texas
6University of Texas MD Anderson Cancer Center, Houston, TX

Abstract Body: 
The extracellular tumor microenvironment of many solid tumors has 
high acidosis and high protease activity.1,2 Simultaneously assessing 
both characteristics may improve diagnostic evaluations of aggressive 
tumors and the effects of anticancer treatments. Noninvasive imag-
ing methods have employed Chemical Exchange Saturation Transfer 
(CEST) MRI to detect enzyme activity (catalyCEST MRI)3 or to meas-
ure pH (acidoCEST MRI).4 We hypothesized that the designs of cat-
alyCEST and acidoCEST agents can be combined to develop a single 
cat-acido-CEST agent that can simultaneously measure pH and evalu-
ate protease activity. The design of our cat-acido-CEST agent is based 
on 4-aminosalicylic acid with a Phe-Lys-PABA ligand.5 This agent has 
a CEST signal at 5.0 ppm from the aryl amide that disappears after the 
agent is treated with cathepsin B, and a second CEST signal at 9.2 ppm 
from the salicylic acid that is dependent on pH. However, the CEST 
signal from the aryl amide is also pH-dependent, and enzyme cleavage 
also changes the CEST signal from the salicylic acid, complicating the 
separate evaluations of pH and enzyme activity.
To solve this problem, we included a methylsulfonylanthranilic acid 
moiety that is conjugated to the 4-aminosalicylic acid through a PEG 
linker.6 A methylsulfonylanthranilic acid generates a CEST signal 

at 7.3 ppm that is independent of pH, while the PEG linker insu-
lates the CEST signal of the methylsulfonylanthranilic acid from 
the proteolytic cleavage of the peptidyl ligand by cathepsin-B. This 
“control” CEST signal at 7.3 ppm can be directly compared with the 
pH-dependent CEST signal at 9.2 ppm, and the enzyme-dependent 
CEST signal at 5.0 ppm.
The synthesis of our cat-acido-CEST agent is convergent. The amino 
position of 5-hydroxyanthranilic acid was protected by a tert-butoxy-
carbonyl (boc) group, and the carboxylate position was protected by 
a benzyl group. One terminal alcohol group of tetraethylene glycol 
(TEG) was functionalized by a toluenesulfonyl (tosyl) group, and 
the other terminal alcohol group was functionalized by a propylene 
group. The unprotected alcohol in 5-hydroxyanthranilic acid then 
reacted with the tosyl group in the TEG moiety. The salicylic acid 
moiety was synthesized by a benzyl protection of both the carboxy-
late group and the phenol group. This adduct was then selectively 
iodinated at the 5-position by N-iodosuccinimide. This salicylic acid 
moiety will be attached to the conjugated anthranilic acid and TEG 
moiety by a Suzuki reaction at the alkene group of the TEG moiety 
and the iodinated position of the salicylic acid. The amino position 
of anthranilic acid in the coupled moiety will be deprotected, then 
mesylated. The peptide moiety was synthesized by first coupling 
a p-aminobenzyl alcohol (PABA) with a lysine amino acid which 
was commercially protected by a fluorenylmethyloxycarbonyl (fmoc) 
group at the alpha-amino group and a boc group at the zeta-amino 
group. Then, the N-terminus of the peptidyl group was deprotected, 
and a boc-protected phenylalanine was coupled. Finally, the PABA 
group was functionalized by coupling the alcohol with p-nitrophenol. 
This peptidyl group will be attached to the mesylated adduct by a 
substitution of the unprotected amino group of salicylic acid moiety 
at the p-nitrophenol position. A global deprotection of this adduct 
using trifluoroacetic acid will yield the desired final product.

Conclusions: 
Our cat-acido-CEST MRI contrast agent with two CEST signals at 
5.0 and 9.2 ppm can measure pH while also detecting enzyme activ-
ity. However, both CEST signals depend on pH and enzyme activity, 
necessitating a third “control” CEST signal to disentangle the imaging 
of both biomarkers. The synthesis of our improved cat-acido-CEST 
MRI contrast agent with a third “control” CEST signal is nearing 
completion.
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Introduction: 
Programmed cell death protein ligand-1 (PD-L1) blockade, including 
antibody therapeutics, has transformed cancer treatment. However, 
many patients still do not respond to treatment, particularly in hetero-
geneous  cancers1. Although PD-L1 expression is detected in approxi-
mately 40% of gastric  cancers2,3, 87% of patients with gastric cancer 
were non-responders to anti-PD-L1 antibody  therapy4. PD-L1 expres-
sion is highly dynamic and complex; it is highly restricted to lympho-
cytes, and it is more frequent on immune cells than on tumor  cells5. 
The complexity of PD-L1 expression has made it difficult to select 
tumors which are likely to respond to immune checkpoint inhibitors 
as biopsy-based diagnostic tests can be inaccurate, due to high spatial 
and temporal heterogeneity of PD-L1  expression6. ImmunoPET using 
radiolabeled antibodies targeted towards PD-L1 may offer a comple-
mentary technique in patient selection for immune checkpoint therapy, 
as PD-L1 protein levels can be assessed non-invasively in the whole 
body giving information about PD-L1 in both tumor and host  cells7. 
Here, we used two FDA-approved anti-PD-L1 antibodies, Avelumab 
and Atezolizumab, human and murine PD-L1 cross-reactive to visual-
ize PD-L1 protein levels in gastric cancer and host cells, particularly 
tumor-associated macrophages (TAMs).

Methods: 
Animals: NCIN87 gastric cells were s.c. implanted in athymic nude 
mice (n=2-3 mice/cohort). Treatments: To deplete macrophages, mice 
received one dose of clodronate liposomes or neutral liposomes as 
control (175 μl, i.p.) 48 h before radiotracer injection (Figure). Radi-
olabeling: Avelumab or Atezolizumab coupled with the DFO chelator 
were labeled with the positron emitter zirconium-89. Imaging: PD-L1 
levels at 48 h after radiotracer injection were monitored via PET/CT 
images and ex vivo biodistribution of  [89Zr]Zr-DFO-Avelumab (52-56 
μCi, 50 μg protein, >98% RCP) or  [89Zr]Zr-DFO-Atezolizumab (42-46 
μCi, 50 μg protein, >98% RCP). Immunofluorescence: NCIN87 tumor 
cells were incubated with Avelumab or Atezolizumab labeled with 
Alexa-488 fluorophore.

Results: 
In a head-to-head comparison of antibody biodistribution, measured 
in ex vivo tissues, 89Zr-Avelumab consistently showed higher NCIN87 
tumor to organ ratios in major organs (blood, liver, spleen, heart, 
lungs, bone, lymph nodes) compared to 89Zr-Atezolizumab, with a 
2.8-fold higher tumor:heart ratio and over 2-fold higher tumor:lung 
and tumor:bone ratios (Persuasive Data A). The higher binding of 
Avelumab in NCIN87 cancer cells compared with Atezolizumab was 
further validated by immunofluorescence. PET imaging similarly dis-
played a more favorable biodistribution of 89Zr-Avelumab, with higher 
uptake in NCIN87 gastric tumors compared to 89Zr-Atezolizumab, 

despite this model typically expressing heterogeneous levels of PD-L1 
(Persuasive Data B). While 89Zr-Atezolizumab accumulates in liver 
and spleen due to Fc receptors in liver and PD-L1 expression on splenic 
lymphocytes, there was minimal NCIN87 tumor accumulation (Per-
suasive Data B). Unlike Atezolizumab, Avelumab has a wild-type Fc 
region suggesting that Avelumab accumulation in tumors could be 
a result of interactions with PD-L1 and Fc-γ receptors expressed by 
 TAMs8. In our studies, macrophage depletion decreased uptake of 89Zr-
Avelumab in tumor, liver spleen and lymph nodes on PET imaging 
(Persuasive Data B). From this preliminary work, ongoing work will 
assess the distinct interactions of Avelumab with tumor and host cells 
and the regulation of PD-L1 in these cells that could explain the low 
response of gastric cancer to PD-L1 antibody therapy.

Conclusions: 
This study demonstrates that 89Zr-Avelumab outperforms 89Zr-Ate-
zolizumab in monitoring PD-L1 expression in a gastric tumor model, 
both in vivo and in vitro. Macrophages appear to play a role in 89Zr-
Avelumab tumor uptake and ongoing studies are using PET to investi-
gate the distinct regulation of PD-L1 in tumor and host cells. Immuno-
PET serves as a non-invasive tool to monitor the dynamic PD-L1 
expression in vivo. Ongoing work is investigating the modulation of 
systemic and local PD-L1 expression, using 89Zr-Avelumab Immuno-
PET as a non-invasive tool to monitor these dynamic processes.
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Background and Aims: 
The sulfur-fluoride exchange (SuFEx) chemistry has been recently 
reported as a straight-forward approach towards the rapid and mild 
radiofluorination of a plethora of radiolabeling precursors and radiop-
harmaceuticals.[1,2] We hypothesized that the rapid, room temperature 
SuFEx reactions carried out in strictly non-aqueous media could be 
used to radiolabel triaryl phosphines, the bioorthogonal reactant in the 
classic Staudinger ligation with azides. Despite the widespread use of 
the Staudinger ligations in cell labeling, triaryl phosphines have due to 
their sensitivity remained notoriously difficult to radiolabel, yet alone 
with fluorine-18 using the  SN2 nucleophilic substitution reactions that 
typically require basic conditions and elevated temperatures. Specifi-
cally, we aimed to harness the advantages of the SuFEx radiolabeling 
to develop a 18F-radiolabeled triaryl phosphine to facilitate the use of 
the perfluoroaryl azide (PFAA) Staudinger ligation, the fastest reported 
Staudinger variation to date  (k2=18  m−1  s−1), as a bioorthogonal build-
ing block in biomolecular radiofluorination.

Materials and Methods: 
The radiolabeling precursor 2-(diphenylphosphaneyl)phenyl sulfuro-
fluoridate (1, Scheme 1, A) was synthesized using reported procedures 
with ex situ generated sulfuryl fluoride[3]. For demonstration of fea-
sibility of the PFAA Staudinger ligation with 1, it was reacted with 
an in-house synthesized PFAA-mannosamine[4] (2, Scheme 1, A), 
a substrate for metabolic glycoengineering of cells, and the reaction 
monitored with 19F and 31P NMR. Radiolabeling of 1 with [18F]fluo-
ride was explored using two different conditions in the SuFEx exchange 
reaction (Scheme 1, B).

Results: 
2-(diphenylphosphaneyl)phenyl sulfurofluoridate was successfully 
synthesized with an overall yield of 76% and reacted with the PFAA-
mannosamine in vitro as evidenced by the characteristic 6.24 ppm and 
45.47 ppm peaks in the 31P and 19F NMR, respectively. Radiolabeling 
of 1 with fluorine-18 was first attempted with  [18F]fluoride as the 18F-/
Kryptofix2.2.2/K+ complex in anhydrous DMSO at 25°C, but as this 
gave highly variable results, the 0.5 M  K2CO3 eluent and Krypto-
fix2.2.2 were replaced with 0.5 M  K3PO4 and  Bu4NOMs, previously 
reported optimal for aliphatic radiofluorination of base-sensitive sub-
strates[5]. The latter strategy yielded [18F]1 with radiochemical conver-
sion (RCC) of 69.1±9.2% starting from 250–800 MBq of fluorine-18 
(n=6) determined by HPLC with radiodetection. [18F]1 was stable in 
2% FBS in 1×HBSS up to 120 minutes (84% of radiolabel intact).

Conclusions: 
In conclusion, we have successfully developed a stable triaryl phos-
phine bearing an aryl fluorosulfate moiety for SuFEx radiolabeling for 
the perfluoroaryl azide Staudinger ligation expanding the selection of 
fluorine-18- radiolabeled building blocks for bioorthogonal chemistry.

Acknowledgements: Financial support from the Academy of Finland 
(decision nos. 318422, 320102 and 346122) and the Doctoral Pro-
gram in Drug Research (DPDR), University of Helsinki is gratefully 
acknowledged.

Reference
1. Zheng, Q.; et  al. J Am Chem Soc 2021, 143, 3753-3763, 

doi:10.1021/jacs.0c09306.
2. Walter, N.; et al. European Journal of Medicinal Chemistry 2022, 

237, doi:10.1016/j.ejmech.2022.114383.

3. Veryser, C.; et al. Org Lett 2017, 19, 5244-5247, doi:10.1021/acs.
orglett.7b02522.

4. Sundhoro, M.; et al. Angew Chem Int Ed 2017, 129, 12285-12289, 
doi:10.1002/ange.201705346.

5. Bratteby, K.; et al. ACS Pharmacol Transl Sci 2021, 4, 1556-1566, 
doi:10.1021/acsptsci.1c00133.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

346-SiPM-based confocal laser scanning microscopy for in vivo 
multicolor NIR-I/-II imaging

Presenter: Tianyu Yan, Xidian University

Tianyu Yan1, Xinyu  Wang1, Siting  Liu2, Dawei  Fan2, Xinyi  Xu3, Xueli 
 Chen3

1Xidian University, China
2Xi’an, Shaanxi, China
3Xidian University, Xian, Shaanxi, China

Confocal laser scanning microscopy (CLSM) has become a valuable 
tool in biomedical fields due to its excellent performance in spatial 
resolution and image signal-to-noise ratio (SNR). Using the illumina-
tion mode of point-scanning, as well as blocking the signal outside the 
focal plane from entering the detector by a conjugate pinhole, CLSM 
can avoid the high background and pixel-to-pixel interference, realizing 
the axial tomographic microscopy for biological samples. However, 
the wavelength bands of the current mainstream commercial CLSM 
solutions are mainly using visible and the first near-infrared (NIR-I, 
780-900 nm) light. Due to the scattering and absorption by biological 
tissues and the endogenous fluorescence background, the deep imaging 
ability of this CLSM scheme is limited. The second window in the NIR 
region, NIR-II (900-1700 nm), has gained increasing attention in the 
biomedical field in recent years because of its lower tissue scattering 
and autofluorescence background. It has been reported that, by using 
NIR-II light, point-scanning based confocal/two-photon microscopy 
can achieve high-quality fluorescence imaging of hundreds of microns 
inside living animal tissue. Currently, the realization of NIR-II CLSM 
requires the use of NIR photomultiplier (PMT) made of InGaAs mate-
rials. The cost of such PMT is extremely high, with common cost of 
tens of thousands of dollars, and requires long pre-cooling time to 
reduce dark current noise to work effectively. In addition, InGaAs PMT 
requires a supply voltage of several hundred volts and strictly limits 
the luminous flux to avoid device damage. Most importantly, it lacks 
the response to visible and NIR-I light. With so many constraints, the 
quantum efficiency of InGaAs PMT is only 1-3%. Therefore, an effi-
cient and low-cost detector is currently needed to support the popu-
larization of NIR-II CLSM. Silicon photomultiplier (SiPM) is a kind 
of high-sensitivity detector composed of avalanche photodiode arrays 
operating in Geiger mode. SiPM has the advantages of small size, 
low cost, and high reliability, which is considered as an efficient and 
inexpensive alternative to PMT. The wavelength response range of 
the NIR-sensitive SiPM can cover NIR-I and part of NIR-II regions. 
Thus, we used a home-built CLSM and a customized SiPM module to 
realize a SiPM-based NIR-I/NIR-II multicolor CLSM scheme for the 
first time, in which the cost of the complete SiPM module is only hun-
dreds of dollars. Using the NIR fluorescent probe, IR-780, as contrast 
agent, the imaging performance of SiPM and PMT in NIR-I and NIR-II 
CLSM were compared. Results indicated that the SiPM showed a better 
image SNR than PMT. Furthermore, SiPM was proved to be sufficient 
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to support diffraction-limited spatial resolution and efficient detection 
of low-concentration fluorophores. Finally, by imaging blood vessels 
inside living mouse tissues, our SiPM-based CLSM scheme can realize 
the three-dimensional reconstruction and optical sectioning of blood 
vessels in both NIR-I and NIR-II regions. In conclusion, our work dem-
onstrated the potential of SiPM as an efficient, low-cost detector for in 
vivo multicolor NIR-I and NIR-II fluorescence microscopy.
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Small animal f luorescence imaging technology is one of the 
important technical tools for pre-clinical research in many fields 
such as gene expression, tumor detection, medical treatment, 
and drug development. The cores of the technology are specific 
optical molecular markers and highly-sensitive optical detection 
devices. To achieve highly-sensitive detection of f luorescence 
signals, small animal fluorescence imaging technology usually 
employs scientific-grade-cooled charge-coupled device (CCD) 
cameras or electron multiplication CCD (EMCCD) cameras with 
high quantum efficiency as fluorescence signal detectors. How-
ever, the sensitivity of CCD or EMCCD in detecting weak fluo-
rescent signals is still slightly inadequate, inducing the problems 
of long image acquisition time and high cost, which are not con-
ducive to the promotion and wide application of small animal 
fluorescence imaging technology. Single-point detectors such as 
silicon photomultiplier tubes (SiPM) offer higher sensitivity and 
signal gain for faint light detection, while enabling the detection of 
faint fluorescent signals from live small animals at a lower system 
cost. Thus, we developed a novel small animal fluorescent signal 
detection system by using a single-point detector array instead of 
EMCCD as the fluorescence signal detection module and incorpo-
rating the multi-channel spatial encoding capability of the digital 
micromirror device (DMD). The fluorescent signals on the ani-
mal surface are first delivered on the DMD that is divided into 
several parts determined by the number of SiPM. The projected 
fluorescence signal is spatially encoded in multiple channels by 
controlling the pixels of the DMD, after which it is focused on 
the SiPM array according to the segmentation area of the DMD. 
Finally it is restored to a fluorescent signal distribution image by 
a decoding algorithm. To improve the image quality, we use differ-
ential coding to reduce the interference of noise on the detection 
results. The results on mouse tumor models show that the system 
can clearly image the location, shape and contour size of tumor, 
demonstrating the potential of the system for the application of 
fluorescent signal detection in small animal imaging.
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Purpose: 

Pancreatic ductal adenocarcinoma (PDAC) is a lethal malignancy 
worldwide. PDAC is a hypovascular cancer surrounded by a dense 
stroma, which is recognized as a critical factor of tumor progression 
through direct effects on cancer cells and indirect effects on the tumor 
 microenvironment[1]. Multimodal molecular imaging of onco-proteins 
is a promising method for accurate, early detection of the disease. 
Extradomain-B fibronectin (EDB-FN), a high-expression onco-protein 
in the tumor extracellular matrix, can realize targeted and effective 
molecular  imaging[2]. Here, we prepared a novel Gd-based contrast 
agent of EDB-Gd-IRDye800cw to perform fluorescence molecular 
imaging and molecular MRI, which could complement its advantages. 
Thus, multi-modal imaging with EDB-targeted contrast agent is a 
promising strategy for accurate, early and safe detection of PDAC.

Material and Method: 
The EDB-FN targeting peptide and near infrared dye IRDye800cw 
were conjugated to the Gd-DOTA (EDB-Gd-IRDye800cw) for 
the PDAC-targeting multimodality imaging. Five-week-old BALB/c 
nude mice were implanted with human pancreatic stellate cells (PSC) 
and human PDAC cell lines (Bxpc-3) at a ratio of 1:1 to establish 
the subcutaneous and orthotopic PDAC xenograft models. Mice were 
intravenously injected with EDB-Gd-IRDye800cw or Gd-DOTA at the 
Gd concentration of 0.05 mmol/kg, which is merely a half of clinical 
dose. T1 mapping MRI and fluorescence imaging were performed on 
both subcutaneous and orthotopic models. The TBR (Tumor back-
ground ratio) of fluorescence intensity and the ratio of T1 value reduc-
tion (T1d%) were analyzed and compared quantitatively. Histological 
and immunofluorescence analyses were used as references for ex vivo 
validation.

Results: 
The concentration of EDB-Gd-IRDye800cw showed a linear cor-
relation with fluorescence intensity and T1 relaxation time in vitro. 
For in vivo T1 mapping MRI, the T1d% showed the most signifi-
cant difference at 30 minutes post-injection in subcutaneous (EDB-
Gd-IRDye800cw group: 68.19±19.18% vs. Gd-DOTA group: 
84.99±3.77%, p< 0.05) and orthotopic (EDB-Gd-IRDye800cw group: 
60.92±19.18% vs. Gd-DOTA group: 96.76±12.21%, P<0.05) PDAC 
xenograft models. For in vivo fluorescence imaging, at 30 minutes 
post-injection, the TBR of fluorescence intensity showed the most 
significant difference between two groups (EDB-Gd-IRDye800cw 
group: 1.11±0.03 vs. Gd-DOTA group: 0.88±0.05, p=0.002) in sub-
cutaneous models, while the TBR of fluorescence intensity showed no 
significant differences between two groups in orthotopic models (EDB-
Gd-IRDye800cw group: 1.04±0.04 vs. Gd-DOTA group: 0.95±0.07, 
p>0.05) due to the limited tissue penetration of fluorescence imaging. 
Immunofluorescence confirmed the targeting of EDB-Gd-IRDye800cw 
to EDB-FN in both PDAC models.
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Conclusion: Our dual-modal imaging findings indicate that fluores-
cence molecular imaging and molecular MRI could complement its 
advantages and translation of oncoprotein targeted dual-modal imaging 
with low-dose EDB-Gd-IRDye800cw to humans, which might provide 
a promising imaging technique to detect PDAC precisely compared to 
standard Gd-DOTA contrast agents. Moreover, these findings suggest 
that EDB-FN targeting MRI might have clinical application to evaluate 
post-treatment fibrotic changes in the tumor bed and help with clinical 
management in the future, which traditional CT and MRI are unable to 
distinguish neoadjuvant chemotherapy induced fibrotic response from 
residual  cancer[3].
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Leveraging the target specificity of monoclonal antibodies to deliver 
payloads as antibody-drug conjugates (ADCs) represents an established 
therapeutic approach for treating advanced cancers with several recent 
FDA approvals. Interestingly, quantitative determination of antibody 
uptake and drug delivery in an in vivo setting is limited. To this end, 
we designed a novel enzyme-activatable, dual fluorescent biosensor, 
M378, as a quantitative antibody trafficking probe to determine anti-
body uptake and payload release in tumor cells in vivo. M378 consists 
of a “click” handle for antibody conjugation and a hexapeptide that 
serves as a substrate selective for the lysosomal protease cathepsin B, 
flanked by Alexa Fluor 568 (AF568) and Alexa Fluor 647 (AF647). 
The spectroscopic properties of M378 are consistent with an excitonic 
heterodimer and thus, AF568 is extremely well quenched (>98%) 
until enzymatically cleaved inside target cells. AF647 is partially, but 
predictably, quenched (~50%) until cleaved and serves as the “always 
on” beacon to quantify the total antibody present in the system. We 
hypothesized that by taking advantage of quantitative flow cytometry 
and applying a straightforward mathematical transformation, we may 

quantify and delineate in vivo antibody binding and internalization/
cleavage in tumor cells as a surrogate detection for payload release. 
Here we report an in vivo/ex vivo application of M378 conjugated to a 
clinical-stage METxMET biparatopic antibody, REGN5093, developed 
at Regeneron (John DaSilva, MCT 2021, NCT04077099), to quantify 
the absolute number of antibodies delivered to EBC-1 lung cancer cells 
(antibodies per cell) as well as projected payload released by antibody 
degradation (payloads per cell). M378 selectivity was assayed against 
10 different cathepsin proteases at both lysosomal and early endosomal 
pH (5.0 and 6.8, respectively). M378 demonstrated selective cathepsin 
B cleavage at pH 5.0 which is 12-fold greater relative to the next most 
active enzyme:condition combination tested by comparison of  kcat/KM. 
REGN5093 conjugates of M378 and AF568 were generated with a dye-
to-antibody ratio of 2.1 and 1.9, respectively. REGN5093-M378 dem-
onstrated less than 5% cleavage in mouse serum at 37˚C over 7 days 
as measured by AF568 fluorescence. To determine the in vivo uptake, 
trafficking and cleavage of REGN5093-M378, 5 million EBC-1 cells 
(~250,000 copies of antigen (MET) per cell) were implanted into SCID 
mice and tumor cells allowed to grow to a tumor volume ~150  mm3. 
After randomization, animals (n=3) were injected with 3 mg/kg of 
REGN5093-M378 (dual fluorescence biosensor), REGN5093-AF568 
(single color control), or saline (background control). Tumors at 1.5, 6, 
and 24 hours post-injection were harvested and mechanically dissoci-
ated for ex vivo quantitative flow cytometry analysis (Cytek Aurora). 
To convert qualitative fluorescence values to quantitative results, cali-
bration curves were established using anti-human Fc capture beads 
(Bangs Laboratories) for both antibody-conjugated M378 and single-
color controls (AF568, AF647). The binding capacity of the beads was 
previously validated in house via a radiolabelled antibody control. For 
each cell event, fluorescence intensity from the AF568 and AF647 
channels were transformed to TOTAL Ab uptake per cell (median 
~35,000 antibodies per cell) and CLEAVED biosensor per cell (median 
~20,000 antibodies per cell) at the 24-hour time point. We found that 
cleaved biosensor measured by AF568 intensity, increased from 1.5 
to 24 hours. The single color control arm (REGN5093-AF568) inde-
pendently represented the total Ab uptake and was within ~10% of 
TOTAL biosensor uptake calculated at each time point. The fraction 
of biosensor cleaved per cell at 24 hours was approximately 40%. To 
our knowledge, this is the first report of quantifying absolute antibody 
uptake and catabolism in an in vivo tumor model. Using biosensor 
technology as a surrogate for the payload release can be expanded to 
other targets and/or antibodies to correlate in vivo efficacy with on-
target payload delivery.
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Background: 
Labeled leukocytes with 99mTc-HMPAO are routinely used for infec-
tion imaging. Although cell labeling with 99mTc-HMPAO represents 
an imaging probe to detect infection sites, the diagnostic efficiency of 
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the probe is largely influenced by cell manipulation, multidisciplinary 
interventions (i.e., biologist, technicians) and available technology 
(i.e., SPECT, SPECT/CT). Two mechanisms have been suggested to 
be responsible for the retention of 99mTc-HMPAO inside the cell: (1) 
conversion of the lipophilic 99mTc-HMPAO complex into a hydro-
philic complex by reducing agents such as glutathione, and (2) binding 
of 99mTc-HMPAO to non diffusible proteins and cell organelles. Each 
99mTc-HMPAO labeled leukocytes production must be assessed evalu-
ating Labelling Efficacy parameter (LE, %), by measuring the amount 
of radioactivity of both supernatant (soluble 99mTc-compounds) 
and pellet (cell-associated 99mTc) of the labeling solution obtained 
after centrifugation. A LE values comprised in the range 40-80% is 
advisable, but when LE is <40% the batch is not useful for diagnostic 
imaging.

Aim: 
To developed a strategy to arrange an apparent failed radiolabelling 
of white blood cells (WBC) using 99mTc-HMPAO, increasing the LE 
value.

Methods: 
A patient blood sample was collected and then, after a sedimentation 
of 45 minutes, mixed leukocytes were isolated through a centrifugation 
of 1000 rpm for 5 minutes.
The lipophilic primary 99mTc-HMPAO complex was obtained after 
resuspension of HMPAO with freshly eluted sodium 99mTc-pertech-
netate and radiochemical purity (RCP) of the radiopharmaceutical 
was assessed according to manufacture’s instructions.
Freshly prepared 99mTc-HMPAO (800-900 MBq) in 1 ml of saline 
was added to the mixed leukocytes suspension and incubated for 10 
minutes at room temperature. The labelling process was stopped by 
adding 5 ml of NaCl 0,9% (w/v) in the solution. Labelled cells and 
unbound 99mTc-HMPAO were then separated by centrifugation at 
1000 rpm for 5 minutes.
The radioactivity of both supernatant and cell pellet was measured in 
a dose calibrator, and the efficiency of the labeling method (labeling 
efficiency, LE) was estimated as the percentage of residual radioac-
tivity in the cells.
To improve the LE value, > 40%, we centrifugated the WBC labelled 
with 99mTc-HMPAO once again, but using a centrifugation of 1000 
rpm for 2 minutes, in order to remove the supernatant. Then we 
added 99mTc-HMPAO (800-900 MBq) on cell pellet again and after 
10 minutes we centrifugated at 1000 rpm for 2 minutes.
The same QC system was followed to assess the validity of the dou-
ble/repeated labelling of WBC with 99mTc-HMPAO.

Results: 
The RCP of 99mTc-HMPAO was 95.56%. LE resulted 10% after the 
first labelling procedure and 70% after the “arrangement” labelling 
strategy.

Conclusions: 
This strategic labelling method appears safe, reproducible and easy to 
use in clinical routine for leukocyte labeling, when this radiopharma-
ceutical production seems to be failed.
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Objective: 
To demonstrate that monitoring neoadjuvant and adjuvant CAR-T cell 
therapy together with ex vivo quantification of reporter-tagged circulat-
ing tumor cells (CTCs) can be used as reliable indicators for prognostic 
guidance on development of metastases in murine xenograft tumor 
models. Introduction: Presence of CTCs has been linked to increas-
ingly poor prognosis in highly metastatic colorectal, prostate and breast 
cancers [1]. Cancer metastases originate by detachment of tumor cells 
from the primary tumor site, and spreading to other locations within 
the body via circulatory and lymphatic systems, as well as direct spread 
[2]. The carcinoembryonic antigen (CEA) is a glycoprotein that affects 
cell-to-cell adhesion in cancers [3] and is being used as a tumor-shed 
prognostic marker for metastatic development. Here, we show that 
engineered anti-CEA CAR-T cells can deplete CEA-expressing CTCs 
in the blood as well as tumor “microseeds” and can be used as an 
adjuvant therapy to prevent the establishment of newer metastases in 
murine CEA-positive xenograft tumor models.

Experimental Design and Methods: 
Healthy donor derived, anti-CEA CAR T cells were engineered to 
express the anti-CEA CAR with the Cypridina luciferase (exCLuc) 
bioluminescence reporter, to enable whole-body monitoring of 
CAR-T cells in vivo. Highly metastatic human colorectal cancer cell 
line SW620 was modified to uniformly express CEA and Click Beetle 
Red luciferase reporter (CBRluc). SW620 CEA/CBRluc-expressing 
tumors were subcutaneously established in mice and were monitored 
via caliper measurements and BLI, until surgical excision on day 14 
post implantation. Anti-CEA CAR-T cells were injected I.V. prior to 
(72 hours, neoadjuvant) and/or post (48 hours, adjuvant) surgical tumor 
excision. Blood was collected at regular intervals; separated into cel-
lular and plasma fractions and subjected to the Bright-Glo Luciferase 
Assay and corelated with whole-body BLI signal.

Results and Discussion: 
A delay/absence in development of metastases was recorded in the 
group of mice treated with anti-CEA CAR-T cells after tumor resec-
tion as compared to control mice that only had surgical removal of the 
primary tumor (at 5 weeks post surgical resection, 25% of the mice 
had very low detectable signal from metastases in the “post-surgical 
anti-CEA CAR therapy” group vs 43% of the mice in the control 
group). The group of mice that received anti-CEA CAR T cell therapy 
prior to and after surgery had a similar outcome as the control group 
(40% developed high detectable BLI signal). However, surprisingly, 
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the group of mice treated with anti-CEA CAR-T cells prior to tumor 
resection surgery, developed lung metastases sooner than the group of 
mice that received no CAR-T cell therapy (80% developed high detect-
able BLI signa, Fig. 1.). High blood CTC levels were associated with 
elevated BLI signal and earlier onset of metastases in 50% of the mice 
that progressed after primary tumor removal. Ongoing experiments are 
aimed towards elucidating the mechanisms of CAR-T cell efficacy in 
neoadjuvant and adjuvant settings.

Conclusions: 
The results indicate that adjuvant adoptive anti-CEA T cell therapy 
is capable of controlling the development of newer metastases by 
attacking CTCs and tumor “microseeds”. CAR-T cell therapy directed 
towards the primary tumor, as a form of neoadjuvant therapy, leads 
to faster establishment of metastases than control mice. The utility 
of CTC quantification in blood as a tool for predicting metastasis for-
mation is a reliable indicator for prognostic efficacy of CAR-T cell 
treatment.
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Introduction: 
Near-infrared (NIR) fluorescence-guided surgery using indocyanine 
green (ICG) has provided several advantages over conventional white-
light imaging in colorectal liver metastases (CRLM) surgery: i.e., 
improved detection of preoperatively identified lesions, intraoperative 
identification of additional lesions, and enabling intraoperative tumor 
margin  assessment1-3. Therefore, NIR fluorescence imaging using ICG 
has been implemented as standard-of-care in liver surgery in several 
hospitals. Tumor margin evaluation is of great importance, as the 

resection margin after CRLM resection is an important factor in the 
5-year survival rate of patients undergoing CRLM  surgery4. The cur-
rent use of NIR fluorescence imaging in CRLM surgery is based on a 
qualitative assessment of the visible fluorescence around the resected 
tumors, however, to date little is known about the exact behavior of 
the ICG fluorescence rim. To improve the assessment of the fluores-
cent rim, a standardized method to quantify fluorescence intensities 
is mandatory. Therefore, we developed and tested a novel method to 
quantify fluorescence intensities surrounding CRLM by analyzing the 
distribution of ICG in patients that received neoadjuvant chemotherapy 
and patients without neoadjuvant chemotherapy.

Methods: 
Patients scheduled for open or minimally-invasive surgical resection 
for CRLM in a single institution were included. All patients received 
an intravenous injection of 10 mg of ICG dissolved in water for injec-
tion (5 mg/mL) approximately 24 hours prior to surgery. Surgery was 
performed under intermittent NIR guidance, according to the hospital’s 
protocol. Directly after surgery, the resected specimen was cut into 5 
mm bread loaves by a certified pathologist. NIR fluorescence images 
were acquired from all bread loaves with the PEARL Trilogy imag-
ing system (LI-COR Biotechnology, Lincoln, Nebraska USA). Subse-
quently, the bread loaf with the largest tumor diameter was included in 
the dataset for quantification analysis. Tumors were manually deline-
ated by two researchers independently. In MeVisLab (MeVis Medical 
Solutions AG, Germany) a network was developed to automatically 
create masks of the tumor- and bread loaf delineations. Tumors were 
then enlarged automatically with 1 mm steps to create halos up to 10 
mm surrounding the tumor. Finally, for each halo the signal-to-back-
ground ratio (SBR) was calculated, and the effect of chemotherapy, the 
location and size of the CRLM on the SBR were studied.

Results: 
A total of 32 patients were included in the analysis, of whom 11 (34%) 
received neoadjuvant chemotherapy and 21 (66%) did not receive 
chemotherapy. A significant difference in median SBR between the 
chemotherapy and non-chemotherapy group was found for the halos 
from 0 mm to 4 mm from the tumor (p-values ranging from <0.001 
to 0.020). When discriminating capsular metastases from subcapsu-
lar lesions, no significant differences in SBRs (p-values ranging from 
0.131 to 1.000) were identified between both groups. Moreover, in this 
cohort also tumor size did not significantly influence SBRs (p-values 
ranging from 0.180 to 0.840).

Discussion: 
Quantitative fluorescence imaging is a novel and emerging niche in 
fluorescence imaging. The call for quantification of fluorescent sig-
nals has become louder in recent years. For the use of ICG during 
CRLM surgery several studies tried to analyze the fluorescent rim 
around CRLM5,6. This study, however, showed the first quantification 
method to standardize and semi-automatically describe the accumula-
tion of ICG around CRLM. These results showed a high fluorescence 
intensity close to the tumor which decreased exponentially over dis-
tance up to around the background fluorescence intensity at a distance 
of 10 millimeters from the tumor. Moreover, the use of neoadjuvant 
chemotherapy significantly influenced the accumulation of ICG close 
to CRLM suggesting surgeons should interpret qualitative fluorescence 
signals with caution in different patient categories, and indicating the 
need for a more patient-tailored approach for the ideal dose and timing 
of ICG administration or the addition of tumor-specific imaging agents.
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Background: 
Pancreatic cancer is extremely malignant, cannot easily detected, 
poorly treated and mostly found in the middle and late stages, with a 
five-year survival rate of less than 5%. Pancreatic cancer is resistant 
to its first-line treatment,which is gemcitabine. In addition, pancreatic 
cancer can inhibit phagocytosis by macrophages through the CD47-
SIRPα axis, which generates "don’t eat me" signals to macrophages. At 
the same time, pancreatic cancer can also reduce the cytotoxic effect of 
CD8+ T cells through the Galectin-9-TIM-3 axis, resulting in immune 
escape. The use of nanovesicles to deliver drugs for anticancer therapy 
has been reported in order to address the issue of tumour drug resist-
ance. Molecular imaging probes has also been used in conjunction 
with nanomaterials to assess the efficacy of tumour therapy using iron 
tetroxide, melanin, etc.

Objective: 
The aim of this study is to determine the cytotoxic effect of TIM-3/
SIRPα genetically engineered nanovesicles encapsulated with 

gemcitabine-melanin sensitized CD8+ T cells on pancreatic cancer 
cells and to reduce immune escape and phagocytosis by macrophages. 
The combined treatment of pancreatic cancer by nanomaterials and 
molecular imaging is achieved through the use of molecular imaging 
diagnostic modalities and MRI imaging to reflect the therapeutic effect.

Methods: 
Firstly, Galectin-9 and CD47 were determined to be overexpressed 
in mouse orthotopic model of pancreatic cancer. Pancreatic cancer 
cells overexpressing TIM-3 and SIRPα were constructed, and cell 
membranes with overexpressed TIM-3 and SIRPα were extracted. 
Then, melanin nanospheres were synthesized to load gemcitabine and 
encapsulated with the extracted cell membranes. The killing effect of 
nanovesicles on pancreatic cancer cells was detected by CCK8 assay 
in vitro, and T cells and macrophages were respectively co-cultured 
with pancreatic cancer cells by adding nanovesicles to detect the activ-
ity and activity index of T cells and macrophages. Finally, we verified 
the effect of nanovesicles on pancreatic cancer cells and T cells and 
macrophages by in vivo, with the aid of melanin for MRI imaging.

Results: 
In pancreatic cancer, The expression of Galectin-9 was 18.44 times 
higher than normal pancreatic tissue ,CD47 was 5.68 times higher than 
normal pancreatic tissue, and TIM-3 and SIRPα transfection efficiency 
were significant. The nanovesicles overexpressing TIM-3 and SIRPα 
enhanced the phagocytosis of pancreatic cancer cells by macrophages 
and the killing effect of CD8+ T cells on pancreatic cancer. The activ-
ity of T cells and macrophages co-cultured with pancreatic cancer cells 
was significantly enhanced by the addition of nanovesicles. In vivo, 
MRI imaging using melanin revealed that gemcitabine was the most 
effective treatment in combination with nanovesicles.

Conclusions: 
For the reason that it is difficult to treat pancreatic cancer, the combina-
tion of nanomaterials and molecular imaging can significantly improve 
the outcome of pancreatic cancer treatment. The use of nanovesicles 
with overexpressed TIM-3 and SIRPα encapsulated with gemcitabine 
has indeed significantly improved the therapeutic efficacy of pancreatic 
cancer, solving the problem of unsatisfactory results with gemcitabine 
alone, as overexpression of TIM-3 and SIRPα enhances the killing 
effect of CD8+ T cells on pancreatic cells and the phagocytosis of 
pancreatic cancer cells by macrophages. MRI imaging using melanin 
provides a sharp edge for the identification of pancreatic cancer treat-
ment effects.
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Introduction: 
Imaging sensors developed for metal ions are mostly based on specific 
ion recognition capabilities and non-covalent interactions between 
the ion of interest and the synthetic probe. Nevertheless, an alterna-
tive strategy for ion recognition, one that uses molecular reactivity, is 
desired to allow (i) ultimate specificity; (ii) detectability of transient 
changes in ion levels, and (iii) enhanced contrast-to-noise changes. 
Several examples have shown activity-based fluorescence sensing 
for  Zn2+.1,2,3 Specifically for these designs, binding zinc mediates 
hydrolytic cleavage of acetyl groups in the probe, providing a large 
fluorescence response. Fluorescent imaging however, is not applicable 
for deep tissue imaging and are not capable for quantitative assess-
ments. Inspired by the activity-based  Zn2+ sensing strategy and the 
quantifiability of 19F-MRI signals, we designed a highly reactive but 
very specific synthetic fluorinated probe for MRI mapping of the  Zn2+. 
Upon binding to  Zn2+ the synthetic probe is readily hydrolyzed and the 
resonance of its 19F-functional group is shifted by more than 12 ppm 
allowing to display  Zn2+ distribution as an artificial MRI colored map 
highlighting its ultimate specificity as compared to other metal ions.

Method: 
A fluorinated-chelate LML-1 was synthesized using reductive amina-
tion and acetylation methods. Following determination of the T1 relaxa-
tion time of purified LML-1, fully recovered 19F-NMR experiments 
were performed on 11.7 T NMR spectrometer at 25 oC and 37 oC. To 
this end, PBS solutions (pH = 7.2) containing 3 mM LML-1 and 3 
mM of either  Zn2+ or  Ca2+ were examined to determine the reactiv-
ity and half life time (t1/2) of LML-1. Then, a phantom composed of 
six tubes was set where each sample tube contained LML-1 in PBS 
(pH = 7.2) and one of the examined cations  (Ca2+,  Mg2+,  Na+,  K+, 
 Zn2+ or no cation). The phantom was placed in a 9.4 T MRI scanner 
and both 1H-MRI and 19F-MRI data were obtained. Two 19F-MRI data 
sets were acquired with the center frequency  O1 set at -116 ppm (with-
out  Zn2+ activity) or at -128 ppm (following  Zn2+ activity).

Results: 
The probe LML-1 containing a  Zn2+ binding moiety was synthe-
sized, purified and characterized. The 19F NMR of the probe in PBS 
showed a single 19F signal at -116 ppm (Figure 1a, top). Upon the 
addition of  Zn2+ to the solution of LML-1, an additional peak of 
 Zn2+-LML-1 complex was obtained at -128 ppm (Figure 1a, bottom). 
Within an hour, the probe signal fully converted to the  Zn2+-complex 
(t1/2= 10 mins, Figure 1b). The same experiment repeated at 37 oC 
yielded a faster hydrolysis of the acetyl group (t1/2= 5 mins, Figure 1c). 
Importantly, without the addition of  Zn2+ and upon addition of  Ca2+ to 
the LML-1 solution, only a trace conversion of the fluorinated chelate 
could be detected after 3 days emphasizing the stability of the probe for 
a very long time even in aqueous solution. 19F-MRI experiments of a 
phantom clearly showed the ability to use the activity-based LML-1 to 
map  Zn2+ (-128 ppm, red) with no background signal and differentiate 
this signal from unreacted LML-1 (-116 ppm, green) by displaying it 
in a multicolor 19F-MRI (Figure 1d).

Conclusion: 
We showed a conceptually novel approach for mapping  Zn2+ with MRI. 
Our approach uses molecular reactivity to provide several advantages, 
especially: (i)  Zn2+ specificity; (ii) detectability of transient changes 
in  Zn2+ levels; and (iii) enhanced contrast-to-noise changes. We have 
demonstrated binding  Zn2+ induces hydrolysis of the acetyl group of 
the probe, forming a  Zn2+-LML-1 complex with a significant change in 
the 19F-NMR resonance. We showed the probe is specific to  Zn2+ com-
pared to other biological relevant cations suggesting its potential ability 
to image mobile zinc in live cells and tissues
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Metabolically-targeted therapy has received increasing research and 
clinical attention in recent years for its potential for cancers with lim-
ited treatment options, such as triple-negative breast cancer (TNBC). 
TNBC cells are highly heterogeneous with diverse treatment responses. 
Better understanding of the biological basis of metabolic phenotypes 
in TNBC is crucial to the clinical translation of metabolically-targeted 
therapy and new metabolic drug development. As essential coenzymes, 
the redox pair  NAD+ and NADH together with flavin adenine dinucleo-
tide (FAD and  FADH2) redox pair critically support energy metabolism 
and maintain mitochondrial redox homeostasis. Cancer cells rely heav-
ily on metabolic reprogramming that is critically supported by altered 
redox status and an increased demand for  NAD+. The biosynthesis 
of  NAD+ is regulated by the rate-limiting enzyme Nampt in the NAD 
salvage pathway. When these metabolic pathways are therapeutically 
inhibited, the cellular redox status is also affected. We hypothesize that 
metabolic inhibition-induced redox changes can be detected by imaging 
the intrinsic fluorescence intensities of NAD(P)H and FAD-containing 
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flavoproteins (Fp), i.e. the well-established label-free optical redox 
imaging (ORI) technique [1-3]. By employing an inverted wide-field 
Zeiss fluorescence microscope equipped with proper filters (NADH: 
excitation (Ex) 370–400 nm, emission (Em) 414–450 nm; Fp: Ex 450–
488 nm, Em 500–530 nm; mitoSOX: Ex 370–400 nm and Em 580–610 
nm), we performed ORI of 4 TNBC cell lines cultured in glass-bottom 
dishes and treated with various metabolic inhibitors, chemo-drug Taxol 
and their combinations. These metabolic inhibitors include FX11 (a 
specific inhibitor of lactate dehydrogenase A that converts pyruvate to 
lactate in the last step of glycolysis), CB-839 (a specific inhibitor of the 
rate-limiting enzyme glutaminase that converts glutamine to glutamate 
as a critical part of glutaminolysis), and FK866 (a selective Nampt 
inhibitor). After ORI, we stained the cells with mitoSOX to image 
mitochondrial reactive oxygen species (ROS). The cells were then 
fixed, DAPI-stained, imaged, and counted. Our main results include

1. Metabolic phenotype differentiation: ORI differentiated among 4 
TNBC lines (Basal-like 1 and 2: HCC1806 and MDA-MB-468; 
and more aggressive mesenchymal stem-like (MSL): MDA-
MB-231 and MDA-MB-436) under basal metabolism or under 
glycolytic inhibition by FX11 (5 and 10 μM) or glutaminolysis 
inhibition by CB-839 (1 μM) or  NAD+ biosynthesis inhibition by 
FK866 (1nM), suggesting MSL types have a higher redox ratio Fp/
(NADH+Fp) (more oxidized state) and are less prone to metabolic 
inhibitor-induced change.

2. Treatment response prediction: strong correlations between 
ORI responses and growth inhibition induced by various treat-
ments:  (a)  all redox indices (NADH, Fp, the redox ratio Fp/
(NADH+Fp)) increased with Taxol-induced growth inhibition in 
HCC1806 cells in a dose-dependent manner; (b) all redox indices 
had highly significant positive correlations with enhanced growth 
inhibition induced by CB-839 (1 μM) + Taxol (1nM) in HCC1806 
whereas such correlations were less prominent in MDA-MB-231 
cells even treated with a higher Taxol dose of 10 nM; (c) Fp/
(NADH+Fp) had a significant positive correlation with enhanced 
growth inhibition induced by FX11 (5 μM) + Taxol (10 nM) in 
MDA-MB-231 cells whereas HCC1806 cells lacked such a cor-
relation; (d) ORI detected differential responses to FK866+Taxol 
treatment among sub-types with less prominent redox changes in 
the more oxidized MSL cells.

Optical redox imaging (ORI) as a label-free live cell imaging tech-
nique can accelerate research process by providing real-time, quan-
titative redox/metabolism measures and the same cells can then be 
live-stained with fluorescence tracers to get multiple results from just 
one experiment. Our data are the first to demonstrate that ORI as a 
label-free tool can differentiate among TNBC metabolic phenotypes 
and responds to metabolic inhibitions and/or chemo-drug Taxol or 
their combinations, indicating that ORI may assist in selecting meta-
bolically-targeted drugs for different metabolic phenotypes of TNBC 
cells. These results warrant further investigations in animal models.
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Optical imaging using a Fibroblast activation protein-α (FAP) specific 
chemical probe, when combined with clinically compatible fibre-based 
imaging systems, can provide a readout of FAP activity in NSCLC 
tumours, which could allow disease-monitoring, prognostication and 
potentially stratify therapy. FAP is a type II transmembrane glycopro-
tein of the serine protease family involved in the regulation of extracel-
lular matrix (1). FAP is expressed at minimal levels in healthy tissue 
but is highly expressed on activated fibroblasts, including cancer-asso-
ciated fibroblasts (CAFs) in the stroma of epithelial tumours (2). FAP 
positive CAFs in cancer promote tumour growth and suppression of the 
anti-cancer immune response. High FAP expression is associated with 
poor survival and high recurrence rates in ovarian cancer, pancreatic 
ductal adenocarcinoma and non-small cell lung cancer (NSCLC) (3). 
FAP, in NSCLC, is associated with a suppressed lymphocyte-depend-
ent immune response, and been shown to be a predictor of worse over-
all survival (4). We have iteratively developed a FAP cleavable peptide 
compound (5) which utilises a carboxyfluorescein (FAM) fluorophore 
with a methyl red quencher as a FRET pairing. The resulting sequence 
(Lys(MethylRed)-Val-(D)Ser-Pro-Asn-Gln-Gly-Lys(5-FAM)-[Peg2-
(D)Lys]3-NH2) retains specificity over closely related endopeptidases 
(prolyl endopeptidase (PREP)), as well as dipeptidyl peptidase IV and 
a number of matrix metalloproteinases. The sequence remains sta-
ble in highly proteolytic environments such as activated neutrophil 
lysate. Physiological FAP levels were assessed by incubation with 
CAFs derived from NSCLC patients. CAFs successfully cleaved the 
sequence with the signal successfully abrogated in the presence of Tala-
bostat, an inhibitor of FAP (mean velocity of 36.5 RFU/min compared 
to 0.8 RFU/min with Talabostat, N=3, p=0.0127). We determined the 
FLIM changes following cleavage by FAP and demonstrated a change 
over time and concentration of FAP. Using a clinically approved video 
rate fibre based FLIM imaging system, we assessed FAP activity in 
ex vivo NSCLC (6). NSCLC tissue incubated with the probe demon-
strated a baseline mean intensity of 62AU (+/- 16 SEM), increasing to 
251AU (+/- 81 SEM) after 40 minutes (p=0.0496, paired t test, N=5). 
Similarly, the fluorescence lifetime also demonstrated an increase from 
a baseline mean lifetime of 2.6ns (+/- 0.2 SEM) to 3.3ns (+/-0.2 SEM) 
after 40 minutes (p=0.0034, paired t test, N=5). Representative images 
demonstrating the fluorescence intensity and lifetime measurements 
for the probe using the endomicroscopy system are show in figure 1. 
Both signals were inhibited in the tumour tissue in the presence of 
Talabostat. In conclusion, we have developed an optical imaging probe 
capable of imaging the fluorescence intensity and lifetime of physi-
ological levels of FAP in NSCLC tumour tissue. We have demonstrated 
the probe is specific for FAP over PREP, DPPIV and MMPs, as well 
as stability in the presence of activated neutrophil lysate. The resulting 
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probe is therefore suitable for potential imaging applications in the 
imaging of NSCLC as well as other inflammatory conditions where 
FAP is highly expressed.
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Introduction: 
Non-small Cell Lung Cancer (NSCLC) is the most common type of 
lung malignancy. Mesothelin (MSLN)-specific chimeric antigen recep-
tor (CAR)-T cells can successfully target MSLN expressing NSCLCs 
either alone or as a combination treatment,1 but fail to treat MSLN-
negative cells. The TNF-related apoptosis-inducing ligand (TRAIL) 
exhibits a strong anti-tumor activity in preclinical and in clinical 
 settings2 and is a promising therapeutic molecule for the treatment 
of lung cancer.3 However, mechanisms of TRAIL resistance were 
reported. Radiation therapy and chemotherapeutic drugs can sensitize 
certain lung cancers to TRAIL-induced apoptosis and greatly enhance 
cell killing.4 Here we propose a synergistic approach combining trans-
latable TRAIL-armored CAR-T cell therapy with ionizing radiation and 
chemotherapy regimens to overcome mechanisms of TRAIL resistance 

and render the less sensitive A549 human NSCLC cancer more ame-
nable to effective TRAIL-mediated CAR-T therapy.

Methods: 
MSLN+/- A549 cells sensitivity to recombinant human (rh)TRAIL was 
assessed by flow cytometric analysis. Cells were additionally treated 
with either ionizing radiation or chemotherapy (e.g., doxorubicin) to 
evaluate their added therapeutic impact. Membrane-bound (MB-) and 
secreted (s-) TRAILs with active trimerization motifs coupled with a 
MSLN-directed CAR (M28z) were retrovirally transduced into human 
T cells. CAR-T cells cytolytic activity was evaluated by in vitro killing 
assays (live/dead staining). CAR-T cells and MSLN+/- targets were 
engineered with membrane anchored Cypridina luciferase (maCluc), 
Click Beatle Green luciferase (CBG) and Renilla luciferase (Rluc) 
bioluminescence reporters, respectively, thereby enabling long-term in 
vivo bioluminescence imaging (BLI) of all three populations within the 
same  animal5 and the reliable assessment of treatment efficacy.

Results: 
MSLN+/- A549 cells showed low sensitivity to rhTRAIL treat-
ment (Fig.1 A-B). Combination of high doses of rhTRAIL (³30 ng/
mL) and clinically relevant doses of radiation (C) and chemother-
apy (D) resulted in a significantly enhanced TRAIL-mediated cell 
killing (30 ng/mL rhTRAIL vs 30 ng/mL rhTRAIL + 5 Gy radiation: 
p=0.0107; 30 ng/mL rhTRAIL vs 30 ng/mL rhTRAIL + 0.1 ug/mL 
doxorubicin: p=0.0122). MB- and s-TRAIL-armored M28z CAR-T 
constructs were successfully generated in a SFG retroviral vector sys-
tem (E). While all CAR-T cells killed MSLN+ cells due to anti-MSLN 
CAR:MSLN engagement (F), only TRAIL-based M28z CAR-T cells 
with constitutive expression of MB-TRAIL or s-TRAIL were able to 
kill also MSLN-negative cells (G), thereby proving the added thera-
peutic benefit of TRAIL. However, the tumoricidal effect was limited 
by the A549 low sensitivity to TRAIL. Radiation and chemotherapy-
induced in vitro and in vivo sensitization to TRAIL-based CAR-T cells 
as well as the identification of the most effective regimen (drug/dose 
combination) are now under evaluation.

Conclusions: 
We proved that our new TRAIL-armored MSLN-specific CAR-T cell 
strategy is superior to the already therapeutic and trialled MSLN-
specific CAR-T cells by providing additional proapoptotic stimuli to 
both antigen positive and negative tumor targets, thereby enhancing 
anti-tumor targeting and cancer cell killing in a model of NSCLC. As 
our data also suggest the role of ionizing radiation and chemotherapy 
(e.g., doxorubicin) to further sensitize NSCLC cells to TRAIL, we are 
currently exploring their use enhance TRAIL-mediated CAR-T cells 
treatment. In fact, the central promise of this work is to render patients 
with advanced NSCLC more amenable to effective TRAIL-armored 
CAR-T therapy by overcoming TRAIL resistance, thereby improving 
outcomes.
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Introduction: 
The incidence of breast cancer ranks first among female malignant 
tumors, especially triple negative breast cancer (TNBC) which has rela-
tively worse outcome owing to lack of effective treatments. It is urgent 
to find out a method to identify the metastatic tumor in an accurate 
and intuitive way and try to improve the treatment effect including the 
radiotherapy and immunotherapy. In patients with radical concurrent 
radiotherapy and chemotherapy, more than 50% of patients will end 
up with treatment failure. The main reason is that radiotherapy can 
only kill sensitive cancer cells, so the sensitivity is the key of cura-
tive effect of radiotherapy. Studies showed that high atomic number 
lanthanide elements, such as lutetium (Lu), can promote tumor cell 
apoptosis after radiation. In addition, a variety of anti-PD-L1 drugs 
have been approved to enter the clinic which can benefit patients. But 
tumor microenvironment (TME) tends to inhibit the activity of human 
normal immune cells, so immune checkpoint blockade therapy (ICBT) 
response is low (20-30%), leading to poor therapeutic effect. Studies 
have shown that radiotherapy can activate TME in patients, improve 
the response rate of PD-L1 inhibitors, and prolong the survival time 
of patients. We have successfully synthesized a CXCR4 targeted down 
conversion luminescence rare earth nanoparticles (RENPs) probe 
RENPs-AMD3100, which can visually identify and diagnose breast 
cancer, improve the sensitivity of radiotherapy and enhance the thera-
peutic effect of immunotherapy.

Methods: 
1. Material characterization:Appearance (Transmission Electron Micro-
scope (TEM)), dispersibility, particle size (Dynamic Light Scattering 
(DLS)), stability, fluorescence emission spectrum (Spectroscope), 
absorption spectrum and fluorescence penetration were examined to 

characterize probe. 2. Safety and metabolization of RENPs-AMD3100 
in vitro and in vivo: Cytotoxicity assay (CCK8), biological distribution 
of probes, blood biochemical and pathology of important organs are 
examined to verify probe safety. 3. Targeting of RENPs-AMD3100 
in vitro and in vivo. Untargeted probe RENPs, targeted probe RENPs-
AMD3100 and free AMD3100 blocking assays are used to examine the 
specificity in breast cancer cell lines and tumor-bearing mouse model. 
4. Sensitivity of radiotherapy in vitro and in vivo: Cell viability, cell 
apoptosis and the level of ROS under different doses of radiation, sur-
vival rates and tumor volumes of mouse under different treatments. 5. 
Synergistic effect of radiotherapy and immunotherapy: survival rates 
and tumor volumes of mouse under different treatments.

Results: 
1. RENPs-AMD3100 was successfully synthesized with good appear-
ance, dispersibility, stability with high intensity of NIR-II fluorescent 
in 1030nm. 2. RENPs-AMD3100 exhibit little damage in breast cancer 
cell lines and normal breast cell line (p<0.05). What’s more, this kind 
of nanoscale materials can metabolize by liver and excrete in 48h. 3. 
RENPs-AMD3100 could specifically target TNBC cell line and tumor-
bearing mouse models, the differences of probes uptake between tar-
geted and untargeted group were very obvious. In the animal models, 
the tumor to muscle ratio is up to 13, and the fluorescent signal of 
targeted probe group is about 2 folds than untargeted probe group. 4. 
RENPs-AMD3100 could increase the sensitivity of radiotherapy by the 
elements of Lu both in vitro and in vivo.

Summary: 
Our synthesized probe RENPs-AMD3100 targeting CXCR4 can visual-
ize the development and metastasis of breast cancer, so as to conduct 
targeted precision radiotherapy. Moreover, due to the high expression 
of CXCR4 on the surface of tumor cells, the probe can be specifically 
enriched on tumor cells, improving the sensitivity of radiotherapy and 
enhancing the effect of radiotherapy. At the same time, tumor cells will 
die of immunogenicity after radiotherapy, and expose tumor specific 
antigens, thus activating the immune microenvironment. In the future, 
the platform is expected to transform "cold tumor" into "hot tumor" 
and improve the therapeutic effect of immune checkpoint inhibitors.
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Objectives: 
In pretargeted nuclear medicine, a target specific macromolecule (e.g. 
monoclonal antibody; mAb) is radiolabeled in vivo with a macromol-
ecule specific radioligand to result in a lower radiation burden to the 
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healthy tissue compared to the use of a directly radiolabeled macro-
molecule.1,2 A promising new pretargeted PET methodology based on 
the host-guest cucurbit[7]uril-ferrocene (CB7-Fc) chemistry has been 
recently reported to result in specific tumor uptake and to be feasible 
with lag times up to 9 days.3 However, the in vivostability of the formed 
CB7-Fc complex is compromised after 24 h.3 We hypothesize, that 
cucurbit[7]uril-adamantane (CB7-Adma) pretargeted PET platform 
provides a more suitable host-guest pair  (Ka~1014) due to adamantane’s 
higher in vivo stability and reported compatibility in humans compared 
to ferrocene.4,5 We propose that the higher stability of adamantane 
guest ligands will result in a more stable host-guest complex in vivo.

Methods and Results: 
A copper-64-labeled adamantane guest radioligand,  [64Cu]Cu-NOTA-
PEG3-Adma (1) was developed and studied along with a CB7-modified, 
carcinoembryonic antigen (CEA) targeting mAb (CB7-M5A) in pre-
targeting experiments in two subcutaneous xenograft mouse models 
of pancreatic cancer.
1 was synthesized with high radiochemical yield (98.5±0.7 %) and 
purity (98.3±1.8 %). Additionally, its measured partition coefficient 
was -1.9 ± 0.3 and the studied blood half-life in healthy nude mice 
was 13.8 min. The radioligand was highly stable in bovine plasma 
at 37 ºC, with 90.6±1.6 % of 1 still intact after 24 h.
The radioligand was studied for in vivo pretargeting in two xenograft 
models of human pancreatic cancer, BxPC3 (CEA+) and MIAPaca-2 
(CEA-). The subcutaneous tumor bearing female nude mice were 
injected with CB7-M5A (0.7 nmol) via the tail vein 72 h prior to the 
injection of 1 (1.5 nmol, 10.2-13.9 MBq). The mice were imaged 
with a small animal PET scanner 24 h post radioligand injection 
followed by in vivo biodistribution. Three additional biodistribution 
cohorts were assigned with BxPC3 xenografts (2, 4 and 8 h) to assess 
the dosimetry of the imaging strategy. An additional control group 
involved the injection of only 1 (non-pretargeted) into the tail vein 
of BxPC3 tumor bearing mice. The tumor uptake of the pretargeted 
BxPC3 xenograft cohort was significantly higher compared to the 
pretargeted MIAPaCa-2 or non-pretargeted BxPC3 xenograft cohorts 
(12.0±0.9 %ID/g; 0.5±0.1 %ID/g; 0.0±0.0; p=0.003). Additionally, 
the tumor uptake of pretargeted 1 increased over time (2 h: 3.3±0.8 
%ID/g & 24h: 12.0±0.9 %ID/g) proving that the formed CB7-Adma 
complex was highly stable over the monitored 24 h.
A biodistribution of a directly radiolabeled M5A mAb,  [89Zr]Zr-
DFO-M5A was also studied in both of the xenograft models at 4, 
24 and 72 h. Again, the tumor uptake was significantly higher in the 
BxPC3 xenografts compared to MIAPaCa-2 (53.7±10.0 %ID/g & 
7.3 ±0.3 %ID/g at 72 h p.i.; p=0.004). Our findings aligned with our 
Western Blotting CEA expression experiments of the two cell lines, 
where MIAPaCa-2 did not show expression of CEA. Excitingly in 
the BxPC3 xenografts, the tumor-to-blood ratio of the pretargeting 
approach was only minimally lower compared to  [89Zr]Zr-DFO-M5A 
5.8±0.4 (24h p.i.) and 7.7±1.1 (72 h p.i.) respectively (p=0.04). 
Moreover, when the dosimetry of the two approaches were calcu-
lated and compared based on their in vivo biodistribution data, the 
red marrow experienced a 70-fold dose reduction with the pretar-
geting approach compared to the use of  [89Zr]Zr-DFO-M5A (0.83 
and 57.60 μSv/MBq respectively) making the pretargeting approach 
a much appealing strategy to utilize for antibody based nuclear 
medicine.

Conclusions: 
The reported studies establish that CB7-Adma driven pretargeting 
results in excellent antibody PET imaging and high tumor accumula-
tion of the radioligand. The tumor uptake of the adamantane radioli-
gand remained high up to 24 h and the target uptake was dependent on 
the administration of the tumor targeting CB7-M5A and the specificity 
of CB7-M5A to the CEA expression of the tumor target.
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Introduction:
 Cancer therapy may be revolutionized by using specific tumor 
enzyme-targeted theranostics. The overall aim of this study is to 
develop a precision-based nanotheranostic platform for prostate can-
cer that can be monitored by CEST MRI. Exploiting overexpression 
of enzymes in prostate cancer cells, olsalazine-conjugated peptides 
were designed to induce self-assembly of olsalazine nanoparticles by 
the tumor-overexpressed enzymes legumain and furin. Olsalazine is 
a diaCEST MRI contrast agent with a 9.8 ppm chemical shift from 
water protons, and acts as a DNA methylation inhibitor anti-cancer 
agent (1).

Methods: 
Synthesis:  R6-AAN-CK peptide was synthesized using solid-
phase synthesis and subsequently conjugated with olsalazine and 
2-cyanobenzothiazole (CBT) to create the peptide-olsalazine-CBT 
(POC) complex. Characterization: Matrix-assisted laser desorption 
ionization (MALDI) and nuclear magnetic resonance (NMR) were 
used for peptide characterization. In vitro and ex vivo immunohis-
tology: Furin and legumain (over)expression was analyzed in 2D 
and 3D cell cultures and xenografted tumors. DU145 and LNCaP 
xenografts were established in Rag2 immunocompromised mice. 
Aggressive DU145 prostate adenocarcinoma was compared to less-
invasive LNCaP tumor cells and RWPE1 normal prostate cells. 3D 
tumor organoids of prostate cancer were developed and enriched 
for cancer stem cells up to generation 10 to get the most aggressive 
clones which were assessed for the expression of legumain, furin and 
the stemness tumor markers CD133, CD44 and CD24. In vitro CEST 
MRI: After incubation of DU145 with 5 mM POC for 3 h, cells were 
washed and collected for CEST MRI, performed on a Bruker 11.7 
T vertical bore magnetic resonance scanner with a 10-mm birdcage 
transmit/receive coil.
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Results: 
In 2D cultures, the levels of legumain and furin expression in DU145 
cells were 4- and 3-fold higher than LNCaP and 8- and 6-fold higher 
than RWPE1 cells, respectively. For 3D tumor spheres, legumain was 
overexpressed in the periphery while furin was expressed throughout 
the entire sphere. Legumain and furin expression increased about 6% 
with each sphere generation accompanied by a 4.5% increase of can-
cer stem cells according to  CD133+,  CD44+, and  CD24- expression 
analysis. Xenografted 5, 15. 50, 75, 100 and 150  mm3 DU145 tumors 
showed heterogeneity in furin and legumain expression with overex-
pressed legumain in peripheral cells correlating with tumor progression 
stage. CEST MRI of DU145 cells incubated 3h with POC showed 0.2% 
asymmetric magnetization transfer ratio (MTR asym) increase at 9.8 
ppm compared to control cells (incubated with olsalazine only) as a 
result of legumain expression and consequent intracellular accumula-
tion and retention of Olsalazine.

Conclusion: 
Based on a legumain-mediated CBT click condensation reaction fol-
lowed by intracellular self-assembly of olsalazine nanoparticles, we 
successfully developed a POC complex for future imaging of drug 
accumulation and therapeutic response in aggressive vs. non-invasive 
prostate tumors.
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Bone sarcomas are devastating primary bone cancers that mostly affect 
children, young adults, and the elderly [1-3]. These aggressive tumours 
are associated with poor survival, and surgery remains the mainstay 
of treatment for localised or resectable bone sarcomas [4, 5]. Surgical 
resection aims to remove the tumour fully surrounded by healthy tis-
sue to achieve negative tumour margins, whilst maintaining as much 
healthy tissue as possible to maximise the recovery and functional 
outcomes for the patient. It is important to achieve negative margins 
at the first operation as the risk of bone sarcoma recurrence has been 
found to strongly correlate to the incidence of positive tumour margins 
after excision [6, 7]. Pre-operative surgical planning is increasingly 
informed by positron emission tomography (PET) and tumour margin 

identification during surgery is aided by near-infrared fluorescence 
(NIRF) imaging, yet these investigations are confounded by probes that 
lack specificity for sarcoma biomarkers. We report the development 
of a dual-modal (PET/NIRF) immunoconjugate  ([89Zr]Zr-DFO-anti-
MT1-MMP-IRDye800CW) that targets MT1-MMP; a matrix metal-
loproteinase overexpressed in a range of cancers, including sarcoma, 
and is associated with tumour growth, invasion, metastasis and angio-
genesis [8-10]. DFO-anti-MT1-MMP-IRDye800CW and a non-specific 
IgG control were synthesised by site-selective chemoenzymatic glycan 
modification (total synthetic yield = 46.15 ± 10.14 %; IRDye800CW 
degree of labelling = 1.74 0.47). Immunoconjugates were characterised 
by SDS-PAGE and LCMS which showed localisation of IRDye800CW 
and DFO to the heavy chain (HC), with the light chain unmodified. 
The RIC was radiolabelled with 89Zr and isolated in high (>99%) 
radiochemical purity. Saturation binding and immunoreactivity assays 
indicted only minor perturbation of binding properties, presenting an 
immunoreactivity of 96% and a binding affinity (Kd) of 17.4 nM. The 
ability of the radioimmunoconjugate to selectively bind MT1-MMP 
was also confirmed via radio-immunostaining of biopsied sarcoma 
human and mouse tissues. A novel mouse model of dedifferentiated 
chondrosarcoma based on intrafemoral inoculation of HT1080 wild 
type or knock-out cells (high and low MT1-MMP expression, respec-
tively) was used to evaluate target binding and biodistribution. Fluores-
cence and Cerenkov luminescence images acquired 24, 48, and 72 h p.i. 
of  [89Zr]Zr-DFO-anti-MT1-MMP-IRDye800CW showed preferential 
uptake in HT1080 WT tumours. Ex vivo gamma counting revealed that 
uptake in MT1-MMP-positive tumours (17.64 ± 3.84 %ID/g) was sig-
nificantly higher than in control groups (P = 0.0006). Taken together, 
we demonstrate that  [89Zr]Zr-DFO-anti-MT1-MMP-IRDye800CW is 
a promising dual-modal imaging agent for pre-operative surgical plan-
ning and intra-operative surgical guidance in sarcoma.
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Unwanted proteins and metabolic waste in cerebral spinal fluid (CSF) 
are cleared from the brain by meningeal and nasal lymphatics, and 
along blood vessels and the epineural sheath of cranial nerves; however 
the distribution and clearance of CSF along the subarachnoid space of 
the entire spinal cord has yet to be determined. It was hypothesized that 
the anatomical resolution of Cryo-Fluorescence Tomography (CFT) 
could provide the missing visual evidence of tracer exiting the spinal 
nerves at each level of the vertebral column. To that end, isoflurane 
anesthetized mice were infused into the lateral cerebroventricle with 
5.0 μl of quantum dots [QdotR 605 ITKTM amino (PEG)] over two 
mins. Mice were allowed to recover (ca 2-3 min) and remained awake 
and ambulatory for 5, 15, 30, 60 and 120 min after which they were 
euthanized, and the entire intact body frozen at -800. The animals were 
imaged on Emit Imaging’s Xerra at a 35μm isotropic voxel resolution. 
The Xerra, and CFT in general, section through the animals capturing 
white light and fluorescent images after each slice to produce high 
resolution three-dimensional volumes for each animal. 16-bit fluores-
cent images are acquired with exposure times of 5 ms, 50 ms, 500 
ms, 1500 ms and 2500 ms. These images are then combined into a 
single 32-bit high dynamic range (HDR) image to extend the Xerra’s 
detection limits beyond a single exposure. CFT highlighted the circu-
lation of tracer throughout the ventricular system and central canal of 
the spinal cord and the entire subarachnoid space of the CNS. Signal 
could be visualized in the nasal cavity, deep cervical lymph nodes and 
more superficial submandibular lymph nodes as early as 15 min post 
infusion. Fluorescent signal could be visualized along the dorsal root 
ganglia and down the proximal extension of the spinal nerves of the 
thoracic and lumbar segments at 15 min. Interestingly, there was sig-
nificant accumulation of tracer in the aortic lumbar lymphatics at the 
level of the kidneys between 15- 60 min. The dense fluorescent signal 
in the thoracic vertebrae noted at 5- and 15-mins post infusion was sig-
nificantly reduced by 30 min. Indeed, all signal in the spinal cord was 
ostensibly absent by 120 min with the exception of trace amounts in 
the coccyx. The brain still had some residual signal at 120 min. These 
data show that Qdots with a hydrodynamic diameter of 20nm rapidly 
clear from the brain of awake mice. These data also clearly demonstrate 
the rapid distribution and efflux of trace along a major length of the 
vertebral column and the potential contribution of the spinal cord and it 
many pairs of spinal nerves in the clearance of brain waste. One could 

also consider the notion that bioactive molecules e.g. proinflammatory 
cytokines and other neural and glial molecules generated in the brain 
parenchyma could impact systemic physiology by their transported 
down the epineural sheath of spinal nerves to terminate in extracellular 
tissue of skin, muscle, and joints.
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Background and Aim: 
Breast cancer (BC) remains the most frequently diagnosed cancer and 
the leading cause of cancer-related mortality in females [1]. Treatment 
of non-metastatic BC consists of surgical resection and, depending on 
patient and tumor characteristics, systemic and/or radiation therapy [2]. 
Patient outcomes can be improved by achieving tumor-free resection 
margins during BC surgery, as this prevents local recurrence and in 
some cases disease-specific mortality [3-5]. However, a tumor-positive 
resection margin rate of 4-18% indicates that removal of the tumor 
using breast conserving surgery (BCS, the preferred method) based on 
visual and tactile feedback alone can be challenging [6,7]. Evidently, 
there is an unmet need for a method to determine the presence of resid-
ual cancer within the resection cavity at the time of surgery. Tumor-tar-
geted fluorescence imaging during BCS could help to identify residual 
tumor and guide additional resection. A promising contrast agent for 
fluorescence-guided BCS is the quenched, protease-activatable probe 
6QC-ICG. It consists of an analogue of indocyanine-green (ICG) and a 
quencher conjugated to a core Cbz-Phe-Lys peptide sequence [8]. The 
probe is cleaved and activated by the cysteine cathepsins B, L and S, 
proteolytic enzymes that are highly upregulated in BC cells [9]. Pre-
clinical studies demonstrated that intravenously administered 6QC-ICG 
can clearly visualize BC and guide tumor resection in an orthotopic 
mouse-model [8,10]. However, a topical application protocol would 
be easier to implement in the surgical workflow and would be more 
patient-friendly than systemic administration. As proof-of-concept, the 
current study aims to investigate whether topically applied 6QC-ICG 
is able to visualize human BC ex vivo as a precursor to topical in vivo 
application during surgery for tumor identification.

Methods: 
Female patients with invasive BC or ductal carcinoma in situ (DCIS) 
scheduled to undergo surgery at the Haaglanden Medical Center, The 
Netherlands, were enrolled in the study. Patients with a history of sur-
gery on the ipsilateral breast or that received neoadjuvant treatment or 
intraoperative radiotherapy were excluded. Immediately after resec-
tion, the BC specimen was inked, frozen at -80°C for 5 minutes, and 
sliced into 3-5 millimeter thick slices. Subsequently, 6QC-ICG probe 
dissolved in Pluronic gel was applied onto the tissue slice with the 
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macroscopically largest tumor diameter and the two adjacent slices. 
Different probe concentrations (20, 50, and 100 μM) were tested. After 
10 minutes of incubation, the imaging gel was washed off 3-5 times 
with sterile saline and the tissue slices were dried using sterile gauze. 
Fluorescent images of the three tissue slices were obtained using the 
Pearl Trilogy Imaging System. The fluorescence signal in the tumor 
from each tissue slice was quantified as a tumor-to-background ratio 
(TBR), defined as the mean fluorescence intensity (MFI) in the tumor 
divided by the MFI in the surrounding healthy breast tissue. The com-
plete tissue slices were fixed with formalin and embedded in paraffin. 
Four-μm thick tissue slides were stained for routine H&E histology. 
Tumor-positive regions were delineated by a pathologist blinded for 
the fluorescent signal.

Results: 
A total of 36 tissue slices of 12 different patients were imaged. Twenty-
seven of the 36 tissue slices (75%) were tumor-positive. The 20, 50, 
and 100 μM probe concentration was used on 2, 15, and 10 of the 
tumor-positive tissue slices, respectively. The MFI in tumor tissue was 
significantly higher than in healthy breast tissue (0.036 vs. 0.02, p < 
0.005). Topically applied 6QC-ICG visualized BC with a mean TBR 
of 1.8. There was no significant difference in TBR between the differ-
ent dosing groups.

Conclusions: 
These results show that topical application of the cathepsin-activatable 
fluorescent probe 6QC-ICG can visualize human BC with a consid-
erable contrast to adjacent healthy tissue, indicating its potential for 
fluorescence-guided BCS.
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Background: 
Emulsions are used as vaccine adjuvants to potentiate and direct the 
adaptive immune response against co-formulated antigen(s)1. Water-
in-mineral oil emulsions, such as Freund’s adjuvants, are a mainstay in 
the research setting to induce autoimmunity and antibody production 
in animal models.2 Less reactogenic squalene-based oil-in-water emul-
sions, namely AS03 and MF59, are licensed for use in human vaccines 
against seasonal/ pandemic influenza and are in advanced phase III 
clinical trails against SARS-CoV-2 (COVID-19).3 Despite widespread 
use, surprisingly little is known about the absorption and distribution 
of antigens from emulsion-adjuvanted vaccines.2, 3Understanding 
these parameters is fundamental to fully understand the immunology, 
safety and efficacy profile of a vaccine.4 This work therefore sought 
to comprehensively assess the pharmacokinetics of the model antigen 
ovalbumin (OVA) from oil-in-water and water-in-oil emulsions using 
fully quantitative nuclear techniques.

Experimental: 
OVA was modified with an isothiocyanate derivative of deferoxamine 
and radiolabeled with 89Zr-oxalate to form 89Zr-DFO-OVA [structural 
overview in Figure 1a]. Radiochemical conversion (RCC) and radiopu-
rity (RCP) were calculated using an instant thin layer chromatography 
(ITLC) system consisting of a silica-gel impregnated stationary phase 
and 50 mM EDTA mobile phase. Changes in the molecular weight of 
the radiotracer were determined with non-reducing sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 89Zr-DFO-
OVA was formulated for administration by admixing with pre-formed 
AddaVax (similar to MF59) and AddaS03 (similar to AS03) emulsions 
or emulsified with Incomplete Freund’s adjuvant (IFA) by repeated 
passage through a 23G syringe. The above formulations, along with a 
free antigen control, were injected subcutaneously into the dorsal flank 
of 8-10 week old female C57Bl/6 mice. Serial PET/CT scans were then 
acquired over 10 days and biodistributions were performed at 1, 4 and 
10 days post-injection (n=3-4/ group).

Results: 
ITLC analysis of four radiolabeling attempts found RCC to be 
93.1 ± 5.7 % and RCP to be 99.2 ± 0.2 % [Figure 1b]. A slight upshift 
in the 89Zr-DFO-OVA band was observed on SDS-PAGE, consist-
ent with the modifications used to radiolabel the protein [Figure 1c]. 
Quantitative analysis of the injection site [Figure 2] found that both 
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AddaVax and AddaS03 significantly enhanced the rate of antigen 
adsorption compared to the free antigen control over the duration of the 
study. The absorption of 89Zr-DFO-OVA was also significantly faster 
in the AddaS03 group relative to AddaVax up to 96 h post-injection. 
IFA on the other hand significantly delayed antigen absorption from 
the site of injection compared to the free antigen control over the 10 
day study. Tissue concentrations of 89Zr-DFO-OVA in distant organs 
(lymph nodes, kidney, spleen, liver, blood) were elevated across all 
time points in the oil-in-water cohorts relative to IFA and the free 
antigen control [Figure 3]. The distribution of 89Zr-DFO-OVA in the 
lymph nodes was more transient in nature and of higher initial magni-
tude in the AddaS03 group compared to AddaVax.

Conclusions: 
An OVA-based radiotracer was successfully prepared and used to 
identify key differences in antigen absorption and distribution between 
commonly used emulsion-based adjuvants. This information is of 
importance as it can facilitate rationale vaccine design and formulation.

Reference
1. Pulendran, B.; S. Arunachalam, P.; O’Hagan, D. T., Emerging 

concepts in the science of vaccine adjuvants. Nature Reviews Drug 
Discovery 2021, 20 (6), 454-475.

2. Stills, H. F., Jr., Adjuvants and antibody production: dispelling the 
myths associated with Freund’s complete and other adjuvants. Ilar 
j 2005, 46 (3), 280-93.

3. O’Hagan, D. T.; van der Most, R.; Lodaya, R. N.; Coccia, M.; 
Lofano, G., "World in motion" - emulsion adjuvants rising to meet 
the pandemic challenges. NPJ Vaccines 2021, 6 (1), 158.

4. Bachmann, M. F.; Jennings, G. T., Vaccine delivery: a matter of 
size, geometry, kinetics and molecular patterns. Nature Reviews 
Immunology 2010, 10(11), 787-796.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

365-Evaluating Antibody to Cell Penetrating Peptide Ratios for 
Enhanced Cellular Internalisation

Presenter: Toni Pringle, Newcastle University

Toni A. Pringle1, James  Knight2, Akane  Kawamura1, Oliver  Coleman1

1Newcastle University, Newcastle Upon Tyne, United Kingdom
2Newcastle University, Newcastle upon Tyne, Tyne and Wear, United 
Kingdom

Monoclonal antibody-based imaging and therapeutic agents are 
restricted to cell-surface targets primarily due to their inefficient cel-
lular internalisation. Modification of mAbs leading to enhanced cellular 
translocation can improve both imaging and therapy and expose new 
intracellular and intranuclear epitopes that were previously out of reach 
of these agents.1, 2 This can be achieved through chemical modifica-
tion of the antibody with a cell-penetrating peptide (CPP), leading to 
enhanced cell membrane translocation. Determining the optimal CPP 
to antibody ratio is essential so that the specific antigen recognition 
of the antibody is not overcome by the non-specific cell penetrating 
ability of a coupled CPP.3 Surprisingly, the effects of CPP to antibody 
ratios on cell specific internalisation has not been closely examined 
in an stepwise, incremental approach. We report the development of 
HER-2 targeting antibody-CPP conjugates  ([89Zr]Zr-DFO-Her-TAT 

(0-5)) modified with varying numbers of the cell-penetrating peptide 
TAT. DFO-Her-TAT, with a TAT degree of labelling between 0 and 5, 
were synthesized via a three-step synthesis beginning with the attach-
ment of dibenzocyclooctyne (DBCO, 0-7 fold molar excess) to lysine 
residues distributed throughout trastuzumab (Herceptin, Her, yields 
>78%). Her-DBCO(0-7) conjugates then underwent a strain-promoted 
azide-alkyne coupling (SPAAC) reaction with an excess of azide modi-
fied TAT (TAT-N3) to produce Her-TAT with average TAT degrees of 
labelling between 0-5  (DOLTAT , yields >85%). Lysine residues were 
further modified with DFO to enable 89Zr chelation (yields >80%). The 
DBCO and TAT degree of labelling was determined by UV/Vis spec-
troscopy and validated by MALDI-TOF. SDS-PAGE and MALDI-TOF 
analysis showed multiple bands/peaks, at an increased mass compared 
to unmodified Herceptin, each due to the attachment of an additional 
TAT peptide.  [89Zr]Zr-DFO-Her-TAT (0-5) conjugates were isolated in 
high radiochemical purity (>99%) and were >98% stable serum, mouse 
serum and PBS over 7 days at 37 C. The extent of internalisation of 
 [89Zr]Zr-DFO-Her-TAT (0-5) was assessed in SKBR3 and MDA-MB-468 
(HER-2 + and - respectively) breast cancer cells. The percentage of 
internalised dose was found to be dependent upon the  DOLTAT  at all 
time-points, with larger  DOLTAT  leading to a larger internalised dose 
in SKBR3, and to a lesser extent MDA-MB-468 cells. The internalised 
dose in SKBR3 cells for RICs with  DOLTAT  of 0 and 1 are very similar 
at all time points, suggesting that more than one TAT is required to 
effectively increase internalisation. Controlling for uptake in MDA-
MB-468 cells, the largest increase in internalised dose is observed 
when increasing the  DOLTAT  from 1 to 2 (203% at 48 h), followed by 
2 to 3 (172% at 48 h). Increasing from  DOLTAT  0 to 5 resulted in over 
11-fold increase in normalised internalised dose in SKBR3 cells. Cell 
penetrating peptides can be expensive to purchase, especially with spe-
cific handles (such as DBCO) for cargo conjugation. A compromise 
therefore must be made between the cost of attaching an additional 
TAT peptide with the effect on internalisation. Therefore, when bal-
ancing cost, we believe a minimum of 2, but ideally 3 TAT peptides 
are required to effectively enhance cell internalisation. The percent-
age of applied dose that was membrane bound also increased with the 
 DOLTAT . The differences between specific and non-specific uptake were 
found to only be significant between 24 and 48 h with conjugates with 
a  DOLTAT  of 2 and above. A decrease in membrane bound dose from 
24 to 48 h was observed, which correlates with the large increase in 
internalised dose observed at this time-point. Unexpectedly, this data 
suggests similar initial binding of the conjugate to the membrane of 
both SKBR3 and the non-specific MDA-MB-468 cells, though the non-
specific binding was found to decrease at later time-points.
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Background and Aims: 
Studying trabecular bone microstructural properties (TBMP) is essen-
tial in preclinical and biological research. High-resolution micro-com-
puted tomography (Hr-μCT) imaging is one of the most used meth-
ods to study these properties and understand biological variation and 
pathological and treatment effects on bone development or remodeling. 
Unfortunately, the lack of uniformity in reported results makes it dif-
ficult to compare and interpret results across different studies. Several 
research articles previously addressed the possibility of standardizing 
the terminology, reporting, and image acquisition parameters [1-2]. The 
pixel size (PS) dependency, reproducibility, and sensitivity of human 
subjects have been well established in clinical and research settings 
[3-7]. The PS choice of the Hr-μCT images is crucial for TBMP. For 
example, 0.020-0.030 mm images may be acceptable for human tra-
becular thickness averaging about 0.2 mm [8]. The trabecular thickness 
of a mouse is about 0.030-0.060 mm. Therefore, studies using mouse 
models require smaller PS (0.006-0.01 mm) [9-10]. Detailed studies of 
the effect of PS on the TBMP for small and medium size research ani-
mals and how these compare to human TBMP are lacking [9-10]. This 
study aims to determine whether the PS difference of same-size struc-
tures affects the morphological outcome of TBMP when all Hr-μCT 
acquisition, reconstruction, region of interest (ROI), thresholding, and 
trabecular analysis parameters remain the same. We also evaluate how 
TBMP varies among different skeletal sites of the same animal and 
what constitutes an acceptable PS of Hr-μCT images for effectively 
calculating TBMP without encountering PS effect on the results.

Methods and Results: 
We recognize the expected effects of X-ray parameters and post-μCT 
acquisition image treatment on the outcomes of TBMP (e.g., the choice 
of the segmentation algorithm, filtration of the image during recon-
struction, and model-independent/-dependent measurements). In this 
study, all these parameters are standardized across six different skeleton 
sites (capitate, lateral cuneiform, third metacarpal, and third metatar-
sal) of one wild cat and two coyotes. Considering the effect of varying 
ROIs on the BV/TV (bone volume fraction %) and Tb.Th (trabecular 
thickness mm), we have overlapped all three Hr-μCT scans (i.e., PS 
of 0.022, 0.035, and 0.045 mm) and used the same ROIs (Table1-2). 
Figure1 illustrates the Hr-μCT images of the same structures scanned 
at different PS and the corresponding image intensity profile defined on 
trabecular bone strides for each scan. The BV/TV and Tb.Th parame-
ters significantly increase with large PS (above 5% difference) (Table1). 
Our results demonstrate that if the same animal were studied using 
different pixel sizes, two conflicting results could result depending 
on skeletal sites (e.g., carpals versus metacarpal at 0.022 and 0.035 
mm, Table1). Our analysis also demonstrated that dominance patterns 
between hindlimb and forelimb are less affected by PS and will deliver 
more comparable results between different PSs (Table2) [7,9]. The 
difference between the physical boundary of the trabecular bone from 
one PS to another is due to the partial volume effect (PVE). This effect 
depends on the pixel-to-object-size ratio (POSR) (Fig.1).

Conclusions: 
The actual size of structures could be used as a guiding factor in 
which PS can be chosen during Hr-μCT scanning for the given animal 
model. Published histological measurements of the group’s trabecular 
thickness will be used. If it is unavailable, histological measurements 
must be required to validate PS choice to avoid a large PVE during an 

Hr-μCT and prevent aberrant results. Determining POSR is part of our 
ongoing research. Given that the presented analyses are intriguing and 
meaningful as they relate to preclinical and biological research study 
design, we plan to extend our study, investigate different size animals, 
and validate the results with histological measurements.
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Background: 
The immune response to cancer is dependent on functionally efficient 
cytotoxic T lymphocytes (CTL). Checkpoint inhibition therapy is 
aimed at reinvigorating local cytotoxic T cells but the rate of immuno-
therapy failure in NSCLC is as high as 80% in unselected patients.1 As 
CTL phenotypes determine the immunological response to therapy, 
they are an attractive imaging biomarker target. Therefore identify-
ing the extent of cytotoxic lymphocyte infiltration, as a measure of 
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pre-existing immunity could be used to predict clinical outcome or 
responsiveness to treatment.3 In recent years, CD39 has emerged as 
a marker to identify tumour relevant T cells. Unlike PD1, which may 
also be expressed on multiple cell types, CD39 expression is lacking 
in bystander  CD8+ T cells and highly expressed in tumour reactive 
 CD8+ T cells in colon cancer and melanoma.4 Notably, Duhen et al 
revealed that  CD39+CD8+TIL often co-express the tissue resident 
memory marker CD103. These DP cells display an exhausted tissue 
resident memory T cell phenotype that, despite its reduced capacity for 
effector cytokine production, shows great cytotoxicity against neoplas-
tic cells.5 Objective In order to identify an imaging target to tag tumour 
relevant T cells in NSCLC, we aimed to analyse upregulated gene 
expression in T cells in NSCLC, characterize the expression of CD39 
and CD103 in the peripheral blood and tumour microenvironment of 
early NSCLC and corresponding non-cancerous lung tissue (NCL) 
as well as their spatial expression patterns in tumour-, and stromal 
areas to understand the imaging significance of  CD39+CD103+ CTL 
in NSCLC.

Methods & Results:  
CD8+ T cells from NCL tissue and tumour tissue were sorted using 
flow cytometry and analysed using a Nanostring nCounter gene 
expression assay. Amongst the top differentially expressed genes, 
we observed a significant upregulation of the CD39 encoding gene 
ENTPD1 in tumour compared to NCL tissue (log2(fold change) = 
3.5, p = 0.001280), illustrating the upregulation of CD39 in  CD8+ T 
cells by the tumour microenvironment. We aimed to further character-
ize the expression profile of CD39+ cells using flow cytometry of i) 
primary NSCLC tumour tissue, ii) adjacent NCL and iii) peripheral 
blood. While we saw a dramatic shift towards CD39+ cells across 
multiple cell types in tumour- compared to NCL tissue, we found that 
the expression of CD103 is restricted to lung tissue, where it is mainly 
expressed by T cells. In the tumour tissue of NSCLC, the majority 
of  CD39+CD8+T cells are  CD103+, and this co-expression was not 
found in other cell types. Finally, spatial expression patterns of CD39 
and CD103 in tumour-, and stroma areas of FFPE tissue microarrays 
(TMA) were analysed using multispectral imaging of OPAL multiplex 
Immunofluorescence in a cohort of early untreated NSCLC patients 
(n=162). In support of our flow cytometry data, the frequency of 
 CD39+CD103+ cells amongst  CD8+ T cells is significantly higher in 
tumour tissue compared to NCL and while CD8+ T cells only express-
ing CD39 are sequestered in the stroma, CD39+CD103+ CD8+ T cells 
were distributed across stroma and tumour areas.

Conclusion: 
In conclusion, while CD39 expression is significantly increased 
across cell types in the tumour tissue of NSCLC compared to NCL 
and peripheral blood,  CD39+CD103+ cells are absent in the peripheral 
blood, significantly increased in tumour tissue where they are restricted 
to  CD8+ T cells, and distributed across tumour and stroma areas, mak-
ing them a good imaging target for evaluating the presence of tumour 
relevant exhausted T cells that could be rescued by checkpoint inhibi-
tion. Testing suitable imaging modalities will be subject to future work.
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Introduction: 
Accumulating evidence suggests that neurotensin (NTS) and neuroten-
sin receptors (NTSRs) play key roles in lung cancer progression by trig-
gering multiple oncogenic signaling pathways including PKC/ERK and 
AKT. Recently, several attempts have been made to synthesize radio-
metal labeled NTRS agents, most of which demonstrated only moderate 
tumor uptake and retention. The aim of this study is to develop novel 
NTSR1 targeted agents for both imaging and therapy applications.

Methods: 
A series of NTR antagonists were synthesized with variable pro-
pylamine (PA) linker length and different chelators, including 
 [64Cu]Cu-CB-iPA-NT (i=1, 2, 3),  [64Cu]Cu-NOTA-2PA-NT,  [64Cu]
Cu-DOTA-2PA-NT, and  [64Cu]Cu-DOTA-2PA-NT-VS. Radiolabeling 
reactions were performed under 95-degree heating for CB precursors, 
while 37 degrees for NOTA and DOTA precursors. Western blot was 
used to determine NTR expression in human lung cancer cell lines. We 
assessed the candidate compounds’ in vitro and in vivo stability and 
their binding affinity to H1299 cells. To evaluate the agents’ biodistri-
bution properties, small animal PET/CT scans were performed using 
H1299 xenografts at 2, 4, 24, and 48h post injection.

Results: 
NTSR1 was confirmed to have high expression in H1299 cells by west-
ern blot. NT-CB-2PA showed good binding affinity towards H1299 
cells with  IC50 to be 3.038 nM. Small animal PET/CT showed promi-
nent tumor uptake, high tumor-to-background contrast, and long tumor 
retention up to 48 h post injection. The lead agent, NT-CB-2PA, dem-
onstrated 8.41±1.33 %ID/g tumor uptake, which was maintained at 
9.72±4.89 %ID/g at 48h. Moderate liver uptake (7.72±4.68 %ID/g at 
48h) was observed along with low uptake in most other organs. Com-
pared to NT-CB-2PA, NT-CB-1PA had a lower background including 
low liver uptake at 24h and 48h after injection (0.27 ± 0.14 %ID/g at 
24h and 0.08 ± 0.05 %ID/g at 48h) while tumor uptake remained high 
(6.06 ± 2.28 %ID/g at 24h and 4.52 ± 1.90 %ID/g at 48h). Meanwhile, 
CB-3PA showed increased uptake in both tumor and liver.

Conclusions: 
Through the side-by-side comparison, CB-2PA-NT was identified as 
the lead agent for further evaluation based on its high and persistent 
tumor uptake and moderate liver uptake. The success of this theranostic 
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approach will not only lead to an accurate imaging-based method to 
efficiently detect NTSR1 expression in lung cancer (for diagnosis, 
patient screening, and treatment monitoring), but also the radionuclide-
based agent for lung cancer therapy.
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Background: 
A PET Insert for rats in 30 cm bore MRI scanners was introduced 
in 2015 and has been fully characterized in Ref [1]. PET Inserts for 
smaller bore scanners can be used for mouse and rat head imaging, 
and offer the additional advantage of higher gradient strengths and 
slew rates beneficial in functional MRI or brain connectivity studies 
on mice. The work presented here describes a new PET Insert Ref. 
[2] compatible with 17 cm bore magnets and gradient strengths of up 
to 900 mT/m. The study provides the assessment of image quality for 
most relevant PET isotopes and the first in vivo validation using 18F 
FDG in mice.

Method: 
The PET insert is based on continuous LYSO crystals coupled to SiPM. 
The external and inner diameters is 103 and 60 mm respectively. The 
FOV is 55×101 mm making it suitable for total body imaging of mice 
and rat heads applications. The insert was used on a BioSpec 70/20 
PET/MR Scanner (Bruker BioSpin), equipped with a BGA12S high 
power gradient and a PET-optimized 35 mm TR volume coil. Image 
acquisition, reconstruction and analysis was done using Paravision 360.
The image quality using F-18, Cu-64 and Ga-68 isotopes was charac-
terized using a NEMA Image Quality Phantom which was filled with 
3.7 MBq, acquired for 20 min PET/MR and processed according to the 
NEMA standard [3].
The resulting PET list-mode files were reconstructed with three itera-
tive algorithms: MLEM, MAP and OSEM. A voxel size of 0.25 mm 
was employed in all reconstructions, and the iteration number was 
individually optimized for best recovery coefficient performance yet 
maintaining uniformity below 15%.
F-18 FDG PET/MR in vivo experiments were also carried out on mice. 
Mice were injected with 8 MBq, and images were acquired for 15 min 
after a 60 min uptake time. MAP reconstructions with 20 iterations 
and a 0.25 mm voxel were used. Anatomical MRI imaging involved a 

T1-weighted FISP 3D sequence (TE/TR of 2.6/5.5 ms) and an isotropic 
voxel size of 200 um. These MRI images were used to provide the 
attenuation map for quantitative PET reconstructions.

Results: 
The table below shows the results of the IQ phantom images for the dif-
ferent isotopes and reconstruction algorithms tested. All reconstruction 
algorithms provided adequate image quality in all isotopes tested. With 
F-18, MAP showed the best 1 mm RC performance because it allowed 
a high iteration number yet maintaining a reasonably low Uniformity.
Compared to F-18, Cu-64 and Ga-68 showed a higher increase of 
noise with increasing iteration number. This can be explained by the 
fact that the activity employed in all cases was 3.7 MBq, but both 
Cu-64 and Ga-68 have a lower positron emission probability than 
F-18. Therefore, their images contained poorer statistical sampling as 
compared to the F-18 case. For Cu-64, the number of iterations was 
kept relatively low to avoid noise increasing excessively. In the case 
of Ga-68, the air spill over ratio was highest, most likely due its long 
positron range.
The persuasive PET/MR imaging data shows the quality of imaging 
results using different isotopes. The in-vivo PET/MRI imaging show 
the expected F-18 FDG biodistribution with excellent spatial resolution 
and the good T1 contrast of the morphological MRI image.

Conclusion: 
The image quality of a new PET insert has been assessed with several 
common PET isotopes for the first time. The performance shown here 
on both phantoms and in vivo suggests this PET Insert is very useful 
tool in small rodent imaging.
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Despite their name, REEs can be quite abundant throughout the Earth’s 
crust, although they’re typically spread out in low concentrations to 
be mined in a cost-effective manner. In this study, we have created a 
biosynthetically producible recombinant protein that directly indicates 
binding events via green fluorescence with high specificity for REEs, 
which can be utilized downstream as an MRI and optical imaging agent 
upon binding gadolinium. GLamouR is the first of its kind that pos-
sesses an optical feedback feature for detecting unbound gadolinium 
ions, which correlates with chelate stability. REEs can be found in 
our smartphones, computers, electric vehicles, tanks, missiles, GPS 
devices, high powered lasers, and even in the Euro banknote. Currently, 
we are completely reliant on foreign countries for the supply of Rare 
Earths but are unknowingly polluting our local environment with them. 
For example, MRI patients excrete more than 90% of their gadolinium 
dose within the first 24 hours of injection directly into the environment. 
REEs are not only finding their way into our wastewaters as a form of 
pollution, but they can also be an untapped source of financial gain 
when properly mined and processed. To address the adverse effects 
of REE pollution in the environment, we have constructed a prototype 
device capable of accumulating Rare Earths from dilute concentrations 
and indicating the presence or absence of free Rare Earths in solution, 
for rapid onsite detection and recycling. This device can be easily put 
together with parts printed off a 3D printer at extremely low cost, and 
it is anticipated the price point will drop down lower once the designs 
are finalized and mass-produced with injection molding for scalability 
to parts of the world with limited resources.
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Pancreatic cancer is a lethal disease with few successful treatment 
 options1,2. Tumor hypoxia, an underlying characteristic of pancreatic 
cancer, has a profound effect on promoting tumor invasion, metastasis, 
and resistance to chemo-, radio-, and immuno-  therapies3-6. Recent 
evidence has shown that the formation of a pronounced proinflamma-
tory stromal tissue can induce tumor hypoxia by disrupting vascular 
 networks7,8. Thus, by investigating the spatiotemporal relationship 
between hypoxia and the pancreatic tumor microenvironment (TME), 
new therapeutic strategies could be established resulting in a better 
prognosis of this disease. However, to better understand both the spa-
tial and temporal influence hypoxia has on the TME and vice versa, 
an in vivo model that offers both temporal continuity and sufficient 
spatial resolution is required. Thus, the hypothesis is that intravital 
fluorescence microscopy (IVFM) can be used to directly study the 
pancreatic TME in vivo at a cellular resolution over several weeks. A 
dually fluorescent human pancreatic adenocarcinoma cell line, BxPC3-
DsRed hypoxia-response-element (HRE)-GFP, was designed to label 
the cancer cells and image hypoxia. Hypoxia-induced GFP expression 
was validated by measuring GFP expression and performing West-
ern blot analysis on cells exposed to hypoxic or normoxic conditions. 
These BxPC3 cells were orthotopically implanted in an NRG mouse 
model, and IVFM was performed through a novel surgically implanted 
pancreatic imaging window. Mice were injected with an Allophyco-
cyanin (APC)-conjugated anti-CD31 fluorescent dye to visualize tumor 
microvasculature, and second harmonic generation (SHG) microscopy 
was performed to simultaneously image tumor-associated collagen in 
the stromal compartment. Intravital fluorescence and SHG imaging of 
pancreatic tumors were performed using an LSM710 laser-scanning 
confocal microscope. Fluorescence of the BxPC3 cells (DsRed) and 
their hypoxia-inducible factor (HIF; GFP) activity, tumor vasculature 
density, and distance between blood vessels and tumor cells were 
quantified. To investigate the relationship between tumor-associated 
collagen fibers and BxPC3 HRE/GFP expression, 50 μm-radius cir-
cular regions of interest (ROI) were analyzed along the peritumoral 
tumor-collagen interface to determine mean GFP fluorescence, SHG 
intensity, collagen fiber spatial alignment and orientation (relative to 
the tumor edge). After four weeks, tumors were extracted and embed-
ded for immunofluorescence staining for DsRed (BxPC3 tumor cells), 
GFP (driven by HIF activity), CD31 (endothelial cells), and two tra-
ditional hypoxia markers: pimonidazole and carbonic anhydrase IX 
(CA9). Pixel intensity-based colocalization analysis was performed 
on the tissue sections to determine the relationships between BxPC3 
HRE/GFP staining, pimonidazole, and CA9. A negative correlation (R 
= -0.39, p<0.0001) was determined between tumor vascular density 
and GFP fluorescence, while a positive relationship was found between 
GFP fluorescence and distance to the nearest blood vessel (R = 0.48, 
p<0.0001). Tissue section staining found that anti-GFP fluorescence 
had the strongest correlation with anti-CA9 fluorescence, with a mean 
Pearson correlation coefficient (R ̅) of 0.84 (SD = 0.09). Anti-pimoni-
dazole and anti-GFP stains had an R ̅ of 0.74 (SD = 0.09), while anti-
PIMO and anti-CA9 stains had an R ̅ of 0.66 (SD = 0.13). The mean 
tumor cell GFP fluorescence from IVFM strongly correlates with the 
tissue sections that stained positive for PIMO (R=0.89, p=0.0003) and 
CA9 (R=0.88, p=0.0003). Furthermore, a weak positive correlation 
was found between the mean GFP fluorescence and mean SHG inten-
sity (R = 0.20, p<0.0001) and a weak negative correlation between 
GFP fluorescence and the orientation of collagen fibers relative to the 
tumor edge (R ̅ = -0.06, p<0.0001). A lower mean GFP fluorescence 
was detected in the 50 μm-radius ROI where collagen fibers were per-
pendicular to the tumor edge, compared to those that were parallel 
(10.41 vs 8.68, p<0.0001).
In conclusion, this novel imaging methodology is capable of study-
ing the pancreatic TME in situ over time, and the mean BxPC3 HRE/
GFP fluorescence is representative of hypoxia throughout the tumor.
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Both advanced imaging probes and improved cancer models are 
required for non-invasive assessment and monitoring of cancer-relevant 
therapeutic targets with eventual goal of developing novel anti-prolif-
erative and checkpoint inhibitor therapies. The aims of this study were 
to: 1) obtain morphologically similar cancer models with diverse levels 
of relevant therapeutic target (e.g. EGFR) expression using CRISPR 
interference (CRISPRi); 2) develop and test miniaturized quenched 
near-infrared (NIR) imaging probes derived from therapeutic antibod-
ies in these models. To achieve attenuation of EGFR expression in 
TNBC cells an approach requiring a co-expression of specific single-
chain guide RNAs (sgRNA) and the inactive dCas9 mutant fused with 
a Krüppel-associated box (KRAB) repressor (dCas9-KRAB), which 
partially silences target gene expression was used [1]. To generate 
single guide RNAs we identified two DNA sequences in EGFR gene 
5’ - upstream of ATG codon of intron I and one sequence specific 

for downstream DNA of Intron II relative to the Sp Cas9-protospacer 
associated motif (PAM). Co-expression of sgRNA and dCas9-KRAB 
cassettes in MB-MDA-231 wild-type (WT) TNBC cells resulted in 
attenuated levels of EGFR expression in two subpopulations as deter-
mined by fluorescence microscopy and FACS analysis. In contrast to 
parent WT cells, dCas9-KRAB/sgRNA T2.1 cells showed a 10-times 
lower level of EGFR expression with concomitant decrease of PD-L1 
levels in a subpopulation which was isolated as a stable CRISPRi clone. 
Anti-EGFR mAb binding assays showed a 2-times lower Bmax in T2.1 
cells compared to WT TNBC cells and negligible differences in Kd. 
To obtain a NIR EGFR in vivo imaging probe with improved phar-
macokinetics we used sequential conjugation of IRDye 800CW via 
free cysteine and amino groups of Cetuximab-derived Fab’ fragment 
(Fab’-800CW, Figure A) which enabled linking of 1.9 mol 800CW/mol 
Fab’ with the resultant 800CW fluorescence intensity (FI) quenching 
by 4.5-5.1 times. IRDye 800CW fluorescence lifetimes (FLT) increased 
by a factor of 3 after probe internalization and proteolysis by MDA-
MB-231 WT TNBC cells as determined by FLT microscopy at two 
time points (after binding and probe internalization, Figure B). The 
ability of TNBC cells to bind, internalize and degrade the Fab’-800CW 
probe was impaired by the CRISPR/dCas9-mediated EGFR expression 
attenuation because mean NIR FI of EGFR-attenuated (T2.1) vs. WT 
TNBC cells was significantly different (mean FI=173±27 vs. 138±9 
AU, p<0.01). The anti-EGFR staining of model tumors revealed higher 
FI of EGFR positive tumor cells in small mammary WT tumor xeno-
grafts compared to their EGFR-attenuated T2.1 counterparts (Figure 
C). We further explored the ability of Fab’-800CW to differentiate 
between the WT and CRISPRi-attenuated EGFR expression in ortho-
topic TNBC tumor models using NIR imaging. The main rationale of 
testing Fab’-based probes was in achieving sufficiently high tumor/
background (muscle) ratios at earlier time points than in the case of the 
larger IgG fragments or a full-size IgG. Fab’-800CW injection allowed 
to image thoracic or abdominal orthotopic xenografts in both T2.1 and 
WT TNBC groups over time (n=4-5/group), Figure D. NIR/CT image 
registration enabled quantification of FI signals in tissue volumes that 
were normalized by muscle background. Quantitative analysis of the 
reconstructed 3D volumes of FI distribution in vivo showed that mean 
tumor/background (muscle) ratio in the range of 2-5 could be achieved 
at 2 h time point in the WT and the T2.1 (attenuated) tumor group (Fig-
ure E). Conclusions: 1) CRISPRi by using dCas9-mediated targeting of 
KRAB repressor to EGFR resulted in TNBC populations which were 
forming xenografts with attenuated EGFR expression; 2) in vivo NIR 
imaging by using a miniaturized anti-EGFR imaging probe allowed to 
assess the feasibility of WT and attenuated EGFR expression in experi-
mental tumors at early time points after injection, which is relevant to 
multiple cancer theranostic approaches.
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Introduction, Hypothesis, and Objectives: 
Brachytherapy is a widely used clinical procedure for the treatment 
of prostate, breast, eye, and cervical cancer. It consists of the inser-
tion of radioactive implants into tumors, which remain on-site for a 
period sufficiently long to deliver a lethal dose of radioactivity to can-
cer cells. Gold nanoparticles (AuNPs) are being developed as powerful 
radiosensitizers for brachytherapy. Their presence in tumors enhances 
the radiation effect through the production of low-energy photons 
and electrons, which increase the dose and lead to the production of 
ROS that can induce cell death.1, 2 AuNPs can be administrated either 
attached at a brachytherapy implant, or using hydrogels, from which 
they are released within a few hours for diffusion into the tumor. Both 
the penetration range of AuNPs into the tumor and the production and 
diffusion of ROS into the cancer tissue must be precisely measured by 
a comprehensive approach correlating in vivo imaging and microscopy 
data. We hypothesized that AuNPs as radiosensitizers for the treatment 
of cervical cancer by brachytherapy, could diffuse several hundreds of 
microns into cancer tissue and produce ROS even further deep into 
the tissue, with impact on tumor volume control. This study i) reveals 
the intratumoral penetration depth of AuNPs eluted from a delivery 
system; ii) measures the ROS diffusion profile; and iii) confirms the 
impact on tumor volume.

Materials and Methods: 
Radioactive implant and hydrogel delivery system:  Custom-
designed cupola-shaped brachytherapy implants made of biocompat-
ible, 3D-printed polyetheretherketone (PEEK; d=6 mm, h=4.5 mm) 
containing a 125I source (0.8 mCi;  t1/2 = 59.5 days; ~28 keV photons), 
were coated with a biocompatible pluronic F127 (20% w/v) and algi-
nate (0.5% w/v) hydrogel (also 3D-printed, Cellink BioX bioprinter; 
2mm-thick lens-shaped coatings). This hydrogel contained fluores-
cent AuNPs (0.1 mg/ml, core size <6 nm (TEM); hydrodynamic diam-
eter of 18 nm DLS; + Cy5 fluo dye), and allowed a controlled elution in 
vivo(described in 3).

Animal Study: 
The therapeutic effect of AuNPs released from the 3D-printed hydrogel 
coating, diffusing into the tumors, and producing ROS in the cancer 
tissue, was studied in NU/NU mice inoculated with HeLa cells (flank 
tumors). The gel-bearing inserts were administered beneath the tumor 
by aseptic surgery (Figure 1a) and were visualized with MRI (T1-w. SE; 
TE/TR: 13.5/704.2 ms). On day 7 post-surgery, dihydroethidium (DHE; 
a ROS detection fluorescent probe) was injected in the tumors 30 min 
before euthanasia (0.1 mg/kg, 50 μL; 5 μL/min; stereotax.). The tumors 
were extracted, preserved in OCT, sliced from the side in contact with 
the AuNP-hydrogel and down into the cancer mass (20 mm-thick), and 
observed in immunofluorescence.

Results: 
A strong presence of AuNPs was observed at a depth of at least 125 mm 
in the tumor (Figure 1b,c), thus revealing the diffusion range of Au NPs 
into the cancer tissue. However, the amount of ROS generated by the 
interactions of AuNPs and the 125I photons, was much higher than for 
controls (125I only), and were very strong at least 900 mm deep in the 
tumor (Figure 1c) thus confirming the capacity of a single 0.8 mCi con-
ventional brachytherapy seed supplemented with Au NPs, to generate 
a strong ROS generation thus leading to a reduction of tumor volume 
in spite of the limited radioactivity of the implant.

Conclusion: 
This study reveals precious information about the diffusion range of 
Au NPs injected from brachytherapy implants (~125 mm), as well as 
the range of ROS production (~1 mm). Au NPs are being approved as 
radiosensitizers for clinical use, and therefore the results will be useful 
to radiooncologists for planning the number of implants, their spacing, 
and the dose of Au NPs per implant.
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Hypothesis: 
In pretargeted nuclear medicine, to alleviate the high radiation load 
often associated with the use of directly radiolabeled macromolecules, 
a pre-administered target bound macromolecule (e.g., monoclonal 
antibody: mAb) is labeled in vivo with a radiolabeled small molecule 
(radioligand).1 In previous work with host-guest cucurbit[7]uril-ferro-
cene (CB7-Fc) pretargeting studies it was found that as the lag time is 
increased the tumor uptake decreases.2,3,4 Adamantane (Adma) guest 
molecules have higher affinity for the CB7 host molecule compared to 
 ferrocenes4, which is why we hypothesize that CB7-Adma pretarget-
ing components can generate a more stable host-guest complexation in 
vivo. In the present work, the high affinity non-covalent interaction 
between a CB7 modified antibody and a  [68Ga]Ga-NOTA-PEG3-Adma 
guest molecule were evaluated in pretargeting studies with lag times of 
3 or 6 days as well as with dose fractionation.

Methods: 
A novel  [68Ga]Ga-NOTA-PEG3-Adma radioligand was developed 
and characterized. Radioligand’s partition coefficient (log D),  in 
vitro plasma stability and plasma protein binding was studied. The 
guest radioligand was evaluated for in vivo pretargeting in a xeno-
graft mouse model using a CB7-modified carcinoembryonic antigen 
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(CEA) targeting full-length antibody (CB7-M5A) as the secondary 
pretargeting agent. The pretargeting studies included evaluating the 
target specificity of the pretargeting methodology and studying differ-
ent pretargeting dosing schedules and regimens. Three experimental 
cohorts of BxPC3 (CEA+) tumor bearing female nude mice (n=4/
cohort) were injected in the tail vein with CB7-M5A (0.7 nmol; 100 mg 
in 150 mL in PBS7.4). The single dose were administered with  [68Ga]
Ga-NOTA-PEG3-Adma (1.5 nmol; 11.8 – 15.0 MBq in 150 mL in 
PBS7.4) via the tail vein either 3- or 6-days post CB7-M5A injection 
(Group A and B). Group C (Fractionated dose) received an injection 
of the  [68Ga]Ga-NOTA-PEG3-Adma radioligand on day 3 and 6 post 
CB7-M5A injection. The Group D was injected only with the  [68Ga]
Ga-NOTA-PEG3-Adma with no prior CB7-M5A injection. All groups 
were euthanized for in vivo biodistribution 4 h post final injection. 
Additionally, the mice in groups B and C were imaged with a small 
animal PET scanner 2 and 4 h post radioligand injections.

Results: 
The radiochemical yield of the  [68Ga]Ga-NOTA-PEG3-Adma was 58.3 
± 9.4%, and its final radiochemical purity was 97.45 ± 1.3% (n = 3). 
The measured log D of the radioligand was -1.23 ± 0.20. The human 
plasma protein bound fraction at 60, 120 and 180 min was found to 
be 10.8 ± 1.04, 12.3 ± 1.32, 15.6 ± 3.86 respectively. The radioligand 
was highly stable up to 3 h in plasma with 96.74 % of the radioligand 
remaining intact. The radioligand possessed high gastrointestinal clear-
ance with minimal renal excretion. Pretargeting experiments in sub-
cutaneous BxPC3 tumor bearing nude female mice demonstrated that 
the tumor uptake of the pretargeted radioligand in group A (p= 0.001), 
B (p=0.003) and C (p=0.003) was significantly higher compared to 
Group D. Moreover, there is no significant difference in tumor uptake 
with fractionated dosing on day 3 and day 6 lag.

Conclusions: 
The findings show for the first time that a CB7-Adma driven pretarget-
ing results in excellent tumor uptake. The tumor uptake remained high 
despite using a longer lag time of 6 days or injecting multiple doses of 
the Adma radioligand. These exciting results show that the CB7-Adma 
approach has potential to be used in therapeutic applications with flex-
ible dosing schedules.
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Introduction: 
Alanine serine cysteine transporter 2 (ASCT2), the primary transporter 
for glutamine, is a prognostic marker for many  cancers1-4. Immuno-
histochemical grading is the current clinical metric for ASCT2; how-
ever, in vivo imaging can provide a spatiotemporal profile of this bio-
marker. Alanine is a well-recognized substrate for  ASCT25 that has 
been intravenously injected at a dose of 6 mM into humans for other 
applications without  symptoms6. Chemical exchange saturation transfer 
magnetic resonance imaging (CEST MRI) can detect alanine without 
modification or the need for specialized equipment through the water-
exchanging protons in its  amine7-9. We investigated the utility of CEST 
MRI to evaluate ASCT2-mediated transport by comparing DU-145 and 
LNCaP prostate cancer cells, which have different levels of ASCT2 
 expression10, 11.

Methods: 
Prostate cancer model: Animal studies were approved by our institu-
tional ACUC. DU-145 (2-3 x  106) or LNCaP (3-5 x  106) cells were 
subcutaneously injected into the right flank of male, 6-10 week old 
Rag2 mice. CEST MRI: Mice were imaged 1-2 months after tumor 
induction using a Bruker 11.7T horizontal bore spectrometer and an 
8-channel phase array coil. Animals were anesthetized with isoflurane 
(1-2%). Dynamic CEST images were collected at the +3.1 ppm fre-
quency prior to alanine (6 mM, IV) injection and over a period of 60 
minutes after injection. CEST enhancement (ΔS/S0,0-t) was quantified 
by subtracting the signal (S/S0) at time t from the signal obtained prior 
to injection.  S0 was acquired before and after (n = 5 each), then lin-
early fitted over time. Scan parameters were TR/TE = 10,000/3.49 ms, 
RARE factor = 32, NA = 20, repetitions = 1,  B1 = 3.6 μT, saturation 
length = 3 s, matrix size = 48 x 48, slice thickness = 1.5 mm, and field 
of view = 30 × 30  mm2.
Statistics: A two-way ANOVA was performed with p<0.05 considered 
significant.

Results: 
We first investigated the CEST signal generated by alanine in vitro at 
cancer-relevant pH values (from 5.3 to 8.3; Persuasive Figure 1). For 
the majority of this range, alanine (20 mM) generated CEST contrast 
above baseline (PBS). We then quantified the expression of ASCT2 in 
the prostatic cancer cell lines DU-145 and LNCaP (Persuasive Fig-
ure 2). The average intensity of ASCT2 in LNCaP was 81% higher 
than that of DU-145. Since ASCT2 function requires translocation to 
the plasma  membrane12, we also investigated the intensity across the 
cellular space. A line profile revealed that the expression at the cell 
membrane was higher than that in the cytoplasm for both cell lines. 
It also revealed LNCaP had higher fluorescent intensity compared to 
DU-145 throughout the cellular space. We then investigated CEST sig-
nal enhancement when alanine was administered IV (Figure 1). When 
alanine was administered into mice with DU-145 tumors, CEST signal 
was near or below baseline levels throughout the scan. When alanine 
was administered into mice with LNCaP tumors, CEST signal at the 
+3.1 ppm frequency was enhanced throughout the 60-minute scan. 
CEST signal was significantly higher in LNCaP compared to DU-145 
tumors at 60 minutes (p = 0.012).

Conclusion: 
CEST MRI detected the uptake of alanine, a natural ASCT2 substrate. 
CEST enhancement upon injecting alanine distinguished prostate 
tumors with differing ASCT2 levels.
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Cancer is classified as a chronic disease and deaths caused by cancer 
are estimated to increase to 11.5 million by 2030. Patient response to 
treatment and chances of survival improve significantly when cancer 

is diagnosed at an early stage. MRI is often seen as a superior imag-
ing modality to acquire detailed information about the healthy or dis-
eased state of internal organs. Many contrast agents currently available 
are severely limited due to their low relaxation rates which increases 
the chances of metal ion toxicity due to a need for higher doses of 
administration. A novel class of protein-based MRI contrast agents 
was created that had high dual relaxivity with the capability to quanti-
tatively target molecular biomarkers with improved specificity which 
reduces the need for administering a high dose. This study reports 
the progress in the achievement of high expression of protein using 
bacteria E. coli cells. The purification and refolding of active mono-
meric hProca32.collagen were further achieved by optimizing various 
formulation conditions. Several quantitative quality control assays such 
as ELISA, SEC-HPLC, Mass spectrometry, and relaxivity have been 
successfully developed. The purified samples have excellent collagen-
binding affinity (Kd 0.1-1.3 μM) under physiological conditions and 
good relaxivity values (30 and 42  mM-1S-1 for r1 and r2 respectively) 
which are 100-folds greater than clinically available contrast agents. 
The formulated hProCA32.collagen enables early detection of liver 
cancer and lung fibrosis in mouse models by Precision MRI (pMRI).
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Introduction: 
Alpha and beta emitters present a highly potentiality as therapeutic 
agents in clinics [1], [2]. Novel compounds using radionuclides such 
as Pb-212, Ac-225, At-211, Ra-223, Lu-177 are increasingly tested in 
preclinical stage for the development of future emerging radiopharma-
ceuticals. Quantitative imaging of such compounds is often possible via 
imaging of gammas produced by complex decay schemes. Understand-
ing the biokinetics of alpha and beta emitting radiopharmaceuticals 
in preclinical studies is of major importance, in order to evaluate its 
safety and efficacy [3], [4]. In the current work, we present in vivo and 
phantom imaging studies of Pb-212 and Ac-225.

Materials and Methods: 
In vivo animal studies were performed on a dedicated bench top, 
mouse-sized, planar scintigraphy system (γ-eyeTM by BIOEMTECH, 
Athens, Greece). The ability of the system to quantify activity varia-
tions was evaluated through a series of phantom experiments. Gamma 
rays detection is based on position-sensitive photomultiplier tubes, 
coupled to a CsI(Na) pixelated scintillator and a high-sensitivity tung-
sten collimator with parallel hexagonal holes, supporting a wide range 
of gamma rays emitting isotopes.
For the evaluation of system sensitivity to activity variations three 
cylindrical phantoms (12 mm in diameter, 8 mm active height) filled 
with either Pb-212 or Ac-225 were placed in the imaging platform 
of  γ-eyeTM. A mouse phantom (Fillable mouse, BIOEMTECH, 
Greece) filled with the different activities of the aforementioned 
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isotopes was used to further evaluate system’s capability to image 
accurate activity variations.
In vivo Pb-212 static scans (below 20 min) were performed at dif-
ferent time points, to provide longitudinal information on the dis-
tribution on the same animal, while the total administered activity 
was below 1 Mbq. During imaging, mice were kept under isoflurane 
anesthesia and under constant temperature of 37° C.

Results: 
Phantom studies results show the capability of γ-eyeTM imaging scan-
ner to obtain accurate quantitative information of the distribution of 
alpha emitting radiopharmaceuticals in preclinical studies.
In vivo studies highlight the feasibility of imaging successful tumor 
targeting using a Pb-212 compound, during scanning times of less 
than 20 min and a total administered activity of less than one 1 Mbq.

Conclusions: 
Noninvasive quantitative imaging of alpha and beta emitting radiop-
harmaceuticals is feasible via imaging of the gammas and positrons 
produced of these radionuclides. Understanding its complex decay 
scheme, an imaging methodology can be derived. Dedicated scintig-
raphy screening tools allow tracking of these radiopharmaceuticals over 
time with a potential to accelerate preclinical research.
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Tumour vascularization proceeds through several mechanisms that are 
genotypically and phenotypically distinct. Vasculogenic mimicry (VM) 
refers to the appearance of endothelial-like vessels arising from cancer 
cells [1, 2], a process associated with therapy resistance and has been 
identified as a driver of metastasis [3]. Here, we investigate the poten-
tial of photoacoustic imaging (PAI) to elucidate the spatiotemporal 

dynamics of VM competence in a murine model of breast cancer. 
Murine breast tumours were established at the mammary fat pad of 
BALB/c nude female mice (5-6 weeks old) using 4T1 cells (n= 10 
mice) and the derivative clone 4T1-T (n= 10 mice), which has previ-
ously been found to demonstrate a higher competence for VM [3]. 
Response to the anti-vascular agent Axitinib (Generon) was evaluated 
in a subset of mice  (n4T1= 4,  n4T1-T= 4). Multi-scale PAI was performed 
every 2-3 days once the tumour mass was palpable for up to 3 weeks 
post-implantation. In the treatment groups, Axitinib was intraperito-
neally dosed at 50 mg/kg in a scheme 5 days on/ 2 days off. We used 
commercial raster-scan PA mesoscopy system (RSOM Explorer P50; 
iThera Medical) with a 532nm laser excitation to assess the vascula-
ture morphology and a PA tomography system (MSOT inVision 256; 
iThera Medical) to acquire data in the 660-880nm wavelength range 
to allow discrimination between oxy- and deoxy-haemoglobin. In the 
final imaging session, an additional gas challenge was applied [4], to 
further monitor the intratumoural vascular kinetics. VM competence 
was assessed ex vivo by CD31-periodic acid-Schiff (PAS) double stain-
ing [5] in order to differentiate between VM and endothelial cells. For 
the mesoscopic data, a vessel analysis segmentation pipeline [6] and 
graph analysis was implemented (MATLAB) to further identify and 
locate morphological features of VM. For the tomographic data, PA 
image analysis was performed using custom code (Python) to identify 
the tumour areas and oxygenation status, using the abdominal aorta 
as a reference. The overall growth rate of the tumours was similar for 
the 4T1 and 4T1-T VM models, allowing a size-matched comparison 
throughout the study period. The overall oxygenation in PA tomogra-
phy was similar for both models, although the 4T1-T model showed a 
more heterogeneous oxygenation phenotype throughout the time course 
of the study. No difference was observed in the overall blood content 
of the models. A 1mm-rim segmentation was applied to look at rim-
core disparities. In line with previous results [7], unlike the 4T1 model 
that shows a uniformly distributed profile, the VM-competent 4T1-T 
tumours display a rim-core effect that diverges over time (Figure 1A). 
The response to the anti-vascular treatment was an overall compro-
mised oxygenation status throughout the study for both models.
To further examine the differences in the vascular architecture of the 
tumour periphery, we analysed the PA mesoscopy (Figure 1B) using 
graph metrics while maintaining their topology (Figure 1C). A dis-
tinct architectural circularity feature emerged that was statistically less 
apparent in 4T1 tumours relative to the VM-competent 4T1-T tumours. 
Interestingly, in response to the anti-vascular treatment, the same fea-
ture was reduced in both models. Subsequent ex vivo validation with 
immunohistological double staining for endothelial and VM markers 
(Figure 1D) indicates similar structures that underscore the potential 
of mesoscopic PA assessment of VM.
Our results demonstrate divergent spatiotemporal oxygenation in a 
murine cell line tumour model with higher VM competence com-
pared to the parental model. Assessment of the vascular architecture 
in these models with graphs indicates potential PA biomarkers of 
VM. These findings will be further validated by co-registering the 
PA VM characteristics with the histology-proven VM vessels and the 
Axitinib effect will be further investigated to assess the importance 
of VM in anti-angiogenic treatment schemes.
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Introduction: 
Full antibodies (MW>100KDa) have a long circulation time neces-
sitating the use of radioisotopes with long half-lives (e.g. 89Zr). By 
contrast, cys-diabodies and minibodies (50-75 KDa) display a relatively 
short blood circulation time (5-10h) that makes them good candidates 
for 18F labeling because of the better match of the circulation time with 
it’s shorter half-life for positron emmision .1,3 Traditionally, 18F species 
from cyclotrons are reacted with other reagents to produce 18F-bearing 
prosthetic groups that can be used for further chemistry development. 
The prosthetic groups are then reacted with the target molecule to pre-
pare the 18F radiotracer. This indirect 18F-labeling is a relatively long 
procedure entailing multiple synthesis and purification steps often 
with harsh reaction conditions, rendering this approach unsuitable for 
biologics.4-6 PFAr (perfluoroaromatic) chemical moieties are reliable 
chemical entities that can be synthetically conjugated to cys-diabodies 
and minibodies through cysteine-maleimide and amine-NHS ester 
conjugation strategies. They are also very good candidates for 18/19F 
isotope exchange for 18F-labeling of the final products.7 The investiga-
tors in this study applied this novel and efficient 18F-labeleing strategy 
on an anti-HER2 cys-diabody and minibody.

Methods: 
The anti-HER2 cys-diabody and minibody were obtained from a com-
mercial vendor. Conjugation of maleimide and NHS-ester bearing com-
mercially available Cy5 fluorophores to the anti-HER2 cys-diabody 
and minibody, respectively, were tested by SDS-Page. Conjugated 
cys-diabody and minibody bound to HER2-bearing magnetic beads as 
shown by FACS analysis. Pentafluorosulfanyl chloride was conjugated 
to a maleimide functional group through a PEG linker. Hexafluoro 
benzene was conjugated to and NHS ester bearing linker via a sulfide 
bond. Two different strategies for 18F-lableing were investigated: 1) 
18F-labeleing of the PFAr linker before conjugation to cys-diabody or 
minibody and 2) 18F-labeling of the PFAr linker after conjugation to 
cys-diabody or minibody.  Na18F salt (5-10 mCi) in DMF solvent in the 
presence of  K2.2.2 was performed at 40-50oC in 15-30 min. 18F-labeling 
of the cys-diabody or minibody bearing PFAr was performed in the 
presence of  Na18F and  K2.2.2 at 30-37oC in 15-30 min. 18F-labeling was 

monitored by HPLC analysis of the reaction mixtureemployinig a radi-
oactive counter detector. Antibody purification kits were used to purify 
the final products by separating the 18F-labeled products from 18/19F 
salts and other impurities. Biological reactivity of 18F-PFAr diabody 
and minibody was evaluated in Sk-Br-3 (HER2 positive) and MDA-
MB-231 (control) cell lines.

Results: 
Fluorescent bands with matching proteins with MW= 50-55KDa and 
70-75KDa confirmed the availability of cysteines in the cys-diabody 
and lysine(s) in the minibody for conjugation. Moreover, a 2-3 fold 
shift in intensity of fluorescence signal on HER2 on magnetic beads 
confirmed that both the cys-diabody and minibody were biologically 
active after conjugation to maleimide and NHS ester linkers. MALDI 
Mass Spectroscopy and HPLC with radioactive detection confirmed 
conjugation and 18F-labeling of the PFAr linkers in both the cys-dia-
body and minibody. 18F-labeled cys-diabody and minibody showed 
2.09 and 1.98, respectively, uptake increase in Sk-Br-3 cell lines (HER2 
positive) compared to MDA-MB-231 (control).

Conclusion: 
PFAr groups are suitable chemical entities for conjugation and sub-
sequent 18F-labeling of diabody and minibodies. Fast 18F-labeling 
and simple purification strategy provides the opportunity to pre-
pare 18F-labeling kits in which cold PFAr conjugated to these con-
structs can be stored for significant periods (weeks or months). This 
allows the ad hoc preparation of the 18F-labeled constructs, for biologi-
cal applications, ad hoc by simple ‘shake and bake’ chemistry.
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Introduction: 
Cancer-related mortality accounted for approximately 16% of all deaths 
in 2020 (WHO). Poor tumor control is generally, but not solely, a result 
of tumor heterogeneity and complex mechanisms of immune evasion in 
solid tumors [1]. Our focus is to investigate the pro-tumorigenic proper-
ties of the tumor macroenvironment (TMaE) – the interactions between 
the tumor and the host as a multi-organ extension of the tumor micro-
environment [2]. Tumorigenesis initiates a program of dysregulated 
hematopoiesis in the spleen, giving rise to hematopoietic progenitors 
and stromal cells that promote tumor immune evasion, cancer progres-
sion and metastatic cascade [2][3]. Using high resolution 1H magnetic 
resonance spectroscopy (MRS), we investigated the impact of tumor 
burden on spleen metabolism in different syngeneic mouse cancer 
models. Hemodynamic changes were characterized with multi-spectral 
optoacoustic tomography (MSOT). Understanding how tumorigenesis 
affects the metabolic function of the spleen will expand our understand-
ing of what shapes the TMaE and how metabolic intervention can be 
utilized for anticancer treatments.

Method:
 Female BALB/c and C57BL/6 mice were inoculated orthotopically 
with 4T1 (mammary carcinoma) cells and E0771 (mammary carci-
noma) cells, respectively. Male C57BL/6 mice were inoculated sub-
cutaneously with Panc02 (pancreatic adenocarcinoma) cells. Unin-
oculated mice of each strain were used as non-tumor-bearing controls 
(Ctrl). Once tumor volumes reached approximately 400 – 600  mm3, 
Ctrl and tumor-bearing (TB) mice were euthanized, the spleen and 
other organs were harvested, freeze clamped and stored at -80 °C for 
further analyses. Cryopulverization of mouse spleens was conducted 
in liquid nitrogen followed by dual phase extractions. Water-solu-
ble metabolites from aqueous phase spleen extracts were identified 
through 1H MRS analysis using a Bruker Avance III 750 MHz (17.6T) 
MR spectrometer. Plasma spectra were acquired using a CPMG pulse 
sequence. Data acquisition was performed using a 5 mm inverse triple-
resonance (TXI) probe. Topspin 3.5 software was used for data pro-
cessing, analysis and quantification. Metabolite concentrations were 
calculated using the internal reference sodium trimethylsilyl propionate 
(TSP), and all metabolite concentrations were normalized to spleen 
sample weight. Analysis of physiological changes in the spleen dur-
ing tumorigenesis was performed with MSOT imaging of hemoglobin 
oxygenation in Ctrl and 4T1-TB BALB/c mice was conducted using an 
MSOT inVision 512-echo scanner (iThera Medical). Values represent 
mean ± SEM. Two-tailed Student’s t test. *p ≤ 0.05, **p ≤ 0.01, ***p 
≤ 0.001 compared to tumor-bearing mice.

Results and Discussion: 
Mice bearing 4T1 (n = 4) and E0771 (n = 5), but not Panc02 (n = 7) 
tumors exhibited splenomegaly (Figure 1A). Figure 1B illustrates the 
distinct metabolic changes observed in the spleen of all TB mice com-
pared to Ctrl mice of the corresponding strain. These spleen metabolite 
changes were strikingly different from those identified in the plasma 
of TB mice, ruling out the possibility of any systemic contributions 
to spleen metabolism (data not shown). Elevated lactate, glutamate, 
glutathione, alanine and glycine were common across all groups of TB 
mice compared to controls (Figure 1C). Spleen metabolism determined 

for different 4T1 tumor weights revealed that a change in lactate and 
glutathione metabolism occurred for tumors at 200 - 400 milligrams 
(data not shown). An overlay of ultrasound and the optoacoustic signals 
of deoxyhemoglobin (Hb) and oxyhemoglobin  (HbO2) is presented 
in Figure 1D, revealing a significant reduction (P = 0.016) in oxy-
hemoglobin saturation in the spleen of 4T1-TB (n = 3) compared to 
Ctrl (n = 3) mice that may have contributed to the metabolic changes. 
Our findings highlight the metabolic reprogramming that occurs in the 
spleen with cancer. These splenic metabolite changes can contribute 
to immune suppression and to poor prognosis. These findings can be 
used to develop metabolic strategies coupled with frontline treatments 
to improve outcome.
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Introduction: 
Aptamers are oligonucleotides that bind to various targets with high 
affinity and specificity. Even with costly modifications, they are effi-
ciently degraded by nucleases in blood and/or rapidly filtrated by the 
kidneys, leading to limited adoption in molecular imaging. Ultrasound 
molecular imaging (US-MI) uses microbubbles (MBs) that bind to 
vascular markers of disease within minutes after injection allowing 
for rapid disease detection, making it an ideal candidate for aptamer 
functionalization. Our goal is to create a targeted MB with a dual P- 
and E-selectin-targeted DNA aptamer (both expressed on activated 
endothelium for immune cell trafficking) and use it to image murine 
bowel inflammation.

Methods: 
Lipid shell (DSPC, DSPE-PEG2K, and DSPE-PEG2K-DBCO) 
MBs were activated in perfluobutane-purged vials with a VIALMIX 
(Fig. 1a). Size and concentration were measured using a Multisizer 4e. 
A clinically-translatable azide-DBCO reaction was initiated by incu-
bating MBs (containing the lipid-tethered DBCO) with a fluorescent 
dual P- and E-selectin DNA aptamer (5’-azide-DNA-Apt-3’-Cy3) or 
Scr aptamer (5’-azide-Scr-Apt-3’; 50 mg per 1x109 MBs) for 20 min 
at 37°C (Fig. 1b). Confocal microscopy was used to confirm labelling 
of fluorescent aptamer to MB shell. Acute colitis was induced using 
2% TNBS in 3 of 6 Balb/C mice. Mice were imaged using contrast 
mode on a Vevo3100 US system following i.v. bolus of 1x108 MBs. 
Each mouse received dual selectin aptamer (DABs) and non-targeted 
(NTBs) MBs. Images were analyzed using VEVOCQ. Bowels were 
excised and prepared using a Swiss roll technique for histology and 
immunofluorescence.
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Results/Discussion: 
Labelling of MBs with fluorescent dual selectin DNA aptamer was 
verified with confocal microscopy (Fig 1c). There was a low US-MI 
signal detected using NTBs (0.40 + 0.26 a.u.) and DABs (0.07 + 0.12 
a.u.) in healthy mice (Fig. 1d, e). There was a non-significant increase 
in US-MI signal in mice with acute colitis using DABs (3.95 + 2.87 
a.u.) in comparison to NTBs (1.15 + 0.31 a.u.) (Fig. 1d, e). All 3 mice 
with acute colitis showed signs of inflammation histologically. Mouse 1 
showed severe/necrotic signs of inflammation, with epithelial necrosis 
and reduced blood flow (Fig. 1f, Persuasive Data), suggesting MBs 
were severely limited in their ability to accumulate in the bowel, con-
tributing to the low molecular imaging signal. In mice 2 and 3, DABs 
signal increases along with histological severity (Fig. 1f, Persuasive 
Data). Mouse 2 showed moderate severity, moderate immune adhesion 
to vasculature, and patchy perfusion pattern (Fig. 1f, Persuasive Data). 
Mouse 3 showed moderate-high inflammation with high immune cell 
adhesion to vessels and uniform, high-uniform perfusion. No healthy 
mice showed signs of inflammation (Fig. 1f, Persuasive Data). Mice 
with acute colitis presented with increased P- and E-selectin expression 
on the vasculature (white arrows; Persuasive Data).

Conclusion: 
We constructed a dual P- and E-selectin targeted MB using a fluores-
cent, dual-selectin DNA aptamer which generated a detectable US-MI 
signal in mice with acute colitis. Though not significant, the molecu-
lar imaging patterns correlated to histological severity and blood flow 
patterns. This approach for construction is quick, cost-efficient, and 
represents a new generation of US-MI contrast agents that can be clini-
cally translated.
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Abstract Body: 
Sotrovimab (VIR-7831), an engineered human IgG1κ monoclonal 
antibody (mAb), binds to a conserved epitope of the SARS-CoV-2 
spike protein receptor binding domain (RBD) and, neutralizes the 
virus in vitro1. The Fc region of VIR-7831 contains an LS modification 
(M428L and N434S) to promote neonatal Fc-receptor (FcRn)-mediated 
recycling and extend its serum half-life2. Here, we aimed to evaluate 
the impact of the LS modification on tissue biodistribution by compar-
ing 89Zr labeled VIR-7831 to its non-LS equivalent, 89Zr-VIR-7831-WT 
in cynomolgus monkeys using Positron Emission Tomography/Com-
puted Tomography (PET/CT) imaging up to 14 days post treatment.

Methods: 
Deferoxamine (DFO) modified VIR-7831 and the non-LS wild-type 
(VIR-7831-WT) antibodies were radiolabeled with 89Zr and their sta-
bility confirmed in 10% monkey serum/PBS for up to 7 days. FcRn and 
RBD ELISA binding assays were used to confirm that 89Zr labeling did 
not disrupt RBD or FcRn binding of the antibodies. Full body PET/CT 
in cynomolgus monkeys was used to compare the tissue biodistribution 
properties of 89Zr-VIR-7831 and 89Zr-VIR-7831-WT. All major organs 
were analyzed for absolute concentration  (SUVmean uptake) as well as 
tissue:blood  SUVmean uptake ratios, with the focus on the respiratory 
tract. Serum concentration in blood, tissues and PET data were mod-
eled by physiologically-based pharmacokinetics (PBPK) to evaluate 
the tissue biodistribution kinetics of VIR-7831 and VIR-7831-WT3. 
Additionally, radiomics features (intensity profiles, shapes and textures) 
were extracted from the PET images and SUV values to investigate dif-
ferences between 89Zr-VIR-7831 and 89Zr-VIR-7831-WT4. A levelset 
analysis was performed to analyze the spatial distribution of the 89Zr 
labeled antibodies with proximity to blood supply.

Results: 
89Zr-VIR-7831 and 89Zr-VIR-7831-WT were obtained at radiolabe-
ling yield of 84±3% with ≥95% radiochemical purity and specific 
activities of 2.87±0.22 mCi/mg and 2.36±0.2 mCi/mg respectively. 
In vivo,  SUVmean uptake in the pulmonary bronchi for 89Zr-VIR-7831 
was statistically higher than 89Zr-VIR-7831-WT at Days 6 (3.43±0.55 
and 2.59±0.38, respectively), and 10 (2.66±0.32 and 2.15±0.18, 
respectively), while the reverse was observed in the liver at Day 6 
(5.14±0.8 and 8.63±0.89, respectively), Day 10 (4.52±0.59 and 
7.73±0.66, respectively), and Day 14 (4.95±0.65 and 7.94±0.54, 
respectively), Figure 1. The half-life extended 89Zr-VIR-7831 remained 
longer in circulation than  89Zr-VIR-7831-WT (21.3±3.0 days vs. 
16.5±1.1 days), consistent with enhanced FcRn binding. On Day 3, 
the 89Zr-VIR-7831 group mean tissue:blood ratio in pulmonary bronchi 
(0.41) and lung tissue excluding air space (0.70) was higher than other 
respiratory tract tissues, including nasal cavity (0.29), pharynx (0.20), 
larynx (0.23), trachea (0.16) and total lung (0.25, including air space). 
PBPK modelling predicted the lung interstitial space to serum ratio to 
be 0.55 on Day 3. Radiomics analysis showed extracted features with 
VIR-7831 exhibiting mean-centralized distribution in lungs indicating 
more uniform uptake than VIR-7831-WT, while the 3D levelset analy-
sis showed significantly higher uptake of 89Zr-VIR-7831 vs 89Zr-VIR-
7831-WT in the region closest to the bronchi on Day 6.

Conclusion: 
The half-extending LS modified antibody, 89Zr-VIR-7831 remained 
longer in circulation than 89Zr-VIR-7831-WT correlating with higher 
tissue concentrations, although only statistically significant in the 
pulmonary bronchi. The relatively higher local concentration of 89Zr-
VIR-7831 in the bronchiolar region was substantiated by physiomic 
image analysis. The data observed allow insight into tissue distribution 
and elimination kinetics of mAbs that can guide future biologic drug 
discovery efforts.
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Rationale and Objectives: 
MRI has high spatial resolution but poor sensitivity for visualization 
of molecular targets. Superparamagnetic iron oxide (SPIO) contrast 
agents along with antibodies are used to improve MRI sensitivity and 
molecular targeting, but they cannot cross an intact blood-brain barrier 
(BBB) limiting their use for CNS receptor/transporter imaging. Our 
goal was to enable MR imaging of dopamine transporters (DAT) in 
drug addiction using novel clathrin-nanoprobes (CNPs) carrying SPIO 
and anti-DAT-antibodies, which noninvasively pass a BBB and target 
DAT.

Methods: 
DAT-antagonists can be used for diagnosis and treatment of drug addic-
tion, Parkinson’s disease and ADHD. DAT-CNPs were synthesized 
by conjugating anti-DAT-antibody and SPIO (or NHS-Fluorescein) 
to clathrin using polyethylene glycols at 1:1:1 molar ratio. The size 
and uniformity of nanoprobe was determined by dynamic light scatter-
ing. C57BL/6J mice were given intraperitoneal injections of saline or 
neurotoxic dose of methamphetamine (METH, 30 mg/kg) 24h before 
MRI. Mice were then given saline or DAT-CNPs intranasally (68pmol, 
50μL) 4h before in-vivo or ex-vivo MRI. Voxel-wise  R2* relaxation 
rates were obtained at 9.4T using a series of gradient-echo images, and 
estimated in the striatum (STR), substantia nigra (SN) and visual cortex 
(vCTX), a control region with low DAT expression.

Results: 
DAT-CNPs remained immunoreactive after modifications. The iron 
stained brain slices showed an accumulation of DAT-CNPs in brain 
regions rich in DAT (e.g., STR). Fluorescent microscopy demonstrated 
specific targeting of dopamine brain regions with DAT-CNPs. Confocal 
laser microscopy confirmed integrity of DAT-CNPs, as clathrin and 
DAT-antibody fluorescence co-localized in dopamine regions. MRI 
studies revealed that  R2* values were lower in STR (p=0.0077) and 
SN (p=0.0023) in METH vs. saline treated mice. R2* values were 
significantly higher in the STR (p=0.0010) and SN (p=0.0007) com-
pared to vCTX in WT animals that received DAT-CNPs, but not in 
saline treated animals. DAT-CNPs significantly increased R2* in the 
STR (p<0.0001) and SN (p=0.0002) compared to saline without sig-
nificantly altering R2* in the vCTX.

Conclusions: 
DAT-CNPs successfully bypassed an intact BBB and noninvasively 
delivered SPIO contrast agents along with anti-DAT-antibody to the 
mouse brain, enabling MRI detection of decreased DAT levels in 
METH toxicity. Hence, clathrin appears to provide a highly efficient 
nanoplatform for targeted delivery of antibodies and SPIO to CNS. 
This nanotechnology strategy may lead to development of new neu-
rotheranostics for imaging of molecular changes in brain disorders, 
for monitoring disease progression and recovery process, and for effi-
ciently treating CNS disorders through targeted delivery of specific 
antibodies.
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Background: 
Bioluminescence imaging (BLI) is particularly effective for assessment 
of tumor growth and spread in mice, provided luciferase transfected 
cells are available. Given that the substrate luciferin must reach the 
cells for enzyme induced light emission, BLI is also found to effec-
tively reveal vascular disruption [1]. The concept of selectively target-
ing tumor vasculature as an effective therapy to starve tumors is well 
established and there continues active research into identifying and 
developing next generation agents. Various analogs and unique mol-
ecules inspired by the first generation vascular-disrupting agent (VDA) 
combretastatin A-4 (CA4) have been synthesized and preliminary data 
suggested that the dihydronaphthalene OXi6196 exhibits potent anti-
tumor properties. At concentrations >5 nM OXi6196 causes G2/M 
cell cycle arrest and monolayers of rapidly growing HUVECs undergo 
concentration-dependent changes in their morphology. At 0.1 μM 
OXi6196 disrupts capillary-like endothelial networks pre-established 
with HUVECs on Matrigel. Since OXi6196 is extremely hydrophobic it 
has been phosphorylated to generate a water soluble prodrug OXi6197 
(Fig. A). We have now examined acute vascular disruption and thera-
peutic response in two distinct tumor types: orthotopic human MDA-
MB-231 breast tumor and syngeneic RENCA kidney tumor in mice.

Method: 
OXi6197 was synthesized [2] and tested in cell culture and capillary 
network assays to verify activity. Luciferase expressing tumor cells 
were implanted respectively in the mammary fat pad (MDA-MB-231-
luc) or right kidney (RENCA-luc) of mice. BLI was applied repeatedly 
to assess tumor growth. We examined dose response with repeated 
dynamic BLI measurement at baseline and up to 24 hrs after adminis-
tering (IP) various doses of OXi6197. Having established that 35 mg/
kg caused highly effective acute vascular disruption, we then under-
took long-term therapeutic studies with twice weekly doses of 20 or 
35 mg/kg.

Results: 
Dynamic BLI revealed dose dependent vascular shutdown with >80% 
signal loss within 2 hrs at doses ≥30 mg/kg and >95% shutdown after 
6 h for doses ≥35 mg/kg, which remained depressed by at least 70% 
after 24 hrs in MDA-MB-231-luc tumors (Fig. b). Twice weekly treat-
ment with OXi6197 (20 mg/kg) caused a significant tumor growth 
delay (Fig. C). Similar efficacy was observed in orthotopic RENCA-luc 
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tumors (Fig. D-G), which showed massive hemorrhage and necrosis 
after 72 hrs (Fig. F).

Discussion & Conclusion: 
BLI effectively revealed tumor growth and treatment-induced delay 
in orthotopic tumors in mice. Following administration of luciferin 
subcutaneously in the fore back of mice, signal appeared and reached 
its maximum much more rapidly in the orthotopic kidney tumors com-
pared to breast tumors consistent with more extensive vascularization. 
In both tumor types bioluminescence was significantly reduced within 
hours following administration of OXi6197 IP indicative of vascular 
disruption. Histology confirmed massive hemorrhage and necrosis 
within 72 hours of administration. Both tumor types showed tumor 
growth delay when treated with OXi6197 twice weekly. While the 
breast tumors could have been assessed using calipers, the BLI pro-
vided effective insight into the orthotopic kidney tumor growth. These 
results demonstrate effective vascular disruption at doses comparable to 
the most effective vascular-disrupting agents suggesting opportunities 
for further development.
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Introduction: 
Humanized animal models are essential to model SARS-CoV-2 
infection and COVID-19 pathophysiology in people. To this end, 
CRISPR was used to replace the endogenous mouse Ace2 locus with 
coding sequence (exons 2-19) of the human ACE2 gene, in murine 
embryonic stem (ES) cells, effectively creating a humanized knockin of 
the ACE2 gene (KI-hACE2) under control of intrinsic mouse regulatory 
regions while knocking out the mouse Ace2 gene. ACE2 expression 
in KI-hACE2 mice is similar to that in humans with high expression 
in the lung. SARS-CoV-2 infection and disease progression in KI-
hACE2 mice were compared to that in transgenic mice in which 8 cop-
ies of ACE2 coding sequence under control of the K18 promoter (K18-
ACE2) were randomly inserted into the genome without disrupting 
mouse Ace2 expression. Animals at 9, 20, and 28 weeks of age for both 

KI-hACE2 and K18-ACE2mice were inoculated with SARS-CoV-2 or 
mock-inoculated with virus diluent only, and assessed daily for signs 
of clinical disease including weight loss, and cognitive impairment, 
ECG, and microCT at regular intervals until 14 days post inoculation. 
We optimized the U-Net-like convolutional neural network (CNN) for 
facile and accurate lung segmentation of this large dataset of microCT 
images.

Methods: 
Mice were given saline (PBS) or SARS-CoV-2 B.1.617.2 (delta strain) 
diluted in PBS intranasally. Infection was confirmed by virus isolation 
from throat swab, lung, or seroconversion as assessed by detection of 
neutralizing anti-SARS-CoV-2 antibody on day 14. Mice underwent 
up to 3 microCT sessions on a QuantumGX-II (Perkin Elmer) in an 
animal BSL3 that included a 4-minute respiratory gated scan at 90kV 
and 88mA. With a camera frame rate of 60fps, 14k projections were 
retrospectively binned into end -expiration and -inspiration images 
resulting in 172 total images volumes over the entire cohort of animals. 
Images were reconstructed at 72μm isotropic voxels with a matrix size 
of 512x512x277. The CNN used was the Sensor3D [1] as implemented 
in Dragonfly 2022.1 (Object Research Systems Inc.). The CNN has 
15 (3x3) time-distributed convolutions (activation function=Conv2D), 
four time-distributed max pooling and 2 bidirectional convolutional 
long-short term memory steps. The CNN was trained with a patch 
size of 64, stride ratio 0.5, batch size 32, a loss function looking at the 
categorical cross entropy and optimized with the Adadelta function. 
A linear learning rate was set at 1. Data augmentation by a factor of 5 
was implemented (flip, rotation, scaling, brightness change, and gauss-
ian noise). The input size for training datasets were subvolumes of the 
original dataset at 347x347x277 to improve training time. Two training 
datasets (1 end inspiration and 1 end expiration) were used to initially 
test the Sensor3D CNN. Four datasets were used to evaluate the model 
training (2 end inspiration and 2 end expiration). All six datasets were 
manually segmented, each taking 6+ hours.

Results and Conclusion: 
Due to limited projections in which end inspiration occurs, the recon-
structed microCT image has lower signal-to-noise (SNR) than the end 
expiration (Figure 1A). The model shows good convergence over the 
two training sessions implemented (session 1 epochs 1-20 and session 2 
epochs 21-58, 2 sessions were necessary due to limitations on the com-
putational device, Figure 1B). Results of applying the model to datasets 
not in the training set were determined to be robust (Figure 1C). The 
Dice coefficients of overlap between manual and CNN-based segmen-
tations were >0.96 (Figure 1D, E). Also, the true positivity rate was 
high (0.96). The maximum mismatch was found at the periphery of the 
lung. We conclude that the deep learning segmentation could present a 
promising method for lung segmentation, overcoming the subjectivity 
and resource-intensiveness of manual segmentation.
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Introduction: 
Autosomal Dominant Polycystic Kidney Disease (ADPKD) is a com-
mon genetic renal disease in which formation and expansion of fluid-
filled renal cysts leads to chronic renal injury or failure. Whereas end 
stage renal failure has been the established clinical endpoint, there may 
be increasing regulatory acceptance of total kidney volume (TKV) 
and cystic volume as surrogate endpoints which can be measured non-
invasively with imaging modalities such as magnetic resonance imag-
ing (MRI), computed tomography (CT), or ultrasound (US). In the 
course of our exploration of preclinical models of polycystic kidney 
disease, we have investigated the automation of this volume calcula-
tion via a deep learning model, followed by development of AI based 
imaging biomarker.

Method: 
A 3D U-NET1 deep learning model was trained using clinical CT 
images (~200 human kidney CT Images) along with radiologist veri-
fied labels made available as part of the kits-19 data challenge. The 
kidney volume segmentation model was then trained on first time point 
of a longitudinal study with MRI images acquired from in-house pcy 
(polycystic) mice (63 mice MRI images), using transfer learning with 
the weights learned from clinical CT kidney model. The model was 
then recursively retrained using transfer learning with weights from the 
previous timepoint and imaging data aggregated over timepoints. After 
segmentation, additional imaging features were derived from baseline 
kidney volumes using the pyradiomics python package. Mesh Volume 
and Total energy were two imaging features that provided best hierar-
chical clustering results. We then investigated if there was a relation-
ship between imaging features from baseline scans and terminal Bio-
marker Data. It was observed that biomarkers in one cluster performed 
better than the other.

Conclusion: 
We observe that deep learning can be used successfully in segmenting 
kidney volumes with a small dataset of 63 mice images while using 
transfer learning approach calculated from a different imaging modal-
ity. Furthermore, the extracted baseline imaging features cluster in two 
groups, where biomarkers in one group perform well over the other. 
Future work will investigate if mice cohorts can be predicted as pro-
gressor or non-progressor and biological pathways will be investigated 
based on imaging  features2 and RNA-seq data.

Reference
1. Çiçek, Ö. Abdulkadir, A. Lienkamp, S.S. Brox, T. Ronneberger,O. 

arXiv:1606.06650,3D U-Net: Learning Dense Volumetric Seg-
mentation from Sparse Annotation,https://doi.org/10.48550/
arXiv.1606.06650

2. Rajan Jain, Andrew S Chi, Radiogenomics identifying important 
biological pathways in gliomas, Neuro-Oncology, Volume 23, 
Issue 2, February 2021, Pages 177–178, https://doi.org/10.1093/
neuonc/noaa290

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

387-Optimization of Chelators of 99mTc-antiCD8 to Assess T Cell 
Infiltration

Presenter: Lindy Melegari, Yale School of Medicine

Lindy M. Melegari1, Bernadette Marquez-Nostra2, Khashayar 
 Rajabimoghadam3, Felix  Salazar4, Anna M.  Wu4, Chi  Liu4

1Yale School of Medicine, New Haven, CT
2Yale University, New Haven, CT
3Yale University
4City of Hope, Duarte, CA

Objectives: 
Due to its capacity for antigen-directed cytotoxicity, T lymphocytes 
have become a central focus for engaging the immune system to fight 
against cancer. It has been shown, through evidence of their presence 
in tumor samples from long-surviving patients, that stronger infiltra-
tion of CD8+ T cells into solid tumors closely correlates with better 
treatment outcomes (1). However, some patients do not respond to this 
type of treatment, or those that do can develop a resistance overtime. 
Developing non-invasive imaging approaches for monitoring immune 
cell function and specifically tracking CD8+ T cells during and after 
therapy would provide diagnosticians tools for assessing therapeutic 
efficacy. 99mTc is one of the most clinically used radionuclides for 
SPECT imaging due to its relatively short half-life (t1/2 = 6.01 hr) and 
its wide availability (2). We hypothesize that imaging CD8+ T cells 
with this stable and efficient radiocompound will provide insight into 
the systemic alterations of CD8+ T cell in the tumor microenviron-
ment and in hematopoietic organs such as bone marrow and lymph 
nodes to understand the effect of immunotherapies on this important 
immune cell.

Methods: 
169 cDb fragment was conjugated via reduced disulfide bond from 
cysteine residues with different chelators like DOTA, NOTA, DFO 
and HYNIC. Conjugation was followed by radiolabeling with 99mTc 
[Figure 1] to each chelator, yielding a result of  [99mTc]Tc-[chelator]-
αCD8-cDb. The efficiency, radiochemical purity and specific activi-
ties were assessed in all synthesized conjugation reactions along with 
antibody conformation analysis using SEC-HPLC and iTLC. The top 
three chelators were chosen to then test the performance of the different 
radioconjugates in vivo by immunoSPECT imaging and ex vivo bio-
distribution. Each conjugate was formulated in 100 μL of sterile PBS 
containing 300 MBq of SPECT agent. Each dose was injected via tail 
vein into C57BL/6 mice. The uptake of the radiotracer was assessed in 
each organ through biodistributioin studies. The selection of the best 
chelator was chosen based on the highest uptake in T cell rich organs 
such as lymph nodes and the spleen and the lowest uptake in the liver.

Results: 
The top three chelating agents that yielded the highest specific activity 
were HYNIC, DOTA and DFO. Most chelators achieved >99% radio-
chemical yield with the exception of NOTA (95%). The highest specific 
activity was seen in both DFO and DOTA at 200 μCi/μg [Figure 1a]. 
Biodistribution studies resulted in the DFO chelator having the greatest 
uptake in the lymph nodes and the least uptake in the liver, proving it 
to be the best selection [Figure 1b].
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Conclusions: 
Selection of this chelator provided us with an optimization technique 
for further radiolabeling and imaging of CD8+ T cells to track its infil-
tration in the tumor environment. Herein, we present the first SPECT 
imaging agent for CD8 which opens a new avenue for non-invasive 
imgaging using SPECT. Current work includes SPECt imaging of 
murine models.
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Background: 
Our current understanding of immunometabolism and how it contrib-
utes to anti-tumor immunity is extremely narrow because we rely on 
artificial models which do not recapitulate the physiological conditions 
found in vivo. Adding the ability to visualize anti-tumor immunity 
and the metabolic fluxes both in tumor cells and in immune cells in 
real time in vivo will be extremely important. The field of modulating 
dietary intake to synergize with cancer therapies is rapidly growing, 
and new tools are needed to observe if various dietary interventions 
are  relevant1. Consumption of fructose, in the form of high fructose 
corn syrup, is elevated in the western diet, but it is unclear how fructose 
metabolism influences anti-tumor immunity. Fructose is canonically 
metabolized in the intestine and the liver and can shunt into  glycolysis2. 
In certain tumor types, fructose metabolism becomes deregulated, 
allowing tumor cells to metabolize fructose to power their biosyn-
thetic  processes3. Similarly, engineering immune system to be able to 
efficiently metabolize fructose may help us power immunotherapy to 
work in difficult to treat cancers, especially in individuals who have 
high fructose in blood or in the tumor microenvironment.

Results: 
We engineered T cells to overexpress a fructose transporter, GLUT5, 
which is normally not expressed in the immune compartment at high 
levels. We hypothesized that increased fructose uptake by CD8 T cells 
will ameliorate exhaustion caused by the glucose-low tumor micro-
environment. We utilized the OTI mouse model of anti-tumor immu-
nity where all CD8 T cells are engineered to recognize OVA peptide 
presented on  MHCI4. For our tumor model, we chose B16 melanoma 
cells overexpressing OVA in conjunction with GFP and Luciferase 

for in vivo and in vitro  imaging4. We then designed an assay to meas-
ure cancer cell killing in vitro using T cells which express GLUT5 
coupled to mCherry and B16-OVA-GFP-Luciferase cells (Figure 1a). 
We quantified live B16 cells post incubation with T cells under various 
glucose and fructose titrations using luminescence (Figure 1b). We 
determined that GLUT5 T cells are more efficient in killing under low 
glucose and fructose conditions, in the range of 1.5-3mM (Figure 1b). 
We also observed that GLUT5 expression restores T cell glycolytic 
capacity under fructose to that of unexhausted T cells under glucose 
replete conditions (Figure 1c). Similarly, GLUT5 expressing T cells 
proliferated more under high fructose and low glucose conditions, as 
was assayed through CFSE fluorescent dye incorporation and dilution 
over three-day period (Figure 1d). Lastly, we are conducting a mouse 
experiment to measure GLUT5 T cell tumor killing in vivo (Figure 1f). 
We are quantifying the tumor size using luminescence and T2-weighted 
MRI imaging.

Discussion: 
We showed that overexpressing GLUT5 on T cells can be a viable 
strategy to restore their functionality in vitro and in vivo under limit-
ing glucose conditions. Ultimately, we want to employ a hyperpolar-
ized 13C fructose probe we are developing in lab to visualize T cell 
metabolism in vivo using hyperpolarized  MRI5.
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Introduction: 
Recently, photodynamic therapy (PDT) comes to insights for being a 
powerful strategy for inducing immunogenic cell death (ICD), thus to 
alter the tumor microenvironment and enhance the host’s anti-tumor 
immunity [1, 2]. We recently developed a prostate specific membrane 
antigen (PSMA)-targeted PDT agent, PSMA-1-Pc413, which showed 
perfectly combines both fluorescence for image-guide surgery (IGS) 
and highly selective tumor cell killing photodynamic therapy. However, 
whether PSMA-1-Pc413 based PDT can enhance the host’s anti-tumor 
immune response is unclear. In this study, a mouse prostate cancer cell 
line TRAMP-C1-hPSMA, which expresses human PSMA, and both 
immune deficient and immune competent mice were used to evaluate 
the impact of PSMA-1-Pc413 based PDT on host’s anti-tumor immune 
response.

Methods: 
A syngeneic transgenic adenocarcinoma mouse prostate cancer cell 
line TRAMP-C1-hPSMA, which expresses human PSMA, was used 
for tumor establishment. TRAMP-C1-hPSMA cells  (2x106 cells in 
100ul Matrigel) was implanted subcutaneously either to the flank of 
immune deficient male BALB/C nude mice or to immune competent 
male C57BL/6 mice. When tumor size reached  100mm3, mice received 
PSMA-1-Pc413 (0.1nmol/g body weight) through tail vein injection. 
Maestro images were taken at 24h post PSMA-1-Pc413 injection to 
show the uptake of PSMA-1-Pc413 in tumors. Then the treatment 
group of mice were received PDT (150J/cm2 of 672nm light). After 
PDT, Maestro images were taken immediately to show the photo 
bleach of fluorescence signal in tumors, which indicates activation of 
the probe. Tumor growth was then monitored by caliper measurement. 
Blood was collected at time points of 24h, 72h and 120h for detec-
tion of cell death signals released by tumor cells and immunologically 
important cytokines, such as TNF-alpha, IL-6, IL-10 and IL-1beta, to 
evaluate the host’s anti-tumor immune response.

Results and Discussion: 
Maestro images at 24h post injection showed selective accumulation of 
probe in TRAMP-C1-hPSMA tumors. And fluorescent signals in Nude 
mice and C57BL/6 mice were comparable (Figure 1A). After PDT, 
the fluorescence signal on both tumors were photobleached, indicating 
the activation of PSMA-1-Pc413 probe (Figure 1A). Tumor growth 
monitoring results from Figure 1B demonstrated that tumors in both 
Nude mice and C57BL/6 mice were responded to PDT, but significant 
response was observed in C57BL/6 mice with the complete disappear-
ance of tumors and no recurrence during the two months observation. 
Tumors in nontreated C57BL/6 mice were continuedly growing. These 
results indicated the host immune response after PDT was stimulated 
and which restricted the tumor recurrence. Interestingly, compared to 
Nude mice, tumors in nontreated C57BL/6 mice were restricted and 
slowly growing, which may indicate the immune rejection for human 
PSMA expressing tumor cells in immune competent mice.
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Introduction: 
The right choice of anaesthetics for pig PET neuroimaging protocols is 
a challenge, as anaesthetics often have major effects on tracer binding 
and uptake by reducing brain metabolism, affecting the cerebral blood 
flow or altering enzymes and brain receptors.

Materials and Methods: 
For this poster we reviewed the literature on the effects of anaesthesia 
with PET neuroimaging in pigs. We furthermore reviewed the latest 
knowledge about practical pig anaesthesia, and illustrated with photos 
how pig anaesthesia in neuroimaging can be performed.

Results: 
Only a few studies have been published. Both [11C]SCH23390 and 
[11C]MDL100,907 binding, but not [11C]yohimbine, are strongly 
affected by the choice of anaesthetics used. Furthermore, the kinetics 
of [11C]SCH23390 are flow-dependent in pigs, whereas this is not the 
case in primates, including humans. Anaesthesia also reduces cerebral 
metabolism in pigs measured with the glucose analog, [18F]FDG. The 
literature review shows that both isoflurane and propofol are useful 
anaesthetics for long-term anaesthesia of pigs in imaging studies.

Conclusion: 
The right choice of anaesthetics for porcine PET neuroimaging may 
primarily be based on ensuring a sufficient depth of anaesthesia and 
good animal welfare. The anaesthesia procedures used must always be 
included in research papers.
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Introduction: Nerve injury is a debilitating condition affecting over 
350 million individuals worldwide. About 51,000,000 surgeries are 
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performed in the US every year that result in 600,000 accidental nerve 
injuries. Although trauma is the majority cause of injuries, a previ-
ous surgical procedure is attributed as the origin of the neurological 
symptoms in a quarter of all cases. Intuitively, every surgery aims to 
preserve nerves whenever possible. However, intraoperatively, these 
nerves are difficult to visualize even on experienced hands when there 
is recurrence or post radiation settings. A technology that enables fluo-
rescent visualization of nerves, especially those buried under layers of 
tissue, would be of great clinical interest. Nav1.7 is a voltage-gated 
sodium channel found on peripheral pain-sensing neurons. Nav1.7 is 
also explored as a target to develop effective painkillers with no risk of 
addiction. (1) Taking advantage of Nav1.7 expression on neurons, we 
are developing an intraoperative fluorescent agent to identify nerves 
during surgeries. (2) To clinically translate our agent and identify 
potential surgeries where our agent can be utilized, we must identify 
the extent of expression of Nav1.7 in peripheral nerves. This study aims 
to determine the level of expression of Nav1.7 in peripheral nerves 
since thorough knowledge of Nav1.7 channels distribution is needed 
for future clinical translation.

Methods: 
Measurements of Nav1.7 positive expression in nerves and organ 
tissues, such as the thyroid, lung, kidney, and muscle were col-
lected from paraffin-embedded sections. The nerves and organs 
were resected from 3 female and 3 male specimens which were 
acquired from United Tissue Network (Phoenix, AZ). The samples 
were stained using anti- Nav1.7 neuromab clone N86/6, followed by 
immunohistochemical (IHC) detection. The slides were then viewed 
using Caseviewer 2.4 at 20x magnification. In each sample, 5 regions 
of interest (ROIs) in peripheral nerves and tissues were selected 
manually. Images were further analyzed with an Image J script to 
determine the percentage of the Nav1.7 positivity when compared 
to the tissue area.

Results: 
Immunohistochemistry shows that the nerve bundles found in the 
cranial nerve are positively stained dark brown. The average per-
centage of Nav1.7 expression in the cranial nerve was 33.3%. ± 
11.3. There is less expression in the lung and thyroid, where the 
thyroid was 12.3% ± 3.3 positive. A t-test comparing the nerves and 
organ tissue showed a significant statistical difference (p<0.0001). 
The nerves show greater expression of Nav1.7 when compared to 
organ tissue. Across the 6 specimens, the nerves have an average 
positivity of 15.6% ± 7.7, while the organ tissue expressed 3.2% 
± 1.8 positive area. When comparing the nerves found in the arm/
leg and torso, the nerves in the neck and torso averaged 27% ± 6.6 
positive and the radial, ulnar, median, MCN, tibial, fibular, and 
femoral averaged 16.4% ± 2.3.

Conclusion: 
The data shows that there is a significantly greater expression of Nav1.7 
in the nervous system than organ tissues. Nerves found in the neck 
and abdomen, such as the cranial nerve, obturator, and genitofemoral 
appear to be great targets for intraoperative markers as these have the 
high average expression. Clinical application of Nav1.7 can aid in mini-
mizing permanent nerve damage and lessen the recovery time needed 
from temporary nerve damage due to surgery. Nav1.7 could serve as 
a potential molecular target on the development of technologies for 
intraoperative nerve identification.
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Light-activable liposomes have proven to be invaluable drug delivery 
tools for chemotherapy, amongst other anti-cancer agents, with unparal-
leled spatiotemporal control over drug deposition in solid tumors. In 
this work, the individual membrane composition of molecular targeted 
light-activable liposomes was systematically modulated to provide the 
greatest optical and photochemical activity, drug release properties and 
tumor specificity (Figure 1). Using light-activable liposomes encapsu-
lating chemotherapy, it was shown that pancreatic tumor growth is con-
trolled by 10-fold with significantly de-escalated chemotherapy doses, 
and overall survival is doubled. For the first time, it was also shown that 
the tumor-specific delivery of NIR-labeled monoclonal antibodies is 
also significantly improved by 130% when the vasculature and stroma 
of solid head and neck tumors is modulated using a combination of 
sub-therapeutic photodynamic priming and low-intensity ultrasound 
therapy. Such tumor modulating approaches hold tremendous poten-
tial for improving the diagnostic accuracy of NIR-labeled monoclonal 
antibodies for image guided surgery by up to 50%. As such, a synergy 
between light-activable liposome engineering and tumor microen-
vironmental modulation strategies provide a rational framework for 
improving both neoadjuvant chemotherapy and image guided surgical 
debulking of solid tumors.
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Objectives: 
Tumor-associated macrophages (TAMs) are capable of two contradic-
tory functions: an anti-tumorigenic inflammatory function and a pro-
tumorigenic immune-suppressive function. Imaging TAMs can pro-
vide understanding of macrophage infiltration and immune response to 
immunotherapies that modulate macrophage function. Tracking these 
immune cells non-invasively through SPECT imaging can help monitor 
individual tumor responses to these immunotherapies, thus potentially 
saving non-responders the burden of ineffective treatment. CD68 is the 
clinical biomarker for macrophages and is also present in murine mac-
rophages. Here, we validated CD68 as a SPECT imaging biomarker for 
murine macrophages by radiolabeling anti-mouse CD68 with In-111, 
we can track  CD68+ macrophages in vivo using SPECT imaging.

Methods: 
CD68 expression in murine bone marrow-derived macrophages was 
validated using immunofluorescence staining. 111In-acd68-IgG was 
prepared via conjugation of CHX-A”-DTPA to the acd68-IgG fol-
lowed by radiolabeling with 111In to obtain  [111In]In-CHX-A"-DTPA-
aCD68. Various in vitro studies were performed including stability, 
binding affinity, and effect on viability of bone marrow-derived mac-
rophages. Finally, SPECT/CT imaging and biodistribution studies 
were performed in RENCA tumor models. The SPECT/CT scans were 
viewed in ITK-Snap. Regions of interest (ROI)s included the heart, 
tumor, liver, and spleen to determine the mean intensity of uptake. 
Heart was used as the reference tissue to calculate tumor- or organ-
to-heart ratios.

Results: 
Radiochemical yield was greater than or equal to 95%. A stability 
study showed70% or greater intact [111In]In-CHX-A”-DTPA-αCD68 
in mouse serum or PBS up to 24 hours post radiolabeling. Binding 
affinity was determined to have a dissociation constant (KD) of 7.99 
±2.26 nM, and the EC50 ratio for αCD68-DTPA to αCD68 was 1.33.
αCD68-DTPA did not affect the viability of macrophages. Biodis-
tribution studies in non-tumor bearing mice showed that the highest 
uptake in the macrophage-rich spleen was2.00±0.48% ID/organ at 
24 hours post injection. In contrast, the uptake of the isotype con-
trol(0.44±0.094% ID/organ) at this time point was significantly lower 
(P = 0.028). Mean intensity of the tumor, 0.0035, and heart, 0.0016, 

were calculated from analysis of SPECT imaging. The mean tumor to 
heart intensity ratio is 2.19.

Conclusion: 
[111In]In-CHX-A”-DTPA-αCD68 has high stability, binds with high 
affinity, and binds specifically to CD68. Additionally, [111In]In-CHX-
A”-DTPA-αCD68 does not deplete macrophages in vitro.

Reference
1. AnfrayC, UmmarinoA, AndónFT, AllavenaP. Current Strategies 

to Target Tumor-Associated-Macrophages to Improve Anti-Tumor 
Immune Responses.Cells. 2020; 9(1):46. https://doi.org/10.3390/
cells90100462.

2. Chistiakov, D., Killingsworth, M., Myasoedova, V.et al.CD68/
macrosialin: not just a histochemical marker.Lab Invest97,4–13 
(2017). https://doi.org/10.1038/labinvest.2016.1163.

3. Perry CJ, Muñoz-Rojas AR, MeethKM, et al. Myeloid-targeted 
immunotherapies act in synergy to induce inflammation and anti-
tumor immunity.J Exp Med. 2018;215(3):877-893. doi:10.1084/
jem.20171435

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

394-Whole body biodistribution and myocardial kinetics of the 
ketone PET radiotracer 3-[11C]-OHB: A pilot study in domestic 
pigs

Presenter: Mie Ringgaard Dollerup, Aarhus University Hospital

Mie Ringgaard Dollerup1, Erik Nguyen  Nielsen2, Mette O. 
 Simonsen3, Thien Vinh  Luong2, Mikkel  Vendelbo2, Lise  Falborg2, 
Lars Christian  Gormsen2, Aage Kristian O.  Alstrup4

1Aarhus University Hospital, Aarhus, Denmark
2Aarhus University Hospital, Aarhus N, Denmark, Denmark
3PET-centret, Århus C, Danmark, Denmark
4Aarhus University Hospital, Aarhus N, Denmark

Background: 
Ketone bodies are increasingly recognized as a quantitatively important 
source of energy for the brain and heart during times of stress such as 
long-term fasting, strenuous exercise or heart failure. In the brain, the 
relationship between circulating ketone bodies and cerebral uptake and 
subsequent metabolism is roughly linear. However, it is still largely 
unknown to what extent the heart takes up ketone bodies at various 
levels of ketonemia and whether ketone bodies are readily oxidized. 
We therefore performed a series of porcine studies using the previ-
ously developed PET radiotracer 3-[11C]OHB to study ketone body 
metabolism. We specifically aimed to investigate: 1) whether only the 
endogenously found enantiomer D-3-[11C]OHB is taken up by the heart 
or whether the L-3-[11C]OHB enantiomer is also metabolized, 2) whole 
body biodistribution and myocardial D-3-[11C]OHB kinetics, and 3) 
appearance of the quantitatively most important metabolite  [11C]CO2.

Materials and Methods: 
Five female Danish Landrace x Yorkshire crossbred pigs (38-41kg) 
were studied under various conditions, while under propofol anaes-
thesia in a non-recovery setup. 1) Using the D- and L- enantiomer of 
3-[11C]OHB, 2) Under conditions of low and elevated (~ 3mM) ketone 
bodies, and 3) compared to the biodistribution of 11C-acetate (dose 
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483 MBq). All PET scans were obtained using a Siemens Biograph 
Vision PET/CT system. Pigs were administered 76-410 MBq (median 
235 MBq) 3-[11C]OHB and two different image acquisition protocols 
were subsequently employed: 1) Dynamic imaging of the myocardium 
for 60 minutes, and 2): D-Whole-body imaging of the entire pig using 
the built-in feature in the Siemens system (16-20 passes over approxi-
mately 70-90minutes). Time-activity curves of 3-[11C]OHB in tissues 
and organs were drawn using PMOD v4.1 and femoral arterial samples 
were in a subset of animals drawn to measure blood and plasma activ-
ity. Tissue 3-[11C]OHB kinetics were analyzed using a simple 1-tissue 
compartment model assuming rapid conversion of 3-[11C]OHB to  [11C]
CO2. Circulating  [11C]CO2 as a fraction of total blood 11C-activity was 
estimated by purging  [11C]CO2 from an acidified blood sample under 
stirring as described previously [1]. Radioactivity in the blood samples 
were measured with a Hidex Automatic Gamma Counter.

Results: 
We observed a significant rapid uptake and subsequent decrease of 
myocardial 11C-activity after D-3-[11C]OHB administration. Admin-
istration of the L-3-[11C]OHB enantiomer resulted in a significantly 
attenuated myocardial uptake. K1 and k2-values (indicating uptake) 
after D-3-[11C]OHB administration were comparable in the myocar-
dium regardless of the level of circulating ketone bodies indicating non-
saturable ketone kinetics in the heart. In the liver, 11C-activity increased 
rapidly after D-3-[11C]OHB administration and subsequently decreased 
slowly for the remaining study, but this was markedly attenuated under 
conditions of hyperketonemia. Circulating  [11C]CO2 reached 40% of 
total 11C-acitivity in the blood after 20 minutes and remained con-
stant throughout the duration of the studies. Of interest, 11C-activity 
increased rapidly in the proximal parts of the duodenum and the distal 
part of the gastric ventricle 20 minutes after injection of D-3-[11C]OHB 
possibly indicating appearance of the metabolite  [11C]HCO3

-. This was 
also observed after injection of 11C-acetate.

Conclusion: 
D-3-[11C]OHB is readily taken up by the heart under both conditions 
of low and elevated ketones further underscoring the notion that ketone 
bodies act as an important myocardial oxidative substrate. D-3-[11C]
OHB undergoes rapid conversion into 11CO2, which constitutes a sig-
nificant fraction of blood radioactivity as soon as 20 minutes after 
injection necessitating metabolite corrections in kinetic studies. Finally, 
D-3-[11C]OHB appears to also undergo conversion to  [11C]HCO3

- in 
the duodenum, resulting in a backflux appearance of the 11C-isotope 
in the gastric ventricle.
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Introduction: 
The reticuloendothelial system (RES) plays an integral role in the 
immune system, and it governs the clearance of nanoparticles from 
circulation. The primary organs associated with the RES include the 
liver, spleen and bone marrow. Bone marrow is also where new blood 
cells (e.g., RBCs, WBCs and platelets) originate and get cleared after 
circulating in the blood for 7 hours (WBCs) to 120 days (RBCs) as 
illustrated in Fig. 1a. Hence, quantitative imaging of the bone mar-
row function could benefit immunotherapy, help monitor bone marrow 
replacement stem cell therapies and evaluate autoimmune disorders. 
Bone marrow diseases and disorders are most commonly diagnosed via 
an aspiration or a biopsy, which can be invasive and painful. Imaging 
techniques like In111 WBC scintigraphy help doctors visualize bone 
marrow dysfunction noninvasively [1,2], but both involve radiation 
and lack persistence. Beyond the radiation dose to the patient, there 
is also a serious concern about the much higher radiation dose to the 
WBCs themselves. The 70-kg patient’s radiation dose during a Tc99m 
or In111 WBC scan is initially administered to a tiny (~70 mg) mass 
of WBCs prior to autologous reinjection. This 1-million-fold high 
radiation dose to WBCs can kill WBCs, adversely affecting targeting 
efficacy and specificity [3]. CAR-T and CAR-NK cells often cannot 
survive this radiation dose [4,5].
Magnetic particle imaging (MPI) [6-11] is a new tracer scanning tech-
nique that matches the sensitivity, contrast and resolution of Nuclear 
Medicine but with zero radiation. Here we aim to complement WBC-
In111 tracking of WBCs to bone marrow to provide bone marrow func-
tion studies with zero radiation damage to patients and zero radiation 
to the WBCs. MPI uses safe superparamagnetic iron oxide (SPIO) 
tracers to track cells, and SPIOs do not damage cell viability or func-
tionality (Fig. 1b) [9-14]. Hence, MPI could soon safely and effectively 
image bone marrow function with none of the pitfalls of scintigraphy 
or SPECT.

Materials and Methods: 
Anti-Ly6G-antibody-conjugated SPIOs (Ab-SPIOs) (IgG1, REA526 
clone, Miltenyi Biotec, GmBH) were purified using dialysis prior to 
in vivo usage. The biodistribution of tracers were imaged with a 6.3T/m 
field free line (FFL) MPI scanner (projection FOV 10.6 x 6.2 cm, t = 95 
s/projection) (Fig. 1c). The scanning bed was mechanically translated 
in the z-direction in 1 mm increments to complete the imaging trajec-
tory for a single projection. 3D tomography images were acquired post-
euthanasia. Forty 2D projection images were acquired at equally spaced 
angles and reconstructed using a Filtered Back projection method [15]. 
The images were compared with an X-ray image of the mouse [16]. 
10mT/6T/m = roughly 1.4 mm resolution.

Results and Discussion: 
Tracers of ferucarbotran (VivoTraxTM) are rapidly taken up in the 
liver and spleen. Ab-SPIOs, however, bind to neutrophils expressing 
the corresponding surface antigen. Twenty-four hours post-intravenous 
(IV) injection of Ab-SPIOs, maximum intensity projection (MIP) MPI 
images (Fig. 1d-f) showed signal enhancement in bone marrow of the 
skull, vertebral column, the lower pelvic bones and other RES organs. 
These results are similar to anti-NCA95-antibody scintigraphy tracers 
that are traditionally used for neutrophil tracking [17]. Further, MPI 

S332



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

was able to track in situ labeled neutrophils to sites of lipopolysaccha-
ride (LPS)-induced myositis in the right flank of the mouse with high 
contrast (CNR = 8-13) compared to the contralateral side (figure 1e-f).

Conclusion: 
The in vivo Ab-SPIOs targeting of leukocytes highlight MPI’s potential 
to image the immune system. MPI could soon safely and effectively 
address the pitfalls of scintigraphy. Immunotherapy-MPI could help 
doctors and researchers diagnose bone marrow disorders and diseases, 
monitor the success of immunotherapy and screen for early-stage can-
cers, all without ionizing radiation and with infinite persistence.
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Objective: 
Disialoganglioside GD2 is a tumor-associated glycolipid overexpressed 
in neuroblastomas and melanomas, making it a desirable target for 
cancer therapy. In this study, anti-GD2 monoclonal antibody dinutuxi-
mab (ch14.18, Unituxin®), a clinically approved for immunotherapy 
in high-risk pediatric neuroblastoma, was radiolabeled to obtain 
clear immune-positron emission tomography (immunoPET) image 
of the 89Zr-dinutuximab in syngeneic B78 melanoma mouse model. 

Through the PET/CT images, radiation dose deposited in tumors vs 
normal tissue was calculated per unit of injected activity, enabling us 
to determine the dosage that will limit toxicity and maximize treatment 
efficacy when the mAb is radiolabeled with therapeutic radioisotope, 
Yttrium-90 as targeted radionuclide therapy (TRT).

Materials and Methods: 
Dinutuximab was radiolabeled with 89Zr  (t1/2 = 78.41 hr) via conju-
gation with bifunctional chelator desferrioxamine (DFO). B6 mice 
were implanted subcutaneously with syngeneic B78 cells, the GD2+ 
melanoma cancer cell line derived from B16 melanoma cells. Serial 
PET/CT scans were carried out at 4-, 24-, 71-, and 170-hours post IV 
injection of ~12 MBq of 89Zr-dinutuximab. In vivo dosimetry was per-
formed using the Monte Carlo-based RAPID platform to calculate the 
prescribed absorbed dose estimates for 90Y-dinutuximab for B78 tumor.

Results: 
89Zr was chosen as the imaging radioisotope due to its positron emis-
sion properties and longer half-life that matches the circulation half-life 
of mAbs. The uptake in tumor started from average concentration of 
6.5%ID/g at 4 hours, then peaked at 71 hours with 12%ID/g, and finally 
decreased to 8.5%ID/g at 170 hours, which was validated through 
ex vivo gamma counts to be 7.75%ID/g. The normal tissues showed 
uptake of <11%ID/g which steadily decreased to <5%ID/g at 170 
hours except for liver, which was ~6%ID/g. Blood showed the greatest 
clearance from 17%ID/g at 4 hours which decreased to <2%ID/g at 
170 hours and muscle stayed consistently <2.5%ID/g. RAPID plat-
form calculation predicted that to achieve 4 Gy of 90Y-dinutuximab, 
a therapeutic radioisotope radiolabeled to the same mAb, between 
1.55 MBq and 1.15MBq 90Y-dinutuximab should be administered to 
tumor sized between  50mm3 and  150mm3, respectively, in the same 
B78 murine model.

Conclusions: 
The high tumor specificity of 89Zr-dinutuximab shows superior uptake 
and retention in the tumor vs normal tissue. Calculations of predicted 
activity necessary to achieve prescribed doses will be utilized for TRT 
using 90Y-dinutuximab that will limit toxicity and maximize treatment 
effect. This direct calculation from imaging result to treatment dose 
can be used in clinical settings to conduct highly accurate and effective 
image-guided therapy.
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Introduction: 
The half-life of the radionuclide 18F is 109 minutes, long enough to 
allow incorporation into many molecular species by a wide variety of 
techniques, yet short enough such that in less than 24 hours there is 
no need for special collection or cleanup protocols. Other advantages 
include: a) the 97% positron emission yield, b) the low energy of the 
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emitted positrons, and, c) the lack of interfering radiations; this results 
in high-resolution images. In addition, the capability to produce 18F 
using low energy medical cyclotrons and the large availability of PET 
scanners calibrated for using 18F make it the most popular nucleus for 
PET imaging; almost half of all PET radiotracer molecules are based 
on 18F.1-3 Traditionally, 18F species from cyclotrons are reacted with 
other reagents to produce 18F-bearing prosthetic groups that can be 
used for further chemistry development. The prosthetic groups are then 
reacted with the target molecule to prepare the 18F radiotracer. This 
indirect 18F-labeling is a relatively long procedure entailing multiple 
synthesis and purification steps often with harsh reaction conditions, 
rendering this approach unsuitable for biologics. Perfluoroaryl (PFAr) 
compounds are highly reactive electrophiles and useful building blocks 
for organic synthesis. The reactivity of PFArs is tunable due to substitu-
ent effects of other groups on the heavily fluorinated aromatic ring(s), 
the number and type of the aromatic rings, and the number of fluorine 
atoms on the rings in the structure. 4-6 PFARs are suitable chemical 
moieties for 18F-labeling through 18/19F exchange chemistry.7 The team 
applied 18F-labeling via PFAr on HER2 (A9 and LTV), Octreotide, 
PSMA, duramycin, E-Selectin (DK-12), Fibrin Binding Peptide (FBP), 
and Granzyme B peptides.

Methods: 
A9, LTV, Octreotide, PSMA, and Granzyme B peptides were syn-
thesized by solid phase peptide synthesis using Fmoc-based chemis-
try. A library of PFArs with different reactivities was used for aryla-
tion (Scheme 1). Chemical modification with PFArs was performed 
while the the peptides were still on the resin. PFArs were conjugated to 
specific amino acids by site-selective deprotection of the amino acids 
(Scheme 2). Commercially available Duramycin, DK-12, and FBP pep-
tides were purchased and used for modification with PFAr. 18F-labeling 
was performed using  Na18F salt (5-10 mCi) received from a com-
mercial cyclotron, in aqueous solution (with organic co-solvent) at 
30-40oC in 15-120 min.  K2.2.2 was also added to some of the reactions 
to increase the yield. C-18 cartridges were utilized to purify the final 
products by separating the 18F-labeled products from 18/19F salts and 
other impurities.

Results: 
Modified peptides were successfully synthesized, purified by HPLC, 
and characterized by LC/MS and MS. 18F-labeling was monitored 
using a HPLC system equipped with a radioactive counter detector. The 
chemical modification and PFAr labeling strategy allowed 18F-labeling 
of the peptides with radiochemical yield of 10-45% (decay corrected) 
after purification of the 18F-labeled products.

Conclusion: 
18F-labeling using this class of heavily fluorinated aromatic rings offers 
several advantages: 1- Simple purification as only the remaining 18/19F 
salt will need to be separated, 2- Facile labeling procedures, 3- Cold 
precursors (with 19F) will have exactly the same biological properties 
as the 18F-labeled product, and 4- The product can be prepared using 
kits with high geographical accessibility.

Reference
1. Alauddin MM. Positron emission tomography (PET) imaging with 

18F-based radiotracers. Am. J. Nucl. Med. Mol. Imaging, 2012, 
2(1), 55-76.

2. Jacobson O and Chen X. PET designated flouride-18 production 
and chemistry. Curr Top Med Chem., 2010, 10(11), 1048-1059.

3. Krishnan HS, Ma L, Vasdev N, Liang SH. 18F-Labeling of sensi-
tive biomolecules for positron emission tomography. Chem. Eur. 
J., 2017, 23, 15553-15577.

4. Makosza M, Wojciechowski K. Nucleophilic substitution of hydro-
gen in heterocyclic chemistry. Chem. Rev., 2004, 104, 2631-2666.

5. Zhang C, Vinogradova EV, Spokoyny AM, Buchwald SL, and 
Pentelute BL. Arylation Chemistry for Bioconjugation. Angew. 
Chem. Int. Ed. 2019, 58, 4810– 4839

6. Brittain,WDG, Coxon CR. Perfluoroaryl and Perfluoroheteroaryl 
Reagents as Emerging New Tools for Peptide Synthesis, Modifica-
tion and Bioconjugation. Chem. Eur. J. 2021, 27, 1–15

7. Jacobson O, Yan X, Ma Y, Niu G, Kiesewetter DO, Chen X. Novel 
method for radiolabeling and dimerizing thiolated peptides using 
18F-hexafluorobenzene. Bioconjugate Chem., 2015, 26, 2016-
2020.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

398-Brownian superparamagnetic Iron Oxide nanoparticles enable 
viscosity and binding contrast in Magnetic Particle Imaging

Presenter: Chinmoy Saayujya, University of California, Berkeley

Chinmoy Saayujya1, Kim Hwang  Yeo2, Quincy  Huynh3, Irati Rodrigo 
 Arrizabalaga4, Benjamin  Fellows4, Prashant  Chandrasekharan1, Steven 
 Conolly5

1University of California, Berkeley, Berkeley
2UC Berkeley
3University of California, Berkeley, Union City, CA
4University of California, Berkeley, Berkeley, California
5University of California, Berkeley, Berkeley, CA

Abstract Body: 
Magnetic Particle Imaging (MPI) is an emerging positive-contrast 
imaging modality that directly images superparamagnetic iron oxide 
(SPIO) tracers in the body [1]. The physical and magnetic properties 
of the MPI tracers govern spatial resolution, sensitivity and contrast. 
MPI is being evaluated as a nonradioactive complement to Nuclear 
Medicine. Current MPI applications include Cancer, Stroke, Cell 
Tracking, WBC-MPI, Pulmonary Embolism Imaging and GI bleeds 
[2–5]. Here we aim to include a new MPI contrast mechanism: bind-
ing and viscosity contrast. Viscosity changes have been measured with 
cell death and so viscosity contrast could permit an imaging method 
that assesses therapeutic cell viability [6]. This could be very use-
ful to debug stem cell or CAR-T cell therapies. There currently are 
no standard in vivo biomedical imaging methods that can distinguish 
bound from unbound tracers or that can assess the viability of thera-
peutic cells.

How can MPI Sense Binding or Viscosity? 
Every SPIO tracer rotates precisely 180 degrees during the MPI scan-
ning process. This rotation occurs via two parallel relaxation mecha-
nisms: Brownian (rotation of the physical SPIO and its shell to align 
with the field) and Néel (re-alignment of only the SPIO magnetic 
domain without any physical rotation) [7]. The Brownian rotation 
time scales linearly with the media’s nanoscale viscosity and is thereby 
sensitive to binding or any mechanical rotation impediment like freez-
ing. Néel relaxation senses neither viscosity nor binding. Here, we 
experimentally demonstrate that Brownian SPIO relaxation times can 
measure viscosity.

Objective: 
Square wave relaxometry was performed on three commercial SPIO 
nanoparticles to determine their relaxation time constant versus the 
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viscosity of the medium [8, 9]. The viscosity of the SPIO solvent (a 
glycerol-water mixture) was varied by changing the temperature. The 
measurements were compared to Brownian and Néel relaxation theory. 
The relationship between relaxation time constant and viscosity was 
used to determine the dominant mechanism of relaxation and the ability 
of the SPIO to generate viscosity-based contrast.

Methods: 
Aliquots of commercial SPIOs (Micromod Partikeltechnologie GmbH 
Synomag-D, nanoComposix NanoXact, and Magnetic Insight VivoT-
rax) are combined with glycerol in a 55-45 ratio (by weight) to yield 
a viscous tracer solution. The temperature of the solution is varied, 
using a heating mantle, between 20ºC and 65ºC to generate a viscosity-
temperature calibration curve. Viscosity measurements are made using 
an Ubbelohde type viscometer. Relaxation time constants are obtained 
by subjecting 40μL of the SPIO-glycerol mixture to a periodic square-
wave pulsed magnetic field of amplitude 10mT in an Arbitrary Wave-
form Relaxometer [8]. The gradiometric receive signal is integrated and 
fit to a rising exponential function to determine the relaxation time con-
stant. The sample under test is first heated to a set temperature (65ºC) 
and subsequently cooled under ambient conditions to obtain time-series 
data of relaxation time constants and temperature. Relaxation time con-
stants are thereby obtained as an indirect function of viscosity.

Results: 
We observe distinct mechanisms of relaxation for the two commercial 
tracers. Synomag-D shows no observable change in relaxation time 
with viscosity and so its observed behavior matches a Néel SPIO. 
NanoXact relaxation time varies linearly with viscosity precisely as 
predicted by Brownian theory. VivoTrax relaxes in a Brownian manner 
up to a viscosity of 3.0 cP, after which the Néel relaxation mechanism 
dominates as the faster relaxation mechanism.

Conclusion: 
We have successfully demonstrated that MPI can observe both Brown-
ian and Néel relaxation behavior with commercial tracers. We also 
showed that Brownian SPIOs can measure the viscosity of the tracer 
medium. This proof of concept experiment paves the way for SPIOs to 
image binding contrast in MPI scans. This novel contrast mechanism 
could also be exploited to measure local viscosity, which may predict in 
vivo therapeutic cell viability.
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Introduction: 
Despite the increase in human papillomavirus (HPV) vaccination and 
screening efforts, in 2022, over 14,000 women will be diagnosed with 
cervical cancer in the USA (1). The agents currently used to deline-
ate cervical lesions during screening procedures (such as acetic acid 
and/or Lugol’s iodine) lack specificity and it can lead to unnecessary 
cervical excisions. Here we describe the use of a fluorescence-based 
functional molecular imaging probe PARPi-FL that targets PARP1, a 
nuclear enzyme overexpressed in cancer and dysplasia (2). We evaluate 
its use as an optical imaging agent to delineate cervical lesions.

Methods: 
To evaluate PARP1 expression’s ability to stratify different grades of 
Cervical Intraepithelial Neoplasia (CIN), immunohistochemistry was 
performed on 31 banked patient samples. The CIN grade is defined 
by the amount of immature squamous cell proliferation involving the 
mucosal thickness, CIN 1 - involving lower one-third of the thickness 
(n = 8), CIN 2 - one-third to two-thirds (n= 5), CIN 3 - more than two-
thirds (n = 6), and cancer - trespassing the mucosal basal layer (n= 
12). To explore the ability of PARPi-FL to delineate amongst them, 
10 patients scheduled to undergo surgical resection (either a cone or 
a hysterectomy), were accrued. Resected specimens were submerged 
in a solution of 1,000 nM PARPi-FL in 30% PEG/PBS for 5 min-
utes followed by a washing step (30% PEG/PBS) for 5 minutes. The 
median age was 36.5 years old (range 29-63), and 90% were HPV 
positive. Sixty percent harbored invasive cancer (4 adenocarcinomas 
and 2 squamous cell carcinomas) and 30% dysplasia (2 CIN 3 and 1 
CIN 1). One patient had a lesion completely resected on a previous 
biopsy. For microscopic investigation, images were acquired using 
a handheld confocal microscope (FIVE2 Optiscan, Australia) (2). A 
fluorescence camera (Quest Medical Imaging, Netherlands) was used 
for macroscopic assessment (3) and the results were correlated with 
histology.
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Results: 
Using immunohistochemistry in banked tissue, we observed that 
PARP1 expression correlated with the different grades of cervical dys-
plasia. To test if PARPi-FL could be used to access cervical lesions 
prospectively, a total of 10 women were imaged in the operating room. 
Confocal microscopy detected the fluorescent signal arising from one 
layer of cells (the XY-plane), which was ideal for imaging a cellular 
layer and to confirm PARPi-FL specificity. A fluorescence camera, 
which allowed verification of fluorescence arising from the bulk of 
the tissue rather than a monolayer, revealed marked signal increase in 
tumor (both SCC and adenocarcinoma) and CIN 3 when compared to 
the normal surrounding tissue. No significant difference in fluorescence 
signal was observed in CIN 1 and normal tissue. None of the imaged 
patients harbored CIN 2.

Conclusion: 
We demonstrated that fluorescence imaging post topical application of 
PARPi-FL on the cervix can identify CIN 3 and invasive carcinomas. 
This molecularly-targeted probe has the potential to serve as a novel 
diagnostic tool for lesion stratification in cervical cancer screening 
and serve as a tool for the in-vivo assessment of surgical margins, 
ensuring complete excision of malignant lesions.
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Introduction: 
Noninvasive measurements of tumor metabolism represent an ideal 
biomarker in the field of neuro-oncology, where an early measurement 
of response to treatment remains elusive. In this study, we investi-
gated whether co-hyperpolarized [1-13C]pyruvate and [1-13C] dehy-
droascorbate (DHA) along with Magnetic Resonance Spectroscopic 
Imaging (MRSI)1-4 might be a useful method to evaluate differences 
in brain tumor metabolism in mouse brain. The goal of this study was 

to evaluate feasibility and to assess for potential metabolic differences 
between tumors and contralateral brain in both treated and untreated 
mice.

Methods: 
Female athymic Foxn1nu mice (Envigo) aged 7 weeks (n=8, 22-25g) 
were studied. Animal procedures were performed in accordance with 
institutional animal care guidelines. Mice underwent stereotactic injec-
tion with  3x105 U87 glioblastoma cells in 2ul, 2mm lateral to midline 
along the bregma, 3mm deep. After 14 days, n=4 mice underwent 
whole brain radiation with 10Gy. Imaging took place at day 21 +/-3 
days for both groups. Each mouse was injected via tail vein over 10s 
with 225-350μL of co-hyperpolarized 40 mM [1-13C]DHA and 100 
mM [1-13C]pyruvate. Both substrates were co-hyperpolarized for two 
hours (150μL of a 40:60 v/v mixture of monomeric [1-13C]DHA and 
[1-13C]pyruvate containing 15 mM AH111501 trityl radical) through 
the SpinLab polarizer (GE) and dissolved in  D2O. MR experiments 
were performed using a 3T MRI system (Bruker) equipped with a quad-
rature double-tuned 1H/13C volume coil. The MRI protocol included a 
T2-weighted fast spin-echo (FSE) sequence for anatomical reference 
and 13C Chemical Shift Imaging (CSI) sequence  (32x32mm2 field-
of-view, 8 slices, 2mm thickness) run 20s after substrate injection. 
Spectroscopic data were analyzed using a custom Matlab script while 
metabolic maps were calculated using  SIVIC5. Statistical analysis was 
performed using GraphPad Prism (v9.1.1). Normalization for polari-
zation, injected volume and concentration were performed and means 
were compared using a two-tailed t-test.

Results: 
Figure 1 shows the coronal (A) view of a mouse brain with the corre-
sponding spectra acquired in each voxel of the brain. Figure 1B shows 
a representative spectrum from a voxel of the overlayed spectrum 
on the brain showing the metabolites of interest. Figure 2 demon-
strates the overlay of representative metabolite maps, pyruvate (A) 
lactate (B), DHA (C) and Vitamin C (D), with the white dashed 
circle representing tumor location (obstructed by overlay). Here, 
the differential lactate and vitamin C generation within the tumors 
can be appreciated. Figure 3 compares the normalized means of the 
concentrations of metabolites (uM). The difference between radiated 
tumor and the contralateral brain (A) reaches significance for lactate 
(246.4uM±57.03, p=0.02) and vitamin C (47.85uM±13.7, p=0.03). 
In mice that were not treated with radiation (B), this relationship is 
preserved but did not reach significance. Both radiated tumors (C) and 
radiated brain (D) produced lower amounts of all metabolites when 
compared to untreated counterparts. Differences reached signifi-
cance in DHA (-665.8uM±144.8, p=0.01) and Vit C (-379uM±110, 
p=0.04) between tumors (3C) and in all metabolites between con-
tralateral brains (3D): pyruvate (-1983uM±757.8, p=0.03), lactate 
(-802.7uM±212.6, p=0.003), DHA (-745.7uM±160.5, p=0.003), and 
vitamin C (-270.1uM±72.2, p=0.009).

Conclusion: 
These findings further demonstrate the feasibility and sensitivity of 
this novel technique to examine the metabolism of mouse models 
of brain tumors. While differences in metabolism were not seen 
between untreated U87 brain tumors and contralateral brain, a sig-
nificant decrement in lactate and vitamin C was seen in tumors that 
were radiated. Further, radiation decreased all metabolite produc-
tion in both tumors and contralateral brain, suggesting a significant 
reduction in the global metabolism seen after radiation. This may 
be secondary to blood-brain-barrier disruption. These data are the 
starting point for further exploration of tumor metabolism in glio-
blastoma with potential for revealing an early response to treatment 
as a noninvasive biomarker.
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Recently, Magnetic Particle Imaging (MPI) has emerged as a promis-
ing imaging modality and has been garnering significant attention. 
The imaging devices, MPI scanners based on this technique, are 
actively attempted to be scaled for human size and use. Its main 
advantages include being radiation-free and high signal-to-noise 
ratio. MPI utilizes the non-linear magnetization of the magnetic 
nanoparticles and generates signals which are processed towards 
imaging [1]. The current magnetic nanoparticles which are used as 
tracers of MPI are limited by their suboptimal magnetic properties 
even though the technique promises high sensitivity and detection. 
This necessitates the development of high-performance magnetic 
nanotracers specifically tailored for use in MPI for improving the 
spatial resolution of in vivo imaging [2]. The magnetic properties 
of these nanotracers are closely related to their intrinsic magnetic 
anisotropy [3]. Considering shape anisotropy as a unique govern-
ing factor, we rationalized that exploring various shapes might help 
our quest for a tracer with improved performance. Until now, the 
spherically shaped (zero-dimensional) iron oxide nanoparticles have 
been the most widely studied MPI tracers. Our work explores the 

fabrication of one-dimensional iron oxide nanorods and evaluates 
their performance as MPI tracer towards lung imaging in mice model. 
The iron oxide nanorods were fabricated by the solution-phase chemi-
cal process and characterized by various techniques. The saturation 
magnetization was assessed using the physical property measure-
ment system (Suppl Fig. 1). The surface of these nanorods were then 
modified using dextran T-10 (Fig. 1a). After their surface modifica-
tion, optical emission spectroscopy was used to determine their iron 
content and relaxation response was evaluated using Momentum™ 
MPI scanner (Magnetic Insight Inc.) (Suppl Fig. 2). Their relaxation 
response was further compared with that of VivoTrax® (VTX) for 
1 mg/ml of iron (Fig. 1b, c). At a concentration of 0.5 mg/ml, these 
nanorods were aerosolized using a laboratory nebulizer and exposed 
to the CD1 mice (12-week-old, male, n=3) for 30 min. The mice 
were imaged immediately post-administration using Momentum™ 
MPI scanner with a projection Field Free Line (FFL) operating with 
a magnetic field gradient strength of 6 x 6 T/m. 3D MPI images with 
a FOV of 6 cm x 6 cm x 12 cm were acquired with 21 projections 
for ~30 minutes per mouse in the high-resolution mode. Anatomic 
X-ray Computed tomographic (CT) images were acquired using the 
Perkin-Elmer Quantum GX μCT Scanner and MPI images were co-
registered using the fiducial markers which identify the position of 
object/animal in 3D space. The mice were sacrificed after 24 h and 
vital organs (Brain, Heart, Liver, Lungs, Stomach, Spleen and Kid-
neys) were excised for imaging ex vivo using 2D MPI. All imaging 
data processing was performed using Horos software (Horosproject.
org). The MPI images acquired immediately after delivery identified 
two positive signal outputs, with substantial intensity from the lungs 
of the animal. In order to locate the exact origin of the MPI signal, the 
data was co-registered with CT images. The co-registration revealed 
the location of the signal in the lungs which was further confirmed 
by 2D ex vivo images of the lungs (Fig. 1d; Suppl Fig. 3). Here, we 
witnessed the ability of a 1D nanoparticle to act successfully as a MPI 
nanotracer and their potential towards in vivo pulmonary delivery and 
imaging. When compared to the performance of VivoTrax® at the 
same iron concentration, the nanorods well exceeded our expectations 
and their signal intensity was more than 5-fold of VivoTrax®. This 
study unlocks a dynamic provision of use of anisotropic nanoparti-
cles as MPI tracers which can further help us utilize the technique 
to it maximum capability. 1D nanoparticles, Anisotropy, Iron oxide 
nanoparticles, Lung imaging, Magnetic particle imaging, Nanotracers
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Purpose:
 18F-Fluciclovine is a PET radiopharmaceutical that is FDA approved 
for the detection of prostate cancer recurrence and exhibits higher sen-
sitivity and specificity compared to conventional imaging modalities 
such as CT or MRI. However, it currently plays a limited role in initial 
staging of prostate cancer. Given its favorable biodistribution and lower 
renal and bladder uptake compared to prostate-specific membrane anti-
gen PET radiotracers, which was recently approved, there may be a role 
for imaging with 18F-fluciclovine for initial staging of prostate cancer.

Materials and Methods: 
We performed a retrospective analysis of 64 cases of 18F-fluciclovine 
PET/CT used for initial staging of prostate cancer from November 
2017 to April 2020. Approximately 10.4 ± 0.2 mCi of 18F-fluciclovine 
was administered intravenously. Three to five minutes after radiop-
harmaceutical administration, PET/CT scans of the base of skull to 
midthigh were obtained using the Discovery 690 and Discovery MI 
PET/CT scanners (GE Healthcare). 18F-fluciclovine PET/CT findings 
were correlated to pelvic MRI, other imaging modalities such as bone 
scans, and final pathology.

Results: 
The average age of patient was 69.6 ± 1.2 (SEM). Initial pretreat-
ment PSA was 42.0 ± 9.7. All patients had intermediate and high-risk 
prostate cancer that was confirmed on pathology. Thirty-four patients 
had MRI of the pelvis demonstrating PIRADS 4 or 5 lesions. Initial stag-
ing 18F-fluciclovine PET/CT scans demonstrated intraprostatic cancer 
foci in 64 of the patients, locoregional lymph node involvement in 31 
of the patients, and distant metastases in 24 of the patients. 18F-Flu-
ciclovine PET/CT resulted in management change in 34.4% of the 
patients (n=22).

Conclusion: 
Initial staging  with18F-Fluciclovine PET/CT for prostate cancer cor-
rectly identifies intraprostatic cancer in all 64 patients with intermedi-
ate to high-grade prostate cancer. 18F-Fluciclovine PET/CT also dem-
onstrates locoregional lymph nodes and distant metastases that changed 
the management in approximately 34.4% of patients by identifying 
locoregional and metastatic disease that was not definitively character-
ized on conventional imaging. 18F-Fluciclovine PET/CT may serve as 
a useful adjunctive imaging study used in initial staging for prostate 
cancer patients.
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Pancreatic Ductal Adenocarcinoma (PDAC) is a malignancy with a 
poor clinical prognosis of less than 10 percent patient survival past 

five  years1, due to its high vascularization, metastatic potential, 
and late  detection2. Many novel targeted cancer treatments, includ-
ing chemotherapeutic agents and targeted radiopharmaceuticals, 
induce Double Strand Breaks (DSBs) in the cancerous cells, lead-
ing to genomic instability, and ultimately cell death or apoptosis. 
These treatment paradigms lead to the activation of DNA Damage 
Response (DDR) cascades, of which H2AX is a critical histone 
that initiates DNA repair protein  recruitment3. As a result, anti- 
γH2AX antibodies have been used extensively as biomarkers of 
DNA damage in  histology4. Recently, a Zirconium-89 conjugated 
anti- γH2AX antibody coupled with a TAT nuclear internalization 
sequence has been developed as a potential radioprobe for Posi-
tron Emission Tomography (PET)5. The half-life of chelated 89Zr 
of approximately 78 hrs. coincides with the biological half-life of 
the coupled antibodies, allowing for minimal non-target irradiation 
by the radiopharmaceutical after the treatment period. Previously, 
the internalization of the 89Zr-DFO-TAT-anti-γH2AX antibody into 
irradiated breast adenocarcinoma cell lines has been  validated6, as 
well as the ability of the antibody to monitor nucleic activity of 
pancreatic cancer cell lines exposed to chemotherapy  treatments7. 
The ability of synthesized 89Zr-DFO-TAT-anti-γH2AX antibodies 
to be used as effective and dose-dependent PET imaging agents 
during external beam irradiation of xenografted human pancreatic 
cell lines was assayed in the present study. We optimized the chela-
tion protocol of the radiometal to the antibody complex and sub-
sequently found that given a standard therapeutic irradiation dose 
sequence, γH2AX is highly significantly overexpressed in human 
PDAC cells. Further, irradiation led to increased internalization and 
affinity of the antibody into the cellular nucleus. Finally, we observe 
that mice which underwent the irradiation sequence express sig-
nificantly higher tumor signals then controls, particularly 48 hours 
post injection and when probe administration immediately precedes 
irradiation.
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Every whole animal imaging modality has an inherent risk of failing 
to capture a portion or the entirety of a region of interest. Usually, that 
means the investigator must alter an acquisition parameter or gather 
a second dataset. With CFT, there is no ability to react or alter the 
acquisition because the modality is inherently destructive. Further, 
because the sample needs to be sliced all-the-way through, there is 
significant time investment required for gathering CFT datasets. But 
CFTs largest drawbacks of lengthy study time and destructive nature 
can be leveraged to make it a robust reliable, and consistent system 
for small animal imaging research. Developing an optical imaging 
system that is destructive and time consuming by nature required a 
new approach to both white light and fluorescent acquisitions. A com-
putational approach was devised such that the data produced from a 
CFT study was guaranteed to produce usable data (barring extreme 
events like an unexpected hardware failure or severe user error, i.e. 
having a GFP+ animal and trying to use an IR laser filter combo). Not 
only does the computational approach allow for improved data quality, 
but it also allows for data to be reprocessed when improved methods 
become available.
The mechanical, optical, and computational system is not unique, but 
the ecosystem that has been built around the system is. A system with 
as many moving parts as a CFT system necessitates regular calibration 
in its imaging and mechanical systems. Using the automated nature of 
CFT, the Xerra is calibrated to its darkfield noise, illumination pattern, 
and own system movements prior to every study is run. The result is a 
well calibrated system before any computational techniques are used.
As currently deployed, CFT produces: tack sharp images across its 
acquisitional range 470 nm - 840 nm without optics changes; 32-bit 
high dynamic range (HDR) fluorescent data sampled from 5 ms to 2.5 
s; HDR, color accurate, white light images from laser illumination 
without a Bayer filter.
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Introduction: 
KRAS is one of the most frequently altered proteins in human can-
cer. [1] As a member of the GTPase RAS family critically involved 
in cell signaling a single amino acid mutation in KRAS at codon 12 
(p.G12D, p.G12V or p.G12C) can lead to uncontrolled tumor growth. 
Our aim was to develop a novel PET imaging probe to identify KRAS 
G12C driven tumors. Long thought to be undruggable, the inactive 
GDP bound form of mutated KRAS G12C can be covalently targeted 
by the FDA approved inhibitor Sotorasib (AMG510). [2,3] Herein, we 
present the radiosynthesis of a novel PET tracer derived from Sotorasib 
and its in vitro and in vivo evaluation in KRAS G12C mutant cell lines 
and tumors.

Methods: 
Iodination of AMG510 was performed using chloramine-T and sodium 
iodide to yield an ortho- and a para-hydroxy iodinated derivative. The 
 [127/124/131I]-AMG510 tracers were separated via HPLC and evalu-
ated in vitro (internalization and efflux assays) using KRAS G12C 
mutant H358 and MiaPaca-2 cell lines. In vivo PET imaging and bio-
distribution studies were performed on athymic nude mice bearing 
tumor xenografts (~300  mm3) obtained by s.c. administration of 3-5 
million cancer cells. For imaging  [124I]-AMG510 was administered via 
tail vein injection (150 μCi) and imaged using an Inveon microPET/
CT instrument at different time points. Biodistribution studies were 
conducted sacrificing mice at different time points to correlate organ 
uptake.

Results: 
The synthesis of the cold  [127I]-AMG510 and radiolabeled 
 [124/131I]-AMG510 inhibitor was accomplished in good to moderate 
yields, respectively (60%, RCY: 30%, n = 10). The 2 obtained iodinated 
derivatives could be separated via preparative HPLC and only one 
derivative demonstrated preferential binding to KRAS G12C cells in 
our in vitro studies. Efflux studies confirmed retained activity in cell 
lysates in both used cell lines and stability studies in human serum of 
the tracer demonstrated its integrity over time. In vivo PET imaging and 
biodistribution studies indicated good uptake in H358 tumor xenografts 
with uptake values of 0.93 ± 0.1 %ID/g after 0.5 h, 0.54 ± 0.02 %ID/g 
after 1 h and 0.49 ± 0.05 %ID/g after 2 h, respectively.

Conclusion: 
Our results show preserved affinity towards the mutated KRAS G12C 
protein upon modification of AMG510 with iodine. Cell internalization 
and efflux studies confirmed retained inhibition and serum stability 
studies confirmed the inhibitors stability over time. Furthermore, we 
established the pharmacokinetic profile and demonstrated good tumor 
targeting in murine models showing that this novel PET tracer has 
potential for preclinical applications.
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Introduction: 
Molecular Imaging methods are often used to track therapeutic cells 
like stem cell and CAR-T cells therapies. Cell tracking methods include 
MRI with 19F or Superparamagnetic Iron Oxide (SPIO) tags, Ultra-
sound with microbubble tags, and Nuclear Medicine. Each of these has 
limitations in persistence, sensitivity, resolution or artifacts. Magnetic 
Particle Imaging (MPI) is a new imaging method ideal for tracking 
cells, in terms of sensitivity, penetration, robustness and linear, positive 
contrast (Fig.1A) [1,2]. Superferromagnetic MPI tracers [3] could soon 
allow for detecting even 20 labeled cells with 100-micron resolution 
anywhere in a mouse. An outstanding challenge for all cell tracking 
methods is distinguishing live from dead cells. Because these methods 
track an inorganic tag, the live and dead cells are indistinguishable. We 
demonstrate here, for the first time, promising data showing that MPI 
can distinguish live from dead cells.
MPI scanning requires a 180-degree rotation of the SPIO. This rota-
tion time is slowed by Neelian and Brownian relaxation constants 
(Fig.1B) [4]. In Neelian relaxation, only the domain flips, not the 
entire particle [5], so Neelian SPIOs cannot sense viscosity. With 
Brownian relaxation, the entire particle flips, so Brownian relaxa-
tion scales linearly with the nanoscale viscosity [6]. Since Neel and 
Brownian relaxation occurs in parallel, we observe the faster of the 
two. Nonimaging measurements show that cells change their vis-
cosity as they go through apoptosis [7-9]. Here we hypothesize that 
Brownian MPI particles could measure this change via viscosity 
sensing and allow us to infer cell viability in vivo with MPI.

Materials and Methods: 
We used two commercial SPIO nanoparticles: nanoComposix Nan-
oXact (NN) and Magnetic Insight VivoTraxTM (VT) to label LLC1 
lung cancer cells. NN was chosen for our Brownian SPIO because we 
found its relaxation time scales linearly with viscosity. VT was chosen 
as our Neelian SPIO as its relaxation time does not vary with viscosity.
We labeled cells with both SPIOs. In two flasks, cells were incubated 
with 100 μL of NN and with 300 μL of VT in the other two flasks. 
After 24 hours, the cells were harvested and washed with a phosphate 
buffer. The NN and VT labeled cells were divided into two groups. 
One group was incubated at 37°C (control), and the other group was 
incubated in a hot water bath at 60°C to induce cell death via hyperther-
mia for 2 hours. We then performed square wave relaxometry on both 
groups of cells using an home-built arbitrary-waveform relaxometer 

[10]. We also prepared two SPIO samples (without cells) by diluting 
NN and VT with a phosphate buffer in a 1-1 ratio (by weight). Relaxa-
tion time constants of all SPIO-labeled cell samples were measured 
using a periodic pulsed magnetic field with amplitude of 10 mT and 1 
kHz frequency [11,12]. We then integrated the received signal and fit 
it to an exponential function to determine the relaxation time constant 
using Matlab.

Results and Discussion: 
We observe distinct mechanisms of relaxation for the two groups of 
cells (Fig. 1C). There is a statistically significant change in relaxation 
time with viscosity changes due to apoptosis for cells labeled with 
Brownian SPIOs (NN) as hypothesized for Brownian SPIOs. Also as 
expected for the Neelian SPIO (VT), we observed no change in the 
relaxation time constant with cell death. These data show great promise 
for MPI cell tracking using Brownian SPIOs to monitor therapeutic cell 
viability in real-time.
We plan future applications to exploit Brownian relaxation contrast 
to allow for distinguishing bound SPIOs (which will have restricted 
rotation) from unbound SPIOs in an imaging format. This remains an 
open challenge for medical imaging.
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Purpose: 
Tagged-WBC scans are frequently used in the diagnostic workup of 
occult infections. However, there has been limited research into the 
diagnostic utility of tagged-WBC scans recently in the era of SPECT-
CT. In addition, with the approval of FDG PET/CT for evaluation of 
occult infections, it is important to understand the advantages and dis-
advantages of these different approaches in the diagnosis of occult 
infection to obtain the imaging study most suited for the clinical 
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indication and patient history. We, therefore, analyzed the positivity 
rates of tagged-WBC indium scans based on the clinical indication and 
important patient characteristics like antibiotic use.

Materials and Methods: 
Fifty-six tagged-WBC indium scans were performed at Stanford from 
July 2019 through February 2020. Approximately 700-1100 μCi of 
In-111 Oxine solution was labeled to patient-derived WBCs and 
administered intravenously. Images were acquired at 16-30 hours after 
injection of radiotracer. Planar images were acquired using a large-
field-of-view gamma camera, fitted with a medium-energy collimator. 
SPECT-CT imaging of the appropriate anatomical region was per-
formed based on the clinical history or the planar images using a NM/
CT 870 CZT or Discovery 670 Pro scanner (GE Healthcare).

Results: 
Out of the fifty six scans, fifty three were performed in the inpatient 
setting, and three were performed in the outpatient setting. The rate 
of positivity was 39.3% (22), and the non-diagnostic rate was 8.9% 
(5). In patients receiving broad-spectrum antibiotics (42), the rate of 
positivity was 47.6% (20), and the rate of positivity was 21.4% (3) in 
those who were not on antibiotics (14). The highest rates of positivity 
were seen in sepsis and/or bacteremia with a positivity rate of 75.0% 
(9/12). Positivity rates were 17.7% (3/17) for aortic graft infections 
and endocarditis, 14.3% (1/7) for abdominal infections, 25.0% (2/8) 
for suspected hardware infections and osteomyelitis, and 50.0% for 
pneumonia (1/2).

Conclusion: 
Tagged-WBC indium scans remains a useful imaging study to iden-
tify occult infections with a positivity rate of 39.3% when performed 
adjunctively with SPECT-CT. Remarkably, the rate of positivity is 
higher with broad-spectrum antibiotic use (47.6%), and the highest 
positivity rate is in patients with sepsis and/or bacteremia (75.0%). 
Knowledge of these rates of positivity based on patient characteristics, 
and clinical indication may allow clinicians to diagnose and localize 
occult infections more efficiently.
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Positron emission tomography (PET) can be used to visualize trans-
genic constructs using reporters and compatible radiotracers but there 
is a lack of selective PET reporter systems for imaging transgenic con-
structs in the brain.  [18F]fluoroestradiol (FES) is an FDA-approved PET 
radiopharmaceutical used for detection of breast cancer by binding with 
high affinity to estrogen receptors (ERs). Optogenetics is a widely used 

technology that enables the manipulation of target neuronal popula-
tions and circuits with precise spatiotemporal control. Optogenetics 
affords potential for translational research and clinical therapeutics. 
However, a major constraint is the inability to track opsins longitu-
dinally in a noninvasive and quantitative manner. To address this, we 
engineered ChRERα (pronounced ‘carrera’), a novel chimeric protein 
comprised of the prototypical opsin Channelrhodopsin-2 (ChR2) and 
the ligand binding domain (LBD) of the human estrogen receptor alpha 
(ERα). Experiments in HEK-293 cells show ChRERα retains the origi-
nal ERα-LBD affinity for binding estradiol and FES. In addition, blue 
light stimulation (473 nm) in cells transfected with ChRERα elicited 
photocurrents indistinguishable from cells transfected with ChR2. 
Adeno-associated virus (AAV)-mediated ChRERα transduction in 
mouse cortex led to blue-light evoked photocurrents in brain slices. 
AAV-mediated ChRERα transduction in the ventral tegmental area 
stimulated locomotor activity upon blue light stimulation in rats indi-
cating ChRERα retains the functional properties of ChR2 in vitro and 
in vivo. AAV-mediated ChRERα transduction was visualized nonin-
vasively in rats and squirrel monkeys using FES-PET where ChRERα 
was detected at both the local site of AAV injection in the motor cortex 
(e.g. neuron cell body) as well as at long-range terminal projection 
sites (thalamus, controlateral cortex). In monkeys, the neuroanatomical 
pattern of ChRERα localization using FES-PET predicted functional 
brain connectivity assessed using resting-state functional magnetic 
resonance imaging (rsfMRI). Longitudinal tracking with repeated 
FES-PET scans in the same monkey confirmed opsin brain expression 
at multiple timepoints throughout a 1.5-year period following AAV-
injection and revealed decreases in FES-ChRERα binding at the 1.5 
year time point. ChRERα expressing was visualized postmortem using 
fluorescent and electron microscopy confirming its subcellular localiza-
tion in the plasma membrane. In sum, ChRERα is the first opsin that 
can be tracked in a noninvasive and longitudinal manner in the brain 
of living animals and is expected to facilitate translational and clinical 
optogenetics applications. Furthermore, this FES-ERα-LBD reporter 
system comprises a scalable and modular platform for the noninva-
sive visualization of other opsins and other exogenous proteins. This 
approach may be adaptable for visualizing a variety of opsins (and 
other transgenic constructs) to advance the translational potential of 
optogenetics and related technologies.
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Introduction: 
Endometriosis is a chronic, inflammatory, and hormone-dependent 
gynecological condition which is generally characterized by the pres-
ence and growth of ectopic, endometrial-like tissue outside of the 
uterus mainly in the pelvic area including ovaries, and peritoneal sur-
faces. This disease affects about 10% of women during their reproduc-
tive  years1,2. No symptom is pathogenic for endometriosis, but it can be 
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accompanied by multiple symptoms including pelvic pain and infertil-
ity 1,3. The etiology of endometriosis is complex, resulting in a heterog-
enous  disease4 which makes it difficult to diagnose. Currently, the gold 
standard for diagnosis of endometriosis is a diagnostic laparoscopy 
followed by histological confirmation for the presence of glands and 
stroma. However, due to the risks of this invasive diagnostic procedure, 
other non-invasive diagnostic methods should be considered. Imag-
ing techniques that are currently used to diagnose endometriosis are 
ultrasound and magnetic resonance imaging (MRI)5,6. Ultrasound is 
operator-dependent and cannot detect all lesions while MRI can over-
look some endometriotic  masses7–13. Developing targeted contrast 
agents can help diagnose endometriosis through MRI by increasing 
the signal difference between lesions and their  surroundings14. How-
ever, no clinically approved MRI targeted contrast agent is available for 
endometriosis  detection11,15,16. Angiogenesis plays an important role 
in the inflammatory response and establishment of lesions 17. Target-
ing angiogenesis and cell adhesion in lesions using imaging probes 
might increase the chances of reliably detecting endometriosis. 
Since alpha(v)beta3 integrin plays a role in lesion  implantation18 we 
proposed to use cyclic RGD (c-RGD) peptide for targeting similar to 
that in  cancer19,20,21. Here, for the first time, c-RGD conjugated, opti-
cally active, iron oxide nanoparticles were used to image endometriotic 
lesions in a mouse model of endometriosis.

Methods: 
Endometriosis was induced by removing one uterine horn and sutur-
ing the  2mm3 pieces of endometrial tissue to the peritoneal wall of 
the same female  Pgrcre/+Luc/Luc mouse. Progesterone positive tissues 
including lesions express luciferase in this model which can be imaged 
with bioluminescence imaging (BLI) to confirm the location of lesions. 
Dextran-coated iron oxide nanoparticles were synthesized with the 
previously established co-precipitation  method22 and conjugated with 
Cy5.5 dye (Cy5.5-MN). c-RGD was conjugated to Cy5.5-MN based 
on previous reports (RGD-MN)20. Nine mice were imaged with 7 Tesla 
Biospec 70/30 USR (Bruker, Billerica, MA) imaging system, and T2* 
maps were acquired before and 24 hours after RGD-MN injection (10 
mg Fe/kg) with the same parameters. After the imaging sessions, mice 
were sacrificed, and organs were removed for a biodistribution based 
on Cy5.5 signal with fluorescence imaging (IVIS Spectrum, Perkin 
Elmer, Waltham, MA). Inductively coupled plasma-optical emission 
spectrometry (ICP-OES) was done on digested tissue samples (lesions 
and muscles) to measure iron content.

Results:
 RGD-MN were synthesized and characterized (size:33.2± 5 nm, zeta 
potential:13 mv, average number of 12 RGD per MN). Although, 
RGD-MN injected (experimental) and Cy5.5-MN injected (control) 
groups showed an accumulation of nanoparticles in the lesions which 
reduced T2 values on MR T2 maps (Fig.1A), animals injected with 
RGD-MN showed a significantly higher change of T2 values compared 
to Cy5.5-NP injected group (p<0.05; Fig.1B). Biodistribution studies 
were aligned with the MRI results and showed that while probe accu-
mulation was observed in the lesions of both experimental and control 
groups, mice injected with RGD-MN exhibited higher probe accumu-
lation and therefore had a significantly higher average signal intensity 
compared toCy5.5-MN injected group (p < 0.01; Fig.1C). ICP-OES 
results also showed that there was a significantly higher accumulation 
of iron in lesions from the experimental group compared to the control 
group (p <0.01; Fig.1D).

Conclusion: 
RGD-MN can be used as a potential targeted MR imaging probe to 
image endometriotic lesions noninvasively. This work was supported 
in part by the NIH HD 099090 to A.F.
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Objective: 
In clinical practice,  radiopharmaceutical therapy is usually given 
with a fixed dosing regimen regardless of the individual patient’s 
tumor burden or tumor uptake of the corresponding pretherapy imag-
ing tracer, despite accumulating evidence that more tailored therapy 
may improve outcomes [1, 2]. We have recently demonstrated avid 
and selective uptake of LLP2A, a peptidomimetic labeled with Cu-64 
 ([64Cu]-LLP2A) for positron emission tomography/computed tomog-
raphy (PET/CT) imaging in a  BRAFV600E-mutant subcutaneous mela-
noma model (BPRα) that simulates clinical melanoma via BRAF 
inhibitor resistance and overexpression of very late antigen-4 (VLA-4, 
integrin α4β1) [3]. Towards validation of LLP2A as a theranostic suit-
able for patient-specific radionuclide therapy, subject-specific doses for 
the therapeutic (β- emitting) cognate isotope Cu-67  ([67Cu]-LLP2A) 
were estimated for the tumor and organs of interest from serial 64Cu-
LLP2A PET/CT imaging in melanoma-bearing mice via dose rate cor-
rection and Monte Carlo simulation using Torch software (Voximetry, 
Madison WI).

Methods: 
C57BL/6 mice bearing s.c. flank BPRα tumors (n=3, 1m/2f) were 
injected intravenously with  [64Cu]-LLP2A (approximately 12.2 MBq 
[330 μCi]; 57.2 MBq/nmol) and PET/CT images were acquired at 2, 
4, 24, and 48 h post-injection. PET and CT images were co-registered 
and organ regions of interest (ROIs) were manually contoured in Vivo-
Quant 2021 software (Invicro, Needham, MA USA) for each time-
point per mouse. Organs selected included those enriched in VLA-4 
or involved in tracer clearance (tumor, thymus, bone marrow, spleen, 
kidneys) as well as key non-target organs (lungs, heart, liver, muscle). 
Matched PET/CT images with their associated ROIs were imported 
into Torch software v1.1.0.122 and deformably registered across time. 
ROIs were either propagated from the initial 2 h timepoint across all 
successive images per mouse or were specific to each timepoint per 
mouse. The measured time-activity data was integrated per ROI fol-
lowed by Monte Carlo simulation of Cu-67 radiation transport for the 
calculation of ROI dose statistics.

Results: 
Activity integration in Torch software removes non-overlapping por-
tions of corresponding ROIs across time prior to integration, and 2 
h ROI propagation was selected as it was determined to reduce ROI 
volume less severely than the per timepoint method. For an injected 
activity of 12.2 MBq (0.33 mCi), the average mean Cu-67 dose (n=3) 
predicted for the tumor was 0.7 ± 0.06 Gy (mean ± SD), which was 
significantly greater relative to non-target organs only (heart, lungs, 
liver) except for the bone marrow (femur). These results largely cor-
roborate our biodistribution studies previously conducted over a similar 
timeframe in BPRα [3].

Conclusions and Future Work: 
Surprisingly, mean predicted tumor dose was low, and not significantly 
different from that of the kidneys or organs with notable VLA-4 expres-
sion (thymus). To ensure accurate and robust ROI dose calculations, 

further optimization of the dosimetry workflow with Torch will be 
required.
Future work will compare these results to dose rate integration per 
ROI. This feature will be included in a later release. Ultimately, we 
will utilize image-based dosimetry towards tumor dose stratification 
in a  [67Cu]-LLP2A therapy study aimed at maximizing efficacy while 
avoiding toxicities.
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Introduction: 
Our immune system plays a key role in cancer, autoimmune diseases, 
and inflammation. Scintigraphy and SPECT are used clinically to 
image autologous white blood cells (WBCs) to allow MDs to track 
a patient’s immune response. However, the radioactive tags (Tc99m 
or In111) are toxic to WBCs, leading to poor specificity [1,2]. Mag-
netic Particle Imaging (MPI) is a potential breakthrough in medical 
imaging [3-8]. MPI could soon be ideal for CAR-T and CAR-NK cell 
tracking, providing a rapid, high-quality, and zero-radiation comple-
ment to clinical Nuclear Medicine studies, with no WBC toxicity [7]. 
The only remaining technical challenge for MPI is its poor resolution 
(~1.5 mm in a mouse). Hence, it is crucial to design high-resolution, 
MPI-tailored superparamagnetic iron oxide (SPIO) tracers to scale up 
MPI scanners to safe and affordable whole-human MPI. Here we show 
a serendipitous finding that one commercially available tracer (MS1 
Synomag®-D) demonstrates significantly better spatial resolution (3.3-
fold sharper) when imaged with a weaker drive field [9].

Materials and Methods: 
Here we experimentally compare MS1 (Synomag®-D-70nm-plain, 
micromod Partikeltechnologie GmbH, Germany) to the resolution 
of MS3 (Synomag®-D-50nm-plain, micromod Partikeltechnologie 
GmbH, Germany) and VivoTrax (VT) (Magnetic Insight, USA) using 
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both high and low drive fields. These three commercial SPIOs were 
characterized for MPI performance using our in-house arbitrary wave 
relaxometer (AWR) [10]. The point spread functions (PSFs) and peak 
signals were measured. Point source phantoms for Synomag®-D trac-
ers were created using three tracer-filled 0.3mm I.D. capillary tubes 
with 1.8mm center-to-center spacing between the tubes. For VivoTrax, 
larger-sized capillary tubes (0.6mm I.D.) were used to maintain com-
parable iron quantity (34μg Fe per tube). The phantoms were imaged 
with a 6.3T/m field-free line MPI scanner. 2D projection images were 
acquired with a field-of-view of 6.2cm x 3.1cm and with a 20 kHz drive 
field at 2.0 and 20.0mT drive field. The MPI images were reconstructed 
using x-space reconstruction algorithms [12-14].

Results: 
Multi-amplitude evaluation of Synomag®-D showed superior tracer 
performance at a low-excitation amplitude [10]. The resolution of MS1 
Synomag®-D is 2.9mT/6.3T/m, roughly 460μm at 2mT, compared to 
VivoTrax (VT) and MS3 Synomag®-D with roughly 1.5mm resolu-
tion (Fig.1A&B). However, at 20mT amplitude, the three tracers have 
comparable resolution (Fig.1C). Figure 1D&E show MPI images of 
MS1 Synomag®-D at 2mT and VivoTrax at 20mT. At 2mT amplitude, 
MS1 Synomag®-D point sources are distinct and easily resolved with 
a 3.3-fold improvement in resolution compared to VivoTrax.

Discussion: 
We have experimentally demonstrated a 3.3-fold boost in resolution 
in MPI using a commercial MPI tracer simply by reducing the drive 
field amplitude from 20mT to 2 mT [15,16]. This unexpected 3.3-fold 
boost in magnetic resolution could enable a dramatic cost reduction for 
future clinical MPI scanners. Because the cost of MPI scanner hard-
ware scales quadratically with gradient strength, a 3.3-fold reduction 
in gradient strength could reduce the MPI scanner cost by 11-fold [15]. 
The SNR tradeoffs and nanoscale physics mechanism underlying this 
resolution boost merit deeper study.
Recently, we demonstrated that superferromagnetic iron oxide 
nanoparticles (SFMIOs) can provide a 10-fold improvement in 
resolution and SNR per gram of tracer [17]. However, biocompat-
ible formulations of SFMIOs remain an open challenge whereas 
the Synomag®-D tracers are already biocompatible and available 
commercially. So this high-resolution MPI technique shows imme-
diate promise for reducing the cost of clinical MPI scanners and 
accelerating the adoption of MPI for imaging CAR-T response to 
immunotherapies.
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The use of radiolabeled monoclonal antibodies (mAbs) in diagnostic 
imaging is a promising method towards increasing the accuracy of 
identifying cancers in patients. By developing mAbs against specific 
tumor-associated antigens (TAA’s), a more intense signal should be 
observed in tumors where such antigens are over-expressed compared 
to that seen in healthy tissue. Among numerous TAA’s currently 
being investigated, mucins have been identified as potential targets 
in epithelial carcinomas.1 This protein family includes transmem-
brane glycoproteins, specifically Mucin13 (MUC13) in this study, 
which are expressed in cells along the epithelial lining of most organs. 
Though their role in biological processes such as cell signaling and 
immune response has also been documented,2 their role in protecting 
cell surfaces from physiologically harsh environments is commonly 
recognized due to dense O- and N-glycosylation of their extracellu-
lar tandem repeat domains. Deviated levels of such glycosylation has 
been observed in epithelial cancer cells, allowing for ligand interac-
tion with cell surface receptors.3 Furthermore, the overexpression of 
MUC13 in  pancreatic4 and ovarian  cancers5 renders it a suitable target 
for radioimmuno-PET imaging. In the research presented, the targeting 
capability of a radiolabeled novel anti-MUC13 mAb is being tested 
using in vitro and in vivo colorectal cancer models. The mAb of inter-
est has been bioconjugated with the chelator p-isothiocyanatobenzyl-
desferrioxamine (p-SCN-Bn-DFO) and was radiolabeled with the 
positron-emitting isotope 89Zr according to literature protocol.6 The 
radiolabeling efficiency of purified radiolabeled mAb was determined 
using radio thin layer chromatography (radio-TLC) and estimation of 
the average number of p-SCN-Bn-DFO chelators bioconjugated to each 
mAb was made.7 Further studies are ongoing and include analyzing 
purity and specific activity by size exclusion high performance liquid 
chromatography (SE-HPLC), conducting gel electrophoretic experi-
ments to monitor stability of the radiolabeled mAb, measuring the 
binding affinity to MUC13-overexpressing colorectal cell line HT29 
along with comparison to the low MUC13-expressing cell line SW480, 
and performing in vivo PET imaging of a colorectal cancer xenograft 
model in athymic nude mice. Accumulation of the 89Zr-radiolabeled 
anti-MUC13 mAb in MUC13-overexpressing tumors is expected to be 
observed by PET imaging. Results from this study will also support 
further investigations into the radiolabeling of the mAb of interest with 
therapeutic isotopes for the development of radioimmunotherapeutic 
drug candidates.
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Personalized medicine strives to use biomarker-matched molecu-
larly targeted therapies to overcome known resistance mechanisms. 
However, there is currently no methodology to measure the highly 
interdependent levels of available molecular drug targets, amount of 
drug binding and the resulting cellular response in a single dynamic, 
living system. Intracellular drug target validation and target engage-
ment quantification have proven to be challenging, and all drugs have 
some degree of non-specific accumulation due to variable drug affinity, 
biodistribution, pharmacokinetics, and metabolism. Quantification of 
available drug targets necessitates accounting for both the drug that 
binds to its target as well as the drug that accumulates in the cells and 
tissues in a non-specific manner. While fluorescence imaging has long 
been used to visualize biological specimens, recent years have seen 
significant advances in the development of synthetic dyes, genetically 
encoded biosensors, and fluorescent nanomaterials. We have devel-
oped a dynamic, fluorescence-based, three-compartment model termed 
intracellular paired-agent imaging (iPAI). iPAI is a fluorescence-based 
approach that utilizes fluorophore labeled small molecule therapeutics 
as imaging agents to measure drug target availability (DTA). Effective 
performance of the iPAI probe pair to access DTA highly depends 
on the inert quality and stable fluorescence signal of the fluorophore 
pair as drug labels. In particular, the ability of a fluorophore to diffuse 
across a cell membrane non-destructively and provide an unbiased fluo-
rescence signal read-out for the tagged drugs is critical for quantitative 
imaging in live cells and tissues. Commercially available small mol-
ecule fluorophores have been engineered to offer high water solubility 
via modification of rhodamine and cyanine dyes with multiple sulfonate 
groups, however these fluorophores are often cell-impermeant as a 
result of an overall net negative charge. Herein, we report our designed 

and developed water-soluble and cell-permeable fluorophores, termed 
OregonFluor (ORFluor). In proof-of-concept studies, we have devel-
oped targeted and untargeted versions of the epidermal growth factor 
receptor (EGFR) tyrosine kinase inhibitor Erlotinib using our novel 
ORFluor as drug labels. Adapting previously established ratiometric 
imaging methodology using bio-affinity agents, it is now possible to 
use small molecule fluorophore labeled therapeutic inhibitors to visual-
ize their targeted proteins intracellularly, providing a chemical tool kit 
to generate maps of bound and unbound inhibitors at the single-cell 
level both in vitro and ex vivo. iPAI platform provides a powerful new 
opportunity to study numerous other drugs in cells and tissues, result-
ing in a comprehensive spatial view of drug distribution and binding 
for improved personalized therapy assessment.
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Organophosphate (OP) intoxication, including nerve-agent or pesticide 
poisoning, is an ongoing global public health concern [1]. Acute intoxi-
cation by OPs is clinically characterized by cholinergic hyperactivation 
and seizures, potentially leading to long-term cognitive impairment 
and acquired epilepsy in patients that survive early symptoms [2]. 
The mechanisms linking acute OP intoxication to long-term effects 
are unclear, but a proposed pathological mechanism contributing to 
epileptogenesis is blood brain barrier (BBB) dysfunction [3]. Evidence 
of BBB leakage was observed in a preclinical model of acute nerve 
agent exposure [4]; however, this mechanism has not been system-
atically evaluated as an underlying cause of long-term, OP induced 
sequelae. Contrast-enhanced magnetic resonance imaging (CE-MRI) 
is a powerful, non-invasive method of assessing brain injury and BBB 
integrity in neurological diseases. The objective of the present study 
was to characterize the extent and duration of BBB dysfunction in a 
rodent model of acute diisopropylfluorophosphate (DFP) intoxication 
using CE-MRI. Adult male Sprague-Dawley rats were administered 
DFP (3.75 mg/kg, s.c.) or vehicle (VEH) (phosphate-buffered saline) 
followed immediately with atropine sulfate (2 mg/kg, i.m.) and 2-pra-
lidoxime (25 mg/kg, i.m.), and two subsequent doses of midazolam 
(0.65 mg/kg, i.m.) at 40 and 50 minutes post-DFP intoxication, respec-
tively. Gadobenate dimeglumine (Gd-BOPTA) MRI contrast agent 
was administered as a step-down infusion via tail-vein catheter during 
imaging [5]. Animals were imaged on a 7T MR scanner at 6 h or lon-
gitudinally at 24, 72, and 168 h post-DFP intoxication. The imag-
ing protocol consisted of a T2-weighted scan, T1-weighted pre- and 
post-Gd-BOPTA scans (22-min apart), and a dynamic T1-weighted 
scan (DCE-MRI) during Gd infusion (22 min). Five brain regions 
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(hippocampus, piriform cortex, amygdala, thalamus, and cerebral cor-
tex) were manually segmented on T1-weighted images using AMIRA 
software. DCE-MRI was motion corrected and image metrics were 
extracted using PMOD software. Imaging metrics included percent 
change in regional signal intensity and lesioned volume. After comple-
tion of imaging at each timepoint, subsets of DFP and VEH animals 
were euthanized and brains immunolabeled for albumin as a correlative 
marker of BBB disruption. For all outcomes, mixed effects models, 
including animal-specific random effects, were fit to assess differ-
ences between exposure groups. Primary factors of interest included 
exposure (DFP, VEH), brain region (piriform cortex, amygdala, hip-
pocampus, thalamus, cortex) and time point (6 h, 24 h, 72 h, 168 h). 
Interactions between these factors (exposure, region, time point) were 
considered and the best model was chosen using Akaike Information 
Criterion. Compared to vehicle controls, significant increases in signal 
intensity and lesioned volume were observed in post-Gd images of 
DFP-intoxicated animals, varying by brain region and time post-expo-
sure. Of note, signal intensity in the piriform cortex was significantly 
higher in DFP animals compared to VEH animals at all time points 
(p<0.02). Overall, evidence of BBB breakdown was most apparent at 
24 h post DFP intoxication, with the hippocampus (p=0.008), amyg-
dala (p<0.001), thalamus (p=0.003), and the piriform (p<0.02) and 
cerebral cortices (p<0.001) exhibiting significantly increased signal 
intensity compared to VEH controls. Lesions on post-Gd images of 
DFP animals were corresponded spatially with areas of diffuse albu-
min immunolabeling in brain parenchyma, which further corresponded 
to areas of T2-weighted hyperintensity previously shown to undergo 
necrosis and inflammation following acute OP exposure [6]. Collec-
tively, these data indicate clear BBB leakage after acute DFP intoxica-
tion, demonstrating CE-MRI as a promising quantification tool of BBB 
integrity for future evaluation of novel therapeutics aimed at mitigating 
the effects of acute OP intoxication.
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Background: 
Multiple randomised clinical studies have shown that Immuno-
suppressive agents such as  dexamethasone1,  tocilizumab2  and 
 baricitinib3 reduce mortality in severe COVID. Hence, their use is 
strongly recommended in patients in such patients. The use of such 
immunosuppressive agents predisposes to opportunistic infections 
(OIs).4 Furthermore, immunosuppressed patients are susceptible to 
critical COVID-195, and the use of these agents in this population 
gravely increases the susceptibility to OIs. It is also hypothesised that 
even mild COVID-19 lowers immunity and is a risk factor for oppor-
tunistic infections, especially COVID-19 associated mucormycosis 
(CAM).6 The utility of whole-body PET-CT with FDG in the manage-
ment of post-COVID infections, hitherto unknown, was evaluated by 
us.

Methods Study Setting: 
Tertiary care academic medical centre in Hyderabad, India

Study Design: 
Retrospective, Descriptive

Inclusion Criteria: 
Patients with PCR proven SARS-CoV-2 infection and referred for 
Whole Body PET-CT with FDG with/without contrast at the treating 
physician’s discretion.

Exclusion Criteria: 
Patients with known malignancy where PET-CT is performed for stag-
ing or monitoring.

Results: 
A total of 26 patients (21 males and five females) with a mean age of 
53.71 years fulfilled the inclusion and exclusion criteria. The average 
duration of symptoms until initial evaluation (not necessarily PET-CT) 
was 21.60 days.
The most common provisional diagnosis was ‘Fever of unknown origin 
(FUO)’ in 20 patients.
The most common final diagnosis was ‘invasive fungal infection (IFI)’ 
in 13 patients (50% of cases). Of this, mucormycosis was diagnosed 
in 9 patients, COVID-19 associated pulmonary aspergillosis (CAPA) 
in 2 patients and fungal granulomas (etiological agent unidentified) 
in 2 patients.
Of the nine patients with mucormycosis, five had pulmonary mucor-
mycosis alone, two had disseminated mucormycosis with pulmonary 
involvement, and two had rhino-orbital mucormycosis. Thus, out of 
nine patients with mucormycosis, seven had pulmonary involvement 
due to Mucorales.
The other diagnosis (in descending order of frequency) was:

1. No cause of fever was identified in 4 patients; fevers resolved spon-
taneously with non-steroidal anti-inflammatory drugs (NSAIDs).

2. Tuberculosis in 3 patients: 2 patients with lymph node TB and one 
with disseminated TB with TB meningitis

3. Infective endocarditis in 2 patients
4. ‘Recurrent thrombosis’, ‘reactive lymphadenopathy’ and ‘nosoco-

mial pneumonia’ were diagnosed in one patient.
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Twenty-three patients were cured, and three patients died. The diag-
nosis in these three patients was 1) septic shock secondary to nosoco-
mial pneumonia, 2) Pulmonary mucormycosis, and 3) Disseminated 
mucormycosis.

Conclusions: 
India has seen a massive surge in cases of COVID-19 due to the Delta 
variant in 2021. Unfortunately, a large number of patients developed 
post-COVID invasive fungal infections, most commonly COVID-19 
associated mucormycosis.7-10

The significant burden of fungal infections following COVID-19 is 
reflected in our study. 50% of patients in our study were diagnosed 
with an IFI, most of whom had mucormycosis. Pulmonary mucor-
mycosis was the predominant clinical presentation of mucormycosis 
in our research. This likely reflects a selection bias as pulmonary 
mucormycosis is challenging to diagnose, and treatment response 
is difficult to monitor. Hence, the use of Whole Body PET-CT with 
FDG with/without contrast was employed extensively in patients 
with unresolved fevers, cough, hemoptysis, dyspnea and increasing 
oxygen requirements.
Although tuberculosis is extensively seen in  India11, only three 
patients in our study were diagnosed with tuberculosis. This could 
be on account of multiple reasons:

1. The predominance of fungal infections post-COVID.
2. Tuberculosis, especially pulmonary tuberculosis, is relatively 

easier to diagnose.
3. The study was conducted in a tertiary care hospital, so this could 

represent a selection bias for patients with difficult to diagnose 
diseases (such as pulmonary mucormycosis).

In our study, Whole Body PET-CT with FDG with/without contrast 
proved to be a useful diagnostic tool in evaluating FUO following a 
diagnosis of SARS-CoV-2 infection.
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Background: 
Erythropoietin-producing hepatocellular A2 (EphA2) receptor was 
determined to be particularly overexpressed in cancer cells than in 
normal cells. Furthermore, the EphA2 receptor has been reported to 
be expressed in various types of cancer, including breast and prostate 
cancers, and malignant gliomas [1]. Interestingly, the expression level 
of EphA2 receptor is increased in high-grade cancers among the same 
carcinomas, and this is believed to be related to the malignancy of 
cancers [2]. Therefore, the EphA2 receptor has attracted attention as a 
target molecule for the diagnosis of cancer. Positron emission tomog-
raphy (PET) probes using peptides labeled with F-18 [3] and single-
photon emission computed tomography (SPECT) probes using anti-
bodies labeled with In-111 [4] have been reported, but small molecule 
imaging probes for the EphA2 receptor have not yet been reported. So, 
we decided to develop an imaging probe based on a small molecule. 
We designed and synthesized novel candidates using computational 
chemistry based on the results of ALW-II-41-27 as a scaffold, as it 
was reported to bind to EphA2 receptor kinase with high affinity and 
also efficiently inhibit cancer progression [5]. As a result, we have 
developed N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)
phenyl)carbamoyl)-2-methylphenyl)-5-iodonicotinamide  ([123I]ETB), 
which has potential as a SPECT imaging probe for the EphA2 recep-
tor [6]. In this study, based on the results of  [123I]ETB studies, we 
attempted to develop novel compounds with higher affinity to the 
EphA2 receptor using computational chemistry.

Method: 
Novel compounds (EFT-1 to 7) targeting EphA2 receptor were 
designed using Molecular Operating Environment. To verify the valid-
ity of these calculation results, the designed compounds were syn-
thesized, and their affinities for EphA2 receptor were evaluated. The 
ability of the synthesized compounds to inhibit EphA2 receptor kinase 
activity was analyzed using an ADP-GloTM kinase inhibition assay. 
Compounds with high kinase inhibitory activity were labeled with 
radioisotopes, and cellular uptake and organ distribution experiments 
were performed. For the in vitro and in vivo evaluation of radiolabeled 
compounds, the EphA2 receptor-positive U87MG and HT1080 cell 
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lines were used. Finally, a radiolabeled compound was used for bio-
distribution experiments in cancer-bearing mice, and SPECT and PET 
imaging were performed to evaluate whether the compound was useful 
as an imaging probe.

Result: 
From the results of docking simulation, a characteristic interaction was 
observed between Met695 of EphA2 receptor and the pyridine moiety 
of ALW-II-41-27. Therefore, ETB and EFT-1 to 7 we designed con-
tain a pyridine ring. Comparison of the measured  IC50 values results 
with calculated results from computer simulation showed that there 
was a close correlation among several compounds (calculated affin-
ity: ALW-II-41-27>ETB>EFT-1>EFT-6, IC50 value: ALW-II-41-27: 
419±60 nM, ETB: 578 nM, EFT-1: 1813±399 nM, EFT-6: 88146 
nM). In cellular uptake experiments, it was revealed that  [125I]ETB 
and  [125I]EFT-1 are taken up by U87MG cells (cell uptake ratio (CUR)/
mg protein: ETB: 155±3.9 CUR%/mg, EFT-1: 69±6.1 CUR%/mg at 60 
min). The uptake of  [125I]ETB into the experimental tumors was clear 
from reaching 2.2±0.3% ID/g at 240 min post-injection and Tumor/
Blood and Tumor/Muscle ratios for each time point (Tumor/Blood = 
11.7, Tumor/Muscle = 4.2 at 240 min). Finally, the implanted U87MG 
tumors in the right limbs of mice were clearly visualized using  [123I]
ETB in SPECT. Furthermore, this accumulation was inhibited by the 
pre-administration of ETB.

Discussion: 
The compounds designed and synthesized in this study showed a cor-
relation between their affinity for the EphA2 receptor and the calculated 
values, indicating that the drug design predicted by docking simulation 
is valid. In the second cycle of evaluation, we succeeded in synthesiz-
ing two promising compounds with similar affinities to ALW-II-41-27. 
At this meeting, we will present the results of cellular uptake experi-
ments, biodistribution experiments, and PET and SPECT imaging 
experiments of these compounds.
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Background: 
Photodynamic therapy  (PDT) is a minimally invasive therapeutic 
modality employed in the management of a variety of cancers. To 
improve the treatment outcome of PDT, it is important to develop a 
new photosensitizer (PS) with optimal properties for PDT applications. 
Meanwhile, folate receptor (FR) is a membrane protein that frequently 
overexpresses in a variety of cancers, accounting for 40% of human 
cancers and it is a good candidate for tumor-specific targeting and can 
be exploited for the targeted delivery of PS to cancer.

Aim: 
The purpose of this study is to evaluate the therapeutic efficacy 
of FolateSiR-1, a folate receptor (FR)-targeted, near-infrared (NIR)-
sensitive new PS, in animal models.

Methods: 
Previously, FolateSiR-1 probe was developed by conjugating a folate 
ligand moiety to Si-rhodamine derivative fluorophore, through a nega-
tively charged tripeptide linker (Angew. Chem. Int. Ed. 59, 6015-6020 
(2020). After FR expression in the designated cell lines was examined 
by western blotting, and the selective binding of FolateSiR-1 to FR was 
confirmed in FR overexpressing KB cells (FR+) and tumors, by fluores-
cence microscopy and in vivo fluorescence imaging. Low FR expressing 
OVCAR-3 and A4 cell lines were used as negative controls (FR-). NIR 
light (635 ± 3 nm)-induced phototoxic effect of FolateSiR-1 on cells 
was evaluated by cell viability imaging assay. The time-dependent dis-
tribution of FolateSiR-1 and its specific accumulation in tumors were 
determined with in vivo longitudinal fluorescence imaging. For evalu-
ation of the phototherapeutic effect of FolateSiR-1, the xenograft 
tumor-bearing mice were randomly assigned to 4 groups received: 
(1) intravenous injection of FolateSiR-1 (100 μM) alone, (2) injection 
of FolateSiR-1 (100 μM) followed by NIR irradiation (50 J/cm2) at 2 h 
after injection, (3) only NIR irradiation (50 J/cm2) and (4) no treatment. 
Tumor volume measurement was done 2 times per week. Histological 
and immunohistochemical (IHC) examinations of tumor sections were 
performed 24 h after the irradiation to check the effect of PDT.

Results: 
FR-specific binding of FolateSiR-1 was observed with in vitro and in 
vivo fluorescence imaging. Cell viability imaging assay exhibited that 
NIR-PDT induced cell death. Longitudinal imaging showed that Folate-
SiR-1 accumulation in tumors reached a peak at about 2 h after injection. In 
vivo PDT conducted at this point caused the tumor growth delay. The rela-
tive tumor volumes were significantly reduced in the PDT group compared 
to the other groups (P < 0.05). PDT-treated tumors exhibited the features 
of necrotic and apoptotic cell death upon hematoxylin-eosin staining and 
reduction of proliferation marker Ki-67-positive cells upon IHC analysis.

Conclusion: 
Our results suggest that FolateSiR-1 has the prospect to be effectively 
utilized in PDT, and the FR-targeted NIR-PDT can potentially open a 
new avenue for treatment of FR-overexpressing tumors.
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The use of adeno-associated viruses (AAVs) as a gene transfer plat-
form for the treatment of central nervous system (CNS) disorders, 
such as neurodegenerative diseases and brain tumors, is a fast-growing 
approach in molecular medicine.[1] AAVs are non-integrating in vivo 
vectors with an established clinical safety profile and low pathogenicity. 
Despite many pre-clinical and in-human trials, few AAV-based gene 
therapies have been approved for clinical practice. The approved agents, 
including Luxturna (retinal dystrophy), Zolgensma (spinal muscular 
atrophy) and Zynteglo (beta thalassemia), rely on naturally occurring 
AAV serotypes. Challenges for AAV delivery to the brain include the 
limited efficiency of AAVs in crossing the blood-brain barrier (BBB) 
and the need to regionally concentrate AAVs encoding for neurotrophic 
factors. Recent studies focused ultrasound (FUS) mediated delivery of 
gene therapy have demonstrated its utility to enhance AAV transduction 
in sonicated regions of the brain.[2] This technique requires a systemic 
injection of the viral vectors and lipid-based microbubbles, which upon 
sonication (FUS) oscillate and result in a transient disruption of the 
BBB. To the best of our knowledge, delivery of viral vectors into the 
brain has been only assessed by invasive transduction studies.[3] In this 
study we use PET imaging to quantify the accumulation of AAV9, a 
naturally occurring AAV serotype with limited BBB  transport[4], after 
unilateral FUS treatment of the brain in murine models (C57BL/6) 
(Figure 1A, 1B). Biorthogonal conjugation of the AAV9 capsid surface 
with an in-house designed  [64Cu]Cu-(NOTA)8  multichelator[5] allowed 
non-invasive PET-CT imaging quantitation of viral capsid accumula-
tion in the brain. We find that the accumulation of  [64Cu]Cu-AAV9 can 
be modulated by varying the ultrasound parameters (Figure 1C) and is 
enhanced in the sonicated region (Figure 1D-E). Mice were insonified 
under ultrasound guidance with a 1.5 MHz therapeutic array immedi-
ately after the injection of  5x106 size-isolated lipid microbubbles (mean 
diameter of 4 microns) and  [64Cu]Cu-AAV9  (1x1012 vg). Disruption 
of the BBB was confirmed with 11.7T MRI using T1w imaging with 
either gadoteridol or gadomer-17, and T2*w imaging confirmed the 
absence of hemorrhage. Optimal FUS parameters for maximal viral 
accumulation in target area were: 1.5 MHz, 740 kPa, 1 ms burst per 
focus position, 5 Hz pulse repetition frequency, 2 min sonication. The 
maximum accumulation in the treated brain area was 4.6 %ID/cc (esti-
mated by ROI analysis). In conclusion, combined MBs-FUS treatment 
temporarily disrupts the BBB enhancing AAV9 transduction in targeted 
areas of the brain and the resulting accumulation has been quantified 
by PET.
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Surgical removal of solid tumors is often the first step in cancer 
treatment. Much effort has been spent recently in developing surgical 
tools that allow better detection of tumor margins and identification 
of invasion and metastasis. Recent advances in this area include the 
development of molecularly-targeted fluorescent imaging agents that 
aid the surgeon in accurately distinguishing normal from neoplastic 
tissue in real-time. Of particular importance is the use of Near-Infra-
red (NIR) fluorophores which provide greater depth of light pen-
etration and are detected at wavelengths where autofluorescence or 
interference from hemoglobin and other endogenous components is 
minimal. Glioblastoma (GBM) is among the most challenging tumor 
types to surgically remove due to its highly invasive and infiltrative 
characteristics. In GBM, tumor-specific extracellular fragments of 
PTPmu are generated. PTPmu is a homophilic cell adhesion mol-
ecule and a receptor protein tyrosine phosphatase that is normally 
localized to cell-cell junctions. These PTPmu extracellular frag-
ments remain associated with both the main tumor mass as well as 
with migratory tumor cells and serve as tumor biomarkers for GBM 
and other tumor types. Peptides that bind to this PTPmu biomarker 
were effectively used as recognition and targeting moieties in pre-
clinical imaging of tumors with optical imaging, contrast-enhanced 
magnetic resonance imaging and ultrasound imaging. In this work, 
two commonly used NIR fluorophores, indocyanine green (ICG) 
and IRDye® 800CW, were conjugated to a PTPmu-derived peptide, 
SBK2, to make tumor-targeted fluorescent imaging agents and evalu-
ated in a preclinical model to determine their potential usefulness for 
fluorescence-guided resection (FGR). Following injection of NIR-
labeled peptides, the labeling of heterotopic human glioma tumors 
in mice was examined over 24 hours. Results were compared to con-
trol scrambled peptides labeled with the same fluorophore. In vivo 
kidney fluorescence was also examined to characterize biodistribu-
tion. To extend and confirm these in vivo findings, tumors were 
also assessed ex vivo at 24 hours post-injection. In these studies, 
NIR-conjugated peptides targeted to the PTPmu biomarker recog-
nized tumors with high specificity and favorable kinetics, and show 
promise for use in the operating room during FGR.

S349



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

420-Development of Optimal PET/CT Imaging Methods for the 
Diagnosis and Monitoring Disease Progression of Atherosclerosis

Presenter: Mikayla Tamboline, Crump Institute for Molecular Imaging

Mikayla Tamboline1, Jeffrey  Collins1, John O.  20252, Richard 
 Taschereau1, Arion  Chaziioannou1, Simon  Jackson3, Tayo  Ikotun4, 
Shili  Xu5

1Crump Institute for Molecular Imaging, Los Angeles, California
2Amgen, Thousand Oaks, California
3Amgen, South San Francisco, California
4University of California, Los Angeles, Los Angeles, CA
5David Geffen School of Medicine at UCLA, Los Angeles, California

In the Western world, cardiovascular disease continues to be the lead-
ing cause of death and is the predominant reason for cardiovascular 
events such as stroke, ischemia, and myocardial infarction (1). Ath-
erosclerosis is a key contributor to these cardiovascular events (2). 
Using genetically engineered mouse models of disease, microPET 
using 18F-FDG and 18F-NaF, and microCT has been successfully 
utilized for non-invasive visualization of disease pathology. 18F-
FDG uptake in inflamed plaques measures glucose consumption by 
activated macrophages within the aorta vessel walls (3). Inflamma-
tion triggers calcifying extracellular vesicles (EVs) that are released 
by macrophages and vascular smooth muscles and microcalcification 
results from aggregation and fusion of individual EVs. 18F-NaF PET 
detects this active process via 18F incorporation into areas of calcium 
deposition (4). Alternatively, the macroscopic presences of calcification 
associated with atherosclerosis progressive disease can be measured 
with microCT (2). While each modality measures various hallmarks of 
disease, they individually have their limitations (3). For these reasons, 
a comprehensive side-by-side comparison of each imaging assay at 
various stages of disease has been proposed. It was hypothesized that 
18F-FDG and 18F-NaF will serve as early markers of disease while 
microCT will prove most effective at later disease stage. In this study, 
6week old ApoE deficient mice (ApoE -/-) were placed on a high cho-
lesterol diet at weeks 12-20 . Age-matched wildtype C57BI/6 mice fed 
regular chow were used as the control group. Mice underwent imaging 
at weeks 12, 15, 18, and 20 weeks of age or 6, 9, 12, and 14 weeks after 
starting the high cholesterol diet. For 18F-FDG PET studies, images 
were acquired 3 and 5 hours post tracer injection. For 18F-NaF PET 
studies, images were acquired at 1 and 3 hours post tracer injection. 
High-resolution in vivo microCT images were acquired at 80 kVp for 1 
minute (100 μm voxel) immediately following PET imaging to visual-
ize micro- and macro-calcification. Images were analyzed using Amide 
software. For 18F-NaF, a 5x4x2 mm ROI was automatically segmented 
above the heart using a 1 mm boundary from rib bones, and a signal 
intensity threshold of 2 %ID/cc. For microCT, a 6x6x4mm ROI with a 
Hounsfield (HU) value threshold of 350 was used (HU water = 0). For 
18F-FDG images, the whole-heart ROI and an aorta were obtained. It 
was observed that 18F-NaF PET detected atherosclerotic lesions earlier 
than microCT or 18F-FDG. However, 18F-NaF PET could not monitor 
disease progression beyond week 18. MicroCT proved effective for 
monitoring disease progression from weeks 15 – 20 . While 18F-FDG 
PET signal in the whole heart was unchanged, 18F-FDG accumulation 
in the aorta of ApoE -/- mice was significantly higher than control at 
5 hours post injection at week 12 and week 15, but no significance 
was observed in weeks 18 and 20. The study reveals that 18F-NaF 
PET detects disease significantly earlier than other imaging modalities, 

however high-resolution microCT is best utilized for monitoring late-
stage disease.
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Low oxygen (hypoxic) environments play an important role in main-
taining the small number of adult stem cells in the human body, such 
as in bone marrow, and also believed to enable dormant cancer cells to 
survive and undergo metastasis. Therefore, in vivo monitoring of oxy-
gen levels in such tissues is necessary in developing better therapeutic 
strategies for preventing cancer relapse and improving stem cell treat-
ment. We are developing a novel reversible oxygen sensor to measure 
the oxygen gradients in the hypoxic tissues using X-rays Excited Lumi-
nescent Chemical Imaging (XELCI) system. Oxygen sensor is made 
of scintillator (top layer) and oxygen dye PDMS films (bottom layer). 
The focused X-rays when irradiated on the scintillator film  (SrAl2O4 or 
 Gd2O2S:Tb particles) generate photons from 430-620 nm with λmax-500 
nm in the focal region which excites the oxygen dye film (Platinum(II) 
tetrakis (pentafluorophenyl) porphyrin or Platinum(II) octaethyl por-
phyrin ketone) at emission wavelength overlapping with absorbance 
of oxygen indicator. This results in attenuation in the luminescent 
spectrum of scintillator at wavelengths absorbed and phosphorescence 
from indicator dye where the intensity is quenched in the presence of 
molecular oxygen. Our preliminary results show proof of principle of 
working of our oxygen sensor under X-ray excitation at varying oxy-
gen environments. Our further studies will focus on acquiring images 
of the oxygen sensor with changing emission intensities in different 
oxygen environments through tissue by X-ray scanning the sample 
placed on a stage, collected using acrylic light guide and detected with 
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a photomultiplier tube (PMT). In conclusion, our approach could be 
useful for deep understanding hypoxic tissue microenvironments and 
give scope for developing better treatment strategies.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

422-Efficacies of Quantitative Indexes from FDG PET/CT in Pre-
diction of Prognosis in Biliary Cancer

Presenter: Hyun Joo Kim, Korea University

Hyun Joo Kim1, Jae Seon  Eo2, Hyun Woo  Kwon1

1Korea University, Seoul, South Korea
2Korea University Guro Hospital, Seoul, Seoul, Republic of Korea

Purpose: 
Biliary cancers are rare malignancies originating from biliary system, 
including bile ducts and gallbladder. Since the patients are usually diag-
nosed at advanced stage, the 5-year survival rates are generally lower 
than 30%. The purpose of this study was to investigate the effectiveness 
of quantitative indexes derived from 18F-fluorodeoxyglucose (FDG) 
positron emission tomography/computed tomography (PET/CT) in the 
evaluation of biliary cancer and its predictive value.

Method: 
A total of 314 biliary cancer patients who performed FDG PET/CT 
from 2015 to 2021 were retrospectively enrolled. Progression-free 
survival (PFS) and overall survival (OS) were determined by follow-
up PET/CT and clinical record. Maximum standardized uptake value 
(SUVmax), metabolic tumor volume (MTV), and total lesion glycoly-
sis (TLG) were measured in the primary tumor lesion. The efficacies 
of these quantitative indexes along with clinical, biochemical factors 
regarding the prediction of PFS and OS were investigated.

Result: 
Quantitative indexes derived from initial PET/CT were useful in pre-
dicting recurrence and overall survival. MTV and TLG from initial 
PET were significant in predicting recurrence (p = 0.0221, 0.0198, 
respectively). In predicting overall survival, SUVmax, MTV, TLG 
from initial PET were all statistically significant, along with tumor 
markers of CA19-9 and CEA (p = 0.0003, 0.0004, 0.0001, 0.0001, 
0.0042, respectively). In multivariate Cox regression analysis, CA19-9 
and TLG remained significant in the prediction of OS (p = 0.0005 and 
0.0160, respectively). Among the 89 recurred patients, CA19-9 at the 
time of recurrence and MTV, TLG from recurred PET were statistically 
significant in predicting OS (p = 0.0001, 0.0020, 0.0004, respectively).

Conclusion: 
Quantitative PET indexes can be used as predictive indicators of prog-
nosis in biliary cancer, especially in predicting overall survival. MTV 
and TLG of the tumor lesion from initial and recurred PET can be 
effective in prediction of prognosis in biliary cancer.
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Background: 
The Chemical Exchange Saturation Transfer (CEST) effect, character-
ized by the exchange of spin saturation from liable proton compounds 
to those of adjacent water  molecules[1], is now being used as a novel 
Magnetic Resonance Imaging (MRI) contrast  agent[1-4]. Through this 
approach, known as CEST-MRI, it is now possible to probe the body in 
vivo for compounds of interest (including many key metabolites and 
drugs) that exist in previously unobservable locations and concentra-
tions.[1-4] In our investigation, we used CEST-MRI to study metabolic 
alterations in the central nervous system (CNS) of mice administrated 
with combinational antiretroviral therapy (cART) and nicotine. Key-
words: CEST, MRI, CEST-MRI, Anti-retroviral, cART, HIV

Materials and Methods: 
Twelve C57BL/6 mice were divided into four groups of three. Group 1 
was given cART (Dolutegravir (DTG, 51.25 mg/kg/day), Lamivudine 
(3TC, 250 mg/kg/day), and Abacavir (ABC, 500 mg/kg/day)) for 12 
days via oral gavage. Group 2 was injected with nicotine (2 mg/kg/day 
in 100 uL saline) through i.p. for 12 days. Group 3 was administrated 
with both cART and nicotine. Group 4 was administrated with the 
administration vehicle alone and were used as controls. CEST-MRI 
was performed on a 7 T scanner (Bruker BioSpec, Billerica, MA) with 
a volume coil for RF transmission and a 4-element array coil for recep-
tion. For each scan, data was collected using the RARE sequence, 
with offsets ranging from -5 to +5 ppm, divided into steps of 0.2 ppm, 
and utilizing an RF power of 2 uT, and duration of 1 second. CEST 
data was fitted using 5-pool Lorentzian functions, as demonstrated in 
a previous study.[5]

Results: 
Figures 1A-B represent the fitted metabolite curves in the cortex 
(CTX) and hippocampus (HIP) at 3.5ppm, with solid lines denoting 
group-averaged values with mean standard errors. Figure 1C shows the 
corresponding area-under-curve (AUC) calculated from 1A-B. Con-
trasting these figures, both nicotine-dosed groups experienced a clear 
drop in the CEST effect at 3.5 ppm, both relative to their comparable 
non-nicotine group and overall. The mice administrated with nicotine 
(1F-G) showed a lower CEST effect than the mice administered with 
vehicle-only (1D) and cART-only (1E). To aid in the visualization of 
this trend, color maps of the 3.5 ppm CEST effect in the CTX and HIP 
are provided for all groups in Figure 1D-G. Knowing that the CEST 
effect of glutamate occurs at 3 ppm, it seems plausible that the inges-
tion of nicotine may decrease glial glutamate release. Using a similar 
technique, the effect of other nicotine-linked metabolites (e.g. myo-
inositol/glucose at ~1ppm) can be assessed.

Discussion: 
Expanding upon nicotine’s well-documented immunocompromis-
ing and neuroinflammatory  properties[6-8], growing evidence sug-
gests ARVs and nicotine induce a form of mutual metabolic modula-
tion: nicotine can cause altered metabolism of ARVs, altering their 
pharmokinetics (PK), while ARVs can lead to variable metabolism of 
nicotine.[9-17] This feedback loop may result in highly variable drug effi-
cacy for a regime that requires consistency. Noting the high incidence 
of nicotine usage in people living with HIV (PLWH),[18] the nicotine-
related metabolite glutamate’s crucial role in healthy CNS function, 
and the troublesome pervasiveness of HIV-associated neurological 
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disorders (HAND) for  PLWH[19], the described study aimed to moni-
tor interactions between ARV, and nicotine with CEST-MRI.
While there are no additional insights into ARV-nicotine interaction, 
the provided data suggests that regular nicotine use may decrease the 
secretion of glutamate in the brain in fewer than 12 days, seemingly 
contradicting previous analyses.[20-22] This contradiction may be due 
to withdrawal, as nicotine was not administered on the day the CEST 
scan took place, but this phenomenon warrants additional investiga-
tion either way. Follow-up investigations will increase sample size and 
include additional metabolites of interest.
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Intraoperative delineation of the tumor with negative margins is the 
holy grail of cancer surgery. Segmentectomy is preferred for early-
stage lung cancer patients due to the preservation of lung function 
with minimal tissue resection, which requires an accurate detection 
of the intersegment plane and tumor margins. Herein, we report dual-
channel targeted NIR fluorophores for image-guided precise resection 
of lung tumors with minimal negative margins: cRGD-ZW800-PEG 
(800 nm channel) for tumor-specific targeting with improved renal 
clearance and physicochemical stability, whereas ZW700-1C (700 nm 
channel) for intraoperative discrimination of lung segmental planes. 
cRGD-ZW800-PEG provided much improved tumor targeting com-
pared with other fluorophores with providing tumor-to-background 
ratios greater than 3.5 in three animal models of lung cancer. Armed 
with the dual-channel imaging, our study of fluorescence image-guided 
surgery enables complete tumor resection with negative margins and 
has the potential to reduce the recurrence rate and increase the survival 
rate of cancer patients.
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Background: 
Segmentectomy is a minimal resection surgery required for elderly 
patients and early-stage lung cancer, in which accurate detection of 
tumor margins with simultaneous identification of the lung interseg-
ment plane is the key to success.

Purpose: 
To assess the feasibility of a technique for simultaneous visualization 
of lung cancer and intersegment planes by fluorescence imaging using 
intravenously injected indocyanine green (ICG) at different time points 
and dose.

Methods: 
A rabbit model with lung tumor was established using VX2 cancer 
cells, and ICG (2 mg/kg) were injected intravenously 12 hours before 
surgery. After identifying the lung tumor using the fluorescence signal, 
the pulmonary artery segment supplying the target segment was ligated 
and ICG (0.5 mg/kg) was injected intravenously. Next, we enrolled 3 
consecutive patients scheduled for segmentectomy in the Korea Uni-
versity Guro Hospital, and evaluated the feasibility of a technique for 
simultaneous visualization of lung cancer and intersegment planes 
using intravenously injected ICG. The near-infrared (NIR) fluorescent 
image of lung cancer and intersegment planes was detected both pre-
clinical and clinical study.

Result: 
ICG fluorescence imaging simultaneously visualized the lung tumor 
and the intersegmental plane of the targeted segment in all rabbit mod-
els. The resection margin of the lung cancer and intersegmental planes 
were also successfully determined during surgery in a patient with 
lung cancer, and the segmentectomy was performed. There were no 
complications due to ICG.

Conclusion: 
Armed with the simultaneous visualization of lung cancer and interseg-
ment planes by fluorescence imaging, image-guided surgery enables 
complete tumor resection with minimal negative margins that can 
improve quality of life and increase the survival rate of cancer patients.

Reference
1. Oh Y, Quan YH, Kim M, Kim BM, Kim HK. Intraoperative fluo-

rescence image-guided pulmonary segmentectomy. J Surg Res. 
2015 Dec;199(2):287-93. doi: 10.1016/j.jss.2015.05.009. Epub 
2015 May 13. PMID: 26115807.

2. Choi BH, Young HS, Quan YH, Rho JY, Eo JS, Han KN, Choi 
YH, Kim HK. Real-time computed tomography fluoroscopy-
guided solitary lung tumor model in a rabbit. PLoS One. 2017 Jun 
13;12(6):e0179220. doi: 10.1371/journal.pone.0179220. Erratum 
in: PLoS One. 2018 Feb 2;13(2):e0192527. PMID: 28609443; 
PMCID: PMC5469482.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

426-Optimization of Indocyanine Green for Intraoperative Fluo-
rescence Image-guided Thoracoscopic Resection of Lung Cancer

Presenter: Ok Hwa Jeon

Ok Hwa Jeon1, Byeong Hyeon  Choi2, Jiyun  RHO3, Jun Hee  Lee4, 
Beop-Min Kim, Hyun Koo  Kim5

1Seoul, South Korea
2Korea University, Seoul, Other, Republic of Korea
3Korea University, Seoul, South Korea
4Korea University Guro Hospital, Seoul, South Korea
5Korea University Guro Hospital, Seoul, Republic of Korea

Objective: 
Indocyanine green (ICG) fluorescence imaging has been tried to detect 
lung cancers during surgery. However, there is no consensus on the 
optimization of ICG injection for identification of lung cancer. This 
study aims to find an optimal ICG dose and time for detecting lung 
cancers in animal models, and further evaluated the feasibility of ICG 
fluorescence to detect in patients with early-stage of lung cancer.

Methods: 
Twenty C57BL/6 mice with lewis lung carcinoma (LLC) footpad can-
cer and 27 rabbits with VX2 lung cancer were used in this study. These 
animals received ICG with 0.5, 1, 2, and 5 mg/kg, and the cancers were 
detected using an in vivo fluorescent imaging system after 3 ,6, 12 and 
24h. Forty six patients diagnosed with lung cancer and scheduled to 
undergo surgery were included. We detected lung cancer and measured 
the fluorescent signal of lung cancer, and the fluorescence signal in 
cancer was quantified by the fluorescent signal of tumor-to-normal 
(TNR) ratio.

Results: 
In mouse and rabbit cancer models, intravenous injection of ICG at a 
dose of 1 mg/kg to 5 mg/kg can detect lung cancer after 6 hours to 24 
hours. Among the 46 cases, ICG successfully detected 34 of 36 cases 
(72%) with the consolidation-to tumor (C/T) ratio >50% (mean TNR 
was 3.3 ± 1.2), while in 2 cases (4%) failure of the ICG detection was 
due to the presence of black pigments in the lung cancer tissue. The 
remaining 11 cases (23%) had C/T ratio ≤50% ICG failed to detect 
lung cancer. 

Conclusions: 
ICG with 2 mg/kg before 12 h surgery was the optimal injection 
method for intraoperative lung cancer detection. Lung cancers with 
C/T ratio >50% were successfully detected using the ICG image. The 
detection rate of lung cancer with C/T ratio >50% was 94%.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

427-Gd(III) complex-backboned branched polymers with 
high kinetic stability and T1 relaxivity for magnetic resonance 
angiography

Presenter: Shengxiang Fu, West China Hospital, Sichuan University

Shengxiang Fu1, min  wu2, Hua  Ai3, Bin  Song1

1West China Hospital, Sichuan University, China
2West China Medical Center of Sichuan University, Chengdu, Si 
Chuan Province, China
3Sichuan University, China

Statement of Purpose: 
Dendrimers-based polymer contrast agents with high kinetic stabil-
ity and increased  T1 relaxivity have been widely used in magnetic 
resonance imaging (MRI). However, most of them were prepared by 
grafting small molecules contrast agents to the surface of dendrimers, 
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causing a waste of the internal skeleton, and unsatisfactory increase 
in  T1 relaxivity. In addition, the tedious synthetic process of dendrim-
ers bringing them the difficulty of achieving sufficient quantity and 
broad applications in practice. Branched polymers with cascade-branch 
structures are usually synthesized through simple ‘Ax+By’ type one-
pot polymerization, possessing the same advantages as dendrimers 
and being considered to be the most ideal alternative to dendrimers 
for preparation of polymer contrast agents. Herein, DOTA-backboned 
branched polymers were synthesized by simple ‘A2+B4’ type one-
pot polymerization, showing high Gd(III) chelation stability and 
 T1 relaxivity.

Methods: 
1) Four DOTA-backboned branched polymers (G1, G2, G3 and 
G4) with increasing molecular weights and degrees of branching were 
synthesized by simple ‘A2+B4’ type one-pot polymerization with 
two monomers of ethylenediaminetetraacetic dianhydride  (A2) and 
1,4,7,10-tetraazacyclododecane  (B4), and then chelating Gd(III) at pH 
7.4. 2) the kinetic stability of Gd(III) complex-backboned branched 
polymers was evaluated by ASIII colorimetric assay at pH 1.5. 3) 
The T1 relaxivity (0.5, 1.0 and 3.0 T) and in vivo magnetic resonance 
angiography (MRA, 3.0 T) of Gd(III) complex-backboned branched 
polymers were then evaluated.

Results: 
Free Gd(III) can combine with Arsazo(AS) to form Gd(III)-AS com-
plex which give a new UV absorption peak at 660 nm (Figure 1b), 
therefore the Gd(III) dissociation percentage of Gd(III) chelates can 
be calculated from such absorbance value (Figure 1c). After mixing 
with AS at pH 1.5 for 168 h, Gd(III) was almost completely dissociated 
from DTPA-Gd and show similar UV absorption value to  GdCl3 at 660 
nm, due to its low dynamic stability. G4-Gd with the highest molecular 
weight and degrees of branching show significantly lower absorption 
value than DTPA-Gd, gadobutrol and other Gd(III) complex-back-
boned branched polymers, demonstrating its higher dynamic stability. 
G4-Gd with significantly higher T1 relaxivity than DOTA-Gd and other 
Gd(III) complex-backboned branched polymers (Figure 1d), showing 
clearer magnetic resonance angiography (MRA) (Figure 1e-h).

Conclusions: 
Gd(III) complex-backboned branched polymers with high kinetic sta-
bility, significantly increased T1 relaxivity and excellent MRA effect 
were successfully prepared.
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Introduction: 
Light sheet fluorescence microscopy (LSFM) is a fluorescence micros-
copy technique with an intermediate-to-high optical resolution, but 
good optical sectioning capabilities. In contrast to conventional micros-
copy only a thin slice of the sample, LSFM provides axial resolution, 
restrict photobleaching and phototoxicity to a fraction of the sample 
and use cameras to record tens to thousands of images per second. 
LSFM is used for in-depth analyses of large, optically cleared samples 
and long-term three-dimensional (3D) observations of live biological 
specimens at high spatio-temporal resolution. In this study, curcumin 
derivative CRANAD-2, previously reported Aβ-peptide targeting 
fluorescence imaging probe, was used for LSFM and in vivo imag-
ing system (IVIS) fluorescence imaging to trace the distribution of 
Aβ deposits in transgenic mouse model of Alzheimer’s disease.

Methods: 
Twenty-seven-month-old APP/PS1 transgenic AD mice (n = 3) 
and normal age-matched healthy C57 mice (n = 3) were injected 
CRANAD-2 (1 mg/kg) through tail vein. AD and healthy mice were 
performed IVIS  fluorescence imaging (PerkinElmer Health Sci-
ences, IVIS Lumina III) for fifty minutes. Then after euthanized ani-
mals, the brain tissues were collected, half brains of AD and healthy 
mice were imaged by LSFM instrument (LaVision Biotec Ultrami-
croscope II equipped with sCMOS camera, excitation wavelength = 
630/30 nm, emission wavelength = 680/30 nm). Meanwhile another 
half brains were frozen sectioned as 10 μm, histologically stained by 
CRANAD-2 (50 μmol/L), Thioflavin T (10 μmol/L) and DAPI, and 
observed by axio observer 7 microscope (ZEISS, Germany).

Results: 
Through IVIS fluorescence imaging and quantitative analysis, 
it was found that CRANAD-2 was high uptake in the brain of AD 
mice and the corrected total radiant efficiency of AD was twice that 
of healthy mice (Fig 1B). By the image of LSFM, it was found that 
CRANAD-2 was not only highly ingested in AD mice, but also cen-
tralized distribution in cerebral cortex, hippocampus and cerebellum 
cortex (Fig 1C). At the same time, tissue fluorescence staining was 
verified that CRANAD-2 and ThioT were co-localized in AD mice for 
Aβ deposits (Fig 1D).

Conclusions: 
Curcumin derivative CRANAD-2 could directly bind to Aβ aggrega-
tion in the central nervous system, and showed significant higher uptake 
in the brain of AD mice compared to the age-matched healthy controls. 
LSFM, for the first time showed that CRANAD-2 was centralized dis-
tribution in cerebral cortex, hippocampus and cerebellum cortex, which 
might reveal brain area with high expression of Aβ aggregations.
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Introduction: 
Mammography has extended in recent years to include a dual-energy 
approach, which is based on K-edge imaging. This technique utilizes 
contrast agents to increase tumor detection in women with dense 
breasts through weighted subtraction between the low- and high-
energy images. However, dual-energy mammography (DEM) requires 
two sequential exposures at two different energies, leading to higher 
doses as well as misregistration artifacts from patient movement. On 
the other hand, spectral mammography, an emerging technology simi-
lar to DEM, but making use of photon-counting detectors, provides 
energy information via a single x-ray exposure. This system uses less 
radiation than DEM, without impacting image quality, and eliminates 
motion artifacts associated with DEM. This technique has also been 
shown to improve contrast-to-noise ratios (CNR) and specificity with-
out contrast injection, resulting in better breast lesion characterization. 
Currently, contrast-enhanced mammography is performed using iodi-
nated small molecules, but these agents produce sub-optimal contrast 
due to iodine’s relatively high K-edge. Thus, there exists a need to 
explore novel imaging agents that are explicitly designed for contrast-
enhanced photon-counting mammography.

Methods and Results: 
Recently, our group identified silver sulfide nanoparticles  (Ag2S-NP) 
to generate stronger contrast than iodine in DEM, as silver’s lower 
K-edge is well matched to the energies used. We therefore decided to 
investigate the feasibility of using  Ag2S-NP as a spectral mammog-
raphy specific contrast agent. In this study, monodisperse, ultrasmall 
 Ag2S-NP were synthesized by heating a mixture of silver nitrate and 
glutathione in ethylene glycol (Fig. S1) and were purified via repeated 
centrifugation. These nanoparticles were characterized using various 
analytical tools such as TEM, DLS, and zeta potential (Fig. A). They 

remain well suspended in PBS and serum, proving their robust stability 
under physiological conditions. The biocompatibility of  Ag2S-NP was 
evaluated using the LIVE/DEAD assay in five cell lines after 24 hours 
of treatment. Nearly 100% relative cell viability was observed even at 
a dose of 1 mg Ag/ml, indicating good biocompatibility (Fig. S2). To 
evaluate the potential of  Ag2S-NP as a photon-counting mammogra-
phy contrast agent, a Philips MicroDose SI prototype mammography 
system was used to image a customized ramp phantom composed of 
adipose and glandular tissue-equivalent materials. The following acqui-
sition parameters were used: 26-40 kV, 12-24 mAs, and 0.28-0.40 high 
bin fractions (HBF).  Ag2S-NP with concentrations ranging from 1 to 
30 mg Ag/ml along with PBS and water were inserted in the phantom 
(Fig. B). Analysis of the phantom images shows a linear correlation 
between  Ag2S-NP concentration and DE signal at each scanning condi-
tion (Fig. S3).  Ag2S-NP produce significantly higher CNR than iodine 
over the concentrations (Fig. S4) and energies used, while iodine signal 
is not detectable below 35 kV (Fig. C). The imaging sensitivity of 
 Ag2S-NP is significantly greater than that of iodine, even at energies 
above iodine’s K-edge (Fig. D). The optimal energy for detection of 
iodine is beyond the clinical mammographic energy range. Lastly, HBF 
calibration, which determines the threshold energy for count binning, 
could be further reduced to enhance the contrast of  Ag2S-NP (Fig. E). 
Therefore, silver can be imaged at lower mammographic energies (< 
35 kV) without compromising image quality, which results in radiation 
dose savings (Fig. S5).

Conclusion: 
We have synthesized  Ag2S-NP that have good stability and excellent 
biocompatibility. When compared to iodine, these nanoparticles pro-
vide improved contrast production, dose efficiency and sensitivity in 
photon-counting mammography at clinically relevant beam energies, 
demonstrating their utility as a contrast agent for this new technique 
for breast cancer screening.
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Introduction: 
The use of nanoparticles as delivery systems has been widely explored 
for cancer theranostics (1). Dendrimeric nanosystems have become 
popular as drug-delivery systems due to their size and their capability 
of self-assembling (2). Due to the Enhanced Permeability and Reten-
tion (EPR) effect, the dendrimers preferentially accumulate in tumor 
tissues (3). We previously developed radiolabeled dendrimers with 
gallium-68 and indium-111 respectively for PET and SPECT imaging 
of EPR effect variability in tumors, and successfully added an active 
targeting towards integrins (4,5). Here, we developed the radiolabeling 
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of two different self-assembling dendrimeric nanosystems with lute-
tium-177, and evaluated their stability in vitro, in order to follow up on 
their application for internal vectorized therapy of cancer.

Materials and Methods: 
50 μg/50 μL of AD-DOTA or FC11-DOTA were added to 26 μL of 1 
mol.L-1 ammonium acetate and 10 mg of ascorbic acid, further add-
ing 400 μL of the solution containing  [177Lu]LuCl3 (47.7±1.8 MBq 
and 50.7±1.5 MBq respectively, n=3). pH values were measured. The 
solution was heated at 58°C for 1h. Radiochemical purity (RCP) was 
evaluated by radio-thin layer chromatography with mobile phase in 0.1 
mol.L-1 sodium citrate buffer at the end of radiosynthesis. To evaluate 
radiolabeling stability, 100 μL of the radiotracer solution were added 
to 400 μL of human serum, incubated at 37°C, and the RCP was con-
trolled for 30 minutes, 1h, 24h, 48h, and 1 week after incubation.

Results: 
The final pH of the radiolabeling solutions was 5. RCP was quantified 
>95% for  [177Lu]Lu-AD-DOTA from the end of radiosynthesis up to 1 
week after, in human serum at 37°C. Radiolabeling stability of  [177Lu]
Lu-FC11-DOTA was confirmed >90% in human serum for up to 1 
week. RCP results collide in Table 1.

Conclusion: 
The optimal radiolabeling conditions and stability being confirmed, we 
look forward to the evaluation of the in vivo biodistribution and thera-
peutic effects of lutetium-177-radiolabeled dendrimers in preclinical 
orthotopic models of glioblastoma and breast cancer.
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Deinococcus radiodurans is one of the most radioresistant bacteria with 
a D10 value of 10kGy. This coccus-shaped bacterium exists in tetrads 
and has a polyploid multipartite genome which is compactly arranged 
in a doughnut-shaped toroidal structure. A highly efficient DNA repair 
mechanism, strong antioxidative stress response and unique genome 
arrangement are some of the factors thought to be responsible for such 
an extremophilic nature of D. radiodurans. How this complex genome 
is maintained and its relevance in radiation resistance response is still 
unknown? FtsK, a multifunctional DNA translocase has been shown 
to act at the interface of cell division and genome segregation in other 

bacteria (Griange I, 2010). The genome of D. radiodurans R1 encodes 
a putative FtsK/SpoIIIE family protein (drFtsK). Here, for the first 
time, in-vivo functional characterization of drFtsK in genome seg-
regation and cell division of the bacteria that predominantly occurs 
as tetrads is reported. To study the role of drFtsK, ftsK-rfp knock-in 
mutant was generated by homologous recombination which expressed 
fluorescently tagged, biologically functional drFtsK (drFtsK-RFP) 
under native promoter in D. radiodurans. These cells were visualized 
under confocal microscope. drFtsK-RFP produced various foci on the 
membrane and the nucleoid with the highest foci density on the septum. 
Nucleoid arrangement changes over time in exponentially growing D. 
radiodurans. Time lapse imaging of live cells was performed and the 
dynamics of drFtsK with the genome was studied. The movement of 
drFtsK-foci with respect to nucleoid separation and new septal forma-
tion suggests that drFtsK aligns along the septum (divisional plane) 
when the nucleoid is in rod shape. The alignment then switches to the 
new divisional plane (perpendicular to the old one) as the rod shaped 
nucleoid separates into two ring like structures during cell division. 
This shows how drFtsK functionally moves during the cell growth 
of the bacteria. A similar pattern of movement was observed in cells 
during post irradiation recovery (PIR) period. Co-ordinated action of 
drFtsK with other proteins like cell division protein (FtsZ) and genome 
segregation protein (ParA2) was also monitored by expressing these 
proteins in trans in ftsK-rfp knock-in mutants. drFtsK and FtsZ localize 
together and drFtsK aligns along the developing septum after the FtsZ 
ring forms there. Different domain deletion mutants of drFtsK were 
generated and microscopic observation showed changes in the nucle-
oid arrangement, cell division and cell morphology. All this indicates 
towards an important role of drFtsK in synchronizing the process of 
nucleoid separation with septal formation and cell division in a radi-
oresistant bacterium, Deinococcus radiodurans, under normal growth 
conditions as well as post irradiation.
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PET imaging is widely used in oncology research, as it accel-
erates the development of targeting molecules for novel diag-
nostic and therapy schemes (1).  This study presents a work-
flow on oncology studies, for quick in vivo and ex vivo assessment 
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of novel compounds. Live dynamic in vivo screening of PET-labelled 
compounds is used to establish uptake regions, find the optimal 
accumulation times and quantify the targeting efficiency of com-
pounds. Following the optimal selected parameters, in vivo imaging 
is performed, and tumor regions are established and quantified. After 
this is performed, animals are euthanized and selected extracted organs 
are imaged and quantified, using the same system, to quicky export 
the %ID/organ, just after the experimental procedure, with no need 
to wait for the organs to decay. The oncology model is created by 
injecting intravenously HT-29 colorectal adenocarcinoma cells on nude 
mice (2). Tumors are allowed to grow for up to 3 weeks. When they 
are ready, imaging is performed, to study the cancer occurrence sites 
and the highest accumulation of the clinical tracer  [18F]-FDG, with a 
focus on lung metastasis. Dose of 40 uL, having an average activity 
of 1 MBq of  [18F]-FDG administered intravenously via tail vein for 
the imaging purpose. The mice are first imaged in vivo, and the lung 
uptake is quantified by delineating regions of interest around the lung 
and subtracting the heart region. This results in the %ID in the lung 
for the selected time points. Then the mice are euthanized, and the 
organs of interest are imaged on the same system (β-eye), to export 
the %ID in the lung and other organs, through a second method. The 
two methodologies are compared to achieve more robust results. For 
all in vivo and ex vivo scanning, β-eye imaging system (BIOEMTECH, 
Greece) is employed (3, 4). Results of this study showed successful 
lung metastasis and a significant difference in quantified tumor tis-
sues, when comparing the treatment group. The rapid establishment 
of tumour occurrence regions and uptake quantification, along with 
reduced acquisition and processing time renders this workflow opti-
mised for oncology research.
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Epithelial ovarian cancer (EOC) is usually diagnosed at advanced 
stage with poor prognosis. Theranostic agent is the current trend of 
drug development, but it is lacking in EOC. YKL40 is predominantly 
expressed and involved in the tumorigenesis of EOC. In this study, 
we developed the companion theranostic agent target to YKL40. 
We measured the YKL40 expression levels in ascites by ELISA and 
correlated with the clinical outcomes of EOC patients. We devel-
oped the radionuclide labeled In-111/Lu-177-DTPA-YKL40 neutral-
izing antibodies and investigated the radiochemical purity, SPECT/CT 
imaging, bio-distribution and therapeutic responses in ovarian can-
cer xenograft mice. We demonstrated that the YKL40 expression levels 
in ascites were significantly higher in the EOC patients with serous 
histologic type, high tumor grade, advanced stage, tumor recurrence, 
chemo-resistance and tumor related death. The radiochemical purity 
of In-111/Lu-177-DTPA-YKL40 neutralizing antibodies reached more 
than 90% after 24 hours of labeling. SPECT/CT imaging showed that 
significant accumulation of In-111-DTPA-YKL40 antibodies in tumor 
site of ovarian cancer xenograft mice at 24 hours after administration. 
Lu-177-DTPA-YKL40 antibodies significantly inhibited tumor growth 
in ovarian cancer xenograft mice. Our study indicated that In-111/
Lu-177-DTPA-YKL40 neutralizing antibodies could be potential com-
panion theranostic agents for EOC patients.
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The escalating clinical pathology has necessitated the development of 
a potential diagnostic imaging technique. Magnetic resonance imag-
ing (MRI) is one of the crucial techniques, essentially used by cli-
nicians in the qualitative assessment of pathological conditions. The 
MRI principally works on the T1 and T2 relaxation of the protons 
of water upon magnetization in the target organ. Currently, there is a 
prioritized need for a safe magnetic contrast agent that could alter the 
intrinsic property of the target tissue by altering its magnetic relaxiv-
ity. This could thereby improve the strategical localization (such as 
localization of the thrombus in the brain) of the pathology with the 
preferential enhancement of specificity and sensitivity. Gadolinium-
based contrast agents such as gadopentetate are widely employed as 
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they alter T1 relaxivity consequently improving the resolution of the 
acquired image. But the major limitations are that gadolinium chelates 
undergo trans-metallation and ligand exchange leading to the com-
plexation with native proteins and macromolecules. This leads to an 
ineffective glomerular infiltration subsequently causing renal toxicity. 
This mandated the development of a novel gadolinium-based magnetic 
contrast agent that is hypothesized to possess a similar magnetic prop-
erty with reduced toxicity.
The therapeutic implications of flavonoids are well studied and are 
found to possess diverse pharmacological properties that at regulated 
concentrations are potent antioxidants. Complexation of the gadolinium 
ion with the flavonoid could significantly reduce its associated toxicity. 
Quercetin and rutin are some of the most powerful antioxidants that can 
specifically target MMPs were complexed with gadolinium to formu-
late the Quercetin-Gadolinium (QGd) complex and Rutin-Gadolinium 
(RGd) complex respectively. Various alkalyted quercetin derivatives 
are reported to possess similar antioxidant properties and could easily 
be incorporated into nanocarrier for the targeted delivery. Hence as part 
of the long-term objective Alkylated Quercetin-Gadolinium (AQGd) 
complex was also synthesized and was compared with QGd and RGd.
Quercetin was alkylated in multi-step reaction and the respective 
gadolinium complex namely, AQGd, QGd, and RGd was synthesized 
in-house and was characterized using UV/Visible spectrophotometry. 
The functional groups for each complex were identified with FT-IR 
spectroscopy. Thermal properties were studied by thermogravimetry 
(TG-DTA) and differential scanning calorimetry (DSC). The elemen-
tal composition and purity were analyzed with X-ray Photoelectron 
Spectroscopy (XPS). The stoichiometric mole ratio of the flavonoid 
and gadolinium was confirmed with Job’s continuous variation method. 
Electrochemical studies were performed to elucidate the biosensing 
applications. Interestingly, AQGd showed an enhanced sensing appli-
cation pertaining to the increased electroactive surface area. Magnetic 
characterization of the complexes was performed with Vibrating 
Sample Magnetometry (VSM) exhibiting the paramagnetic property. 
Magnetic imaging property was analyzed in physiological pH and in 
vitro conditions by Phantom agar assay which elucidated the relaxivity 
of 0.2952 μg  mL-1  sec-1 for QGd and 0.2858 μg  mL-1  sec-1 for RGd 
under physiological pH. Surprisingly, AQGd exhibited a negative slope 
with relaxivity of 0.3212 μg  mL-1  sec-1 in physiological pH. Similarly, 
under the invitro condition, the relaxivity was found to be 0.2451 μg 
 mL-1  sec-1 and 0.2247 μg  mL-1  sec-1. The ex vivo studies also highlight 
the superior MR contrast properties with QGd. These studies thereby 
elucidate the enhanced contrast ability in QGd and RGd than that of the 
alkylated version with reduced cytotoxicity. More focussed studies on 
QGd and RGd as superior MR contrast agents with relatively reduced 
cytotoxicity as nanoformulations for targeted delivery for specific bio-
medical applications are underway.
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Covalent organic frameworks (COFs) have received much interest as 
a class of emerging crystalline porous polymeric platform for their 
widespread applications [1]. In particular, COFs possess tremendous 
potential for biomedical applications due to their good biocompatibil-
ity, tunable functionality, enormous porosity, and unique stability [2].
The bulk TpPy COFs were synthesized through Schiff condensation 
reaction between 1,3,5-triformylglucinol (Tp) and 2,7-diaminopyrene 
(Py) under solvothermal condition. The bulk TpPy COF materials 
were isolated as a brownish powder, which is completely insoluble 
in water and all organic solvents, indicating the formation of a stable 
polymeric materials. For biomedical applications of bulk material, 
liquid exfoliation processing (LEP) of TpPy COF was performed to 
impart water solubility and stability, and the nanosheets (TpPy CONs) 
were obtained using ultrasonication of bulk TpPy COF dispersed in 
water for 5 h.
These TpPy CONs showed the favorable properties - such as their 
enhanced optical characteristic, excellent dispersibility in biological 
media, low cytotoxicity, and high biocompatibility - to perform further 
in vivo bioimaging study using them as an optical imaging probe. For 
in vivo optical imaging study, only 22 μg of the TpPy-CONs dispersed 
in PBS were injected intravenously into female nude mice bearing a 
MDA-MB-231 cancer cells on their right thigh. After the injection, in 
vivo optical images were obtained from the mouse at 1, 3, 12, and 24 
h intervals. The in vivo optical image showed a clearly strong fluores-
cence signal in the tumor site from only 1 h after the injection, which 
indicates that the TpPy-CONs could be fast accumulated into tumor 
tissues by EPR effect, showing an excellent optical performance in 
in vivo fluorescent optical imaging system. Moreover, at all intervals 
after the injection of the 2D TpPy-CONs, persistently high fluorescent 
signal intensity was observed on the tumor region without background 
signal from the normal tissues (Figure).
In summary, these in vivo optical imaging results showed that the 
TpPy-CONs can be used successfully without any labeling process to 
visualize the tumor site rapidly owing to their excellent optical property 
of themselves and EPR effect.
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Background and Novelty: 
Nanoceria or cerium oxide nanoparticles characterised by the co-exist-
ing of  Ce3+ and  Ce4+ that allows self-regenerative, redox-responsive 
dual-catalytic activities, have attracted interests in biomedical field 
recently. Depending on surface characteristics and immediate envi-
ronment, nanoceria exerts either anti- or pro-oxidative effects which 
regulates reactive oxygen species (ROS) levels in biological systems. 
Employing the dual-catalytic activities of nanoceria, we have created a 
novel versatile nano-cocktail comprised of chitosan nanocarrier loaded 
with nanoceria and superparamagnetic iron oxide nanoparticles (Chit−
IOCO) as an effective theranostics material for both inflammatory dis-
ease and cancer. Methotrexate (MTX), as a chemotherapeutic agent and 
a structural analogue of folate, was conjugated to Chit-IOCO to provide 
synergistic anti-tumour effect and also enable targeted delivery of the 
material to tumour site.

Methodology: 
The chitosan nano-cocktail (Chit-IOCO) loaded with treatment module 
(cerium oxide nanoparticles) and imaging module (iron oxide nano-
particles) were synthesised by electrostatic self-assembly. MTX was 
conjugated to Chit-IOCO by carbodiimide chemistry. To enable opti-
cal imaging, the nano-cocktails were also labeled with fluorophore 
Cy5 by carbodiimide chemistry. Mouse models of liver inflammation 
 (CCl4-treated C57BL/6 mouse) and subcutaneous glioblastoma tumor 
were employed to evaluate the theranostics capability of the developed 
nano-cocktail for inflammatory disease and cancer, respectively. Its 
MRI capability, anti-ROS, anti-inflammatory, anti-fibrosis and anti-
cancer activities were investigated.

Results: 
Data showed that Chit-IOCO exhibited the dual pro-oxidative and anti-
oxidative properties similar to nanoceria. The nano-cocktail could act 
as an antioxidant for inflammatory diseases while performed as a pro-
oxidant for cancers.
Chit-IOCO significantly reduced the expression of ROS, TNF-α and 
COX-2 in LPS-stimulated macrophages. The nano-cocktail also pro-
vided ROS scavenging activities in endothelial cells. Cytotoxicity 
studies showed that the nano-cocktails inhibited the proliferation of 
macrophages. Chit−IOCO also exhibited excellent ability as a nega-
tive contrast agent in  T2 and  T2*-weighted magnetic resonance (MR) 
imaging with a high relaxivity of 409.5  mM-1  s-1 which is compara-
ble to clinically approved agents. It was possible to track the delivery 
of Chit-IOCO to the inflamed livers of CCl4-treated C57BL/6 mice, 
demonstrated by a shortened  T2* relaxation time of the livers after 
injecting Chit-IOCO into mice. In vivo anti-inflammatory and blood 
tests demonstrated that Chit-IOCO reduced inflammation-related pro-
teins (TNF-a, iNOS and Cox-2) and bilirubin in  CCl4 treated C57BL/6. 
Histology images indicated that the nano-cocktails reduced fibrosis of 
CCl4-treated mouse liver and did not affect other organs of the mice.
On the other hand, Chit-IOCO and Chit-IOCO-MTX increased ROS 
production and triggered cell death in cancer cells. Nanoceria in com-
bination with MTX in the nano-cocktail demonstrated in vitro syn-
ergistic anti-cancer effects in U87MG cells with combination index 
of 0.247. MTX as a structural analogue of folate acted as a ligand 

targeting tumour biomarker folate transporters that facilitated enhanced 
uptake of Chit−IOCO-MTX in U87MG cells and also in the subcuta-
neous tumour. Significant inhibition of tumour growth was observed 
in U87MG tumour-bearing BaLB/c mice treated with Chit-IOCO and 
Chit−IOCO-MTX. Tumors from MTX group re-grew after 16 days 
while those from nano-cocktail groups remained very tiny. Despite sig-
nificant difference in in-vitro anticancer activity between Chit-IOCO 
and Chit-IOCO-MTX, significant difference in in-vivo anti-tumour 
effect between these two nanoparticles was not observed. In vivo MR 
imaging presented Chit−IOCO-MTX as a potential tumour-targeting 
and effective MR contrast agent capable of non-invasive monitoring of 
treatment response. Chit-IOCO-MTX accumulated stronger to tumour 
site within the first 3 days compared to Chit-IOCO.

Conclusion: 
Overall, the developed nano-cocktails exhibited as a promising nano-
platform for (1) the treatment of cancers and other ROS-related, inflam-
matory diseases, (2) real-time tracking of the drugs administered and 
(3) monitoring of disease progression. Interestingly, depending on the 
diseases, this versatile nano-cocktail can act as either an antioxidant or 
a pro-oxidant that can treat the diseases.
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Anaplastic large cell lymphoma (ALCL) is a rare, aggressive periph-
eral T-cell non-Hodgkin’s lymphoma (NHL) that is a CD30-positive 
lymphoproliferative  disorder1. Primary bone lymphoma (PBL) is a rare 
extranodal lymphoma that accounts for about 3% of malignant bone 
 tumors2. ALCL mainly involves lymph nodes, while involvement of 
extra-lymph node sites of me sites such as bone is uncommon. PBL 
lacks the typical manifestations of lymphoma such as lymphadenopa-
thy, fever, night sweats, and weight loss, and mainly manifests as local 
pain. Therefore, clinical diagnosis of PBL is difficult and easy to be 
misdiagnosed. 18F-FDG PET/CT is an important functional imaging 
technique, which has become the standard imaging method for lym-
phoma staging, evaluating treatment response and predicting prognosis 
according to the latest lymphoma imaging  guidelines3. Therefore, a 
child who was evaluated for pathological metabolism and potential 
metastasis of primary bone ALK-positive ALCL by 18F-FDG PET/
CT was included in the study. The patient fasted for at least 6 hours 
before scan.  the blood glucose level was controlled less than 8.0 
mmol/L before intravenous injection of a 4.07MBq/kg dose of 18F-
FDG. Image acquisition was performed after 40-60 min of rest. Scan-
ning range: cranial top to lower femur, scanning direction: body to 
head. PET/CT image showed bone destruction of the left femoral neck 
and proximal femur with periosteal reaction, surrounding soft tissue 
mass formation, increased radiological uptake (SUVmax 25.56), and 
increased metabolism of left pelvic wall and iliac fossa lymph nodes. 
Needle biopsy showed ALK-positive anaplastic large cell lymphoma, 
immunohistochemistry showed positive for ALK, CD30, CD3, CD4, 
CD43, TIA-1, GramB and EMA, CD5, CD20, CD138, EBV-EBER and 
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PAX5 were negative. PET/CT can provide anatomical and metabolic 
information of lesions, and can quantitatively evaluate lesions through 
metabolic parameters such as SUVmax and MTV, which is essential 
in the management of lymphoma. Our study suggests that lymphoma 
should also be considered in the differential diagnosis of primary bone 
tumors.
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Background: 
Pancreatic cancer is of great malignancy, has difficulty in early 
detection,and immune-related therapies have been largely unsuccess-
ful to date. However, recent research have found that the CD155/TIGIT 
axis is critical in maintaining immune evasion in PDAC and the combi-
nation immunotherapy (TIGIT/PD-1 co-blockade plus CD40 agonism) 
can elicit profound anti-tumor responses in preclinical models. It has 
been reported that many cancer cells secrete 10 times more exosomes 
than normal cells. Exosomes are characterized with small size and 
good biocompatibility and has a biological targeting ability, it can also 
be genetically engineered with tumor-targeted proteins, peptides or 
antibodies for more precise therapeutic drug delivery. Calcium has 
been reported to stimulate  CD8+T cells activity, and calcium overload 
could induce damage to cancer cells. However, the microenvironment 
of pancreatic cancer is low concentration of calcium, melanin-nanopar-
ticle could be used for molecular imaging and carrying calcium which 
has a great potential of diagnosing and treating pancreatic cancer. The 
main aim is to improve the cytotoxic and targeted effect of  CD8+ T 
cells through TIGIT/CD40-exosomes (TC-EVs), which can be used 
to assess the therapeutic effect through MRI imaging. The TC-EVs 
has been reported to deliver drugs for anticancer therapy and address 
the issue of tumor drug resistance. The calcium-melanin nanovesicles 
also can be used in conjunction with molecular imaging to assess the 
efficacy of tumor therapy. Above all, TIGIT/CD40-exosomes encapsu-
lated with calcium-melanin nanovesicles (TC-EVs@CM) could block 
immune evasion and MR imaging was combined to achieve diagnosis 
in pancreatic cancer.

Methods: 
(1) Pancreatic cancer cells overexpressing TIGIT and CD40 were 
constructed and exosomes excreted by these cells were collected. (2) 
Melanin nanospheres were synthesized for loading calcium and encap-
sulated with the extracted TC-EVs. (3) RT-qPCR, Western Blot and 
TEM were selected to reflect the feature of TC-EVs, including particle 
size range DLS, Zeta potential and the expression of TIGIT/CD40.,the 
TIGIT/CD40-exosomes carried calcium-melanin nanoparticles (CM) 
were prepared by electrotransformation (4) The cytotoxic effect of TC-
EVs@CM on pancreatic cancer cells was detected by CCK8 assay, and 
T cells were co-cultured with pancreatic cancer cells by adding TC-
EVs@CM, and the activity and activity index of T cells were detected 
through Flow CytoMetry. (5) We verified the effect of TC-EVs on 
pancreatic cancer cells and T cells in vivo. The TC-EVs@CM were 
injected into mouse orthotopic model of pancreatic cancer through 
tail vein. Meanwhile observing the inhibition of tumor growth and the 
target on TC-EVs@CM through molecular imaging of MRI.

Results: 
(1) CD155 was higher expressed in pancreatic cancer than normal pan-
creatic tissues, CD47 was 5.68 times higher than normal pancreatic tis-
sues. (2) EVs with high TIGIT/CD40 protein expression were prepared 
from stably overexpressing cell line, and GEM-Melanin were encap-
sulated by electroporation to prepare TC-EVs@CM. (3) TIGIT/CD40 
exosomes can respectively bind to CD155 and CD40L on the surface of 
pancreatic cancer cells and T cells. (4) In the mouse orthotopic model 
of pancreatic cancer, TC-EVs@CM can significantly inhibit the growth 
of pancreatic cancer (5) Magnetic resonance imaging using melanin 
revealed the best therapeutic effect in the TC-EVs@CM

Conclusion: 
The use of TC-EVs@CM can significantly improve the therapeutic 
effect of pancreatic cancer; Exosomes which extracted by overex-
pressed CD40 and TIGIT pancreatic cancers can enhance the cytotoxic 
effect of  CD8+T cells, and target pancreatic cancer cells specifically. In 
this study, we used TIGIT/CD40-exosomes carried calcium-melanin 
nanoparticles to enhance cytotoxic effect of  CD8+T cells, and the fea-
ture of nanoparticles probe for molecular imaging. Taken together, 
the dual target TC-EVs@CM are of great potential in the aspect of 
pancreatic cancer for future diagnostics and therapeutics, thus realizing 
clinically transforming.
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The fluorescence endoscopic system is used in colon cancer research 
to enable the early detection of the micro-scale tumor with the fluo-
rescence-specific markers in vivo [1]. The excitation light is deliv-
ered to the tissue through a light source or biopsy channel via optical 
fiber. The camera system records the fluorescence signal emitted from 
the marker with an optical filter to obtain a specific wavelength. In 
2020, a dual-scale fluorescence endoscopy (DSFE) system was intro-
duced [2] by combining wide-field fluorescence endoscopy (WFE) 
which specialized in the early detection of dysplastic lesions with 
extreme contrast [3], and the confocal fluorescence endomicroscopy 
(CFEM) which provide high resolution of small colonic mucosa [4]. 
We used a monochrome scientific CCD camera to obtain the best sen-
sitivity of fluorescence signal from the target area and another RGB 
(color) CMOS camera to get the white light image of the biologic 
region (e.g., colon) in vivo. Although modulated CMOS image sen-
sor takes several benefits (e.g., higher frame rate, lower cost at same 
configuration than CCD camera), the sensitivity of CMOS camera is 
affected by noise coupling of digital integration, which can conflict 
with the pursuit of image quality. Therefore, we applied deep learn-
ing to optimize the advantage of the RGB CMOS camera as well as 
improve signal efficiency to achieve the quality corresponding to the 
monochrome CCD camera for the endoscopic system. We prepared a 
phantom sample containing fluorescein isothiocyanate (FITC) dextran. 
Then we compared the fluorescence signal of both cameras (CCD and 
CMOS) with different light intensities (from 0 to 100% of 480 nm 
LED light) and exposure time (10/50/100/500/1000 ms). The data-
set from the CMOS camera (Basler ace, acA1920-40uc, Basler AG, 
Ahrensburg, German) and a CCD camera (Retiga R1, QImaging, Tuc-
son, AZ, USA) was storage in 16-bit image formation. We successfully 
applied a conditional generative adversarial network [5] (cGAN) as 
a conversational model from CMOS-single channel images to target 
CCD-monochrome images of FTIC-filled tubes. The cGAN followed 
the standard approach: applied the Adam solver, with a learning rate of 
0.0002 and momentum parameter was 0.5 for beta1 and 0.999 for beta 
2, the batch size was set to 1, and the number of iterations was 100. 
The generated image from CMOS-single channel images was compared 
with the target monochrome CCD camera image by the peak signal-
to-noise (PSNR). The result showed the feasibility of applying deep 
learning to replace the CCD camera with an alternative CMOS camera 
without compromising signal quality in fluorescence endoscopy. The 
image improvement technology based on deep learning can be widely 
used to enhance image qualities with a lower price and mobility in the 
imaging system.
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Background: 
The importance of evaluating sex differences in the outcomes of dif-
ferent infectious/inflammatory diseases (e.g. tuberculosis, influenza, 
COVID-19) has become more evident in the past few years [1-3]. Addi-
tionally, the ongoing pandemic has renewed the focus on the role of 
ACE2 in modulating inflammation in response to infection [4]. Thus, 
in this study, male and female mice with differing levels of ACE2 
expression [wild type non-carrier (NC), human ACE2 transgenic/
hemizygous (HZ) and ACE2 deficient Knock-out (KO) mice] under-
went post-pharyngeal (PP) inoculation of LPS to induce pulmonary 
inflammation and 18F-DPA-714 PET to assess changes in expression 
of TSPO, an inflammation biomarker expressed mainly in macrophages 
and other immune cells.

Methods: 
Six to eight-week old male and female mice from each genotype (KO, 
NC, or HZ) were inoculated with LPS by PP aspiration to induce acute 
lung injury. LPS was injected at 25mg/kg to avoid the effect of weight 
differences between groups and genders. Six hours post-LPS inocula-
tion, the mice underwent static PET imaging 30 minutes after tracer 
injection. Another set of age-matched controls for each cohort also 
underwent 18F-DPA-714 PET imaging. Images were analyzed to obtain 
Mean Standardized Uptake values (SUVmean) using MIM. After scan-
ning, serum and whole lung tissues were collected for western blot 
(WB), cytokine/chemokine, and H&E analyses. Mouse and human 
ACE2 protein levels were determined by WB. The expression levels of 
32 cytokines/chemokines were measured by ELISA. One-way ANOVA 
tests were used to evaluate differences in 18F-DPA-714 binding and 
cytokine levels between different cohorts of mice.

Results: 
The WB data showed that HZ mice had twice the amount of total 
ACE2 protein (mouse plus human ACE2) compared to NC, while 
no ACE2 was identified in KO mice, as expected. All LPS- treated 
mouse cohorts, male (NCM, KOM, HZM) and female (NCF, KOF and 
HZF), exhibited expected signs of increased inflammation in the lungs 
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compared to their respective controls, as evidenced by increased 18F-
DPA-714 binding. However, between LPS-treated groups, higher tracer 
binding was seen in the lungs of mice with normal (NC) or increased 
expression of ACE2 (HZ) compared to KO mice in both males and 
females but differences were significant only in female mice (HZF 
vs KOF p=0.0065). The HZF mice also presented worse hypother-
mia when compared to HZM. Qualitatively, H&E staining showed 
increased immune cell infiltration (macrophages and neutrophils) in 
the lungs and reduction of the alveolar spaces in the HZ groups com-
pared to NC. To understand the local inflammatory milieu, a variety of 
cytokines/chemokines involved in immune cell activation and recruit-
ment were evaluated. Compared to controls, all the LPS groups showed 
higher expression of inflammatory cytokines/chemokines. Within LPS 
cohorts, the HZF mice showed higher levels of MIP1α (p<0.0001), 
MCP-1 (p=0.0007), KC (p=0.0340), IL-6 (p=0.0.0055), and TNF 
(p=0.0352) compared to KOF. In males, however, the results were 
variable and showed no clear trends. There were no major changes in 
either mouse or human ACE2 protein expression in the lung lysates as 
result of LPS treatment.

Conclusions: 
The extent of immune activation in response to various infections has 
been shown to be gender dependent, with females generally mounting 
a stronger immune response than males [5]. Here, PET imaging and 
cytokine data demonstrate that higher expression of ACE2 is associated 
with stronger immune cell activation in the lungs resulting in higher 
local inflammatory responses, especially in female mice. Addition-
ally, worse hypothermia in HZF mice compared to males suggests a 
stronger systemic reaction to LPS inoculation. Based on these prelimi-
nary results in an inflammatory model, further studies in appropriate 
infection models are warranted to better understand the effect of gender 
on the induction of inflammation and on disease progression.
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Introduction: 
Magnetic particle imaging (MPI) is a novel biomedical imaging modal-
ity that allows non-invasive, tomographic, and quantitative tracking of 
the distribution of superparamagnetic iron oxide nanoparticle (SPION) 
tracers. MPI possesses high sensitivity in detecting nanograms of 
iron. However, it does not acquire anatomical information. Computed 
Tomography (CT) is a widely used biomedical imaging modality that 
yields anatomical information at high resolution. A multimodal imag-
ing agent combining the benefits of MPI and CT, resulting in high 
sensitivity and high spatial resolution with anatomical information, 
would be of interest. We have previously reported the synthesis of 
MPI-tailored iron oxide nanoparticles with better sensitivity and reso-
lution compared to commercial tracer ferucarbotran. The high elec-
tron density and chemical stability of hafnium oxide  (HfO2, hafnia) 
make its nanoparticle form a good candidate as a contrast agent for 
CT, where it could be a more sensitive and affordable alternative to 
clinical iodine-based contrast agents and research use gold nanopar-
ticle contrast agents. Flash nanoprecipitation is a novel method for 
formulating polymeric nanoparticles containing hydrophobic cores. 
Due to its simplicity, scalability, and manufacturability, FNP has been 
used widely for the preparation of composite nanoparticles. Here we 
combine MPI-tailored iron oxide nanoparticles with hafnium oxide 
nanoparticles using flash nanoprecipitation to obtain dual-imaging 
MPI/CT tracers.

Materials and Methods: 
The dual imaging agent was prepared with iron oxide nanoparticles 
and hafnia nanoparticles synthesized from thermal decomposition, 
encapsulated in poly(lactic acid)-b-poly(ethylene glycol) (PLA-b-PEG) 
via flash nanoprecipitation using custom-designed and 3D printed 
multi-inlet vortex mixers. The dual imaging agents were evaluated for 
physical size through transmission electron microscopy (TEM) and 
hydrodynamic size through dynamic light scattering (DLS). The MPI 
intensity and resolution of the dual imaging agents were evaluated 
using the  MOMENTUMTM MPI scanner  RELAXTM module and 2D 
imaging mode. The CT contrast performance was evaluated using an 
 IVIS® Spectrum In Vivo Imaging System as well as an Aquilion One 
Genesis and compared to the clinical CT contrast agent OMNIPAQUE 
(active ingredient, iohexol).

Result and Discussion: 
The dual imaging agents were evaluated using TEM and energy disper-
sive spectroscopy (EDS) to confirm the co-localization of iron oxide 
nanoparticles and hafnia nanoparticles in one composite nanoparticle. 
The hydrodynamic diameter was around 130 ± 44 nm, with 72% w/w 
iron oxide 28% w/w hafnia. The magnetic diameter of the dual imag-
ing agents (13.5 ± 1.0 nm) was slightly smaller than singly coated iron 
oxide nanoparticles (16.7 ± 3.0 nm). A reduction in saturation mag-
netization was also observed for the dual imaging agents (57.07  Am2/
kg) compared to the singly coated iron oxide nanoparticles (64.7  Am2/
kg). The reduction of both saturation magnetization and the magnetic 
diameter may suggest interactions between the nanoparticles inside the 
composite nanoparticles. The MPI maximum signal intensity for the 
dual imaging agent is 78  mgFe-1, while the corresponding value for 
ferucarbotran is 28 mgFe-1. In terms of resolution, the dual imaging 
agents had a FWHM of 17.2 mT, while the corresponding value was 
11.4 mT for ferucarbotran. The PSF data suggests that dual imaging 
agents have much better sensitivity than ferucarbotran while having a 
slightly worse resolution. The X-ray attenuation of the dual imaging 
agent in both scanners is better compared to OMNIPAQUE.

Conclusion: 
The dual imaging agents possess good contrast in both an MPI scanner 
and a CT scanner, making them the first dual-purpose contrast agent 
for MPI and CT.
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Introduction: 
The angiosome concept is defined as the anatomical territory of a 
source artery within all tissue layers (1). When applying this theory 
in peripheral artery disease (PAD) patients’ interventional decision 
making, an attending physician can choose to perform direct or indi-
rect revascularization. For patients suffering from PAD with ischemic 
wounds, it seems rational to directly target the revascularization to the 
angiosome that supplies the site of the ulcer. However, the clinical 
usability of this theory is debatable due to collateral vessel growth, 
interfering with the borders of the angiosomes (2). This study evalu-
ates whether a difference in quantified near-infrared (NIR) fluorescence 
perfusion parameters is objectifiable when comparing directly and indi-
rectly revascularized angiosomes.

Methods: 
This cohort study included patients undergoing an endovascular 
or surgical revascularization between January 2019 and Decem-
ber 2021. Pre- and postinterventional NIR fluorescence imaging 
was performed during a period of 10 minutes. Three angiosomes 
on the dorsum of the foot were classified; the ATP (hallux), ATA 
(dorsum) and the mixed angiosome (dig. 2-5). Directly and indi-
rectly revascularized angiosomes were assessed from the electronic 
patient records. The degree of collateralization was classified based 
on pre-procedural CT angiography and X-ray angiography by two 
independent interventional radiologists. The collateral grade was 
classified as ‘substantial’ when collaterals were visible for ≥ 25% 
of the calf length and/or estimated to be ≥ 50% of the correspond-
ing crural artery diameter and/or when objectified as an extensive 
amount. Time-intensity curves were quantified from the obtained 
fluorescence measurements using the Quest Research Framework® 
software in each angiosome set as Regions Of Interest (ROI). Ten 
in- and outflow parameters were extracted out of these time-inten-
sity curves. The difference in pre- and postinterventional perfusion 
parameters was described as a percentual change. A subgroup analy-
sis between endovascular and surgical revascularized angiosomes 
was performed.

Results: 
Successful NIR fluorescence measurements were obtained in 52 
patients (54 limbs) including a total of 157 angiosomes (121 direct, 
36 indirect). Significant improvement of all perfusion parameters in 
both the directly and indirectly revascularized angiosomes was dem-
onstrated (p-values between <0.001 – 0.007). Within the indirectly 
revascularized angiosomes, 90.6% of the scored collaterals were rated 

as significant. When comparing the percentual change in perfusion 
parameters between the direct and indirect angiosomes, no significant 
difference was seen in all perfusion parameters (p-values between 
0.253 – 0.783). Alongside, no significant differences were seen when 
comparing percentual changes of perfusion parameters in direct and 
indirect revascularized angiosomes within surgical (p-values between 
0.053 – 0.899), as well as endovascular interventions (p-values between 
0.290 – 0.883).

Conclusion: 
This study demonstrates a significant postinterventional increase of 
NIR fluorescence perfusion parameters in both directly and indi-
rectly revascularized angiosomes along with no significant differ-
ence when comparing the percentual change of NIR fluorescence 
perfusion parameters between directly and indirectly revascularized 
angiosomes. Furthermore, subgroup analysis within endovascular 
and surgical procedures did not show differences in perfusion param-
eter changes comparing direct and indirect angiosomes. A possible 
explanation for the insignificant difference comparing direct and 
indirect angiosomes postinterventional is the substantial amount of 
collateral formation in indirect angiosomes. The results of this study 
suggest that the angiosome concept should be applied with restraint 
in clinical setting.
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Introduction: 
Improvement of peripheral perfusion through revascularization is 
fundamental in the treatment strategy of peripheral artery disease 
(PAD) patients (1). However, despite successful revascularization, 
reintervention rates remain high (2). Contemporary postinterventional 
quality control methods have several limitations and are insufficient in 
predicting clinical outcome (3). Near-infrared (NIR) fluorescence has 
already been evaluated as a seemingly promising technique for quality 
control after a revascularization procedure (4, 5). This study evaluates 
the potential application of near-infrared fluorescence imaging with 
indocyanine green (ICG) to quantify perfusion changes and hereby 
predict the postinterventional clinical outcome.
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Methods: This prospective cohort study included patients with valid 
pre- and postinterventional fluorescence measurements who under-
went a technically successful revascularization procedure between 
January 2019 and December 2021. ICG NIR fluorescence imaging 
was performed before and within five days following the interven-
tion. Outpatient clinic follow-up was performed at the initial revision 
moment 6 weeks following the revascularization procedure. A clinical 
successful outcome was defined as either a substantial improvement 
of pain free walking distance, reduction or disappearance of rest- 
and/or nocturnal pain or tendency towards wound - or ulcer healing. 
Quantification of the ICG NIR fluorescence images was performed 
using a software tool (Quest Research Framework®) which plotted 
time-intensity curves from the dorsum of the foot on the treated side. 
From these time-intensity curves, 5 inflow- and 5 outflow parameters 
were extracted. Postinterventional perfusion changes were displayed 
as percentual improvement of perfusion parameter values. Pre- and 
postinterventional ankle-brachial index and toe pressure measurements 
were performed. Receiver operating characteristics (ROC) curves were 
plotted depicting the predictive value of perfusion parameters for a 
clinically successful outcome.

Results: 
Successful ICG NIR fluorescence imaging was performed in 50 
patients (52 limbs). A clinical successful outcome following revascu-
larization was described in 45 patients. All inflow parameters showed a 
significant difference after revascularization in the successful outcome 
group, while no significant differences were shown in the unsuccess-
ful outcome group (All p-values <0.001; p-values between 0.116 - 
0.917 respectively). Four inflow parameters demonstrated significant 
differences in percentual improvement comparing the successful and 
unsuccessful outcome groups (p-values within 0.012 – 0.015). No sig-
nificant difference was observed when comparing percentual changes 
in outflow parameters and the maximum intensity (Imax) between both 
outcome groups (p-values between 0.143 – 0.346). The predictive value 
analysis for a successful outcome of the 4 significant inflow parameters 
(normalized slope, absolute slope, ingress rate, time to max) displayed 
area under the curve values between 0.801 and 0.812.

Conclusions: 
This study shows a significant improvement in ICG NIR fluorescence 
inflow parameters in patients with a successful clinical outcome fol-
lowing revascularization. A significant difference was shown when 
comparing the percentual improvement of these parameters between 
patients with a successful and unsuccessful outcome. This study under-
lines the potential of ICG NIR fluorescence in addition to several clini-
cal elements for predicting clinical outcome after revascularization. 
These statements should be confirmed in future studies, additionally 
evaluating possible cut-off values for the seemingly reliable inflow 
parameters.
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Background: 
Pancreatic cancer is of great malignancy, has difficulty in early 
detection,and immune-related therapies have been largely unsuccess-
ful to date. However, recent research have found that the CD155/TIGIT 
axis is critical in maintaining immune evasion in PDAC and the combi-
nation immunotherapy (TIGIT/PD-1 co-blockade plus CD40 agonism) 
can elicit profound anti-tumor responses in preclinical models. It has 
been reported that many cancer cells secrete 10 times more exosomes 
than normal cells. Exosomes are characterized with small size and 
good biocompatibility and has a biological targeting ability, it can also 
be genetically engineered with tumor-targeted proteins, peptides or 
antibodies for more precise therapeutic drug delivery. Calcium has 
been reported to stimulate  CD8+T cells activity, and calcium overload 
could induce damage to cancer cells. However, the microenvironment 
of pancreatic cancer is low concentration of calcium, melanin-nanopar-
ticle could be used for molecular imaging and carrying calcium which 
has a great potential of diagnosing and treating pancreatic cancer. The 
main aim is to improve the cytotoxic and targeted effect of  CD8+ T 
cells through TIGIT/CD40-exosomes (TC-EVs), which can be used 
to assess the therapeutic effect through MRI imaging. The TC-EVs 
has been reported to deliver drugs for anticancer therapy and address 
the issue of tumor drug resistance. The calcium-melanin nanovesicles 
also can be used in conjunction with molecular imaging to assess the 
efficacy of tumor therapy. Above all, TIGIT/CD40-exosomes encapsu-
lated with calcium-melanin nanovesicles (TC-EVs@CM) could block 
immune evasion and MR imaging was combined to achieve diagnosis 
in pancreatic cancer.

Methods: 
(1) Pancreatic cancer cells overexpressing TIGIT and CD40 were 
constructed and exosomes excreted by these cells were collected. 
(2) Melanin nanospheres were synthesized for loading calcium and 
encapsulated with the extracted TC-EVs. (3) RT-qPCR, Western Blot 
and TEM were selected to reflect the feature of TC-EVs, including 
particle size range DLS, Zeta potential and the expression of TIGIT/
CD40.,the TIGIT/CD40-exosomes carried calcium-melanin nanopar-
ticles (CM) were prepared by electrotransformation (4) The cytotoxic 
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effect of TC-EVs@CM on pancreatic cancer cells was detected by 
CCK8 assay, and T cells were co-cultured with pancreatic cancer cells 
by adding TC-EVs@CM, and the activity and activity index of T cells 
were detected through Flow CytoMetry. (5) We verified the effect of 
TC-EVs on pancreatic cancer cells and T cells in vivo. The TC-EVs@
CM were injected into mouse orthotopic model of pancreatic cancer 
through tail vein. Meanwhile observing the inhibition of tumor growth 
and the target on TC-EVs@CM through molecular imaging of MRI.

Results: 
(1) CD155 was higher expressed in pancreatic cancer than normal pan-
creatic tissues, CD47 was 5.68 times higher than normal pancreatic tis-
sues. (2) EVs with high TIGIT/CD40 protein expression were prepared 
from stably overexpressing cell line, and GEM-Melanin were encap-
sulated by electroporation to prepare TC-EVs@CM. (3) TIGIT/CD40 
exosomes can respectively bind to CD155 and CD40L on the surface of 
pancreatic cancer cells and T cells. (4) In the mouse orthotopic model 
of pancreatic cancer, TC-EVs@CM can significantly inhibit the growth 
of pancreatic cancer (5) Magnetic resonance imaging using melanin 
revealed the best therapeutic effect in the TC-EVs@CM

Conclusion: 
The use of TC-EVs@CM can significantly improve the therapeutic 
effect of pancreatic cancer; Exosomes which extracted by overex-
pressed CD40 and TIGIT pancreatic cancers can enhance the cytotoxic 
effect of  CD8+T cells, and target pancreatic cancer cells specifically. In 
this study, we used TIGIT/CD40-exosomes carried calcium-melanin 
nanoparticles to enhance cytotoxic effect of  CD8+T cells, and the fea-
ture of nanoparticles probe for molecular imaging. Taken together, 
the dual target TC-EVs@CM are of great potential in the aspect of 
pancreatic cancer for future diagnostics and therapeutics, thus realizing 
clinically transforming.
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Background: 
Pancreatic cancer is characterized with great malignant. For the cause 
of lacking early symptoms and reliable screening methods, which 
makes it is significantly difficult to treat pancreatic cancer. Gemcit-
abine (GEM) is the first-line treatment for pancreatic cancer. However, 
pancreatic tumor tissue is infiltrated with a large number of tumor-
associated macrophages (TAMs) that enhances resistance to GEM 

by releasing pyrimidine nucleosides, further increasing the refrac-
toriness of pancreatic cancer. Among these checkpoint genes, CD24 
and CD47  mRNA were  higher in pancreatic cancer  tissues.  The 
phagocytosis of macrophages was inhibited by CD24-SIGLECg and 
CD47-SIRPa axes, thus CD24 and CD47 are expected to be new and 
promising targets for immunotherapy of pancreatic cancer. Meanwhile, 
MR-targeted nanomaterials can not only improve early diagnosis of 
pancreatic cancer, but also improve treatment prognosis.

Objective: 
The aim of this experiment was to target pancreatic cancer cells by con-
structing SIGLECg/SIRPa@GEM-Melanin nanovesicles (SS-NVs@
GM). The vesicles blocked the "don’t eat me" signal on the surface 
of macrophages, such as CD24-SIGLECg and CD47-SIRPa immune 
checkpoints, and reduced the drug resistance of pancreatic cancer to 
GEM. At the same time, MR imaging was combined to achieve diag-
nosis and to assess the treatment of pancreatic cancer.

Methods: 
(1) Extraction of pancreatic cancer cell membranes overexpress-
ing SIGLECg and SIRPa, constructing melanin nanovesicles loaded 
with GEM, and the SS-NVs biomembrane-derived cell vesicles which 
obtain GEM were prepared by electrotransformation. (2) RT-qPCR, 
Western Blot and TEM were selected to reflect the feature of SS-
NVs@GM, including particle size range DLS, Zeta potential and the 
expression of SIGLECg/SIRPa. (3) Performing co-culture of pancre-
atic cancer cells with macrophages, and observing the phagocytosis of 
pancreatic cancer cells by macrophages under the effect of SIGLECg/
SIRPa nanovesicles (SS-NVs) through fluorescence microscopy. (4) 
To observe the polarization of macrophages after treating SS-NVs by 
RT-qPCR and FACS. (5) The SS-NVs@GM were injected into mouse 
orthotopic model of pancreatic cancer through tail vein. Meanwhile 
observing the inhibition of tumor growth and the target on SS-NVs@
GM through molecular imaging of MRI.

Results: 
(1) NVs with high SIGLECg and SIRPa protein expression were pre-
pared from stably overexpressing cell line, and GEM-Melanin were 
encapsulated by electroporation to prepare SS-NVs@GM.(2) SS-
NVs@GM can bind to CD24,CD47 of pancreatic cancer ,enhancing the 
phagocytosis of the macrophages. (3) Meanwhile, SS-NVs were used 
to regulate the M1/M2 polarization in the aspect of TAMs. (4) In the 
mouse orthotopic model of pancreatic cancer, SS-NVs@GM can 
significantly inhibit the growth of pancreatic cancer . (5) SS-NVs@
GM can improve the consequences of molecular imaging such as MRI.

Conclusions: 
On account of the difficulty of early diagnosis and great malignancy 
of pancreatic cancer, it is vital to provide a more precise and effi-
cient remedy to detect and cure the pancreatic cancer. In this study, 
we used SIGLECg/SIRPa nanovesicles encapsulated GEM-melanin 
to enhance tumor immunity and the feature of nanoparticles probe for 
molecular imaging. Taken together, the dual target SS-NVs@GM are 
of great potential in the aspect of pancreatic cancer for future diagnos-
tics and therapeutics, thus realizing clinically transforming.
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Synopsis: 
18F-FDG PET can be used to diagnose and differentiate tumors 
[1]. Amide proton transfer-weighted imaging (APTWI) primarily 
reflects the protein content and acidity information of tissue structures 
[2]. Intravoxel incoherent motion (IVIM) includes bi-exponential 
model and stretch-exponential model [3], the former mainly reflects 
the diffusion and perfusion information of water molecules [4], the 
latter mainly reflects the heterogeneity of the tissue [5].

Objective: 
To compare the value of amide amide proton transfer-weighted imaging 
(APTWI) and intravoxel incoherent motion (IVIM) imaging in iden-
tifying the pathological grade of lung adenocarcinoma, and to assess 
the correlation between each parameter and the metabolic parameter 
SUVmax of 18F-FDG PET.

Materials and Methods: 
A total of 66 patients with postoperative pathologically confirmed lung 
adenocarcinoma were prospectively collected. APTWI, IVIM and 18F-
FDG PET images were analyzed to measure the magnetization transfer 
ratio asymmetry (MTRasym [3.5 ppm]), diffusion coefficient (D), false 
diffusion coefficient (D*), perfusion fraction (f), distributed diffusion 
coefficient (DDC)，diffusion heterogeneity index (α) and maximum 
standard uptake value (SUVmax). The differences and diagnostic effi-
cacy of each parameter between different grading groups were com-
pared and analyzed, and the correlation between each parameter value 
and SUVmax was evaluated.

Results: 
MTRasym (3.5ppm) and f values in poorly differentiated group were 
higher than those in moderately/well differentiated group, while D and 
DDC values were lower than those in moderately/well differentiated 
group (all P<0.05), there was no significant difference in D* and α 
values between the two groups. The AUC of MTRasym (3.5 ppm), 
D, DDC, f, α, and D* values for diagnosing the pathological grade of 
lung adenocarcinoma were 0.858, 0.743, 0.661, 0.645, 0.577, 0.531, 
respectively. The diagnostic efficiency of MTRasym (3.5 ppm) was 
significantly higher than that of other parameters except D value (P < 
0.05). The combination of APTWI and IVIM had the highest diagnostic 

performance in identifying pathological grade (AUC = 0.973). There 
was a weak positive correlation between MTRasym (3.5 ppm) and 
SUVmax value (r=0.396); D and DDC values were weakly nega-
tively correlated with SUVmax value respectively (r=-0.359, -0.249, 
P<0.05).

Conclusion: 
Both APTWI and IVIM are effective means to identify the pathological 
grade of lung adenocarcinoma. The diagnostic efficiency of APTWI 
parameters is better than IVIM, and some parameters are correlated 
with SUVmax.
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Photoacoustic microscopy (PAM) uses photoacoustic effects to detect 
absorption property at microscale resolution in high-resolution con-
trasts and microbiological tissues[1]. Molecules absorb energy from 
nanosecond pulsed beams and emit a wide band of ultrasound wave-
form via thermal elastic expansion [2]. The pressure signal is detected 
by using an ultrasonic transducer. By demonstrating high resolution and 
giving structural and functional information on the microvasculature, 
PAM imaging proved deep tissue imaging potential. Depending on the 
systemic setup, PAM systems may be classified as optical-resolution 
PAM (OR-PAM) for high spatial resolution and acoustic-resolution 
PAM (AR-PAM) for higher deep penetration [3]. These multiscale 
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PAM systems have been used in biomedical imaging applications such 
as structural imaging, label-free functional imaging, and molecular 
imaging. The acoustic-resolution PAM (AR-PAM) uses multi-mode 
fiber to enhance optical energy delivery and reaches a depth of centime-
ters under biological tissue, however, its lateral resolution is limited due 
to rough laser focusing. The PAM system turns optical-resolution mode 
(OR-PAM) with substantial scattering to exhibit a restricted 1 mm pen-
etration depth but tightly focused laser beam with greater spatial resolu-
tion than AR-PAM by switching the fiber to single-mode. We applied a 
Cyclic Consistency Generative Adversarial Networks [4] (CycleGAN) 
to learn and create the regularities of objects’ features in axial scan-
ning (b-scan) to increase the resolution of AR-PAM. The CycleGAN 
included the inverse transform to examine specific patterns while pre-
serving the benefits of AR-PAM and OR-PAM in three dimensions. 
OR-PAM and AR-PAM training datasets were created by using leaf 
phantom. The mean square error (MSE) between the original AR-PAM 
and the restoration AR-PAM b-scan was used to control the model 
quality. The generator model can extract from the original AR-PAM 
b-scan to create an OR-PAM b-scan with greater contrast and similar 
spatial resolution to the original OR-PAM b-scan after training. The 
generator model can extract from the original AR-PAM b-scan to create 
an OR-PAM b-scan with greater contrast and equivalent spatial reso-
lution to the original OR-PAM b-scan after training. In this study, we 
prepared the dual-mode AR/OR-PAM system with two-lighting chan-
nels: 5-um single-core optical fiber (SMF, P1-405BPM, Thorlabs) as 
OR-PAM laser channel, and 400-um multiple-core optical fiber (MMF, 
M74L01, Thorlabs) as AR-PAM laser channel. Both laser-beam chan-
nels were excited in turn by laser control. The generated acoustic signal 
was recorded by the ultrasonic transducer (V214-BC-RM, Olympus, 
Japan) and synchronized with laser control. Using leaf phantom as 
an experiment sample, we collected around 8000 images of AR-PAM 
b-scan and OR-PAM b-scan in 02 groups: training and testing group. 
The b-scan was cropped into 16-bit and 256*256 pixels by each. The 
CycleGAN was successfully applied by Python coding and PyTorch 
libraries with followed the standard approach: the number of epochs 
reach 50 iterations, the Adam solver was applied with a patch size of 
1, and the learning rate was set at 0.0002. After training, we extracted 
the b-scan of the sample and applied the maximum amplitude projec-
tion (MAP) to the original AR-PAM, original OR-PAM and generated 
OR-PAM images from a stack of b-scans, respectively. The results 
showed the feasibility of applying deep learning to enhance AR-PAM 
resolution, and sensitivity when keeping the depth enhancement with-
out OR-PAM configuration.
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Despite the central role of the islets of Langerhans in regulating blood 
glucose homeostasis, much information is lacking regarding their 
global distribution, organisation and physiology within the context 
of the pancreas as a whole. One major obstacle when implementing 
modern mesoscopic imaging approaches, such as optical projection 
tomography (OPT) and light sheet fluorescence microscopy (LSFM), 
in studies of large tissue volumes is the poor penetration of labelling 
agents (e.g., primarily antibodies). To circumvent this problem, we 
have developed an approach to immunolabel and image cubic cm-sized 
tissue volumes that are mapped to the whole organ. By stitching result-
ant datasets back into 3D space, much like a 3D jigsaw puzzle in which 
the position of each piece is known beforehand, we demonstrate how 
this approach can be successfully used to analyse large volumes of 
human pancreatic tissue, with high resolution and essentially full free-
dom of target selectivity using antibody-based labelling. Specifically, 
we provide the first account of the 3D-spatial distribution and volume 
of insulin producing β-cells throughout the human pancreas with near 
cell level resolution and identify previously unrecognised β-cell distri-
bution patterns in the pancreas from donors with long standing Type 1 
Diabetes (T1D). Taking advantage of the autofluorescent (AF) proper-
ties of the pancreatic tissue, we relate this information to the vascular 
and ductal network of the gland. Most significantly, our data uncovered 
the presence of β-cell clusters that are spatially separated from other 
islet cell types, such as glucagon expressing α-cells. Although the sig-
nificance of this observation needs to be elucidated, we speculate that 
these clusters could be associated with regions of compensatory β-cell 
expansion and/or regeneration. Further, we demonstrate that the unci-
nate process of the head of the pancreas exhibits the highest remaining 
β-cell density, which potentially reflects key aspects of disease dynam-
ics. This first whole organ account, at the current level of resolution, 
may serve as an important advancement towards detailed analyses of 
endocrine cell identity/function via a wide range of markers in the 
study of normal pancreas anatomy and pathophysiology.
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Background: 
RNA aptamers are artificial oligonucleotides that can be evolved to 
bind to a specific molecule with high affinity, making them desirable 
candidates for diagnostic and therapeutic applications. One well-char-
acterized aptamer is a high-affinity tetracycline-binding aptamer that 
is 71 nucleotides in length. Here we characterized the ligand binding 
properties of the aptamer with tetracycline and 7-iodosancycline, and 
assessed the ability of the aptamer, using single and sequential tan-
dem repeats of the aptamer, to accumulate radioiodinated sancycline in 
vitro, when expressed in cancer cells.

Methods: 
To evaluate the binding properties of the tetracycline-binding aptamer 
to 7-iodosancycline, the aptamer was cloned in a pET28 plasmid in 
between BglII and BamHI sites operating under a T7 promoter. For 
precise 3′ ends, the plasmid was linearized at an engineered PstI site 
upstream of BamHI, and RNA was transcribed and purified using 
T7 mScript mRNA production system. The dissociation constant of 
7-iodosancycline was determined by fluorimetry together with tetra-
cycline as a positive control. Using the sequence of the tetracycline-
binding RNA aptamer, we designed three additional RNA aptamers 
with 4, 8, and 16 sequential tandem repeats separated by short inter-
vening linkers of 17 randomized nucleotides. These constructs were 
then stably transduced into a HCT116 mammalian cell line using 
 3rd generation lentiviral transduction vectors. [124I]-7-Iodosancycline 
was synthesized via an electrophilic radioiododestannylation reaction. 
Cell uptake studies were performed using [124I]-7-iodosancycline in 
transduced and wild-type cells. Blocking studies were performed by 
incubating cells with tetracycline for 1 hour prior to treatment with 
[124I]-7-iodosancycline.

Results: 
We titrated tetracycline (0.5 nM) and 7-iodosancycline (10 nM) with 
increasing amounts of RNA and plotted the fractional saturation of 
compounds as a function of the concentration of free RNA. Using a 

single binding site model, we calculated a dissociation constant Kd of 
~1.2 nM and ~20 nM for tetracycline and 7-iodosancycline respectively 
(Fig. 1A). The efficiency of stable cell line generation was monitored 
by the expression of EGFP (Fig. 1B). [124I]-7-Iodosancyline gave a 
radiochemical yield of 24% ± 2.8% (n=2) with radiochemical purity of 
>95%. We compared the aptamer expressing HCT116 cells and wild-
type control for their ability to concentrate [124I]-7-iodosancycline. 
[124I]-7-iodosancycline uptake was significantly higher in aptamer-
expressing HCT116 cells, when compared to the wild-type control. 
After 1 hour of incubation, uptake in 1-mer, 4-mer, 8-mer and 16-mer 
HCT116 cells increased 24%, 69%, 97% and 110% respectively, as 
compared to wild-type cells. Pre-treatment of cells with tetracycline 
effectively blocked the uptake of isotope. We found that the uptake 
pattern increased over time and uptake correlated with aptamer copy 
number, with the 16-mer construct having the highest uptake (Fig. 1C).

Conclusion: 
Cells expressing a tetracycline-binding RNA-aptamer demonstrate 
greater radiolabeled-sancycline uptake compared to controls, with 
a positive correlation between the number of aptamer repeats in the 
reporter gene and cell uptake. The observed dissociation constant 
of ~20 nM for 7-iodosancycline makes it an excellent potential PET 
reporter probe. Continued research to translate this technology to the in 
vivo setting may yet provide a powerful tool for diagnostic applications 
such as cell tracking.
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Introduction: 
Despite the promising use of synthetic nanoparticles as imaging agents 
in biomedicine, their translation to the clinic is complex due to some 
drawbacks associated with their potential toxicity or lack of in vivo sta-
bility, limiting their use in oncological imaging [1]. Small extracel-
lular vesicles (sEV) are naturally secreted by cells for communication 
purposes [2] and present physical characteristics close to liposome-
like nanoparticles, such as nanometric size or lipid bilayer structure. 
Together with their natural origin and their intrinsic biological role 
associated with the development of certain pathologies [3], these small 
vesicles are postulated as substitutes for traditional nanoparticles in 
cancer imaging applications. Herein, we present the potential use of 
fluorescently-labeled milk sEV as natural nanoprobes for tumor imag-
ing, highlighting their capacity to interact with different cells from the 
tumor microenvironment.
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Methods: 
sEV were isolated from commercial goat milk by ultracentrifuga-
tion and  size exclusion chromatography, being characterized by 
TEM, DLS, NTA and proteomics. The optical labeling of sEV was 
performed following the methodology previously optimized by our 
research group [4]. Briefly, 75μg of sEV were covalently labeled with 
10μL of SCy7.5-NHS (16.9mM), for 2h at 4ºC and pH 8.5. Result-
ant nanoprobe was also characterized by TEM, DLS, NTA and flow 
cytometry. In vitro internalization of fluorescent sEV (0.5μg/mL) by 
264.7 RAW macrophages, C166-GFP endothelial cells and B16F10-
Luc-GFP melanoma cells was evaluated by flow cytometry after 5h, 
24h and 48h of incubation. In vivo tracking of the nanoprobe in tumor 
area was assessed in a subcutaneous allograft melanoma model injected 
in C57BL/6J mice (5·105 B16F10-Luc-GFP melanoma cells/mouse, 
1-week in vivo growth). Mice were imaged 1h, 5h, 24h, 48h, 72h and 
96h after the intravenous injection of the nanoprobe (20μg/100μL), 
using an IVIS spectrum system. Ex vivo fluorescence and luminescence 
signal in fresh tumors was registered by IVIS and ODYSSEY imag-
ing, 5h and 48h post sEV-administration. Uptake by macrophages and 
tumor cells was also analyzed and quantified by confocal imaging in 
excised tumors.

Results: 
Milk sEV were fluorescently labeled by covalent binding, reaching 
high reaction yield (99.9% by flow cytometry) and preserving the origi-
nal morphology and size distribution of isolated vesicles (Fig 1A). 
Macrophages and endothelial cells exhibited fast EVs internalization, 
achieving 99.8±0.1% and 80.4±3.5% of fluorescent positivity after 5h 
of incubation, respectively. In contrast, tumor cells presented maxi-
mum EVs uptake after 48h (Fig 1B). In vivo optical imaging showed 
EVs accumulation in the tumor tissue even 1h post-administration and 
revealed progressive decrease of the fluorescence signal along time 
(Fig 1C). Ex vivo optical imaging of excised tumors confirmed the 
nanoprobe uptake by the correlation between bioluminescence from 
tumor cells and fluorescence from the nanovesicles. Confocal analysis 
of tissues showed that both tumor-associated macrophages and tumor 
cells take up sEV, but macrophages exhibited slight increased accu-
mulation of the vesicles (Fig 1D). Quantification of fluorescent signal 
showed that intensity decreased from 5h to 48h.

Conclusions: 
This work presents the potential use of fluorescently-labeled milk sEV 
as natural nanoplatforms for non-invasive tumor imaging. Fluorescent 
sEV are rapidly accumulated in primary tumor due to the successful 
internalization by cells associated to the tumor microenvironment.

Reference
1. van der Meel, Roy, et al. Nature nanotechnology, 2019, vol. 14, no 

11, p. 1007-1017.
2. He, Chuanjiang, et al. Theranostics, 2018, vol. 8, no 1, p. 237.
3. Li, Irene; Nabet, Barzin Y. Molecular Cancer, 2019, vol. 18, no 1, 

p. 1-10.
4. González, María Isabel, et al. Biomedicines, 2021, vol. 9, no 1, p. 

81.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

451-Radiolabelled exosomes as imaging diagnostic tools for early 
detection of lung metastasis by PET

Presenter: Sara Almeida, University of Coimbra

Sara Almeida1, Alexandra Isabel  Fonseca2, José  Sereno2, Hugo 
 Ferreira1, Mariana Lapo-Pais3, Tânia Martins-Marques3, Teresa 
 Rodrigues3, Henrique Girão3, Celia  Gomes1, Antero  Abrunhosa1

1University of Coimbra, Portugal
2alexandraf1996@gmail.com
3Institute for Nuclear Sciences Applied to Health, Portugal

Introduction: 
Lung metastases (LM) are the leading cause of osteosarcoma (OS)-
related death. Current imaging modalities have limited potential 
in detecting early-stage pulmonary metastasis.[i] Exosomes (EXs) 
released by tumour cells are major determinants of metastatic 
organotropism,[ii] and have an intrinsic targeting ability for donor cells, 
making them potential diagnostic tools and therapeutic vehicles for 
metastatic lesions.[iii],[iv] Herein, we evaluated the in vivo behaviour 
of EXs by optical and nuclear imaging and their usefulness as non-
invasive imaging biomarkers for lung metastasis.

Materials and Methods: 
Swiss  Fox1nu nude mice were i.v. injected with OS cells (143B-Luc+) 
into the tail vein. Lung metastasis formation was monitored by biolu-
minescence imaging (BLI) and magnetic resonance imaging (MRI). 
Exosomes were isolated from the supernatant of 143B cells and radi-
olabelled with the positron-emitter radionuclide copper-64  (t1/2 = 12.7 
h, 17.9% β+, E = 0.653 MeV) via maleimide-thiol conjugation with 
a bifunctional chelator. Labelling efficiency and stability in biologi-
cal fluids were assessed. Control and lung metastasis-bearing mice 
were i.v. injected with the radiolabelled EXs and imaged in a micro-
PET/MRI at 24 h post-injection. OS-derived EXs were also loaded 
with DMNPE-caged luciferin or labelled with a near-infrared (NIR) 
fluorescent dye for optical imaging.

Results: 
The surface functionalization via maleimide-thiol conjugation followed 
by the chelation with 64Cu resulted in a high radiochemical yield of 
almost 100% and high stability in both PBS and mouse serum at least 
for 24 h, without affecting the intrinsic features of EXs in terms of 
morphology, size, or charge or targeting ability for OS cells. Whole-
body PET/MRI images obtained 24h after injection showed a clear 
uptake of EXs in the lung metastatic lesions, which was also observed 
by near-infrared fluorescence and confirmed by ex vivo biodistribution 
studies by gamma counting. No detectable PET or fluorescent signals 
was observed in healthy lungs devoid of metastasis, confirming the 
homing and selective affinity of EXs for homotypic donor cells.

Conclusions: 
Exosomes derived from osteosarcoma cells possess an intrinsic homing 
ability for metastatic lesions and hold great potential as targeted imag-
ing agents for the non-invasive early assessment of lung metastasis by 
nuclear imaging. The translation of this imaging agent to a clinical set 
could improve the prognosis of OS patients.
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Curative surgery for soft-tissue sarcoma (STS) is ideally performed 
via a wide local excision, a procedure that removes en bloc both the 
tumor and a surrounding margin of healthy tissue. Neoadjuvant treat-
ments in the form of external beam radiation and/or chemotherapy are 
often administered preoperatively for STS, usually to neutralize tumor 
extension and allow for the sparing of critical neurological or vascular 
structures surrounding the primary tumor. Fluorescence-guided surgery 
(FGS) is a nascent technology that aims to improve the efficacy of sur-
gical interventions through identification of important tissues or ana-
tomical structures via fluorescent molecules that accumulate in target 
tissues by local perfusion, metabolism, or molecular binding (1). FGS 
has been most heavily studied in the operative removal of cancers, most 
notably in the treatment of malignant gliomas (2) but also in the man-
agement of STS (3–5). The epidermal growth factor receptor (EGFR) 
is overexpressed in 43-78% of STS cases and has proven a useful target 
for molecular-guided FGS for STS in human xenograft models (6). 
The fluorophore ABY-029, a synthetic Affibody peptide, Z03115-Cys, 
labeled with a near-infrared fluorophore, IRDye 800CW, targets the 
EGFR with high specificity (7). However, to date, STS fluorescence 
imaging using ABY-029 has occurred in tumors naïve to chemotherapy 
and radiation. Because of the high frequency of neoadjuvant therapy 
use in the treatment of STS (8), and the potential for these therapies to 
modulate tumor receptor expression, a need exists to understand the 
ability of ABY-029 to effectively label STS in a clinical setting. The 
goal of this study was to identify the effects of neoadjuvant radiation 
and doxorubicin chemotherapy on the expression of EGFR in—and 
thus the binding of ABY-029 to—human STS xenografts in a mouse 
model. The study workflow is summarized in Figure 1A. Eighty (n=80) 
female NGS mice (The Jackson Laboratory, Bar Harbor, ME) were 
used to develop tumor xenografts. Three STS tumor cell lines were 
compared in this study: MES-SA, an EGFR-negative uterine sarcoma; 
SK-LMS-1, a uterine leiomyosarcoma; and VA-ES-BJ, an epithelioid 
sarcoma. Tumor cells were implanted subcutaneously into the right 
flank of each mouse with an equal volume of Matrigel (Corning Life 
Sciences, Corning, NY) to maintain cell location and promote cell 
growth. Four types of treatments—control, radiation, chemotherapy 
(doxorubicin), and radiation followed by chemotherapy—were given to 
equally sized cohorts of mice (n=20 each) once the tumor size reached 
200  mm3. After treatment and pre-surgical ABY-029 injection, four 
types of tissues— adipose, muscle, nerve, and tumor—were harvested 
from each animal. Fluorescence images were obtained to measure the 
change in fluorescence signal intensity, which depends on the plasma 
delivery, tissue density, and receptor expression level. EGFR staining 

was used as a gold standard for the change in EGFR concentration, 
and SMA and CD31 IHC staining were used as a gold standard for the 
change in the vasculature. The resulting correlations between therapy 
treatments and changes in fluorescence signal were examined. For 
the three STS cell lines tested, after therapy treatment, no statistically 
significant reduction in the fluorescence signal intensity was found, 
including control (Figure 1B). This result indicates positive or no effect 
on fluorescence signal after different therapies. While tumor-to-back-
ground tissue ratios did not exhibit statistically significant differences 
between treatment cohorts, ratios did vary with the type of sarcoma 
tumor (data not shown). In conclusion, this work provides the first evi-
dence that neoadjuvant radiation and chemotherapy have insignificant 
impacts on EGFR expression and ABY-029 binding in human STS 
xenografts in a mouse model, and as such, represents an important step 
toward clinical translation of ABY-029 in FGS.

Reference
1. Brian W. Pogue, Eben L. Rosenthal M.D., Samuel Achilefu, 

Gooitzen M. van Dam, Perspective review of what is needed for 
molecular-specific fluorescence-guided surgery. Journal of Bio-
medical Optics 23, 1–9 (2018).

2. W. Stummer, et al., Fluorescence-guided surgery with 5-ami-
nolevulinic acid for resection of malignant glioma: a randomised 
controlled multicentre phase III trial. Lancet Oncol 7, 392–401 
(2006).

3. J. K. Mito, et al., Intraoperative detection and removal of micro-
scopic residual sarcoma using wide-field imaging. Cancer 118, 
5320–5330 (2012).

4. David Holt D.V.M., et al., Intraoperative near-infrared fluores-
cence imaging and spectroscopy identifies residual tumor cells in 
wounds. Journal of Biomedical Optics 20, 1–14 (2015).

5. J. M. Stahl, et al., The effect of microscopic margin status on 
survival in adult retroperitoneal soft tissue sarcomas. Eur J Surg 
Oncol 43, 168–174 (2017).

6. C. Kersting, et al., Pitfalls in immunohistochemical assessment 
of EGFR expression in soft tissue sarcomas. J Clin Pathol 59, 
585–590 (2006).

7. K. S. Samkoe, et al., Preclinical imaging of epidermal growth fac-
tor receptor with ABY-029 in soft-tissue sarcoma for fluorescence-
guided surgery and tumor detection. J Surg Oncol 119, 1077–1086 
(2019).

8. M. J. Spałek, et al., Neoadjuvant Treatment Options in Soft Tissue 
Sarcomas. Cancers (Basel) 12, 2061 (2020).

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

453-Therapy of Orthotopic glioma with a biomimetic drug delivery 
system functionalized by liposome loading with PTX

Presenter: XiaoXuan Xu, Southeast University

XiaoXuan Xu

Southeast University, Nanjing, Jiangsu, China, China

The purpose of this work is to establish a bionic smart nano-platform 
that uses two different modal magnetic resonance imaging agents to 
achieve dual-modal magnetic resonance imaging of original gliomas 
in mice, and to identify the location of the lesion. In addition, the 
high biocompatibility, immune evasion ability and active tumor site 
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selection of glioma are used to overcome the limitations of the blood-
brain barrier (BBB) for glioma. Effective delivery of PTX can improve 
the efficiency of immunotherapy for glioma, and provide new pos-
sibilities for further development of glioma treatment. The carrier of 
the nano-delivery platform was constructed, and the PTX was encap-
sulated in. The target activity, biosafety and suitability of the material 
were tested in vitro experiments, while the corresponding parts and 
therapeutic effects were tested in vivo. Then the general condition of 
each group of mice was evaluated, and the improvement of outcome 
was detected at molecular and protein levels. The nanoparticles showed 
better targeting ability, that is, higher delivery efficiency to glioma. In 
addition, in the characteristic acidic microenvironment of tumor, nano-
particles could be degraded "on-demand" to release internal molecules, 
so as to achieve targeted and precise treatment of tumor. At the same 
time, bio-membrane-modified nanoparticles showed better biocompat-
ibility, stability, and longer cycle time in the body. The biomimetic 
intelligent active target nano-therapeutics can significantly improve the 
outcome and biological safety, and is a feasible method to improve the 
therapeutic effect of chemotherapy for orthotopic glioma. The design 
and application of the biomimetic nano-platform may provide a new 
therapeutic option for immunotherapy of brain tumors.
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Recent advances in synthetic biology allows the application of engi-
neered bacteria for living diagnosis and therapeutics. In this study, 
we designed a genetic circuit enables Salmonella typhimurium sense 
and respond to the elevated nitric oxide in the tumor region. Nitric 
oxide, a vital signaling molecule in the immune system, plays key 
role in various pathological processes including inflammation and 
tumor immune response. The formation of NO is catalyzed by nitric 
oxide synthase (NOS), and the expression of inducible NOS (iNOS) 
can be regulated by pro-inflammatory cytokines, including IFN-γ, 
TNF-α and IL-1β, as well as bacterial LPS. In consequence, large 
amount of NO is synthesized, exceeding the physiological NO pro-
duction by up to 1000-fold. After the colonization and proliferation 
of Salmonella typhimurium in tumor, both LPS and damaged cancer 
cells can activate the inflammasome, and induce the infiltration of 
immune cells, such as neutrophils and macrophages, which can secret 
pro-inflammatory cytokines, such as TNF-α and IL-1β. To this end, 
we hypothesized that NO can be used as an inducer for tumor specific 
gene expression carried by Salmonella ppGpp. Therefore, a switch 
system was constructed utilizing the NO sensor and a DNA recom-
binase. We demonstrated that our construct can respond to gradient 
concentration of nitric oxide source DETA/NO in vitro and the switch 
occurred at 50 uM of DETA/NO. In vivo result showed that the switch 
can be specifically induced in tumor region, and can be inhibited by 
the iNOS inhibitor, 1400W. Our results demonstrated that NO can 
be a candidate inducer for tumor specific gene expression carried 
by Salmonella typhimurium.
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Introduction: 
The SARS-CoV-2 is a respiratory virus responsible for the COVID-
19 pandemic and results in a wide range of severity from mild cold 
or flu-like symptoms to hospitalization and death. In cases of hospi-
talization, many patients have to be intubated due to difficulty breath-
ing and excessive fluid in their lungs. Patients who ultimately recover 
from COVID-19 are often suffer from prolonged pulmonary, cardiac, 
and neurological symptoms. Immediate, severe disease and long-
term symptoms are believed to be a result of a dysregulated immune 
response. Mechanistic information of the molecular events leading 
to severe COVID-19 disease and recovery are key in understanding 
the long-term symptoms and in revealing potential novel treatment 
strategies.

Methods: 
Bronchoalveolar lavage (BAL) and post-mortem lung samples were 
obtained from consenting patients during the height of the COVID-19 
pandemic in 2020. Control lung tissues were obtained from the Johns 
Hopkins pathology archives. BAL samples were deposited on poly-
L-lysine coated indium tin oxide slides using a cytospin centrifuge, 
and formalin fixed to ensure decontamination of active virus. Lung 
samples from two patients who had COVID-19 at the time of death and 
two patients with non-lung affecting illnesses were cryo-sectioned at 
10-micron thickness onto ITO slides. Samples were stored at -20 °C 
until imaging. Samples were sprayed on an HTX M5 sprayer with 40 
mg/mL 2,5-dihydroxybenzoic acid in 70% acetonitrile with 0.2% trif-
luoracetic acid. Samples were imaged at 20-micron spatial resolution 
in positive ion mode with 200 laser shots per pixel from m/z 0 to 2000. 
Data was analyzed in FlexImaging and SCiLS Lab software.

Results: 
Our patient cohort of BAL samples contains three survivors and 12 
deceased patients who were all hospitalized and intubated at the time 
of sample collection. MALDI imaging of positive ion lipids was col-
lected and analyzed for lipids which are increased in patients who suc-
cumbed to COVID-19. Twenty three different lipids were identified (p 
> 0.9) as potential indicators of fatal COVID-19. The top m/z 725.5, 
tentatively assigned to PA 36:1, was present in the BAL samples of 
all patients who succumbed to COVID-19 (Fig. 1). Using a receiver 
operating characteristic curve, this lipid produced an area under the 
curve (AUC) of 0.97. The second top m/z 760.5 had an AUC of 0.952, 
with the second highest intensity in many of the deceased patients 
compared to surviving patients. Further, these two m/z’s displayed a 
high intensity correlation value of 0.82, indicating that these two lipids 
are frequently occurring together and may be regulated by the same 
pathway. Finally, in the two post-mortem lung samples examined, one 
COVID-19 patient lung contained significantly increased PA 36:1 as 
compared to the control lungs. Lipid storm, which is the significant 
increase of a variety of lipids, has previously been described in a few 
studies of COVID-19 plasma samples.

Discussion: 
This phenomenon has been suggested to be promoted by the immune 
response, however, it has not been fully characterized in the lungs. In 
this pilot study, we have, for the first time, discovered two lipids which 
are indicative of fatal COVID-19 disease in live patient BAL samples. 
We have also shown that this finding in BAL samples is partially sup-
ported by our observations of elevated lipids in human post-mortem 
lung samples. Our future work includes increasing our patient cohort 

of BAL and lung samples, as well as identifying more of the increased 
lipids to gain a deeper understanding of the phenomenon of COVID-19 
induced lipid storm in human lungs.
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Optical projection tomography (OPT) and light sheet fluorescence 
microscopy (LSFM) are high-resolution optical imaging techniques, 
operating in the mm-cm range and are therefore ideally suited for 
ex vivo 3D whole mouse brain imaging (1,2). Although these tech-
niques exhibit high specificity and sensitivity for their antibody-labeled 
targets, the anatomical information remains limited. The possibility to 
anatomically map specific protein expression profiles or pathologic 
markers, would greatly benefit the application of optical imaging in 
neuroscience. The first step towards these analyses is to co-register 
optical brain signals to a reference brain for which detailed annotated 
brain regions can be readily identified. Therefore, we aimed to develop 
a novel magnetic resonance (MR)- based brain template and atlas, 
specifically designed for brains subjected to tissue processing proto-
cols required for 3D optical imaging. Brains were cleared for OPT/
LSFM using BABB (n=10) or DBE (n=9). Afterwards, T1-weighted 
MR images (MDEFT, TR/TE/TI 3000/3/950ms, 40  mm3 voxel size) 
were acquired. Individual images were realigned and averaged using 
serial longitudinal registration, resulting in a specific BABB and DBE 
template. Individual DBE brains were then normalized to the BABB 
template and vice versa. Consequently, final OCUM (BABB size) 
and iOCUM (DBE size) templates were created by rerunning SLR 
on all brains (n=19). Both for OCUM and iOCUM, TPMs were cre-
ated using a 2-step segmentation and DARTEL pipeline. After whole 
brain immunofluorescent labelling of viral NS5 or cholera toxin (CT), 
OPT/ LSFM images were acquired. The utility of the templates was 
investigated by creating fluorescence-MR fusion images and specific 
anatomical mapping of fluorescent signals. To investigate the effects 
of clearing on brain size, we created two individual brain templates, 
one for BABB and one for DBE cleared brains. Segment-based brain 
volume calculations revealed that DBE-cleared brains (0.308  cm3 ± 
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0.009) were significantly smaller than BABB-cleared brains (0.483 ± 
0.023  cm3). Therefore, we created two brain templates containing all 
images (n=19) namely the Optically Cleared UMeå (OCUM) brain 
template for BABB brains and the iOCUM brain template for DBE 
cleared brains. Initially, all individual BABB and DBE cleared brains 
were co-registered to their respective template and normalized to the 
opposite template. Next, we created the OCUM and iOCUM by cal-
culating mid-point averages from serial registration of all MR-images 
in both sizes. Consequently, we created specific tissue segments and 
tissue probability maps (TPM) using a double segmentation + DAR-
TEL pipeline. Thereafter, we ran the complete process again, using 
the preliminary tissue priors generated in the previous step, to produce 
accurate and template specific TPMs for both OCUM and iOCUM. 
Finally, we normalized the DSURQE atlas to (i)OCUM space to delin-
eate ROIs. Subcortical structures such as deep nuclei and anterior 
cortical regions were perfectly aligned with (i)OCUM and posterior 
cortical ROIs were manually adapted on each template. To highlight 
the applicability of the templates, we created fusion images of optical 
signals, acquired from BABB and DBE cleared brains, with OCUM 
and iOCUM. These fusion images allowed exact identification of virus 
infected brain regions infected. Furthermore, we traced anterograde 
innervation from the eye using fluorescently labeled CT. We observed 
clear localization of signal within lateral geniculate nucleus and supe-
rior colliculus, a perfect match of brain regions of the visual system, 
indicating anterograde innervation from the eye towards the visual cor-
tex. Together, our final resources comprise: two mouse brain templates 
for cleared tissue, their corresponding TPMs, a mouse brain atlas with 
336 annotated ROIs and a protocol to create fluorescence-MR fusion 
images. Thereby, we provide the optical brain imaging community a 
unique tool allowing anatomical brain mapping optical brain signals.
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Introduction: 
Peptide Receptor Radionuclide Therapy (PRRT) with the somatostatin 
receptor subtype 2 (SSTR2) antagonist 177Lu-DOTA-JR11 has shown 

promising results for the treatment of neuroendocrine tumors (NET)1-

3. However, hematologic toxicity occurred when patients received a 
macroscopic bone marrow dose in the range of 1.5 Gy, which was 
considered a well-tolerated dose for the agonist 177Lu-DOTA-TATE2. 
We hypothesize that 177Lu-DOTA-JR11 binds with high affinity to a 
small SSTR2(+) subpopulation of hematopoietic stem cells, exerting 
increased hematotoxicity compared to agonist-PRRT. Here, our goal 
was to synthesize multimodal JR11-based analogs with comparable 
binding characteristics to DOTA-JR11 to enable investigations from 
the cellular to the whole-body level.

Methods: 
We synthesized multimodal DOTA-JR11/TOC analogs by replacing 
DOTA with the azide-containing cyclen analog, multimodality chelator 
(MMC)4, and conjugating DBCO-functionalized dyes using copper-
free click chemistry. We conjugated 5 dyes: AF488 and 4 variants of 
SxCy5 (x=0, 2, 3 or 4 sulfo groups), resulting in MMC(Dye)-JR11/
TOC variants that were characterized in comparison to DOTA-JR11/
TOC. For in vitro experiments, we used HCT116-SSTR2 and -WT 
(SSTR2 negative) cells. We measured cellular uptake with radioligand 
assays after 177Lu-labeling. We also determined the binding kinetics 
using  KD assays. Further characterization of compounds based on their 
fluorescence was done using microscopy and flow cytometry. Com-
pound sensitivity was determined by analyzing mean fluorescence 
intensities (MFI). Binding of multimodal analogs (0-25 μM) was 
compared in cells with varying SSTR2 expression (HCT116-SSTR2 
> AR42J > H446 > H69) and HCT116-WT. MMC(Dye)-JR11/TOC 
analogs were also added to pre-mixed cultures of SSTR2(+)/SSTR2(-) 
cells to identify the analog with the highest detection sensitivity for 
SSTR2(+) cell populations. Further analysis of SSTR2-specific bind-
ing was performed in CD34+ bone marrow cells obtained via a CD34 
isolation kit. All experiments were repeated at least three times.

Results: 
Following the successful synthesis of multimodal MMC(Dye)-JR11/
TOC analogs, we compared their binding characteristics to DOTA-
JR11/TOC. Cellular uptake values and binding specificity of 177Lu-
MMC(Dye)-JR11/TOC conjugates were similar to 177Lu-DOTA-JR11/
TOC except for the S0Cy5-variants, which showed high non-blockable 
uptake (Fig. 1a). Binding affinity of the 177Lu-MMC(SxCy5)-JR11 
series  (KD-values of 16.6 nM, 19.7 nM, 9.7 nM for x=2, 3 or 4, respec-
tively) was similar to DOTA-JR11  (KD: 9.2 nM). We confirmed via 
fluorescence microscopy that antagonistic (JR11) and agonistic (TOC) 
properties were conserved upon dye conjugation (Fig. 1b). MFI of 
MMC(SxCy5)-JR11/TOC conjugates corresponded to SSTR2 expres-
sion levels (HCT116-SSTR2 > AR42J > H69 > H446). Flow cyto-
metric characterization further revealed superior detection sensitivity 
of SxCy5 variants compared to AF488-labelled compounds by up to 
5-fold higher MFI at equimolar concentrations. Comparison within the 
SxCy5-series revealed that reduction of the number of sulfo groups 
led to a further increase in MFI without a loss in specificity (Fig. 1c). 
Interestingly, the experiment revealed a blockable specific binding of 
MMC(S0Cy5)-JR11/TOC, in contrast to the radioactive uptake results, 
thus identifying MMC(S0Cy5)-JR11/TOC as the candidate with high-
est detection sensitivity. In mixed cell populations, a high SSTR2(+) 
(HCT116-SSTR2) subpopulation was identified by all multimodal 
conjugates. Cells with very low SSTR2-expression levels (H69) were 
still identified from SSTR2(-) cells by MMC(S0Cy5)-JR11 (Fig. 1d). 
This confirms the suitability of our experimental design to potentially 
identify small SSTR2(+) cell populations in bone marrow samples.

Conclusion: 
We have successfully synthesized multimodal variants of clinically 
used PRRT agents and present these novel agents as valuable tools 
to investigate cellular binding and to identify potential differences in 
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bone marrow binding using their multimodal property (fluorescence 
and nuclear detection). Our ongoing investigation of binding to bone 
marrow samples may improve our understanding of the hematologic 
toxicity caused by 177Lu-DOTA-JR11 therapy. Furthermore, we envi-
sion the ligands to be helpful for intraoperative imaging of tumor sam-
ples to ensure complete resections of NETs.
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Imaging-based surgical navigation requires static referencing between 
the target anatomy and the imaging data provided to the clinical team. 
Imaging-based navigation is therefore well suited for operations involv-
ing relatively static features, such as bony anatomy (1–3). However, 
these technologies have not translated well to soft-tissue surgery due 
to an inability to adapt to positional changes during the procedure (4). 
Soft-tissue sarcomas (STSs) are cancers originating from mesoderm-
derived connective tissues (fat, muscle, tendon, ligament, peripheral 
nerve, and fascia). STSs generally have poor responses to chemother-
apy and modest responses to radiation; complete surgical excision of 
a non-metastatic primary tumor is therefore the only reliable curative 
treatment (5–8). STSs are optimally removed when the primary tumor 
is resected with a surrounding margin of normal, non-cancerous tissue 
through a surgical technique called a wide local excision (WLE). In this 
project, fluorescence imaging, which provides dynamic and real-time 
tissue recognition (9), was evaluated in combination with conventional 
imaging-based navigation to guide WLE of validated STS phantom 
tumors. The hypothesis was that the best performance for WLE would 
be achieved with a combination of computed tomography (CT), mag-
netic resonance (MR), and/or fluorescence imaging technologies. Semi-
solid, gelatin-based human tissue-simulating phantoms were fabricated 
(14 cm in diameter, 11 cm in height), each with a cubical ‘tumor’ 
inclusion (8  cm3 ) containing physiologically accurate concentrations 
of imaging contrast and fluorophore for an STS (Figure 1A-B). The 

phantom bulk material had either muscle- or adipose-mimicking opti-
cal properties (10). To facilitate CT- and MR-based navigation, each 
inclusion received a volume-equivalent human dose of 1.25 mL/kg 
of iohexol (GE Healthcare Inc. Marlborough, MA) and 0.2 mL/kg of 
gadoterate (Guerbet LLC, Princeton, NJ), respectively. To facilitate 
fluorescence navigation, inclusions received scaled amounts of IRDye 
800CW Carboxylate (Li-Cor Inc., Lincoln, NE) to obtain a 4:1 ratio 
relative to the phantom stroma, which replicated the adipose- and mus-
cle-to-tumor ratios previously measured in human xenografts and in 
vivo human work for ABY-029 (11). Ten phantoms each—five adipose-
based and five muscle-based—were assigned to one of nine groups 
(90 phantoms total). Eight groups were assigned one or more naviga-
tion modalities; one group had no navigation or imaging (Figure 1C). 
Phantoms were dissected iteratively using all possible combinations of 
CT, MR, and fluorescence imaging, including control. Phantom groups 
were presented in random order, and the study dissector—a board-
certified orthopaedic surgeon—was blinded to both the location and 
depth of the inclusions. Data collected were margin accuracy (mean 
deviation from goal margin of 1 cm, MΔ), margin status (positive or 
negative), spatial alignment of tumor inclusion with specimen (°), and 
dissection duration (min). Univariate and multivariate regression were 
utilized to explore the performance differences between combinations 
of imaging modalities. Margin accuracy was higher for combined navi-
gation modalities compared to individual navigation modalities, and 
accuracy was highest with combined CT and fluorescence navigation 
(MΔ = 1.9 mm, SD = 1.6 mm) as compared to any alternative single 
or combination of navigation technologies (Intercept = 4.87 mm, B = 
-2.83 mm, Student’s t-test p = 0.045). Specimen-tumor alignment was 
also highest with combined CT and fluorescence navigation (M = 3.4°, 
SD = 3.5°) as compared to any alternative single or combination of 
navigation technologies (Intercept = 13.63°, B = -9.83°, Student’s t-test 
p<0.001) and improved overall with combined navigation modalities. 
At present, imaging-based navigation has limited application to guid-
ing STS operations due to its inability to compensate for positional 
changes during surgery. This work indicates that fluorescence guid-
ance enhances the accuracy of imaging-based navigation and may be 
best viewed as a synergistic technology, rather than a competing one.
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Introduction: 
Spherical nucleic acids (SNAs) have great potential as multipurpose 
theranostic agents for combined drug delivery and diagnostics. Com-
pared to linear oligonucleotides (ON), they have several advantages, 
e.g. efficient cellular uptake, higher resistance to nuclease degrada-
tion, and lower immune  response1,2. In addition, they can be mono-
functionalized to allow site specific radiolabeling using bioorthogonal 
 chemistry3. Here, we report the synthesis and biological evaluation of 
three radiolabeled SNAs, namely  [18F]1 (containing phosphodiester 
(PO) backbone),  [18F]2 (containing PO backbone and folate moiety), 
and  [18F]3 (containing phosphorothioate (PS) backbone), and their 
comparison with radiolabeled single-stranded linear ON  [18F]4.

Methods:  
[18F]FDG-tetrazine  ([18F]5) was produced from glucose-free  [18F]
FDG via oxime formation with N-(4-(1,2,4,5-tetrazin-3-yl)benzyl)-
2-((((2S,3S,4R)-2-(fluoro-18F)-3,4,5,6-tetrahydroxyhexylidene)amino)
oxy)acetamide. From equal up to 4 times excess of TCO-SNAs or 
TCO-ON was used for the inverse electron demand Diels-Alder reac-
tion with  [18F]5 (5 min at r.t.). After centrifugal filtration (Amicon 
Ultra-0.5 mL, 30K, 14,5000 ×g for 5 min, 3 repetitions) and formula-
tion into 0.01M RNase-free phosphate-buffered saline (pH 7.4) the final 
product was analyzed with radio size exclusion chromatography and 
radio thin layer chromatography. In vivo and ex vivo biological evalu-
ation was performed in (s.c.) tumor-bearing mice (HCC1954 breast 
cancer cells, female Rj:Athymic-Foxn1nu/nu, 8-10 weeks old) using 
60-min dynamic PET/CT imaging followed by ex vivo radioactivity 
counting of the harvested tissues.

Results:  
[18F]5 was produced with 3.6% ± 0.8 radiochemical yield (RCY) (n 
= 6), molar activity of 148.9 ± 37.2 GBq/μmol (n = 4) and radio-
chemical purity (RCP) >95%. The reaction between  [18F]5 and TCO 
functionalized structures  [18F]1-3 yielded in RCY of 86.4% ± 16.7 (n 

= 9) and RCP >99%. Biological evaluation revealed that replacement 
of PO backbone with PS in the antisense ON sequence of SNA pro-
longed blood circulating radioactivity: the blood SUVs for  [18F]3 and 
 [18F]1 at 60 min post-injection were 2.9 ± 0.6 (n = 6) vs 0.6 ± 0.1 (n = 
4), P = 0.003. As expected, the single stranded linear ON  [18F]4 had 
the shortest circulating radioactivity (blood SUV 0.4 ± 0.1, n = 6 at 60 
min p.i.). However, the addition of folate moiety was able to slightly 
prolong circulation of the PO backboned SNA (blood SUV 1.7 ± 0.6, n 
= 7 at 60 min p.i.). Ex vivo data confirmed the slowest elimination of 
 [18F]3 from blood and rapid urinary excretion of other compounds.

Conclusions: 
After successfully radiolabeling three SNAs structures and two control 
compounds, we were able to reveal their differences in distribution 
biokinetics by in vivo PET/CT imaging. The main finding included a 
positive effect of PS backbone introduction to SNA structure on the 
blood tracer circulation.
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Choline Kinase α (ChoKα) is an established cancer biomarker associ-
ated with an aggressive phenotype, high histological tumor grade, and 
poor clinical outcome in many human cancers. ChoKα is overexpressed 
in 60% of human lung tumors.1-3 ChoKα catalyzes the phosphorylation 
of choline to generate phosphocholine, a precursor of the cell mem-
brane phospholipid, phosphatidylcholine (PtdCho).4 The intraoperative 
standard of care for identifying tumors is finger palpation and visual 
inspection along with the aid of preoperative scans. However, this 
approach is insufficient, as surgeons often miss occult lesions which 
results in local recurrence in up to 40% of patients and a significantly 
reduced 5-year survival.5-6 This problem can be mediated with the use 
of fluorophores for optical surgical navigation. Presently, there are a 
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limited number of FDA-approved targeted NIR fluorophores and none 
that target ChoKα. JAS239  (lex: 745 nm,  lem: 775 nm) is a novel near-
infrared (NIR) fluorescent ChoKα inhibitor that binds to the active 
site of ChoKα, competitively inhibiting phosphocholine  production7. 
JAS239 can be used to target ChoKα-overexpressing tumors for opti-
cal surgical navigation. Large animals, such as dogs, are excellent 
models of human disease, as they are exposed to the same environ-
ment as their owners and have disease onset and resolution similar to 
humans. In this study, canine patients with spontaneous operable lung 
adenocarcinomas were recruited into an informed consent clinical trial. 
Patients (n=7) received 0.25, 0.5, or 1 mg/kg JAS239 24 hours prior 
to intraoperative imaging to determine the optimal dose. The Vision-
Sense Imaging System was used to image the lung tumors in situand ex 
vivo as well as involved lymph nodes. After tumor resection, the tumors 
were imaged on the back bench and sections of the tumors were cut 
and imaged. Cut pieces of the tumors were imaged on the LI-COR 
PEARL and submitted to pathology for H&E and ChoKα immunohis-
tochemistry (IHC). Intraoperative tumor imaging showed clear margin 
delineation with tumor to background ratios (TBR) of 2 (0.25 mg/kg), 
6 (0.5 mg/kg), and 4 (1 mg/kg). IHC showed heterogeneous ChoKα 
expression, similar to humans. The purpose of this preliminary clinical 
trial is to establish the optimal dosing and timing for imaging JAS239 
in canine lung tumors. Patients receiving 0.5 mg/kg JAS239 yielded the 
highest TBR values due to the low background signal in normal lung 
tissue compared to tumor. Future studies will evaluate the efficacy of 
JAS239 for detecting tumor margins, locoregional metastases and from 
other primary cancers, involved lymph nodes, and ChoKα levels. The 
ultimate goal of this study is translation of JAS239 for optical surgical 
navigation in human lung cancer patients.
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Introduction: 
Endometriosis is a gynecological disorder that is characterized by 
the presence of endometrial-type mucosa, consisting of stroma and 
glands, outside the uterus. This disease affects women of reproductive 
age and can be accompanied by serious symptoms including pain, and 
infertility 1–3. Endometriotic lesions include ovarian, peritoneal, and 
deep infiltrating lesions,4,5 found in the pelvic area 1,6. Currently, the 
gold standard in diagnosis of endometriosis is a diagnostic laparoscopy 
which is an invasive method normally followed by histological verifica-
tion of stroma and glands  presecnce7. However, due to the risks of this 
procedure, other non-invasive diagnostic methods including magnetic 
resonance imaging (MRI) and ultrasound should be considered 8,9. Due 
to the limitations of these imaging techniques, developing targeted 
contrast agents can help with the diagnosis through MRI by better 
differentiating lesions from their  surroundings10. The lack of success 
in developing diagnostic targeted imaging probes shows that a better 
understanding of endometriosis is needed. Endometriotic lesions are 
wounds undergoing repeated tissue injury and repair which leads to 
collagen production and  fibrosis11. The consistent presence of smooth 
muscle components and fibrosis in all lesion forms can define endome-
triosis as a fibrotic condition in which endometrial stroma and epithe-
lium can be  identified12. Fibrosis is characterized by excess deposition 
of collagens, primarily type I  collagen13,14. Previous studies have iden-
tified a peptide directed against collagen type I, which was modified 
with Gd(DTPA) to serve as a Gd-based MRI probe (EP-3533)15,16 and 
detect fibrosis in liver and  heart17–20. We propose for the first time, to 
use it for detection of fibrotic endometriotic lesions in mouse model 
of endometriosis.

Methods: 
Endometriosis was induced by removing one uterine horn of 
female mice, mincing it in sterile PBS, and injecting back into the 
peritoneal cavity. A second group of mice were ovariectomized and 
after recovery, one uterine horn was removed, and tissue samples 
were obtained from it that were sutured to the peritoneal wall. In 
these Pgr cre/+Rosa26 mTmG/+ mouse models, lesions can be visualized 
by the progesterone receptor (Pgr)-positive cells which express green 
fluorescent protein (GFP). In vivo,  T1-weighted dynamic contrast-
enhanced MRI was done by acquiring a series of baseline images 
followed by bolus injection of EP-3533(10umol/kg) to mice (n=6), 
through a tail vein catheter within seconds. Imaging continued for 55 
minutes post-injection with a 1-minute temporal resolution. Percent 
MRI signal enhancement was calculated for each time point based on 
distributed regions of interest over lesion lining and was normalized 
to the baseline. After mice were sacrificed, ex vivo fluorescence imag-
ing was performed to confirm the location of GPF-expressing lesions 
in the peritoneal cavity using fluorescence imaging (IVIS). Collected 
lesions were sectioned and stained with Masson’s Trichrome Stain to 
assess the collagen content of tissues with microscopy.Inductively cou-
pled plasma-optical emission spectrometry (ICP-OES) was also done 
on digested tissue samples to measure the gadolinium content.

Results: 
MR T1-weighted images showed an increase in signal intensity of 
lesion lining, caused by specific binding of gadolinium-based EP-
3533(Fig.1A). MRI signal enhancement was increased by about 20 
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% relative to the baseline and was higher than muscle signal used as 
control(Fig.1.B). Normally, the initial signal enhancement is unspecific, 
and as it clears out, the specific accumulation increases the signal. Ex-
vivo fluorescence imaging confirmed the location of lesions(Fig.1.C). 
Stained lesion sections confirmed the presence of collagen(Fig1.D). 
Based on ICP results gadolinium content was significantly higher in 
the lesions compared to the muscle which was consistent with the MRI 
findings(Fig.1.E).

Conclusion: 
For the first time, a collagen I binding probe was used to image lesions 
in a mouse model of endometriosis. This work was supported in part 
by the NIH HD 099090 to A.F.
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Gadolinium chelates are the gold standard contrast agents for breast 
magnetic resonance imaging (MRI), but their MRI constant signal and 
lack of specificity results in high background and misdiagnosis. This 
lack of targeting makes it challenging to differentiate between benign 
and malignant breast masses, resulting in high false-positive rates of 
up to 25%. We have developed an enhanced contrast agent that utilizes 
tumor-targeted pH-sensitive manganese oxide (MnO) nanoparticles, 
which in physiological pH, produce low signal (“OFF”). After can-
cer cell uptake and digestion within low pH endosomes/lysosomes, 
the MnO dissociates into  Mn2+, turning the MRI signal “ON.” Nano-, 
Encapsulated Manganese Oxide (NEMO) particles were synthesized 
by the encapsulation of nanocrystalline MnO within poly(lactic-co-
glycolic acid) (PLGA) and poly(ethylene glycol) (PEG) via single 
emulsion. The nanocrystals and nanoparticles were chemically and 
physically characterized by TEM, XRD, FTIR, SEM, and DLS. After 
characterizing the particles, a fluorescent tumor-targeting peptide 
against underglycosylated mucin-1 (uMUC-1) was attached through 
click chemistry using copper (I) as the catalyst. MUC-1 was chosen as 
a tumor target, as it is overexpressed and underglycosylated on breast 
cancer cells, but not on benign or healthy cells. The uMUC-1 conju-
gated NEMO particles were characterized with DLS to assess hydro-
dynamic size (~190 nm) and fluorescence to ensure attachment of the 
targeting peptide. Before evaluating the cellular uptake of the NEMO 
particles, different control and breast cancer cell lines were charac-
terized for expression of MUC-1 and uMUC-1 via flow cytometry. 
MCF10A (control), BT20 (triple negative), and T47D (luminal A) were 
selected for particle specificity studies, as their expression varied from 
no uMUC-1 (MCF10A) up to 85% uMUC-1+ cells (T47D). Cells were 
exposed to targeted NEMO particles (1.6 μg of Mn/mL) for 30 minutes, 
followed by an MRI scan of the cell pellet and collected media. The 
change of  R1 (ΔR1) between the control group (only exposed to media) 
and the nanoparticles-exposed group was calculated post imaging. In 
the case of cell pellets, no expression of uMUC-1 resulted in a negli-
gible response of NEMO particles on MRI, where MCF10A labeled 
with NEMO particles had no increase in  R1. In contrast, BT20 and 
T47D labeled with NEMO particles had an increase in  R1 of 16% and 
54%, respectively, compared to unlabeled cells. The signal enhance-
ment of T47D cells (uMUC-1+) due to NEMO particle dissolution was 
significant compared to MCF10A cells (uMUC-1-) in just 30 minutes. 
No significant difference was observed in ∆R1 when the media content 
of NEMO particle labeled cells was imaged with MRI. The lack of 
contrast enhancement in the media indicated that 30 minutes is not 
enough time for labeled cells to start ejecting  Mn2+ out into the media. 
In conclusion, in vitro studies showed that higher uMUC-1 breast can-
cer cell expression promoted NEMO particle uptake, dissolution into 
 Mn2+ and a bright  T1 MRI signal, which did not occur in uMUC-
1- control cells. Lastly, T47D tumor-bearing mice were injected with 
targeted NEMO particles (7.5 mg/kg), and MRI scans were performed 
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pre-injection (baseline) and 1, 2, 4, and 24hr post-injection to assess 
the variation in MRI signal in the tumor. After 1hr and 2hr, the MRI 
signal intensity increased by ~37% compared to baseline, followed by 
a slight decrease to ~18% above baseline at 24hr. Additionally, through 
abdominal MRI scans, signal intensity was visualized in the liver and 
kidneys after NEMO particle injection, highlighting possible elimina-
tion via these routes. Future biodistribution studies will be performed 
to correlate MRI signal to Mn organ content. Overall, targeted NEMO 
particles caused an increase in  T1 MRI signal in breast cancer cells 
expressing uMUC-1+ in vitro and in vivo, and further study is war-
ranted to compare its sensitivity and specificity to Gd-chelates.
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Introduction: 
Reporter genes for Magnetic Resonance Imaging (MRI) would allow 
genes to be measured in a non-invasive and safe manner, paving the 
way for translational use in human subjects. One of the best mecha-
nisms for generating such a reporter gene is Chemical Exchange Satu-
ration Transfer (CEST), which generates contrast without addition of 
outside metals and allows for the contrast mechanism to be controlled. 
Previous CEST reporter  genes1,2can be further optimized via protein 
evolution but have proven difficult to improve using typical protein 
optimization engineering methods. We hypothesized that these limi-
tations could be overcome via application of machine learning. To 
achieve this goal, we utilized Genetic Programming (GP) which is a 
field in computer science studying algorithms inspired by biological 
evolution. GP is a powerful technique that evolves models to difficult 
tasks and has been used in the past to in array of biological studies.

Methods: 
We have thusfar performed 10 generations of development for peptides 
with a CEST peak at 3.6 ppm. For the peptides we started with training 
data obtained from prior literature values of 12 amino acid long pep-
tides. In each generation of development, POET was used to predict 10 
peptides, which were then synthesized by a Genscript (Piscataway, NJ). 
We dissolved the peptides to a concentration of 5 mg/mL in PBS and 
were imaged on 7T preclinical MRI (Bruker) at 37 C, TR 10 s,  Tsat 4s, 
 Bsat 4.7 μT with conditions as described  before3. The experimental 
results would then be added into the training data and the genetic pro-
gram would then develop predictive models and predict proteins based 
on the new information learnable from the increase in data. Exchange 
rate  (Kex) was determined using  QUEST4. Each sample was scanned 

alongside a sample of Poly-L-Lysine (PLL), which served as a control 
and standard. PLL was chosen due to its relation to the Lysine Rich 
Protein (LRP) which is the current state of the art CEST reporter  gene1.

Results: 
The first peptides developed using POET were mostly insoluble, with 
only one peptide which was able to dissolve and produce contrast. The 
next two Later generations showed steadily increased contrast. Later 
generations level out in terms of median and maximum contrast, how-
ever, across all generation, 42 peptides were discovered that produce 
greater contrast than PLL (figure 1). More importantly, several peptides 
that produce contrast that is substantially higher than PLL were iden-
tified. When the exchange rate  (Kex) – the hallmark of a good CEST 
agent) was measure using QUEST, some selected peptides show  Kex as 
high as 822 Hz which is ~2 fold of PLL  (Kex=479).

Discussion: 
This mechanism has shown the ability to discover new peptides that 
have challenged the current understanding about what chemical prop-
erties allow MRI contrast to be generated. Although the training data, 
and prior research was focused on peptides that were both positively 
charged and basic, POET had led to the discovery of CEST agents 
that are neutral in charge and pI but produce more contrast than PLL.

Conclusion: 
The contrast of the peptides generated by POET produce substantially 
more contrast than PLL after a few generations of using the program. 
Meanwhile, selected peptides developed using POET, that showed 
superior contrast can be assembled into a new MRI reporter gene 
improving its sensitivity over previous generations of reporters.
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Orthopedic implants and other medical devices are susceptible to infec-
tion by bacterial biofilms which are resistant to antibiotics and the 
host’s immune system. Monitoring the local biochemical environment 
for early detection of infection is important in developing therapeutic 
strategies for successful treatment of infection. Therefore, there is a 
need to develop tools for in vivo monitoring of chemical changes, such 
as pH and oxygen concentration in tissues near implanted devices, that 
could serve as early indicators of infection. We developed a chemical 
imaging technique designed to probe the biochemical environment on 
the implant surface using focused ultrasound pulses to generate lumi-
nescence in a mechanoluminescent film  (SrAl2O4:Eu,Dy microparticles 
in PDMS) that can be imaged through tissue. After an initial UV exci-
tation, the films emitted green phosphorescence afterglow at 520 nm, 
and when an ultrasound beam irradiated this film, it luminesced more 
brightly. Turning the ultrasound ON and OFF modulated the lumines-
cence at the focal spot. The mechanoluminescent film was spray coated 
with pink colored fluorescent paint to shift the emission wavelength 
from ~520 nm to ~603 nm. This emission overlapped with the absorp-
tion spectrum of the pH indicator dye, bromothymol blue, reducing 
the luminescence at alkaline pH. The technique was applied to image 
changes in the luminescence spectra of the above spray coated film in 
different pH environments through a light scattering media. By moving 
the sample on a stage, the ultrasound was scanned across it, and the 
pH dependent emitted light was collected with a liquid light guide and 
detected with a photomultiplier tube (PMT). The time dependent inten-
sity was converted into an image given the stage position using custom 
MATLAB scripts. Our preliminary results show images with a spatial 
resolution limited by the ultrasound focal spot size (~3 mm) through 
the creamer solution. In conclusion, we demonstrated proof of principle 
for pH imaging through scattering media using ultrasound modulated 
mechanoluminescence. We expect this approach could be useful for 
studying, detecting, and monitoring implant associated infection.
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Primary liver cancer is the second most common cause of cancer-
related death, having around a 20% 5-year absolute survival  period1. 
Hepatocellular Carcinoma (HCC) is the most common form of liver 
cancer, accounting for around 90 percent of cases  worldwide2. To date, 
there have been no clinically approved HCC-specific imaging probes 
developed that would allow for early detection, improved diagnosis, 
and post-treatment surveillance of the disease. Glypican-3 (GPC3) 
is a heparin sulfate proteoglycan that is overexpressed in 75-90% of 
HCC lesions and represents a promising target for tumor-selective 
 diagnostics3. Here, we design, engineer, and characterize a novel 
GPC3-specific diabody-based positron emission tomography (PET) 
imaging agent for HCC. A VL-VH single-chain variable fragment 

(scFv) yeast surface display library was used to identify scFvs specific 
to both murine and human GPC3. The lead scFv was engineered as 
a homodimeric diabody: DB49. Target binding was determined and 
confirmed by biolayer interferometry and flow cytometry. DB49 was 
conjugated to deferoxamine and radiolabeled with Zirconium[Zr]-89. 
A radioligand binding assay determined a Kd of 2.5 nM for human 
GPC3. An ex vivo biodistribution study with the  [89Zr]Zr-DFO-DB49 
tracer was performed in nu/nu athymic mice with HepG2 subcutaneous 
tumors. Tumor uptake measured by percent injected activity per gram 
tissue (%IA/g) were 4, 5, and 5, at 1, 3 and 24 h post injection (p.i.), 
respectively, suggesting good target engagement in GPC3 expressing 
tumors. Liver and kidney uptake were 6, 7, 5, and 55, 79, and 63 %IA/g, 
respectively, at 1, 3 and 24h p. i. Our findings suggest that the novel 
diabody DB49 can specifically bind to GPC3-expressing tumors, how-
ever, optimization is needed to lower uptake in clearance organs and 
improve tumor-to-background ratio prior to translation.
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Synopsis: 
CrCEST MRI indirectly measures creatine (Cr) by exchanging amine 
protons with free water in skeletal muscle. While 2D CrCEST was 
performed before in adults, no studies showing its reproducibility 
have been published. Here, we show that gastrocnemius muscles in 
the calf are candidates for reproducible CrCEST data in plantar flexion 
movement. Introduction Oxidative phosphorylation (OXPHOS) plays 
an essential role during muscle metabolism. Phosphocreatine (PCr) 
converts into Cr to support ATP synthesis during OXPHOS. This con-
version is usually measured using 31P MRS but has a limited spatial 
resolution. A complementary method to 31P MRS is CrCEST MRI 
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which can perform muscle group specific estimation of relative free 
creatine concentrations with high spatial resolution. This technique 
can be used as an important tool to study mitochondrial bioenerget-
ics in vivo in tissues with high energy demand, including exercising 
skeletal muscle. The objective of this current study is to understand 
the reproducibility of the CrCEST based creatine decay post exercise 
in healthy adults.

Methods: 
Fourteen healthy adults (M7, F8, Age:39.13 ± 9.8 yrs) were scanned 
(written consent from all participants, approved by local IRB) for 
CrCEST imaging using plantar flexion exercise on a programmable MR 
compatible pneumatical ergometer (Trispect, Ergospect) at 45 BPM 
for 2 min. CrCEST contrast was measured in a 10 mm thick transverse 
slice placed in the right calf for two minutes before exercise and for 
eight minutes after exercise on a 3T scanner (Siemens, PRISMA). For 
CrCEST imaging, the calf was placed inside 15-channel knee coil. 
Water saturation was collected with shift reference (WASSR) and B 
maps for B0 and B1 correction. Six images were acquired over 24 s 
intervals with saturation frequency offsets of ±1.5, ±1.8, and ±2.1 
ppm. A 500 ms saturation pulse train was applied consisting of five 
99.6 ms Hanning windowed pulses with 150 Hz B1 amplitude sepa-
rated by a 0.4 ms inter-pulse delay. A fat saturation pulse was applied, 
followed by a single-shot spoiled gradient-echo readout with centric 
encoding, flip angle 10°, FOV 160x160 mm, matrix 128x128, TR 6.0 
ms, TE 3 ms, slice thickness 10mm.4 Regions of interest (ROIs) were 
placed in the major calf muscle groups: lateral gastrocnemius (LG), 
medial gastrocnemius (MG), soleus (sol), and tibialis anterior (TA), 
After 15 minutes of rest outside scanner, the subject repeated exercise 
for second time. Both scans were processed on MATLAB for CrCEST 
mapping and creatine recovery time constant (tCr). 1H MRS was also 
performed in the LG and Sol muscle groups, and data was processed 
with LCModel using unsuppressed water signal as reference. Intramyo-
cellular lipid (IMCL), extramyocellular lipid (EMCL) concentrations 
were measured. Additionally, we measured muscle fat fraction (FF) 
using the 2-point-Dixon MRI.

Results and Discussion: 
MRI and 1H MRS Data from all fourteen participants was used for test-
ing reproducibility of this method in skeletal muscle groups involved 
in plantar flexion exercise. Due to lack of engagement during exercise, 
TA and sol had a high variance in creatine recovery constant (tCr) and 
were excluded from this analysis. Among all subjects, the average tCr 
in the LG and MG are 148.9 ±106.2 and 105.1 ± 77.9 sec, respectively. 
Figure1 shows baseline and post-exercise CrCEST recovery maps in 
one subject. Both LG and MG muscle groups were found to be good 
candidates for testing reproducibility of CrCEST method. The varia-
tion in tCr was higher in MG than LG. We found a negative association 
of IMCL/EMCL ratio with age. This can be explained by increased 
metabolism, energy expenditure and growth in young subjects. Further, 
lower FF was found to be associated with higher IMCL concentration, 
found in athletes.

Conclusion: Post plantar flexion exercise, both muscles (LG and
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Introduction: 
Magnetic Particle Imaging (MPI) is a novel imaging modality that 
enables non-invasive quantitative visualization of the distribution of 
biocompatible superparamagnetic iron oxide nanoparticle (SPION) 
tracers. The nonspecific accumulation of SPIONs in the liver upon 
systemic administration is a common occurrence in nanomedicine 
and can affect MPI signal from tracers accumulated in neighboring 
organs. This study aimed to evaluate the effect of nonspecific accumu-
lation of SPIONs on MPI signal sensitivity in brain tumor and breast 
tumor models using anatomically correct 3D-printed mouse phantoms. 
While MPI already contributes to advancing the ethical principles of 
replacement, reduction, and refinement (3Rs) as a non-invasive imag-
ing modality, these phantoms serve to further optimize the planning 
and execution of in vivo experiments.

Methods: 
The 3D-printed phantoms were based on the Digimouse 3D whole 
body mouse atlas and modified to incorporate cavities representative 
of a liver, brain tumor, and orthotopic breast cancer tumor placed in 
anatomically correct locations, allowing evaluation of the effect of pre-
cise doses of MPI tracer (Figure 1) [1]. An in-house synthesized and 
optimized MPI tracer, RL1, was used, as it exhibits ~3 times better MPI 
sensitivity than the commercial tracer, ferucarbotran [2]. To illustrate 
their use, a constant tracer iron mass typical for in vivo applications 
was present in the liver for the breast (200 μgFe) and brain tumor (10 
μgFe) model, while a series of decreasing tracer iron mass was placed 
in the tumor region. MPI scans were acquired in 2D and 3D high sen-
sitivity (HS) and high sensitivity/high resolution (HSHR) modes using 
a  MOMENTUMTM imager and CT scans were acquired for 3D image 
registration. A thresholding algorithm was used to define regions of 
interest (ROI) in the scans and the tracer mass in the liver and tumors 
was calculated by comparison of the signal in their respective ROI 
against that of known mass fiducials that were included in each scan.

Results: 
An accurate approach to quantify tracer mass in a ROI in an anatomi-
cally correct mouse phantom was demonstrated based on comparison 
of calculated tracer mass to known tracer mass in the brain and breast 
tumor cavities, while a constant tracer mass resided in the liver cavity. 
Additionally, it was demonstrated that the limit of detection in MPI is 
sensitive to the details of tracer distribution in the subject, as it was 
found that a greater tracer mass in the liver cavity resulted in poorer 
sensitivity in tumor regions. The smallest tracer mass detected in the 
tumor cavity for the breast cancer model was 6.41 μgFe in 2D HSHR 
and HS scan modes (mSNR = 4.5, 3.4) and 1.60 μgFe in 3D HSHR 
scans (mSNR = 6.4). Furthermore, the results demonstrate that this 
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approach to image analysis provides accurate quantification of tracer 
mass.

Conclusion: 
The results suggest MPI experimental parameters can be successfully 
iterated and analyzed for a brain and breast tumor murine model to 
evaluate impact of liver accumulation on MPI sensitivity and to assess 
the accuracy of MPI quantification methods [3]. It is shown that ana-
tomically correct phantoms can mimic results from in vivo studies 
and help answer important questions regarding the most suitable MPI 
data acquisition conditions, image analysis methods, and SPION dose 
experimental parameters, prior to animal experimentation. The capa-
bilities of this 3D-printed anatomically correct mouse phantom are 
extensive, as it is possible to modify the phantom using CAD software 
to simulate a variety of disease models.
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Background: 
Acute pyelonephritis (APNs) is a type of urinary tract infection com-
monly caused by ascending infection of the urinary tract by bacteria, 
mainly by Escherichia coli. Although uncomplicated APNs can be 
easily diagnosed based on symptomatology and treated, such is not the 
case for complicated APNs. This can induce sepsis, acute renal failure 
(ARF), and renal and perinephric abscesses. Imaging modalities (e.g., 
US and CT) are utilized to help with diagnosis, identify underlying 
factors (e.g., renal obstruction) and detect renal parenchyma involve-
ment in high-risk patients (e.g., lack of response to antibiotic treatment, 
recurrent pyelonephritis, renal transplant). 2-18F-Flurodeoxysorbitol 
(18F-FDS) is a novel imaging agent capable of visualizing infections 
caused by Enterobacterales bacteria (E. coli, Klebsiella, etc.) and a 
non-invasive agent for functional renal imaging. 18F-FDS PET/CT has 

shown the potential to measure split renal function and detect anatomi-
cal abnormalities, ARF, and renal obstructions. However, there is a 
lack of knowledge about its role in renal or perirenal abscesses. Thus, 
the current study evaluated if 18F-FDS could also be used as a PET 
tracer to detect and monitor treatment response in a murine model of 
renal abscesses.

Methods: 
CBA/J mice  (male, 6 to 8 weeks old) were injected on the right 
inferior renal pole with 6  Log10 colony forming unit (CFU) of E. 
coli (ATCC 25922 or Xen-14) or PBS in 50μL after surgical right-
flank incision.  18F-FDS was generated from commercially avail-
able 18F-FDG. After 45-hour incubation, mice were injected with 3.6 
± 0.2 MBq of 18F-FDS (3-4 mice/group) via a tail vein injection. A 
20 min static PET scan was performed using the nanoScan PET/CT 
(Mediso), 3-hours post-injection. Low-dose CTs were subsequently 
acquired for attenuation correction. One mouse was imaged before and 
after completion of ceftriaxone (5 mg/kg bid SQ) treatment for seven 
days. Images were reconstructed and coregistered using VivoQuant, 
version 3.5, and spherical VOIs were drawn to measure PET activity 
in the inferior right and left renal pole. Kidneys were harvested after 
imaging to measure colony-forming units (CFUs), H&E staining and 
IVIS Lumina LT for bioluminescence.

Results: 
Mice develop localized inflammation with extensive infiltration of pol-
ymorphonuclear cells. The bacterial burden was 8.9 ± 5  Log10 CFU, 
45 hours after E. coli incubation. 18F-FDS shows local uptake in the 
inferior right renal pole (site of injection), with a significantly higher 
uptake compared to control mice (P < 0.05). Xen-14 E. coli corrobo-
rated localized bioluminescence on the site of injection. 18F-FDS 
uptake decreased substantially (comparable to the control group) after 
seven days of ceftriaxone (antibiotic) treatment.

Conclusion: 
In a murine model of complicated renal infection, 18F-FDS PET/CT 
detected and monitored localized E. coli renal abscesses with low 
background noise and differentiated between sterile inflammation 
and infection. These results suggest that 18F-FDS could be used as a 
novel radiotracer in imaging complicated APNs. Further human data 
is required to validate these findings.
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Introduction: 
Transplantation of human induced pluripotent stem cell (hiPSC) 
derived islet organoids is a promising cell replacement therapy for 
type 1 diabetes (T1D) [1-3]. It is important to improve the efficacy of 
islet cell transplantation by investigating new transplantation sites with 
high vascularization and enough accommodation, which would support 
graft survival with a high capacity for oxygen delivery [4,5]. Based on 
these requirements, we have identified brown adipose tissue (BAT) has 
a potential site of interest [6,7]. We hypothesized that transplantation of 
islet organoids into the BAT will extend islet organoid graft survival.

Methods: 
A stably-expressing transgenic human induced pluripotent stem cell 
line (hiPSCs-L1) was generated constitutively expressing luciferase. 
Luciferase expression was verified using bioluminescence imaging 
(BLI) with the IVIS SpectrumCT (Perkin Elmer). Luciferase-express-
ing hiPSCs were differentiated into islet organoids according to the 
established protocols[8]. After 21days of differentiation, islet organoids 
were tested for typical islet markers, including insulin and glucagon by 
qPCR and immunofluorescence. Islet organoids (20 IEQ) were tested 
using the IVIS in vitro. We transplanted islet organoids (20 IEQ) into 
the BAT left lobe of NOD/scid mice (12-week-old, female, n=4, the 
Jackson Laboratory) as BAT group. The same amount of islet orga-
noids was transplanted under the left kidney capsule (KC) of NOD/scid 
mice (12-week-old, female, n=4, the Jackson Laboratory) as a control 
group. These two groups were followed up by BLI at day 1, 7, 14, 28, 
35, 42, 49, 56, and 63 post transplantation. Quantitative assessment 
of the BLI signal intensity of grafts was performed using the Living 
Image software. Islet organoids grafts were collected and processed for 
histological studies at 14 days post-surgery.

Results: 
Differentiated islet organoids expressed islet cell markers of insulin and 
glucagon at both the RNA and protein levels. Islet organoids derived 
from luciferase expressing iPSC-L1 were detected in vitro by BLI after 
culturing with 150μg/mL luciferin (supplemental Fig. 1). Islet orga-
noids were successfully transplanted into the left lobe of BAT of NOD/
scid mice and were detected by BLI (Fig. 1A, supplemental Fig. 2). 
The BLI signals were detected from all recipients including both BAT 
and control group on the first day post transplantation after injection 
of luciferin at a dose of 150 mg/kg. During the study, the BLI signal 
gradually decreased, both in the BAT and the KC group. However, 
the graft BLI signal intensity under the left KC decreased substan-
tially faster than those from the BAT, on day 63 post transplantation, 
there was no detectable BLI signal from the KC mice, while the graft 
BLI signal of the BAT group remained (Fig. 1A, supplemental Fig. 3). 
Immunofluorescence staining of islet organoid graft in BAT displayed 
the presence of functional organoid grafts as confirmed by staining for 
insulin and glucagon (Fig. 1B).

Conclusion: 
Our results demonstrated that in comparison to the transplantation site 
of under kidney capsule, BAT enhances islet organoid graft survival. 
The successful BAT transplantation of islet organoids strongly suggests 
the BAT is a potential desirable site for islet organoid transplantation 
for T1D therapy.
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The goal in this study was to develop a small-animal cone-beam x-ray 
luminescence computed tomography (CB-XLCT) prototype to provide 
dual modality imaging including computed tomography and optical 
tomography, which is under low-dose (60 kVp, 0.1 mA) CT mode to 
reduce the radiation dose. Besides, laser irradiation has been removed 
to simplify optical tomography via novel optical nanoparticle probe, 
which is excited by x-ray radiation. In order to improve image quality, 
there are four aspects breakthroughs described below:
First, theranostic agents apply rare earth-doped crystals with defects 
induced by lanthanides with good optical and chemical stability, low 
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toxicity, and narrow emission band provides suitable conditions for 
biomedical applications. The NaGdF4 dual-modality tracer nanopar-
ticles were used because they have best down-conversion materials 
with the best luminous efficiency due to their large bandgap, low 
phonon energy, and high luminescence quantum yield. Additionally, 
the Gd is a high atomic number element with good X-ray absorption 
and is an element of a CT contrast agent, furthermore, its visible 
light properties range of around 600 +/- 20 (nm) wavelength can 
be emitted under X-ray excitation. It can be used as a multimodal 
theranostic agent for XLCT imaging and therapy.
Second, the fluorescence diffused optical tomography (FDOT) 
uses fluorescence as a light source for medical imaging which is 
highly scattering. In order to simulate the scattering and absorp-
tion of light in biological tissue, the diffusion equation to simulate 
the transmission of light has been used. A FDOT forward model 
established by utilizing Monte Carlo simulation and NIRFAST 
[3,4] as the inverse model whose regularization process uses 
the modified Tikhonov minimization to simulate its optics. The 
simultaneous algebraic reconstruction technique (SART) using 
iterations to achieve the allowable value. These solved optical 
parameters in three-dimensional space can help us to specificity 
the specific biomarkers.
Third, micro-CT system keeps the original matrix size of in 1944 
× 1536 without binning. X-ray tube provides 50–80 kVp charac-
teristic X-ray beams. The system calibration applies line-beads 
phantom to obtain the system calibration parameters to calibrate 
the system and calibration parameters are calculated by tracking 
the position of the steel ball at each angle. The global center of 
rotation (gCOR) method [5] is used too to calibrate the image 
again in the sinogram to remove the artifacts caused by any off-
set. To improve image quality, AI de-noise model was developed 
and applied to achieve low-dose imaging before reconstruction 
to maintain image quality. The calibrated projections are recon-
structed using FDK and SIRT methods via ASTRA toolbox [6] to 
achieve good CT images.
Finally, this system applied co-centric rotation design to let both CT 
and optical tomography simultaneously registered to easily fuse the 
hybrid images. It opens a new feasibility to observe the change of 
dual-modality system design.
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Background/Introduction: 
Acute myocardial infarction (AMI), and the heart failure which often 
follows, are among the leading causes of death and disability world-
wide. Microvascular obstruction (MVO), due to damage to the coro-
nary microvasculature is a key determinant of heart failure and poor 
outcomes following AMI, and there is currently no treatment for pre-
venting MVO. Real-time in vivo imaging of MVO in the beating rodent 
heart is challenging due to the compromised spatial and temporal reso-
lution from movement artifacts. In this study, we apply, for the first 
time, a fiber-optic confocal laser endomicroscopy (CLM) to real-time 
image the macro- and microvasculature in the beating murine heart 
subjected to acute ischemia/reperfusion injury (IRI) in order to image 
the development of MVO and provide a pre-clinical platform for testing 
novel therapeutic agents for preventing MVO post-AMI.

Methods: 
An in vivo murine acute myocardial IRI model (45 min regional ischae-
mia with temporary ligation of left coronary artery (LCA) and 30 min 
reperfusion) was applied. At 10 min prior to ischaemia, 150 μl Dextran-
FITC (150 kDa, 10 mg/ml) was injected retro-orbitally (RO), and then 
CLM imaging with a flexible miniprobe (ProFlex S-1500 Probe with 
CellVizio CLM system, Mauna Kea Technology, France) was applied 
to the epicardial surface at multiple positions at 5 min post-injection 
(baseline), 30 min post-ischaemia and 30 min post-reperfusion.

Results: 
We firstly confirmed visualization of the macro- and microvasculature 
at various positions on the epicardial surface of the beating heart. Then, 
we induced acute myocardial ischemia by ligating the left coronary 
artery (LCA) and imaged the heart after 30 min ischaemia, and observed 
reduced microvasculature blood flow below the LCA ligation as evi-
denced by reduced presence of FITC in within the vessels. Importantly, 
the microvasculature in the non-ischemic myocardium above the ligation 
was unaffected. Furthermore, after 45 min of ligation we released the 
ligature to induce myocardial reperfusion and imaged the heart at 30 min 
reperfusion. We were able to visualise areas of reduced microvasculature 
flow due to MVO as evidenced by patchy of reduce FITC imaging within 
the vessel and damaged to the microvasculature as evidence by leakage 
of FITC signal outside the vessel. By 60 min reperfusion some of the 
vessels had regained blood flow, but some areas of reduced FITC signal 
persisted and leakiness of microvasculature had worsened.

Conclusion: 
In conclusion, we have demonstrated for the first time real time in 
vivo imaging of the coronary microvasculature in the beating murine 
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heart subjected to acute IRI and demonstrate the development of MVO 
and damaged to the microvasculature with leakage of dye out of the 
vessels and into the cardiac interstitium, thereby providing a pre-clin-
ical platform to testing novel therapeutic agents for preventing MVO 
post-AMI.
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Abstract Body: 
Inspired by the success of preparing dual-modal imaging agents based 
on DTPA analogues, we embarked on the preparation based on EDTA 
bisamides, targeting transition metal complexes. More specifically, 
we synthesized and characterized Manganese and Copper complexes 
with 4-(aminomethyl)pyridine and 2-aminoanthraquinone as fluores-
cent auxiliary groups.

Aim: 
Development of a highly scalable, Gd-free, Multimodal Theranostic 
agent based on EDTA bisamide functionalized with a fluorophore. 
The diagnostic arm should have high relaxivity for MRI Imaging and 
high sensitivity for Optical imaging with equal/higher thermodynamic 
stability than commercial contrast agents, along with the anticancer 
activity.

Material & Methods: 
EDTA bisamide of 4-(aminomethyl)pyridine (L1) was synthesized by 
the slow addition of the 4-(aminomethyl)pyridine solution to a solu-
tion of the EDTA bisanhydride. Subsequently, both the in-situ compl-
exation and the solid complexes of manganese and copper of L1 were 
prepared. The potential of L1 for magnetic resonance imaging/Optical 
Imaging (MRI/OI) was evaluated by measuring (a) thermodynamic sta-
bility by stability constants with potentiometric titrations; (b)  R1 relax-
ivities by NMR relaxivity studies (c) spectrophotometric investigations 
d) therapeutic activity by Molecular docking.

Results: Mn-L1 and Cu-L1 
obtained good yields (77% & 93%). Mn-L1 has performance compara-
ble to the commercially available gadolinium-based contrast agents and 
it is higher than a clinically approved manganese-based contrast agent. 
Specifically, Mn-L1 exhibited relaxivity of 3.52  mM-1s-1 (30 MHz, 
37 °C) and high overall stability constant for its Zn-L1 (16.03). Fur-
thermore, the sharp break exhibited in the NMRD titration profile 
of L1 with Mn (II) indicated a 1:1 complex formation and substanti-
ates a higher association constant. The photophysical characterization 
confirmed a higher Stokes shift (7355 cm−1) and the ability of L1 to 
act as an on-off type for Cu (II). Time-resolved fluorescence investiga-
tions (TCSPC) indicated the potentiality of L1 for live-cell imaging. 

Modeling studies exhibited the affinity of L1  for Human aurora B 
kinase, and serum albumin (HSA).

Conclusion: 
Water-soluble Manganese complexes of EDTA bisamide of 4-(amino-
methyl)pyridine could serve as potential non-gadolinium-based MRI 
contrast agent and/or PET agent. Additionally, they could act as fluo-
rescent sensors with potential applications in biology and medicine. In 
silico modeling studies indicate that L1 has a strong affinity for HSA 
and that it may effectively inhibit Aurora B Kinase with associated 
anticancer activity. MnL1 and CuL1 as PET/OI imaging agents are 
also envisaged. Further conclusions of this unique research will be 
presented at the conference.
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Introduction: 
In vivo tracking of labeled cells can be used to non-invasively improve 
the accuracy, efficacy and safety of immunomodulatory treatments and 
cell therapies. Zirconium-89 (t1/2 = 78.4 h) has emerged as a promising 
radioisotope for direct cell labeling and in vivo cell imaging using posi-
tron emission tomography (PET) [1]–[3]. The aim of this work was to 
assess detectability of 89Zr-labeled cells under realistic clinical imaging 
conditions. To achieve this, spheres containing 89Zr-labeled cells with 
different cell densities were imaged in air using PET. The data from the 
sphere acquisitions were combined with patient data from whole-body 
oncology PET scans to generate artificial lesions within clinically-
realistic background distributions. Lesions were located within both 
the lung and liver, and the relationship between contrast-to-noise ratio 
(CNR) as a metric of detectability, and labeled cell density (LCD) or 
specific activity (SA) was investigated.

Methods: 
To produce the spheres (n=3) containing 89Zr-labeled cells, Jurkat 
cells were labeled with 556 kBq of  [89Zr]Zr(oxinate)4 for 20 min at 
room temperature. The 89Zr-labeled cells were subsequently trans-
ferred into 3 vials and the cell specific activity [kBq/106 cells] was 
measured using a well counter. 89Zr-labeled cells were entrapped in 
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alginate beads [4],[5] and transferred into 3D printed spheres of dif-
ferent diameters (1, 2, 3 cm) with similar cell numbers and specific 
activities. Through inspection of the whole-body scans, the spheres 
were imaged for 20 min at locations within the PET field-of-view that 
matched disease-free regions of the lung and liver. Five patients who 
underwent PET/MR (SIGNA; GE Healthcare) approximately two hours 
after administration of 4.2 ± 0.3 MBq/kg 18F-FDG were included in 
this investigation. These were used as a surrogate for whole-body scans 
of 89Zr-labeled cells which will be acquired in future clinical studies.
Lesion absent (LA) and lesion present (LP) images were recon-
structed using time-of-flight ordered-subsets expectation-maximi-
zation (3 iterations, 16 subsets, transaxial filter 5mm, standard axial 
filter) in Duetto v2.03 (GE Healthcare). To produce the LP images, 
sinograms from the clinical 18F-FDG and 89Zr-labeled cells scans 
were fused. To avoid quantification errors arising from incorrect 
attenuation correction, the 89Zr-labelled cells sinograms were mul-
tiplied by the corresponding attenuation sinogram of the clinical 18F-
FDG scan prior to fusion.
For each lesion, contrast was evaluated by calculating: LP/LA – 1. 
Adjusting the acquisition duration used for the 89Zr-labeled cells sino-
grams, effectively simulated spheres of different specific activity. For 
each contrast level, contrast-to-noise ratio (CNR) was determined and 
classified using the Rose criterion (i.e. CNR=5). The detection prob-
ability of 89Zr-labeled cells as a function of the product of SA and LCD 
was estimated through logistic regression. The lower limit of detection 
(LLD) was defined as the LCD required for a detection probability of 
50%.

Results: 
The spheres contained 0.67 ± 0.04×106 89Zr-labeled cells with a SA 
of 21.4 ± 0.4 kBq/106-cells. Fig. 2 shows example images of lesions 
together with relationships between detection probability and LCD at 
various SA values. Due to the lower noise level in the lung, higher 
detection probability values were obtained with lower LCDs than in 
the liver. At the LLD, for SA values ranging from 3-30 kBq/106 cells, 
LCDs of 0.2-1.1×106  cells/ml were required in the lung vs. 0.2-
1.7×106 cells/ml in the liver. These LCD values at the LLD are 2-3 
orders of magnitude higher than those reported for similar experiments 
conducted in air [6].

Conclusion: 
This study assessed the detectability of 89Zr-labeled cells in realistic 
clinical imaging scenarios by lesion implantation into clinical scan 
data, thereby taking account of the noise propagation and quantification 
issues present in clinical scanning. Compared to our previous results 
that assessed cellular detectability in vitro, significantly higher labeled 
cell densities were required for in vivo imaging.
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Introduction: 
Stroke is a leading cause of disability worldwide and affects economy 
and work productivity of countries.1 Stroke rehabilitation plays a major 
role in stroke management and physiotherapy is the conventional tech-
nique for this. The present study evaluates the effect of physiotherapy 
in post-stroke rehabilitation by Magnetic Resonance imaging (MRI)

Materials and methods: 
Eleven first-ever stroke patients (18-60 years) with ischemia in left 
hemisphere were enrolled for the study after obtaining approval from 
Institute Ethics Committee. Qualified physiotherapists gave standard 
physiotherapy to all patients for one hour every day for six consecutive 
months. National Institutes of Health Stroke Scale was determined at 
0, 3 and 6 months post-intervention. Diffusion Tensor Imaging (DTI) 
was carried out at 3T (Philips MR scanner) using the following param-
eters: repetition time - 12,210 ms, echo time - 83 ms, acquisition matrix 
- 112 x 110, flip angle -  900, number of slices - 66, gradient direction 
- 32. DTI images were acquired and processed with FSL 5.0.9. Color 
coding of tractography pathways was based on a standard red-green-
blue (RGB) code that was applied to the vector in each brain area (red 
for right to left, blue for dorsal to ventral, and green for anterior to 
posterior). Comparisons between groups (pre- and post-physiotherapy) 
for longitudinal changes were carried out.

Results: 
Percentage improvement in NIHSS score was observed for all the 
patients after three (71.5%) and six (80%) months of physiotherapy. 
Representative images of processed DTI data (Fig. 1) show the physi-
otherapy induced mean changes in fractional anisotropy (FA) of corti-
cospinal tract for left and right hemisphere separately. While the FA of 
left corticospinal tract decreased between 3 and 6 months post interven-
tion, it increased in the right corticospinal tract. This shows that the 
contralateral region has taken over the activity resulting in increase in 
its CST tract fractional anisotropy.

Conclusion: 
Physiotherapy plays a major role in post-stroke rehabilitation. Although 
there are reports on physiotherapy induced changes in physiological 
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functions,2 to the best of our knowledge there are no MR studies, in 
particular to assess the white matter changes effected by physiotherapy 
in post-stroke recovery. The current study has shown for the first time 
the changes induced by physiotherapy in the corticospinal tract in post-
stroke recovery using DTI. The study has shown that DTI can play a 
crucial role in understanding the effects of physiotherapy in post-stroke 
recovery.
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Introduction: 
In 2016 more than 1.9 billion adults (>18 years of age) were consid-
ered overweight, 650 million categorised as ‘obese’ (World Health 
Organisation, 2017). Obesity develops when calorie uptake exceeds 
energy expenditure, with excess energy being stored in fat. Researchers 
have identified adipose tissue (i.e., fat) as essential in weight regula-
tion and have distinguished between at least two forms: white adi-
pose tissue (WAT), and brown adipose tissue (BAT). In mammals, 
BAT is the primary tissue involved in energy expenditure and non-
shivering thermogenesis, and its amount and activation level regulate 
the utilisation of excessive calories for thermogenesis rather than fat 
storage in WAT. Various biomedical imaging techniques have been 
utilised to study the morphology and function of BAT in vivo, such 
as positron emission tomography (PET), computed tomography (CT), 
magnetic resonance imaging (MRI), contrast-enhanced ultrasound 
(CEUS), or various optical techniques [1-3]. BAT activity in vivo is 
commonly measured by PET-CT scans using 2-[18F]-fluoro-2-deoxy-
D-glucose (18F-FDG) to assess glucose utilisation linked to BAT mito-
chondrial respiration [2,3]. Subjects are exposed to ionising radiation, 
and different degrees of BAT activation combined with poor reproduc-
ibility of FDG PET-CT in measuring BAT glucose metabolism lead 
to a high result variability [4,5]. As no CT contrast agent for BAT is 
available to date, our study focuses on the potential of visualising and 
quantifying BAT in mice using CT combined with a novel CT contrast 
agent, ExiTron™ BAT (Viscover™, nanoPET Pharma GmbH, Berlin, 
Germany), a nanoparticulate imaging agent with high iodine content.

Methods: 
In a pilot study, old (1+ year) and young mice (8 weeks) were com-
pared after BAT activation through short-term cold exposure (12h) 

versus no BAT activation. CT imaging was performed using the nanoS-
can® PET/CT scanner (Mediso) with fixed parameters for all groups 
(helical scan, 360 projections, 900 ms exposure time, 1:4 binning, But-
terworth filter).
CT scans of the upper mouse body (head and thorax) were performed 
prior and at specific time points after intravenous injection of the 
mice with ExiTron™ BAT (dose 1050 mg iodine/kg body weight, 
i.e., 125 μL per 25 g mouse).
Post analysis was performed by placing region of interest (ROI)s in 
the lower neck region where BAT is located and compared to ROIs 
in lung tissue (control).

Results: 
Using ExiTron™ BAT, activated BAT in young mice was clearly visual-
ised and uptake measured in Hounsfield units (HU) (Fig. 1A, C). As old 
mice have little to no BAT, the uptake of ExiTron™ BAT after activa-
tion was only slightly increased compared to the younger counterpart 
(Fig.1B). Liver contrast was increased equally in young and old animals, 
confirming that the lack of signal was related to the lack of BAT tissue 
in old mice and indicating the clearance of the contrast agent via the 
hepatic route. In animals with no BAT activation through short-term 
cold exposure BAT was not visualised regardless of age however that 
may be due to limitations of the scanning device and the used parameters.

Conclusion: 
Using ExiTron™ BAT, BAT can be clearly visualised in young mice 
after short-term cold exposure, thereby presenting an alternative 
method to imaging BAT without radioactive tracers. In animals where 
BAT was not activated or present, no significant increase in signal was 
registered, which is to be expected and confirms the validity of the 
pilot study results.
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E-cigarette vapor (ECV) exposure led to lung damage and a spate of 
sudden deaths in recent years. E-cigarette or vaping use-associated lung 
injury has typically been linked to the presence of specific flavorants 
or contaminants in e-liquid, such as vitamin E acetate. However, here 
we show that inflammatory cellular responses occur in the pulmonary 
vasculature and alveolar spaces in response to short-term, acute expo-
sure to ECV generated from e-liquid without nicotine or flavoring. The 
goal of this study is to characterize subclinical pathologies resulting 
from ECV exposure in order to better predict the risks of chronic use, 
which may emerge as the phenomenon of vaping ages. Specifically, we 
investigated the role of blood cells including neutrophils and platelets 
in lung injury induced by ECV exposure. Neutrophils are the most 
abundant type of white blood cells, and when stimulated, release neu-
trophil extracellular traps (NETs). These webs of extruded DNA fibers 
are decorated with proteolytic enzymes and enable inflammatory posi-
tive feedback loops, vessel damage, and clot formation. Platelets, which 
are commonly known to cause clotting responses, bind to neutrophils to 
form occlusive neutrophil-platelet aggregates (NPAs). Female BALB/c 
mice underwent 3 consecutive hours/day of ECV exposure (1 puff/
min at 30 watts, 50% vegetable glycerin (VG)/ 50% propylene glycol 
(PG)), for 3 days. Control mice were exposed only to room air. Analytes 
were collected from mice at 3 different time points following exposure: 
immediately after the final exposure (t=0hrs), one day later (t=24hrs), 
and 2 days later (t=48hrs). Intravital imaging of the pulmonary lung 
vasculature (n=5 mice per group) was performed at each time point. 
Fluorescent labels were retro-orbitally injected to stain vasculature 
(FITC dextran), neutrophils (Pacific Blue), platelets (AlexaFluor647 
CD49b), and DNA (SYTOX orange) (Figure 1A). Neutrophil and 
platelet presence was assessed by measuring count and overall area, 
respectively. NPAs were defined as any object containing both CD49b+ 
and Ly6g+ signal. Results indicated a significant increase of neutro-
phils and NPAs in all ECV treated mice. Interestingly, an increase in 
platelets was observed only in mice either immediately after or 48 
hours after ECV exposure, suggesting two different mechanisms for 
acute and persistent platelet stimulation following ECV exposure (Fig-
ure 1B). Whole blood and bronchoalveolar lavage fluid (BALF) were 
collected from a subset of ECV-exposed and control mice (n=5 per 
group) at each timepoint. Cell populations in whole blood and BALF 
were characterized using a ProCyte Dx Hematology Analyzer. Lungs 
were collected from n=3 mice, fixed in formalin, sectioned, and stained 
with hematoxylin and eosin (H&E). Cell counts from ProCyte analysis 
were not significantly altered in BALF or plasma for any ECV-exposed 
groups compared to control; however, a non-significant increase in 
lymphocyte presence in BALF was noted t=24hrs after exposure, pos-
sibly indicating lung inflammation. Although an increase in neutrophils 
was not observed via ProCyte in peripheral whole blood, the increased 
presence of neutrophils observed in intravital imaging suggests this is 
a highly localized response. Lastly, plasma and BALF were analyzed 
to assess the presence of cell free DNA, oxidative stress, myeloper-
oxidase- a component of NETs, and inflammatory cytokines. Results 
of these assays are pending. Overall, our preliminary data indicate a 
complex immune response occurs upon acute exposure to ECV that 
persists in the pulmonary vasculature for at least 3 days after cessation 
of exposure. This work will not only serve to better inform the public 
of the risks of e-cigarette use, but will also be beneficial to clinicians 
in characterizing newly emergent pathologies resulting from e-cigarette 
usage.
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Abstract body: 
In this study the combination of a microscopic NV-diamond-based 
NMR quantum sensor, a hyperpolarized [1-13C]Fumarate solution 
and microfluidic sample delivery enables NMR detection of liquids in 
picoliter volumes in single shot NMR measurements. Heteronuclear 
J-spectroscopy confirms hyperpolarized [1-13C]Fumarate nuclear 
spins. In the future these proof-of-concept experiments might enable 
NMR-based recording of metabolic processes in single cells.

Instrumentation and workflow of the system: 
The NMR probe is based on an ensemble of negatively charged nitro-
gen vacancy (NV) centers in diamond.1-3 The NV centers are located in 
a ten micrometer thick diamond layer that is in direct contact with the 
liquid sample. A 10-micrometer-diameter laser beam excites and thus 
initializes those NV centers’ electron spins that participate in NMR 
detection. This way the active sensor region is defined to be a roughly 
10 micrometer round spot within the 10 micrometer thick NV dia-
mond layer. A microwave pulse sequence turns the NV electron spins 
into adjustable narrowband quantum probes for the AC magnetic field 
generated by the nuclear spins of interest. Finally, the NV electron 
spins’ state and thus the NMR signal is encoded in the NV center 
fluorescence level that is triggered by readout laser pulses. The NMR 
detection volume is roughly given by the size of the sensor region of a 
picolitre. The NMR experiments take place in a 0.1T electromagnet at 
room temperature. Radiofrequency and microwave pulses are applied 
with a millimeter coil and a transmission line close by. To load the 
detection volume of the magnetometer with liquid NMR samples, a 
microfluidic chip is placed on top of the diamond. Within seconds, the 
analyte can be transferred to the magnetometer and can be measured. 
Furthermore, hyperpolarized liquids can be inserted without losing 
significant amounts of the polarization. Current focus of the investiga-
tion is the metabolite Fumarate. To boost SNR hyperpolarized [1-13C]
Fumarate in D2O solution is used. First, Fumarate is polarized in house 
based on parahydrogen induced polarization (PHIP) methods and then 
transferred to the detection volume of the quantum magnetometer via 
the microfluidic chip and then detected. Hyperpolarized Fumarate can 
continuously be delivered and detected. Relaxation times of hyperpo-
larized proton and carbon nuclei are in the tens of seconds. The future 
application of this instrument is the study of metabolic processes at 
the single cell level on the timescale of seconds. J-spectroscopy can 
then allow studying biochemical conversion processes. This could 
enable better diagnostics and drug development. To achieve this, high 
resolution NMR spectroscopy with high SNR on picoliter volumes is 
necessary.

NMR of hyperpolarized protons in fumarate: 
The following figure shows a NMR spectrum of protons in a 50mM 
D2O solution of hyperpolarized [1-13C]Fumarate acquired in a single 
shot measurement of about one second. The corresponding nuclear 
polarization is on the order of 10%, which is many orders of magnitude 
higher than thermal polarization at 100mT and room temperature. The 
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main signal comes from about one picolitre volume and its SNR is 
about 50. The spectrum shows the signal right after preparation of the 
hyperpolarized sample. Step by step more of the liquid sample is then 
pumped to the sensor and more spectra are acquired and changes of 
the spectra are monitored.

Spectroscopy of 1H-13C-J-coupling in hyperpolarized [1-13C]
Fumarate: 
The following figure shows the JHC-coupling spectrum of hyperpo-
larized [1-13C]Fumarate. Again a 50mM solution of hyperpolarized 
Fumarate is first prepared, then transferred to the detection system 
and then measured in a single run (1s acquisition). The NMR protocol 
bases on a KDD  protocol4 applied on the proton and carbon channel to 
refocus inhomogeneities but still keeping the J-coupling between both 
spin species. Between pulses again a 20ms wait time was used. The 
expected JCH-coupling of [1-13C]Fumarate is observed.
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Background: 
Immuno-Positron Emission Tomography (iPET) is a noninvasive imag-
ing modality that combines the quantitative spatial resolution of PET 
with the target specificity of immune-based radiotracers for improved 
clinical diagnostics and management. iPET imaging agents for markers 
on the surface of T cells and other effector molecules have been used 
to determine the presence and quantity of immune cells in the tumor 
microenvironment. However, while identifying the presence of these 
cell types is valuable, these agents do not provide any information on 
functional status. Currently, no effective means to noninvasively quan-
tify functional effector cells, such as the activated T-helper 1 (Th1) type 
immune cells, exists to monitor checkpoint inhibitor responses. There-
fore, the development of novel imaging probes targeting biomarkers on 
Th1 activated immune cells will aid in the understanding of immune 
activation in cancer and improve the prediction and tracking of thera-
peutic responses throughout treatment. Chemokine receptor CXCR3, 
a transmembrane G-protein coupled receptor, is highly expressed on 
immune cells during active Th1 signaling and enriched in the tumors 
of mice that respond to immunotherapy.1 Further, highlighting the 

importance of spatial localization, levels of CXCR3-positive cells in 
the blood counterintuitively show a marked decrease in responders to 
immunotherapy, suggesting active infiltration into tumors to facilitate 
cell killing, although this has not been directly observed.2 The aim 
of this study was to develop an [89Zr]-labeled monoclonal antibody 
PET probe and observe the effects of tumor development on CXCR3-
expressing cell biodistribution, as well as the early effects of immu-
notherapy administration. Characterization of these CXCR3-targeting 
antibodies in the context of TH1 response will provide a framework 
for the development of novel chemokine radiotracers, as well as give 
insights into the biological distribution of CXCR3 mediated cellular 
trafficking that has yet to be elucidated.

Methods: 
Monoclonal anti-mouse CXCR3 was conjugated to bifunctional che-
lator p-SCN-Bn-DFO and radiolabeled to produce [89Zr]-DFO-anti-
mCXCR3 using standard antibody modification techniques.3 Using 
a syngeneic tumor model, C57BL/6 mice (n=8 total, n=2 untreated, 
n=2 non-tumor bearing) were injected subcutaneously with MC38 
murine colorectal cancer cells in the upper right flank. A combina-
tion of anti-mouse-PD-1 (programmed cell death protein 1) and anti-
mouse CTLA-4 (cytotoxic T lymphocyte-associated protein 4) was 
administered to the treatment group by intraperitoneal injection every 
3 days, beginning 9 days post-implantation. Probe biodistribution and 
clearance were noninvasively imaged by injection of 0.74-1.11 MBq 
of [89Zr]-anti-mCXCR3 and performing PET imaging 24-, 48-, and 
168-hours post-injection. Statistical analyses were conducted through 
Student’s t-tests.

Results: 
The resulting images show uptake in tumors, secondary lymphoid 
organs such as the spleen and lymph nodes and liver through which 
antibody-based probes are cleared, demonstrating a clear delineation 
between stores of CXCR3-expressing cells and areas of potential non-
specific uptake. PET imaging was utilized to assess changes in CXCR3 
accumulation after immunotherapy. Mice treated with combination 
therapy had an average tumor uptake signal of 42529.97±16921.85 
BQML compared to 25356.46±4118.21 BQML in the untreated 
group. Along with the increase of CXCR3-expressing cells at the 
tumor site, mean uptake signal obtained Day 6 post-injection demon-
strated decreases in lymphoid tissues (46334.57±8915.94 BQML in the 
spleen) and blood volume (4748.28±3250.93 BQML) following treat-
ment compared to the untreated groups (62054.70±8838.92 BQML 
and 14101.67±1697.92 BQML, respectively).

Conclusions: 
The outcome of this study is the first CXCR3-targeted PET imaging 
probe used to noninvasively observe the effects of immunotherapy on 
effector cell biodistribution. This data correlates with previously shown 
findings that immunotherapy further drives CXCR3+ cells into the 
tumor compartment while depleting secondary reservoirs in respond-
ers. Ongoing studies are being conducted to further elucidate the pre-
dictive capabilities of CXCR3-PET imaging in the pursuit of a novel 
clinically relevant probe.
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NIR I and II dyes are desirable for deep tissue imaging due to the 
deeper penetration of NIR I&II light, less tissue damage, and high spa-
tial resolution from the low autofluorescence in the NIR I &II regions. 
Xanthene-based dyes were widely explored for cellular imaging due to 
their outstanding photophysical properties and stimuli responses; how-
ever, their photophysical properties lie in the visible region. Xanthene-
based dyes have been modified to achieve absorption and emission 
wavelengths in NIR I and II regions by changing the bridged oxygen 
atom of the xanthene scaffold to silicon and phosphors and extending 
the π-conjugation. Our group has designed a NIR-II dye based on the 
donor-acceptor-donor strategy, which was prepared in three synthetic 
steps. The dye, rhodindolizine, absorbs at 920 nm and emits at 1092 
nm, where the xanthene scaffold acts as the acceptor and the indolizine 
moiety as the donor. The dye displayed a high molar absorptivity of 
97,500  M-1cm-1 with 200 nm stokes shift in dichloromethane. The 
quantum yield (F) of the dye was 0.03% in DCM relative to the cyanine 
standard dye. Based on this donor-acceptor-donor design strategy, we 
have discovered another NIR dye based on a thienylpiperidine donor 
(XanthCR-880). While this dye boosted photophysical properties shy 
of the NIR-II region, it was more chemically stable than the previous 
rhodindolizine dye. XanthCR-880 was prepared in three synthetic steps 
and showed an intense photoacoustic signal at 880 nm. XanthCR-880 
showed a high molar absorptivity of 88900  M−1  cm−1 with a weak 
emission peak (λem 960 nm DMSO) in the NIR-II region. Exceptional 
photostability and biological compatibility with reduced glutathione 
and proline liver esterase revealed the dye’s suitability for in vivo imag-
ing. XanthCR-880 was used in a multiplex imaging experiment with a 
BODIPY reference dye (λabs = 688 nm, ε = 78300  M−1  cm−1 meas-
ured in CHCl3). The maximum attainable imaging depth of the dye was 
4 cm with a tissue overlay application. We have also prepared asym-
metric dyes with indolizine, pyrrole, and indole donors. The main goal 
of this project is to enhance the chemical stability of the dyes using a 
rhodol-like scaffold while maintaining the photophysical properties in 
the NIR-I region. While these asymmetric dyes absorb and emit in the 
NIR-I region, they were more chemically stable than the symmetric 
version.
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Background: 
Lu-177 Peptide Receptor Radionuclide Therapy (PRRT) is recently 
approved for advanced neuroendocrine tumors (NETs) which express 
somatostatin receptors (SSRTs), evaluated using Ga-68 DOTATATE 
PET/CT [1]. Several controversies still exist regarding the detailed radi-
omics interpretation of Ga-68 DOTATATE PET/CTs, including the 
relative prognostic importance of tumor volume, somatostatin recep-
tor expression, and tumor heterogeneity in NET patients [2-4], which 
would help in more precise selection and management of these patients. 
In the current study, pre-therapy 68-Ga-DOTATATE radiomic features 
were evaluated as biomarkers of treatment response and toxicity in 
NET patients undergoing PRRT.

Methods: 
NET patients with Ga-68 DOTATATE PET/CT scans prior to Lu-177 
PRRT at our institution were retrospectively evaluated. Radiomic fea-
tures were evaluated using a specifically designed workflow “Ga-68 
Dotatate Lesion ID” (MIM Software Inc.) which relies on the PET-
edge and PETedge+ software capabilities for lesion delineation and 
radiomic feature extraction (including whole-body and organ-specific 
tumor volume and somatostatin receptor expression, and whole-body 
and lesional radiomic metrics related to tumor heterogeneity. The 
endpoints included overall survival (OS), short-term post-PRRT(1-9 
months) progression-free survival(PFS), and treatment-related toxici-
ties. Cox regression models were used to assess the effects of radiomic 
variables on PFS and OS. Logistic regression models were used to 
assess the effects of radiomic variables on the odds of PRRT-related 
toxicities.

Results: 
Sixty-nine patients were included in the final analysis. At a median 
follow-up of 20.8 months, 3-year overall survival was 80%. Median 
and 9-month short-term post-PRRT progression-free survival were 
5.1 months and 14%, respectively. Increasing values of the standard 
deviation (SD) of the SUVbw coefficient of variation across lesions 
in the whole body was associated with better PFS. Increasing values 
of the mean and median of the skewness across lesions in the whole 
body was associated with better OS. In bone lesions, increasing val-
ues of SD of the MinSUVbw, MeanSUVbw, and MedianSUVbw was 
associated with poorer PFS. In liver lesions, increasing values of the 
SD of the TotalSUVbw and spleen-corrected Receptor Expression 
was associated with poorer PFS, while increasing values of the SD of 
the spleen-corrected Receptor Expression was associated with poorer 
OS. In nodal lesions, increasing values of the maximum and SD of 
the kurtosis was associated with better PFS. Increasing values of the 
mean and maximum of MaxSUVbw, the mean, median, and maximum 
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of MeanSUVbw, the mean, median, and maximum of the Median-
SUVbw, the mean and maximum of the SUVbw SD, the mean and 
median of skewness, the mean, maximum, and median of the SUVbw 
coefficient of variation, and the maximum liver-corrected SUVmean 
In nodal lesions were associated with better OS. Increasing values of 
the total nodal tumor volume, SD of the liver-corrected MeanSUVbw, 
and maximum of the spleen-corrected MeanSUVbw in nodal lesions 
were associated with increased odds of nausea/vomiting. Increasing 
values of the SD of the MeanSUVbw, and the maximum and SD of the 
MedianSUVbw across lesions in the whole body were associated with 
increased odds of abdominal pain. Increasing values of the maximum 
of the spleen-corrected Receptor Expression in liver lesions were asso-
ciated with decreased odds of experiencing diarrhea. Increasing values 
of several heterogeneity indices were associated with decreased odds 
of post-PRRT fatigue.

Conclusion: 
Intra- and inter-tumor receptor expression heterogeneity on Ga-68 
DOTATATE/TOC PET/CT can determine which NET patients are 
more probable to benefit from PRRT. Neither the whole body or organ-
specific tumor volumes, nor the degrees of whole body somatostatin 
receptor expression were predictive of favorable PRRT response, 
implying that receptor expression heterogeneity is a more valid bio-
marker for precision medicine PRRT.
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Background and Aim: 
PET Radiomic feature extraction and analysis by assessing tumour 
heterogeneity on the basis of pixels or voxel information may 
improve diagnosis, treatment options and outcomes However there 
are certain issues which are identified in PET radiomic studies that 
indicated the dependency of textural features on various factors such as 
acquisition, image reconstruction, tumour segmentation method which 
needs to be addressed .Therefore the main focus of the study was to 
evaluate the variability of PET Radiomics features extracted from dif-
ferent PET reconstruction algorithms and identifying the most robust 
features under such condition.

Method: 
Study involves 17 retrospective data of 18F-FDG PETCT patients with 
confirmed breast malignancy . Each raw data from list mode was recon-
structed twice using conventional Ordered subset expectation maxi-
mization (OSEM) and Block sequential expectation maximization ( 
BSREM) reconstruction algorithm respectively with standard clinical 
settings as per recommended guidelines. Texture indices evaluation 
was performed with IBSI complaint software, ROI was drawn by 3D 
tool with 40 % threshold, intensity discretization was processed with 
64 bins with absolute scale bounds between 0 and 20 for each data 
set. PET radiomic features were extracted including conventional PET 
parameters: SUVmax, SUVmean, SUVpeak, SUVstd, SUVSkewness, 
SUVKurtosis, TLG; shape-based feature Sphericity and Textural fea-
ture: gray-level co-occurrence matrix (GLCM) n=7, gray-level run 
length matrix (GLRLM)n=4, gray-level zone length matrix (GLZLM)
n=4 and neighbourhood gray-level different matrix (NGLDM)n=3. 
The variability of each radiomic features extracted from two recon-
structions methods was calculated by determining Coefficient of vari-
ation (CV) and divided into four groups according to the range of 
variation to determine the most robust radiomic feature.

Result: 
22 lesions were identified and total 37 PET radiomic features were 
extracted. Statistical Textural analysis resulted 40.5 % percent features 
with COV ≤ 5% whereas 27% features showed higher variability with 
COV >20% and remaining features shows small and intermediate 
variability.

Conclusion: 
Study indicated that textural features can vary with the reconstruc-
tion method adopted and therefore it might influence quantitatively for 
radiomic signature identification .Textural features with least variability 
between different reconstruction methods could be considered robust 
for reproducible tumour quantification specifically if collaborated with 
other institutes for radiomic studies.
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Targeted monoclonal antibody immunotherapies (mAb) have revolu-
tionized cancer treatment; however, many patients are non-responders 
to these therapies, necessitating their incorporation into combination 
therapy strategies. We sought to develop a translatable immunothera-
peutic agent to facilitate mAb therapies by activating antigen-present-
ing cells (APC), which possess anti-tumoral effector functions that can 
both facilitate the mechanistic action of co-administered therapeutic 
mAb, and induce direct APC-mediated tumor cell killing. We iden-
tified bacterial lipopolysaccharides (LPS) and derivative compounds 
as capable APC activator agents to co-administer alongside mAb 
immunotherapy. Feraheme (ferumoxytol, FH), an FDA-approved iron 
oxide nanoparticle drug, demonstrated the capacity to non-covalently 
encapsulate derivatives of LPS into the exterior carbohydrate shell. 
The most successful drug cargo candidate, MPLA, could easily be 
integrated into FH using a simple loading procedure that facilitated 
stable and non-covalent drug-particle association, forming a unitary 
nanoscale delivery vehicle with theranostic potential. FH with MPLA 
payload was a potent activator of APC, upregulating antigen-presenting 
complexes and T cell costimulatory signal proteins at therapeutically 
relevant concentrations. Alone, the immunotherapeutic mAb FGK4.5, 
an agonistic binder of the CD40 receptor, has been shown to have poor 
efficacy against tumors of the B16F10 model of murine melanoma, 
mirroring the insufficiency of many immunotherapeutic mAb as mono-
therapies in human patients. Combining FGK4.5 treatment with con-
current administration of APC-activating MPLA-loaded nanoparticles 
resulted in significant improvements in both tumor proliferation rates 
and survival duration compared to FGK4.5 monotherapy. This result 
demonstrates the potential of our immunostimulatory nanoparticle to 
sensitize cancers which are otherwise refractory to mAb immunothera-
pies, potentially expanding their therapeutic application potential to a 
greater number of patients and cancer types.
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Advances in adoptive cell transfer (ACT) immunotherapies make these 
one of the most promising treatments for patients with cancer. ACT 
following lymphodepletive conditioning regimens has emerged as one 
of the most effective treatment strategies against advanced malignant 
melanoma, with remarkable objective clinical responses greater than 
70% for patients with refractory metastatic disease.[1] Despite ACT 
being successful against melanomas and blood cancers, such as leu-
kemia and lymphoma, this therapy has faced challenges in treating 
solid tumors and invasive central nervous system malignancies, such as 
malignant gliomas.[2] Clinical responses are dependent on the localiza-
tion and persistence of transferred T cells to areas of invasive tumor 
growth, in addition to inconsistencies due to variation in cell source 
and preparation, and route of administration. However, many funda-
mental questions regarding the in vivo biodistribution of cell therapies 
remain unanswered. Non-invasive and longitudinal biomedical imag-
ing has the potential to answer these questions and improve the safety 
and success of cell therapies.[3] Magnetic Particle Imaging (MPI) is a 
biomedical imaging technology that enables the non-invasive visualiza-
tion of the distribution of biocompatible superparamagnetic iron oxide 
(SPIO) tracers.[4, 5] MPI has been used for proof-of-principle studies 
to track cells such as macrophages, stem cells, dendritic cells, cancer 
cells, and T cells. While results are promising in terms of labeling and 
cell tracking using MPI, most past work has been performed using 
commercial tracers not tailored for MPI in terms of sensitivity and 
resolution. In this work we report the use of a new MPI tracer, RL-1, 
synthesized through thermal decomposition with molecular oxygen.
[6] RL-1 tracer is 3 times better in MPI signal per iron mass compared 
to commercial tracer ferucarbotran. RL-1 particles were coated using 
poly(maleic anhydride-alt-1-octadecene)  (C18-P, PMAO). PMAO was 
used to grant colloidal stability to the SPIOs in water by covering the 
hydrophobic oleic acid coating on the SPIO with an amphiphilic poly-
meric shell.[7] PMAO coating provides a negative surface due to the 
hydrolyzed carboxylic groups formed by the ring-opening of the maleic 
anhydrides, and it can therefore be used for ex vivo cell labeling. RL-1 
PMAO coated MPI tracers were evaluated for the ex vivo labeling of 
tumor-specific T cells. Different labeling strategies provided different 
degrees of labeling with the MPI tracer, without affecting their viabil-
ity, phenotype, or cytotoxic function. We were able to detect at least 
5,000 T cells labeled with RL-1 PMAO tracer, showing a remarkable 
10x improvement compared with T cells labeled using commercial 
unoptimized tracer ferucarbotran. Nanoparticle fate after labeling with 
RL-1 was evaluated in vitro, providing insights on particle dilution, 
exocytosis, or degradation. Also, we evaluated the long-term accumula-
tion and exposure of free-SPIOs and labeled T cells in mice, and their 
effect on complete blood count and chemistry panels for liver toxicity. 
The therapeutic efficacy of labeled T cells was assessed in two mouse 
models of melanoma, B16F10 OVA and  B16KVP/Db, demonstrating 
that therapeutic efficacy of T cells is not affected by the nanoparticle 
labeling. While in vivo MPI signal was not observed in the tumor, MPI 
signal was detected in the tumor ex vivo for labeled T cells but not for 
free-SPIO control group. These results suggest that particle resolution 
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and large liver signal are challenges to in vivo T cell tracking to the 
tumor, and further particle optimization is needed. Despite these limi-
tations, our results suggest that MPI is an attractive approach to study 
both in vitro and in vivo fate of SPIO tracers and that labeling T cells 
with SPIO do not affect their in vivo therapeutic efficacy.
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Objectives: 
Inflammation and fibrosis are essential for tissue repair after cardiac 
injury. However, excessive and chronic inflammatory and fibrotic reac-
tions contribute to the pathogenesis of adverse left ventricular (LV) 
remodeling in heart failure. Recent data suggest that the C-C motif 
chemokine receptor 2 positive (CCR2+) pro-inflammatory monocytes/
macrophages and fibroblast activation protein positive (FAP+) fibro-
blasts play important roles within the inflammation-fibrosis axis in 
the injured heart. The goal of this study was to determine the sen-
sitivity and specificity of  68Ga-DOTA-ECL1i and  68Ga-FAPi-46 
detecting CCR2 and FAP, the two key mechanistic elements for the 
inflammation-fibrosis axis in mouse cardiac injury models, as well 
as the dynamic correlation between the heart uptake of the two trac-
ers following the injury and remodeling process. We further assessed 

the potential of the two radiotracers to detect treatment response after 
IL-1β neutralizing antibody therapy to modulate inflammation, and 
correlated tracer uptake with treatment outcome.

Methods: 
Dynamic PET/CT scans were performed at 45-60 min post tail vein 
injection of either CCR2 tracer, 68Ga-DOTA-ECL1i (day 3) or FAP 
probe, 68Ga-FAPi-46 (day 6 or 7) in two mouse models of cardiac 
injury including left anterior descending coronary artery (LAD) liga-
tion-induced myocardial infarction (MI) and Angiotensin II/Phenyle-
phrine (AngII/PE) infusion-caused cardiac fibrosis and hypertrophy. 
IL-1β neutralizing antibody or isotype control antibody were injected 
a day before osmotic pump implantation and on day 2 and 5 post infu-
sion in the AngII/PE model. The injured hearts were collected on day 
7 for histology, immunostaining, RT-PCR and flow cytometry analysis.

Results: 

CCR2 PET in MI mice at day 3 post infarction showed significantly 
higher tracer accumulation in the infarct zone (1.53 ± 0.18 %ID/g, 
n=4) identified by 18F-FDG PET/CT compared to remote zone (0.94 
± 0.10 %ID/g, p<0.0001, n=4) and naïve heart (0.58 ± 0.10 %ID/g, 
p<0.0001, n=4). FAP PET at day 7 displayed intense tracer uptake 
with a comparable spatial pattern to CCR2 signal at day 3. Quantita-
tive analysis demonstrated significantly higher 68Ga-FAPi-46 uptake 
in the infarct area (1.92 ± 0.36 %ID/g, n=4) than that in the remote 
zone (1.34 ± 0.19 %ID/g, p<0.05, n=4) and naïve heart (0.47 ± 0.16 
%ID/g p<0.0001, n=4). Importantly, 68Ga-DOTA-ECL1i signal cor-
related well with 68Ga-FAPi-46 uptake (r = 0.70, p = 0.03), suggesting 
the crosstalk between the two biomarkers in the inflammation-fibrosis 
axis following heart injury. Consistent with the data obtained in the MI 
model, the uptake of both CCR2 and FAP tracers were elevated in the 
hearts of AngII/PE mice compared to sham models. Following IL-1β 
antibody treatment, cardiac uptake for each tracer decreased compared 
to isotype control antibody-treated animals, indicating sensitivity of 
CCR2 and FAP PET to anti-inflammatory therapy and subsequent 
modulation of fibroblast activation. Tissue characterization validated 
the upregulation of CCR2 and FAP in the injured hearts, which was 
further confirmed by RT-PCR and flow cytometry. The treatment effi-
ciency of IL-1β was confirmed by reductions in myocardial fibrosis.

Conclusions: 
Both CCR2- and FAP-targeted PET imaging showed sensitive and 
specific detection of inflammation and fibrosis, respectively in murine 
cardiac injury models. The correlation between CCR2 and FAP signals 
suggests interaction of these cell types in cardiac injury responses. 
Moreover, the application of these imaging approaches permits the 
detection of modulation of the inflammation-fibrosis axis by IL-1β 
inhibition to mitigate cardiac injury suggesting these targeted molecu-
lar imaging could not only provide patient selection method for immu-
nomodulatory therapy, but also monitor their treatment response.
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Introduction: 
Hyperpolarized (HP) chemical exchange saturation transfer (Hyper-
CEST) MRI molecular imaging allows combining the spatial reso-
lution of MRI with a PET-like  sensitivity1,2. The HyperCEST effect 
was explored with numerous  macrocycles3–7. Recently, cucurbit[6]uril 
(CB6) has been utilized for in vivo HyperCEST  imaging2,8. Although 
in vivo CB6 biodistribution imaging was performed at 3.0T2 and 9.4 
 T8, imaging pulse sequence optimization was not performed for maxi-
mization of the observed HyperCEST effect. In this work, we demon-
strated HyperCEST effect maximization in various concentrations of 
CB6 solutions in PBS by utilizing different saturation radiofrequency 
(RF) pulse trains and the lowest detectability limit of CB6 at 3.0T in a 
clinical whole-body MRI scanner.

Methods: 
The present study was conducted with naturally abundant 129Xe polar-
ized up to 56% using a XeBox-10E polarizer (Xemed LCC, USA). 
CB6 samples in phosphate-buffered saline (PBS) (pH 7.4) of various 
concentrations (1mM, 0.4mM, 0.25mM, 0.1mM, 25uM, and 10uM) 
were placed into glass fritted vessel. Spectroscopic measurements 
were performed using a clinical Philips Achieva 3.0T MRI scanner 
with a custom-made quadrature RF coil. HyperCEST depletion spectra 
were acquired during continuous bubbling of the HP 129Xe gas through 
the CB6 solution in the glass phantom. Four different RF saturation 
pre-pulse trains were used for HyperCEST spectroscopy: 3-lobe sinc 
(3LS) pulses, sinusoidal pulses, block pulses, and hyperbolic secant 
(hypsec) pulses. The overall saturation duration of 480ms was constant 
for all pulses. The 3LS, sine, and block trains consisted of 16 individual 
pulses of 30ms duration, whereas hypsec pulse train had 12 individual 
pulses 40ms each. The range of flip angles (FA) from  90o to  1800o was 
tested for each saturation pulses. The resonance frequency of HP 129Xe 
dissolved in the solutions was set a 0ppm. The frequency range for 3LS 
saturation pulse pulse was set from -149 to 50ppm with a step of 3ppm. 
Sinusoidal and block pulses were applied in the same range with a 
step of 2ppm. Hypsec saturation pulses had a step of 12ppm and were 
applied from -144ppm to 50ppm. Dynamic HyperCEST spectroscopy 
was performed using the following parameters: TR/TE=10s/0.25ms, 
receiver bandwidth (BW)=32kHz, 2048 sampling points. Data was 
initially processed in MATLAB 2021b (MathWorks, USA) and further 
postprocessed in OriginPro 2021b (OriginLab Corp, USA).

Results and Discussion: 
The HyperCEST depletion spectra of CB6 after application of sinu-
soidal depolarization pulses of various angles are shown in Fig.1A. 
The HyperCEST depletion occurred at the known resonance frequency 
of HP 129Xe encapsulated in CB6 (-70ppm). Increasing FA for the 
16x30ms sinusoidal pre-pulse from  540o to  1200o boosted HyperCEST 
effect up to 96%. The HyperCEST effect of four different pre-pulse 
trains with a FA of  1200o for 1mM CB6 is demonstrated on Fig.1B. 
The results were close for all pulse trains (98% depletion) except the 
hypsec pulse, which showed a depletion of 92%.
HyperCEST depletion at various FA is illustrated for 3LS, sine, block 
and hypsec pulses on Fig.1C. A maximum depletion of 98% was 
reached at  800o FA for the 3LS pulse, while the sine, block and hypsec 
pulses demonstrated the highest HyperCEST effect at FA higher than 

 1200o. Changes in the HyperCEST effect with varying CB6 concentra-
tions are shown in Fig.1D. The efficiency of 3LS pulses was the highest 
over the whole range of concentrations.
Overall, the HyperCEST detection limit for conventional 3LS satura-
tion pulses was found to be 0.025mM, which is 10 times lower than 
previously was  reported9. Flip angle adjustment allowed maximization 
of the HyperCEST effect for CB6 molecules.
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Introduction: 
The ongoing pandemic caused by SARS-CoV-2 has resulted in over 
500 million cases and 6 million deaths as of May  1st,  20221. While 
significant progress has been made, there are still several unknowns 
regarding the pathology of COVID-19, particularly with the constant 
emergence of variants. Furthermore, the SNMMI (Society of Nuclear 
Medicine and Molecular Imaging) has reported that omicron is a major 
confounder of cancer diagnostics that use fluorodeoxyglucose positron 
emission tomography (FDG-PET) by mimicking FDG uptake seen in 
malignant cells to a greater extent than previous  variants2. Infectious 
diseases also cause an increase in FDG uptake due to inflammatory 
processes needing high  energy3,4. There is a critical need for research 
into how COVID-19 impacts the body and how this could interfere with 
routine medical imaging. While FDG-PET/CT has been used clinically 
to assess COVID-19 infection on a case-by-case basis, this is one of the 
first uses of the technique in preclinical research into the pathology and 
features of COVID-19 disease. This study uses FDG-PET/CT imaging 
of a GFP + vesicular stomatitis virus (VSV) pseudotype (VSVΔG S) 
expressing the spike (S) protein from SARS-CoV-2 to assess infection 
in a containment level (CL-2) environment.

Methods: 
K18 hACE2 mice in a C57BL/6 background obtained from Jack-
son Laboratories were used for this study. The mice were split into 
four groups; naïve control, mock infection (saline), low titre infec-
tion  (5X104PFU), and high titre infection  (1X105 PFU). Infection was 
performed using intranasal instillation of 30μL concentration virus or 
saline carrier (mock infection) to mimic the human route of infection 
better. Mice were imaged on days 4, 11, 18, 25, and 32 post-infection. 
On scan days, each mouse received 500μCi injections of FDG 30 min-
utes before scans. Scans were done using the Cubresa NuPET BIO 
and a Trefoil CT run at 70Kvh and magnification 1.36. At termination, 
a complete organ harvest was performed on all mice, and biological 
assays were performed to investigate levels of VSVΔG S and various 
immune cells in different tissues.

Results: 
Levels of GFP in different organ homogenates were compared as a 
marker of infection level, with the spleen and the lymph nodes indicat-
ing significantly higher GFP in the infected groups (Supp data). This 
suggests that GFP is a valid marker of infection with VSVΔG S. In 
both infected groups, there was also increased FDG concentration in 
the heart, kidneys, lungs, and brain compared to the control groups 
(Figure 1). This suggests a robust inflammatory response following 
infection with VSVΔG S. Flow cytometry was used to investigate the 
immune cell populations in several organs. In particular, the lungs 
and lymph nodes showed increased levels of granulocytes in infected 
groups. Neutrophils have previously been linked to increased FDG 
uptake, corresponding to the increase observed in the  lungs5,6. There 
were also higher CD4+ T cells in the spleen, lymph nodes, blood, and 
lungs in infected groups.

Conclusions: 
Notably, the organs found that show FDG increases are also those 
reported previously to be targeted by SARS-CoV-2. The presence of 
high levels of neutrophils also supports an inflammatory mediated 
cause of increased FDG. Increased levels of CD4+ T cells could be 
either inflammatory or regulatory, with further studies planned to 

characterize them. This data focuses on the original spike protein from 
SARS-CoV-2, but the omicron, delta, and alpha spikes will also be 
tested to determine the unique features of each variant. Finally, these 
data represent a critical first step in the validation of VSVΔG S as a 
CL-2 model of SARS-CoV-2.
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Photosensitizer-lipid conjugates with liposomal formulations have 
emerged as more stable platforms for photodynamic-based cancer 
therapies. They have been shown to increase the integrity of the con-
struct with exceptional optical, phototherapeutic and photochemical 
properties. In this study we explored the functional impact of liposomes 
with two different membrane composition. Two different composi-
tions include liposomes containing lipid conjugates of the clinically 
approved photosensitizer benzoporphyrin derivative (lipo-BPD) and 
liposomes containing lipid conjugates the clinically tested photosensi-
tizer IRDye 700DX (lipo-IRDye 700DX). Computational predictions 
helped confirm the membrane inserting confirmation for lipo-BPD 
and the membrane protruding conformation for lipo-IRDye700DX. 
Results indicated that the lipo-IRDye 700DX have superior photo-
chemical properties, such as high reactive molecular species generation 
and higher fluorescence intensity when compared to lipo-BPD. The 
lipo-IRDye 700DX was 5 times more efficient in comparison to lipo-
BPD in generating reactive molecular species. It also showed 12 times 
faster burst release of the agents entrapped within when photoactivated. 
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While lipo-BPD showed a sustained release when photoactivated using 
a 690 nm wavelength of light, also it exhibited 10 times higher photo-
toxicity in FaDu (human head and neck) cancer cells. Lipo-BPD also 
demonstrated 7.16 times greater tumor selective delivery compared to 
lipo-IRDye700 DX in an orthotopic mouse model of FaDu head and 
neck tumors. This suggests that a greater emphasis on the membrane 
composition is critical when engineering and designing light-activable 
liposomes, as composition evidently results in unprecedented effects 
on their functionality and therapeutic indices.
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Introduction: 
Multiple myeloma (MM) represents the second most prevalent hemato-
logical malignancy, accounting for 1% of all cancers and 13% of hema-
tological tumors, and the most common primary tumor of the skeleton. 
[1] Disease almost always evolves from a premalignant precursor con-
dition which then develops into asymptomatic or smoldering myeloma 
(SMM). Despite the availability of new therapeutic approaches, MM 
remains incurable and prognosis depends on a clinician’s ability to 
monitor disease progression and assess treatment efficacy. Applying an 
optimized methodology to the clinic will lead to greater personaliza-
tion in treatment plans, thereby improving response rates and survival.
[2] Thus, a sensitive method of detecting, localizing, and measuring 
tumor burden is urgently needed. Targeted PET imaging is a powerful 
imaging tool for these unmet clinical needs, as a noninvasive means 
to determine tumor burden, monitor treatment response and rule out 
minimal residual disease (MRD). Among recently discovered thera-
peutic targets, CD38 has proven an excellent biomarker due to its high 
expression in aberrant lymphoid and myeloid cells relative to normal 
cell populations.[3] Furthemore, CD38 is currently being evaluated 
as a potential therapeutic target for certain solid cancers. [4] We aim 
to rationally develop and validate new agents for CD38-directed PET 
imaging of MM and extend them to other CD38-positive hematologi-
cal malignancies, including lymphomas. We have recently reported the 
synthesis, preclinical evaluation, and first-in-human clinical translation 
of 89Zr-DFO-daratumumab for the noninvasive CD38-targeted imag-
ing of MM.[5] Isatuximab is the latest FDA-approved CD38-targeting 

antibody. This work is to study the potential of 89Zr-labeled Isatuximab 
as a tracer for CD38 immunoPET imaging and whether it would be a 
suitable alternative and/or counterpart to daratumumab as very distinct 
mechanisms of action and binding modes have been reported between 
these two mAbs. Here, we present its radiolabeling and the results of 
its in vitro and in vivo evaluation in two murine models of hematol-
igical disease. Finally, a preliminary in vitro evaluation of our tracer 
targeting in a solid cancer model is included.

Methods: 
Conjugation of DFO-chelator to isatuximab was followed by zirco-
nium-89 radiolabeling. Binding potential of newly 89Zr-DFO-isatux-
imab was firstly quantified using our optimized magnetic bead assay 
and further evaluated through more detailed cellular assays. In vitro 
stability was determined in PBS and human serum over 144h. MM1S 
and Daudi cell lines were selected for in vitro and in vivo evaluation. 
NSG mice were subcutaneously xenografted or intravenously injected 
for the disseminated model of disease. Tumor burden was monitored 
by bioluminescent imaging. Healthy animals were used as a con-
trol. Small PET imaging with [89Zr]Zr-DFO-isatuximab (7.4 MBq/
mouse) was conducted on an Inveon microPET/CT instrument. 89Zr-
DFO-daratumumab was evaluated in parallel for direct comparison. 
Biodistribution studies were conducted by sacrificing mice at discrete 
time points. Accumulation of the tracer in the bone lesions was further 
confirmed by autoradiography imaging. Ex vivo flow cytometry of the 
bone marrows was used to verify CD38 expresion in diseased animals. 

Results: 
89Zr-DFO-isatuximab was produced with high specific activity (0.37 
MBq/μmol), radiochemical yield (>90%), and purity (>99%).  In 
vitro studies confirmed the binding potential and the high stability of 
the tracer. In vivo imaging demonstrated extraordinary contrast and 
uptake in tumor lesions for both MM and lymphoma models. Speci-
ficity was assessed both in blocking studies and in a healthy cohort. 
Time-course biodistribution confirmed the progresive increase of 89Zr-
DFO-isatuximab in leg stime-course biodistributon study confirmed the 
progresive increase of 89Zr-DFO-Isatuximab uptake in bone marrow 
and squeleton which reached the maximum at 120h. Our data sug-
gested 89Zr-DFO-isatuximab performs just as well as, or better than, 
89Zr-DFO-daratumumab.

Conclusions: 
These findings show the excelent potential of 89Zr-DFO-isatuximab 
as a selective immunoPET agent for sensitive detection of MM and 
lymphoma lesions, and therefore, the possibility to further develop a 
platform for targeted radiotherapy.
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Background: 
Despite increasing mortality and morbidity associated with invasive 
fungal infections, especially those caused by Aspergillus fumiga-
tus  (AF), timely and accurate diagnosis remains challenging. The 
fungal cell wall contains distinctive layers of glycoproteins and pol-
ysaccharides such as glucans and chitin, which can serve as unique 
identifiers of fungal infection within the host system[1]. Antibodies 
that can bind with high specificity and affinity to various fungal cell 
wall components could be radiolabeled for the development of poten-
tial PET ligands. Full antibodies however have significant drawbacks 
such as long circulation times, slow clearance from the liver and high 
background signal. Antibody fragments, on the other hand, retain the 
desirable high binding characteristics of full antibodies but possess 
favorable pharmacokinetics for imaging[2]. In this study, Zirconium-89 
(89Zr) labeled Fab fragments generated from a full antibody against 
laminarin (a soluble form of β-1,3 glucan) and an isotype control were 
evaluated in mouse models of AF infection.

Methods: 
The Fab fragments were generated by digesting a commercially avail-
able rabbit anti-laminarin antibody (Biorbyt #orb421066) and the iso-
type antibody using a Fab preparation kit and their purity was assessed 
by SDS PAGE. The affinity of the specific Fab fragment binding to 
laminarin was measured by biolayer interferometry (BLI) assay on 
an Octet K2 system. Two aspergillus infection models were used for 
PET imaging: (1) thigh myositis infection established by intramuscular 
(IM) inoculation of live or heat-killed (HK) AF spores (2) pulmonary 
infection induced by post-pharyngeal (PP) aspiration of AF spores. 
Additionally, two sterile inflammation models were developed, by IM 
injection of 150ug LPS in the thigh and by repeated PP aspiration of 
200ug polyinosinic:polycytidylic acid (poly (I:C)) into the lungs of 
CD-1 mice. 89Zr labeled anti-laminarin or isotype control Fab frag-
ments were intravenously injected into untreated, AF infected, or mice 
with sterile inflammation, followed by PET/CT at 6 and 24 hours 
post-injection. Biodistribution was performed after the final scan at 24 
hours. Confirmation of fungal infection in infected mice was provided 
by GMS staining of the tissues.

Results: 
BLI assay demonstrated that anti-laminarin Fab fragments bound to 
laminarin with a  Kd = 22 nM. The labeled full anti-laminarin and iso-
type antibodies accumulated similarly in areas of fungal and sterile 
myositis suggesting leakage due to increased endothelial permeability 
rather than actual binding. On the other hand, PET imaging of the 
myositis mice showed significantly higher accumulation of the lami-
narin Fab ligand in the thigh muscle with live AF when compared to 

LPS inoculation at both 6 and 24 hours (%ID/g at 24 hours: 0.99±0.19 
vs. 0.67±0.21, P = 0.037) while there was little to no retention of the 
isotype fragments (%ID/g at 24h: 0.41±0.04, P = 0.0001). Similarly, 
in the pneumonia models, higher uptake of laminarin Fab was seen in 
lung consolidations of the infected mice compared to that of poly (I:C) 
treated mice or uninfected controls up to 24 hours. Low binding of the 
isotype fragments in the AF models indicated that the PET signal in 
the live aspergillus was due to specific binding of the laminarin Fab 
to the fungal wall. Biodistribution studies were consistent with the 
PET results.

Conclusions: 
We have shown that 89Zr labeled specific anti-laminarin Fab fragments 
bind specifically to Aspergillus in both the myositis and pneumonia 
models when compared to uninfected controls and sterile inflammation 
models, and when compared to isotype Fab, suggesting that this tracer 
is a promising candidate for the detection of Aspergillus and possibly 
other fungal pathogens. This study also provides evidence that targeting 
other fungal cell wall components could yield additional markers for 
PET imaging, thereby improving the diagnostic capabilities of deep-
seated fungal infections.
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Introduction: 
There is a need for discovery of new and robust methods that will 
facilitate ovarian cancer early detection. Currently, there is no clear rec-
ommendation for ovarian cancer screening in an asymptomatic popula-
tion. Multiple large-scale studies have failed to demonstrate adequate 
sensitivity and specificity for non-contrast transvaginal ultrasound 
(TVUS) to warrant its use in screening for ovarian cancer. Targeted 
contrast enhanced ultrasound (TCEUS) can provide functional informa-
tion at the cellular and molecular levels that could improve cancer early 
detection. Folate receptor (FR), that is overexpressed in 90% of ovarian 
cancer will be targeted here. Microbubbles (MBs), typically used as 
ultrasound (US) contrast agent, are confined within the vasculature due 
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to their large diameter. Nanobubbles (NBs), characterized by a smaller 
diameter, can extravasate into the tumor, while still being visible with 
US, with modest backscatter, allowing targeting tumor cell surface 
biomarkers by direct contact. Acoustic signal of the NBs accumulat-
ing in the tumor could be improved by inflating them with sequential 
administration of nanodroplets (NDs) (1). Our goal is to develop an 
efficient contrast agent for ovarian cancer detection, easily translatable 
to the clinic.

Methods: 
FR-targeted and non-targeted gas-filled micro- and nanobubbles 
were prepared from perfluorobutane by amalgamation of the aqueous 
medium that contained micellar distearoylphosphatidylcholine (DSPC), 
polyethylene glycol (PEG) stearate and (in case of targeted particles) 
folate-PEG-DSPE. Targeted and non-targeted liposomes were prepared 
by nuclepore filtration from DSPC, cholesterol, folate-PEG-DSPE 
(omitted in control) and DiI dye. Untargeted perfluoro-15-crown-5 
NDs (20% v/v, ~250 nm diameter) were prepared by probe sonica-
tion in the aqueous medium that contained DSPC and PEG2000-DSPE 
(2:1 mass ratio). Two different orthotopic ovarian cancer models were 
used. OVCAR3 and IGROV1 tumors were implanted in nude female 
mice by performing a microsurgical implantation of a small tumor tis-
sue within the ovary. US imaging was performed using a Siemens Acu-
son Sequoia C512 system equipped with a 15L8 probe operated in 
CPS mode. MRI data were acquired using a 7T preclinical MR instru-
ment with a 75/40 mm 1H/19F volume coil. After imaging, mice were 
euthanized, tumors were excised and fixed in formalin for histology. 
H&E, CD31 and FR staining were done on 5um thick slices following 
standard protocols.

Results: 
Efficacy of FR targeting was assessed in vitro using folate-decorated 
liposomes incubated with IGROV1 cells and confirmed by fluores-
cence spectroscopy; folate-mediated binding exceeded binding of con-
trol liposomes by an order of magnitude. In vivo US contrast signal 
could be detected in OVCAR3 and IGROV1 orthotopic tumors for both 
FR-targeted and untargeted bubbles. Representative images obtained 
in both tumor types at different time points are shown in Figure 1. 
Heterogeneity in tumor uptake has been observed and could be related 
to differences in tumor vasculature and presence of necrosis. Deliv-
ery of fluorinated NDs was assessed by 19F MRI after i.v. injection in 
orthotopic IGROV1 tumor-bearing mice. At 1h post-injection, 19F MR 
signals could be detected mostly in the blood, with traces present in the 
liver. At 4h and 24h post-injection, most of the signal was located in 
the liver. No signal was detected in the tumor in vivo and ex vivo. As it 
could be due to the low sensitivity of MR detection, fluorescent probes 
will be added to the next formulation to assess the delivery by optical 
imaging. IHC staining confirmed differences in vasculature and folate 
receptor of both tumor types.

Discussion: 
We aim to improve US sensitivity and specificity of cancer detection 
by developing a novel combination of targeted NBs and liquid fluoro-
carbon NDs, that will act in concert, to increase acoustic response. Our 
ongoing studies are an important step towards improving the sensitivity 
and specificity for early detection of ovarian cancer that could also be 
used for screening in high-risk women.
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Introduction: 
Ischemic stroke (IS) is a devastating disease that claims more than 15 
million lives worldwide each year. Identification and localization of 
lesions is crucial to confirm diagnosis, objectively evaluate clinical tri-
als and plan neuromodulation therapy. It was previously shown that the 
combination of apparent diffusion coefficient (ADC) and T2-Weighted 
(T2W) images can be used to successfully segment ischemic strokes 
in rats using gaussian mixture models (GMM) [1]. Moreover, it was 
shown that the GMM-segmented stroke volume at 24 h strongly cor-
relates to the histologically verified stroke volumes at 1-week post-
stroke. In this study, it was hypothesized that the GMM model can be 
used to longitudinally detect and measure therapeutic changes in stroke 
volume over time.

Methods: 
IS was induced in rats (n=53) followed by ADC and T2W measure-
ments after 24 h and 1 week using MRI. One group of animals (n=17) 
was treated bi-daily with Ambroxol for 5 days starting shortly after 
stroke on-set. The control group (n=36) was treated with vehicle solu-
tion. GMM was applied to the 24 h ADC and T2 images and stroke 
regions were predicted as previously described [1]. Dice similarity 
coefficient (DSC) was calculated to compare the similarity of the seg-
mentation results to ground truth data (manual regions at 1-week post 
stroke).

Result: 
The stroke volume of both groups showed a significant difference 
a 24 h and 1 week post-stroke induction (p < 0.05) (Fig A). The 
first row of Figure 1B shows these results in a joint probability 
map using all animals, where the difference in stroke extension 
between both groups can be clearly observed. Perfectly consistent 
with previously published results, the ML-segmentation at 24 h 
of vehicle-treated stroke animals shows a very high similarity 
to the 1-week stroke lesion, demonstrating that the 24 h GMM-
Workflow indeed predicts final stroke volume. In stark contrast 
the DSC of Ambroxol-treated animals is greatly affected by the 
therapy over time, since the volume reduction significantly alters 
the shape of the predicted region at 1 week (Fig 1C). This is 
further quantified in the shrinkage of the lesions (from 24 h to 1 
week) in Fig 1D.

Discussion: 
The findings confirm that this GMM-Workflow can be used to reli-
able segment stroke lesions. Moreover, the segmentation can be used 
to detect changes and evaluate therapeutic changes in stroke volume.
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Purpose: 
Glioblastoma (GBM) is the most common malignant primary adult 
brain tumor with a poor prognosis and median survival of fewer than 2 
 years1. Focused ultrasound (FUS), in conjunction with microbubbles, is 
an emerging method that can potentially enable drugs to reach the infil-
trating GBM cells outside the natural BBB-permeable core. While FUS 
can increase BBB penetration of systemically administered therapies, 
significant challenges remain, including low concentration of drug it 
allows into the brain. We hypothesize that combining FUS with intraar-
terial (IA) cerebral infusion can significantly enhance drug concentra-
tion in the brain while avoiding the non-selective toxicity associated 
with previous attempts of using IA delivery using non-selective BBB 
opening (e.g., mannitol).

Material and Methods: 
Mouse serum albumin (ALB, MilliporeSigma, MA, USA) was labeled 
with Cy7 or Cy5.5 nearinfrared (NIR) fluorescent dye according to 
manufacturer instructions (Lumiprobe, MD, USA). DEFINITYVR 
microbubbles were prepared according to manufacturer instructions 
(Lantheus Medical Imaging, Inc., Billerica, MA, USA). FUS was 
applied to the right cerebral hemisphere of the mouse brain. Locali-
zation of the ultrasound beam with the brain was achieved using 
stereotactic localization of skull landmarks with a brain atlas-
guided FUS (RK50, FUS Instruments, Toronto, Canada). Cy7ALB 
was injected intracarotid through an internal carotid artery catheter. 
Cy5.5ALB was injected intravenously (IV) to confirm BBB permeabi-
lization. 3D Optical/CT images were acquired using MILabs 3D optical 
scanner (MILabs, NL) 24 h after Cy7ALB administration.

Results: 
We demonstrated that FUS opens BBB for up to 48 hrs. Intracarotid 
artery injection of Cy7ALB considerably increased ALB concentra-
tion in the brain after FUS compared with IV injection after FUS. 3D 
optical/CT imaging demonstrated precise localization of the IA infused 
NIR-labeled albumin and confirmed its co-localization with the FUS-
targeted BBB disruption.

Conclusion: 
Our data using 3D optical/CT after FUS-mediated BBB disruption 
demonstrated the potential of IA cerebral infusion to increase drug con-
centration versus standard IV infusion. Thus, molecular imaging with 
labeled therapeutic candidates can play a valuable role in preclinically 

validating the potential of combining IA cerebral perfusion with FUS 
for therapies that do not normally cross the BBB.
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Introduction: 
Magnetic resonance spectroscopy (MRS) of hyperpolarized 
(HP) 13C-enriched molecules has emerged as a powerful technique for 
quantifying metabolic flux rates in real  time1. In particular, the genera-
tion rate of [1-13C]lactate from HP [1-13C]pyruvate is being investi-
gated as a biomarker for cancer metabolism. In vitro HP MRS experi-
ments typically require a high number of cells (on the order of  107), 
restricting capacity to probe multiple conditions or measure flux in rare 
or difficult-to-grow cell types. Building on previous work developing 
miniaturized dual-tuned 1H/13C microcoil detector circuits for sensitive 
detection of HP [1-13C]pyruvate flux in small volume cell  samples2,3, 
we have designed a microcoil that allows simultaneous detection of 
hyperpolarized metabolic fluxes in multiple cell suspension samples.

Methods: 
Magnetic field  BZ simulations showed that an elongated micro-sole-
noid, or micro-slab, design had improved field homogeneity and mag-
nitude compared to a micro-solenoid coil(Figure A). A sample holder 
with three wells of 50 mL volume each was 3D-printed, then wound 
with 28-gauge magnetic wire to create a 13C-sensitive transmit/receive 
coil (Figure B). The microcoil was completed with picofarad-range 
adjustable capacitors for tuning and matching the circuit. A 1H-sen-
sitive single loop coil was also implemented on the circuit board for 
sample visualization and shimming. A 1-dimensional chemical shift 
imaging (CSI) sequence (9 voxels) was used to spatially resolve spectra 
from the three wells. Spectra were acquired with a dynamic resolution 
of 1 second, allowing quantification of the HP [1-13C]pyruvate-to-
[1-13C]lactate flux rate in units of pmol*sec-1*(105 cells)-1 (Figure C).

Results: 
This novel microcoil platform was used to measure metabolic flux rates 
in two models of acute myeloid leukemia, MOLM13 and NOMO1. 
NOMO1 cells were found to generate HP [1-13C]lactate from [1-13C]
pyruvate at a faster rate than MOLM13, in agreement with high-
field 1H NMR measurements of secreted lactate levels in cell culture 
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media (Figure D). This increase in HP [1-13C]lactate flux rate may 
be driven by the ratio of redox cofactors NADH and  NAD+, which is 
elevated in NOMO1 cells compared to MOLM13 cells. The micro-
coil device was also used to measure the increase of pyruvate metabo-
lism in MOLM13 cells upon treatment with AB199, a BCL-2 inhibitor 
which raises the NADH/NAD+ ratio in MOLM13 cells (Figure E), 
demonstrating the device’s capacity to assay drug response.

Discussion: 
We have developed a microcoil that can measure hyperpolarized 
pyruvate-to-lactate flux rates in multiple cell suspension samples 
simultaneously. This three-well microcoil can detect differences 
in pyruvate metabolism between cancer cell lines and upon drug 
treatment. We are currently using the improvement in through-
put given by this platform to more efficiently profile metabolic 
kinetics of other tumor cell models, including but not limited to 
protein overexpression and knockdown, and substrate concentra-
tion modulation.
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Background: 
Immune checkpoint inhibitors (ICIs) have led to a dramatically 
improved survival of cancer patients. However, this usage has resulted 
in increased clinical reports of immune-related adverse events espe-
cially in cardiovascular system including myocardial infarctionand 
ischemic stroke, reasonably due to aggravated atherosclerosis. It is 
known that macrophages especially CC chemokine receptor 2-posi-
tive (CCR2+) proinflammatory macrophages play central roles in 
the initiation, progression and complication of atherosclerosis. To 
determine the ICI treatment caused variation of CCR2+ macrophages 
in atherosclerosis and gain more insight into the mechanism of ICI 
related adverse effect, we use 64Cu-DOTA-extracellular loop 1 inverso 
(ECL1i), a radiotracer to track CCR2+ monocytes and macrophages 
using positron emission tomography (PET) in mouse atherosclerosis 
models following ICI treatment.

Methods: 
64Cu-DOTA-ECL1i PET was used to image CCR2+ monocytes and mac-
rophages in apolipoprotein E knock-out  (ApoE-/-) and low density lipopro-
tein receptor knock-out  (LDLR-/-) atherosclerosis mouse models with wild 
type C57BL/6 mice as controls. All the  ApoE-/- and  LDLR-/- mice were 
fed with high fat diet for 8 weeks and treated with programmed cell death 
protein 1 (PD1) antibody or isotype control IgG or saline up to 16 weeks. 
CCR2 PET imaging was performed at 8 and 16 weeks post treatment 
to track the variation of proinflammatory macrophages following PD1 
antibody administration. Histopathology, flow cytometry and real-time 
polymerase chain reaction (RT-PCR) were performed at each time point 
to characterize CCR2 variations in the collected aortic sinuses from mice.

Results: 
In contrast to wild type mice, both  ApoE-/- and  LDLR-/- mice revealed 
significantly elevated 64Cu-DOTA-ECL1i uptake at aortic arches rela-
tive to the weak signals acquired with 18F-FDG, demonstrating the 
superiority and specificity of CCR2 tracer detecting atherosclerotic 
plaques. In  ApoE-/- mice at 8 weeks post PD1 antibody treatment, 
CCR2 PET (SUV=0.64±0.07, n=6) showed significantly higher sig-
nals than that determined in saline (SUV=0.49±0.09, p<0.01, n=9) 
or IgG (SUV=0.43±0.06, p<0.0001, n=10) treated  ApoE-/- mice. In 
wild type mice, no difference was observed with or without PD1 anti-
body treatment after 8 weeks. At 16 weeks post PD1 antibody treat-
ment, the uptake difference between PD1 antibody treated group and 
control groups were further increased, which further confirmed the 
PD1 antibody treatment aggravated inflammatory response in ath-
erosclerosis, as well as the time dependence of the treatment effect. 
Histopathological analysis demonstrated further elevated immune 
cells infiltration and enlarged plaques in the aortic arches of PD1 anti-
body treated mice compared to the saline or IgG treated mice. Quantita-
tive immunostaining showed significantly higher expression of CCR2+ 
cells in PD1 antibody treated  ApoE-/- mice compared to control groups, 
which was further confirmed by flow cytometry and RT-PCR analyses. 
All these data indicated the adverse inflammatory response associ-
ated with PD1 antibody treatment in atherosclerotic mice. Moreover, 
we performed the same studies in  LDLR-/- mice and observed similar 
results, which further supported our hypothesis.

Conclusion: 
Our results demonstrated the potential of 64Cu-DOTA-ECL1i as a tar-
geted molecular imaging probe to detect ICI-induced aggravation of 
cardiovascular disease in cancer patients.
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Objectives: 
Altered expression of Poly (ADP-ribose) polymerase-1(PARP1), an 
enzyme that is involved in multiple cellular functions has been pursued 
as a therapeutic target for many cancers. The development of PARP1 
PET tracers that can provide noninvasive approaches to evaluate the 
PARP1 expression in vivo is expected to support the choice of thera-
peutics. As a specific PARP inhibitor, Pamiparib has being investigated 
in phase III clinical trials as a maintenance therapy in platinum-sensi-
tive ovarian cancer and gastric cancer [1]. Here, we report the synthesis, 
in vitro and in vivo evaluation of  [18F]Pamiparib as a brain penetrant 
PARP PET tracer in mice, rats and non-human primate (NHP).

Methods: 
Pamiparib standard and the borate radiolabeling precursor were synthe-
sized according to the reported procedures with minor modification [1, 

2]. Briefly, radiosynthesis of  [18F]Pamiparib was carried out using one-
pot, two-step strategy, i.e., Cu-mediated radiofluorination, followed 
with acid facilitated cyclization. Stability of  [18F]Pamiparib was tested 
in dose solution and in PBS at 37 °C. Lipophilicity was determined by 
the shake flask method. Biodistribution was performed in healthy male 
Balb/c mice at 30 min and 60 min post tracer injection (p.i.). Metabo-
lism of the tracer was evaluated in the rat plasma and brain homogenate 
at 60 min and 90 min p.i. Self-blocking study was carried out in rats 
and the brains were collected for ex vivo autoradiography (AR). The 
binding specificity was also evaluated in the brains samples of mice, 
rats and nonhuman primate using in vitro AR. Quantitative NHP brain 
PET was performed to calculate the brain-to-plasma ratio at equilib-
rium, a.k.a. volume of distribution  (VT).

Results:  
[18F]Pamiparib was synthesized with decay-corrected radiochemical 
yields of 2 ± 1.4%, molar activity of 127 ± 7 GBq/μmol with radio-
chemical purities of ≥93% (n = 6).  [18F]Pamiparib was unstable under 
alkaline conditions, but relatively stable in both final dose solution 
(9% of ethanol in 0.9% saline) and in PBS (PH=7.4). Measured LogP 
value was 2.44 (n = 4). Relatively high uptake of  [18F]Pamiparib was 
found in the spleen (Fig 1. a). Ex vivo autoradiography and metabo-
lism study in rats indicated the brain penetration of  [18F]Pamiparib and 
minimal radio-metabolites in the brain(Fig 1. b, d).  [18F]Pamiparib is 
metabolized slowly in NHP, with parent fraction of 80% at 120 min 
p.i. (Fig 1. c). The binding of  [18F]Pamiparib to PARP1 is specific as 
the signal is completely blocked in the brain sections of mice, rats 
and nonhuman primates using the unlabeled Pamiparib (Fig 1. e). The 
monkey brain time-activity curve fits well with one-tissue compartment 
model, generating  VT of 3 in the brain, confirming the brain penetra-
tion of  [18F]Pamiparib, albeit PET images showed mainly peripheral 
tracer uptake.

Conclusions: 
We have synthesized  [18F]Pamiparib, and demonstrated its specific 
binding with PARP-1 in rodent and monkey brain sections and showed 
a moderate metabolic stability in rat plasma through in ex vivo and 
in vitro studies. Further investigations of  [18F]Pamiparib as a PARP1 
PET imaging probe are needed, including in vitro binding assay, and 
imaging studies in animal models of oncology and neurodegenerative 
diseases.
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Background: 
Hemizygous and Homozygous deletion of hallmark DNA damage 
repair (DDR) protein, BRCA2 in Prostate cancer (PC) are associated 
with increased risk of aggressive PC, highere rate of distant metasta-
sis and resistance to androgen deprivation therapy (ADT). Clinical 
data has shown BTCA2/DDR deficiency commonly results in poor 
prognosis. Lately immunohistochemical analysis of mCRPC patient 
samples by Paschalis et al. revealed that mutations in DDR genes (in 
particular BRCA2 and ATM) are associated with increased prostate-
specific membrane antigen (PSMA; folate hydrolase, FOLH1) expres-
sion on the cell membrane. We wanted to investigate if this upregula-
tion in PSMA expression can be targeted with a dignostic positron 
emission tomograpy (PET) imaging agents such as  [68Ga]-PSMA11 
or  [124I]-MSK-PSMA1. Therefore, we hypothesized that upregulation 
of PSMA expression can be used as a marker for BRCA2 alteration, 
which can be measured using PET imaging in vivo.

Experimental design: 
We analyzed human prostate cancer cell line, LNCaP, at mRNA and 
protein level and quantified the expression of PSMA using saturation 
binding assays with  [124I]-MSK-PSMA1. Using CRISPR-Cas9, we 
knocked out BRCA2 in the castration sensitive cell line LNCaP cells 
and evaluated its effect on PSMA at the transcriptional and transla-
tional level. Saturation binding assay using  [124I]-MSK-PSMA1 was 
performed to measure changes in cell surface PSMA receptor density 
in LNCaP BRCA2 knockouts.

Results: 
BRCA2 knockout was achieved successfully using CRISPR-Cas9 based 
methods. Western blot analysis revealed that PSMA levels increase 
significantly with BRCA2 loss when BRCA2 knockouts were compared 
to control LNCaP cell line. Immunohistochemical analysis confirmed 
this obervation. Cell binding assays demonstrated that BRCA2 knock-
out LNCaP cell lines have about 6 fold higher uptake of the PET 
tracer  [124I]-MSK-PSMA1. in vivo studies are planned to demonstrate 
that BRCA2 deletion leads to a signficant increase in PSMA signal in 
mice xenograft models.
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Conclusions: 
Our results indicate that BRCA2 silencing leads to signficant upregula-
tion of PSMA expression in PC cell lines, which can be imaged using 
a PSMA targeted PET tracer.
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Background: 
The Marburg virus (MARV) belongs to the family Filovirideae fam-
ily and is known to cause lethal hemorrhagic fevers in humans with 
high case fatality rates[1]. To date, there are no approved vaccines or 
antivirals and given the severity of disease, countermeasure testing is 
dependent upon animal models. Guinea pigs have been shown to be 
an appropriate animal model to study MARV disease (MVD) since 
their pathophysiologic representations of lesions, serum biochemi-
cal changes and coagulopathies are similar to humans [2]. Molecular 
imaging can be used in this setting to better understand disease patho-
physiology and assess the usefulness of therapeutic and preventative 
measures. Here we describe the use of 18Fluorodeoxyglucose positron 
emission tomography with computed tomography (FDG-PET/CT) to 
characterize disease progression and organ involvement in guinea pigs 
and test the efficacy of a newly developed rabies-virus based MARV 
bivalent vaccine (FiloRAB3)[3] to control infection.

Methods: 
Hartley guinea pigs were challenged intraperitoneally with a target dose 
of 1,000 plaque forming units of mouse-adapted Marburg virus. After 
challenge, a cohort of guinea pigs were evaluated for clinical signs of 
disease progression until euthanasia criteria were met. Major organs 
were collected at different time points for immunohistochemistry (IHC) 
staining and RNA in situ hybridization against MARV glycoprotein and 
matrix protein (VP40). In another cohort, FDG-PET/CT imaging was 
performed at baseline, 3 and 6 days after infection. Longitudinal 
changes in FDG uptake across scans were assessed for each organ 
using repeated-measures one-way ANOVAs. Liver and spleen tissue 
viral titers were measured by plaque assay and correlated to Standard 
Uptake Values (SUV) values in respective organs at euthanasia. In the 
vaccine study, FiloRAB3 was intramuscularly injected on Days -82 

and -40 (two doses) or -68, -54, and -40 (three doses) before infection. 
FDG-PET/CT was performed on Day -12 (baseline) before infection, 
Day 3 and Day 10 after infection.

Results: 
Mouse-adapted MARV was 93% lethal in Hartley guinea pigs at 1,000 
PFU following intraperitoneal inoculation. Clinical signs of MVD were 
observed in the guinea pigs starting from day 5-6 with animals reach-
ing endpoint criteria between 6-10 days post exposure. IHC staining 
indicated that MARV infection began in liver and spleen at day 3 and 
later spread to other organs such as kidney (interstitial macrophages), 
and brain choroid plexus/meninges around day 6-7. FDG PET imaging 
exhibited an analogous increase in liver and spleen glucose metabolism 
at days 3 and 6 when compared to baseline, suggesting viral replica-
tion and activated immune cells associated with disease progression 
in these organs. The SUV values showed significant positive correla-
tions with tissue viral titers of liver (r=0.85; p=0.0005) and spleen 
(r=0.74; p=0.006). In the vaccine study, there were no differences in 
FDG uptake between 2 and 3 dose regimen cohorts. However, vacci-
nated guinea pigs had significantly moderated increase in FDG uptake 
in the liver and spleen on day 10 compared to unvaccinated animals on 
day 6. This was accompanied by undetectable viral loads in blood and 
tissues and survival of all vaccinated animals.

Conclusion: 
Progressive increased FDG uptake in the liver and spleen of MARV-
infected guinea pigs was observed in unvaccinated guinea pigs follow-
ing MARV inoculation, corresponding to viral replication and immune 
activation. FiloRAB3-vaccinated subjects, on the other hand, showed 
only mildly increased FDG uptake in both organs compared to unvac-
cinated animals, along with significantly improved survival. Using 
molecular imaging, namely FDG-PET, we were able to noninvasively 
monitor host response to MARV infection in real time using a small 
animal model of MARV, as well as assess the efficacy of FiloRAB3-
MARV vaccine. Molecular imaging can be used in other infections for 
similar purposes, especially in the setting of developing and optimizing 
vaccine strategies.
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Objective: 
Alzheimer’s disease (AD) and other tauopathies, such as Frontotem-
poral dementia, are leading cause of dementia and loss of autonomy 
in the elderly, implying a progressive cognitive decline and limita-
tion of social activities. Currently, there is not an effective method 
for the early diagnosis and treatment of AD and tauopathies. This 
study suggests an theragnostic approach based on the importance of 
phosphorylated tau protein (p-Tau) in the early pathophysiological 
processes of AD. Our strategy was based on the development of 
a theragnostic monoclonal antibodies (mAb) and their fragments 
focused on p-Tau detection, in order to provide in situ diagnostic 
and therapeutic effects.

Methods/Results: 
We have developed a novel p-Tau mAb. Our design was based on p-Tau 
mAb or its fragments doped with deferoxamine for radiolabelling with 
PET radiotracers (Zirconium-89) and fluorescence dies. Non-toxic 
effects (up to concentrations of p-Tau mAb greater than 100 ug/mL) 
were observed in vitro in both endothelial (bEnd.3) and primary neu-
rons cell cultures by LDH, MTT, and IP/Annexin and Mitochondrial 
membrane potential. Radiolabelling of p-Tau mAb and its fragments 
for PET studies was performed with 89Zr. In vivo results in PS19 trans-
genic mice shows that the 89Zr-pTau_mAb and 89Zr_Fg_pTau-mAb 
are stable in circulation up to 10 days, without toxic effects, but the 
amount reaching the brain is <0,.2%.

Conclusions and Discussion: 
This study shows a novel theragnostic mAb that specifically recognize 
very-early molecular markers of AD and tauopathies (p-Tau), and can 
be detected by means of non-invasive imaging methodologies (PET) 
and eventually provide a therapeutic action if needed. These therag-
nostic agents have non-toxic effects in vitro and in vivo, are stable in 
circulation, but the amount reaching the brain is <0.2%. Therefore, 
new formulations are needed in order to enhance crossing the blood-
brain barrier.
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Purpose/Background: 
Following myocardial infarction (MI), cardiac remodeling is medi-
ated by matrix metalloproteases (MMP) (1). Intramyocardial injec-
tions of hydrogels to the MI and peri-MI region following MI can 
not only provide mechanical support to improve regional and global 
function but also serve as a vehicle for local sustained intramyocardial 
delivery of therapeutic drugs such as doxycycline, an MMP inhibitor 
which has been shown to reduce adverse remodeling in patients with 
acute MI (2,3). The incorporation of iodine and 99mTc-labeled doxycy-
cline (99mTc-DOX) would allow for in vivo tracking of the initial local 
delivery and biodistribution of a theranostic hydrogel post-injection 
via SPECT/CT imaging (4). We have developed a hydrogel composed 
of two components, adamantane-modified hyaluronic acid (Ad-HA) 
and cyclodextrin-modified hyaluronic acid (CD-HA), which combine 
to form a supramolecular gel that can encapsulate both Iohexol, a CT 
contrast agent, and 99mTc-DOX as a novel theranostic (5). The purpose 
of this study is to evaluate the delivery and release kinetics of iodine 
and 99mTc-DOX incorporated in a theranostic hydrogel (THA) follow-
ing intramyocardial delivery in hearts without and with MI.

Methods: 
MIs were induced in Yorkshire pigs (n=3) via percutaneous 
balloon occlusion of the LAD for 90 minutes. Pigs returned 3 
days post-MI for intramyocardial delivery of the THA and serial 
SPECT/CT imaging. Control pigs (n=3) received no MI before 
THA delivery. 10 mg doxycycline-hyclate was labeled with 2.22 
GBq  [99mTcO4]- in a one-pot reaction containing ascorbic acid, tin 
(II) chloride, and saline. The 99mTc-DOX and Iohexal were loaded 
into the hydrogel: Ad-HA was constituted in 200 mg/mL Iohexol, 
while CD-HA was constituted in an equal volume of 99mTc-DOX. 
Under anesthesia the THA was delivered via an apical window 
as nine 100 μL injections in a 3x3 grid into the MI region. Fol-
lowing injection of the THA, serial SPECT and CT images were 
acquired on a GE Discovery 570 SPECT/64-slice CT scanner at 
30 minutes, 1, 2, 3, and 4 hrs post-injection. SPECT images were 
co-registered with CT angiographic images and the activity in 
the whole left ventricle of each pig heart was quantified using 
image analysis software (Carimas). CT images were analyzed for 
retention of Iohexol by quantifying Hounsfield units (HU) within 
regions of interest drawn over the sites of injection. Animals were 
euthanized and the hearts were excised for histological analysis 
and gamma well counting.

Results: 
The Iohexol contrast agent allowed high resolution CT visualization of 
the site of THA delivery although washed out rapidly from the myo-
cardium (retention of 30% for both control and MI hearts, Figure A, 
C). In contrast, the 99mTc-DOX was retained in the myocardium, with 
an average 4-hour retention of 100% and 75.3% for control hearts and 
MI hearts, respectively (Figure A, B).

Conclusion: 
We developed a THA for modulation of post-MI remodeling that was 
imageable with hybrid SPECT/CT imaging. The encapsulation of 
Iohexol in the THA can be used to verify local intramyocardial deliv-
ery under fluoroscopic and/or CT guidance, while 99mTc-DOX dem-
onstrated local retention for sustained local delivery for targeted MMP 
inhibition.
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Background: 
Myeloperoxidase (MPO) is a highly oxidative heme-containing enzyme 
that plays an important role in the pathophysiology of myocardial 
infarction (MI). As such, MPO can be a prognostic and risk stratifica-
tion marker and a potential therapeutic target in cardiovascular dis-
eases. We have developed an MPO-activatable PET probe (18F-MAPP) 
with high specificity and sensitivity to MPO activity. In this study, we 
aimed to use 18F-MAPP PET imaging to detect myocardial infarction 
and monitor treatment effect in a rodent model.

Methods: 
Synthesis: The synthesis of 18F-MAPP has been automated in two 
steps.1 In vivo imaging: 18F-MAPP imaging was performed in a mouse 
model of MI to validate the efficacy of 18F-MAPP and the capability 
of 18F-MAPP to monitor the treatment effect using an irreversible MPO 
inhibitor, PF-2999 (50 mg/kg) or vehicle via oral gavage twice daily 
for 48 hours after MI, followed by PET imaging 2 hours after the last 
dose (n=5-6 per group). Ex vivo: Autoradiography of heart sections 
was performed after PET imaging.

Results: 
The synthesis of 18F-MAPP includes the radiolabeling of the precursor 
and subsequent deprotection of the Boc group with a radiochemical 
yield of 47% after decay correction in about 80 min (Figure 1A). The 
binding mechanism, sensitivity, and specificity of 18F-MAPP to MPO 
were previously validated both in vitro and in vivo in mouse models of 
Matrigel implant and cutaneous inflammation.1 18F-MAPP PET imag-
ing of MI found 42% reduction of 18F-MAPP uptake in mice treated 

with 50 mg/kg of PF-2999 compared to that treated with vehicle (Fig-
ure 1B and C, p < 0.001, SEM, one-tail t-test). Ex vivo autoradiography 
showed that the uptake of the heart slices with MI treated with PF-2999 
was 51% reduced compared to that treated with vehicle (Figure 1D, p 
= 0.05, SEM, one-tail t-test).

Conclusion: 
Molecular imaging with the activatable 18F-MAPP probe can detect 
oxidative stress and track treatment changes in MI by targeting MPO 
activity.
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Imaging with reporter transgenes has transformed preclinical can-
cer research by amplifying signal over noise and readily enabling 
dynamic measures of specific biological processes or cell popula-
tions  in vivo  that would otherwise be undetectable. Although less 
mainstream than optical reporters, imaging with reporters like sodium 
iodide symporter (NIS), linked to nuclear imaging modalities, offers 
distinct experimental advantages. These include decreased signal 
attenuation and scatter, which in turn enable high resolution, tomo-
graphic images with the potential for superior quantification. Here we 
use SPECT imaging to characterize the whole-body dynamics of the 
iodide analogue  [99mTc]pertechnetate in a mouse model of NIS-labeled 
metastases, with the goal of protocol optimization and validation of 
quantification. Performance of NIS-SPECT is then compared with the 
current state-of-the-art FDG-PET. In total ten NSG mice were trans-
planted via tail vein implantation with luciferase- and NIS-labeled 
FC1245 murine pancreatic cancer cells, with successful development 
of lung metastases determined by bioluminescent imaging. The mice 
were then scanned with one or more of the following imaging pro-
tocols; tail vein iv injection of approximately 50MBq pertechnetate 
followed by two hour dynamic SPECT (n = 4), iv injection of pertech-
netate followed by static SPECT at 60 minutes (n = 1), iv injection of 
pertechnetate 30 minutes after ip injection of 2mg of the NIS blocking 
agent sodium perchlorate followed by two hour dynamic SPECT (n = 
1), iv injection of pertechnetate after sodium perchlorate followed by 
static SPECT at 60 minutes (n = 2), iv injection of pertechnetate fol-
lowed by static SPECT at 60 minutes (n = 1), subcutaneous injection 
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of pertechnetate followed by repeated static SPECT over two hours (n 
= 5), iv injection of  [18F]FDG followed by two hour dynamic PET (n 
= 1), and iv injection of FDG followed by static PET at 40 minutes 
(n = 2). Fourteen regions of interest (ROIs) were semi-manually con-
toured and mean uptake  (SUVmean) calculated at each imaging time-
point to determine the kinetics and biodistribution of tracer between 
plasma, clearance routes, endogenous NIS-expressing organs, and 
NIS-transduced tumors. Pertechnetate uptake was clearly shown to be 
specific for labeled tumor cells, as well as organs of interest known 
to endogenously express NIS. The 2mg dose of sodium perchlorate 
effectively blocked pertechnetate uptake with significantly lower mean 
SUV in the tumor, stomach, salivary glands and thyroid (all p < 0.01). 
There was no significant difference in mean uptake at 60 minutes post-
injection between the tail vein iv and subcutaneous injection routes 
for any organs analyzed. Similarly, tumor-to-background (liver) ratios 
were not significantly different. In the dynamic iv pertechnetate-SPECT 
scans, contrast-to-noise (CNR) and signal-to-noise (SNR) continuously 
increased over the first two hours of uptake due to both continued 
uptake of tracer in the tumor and clearance from liver. Overall, tumor 
uptake in the iv pertechnetate-SPECT scans (12.0 ± 3.0  SUVmean) as 
compared to FDG-PET (1.5 ± 0.2  SUVmean) was significantly higher 
(p < 0.01), which led to significantly higher tumor-to-background ratio 
(p < 0.01). Thus, for this model of lung metastases expressing the NIS 
reporter gene, NIS-SPECT with  [99mTc]pertechnetate offered improved 
sensitivity and lesion conspicuity compared to FDG-PET.
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Head and neck cancer (HNC) is among the most common malignancy 
and has a profound impact on human health and quality of life. While 
systemic chemotherapy is often used during treatment, the presence of 
dysfunctional tumor microvascularity can impede effective drug delivery. 
To overcome this physical limitation, application of focused ultrasound 
(FUS) with the use of an intravascular microbubble (MB) contrast agent 
has been shown to improve microvascular permeability and local drug 
extravasation. In this research, we explored the preclinical use of a novel 
three-dimensional (3-D) FUS therapy system as a proposed method for 
improved drug delivery in HNC. Our customizeable 3-D FUS system 
uses a programmable research scanner (Vantage 256, Verasonics Inc) 
equipped with a dual transducer configuration for interleaved ultrasound 
imaging and therapy. Both the imaging and therapeutic transducers are 
128 element arrays with center frequencies of 3.5 and 2.0 MHz, respec-
tively. The latter is a concentric array that enables beam steering in vol-
ume space. Athymic nude mice were subcutaneously implanted with 
HNC cells (FaDu). Tumors were allowed to grow for about 4 wk before 
being randomly divided into two groups, namely, cetuximab +/- FUS 
(N = 4 per group). For animals that received FUS therapy, each received 
a tail vein bolus injection of MBs (50 μL; Definity, Lantheus Medical 
Imaging) prior to exposure. FUS therapy was performed at a peak nega-
tive pressure of 0.7 MPa, pulse repetition frequency of 10 Hz, duty cycle 
of 10%, exposure duration of 5 min. The treatment plans incorporated the 
various tumor sizes, thus the number of focal zones and repetitions per 
focal zone were different for each subject and treatment plan. IRDye750 
(LiCOR Biosciences) was conjugated to cetuximab using established 
methods and administered once per wk for three wks. A dosing regimen 
of 3.30 mg·kg-1 was used for the first dose and 2.07 mg·kg-1 for each of 
the two subsequent doses, which is a clinically-relevant dosing proto-
col. For monitoring IRDye750-labeled cetuximab accumulation within 
the tumor volume, in vivo optical imaging (Pearl Trilogy, LI-COR Bio-
sciences) was performed at day 0 (baseline), 1, 3, 7, 14, 21, and 28. The 
main experimental endpoint was animal survival. After imaging on day 
28, all animals were humanely euthanized and tumors were excised for 
histological analysis. A review of experimental data found no differences 
in baseline tumor size for any of the cetuximab +/- FUS therapy group 
animals (p = 0.99). Assuming in vivo optical measurements represent 
intratumoral drug accumulation, animals treated with cetuximab + FUS 
exhibited fluorescent signals at least 120% higher than those animals 
treated with cetuximab alone. Survival curves revealed animals that 
received cetuximab + FUS therapy lived on average 3.5 d longer than 
those treated with cetuximab alone (13.5 vs 10 d). Histological analy-
ses of tumor tissue found increased levels of apoptosis and decreased 
proliferation for animals that received the cetuximab + FUS therapy. 
Overall, this research validated the preclinical use of 3-D FUS-mediated 
cetuximab delivery for improved treatment of HNC.
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Introduction: 
Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause 
of cancer-related death worldwide, with a 5-year overall survival of less 
than 8%. PDAC is among the types of cancer that are most difficult to 
treat, mainly due to late diagnosis and its refractory behavior towards 
current treatment protocols. Certainly, accurate in vivo animal models 
that can mimic patient disease progression and treatment outcomes are 
necessary tools to develop new therapeutics and biomarkers for PDAC. 
Furthermore, early diagnosis of PDAC utilizing multimodal imaging 
techniques may therefore offer early treatment and hence decrease mor-
tality and morbidity.

Methods: 
Among all the preclinical models, the genetically engineered mouse 
(GEM) model KPF (FSF-Kras G12D/+; Trp53 frt; Pdx1-Flp), is 
highly similar to PDAC in humans in terms of malignant progression, 
metastases and chemo-resistance property. In the present investigation, 
we applied multimodality imaging techniques in KPF mice to obtain 
quantitative anatomical, functional, and molecular information about 
pancreatic tumors. To improve the early diagnosis using a multimodal-
ity imaging approach, we also developed a contrast agent of composite 
nanoparticles (NPs) composed of a gold nanorod core covered by a 
layer of mesoporous silica that was finally coated with gadolinium 
oxide carbonate-shell (AuNR-SiO2-Gd). We investigated the new con-
trast agent and its application in PDAC mouse model.

Results: 
By combining the results obtained from different imaging modali-
ties including ultrasound imaging (US), photoacoustic imaging (PAI), 
magnetic resonance imaging (MRI), and positron emission tomogra-
phy (PET), we were able to: 1) Follow the tumor development at an 
early stage, 2) Quantify the tumor size, 3) Measure the tumor per-
fusion, 4) Determine the tumor hypoxia, and 5) Measure the tumor 
metabolism rate. It has been well characterized in patients that tissue 
hypoxia is a signature of PDAC, which contribute to the development 
of chemo-resistance and tumor metastasis. In addition, PDAC has 
an extensive tumor-stromal component that results in a disorganized 
vasculature and a physical barrier to drug delivery. As compared to 
PDAC patients, our results indicated the same signatures of PDAC 
tumors in KPF mice, as illustrated by quantitative imaging from mul-
tiple modalities. Furthermore, the new contrast agent(AuNR-SiO2-Gd) 
was investigated as a triple modal contrast agent for MRI, CT, and PAI 
for the diagnosis of PDAC in KPF mice. The present results showed 
that AuNR-SiO2-Gd is poorly distributed into the tumor but highly 
accumulated in the surrounding soft tissues which most probably is 
due to the poor vascularization of the tumor. The difference in biodis-
tribution has resulted in a negative contrast within the tumor area in 
both CT and PAI, while a positive contrast was observed in MRI in 
both T1- and T2-weighted.

Conclusion: 
Multimodality imaging techniques in combination with multimodal 
contrast agent allows early diagnosis and accurate and precise detec-
tion of PDAC progression. Furthermore, this combination will allow 
us to evaluate the treatment efficacy. Such a strategy could enable early 
diagnosis and personalized therapy which in turn will benefit the clini-
cal outcome and enhance the life quality of PDAC patients.
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Introduction: 
Clinical breast cancer studies have correlated tumor vascular perfu-
sion kinetics with response to therapy and patient survival (PMID: 
20429756). The tumor microenvironment (TME) plays a large role in 
tumor growth and perfusion, and while the tumors are relatively well 
characterized, host vascular phenotypes are not. Consomic xenograft 
(CXM) models are a model to elucidate the effects of host genetics on 
xenograft tumors (25172839). The focus of this study is on the per-
fusion kinetics of the FDA approved infrared dye indocyanine green 
(ICG) in CXM with both commercial and patient derived xenograft tri-
ple negative (PDX-TN) breast cancer cell lines. ICG has an absorption 
and emission spectra that spans the NIR-I and tails into the NIR-II or 
SWIR spectra (29626132). This enables it to be used with both silicon 
and InGaAs detectors, allowing for high sensitivity imaging at low 
concentrations and excitation power, while also exploiting the higher 
spatial resolution due to reduced scattering in the SWIR spectrum. 
Tumor vasculature can be imaged via both intravital microscopic and 
whole-body infrared fluorescence imaging techniques on a variety of 
sensor types with ICG.

Materials and Methods: 
CXM rats included both salt sensitive Sprague-Dawley  (SSIL2Rγ) and 
consomic SS.BN3IL2Rγ (Brown Norway chromosome 3) strains. Xeno-
graft cell lines included MDA-MB-231 (231), a patient derived triple 
negative breast cancer cell line, and ZR75.1 ER positive (ER+). For 
both whole-body and intravital microscopic imaging, animals were 
injected intravenously via tail vein with ICG (0.75mg/kg, MP Biomedi-
cals) and simultaneously imaged. For whole body, a NIRvana 640ST 
InGaAs focal plane array camera (Princeton Instruments), equipped 
with a 25mm lens (Navitar, DO-25, 0.95 f-stop), with an 1100nm long 
pass filter (ThorLabs), excited by 808nm diode laser (~5mW/cm2), was 
used with a frame rate of 10.6 fps for 6 minutes. For microscopic imag-
ing, a Nikon A1R spinning disk confocal with 730nm laser excitation 
and 780-860nm emission bandpass, using a 25x objective. Respira-
tory motion correction was performed with MATLAB (MathWorks 
Inc.). All animal protocols were reviewed and approved by the Medical 
College of Wisconsin, Institutional Animal Care and Use Committee, 
where these experiments were performed.

Results and Discussion: 
Previously, SS.BN3IL2Rγ rats were shown to have greater permeability 
and retention and subsequently better therapeutic outcomes as com-
pared to  SSIL2Rγ (28567545, 29552392, 32373218). Overall phar-
macokinetic trends were conserved in both strains of rat across 231, 
PDX-TN, and ER+ tumors of comparable size despite the differences 
in vascular scale, parental cell line and imaging parameters such as dye 
bolus injection rate, spectral window, and imaging setup (Fig 1. A). 
These relative trends hold true even in the stromal microvasculature 
and tissue—albeit on a much faster time scale compared to the bulk 
tumor (Fig 1. B). The broad spectral band of ICG allows it to be used 
as a SWIR fluorescence contrast agent for greater spatial resolution 
compared to the traditional NIR-I band, and even allows for excitation 
wavelengths as low as 730nm enabling its use on instruments designed 
for far red fluorophores (Fig 1. C-E). The perfusion kinetics of ICG 
based on host vascular phenotype provides insight into the probable 
transport of pharmacologic and nanocarrier based therapeutics and 
their subsequent dose and duration dependent response.
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Conclusions: Multiscale imaging of tumor vasculature allows for the 
observation of vascular perfusion kinetics at both the bulk organ and 
microvascular levels, confirming that relative trends in host vascular 
phenotype are conserved across tumor type and scale.
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Vascularized Composite Allotransplantation (VCA) has emerged as 
a novel reconstructive and restorative option for patients with severe 
tissue defects and disfigurement with encouraging overall immune, 
functional, and graft survival outcomes. Conventional/standard immu-
nosuppression regimens have prolonged VCA graft survival, but in 
most cases, standard baseline immunosuppression is still unable to 
totally prevent acute (AR) or chronic (CR) rejection and graft deterio-
ration. Diagnosis and management of AR in VCA relies on protocol 
or for-cause superficial skin biopsies that do not reflect deep tissue 
immune responses (that may include CR). Routine deep biopsies are 
invasive and pose risk to vital neurovascular structures. There is thus an 
imminent need for non-invasive tools that enable reliable, reproducible, 
quantitative, and objective diagnosis and monitoring of rejection in 
deep graft tissues otherwise inaccessible by skin biopsy. Novel nano-
probes capable of immunolabeling multiple cell populations in vivo, 
can shed critical insights into the dynamics, kinetics, intensity and 
spatial patterns or progression of cellular VCA rejection across deep 
and superficial tissues as well as objectively quantifying responsive-
ness or resistance of rejection to immunosuppressive therapy. Further-
more, distinct multispectral nanoimaging can provide unprecedented 
insights into immune cell dynamics and turnover during acute and 
chronic rejection in VCA. Such nanoimaging strategies can help in 
discovery of novel cellular targets for optimizing precision or personal-
ized immunosuppression in VCA. We demonstrate novel nanotechnol-
ogy designed to allow VCA clinicians to accurately assess the timing, 
evolution, intensity and distribution of cellular rejection or immune cell 
activity in superficial and deep tissues. Ultimately this approach will 
allow true treatment personalization and evaluation of the therapeutic 
response to immunosuppression, monitor patient compliance to medi-
cations, and prognosticate graft outcomes through predictive imaging 
biomarker models. In order to develop safe, noninvasive, immune cell 
specific and multispectral nanoprobes we reached into the Quality by 
Design (QbD) methodology toolbox. Although the development of bio-
medical nanotechnology continues to accelerate, it continues to meet 
challenges that may prevent clinical translation and commercialization. 
Specifically, insufficient quality control in early product development 
and/or an incomplete understanding of the impact of the manufacturing 

process on product physicochemical properties can hinder nanomedi-
cine reproducibility and scale-up. We demonstrated by MR and NIRF 
imaging, for the first time, that the spatial distribution and anatomi-
cal localization of macrophage mediated inflammation/infiltration in 
superficial and most importantly deep tissues in rodent and large animal 
models of VCA. Notably, the signal intensity and distribution of nano-
probe labeled host macrophages infiltrating into the graft during Grade 
2 acute rejection (AR) confirmed that AR is not homogenous, but rather 
heterogenous and involves discrete zones in superficial and deep tissues 
in VCA. We also demonstrated that QbD methodology is essential for 
the development of multimodal nanoprobes. We also show that MRI 
and NIRF imaging results from both in vivo (large and small ani-
mals) and ex vivo studies can be incorporated into QbD strategies for 
nanoprobe optimization. In summary, we present here details of how 
QbD can be utilized to optimize manufacturing processes and assure 
quality of nanoimaging products. We demonstrated proof of concept 
multispectral and multimodal imaging in a rodent and primate VCA 
models. We also showed the potential for further expansion of QbD to 
complex biomaterial manufacturing and its transformative power on 
personalized medicine.
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Introduction: 
Near-infrared (NIR) active semiconductor nanocrystals (NCs) have 
promising applications in biomedical imaging in vivo due to their 
excellent optical features, such as narrow fluorescence spectra, high 
brightness, and emission tunability [1]. Direct bandgap materials such 
as quantum dots (QDs) can produce bright and specific fluorescence 
upon broad excitation, while doped semiconductor materials with 
localized surface plasmon resonance (LSPR) are widely adapted for 
photoacoustic imaging [2]. However, there is a dearth of information 
pertaining to their safety for clinical translation. Early NCs were made 
with intrinsically toxic ions such as cadmium and lead, motivating the 
development of materials with safer components for in vivo imaging. 
In recent studies, particles have been synthesized with seemingly safer 
elements like copper and indium; however, CIS has been shown to 
have unexpectedly high levels of toxicity [3]. Thus, there is an urgent 
need to thoroughly evaluate the degradation properties and toxicity of 
copper-based biodegradable nanocrystals.

Materials and Methods: 
We have tested copper indium sulfide (CIS) QDs along with copper 
sulfide (Cu2S) and two versions of copper iron sulfide (CFS) NCs. 
Particles were synthesized via the hot injection method, where instant 
nucleation is triggered at high temperatures by injecting an organo-
metallic reagent, typically elemental sulfur dissolved in coordinating 
ligands such as oleylamine; this method allows us to modify the size 
of the resulting NCs by altering the reaction length and temperature. 
We employed a variety of analytical techniques, including spectro-
photometry for observation of absorbance spectra, microwave plasma 
atomic emission spectroscopy (MP-AES) to determine elemental 
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concentrations and ratios, and X-ray diffraction (XRD) along with 
small-angle X-ray scattering (SAXS) to confirm structure, composition, 
and size. We also conducted degradation studies where first, particles 
are left to degrade in either simulated body fluid (SBF) or artificial lys-
osomal fluid (ALF) in a 37°C incubator, and after centrifugation with 
ethanol to disrupt the micelles, the ratio of particles remaining in NCs 
(which form the pellet) to degraded particles (which become suspended 
in the supernatant) can be determined through MP-AES. Finally, we 
completed cell viability experiments using ATP assays, where cells 
are examined after sitting in a solution of NCs and phosphate-buffered 
saline (PBS) for 24 hours to determine the percentage of viable cells 
after exposure to NCs at varying concentrations.

Results and Discussion: 
The degradation analysis procedure we used gave us specific data on 
the kinetics of particle degradation in SBF and ALF (Fig. 1A), provid-
ing a quantitative method to evaluate particle interactions with cells. 
The viability assays suggested that, as supported by previous data, CIS 
is highly toxic to cells even at low concentrations (20 μg/mL), while 
Cu2S and bornite CFS showed moderate toxicity and chalcopyrite CFS 
had low toxicity (Fig. 1B). In combination with the degradation stud-
ies, it is clear that all four particles degrade significantly in biological 
fluids and cause different levels of toxicity based on their composition.

Conclusions: 
Our research so far has demonstrated that, contrary to the expecta-
tion that swapping toxic heavy metals for less harmful elements would 
reduce QD toxicity, CIS still has significant toxic effects that are not 
well understood and are likely directly linked to degradation, specifi-
cally the ion leaching that occurs as NCs degrade. Chalcopyrite CFS, 
however, could be a viable candidate for a low toxicity QD. In our 
continuation of this study, we will further examine the exact relation-
ship between degradation and toxicity using our degradation analysis 
data, which will enable us to conduct cell viability tests with partially 
degraded particles at specific degradation ratios. We also plan to exam-
ine the means of toxicity produced by indium (e.g. ROS generation and 
DNA damage) as well as potential mitigatory methods.
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Cancer-induced cachexia causes a cascade of metabolic and functional 
changes in body organs resulting in morbidity, mortality and inability 
to withstand treatment [1]. Cachexia is observed with high frequency 
in pancreatic ductal adenocarcinoma (PDAC) [2]. Over the last decade, 
we have actively investigated metabolic changes induced by cachexia-
inducing PDAC xenografts that have identified significant metabolic 
changes in the brain, plasma and other organs [3,4]. Multispectral 
optoacoustic tomography (MSOT) or photoacoustic (PA) imaging is an 
emerging non-invasive hybrid modality that combines the advantage of 
high contrast and spectral specificity of optical imaging with the high 
spatial resolution and penetration depth of ultrasound imaging. Here, 
for the first time, we used MSOT imaging to identify blood oxygenation 
changes in the brain associated with cachexia. MSOT imaging provided 
the ability to investigate changes in hemodynamics as well as changes 
in the size of organs. The studies were performed using non-tumor 
bearing mice (n=3), mice with non-cachexia inducing Panc1 tumors 
(n=3), and mice with cachexia-inducing Pa04C tumors (n=4). Eight-
week-old male immunodeficient nude mice were inoculated in the right 
flank with 2×106 cancer cells. Mice were scanned once tumors were ~ 
315 and 448  mm3 for Pa04C and Panc1, respectively. MSOT imaging 
was performed using the iThera MSOT InVision 512-echo scanner 
(iThera Medical, Munich, Germany). MSOT data were acquired at 
wavelengths of 700 nm, 730 nm, 760 nm, 800 nm, 860 nm, 900 nm 
with 10 averages per wavelength. A linear regression method was used 
to perform multispectral processing using ViewMSOT software ver-
sion 4.0. MSOT images were reconstructed from the raw data using a 
back-projection algorithm at a resolution of 75 μm. Regions of interest 
(ROIs) were manually drawn based on concurrently acquired b-Mode 
ultrasound images of the brain to determine the spectral signal and the 
corresponding size. Mean values of  SO2 obtained from a ROI manu-
ally drawn in each slice to cover the brain were obtained to determine 
the total mean  SO2, obtained as  HbO2/total Hb for each mouse. Rep-
resentative  mSO2 images of brain are presented in Figure 1A. The 
analyzed MSOT brain data indicated that the mean  SO2 was higher in 
brains of Pa04C tumor bearing mice than in normal and non-cachectic 
mice (Figure 1B) suggesting that blood oxygenation was higher in the 
brains of mice with cachexia-inducing Pa04C tumors. Representative 
b-mode ultrasound images used to determine organ size are presented 
for the brain in Figure 1C. By determining the brain area in each slice 
we found that the mean size of the brains in mice with Pa04C tumors 
was lower (474±10  mm3) than normal mice (494±3  mm3) and mice 
with Panc1 tumors (515±17  mm3) (Figure 1D). These preliminary data 
highlight the potential applications of noninvasive MSOT imaging to 
understand the impact of cancers and cancer-induced cachexia in alter-
ing organ hemodynamics. These data expand our understanding of how 
cancers impact the body. These studies can be translated to human 
applications designed to investigate cancer-induced hemodynamic 
changes in superficial tissues accessible with MSOT imaging.
Support from NIH R01 CA253617, R35 CA209960, R01 CA82337, 
P30 CA006973 and S10 OD028486 is gratefully acknowledged. We 
thank Mr. Gary Cromwell for inoculating the tumors.
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Introduction and Objectives: 
Prostate cancer therapeutic landscape has been rapidly evolved the 
last years however, metastatic castration-resistant prostate cancer 
(mCRPC) remains an incurable malignancy with poor clinical out-
come and poor prognosis. A high percentage (20-25%) of mCRPC 
patients harbor homologous recombination repair (HRR) defects, 
with  BRCA1/2  mutations representing the most frequent events. 
Several recent clinical trials have shown that mCRPC patients with 
HRR deficiencies responded well to poly (ADP-ribose) polymerase 
inhibitors (PARPi). The PARPi olaparib was found to significantly 
improve survival in patients with  BRCA1/2  mutated mCRPCand 
recently the FDA approved olaparib for mCRPC patients harboring 
HRR alterations. Although robust data exist for PARPi as monotherapy 
in selected patients, there is a clinical need for combinational thera-
peutic approaches to improve the efficacy of PARPi and overcome or 
prevent PARPi resistance. NOV202 is a novel vascular disrupting agent 
(VDA) with strong anti-proliferative effect in a large panel of cancer 
cells. The aim of this study is to evaluate if NOV202 could improve 
the in vivo efficacy of olaparib in prostate cancer xenografts with and 
without BRCA1/2 mutations.

Materials and Methods: 
Prostate cancer-based xenografts were developed from cell lines with 
different BRCA1/2mutation profile. Luciferase-transfected human PC3 
(BRCA1/2 wildtype) or human DU145 (BRCA1/2 mutated) cell lines 
were inoculated subcutaneously in male NMRI nude mice. Animals 
were treated with olaparib (100 mg/kg), NOV202 (30 mg/kg), or their 
combination for 21 days, followed by either 1 or 2 weeks of no treat-
ment. Tumor growth and response to therapy were monitored by non-
invasive bioluminescence optical imaging (BLI) and tumor size was 
also measured by caliper. During the experiment, a 25-parameter blood 
analysis, including hemoglobin concentration, red and white blood 
cells, and neutrophil granulocytes was performed weekly.

Results: 
Olaparib and NOV202, as single drug treatments, induced tumor 
growth inhibition in both cell lines tested. Compared to monotherapy, 

the combination of olaparib with NOV202 exerted significant syner-
gistic effect in the BRCA1/2 mutated xenograft (DU145) in contrast 
to BRCA1/2 wildtype xenograft (PC3), where no significant synergistic 
effect was observed. The combinational effect continued for 2 weeks 
post-treatment period.

Conclusions: 
Single agent treatment with the VDA agent NOV202 and with olapa-
rib reduced tumor growth in prostate cancer xenografts regardless 
of the BRCA1/2 mutation profile in vivo. Interestingly, the antican-
cer efficacy of olaparib was significantly increased when combined 
with NOV202 only in the  BRCA1/2  mutated xenografts, which 
represents an option to increase the efficacy of PARPi in patients 
with  BRCA1/2  mutations. A clinical trial of this combination is 
planned.
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Introduction: 
Lanthanides are known to have both magnetic resonance imaging 
(MRI) and optical properties, which make them interesting to explore 
as multimodal contrast agents. Gadolinium-based chelates has been 
widely used as contrast agent for MRI, where the chelate limits any 
toxicity in vivo derived from the free metal ion [1]. Lanthanides-organic 
complexes showed favourable luminescent characteristics that can be 
employed in fluorescence imaging [4]. Lanthanides, from europium to 
lutetium were used to create hetero-bislanthanide complexes in a con-
trolled 1:1 ratio in order to begin to explore their properties towards 
their use in application as contrast agents to enzymatic activities [2] or 
for cell labelling [3]. Both longitudinal and transverse water proton 
relaxivities were calculated for each bis-lanthanide compound to iden-
tify any interesting properties as MRI contrast agents. Optical proper-
ties of a combination of some of these lanthanides were also evaluated, 
with strong fluorescence enabled by the energy transfer of the ligand 
to the lanthanide ions [4].

Methods: 
BOC-cysteine-(tBu)-phenyldiamine was coupled with DOTA, and 
this compound was used to chelate 9 different lanthanides. In parallel, 
DOTA-2-cyanoquinoline compound was used to form chelates of gado-
linium. Using these two parts capable of rapidly forming a thiazoline 
ring, 10 different bis-lanthanides complexes were generated (figure 1). 
 T1 and  T2 images, and relaxivities were acquired on a 3T MRI at 5 
different concentrations (0.02–0.6 mM), and the  T1/T2 intensity ratio 
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was mapped. The optical analysis was realized by photoluminescence 
spectroscopy on 4 different compounds at a 1 mM concentration.

Results: 
The synthesis of the bis-lanthanide molecule is realized first by prepar-
ing the 2 individual components followed by an uncatalyzed “click” 
reaction to produce the desired bislanthanide complex with precise 
control to yield a 1:1 lanthanide ratio. Gadolinium is one of the most 
commonly used lanthanides as MRI contrast agent, [5] leading us to 
hypothesize that the highest  r1 was expected for the GdGd bis-lan-
thanide complex (3b). However, according to the results that were 
repeated twice for each compound at each concentration, it appears 
that the hetero-bislanthanide complex comprising GdTm (3g) provided 
the largest relaxivities. The remaining bis-lanthanide compounds pre-
sented lower relaxivity results that were indistinguishable from each 
other (figure 2). While thulium  (Tm3+) is less used than gadolinium 
as contrast agent, one previous report showed an application in tumor 
cell labelling [6]. Absorbance, excitation, and emission spectra were 
acquired on EuGd, EuYb, EuEu and LuLu complexes, where  Eu3+ is 
on the DOTA-quinoline moiety. This aromatic heterocyclic compound 
is known to absorb between 220 and 350 nm [7], resulting in the intense 
peak around 250 nm on the absorbance spectrum (figure 3A). Excita-
tion spectra were performed on one compound, EuGd, since all these 
complexes have the same ligand. An emission wavelength of 617 nm 
was fixed, which is the characteristic emission of the  Eu3+ ion [8]. That’s 
why, an intense signal can be observed at 360 nm at this specific wave-
length, suggesting that it excited the molecule in a way that maximizes 
the 617 nm emission wavelength (figure 3B).

Conclusion: 
Unexpectedly, the hetero-bislanthanide complex Gd-Tm showed 
higher relaxivities when compared to the other samples, even higher 
than Gd-Gd. With the optical analysis, europium (III) showed a lumi-
nescence where its emission is highly dependent of the chemical 
environment.

Reference
1. Lacerda S, Toth E, ChemMedChem Rev 2017, 12:883-894.
2. He J et al., J. Am. Chem. Soc. 2016, 138:2913-2916.
3. Zheng Q et al., J. Am. Chem. Soc, 2005, 127,46:16178-16188.
4. Yip Y-W et al., Inorg. Chem. 2012, 51,13:7013-7015.
5. Washner J et al., Chem. Rev., 2019, 119 :957-1057.
6. Reifschneider O et al., Anal. Chem. 2015, 87 :4225-4230.
7. Dos Santos GC et al., J. Fluoresc., 2017 27 :271-280.
8. Hussain R et al., Opt Express, 2014, 22,7 :7744-7755.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

510-Tracking the functionality of kidney ischemic-reperfusion 
injury and fibrosis using photoacoustic imaging

Presenter: Eno Hysi, St. Michael’s Hospital

Eno Hysi1, Xiaolin  He2, Luisa Ulloa-Severino2, Caitriona  McEvoy2, 
Darren  Yuen2, Michael  Kolios3

1St. Michael’s Hospital, Toronto, Ontario
2St. Michael’s Hospital, Toronto
3Ryerson University, Toronto

Introduction: 
Ischemic-reperfusion injury (IRI) is a well-known phenomenon that 
occurs during kidney transplant surgery following establishment of 
flow in the donated graft. It can have detrimental impacts in the out-
comes of the transplant, leading to delayed graft function, rejection 
and irreversible fibrosis affecting longevity [1]. There are no reliable 
molecular biomarkers in the serum and urine which can predict the 
occurrence of IRI. To address this, we propose the use photoacoustic 
(PA) imaging to visualize the functionality of kidneys post-IRI. Specifi-
cally, PA imaging algorithms were developed to assess the status of 
oxygen saturation  (sO2), total hemoglobin (HbT) and collagen deposi-
tion in a preclinical IRI model. A novel respiratory-corrected PA imag-
ing algorithm that can accurately estimate these crucial biomarkers in 
a longitudinal fashion in-vivo.

Methods: Ex-vivo: 
A spectral unmixing algorithm was developed to separate the PA signal 
contributions of kidney collagen from oxy and deoxyhemoglobin [2, 
3]. A VevoLAZR-X preclinical PA imaging system operating at 15 
MHz and 680-930 nm illuminations imaged the longitudinal buildup 
of kidney fibrosis in a unilateral ureteral obstruction (UUO) model 
(Suppl. Fig. 1a). The left ureter was surgically obstructed for 7 and 14 
days to induce increasing degrees of fibrosis. The right (normal) and 
left (fibrotic) kidneys were resected at each timepoint (n = 5/timepoint), 
imaged ex-vivo and histologically stained for collagen. In-vivo: IRI 
was induced by clamping the renal arteries of 24 mice for 25 mins (n=8 
sham, n=24 IRI). The kidneys were imaged in-vivo pre-surgery and 
D1/D7/D14 post-surgery and the algorithms validated ex-vivo were 
implemented to estimate the relevant biomarkers longitudinally. Cor-
rections for the respiratory motion was achieved by monitoring the 
fluctuating electrical impedances in the mouse paws and applying a 
gating to the PA data (Fig. 1a). Histological analysis estimated the 
degree of tubular injury (marker of inflammation) and collagen content 
(marker of fibrosis) following the IRI.

Results and Discussion: 
Suppl. Fig. 1b shows increasing levels of fibrosis in both PA and histo-
logical images as the ureter is obstructed for longer periods of time. A 
strong correlation was observed between the PA estimates of collagen 
and gold standard histology measures (Suppl. Fig. 1c, r = 0.98). These 
ex-vivo findings suggest that our novel PA approach can accurately 
quantify fibrosis levels [4].
To assess the accuracy of the respiratory motion correction algo-
rithm, we measured the overlap of the kidney region of interest dur-
ing multi-frame acquisitions. A 0.94 average dice similarity coef-
ficient suggested that the gating algorithm accurately corrected for 
respiratory-induced motion (Suppl. Fig. 2a). This high level of accu-
racy was observed in the longitudinal mouse kidney  sO2 readings 
over two weeks (2-3% variation/mouse/timepoint, Suppl. Fig. 2b).
This algorithm also performed well during longitudinal imaging of 
IRI mice. Specifically, IRI kidney  sO2 on D1 decreased by 10% due 
to inflammation-induced changes in blood flow (Fig. 1b). Collagen 
gradually increased by 1.5x at D7 relative to pre-surgery before dou-
bling by D14 (Fig. 1c) while HbT gradually decreased throughout the 
experiment (Fig. 1d). The  sO2 drop in D1 correlated strongly with 
the increase in collagen by D14 (Fig. 1e). The increase in PA col-
lagen scores corresponded to the buildup of fibrosis associated with 
IRI and was very well correlated with histology (r=0.96, Fig. 1f). 
The drop in HbT observed in D1 also correlated very strongly with 
the tubular injury scores measured in the kidneys (r=0.97, Fig. 1g), 
suggesting that these imaging biomarkers are capable of quantifying 
degree of inflammation occurring early post-IRI. Taken together, 
the findings show that PA imaging can monitor the physiological 
changes that occur following IRI in-vivo, contributing to the assess-
ment of IRI in the transplant setting.
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To have a comprehensive biomedical imaging result, multimodality 
imaging systems are desired by researchers. In here, we present an 
integrated transparent nanophotonic ultrasonic detector micro-orings 
(MRRs) and Micro-opto-electro-mechanical systems (MOEMS) based 
confocal fluorescence and photoacoustic microscope  system1. An Elec-
trostatic MOEMS scanner has been selected for 2D beam steering. For 
the laser excitation source, we fiber-coupled a 488nm CW laser and a 
532 ns pulse laser into the single mode fiber (SMF) to excite the fluo-
rescence signal and acoustic signal at the imaging target. For the signal 
collection, the single axis confocal microscope setup was selected. The 
fluorescence signal will be collected with the same SMF and passes 
through the long-pass dichroic mirror into the PMT. To minimize the 
system size, the MRRs ultrasonic sensor was selected and attached 
under the objective lens to detect the photoacoustic signals. Due to the 
transparent property of the sensor, the excitation laser beam can easily 
pass through the quartz substrate to land on the imaging target surface. 
For the imaging target, the genetically modified zebrafish with GFP 
(TgBAC: tcf21: NLS-EGFP) at backbone area and mCherry at heart 
region (Tg:-5.1myl7: DsRed2)can be used for the confocal microscope 
imaging. The blood and melanin inside the fish body can be excited to 
generate the photoacoustic signals by 532nm nanosecond pulse laser. 
With the dual excitation laser channels, two imaging modalities can be 
achieved simultaneously.
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Objectives: 
Calcification is a pathological feature of cardiovascular disease. Cal-
cific aortic valve disease (CAVD) is a progressive disease that results 
in fibrocalcific remodeling of the aortic valve leaflets and can lead to 
hemodynamically significant aortic stenosis. Patients with bicuspid 
aortic valve (BAV) experience calcification at a younger age, as com-
pared to those with tricuspid aortic valve (TAV). Discoidin, CUB and 
LCCL domain-containing protein 2 (DCBLD2) is reduced in patients 
with aortic stenosis, and DCBLD2 deficient mice develop BAV and 
CAVD with hemodynamically significant aortic stenosis. Accord-
ingly, these animals provide a clinically relevant model to study CAVD 
progression and reversal. The calcification process may be imaged 
with 18F-Sodium Fluoride  ([18F]-NaF) positron emission tomography 
(PET). The purpose of this work was to evaluate accuracy of  [18F]-NaF 
PET quantification in Dcbld2-/- mice.

Methods: 
Following echocardiography to assess aortic valve anatomy and 
physiology, young (3–4-month, n=5) and old (19-20-month, 
n=8) Dcbld2-/- mice were injected with 0.5±0.06 mCi of  [18F]-NaF 
and PET imaging was performed for 10 min at 80 min post-injection. 
Contrast (Exitron nano-12000)-enhanced computed tomography (CT) 
images acquired prior to PET imaging were used to draw a region of 
interest over the aortic valve, and SUVmax values were determined 
on fused PET/CT images. Valvular  [18F]-NaF uptake was confirmed 
48-72 hours later by quantitative autoradiography performed at 1 hr 
post-[18F]-NaF injection, and aortic valve tracer uptake was quantified 
as % injected dose/cm2. Additional organs were harvested to assess 
 [18F]-NaF biodistribution. Aortic valve phenotype was subsequently 
determined by histological analysis.

Results:  
[18F]-NaF uptake was higher in older mice as measured by in vivo PET/
CT (P < 0.05) and ex vivo autoradiography (P < 0.05). There was a 
significant correlation between aortic valve  [18F]-NaF uptake quantified 
by in vivo PET/CT and ex vivo autoradiography (Pearson R = 0.72, P < 
0.01). 3 out of 8 older Dcbld2-/- mice were identified as BAV. Mice with 
BAV had reduced leaflet separation and higher aortic valve velocity (P 
< 0.05). Additionally, the highest aortic valve signal in both PET and 
autoradiography was from the BAV mice. No significant difference was 
present in the cardiac apex, lung, liver, spleen, kidney, bone, and blood 
NaF activity between BAV and TAV.
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Conclusions: 
Dcbld2-/- mice develop aortic stenosis and valvular calcification as 
detected by echocardiography and  [18F]-NaF PET/CT, respectively. 
Valvular  [18F]-NaF signal increases with age and can be accurately 
quantified on in vivo PET/CT images. This approach facilitates pre-
clinical testing and development of novel therapeutic agents for CAVD.
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Introduction: 
Inflammatory bowel disease (IBD) is characterized by chronic bowel 
wall inflammation and ulceration. Due to the relapsing nature of dis-
ease, improper wound healing can lead to stenosis (known as strictures) 
and unpredictable deposition of fibrotic  tissue1. Determining whether 
the stricture is primarily from active inflammation or fibrosis is impor-
tant clinically as treatment is either medical or surgical,  respectively2. 
We lack an imaging approach that can quantitively assess bowel fibrosis 
in patients with IBD. Magnetic resonance imaging offers high quality 
3D morphological images and assessment of macromolecular changes 
in tissue that has the potential to aid in early detection of disease prior 
to any gross anatomical  changes3,4. Our objective is to use a novel 
quantitative MRI sequence (quantitative double echo in steady state; 
qDESS)5,6 to image and quantify bowel fibrosis using a rat model of 
chronic IBD. This approach has the potential to aid in assessing disease 
progression, response to therapy, and development of strictures.

Methods: 
Sprague-Dawley rats (n=6) were chemically induced with bowel 
fibrosis using 3-one-week cycles of 4% dextran sulfate sodium (DSS), 
separated by 14 days of normal drinking  water7. These rats contin-
ued normal drinking water for a minimum 14 days prior to MRI to 
ensure no active inflammation was present. The remaining rats (n=4) 
received normal drinking water over a 4-week period prior to imag-
ing. Two rats were loaded at a time in a 16-channel transmit-receive 
wrist coil and imaging using a modified qDESS  sequence8 (voxel size: 
0.3125*0.3125*3  mm3 with an average scan time of 7 min).  T2 relaxa-
tion time maps were generated for each animal using an Extended 
Phase Graph (EPG) formalism to approximate the relationship between 
the two DESS signals to a max, achieving  T2 relaxation time estimates. 
The mean  T2 value from the four ROIs (excluding bowel lumen) was 
calculated. Bowels were excised for histology and collagen content 
quantification.

Results: 
Rats with bowel fibrosis maintained their weight and displayed symp-
toms associated with IBD including irritability, bloody stool, and anal 
bleeding in some cases. All MR images were interpretable (Fig. 1A). 
Histological investigation showed evidence of immune cell infiltration 

and increase in collagen deposition in fibrotic rats (Fig. 1A). There was 
a significant decrease in  T2 signals (p < 0.001) in rats with fibrosis 
(18.2 ± 3.4 ms) in comparison to healthy rats (29.5 ± 3.5 ms; Fig. 2). 
This is consistent with a significant increase in collagen content in rats 
with fibrosis (0.16 ± 0.05 mg/ml) than healthy rats (0.08 ± 0.01 mg/ml; 
Fig. 3). There was a strong negative correlation (r = -0.835) between 
 T2 relaxation values and collagen content.

Conclusions: 
There was a significant decrease in mean  T2 relaxation time in rats 
with bowel fibrosis that correlated well with increased collagen con-
tent. These data suggests that we can identify and quantitatively meas-
ure intestinal fibrosis in patients with IBD. This approach can benefit 
patients by providing a tool that can be used to track disease progres-
sion and facilitate timely and accurate treatment decisions.

References
1. Zappa, M. et al. Which magnetic resonance imaging findings 

accurately evaluate inflammation in small bowel Crohn’s dis-
ease? A retrospective comparison with surgical pathologic anal-
ysis. Inflamm Bowel Dis 17, 984-993, doi:10.1002/ibd.21414 
(2011).

2. Rieder, F., Zimmermann, E. M., Remzi, F. H. & Sandborn, 
W. J. Crohn’s disease complicated by strictures: a systematic 
review. Gut 62, 1072-1084, doi:10.1136/gutjnl-2012-304353 
(2013).

3. Raya, J. G., Ruiz, A. & Ferizi, U. Revisiting the experimental 
base of compositional biomarkers: A meta-analysis study. Proc 
International Society for Magnetic Resonance in Medicine (2017).

4. Blumenkrantz, G. & Majumdar, S. Quantitative magnetic reso-
nance imaging of articular cartilage in osteoarthritis. Eur Cell 
Mater 13, 76-86, doi:10.22203/ecm.v013a08 (2007).

5. Staroswiecki, E., Granlund, K. L., Alley, M. T., Gold, G. E. & 
Hargreaves, B. A. Simultaneous estimation of T(2) and appar-
ent diffusion coefficient in human articular cartilage in vivo with 
a modified three-dimensional double echo steady state (DESS) 
sequence at 3 T. Magn Reson Med 67, 1086-1096, doi:10.1002/
mrm.23090 (2012).

6. Welsch, G. H. et al. Rapid estimation of cartilage T2 based on 
double echo at steady state (DESS) with 3 Tesla. Magn Reson 
Med 62, 544-549, doi:10.1002/mrm.22036 (2009).

7. Wirtz, S., Neufert, C., Weigmann, B. & Neurath, M. F. Chemically 
induced mouse models of intestinal inflammation. Nat Protoc 2, 
541-546, doi:10.1038/nprot.2007.41 (2007).

8. Sveinsson, B., Chaudhari, A. S., Gold, G. E. & Hargreaves, 
B. A. A simple analytic method for estimating T2 in the knee 
from DESS. Magn Reson Imaging 38, 63-70, doi:10.1016/j.
mri.2016.12.018 (2017).

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

514-Development of genetically engineered reporters to noninva-
sively detect protease activity in vertebrate animals

Presenter: Asish Ninan Chacko, University of California, Santa 
Barbara

Asish Ninan Chacko

University of California, Santa Barbara

S411



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Proteases modulate the function and abundance of target proteins 
by cleaving them in defined amino acid sites. In doing so, proteases 
regulate a variety of physiological and pathological processes [1] 
ranging from apoptosis [2] and cell differentiation [3] to tumor 
invasion [4] and neural degeneration [5]. A rich toolbox of sensors 
has been developed for monitoring protease activity in live cells 
using genetically encoded fluorescent and bioluminescent report-
ers [6]. However, these techniques are limited only to optically 
accessible preparations because of the poor penetration of light 
through deep, scattering tissue. Consequently, we lack technolo-
gies for probing protease activity in a preclinical context, i.e., in 
living animals. We address this challenge by developing genetically 
encoded reporters to detect, localize, and monitor protease activity 
with magnetic resonance imaging (MRI). These reporters are based 
on water channels known as aquaporins [7], which our lab has previ-
ously introduced as a sensitive, metal-free class of MRI-detectable 
reporter genes that generate contrast by altering the rate of water 
exchange across the cell membrane. Our general approach is based 
on engineering aquaporins by fusing peptide-based degradation 
tags, which may be conditionally removed using protease-based 
cleavage. This approach allows us to modulate the abundance and 
membrane localization of aquaporins based on protease activity, 
thereby providing us with a mechanism to image proteases with 
diffusion-weighted MRI diffusion-weighted MR. Initial proof-
of-concept experiments are focused on establishing the proposed 
technique by imaging the activity of a model protease (tobacco etch 
virus protease) in mammalian cell lines. Building on this ground-
work, we will extend this approach to monitor biologically relevant 
proteases (including caspases, furins, and FAP). Finally, we will 
demonstrate the in vivo applicability of this technique by showing 
that we can use our genetic sensors to image protease activity in 
animal models of tumor growth.

Reference
1. Klein, T.; Eckhard, U.; Dufour, A.; Solis, N.; Overall, C. M. Prote-

olytic Cleavage—Mechanisms, Function, and “Omic” Approaches 
for a Near-Ubiquitous Posttranslational Modification. Chemical 
Reviews 2017, 118 (3), 1137–1168. https://doi.org/10.1021/acs.
chemrev.7b00120.

2. Zhivotovsky, B.; Burgess, D. H.; Orrenius, S. Proteases in 
Apoptosis. Experientia 1996, 52 (10-11), 968–978. https://doi.
org/10.1007/bf01920106.

3. Mitschke, J.; Burk, U. C.; Reinheckel, T. The Role of Proteases 
in Epithelial-To-Mesenchymal Cell Transitions in Cancer. Can-
cer and Metastasis Reviews 2019, 38 (3), 431–444. https://doi.
org/10.1007/s10555-019-09808-2.

4. Kolkhorst, V.; Stürzebecher, J.; Wiederanders, B. Inhibition of 
Tumour Cell Invasion by Protease Inhibitors: Correlation with 
the Protease Profile. Journal of Cancer Research and Clinical 
Oncology 1998, 124 (11), 598–606. https://doi.org/10.1007/
s004320050221.

5. Bai, G.; Pfaff, S. L. Protease Regulation: The Yin and Yang of 
Neural Development and Disease. Neuron 2011, 72 (1), 9–21. 
https://doi.org/10.1016/j.neuron.2011.09.012.

6. Fernández-Fernández, Á. D.; Van der Hoorn, R. A. L.; Gevaert, 
K.; Van Breusegem, F.; Stael, S. Caught Green-Handed: Methods 
for in Vivo Detection and Visualization of Protease Activity. Jour-
nal of Experimental Botany 2019, 70 (7), 2125–2141. https://doi.
org/10.1093/jxb/erz076.

7. Mukherjee, A.; Wu, D.; Davis, H. C.; Shapiro, M. G. Non-Invasive 
Imaging Using Reporter Genes Altering Cellular Water Perme-
ability. Nature Communications 2016, 7 (1), 13891. https://doi.
org/10.1038/ncomms13891.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

515-Light-sheet microscopy Imaging of cardiac organoids with 
beating pattern analysis.

Presenter: Aniwat Juhong, Michigan State University

Aniwat Juhong1, Bo  Li2, Brett  Volmert2, Xiang  Liu2, Yonatan 
Lewis-Israeli3, Cheng-you Yao, Wen  Li3, Aitor  Aguirre2, Wibool 
 Piyawattanametha4, Zhen  Qiu2

1Michigan State University, East Lansing
2Michigan State University, East Lansing, MI
3Michigan State University, East Lansing, Michigan
4King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Bang-
kok, Thailand

We demonstrate a custom-made light-sheet microscope based on tun-
able structured illumination (SI) frequencies [1] for cardiac organoid 
imaging [2]. The tunable SI is created by a grating light valve (GLV), 
which is a reflective, high-speed 1D spatial light modulator capable 
of switching at hundreds of kHz. The pattern switching mechanism of 
the GLV is sufficiently fast to support the camera-limited frame rate. 
By using this approach, we can fully leverage a high-speed camera to 
acquire fluorescence images without sacrificing resolution. Moreover, 
the system is capable of cylindrically focusing a laser beam suitable 
for manipulating the light-sheet beam. We show that a fluorescence 
cardiac organoid image with cellular resolution can be acquired by our 
custom-made light-sheet microscope. In addition, we implement three 
image processing algorithms to help characterize the beating patterns of 
the sequential cardiac organoids’ images. The first algorithm is based on 
image segmentation employed to evaluate overall beating patterns. The 
segmented area is changed following organoids’ beating. The second 
algorithm is the Lucas-Kanade function optical flow [3]. The algorithm 
is used to determine the vector field of the localized beating characteri-
zation of the organoid. Lastly, the third algorithm is the Farneback func-
tion [4] optical flow utilized for single cell/particle tracking enabling 
parametric array tracking such as the trajectory, velocity, acceleration, 
and distance of a moving cell of the cardiac organoid.
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Carbonylation is a process which indicates the reactive carbonyl groups 
present in biomolecules due to oxidative reactions induced by reactive 
oxygen species. Carbonylated proteins, lipids and nucleic acids have 
been intensively studied and often associated with onset or progression 
of oxidative stress related diseases--including fibrosis, cardiovascular 
disease, diabetes, Alzheimer’s disease, neuroinflammation and can-
cer.1 Tumor tissues and cancer cells are critically known to have higher 
ROS levels compared to surrounding healthy tissue but ROS-induced 
specific protein carbonylation and its unique role in cancer progres-
sion/suppression are poorly understood.2,3 To understand underlying 
carbonylation pathways and biological relevance, it is essential to 
design site-selective clickable fluorescent  probes4 to image carbonyla-
tion system. Newly designed probes should have certain chemical and 
photophysical characteristics for successful imaging: high stability, less 
toxicity, fast kinetics, good spectral properties such as large Stokes 
shifts, reasonable quantum yields, red or blue shift on absorption and 
emission spectra. In this work, we highlighted designing of novel small 
molecule  probes5 for targeting carbonyl moieties in live cells using 
a click reaction to produce a fluorescent product. Organic synthesis, 
spectroscopic and confocal microscopy methods were performed. Our 
results showed that newly synthesized probes can selectively image and 
differentiate the exogenous and endogenous ROS induced carbonyla-
tion profile in different renal cancer cell lines. Use of a click chemistry 
method to monitor carbonylation with a fluorescent probe has proven 
itself to be superior in satisfying many criteria (e.g., biocompatibility, 
selectivity, simplicity, yield, stability, and so forth); our results will 
therefore provide a powerful simple probe technology that can image 
carbonyl moieties in biological systems. As such, these agents have 
great potential to overcome some limitations of conventional optical 
imaging including the reduction of background signal derived from 
autofluorescence or the enhancement of tissues that are deep to the 
skin.Therefore, our small molecule-clickable probe design strategy will 
allow clinicians to solve long-term diagnostics challenges for future 
biomedical imaging applications.
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Aim/Introduction: 
Ischemic stroke is a major cerebrovascular disease usually resulting 
in death or disability among the aging population. 1 Recent literature 
reported that administration of apelin-13 during the hyperacute phase 
of ischemia/reperfusion induces early neuroprotective effects by reduc-
ing neuronal death and the volume of the infarction. Different doses 
and different routes of administration are reported.2 Mid- or late-term 
benefits have not been evaluated. Our team previously developed a PET 
radiotracer,  [68Ga]Ga-AP747, for evaluating the tissue expression of 
apelin receptor (so-called APJ receptor).  [68Ga]Ga-AP747 microPET/
CT exhibited a massive and sustained overexpression of APJ in the 
ischemic hemisphere starting from day 2 up to day 8 after cerebral 
ischemia in rats and a negative prognostic value on later neurocognitive 
recuperation on day 17. Considering the overexpression window of APJ 
and postulating that APJ was overexpressed in response of a lack of 
endogenous apelin-13, this study aimed at investigating the effect of 
two therapeutic strategies based on the repeated exogenous supplemen-
tation with apelin-13 in a rat model of transient focal cerebral ischemia.

Materials and Methods: 
A 60-min middle cerebral artery occlusion (tMCAO) was induced in 
middle-aged female Sprague Dawley rats (6-8 months, 300-400 grams) 
followed by reperfusion.3 Animals were divided into sham, non-treated 
MCAO, and two different apelin-treated groups (3-day or 10-day treat-
ment). Apelin-13 (ap13) (50μg/kg;1μg/μL) was daily injected into the 
tail vein 5 min after reperfusion.
Blood brain barrier (BBB) permeability, APJ receptor expression, and 
angiogenesis were respectively evaluated and quantified by  [99mTc]
Tc-DTPA microSPECT/CT on days 2 and 8 post-MCAO (29.2 ± 1.3 
MBq/200ml, IV, 30 min after injection),  [68Ga]Ga-AP747 microPET/
CT on days 3 and 5 respectively for the apelin-treated groups 3-days 
and 10-days (11.60 ± 0.41 MBq /200μL, IV, 120 min after injection) 
under 2% isoflurane anesthesia. Cerebral metabolism and viability were 
assessed through  [18F]-FDG microPET/CT on day 17 post-MCAO 
(13.04 ± 0.70 MBq/100μL, IV, 45 min after injection). Quantita-
tive region-of-interest (ROI) analysis of the PET and SPECT images 
was performed using VivoQuant software with the help of a rat brain 
atlas.4 Activity inside each ROI was quantified in cortex, hippocampus 
and caudate putamen and expressed as ipsilateral-to-contralateral (i/c) 
ratios.
Neurological function was graded using the modified neurological 
severity score (mNSS). Novel Object Recognition test (NOR) was used 
to evaluate cognitive recovery.5
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Results: Scoring with mNSS confirmed the intensity of cer-
ebral ischemia repercussion on neuromotor function on day 1 
 (mNSSap13-3d=11±1.8;  mNSSap13-10d=10±1.4;  mNSSMCAO=11.2±2.1). 
On days 7 and 14, ap13-3days treated group showed an improved 
recovery compared MCAO group  (mNSSday7=5.2±2.4; 
 mNSSday14=2.6±1.60; *pday7=0.2933, *pday14=0.0132, n=9).
The permeability of BBB decreased on day 2 and 8 comparing treated 
groups to MCAO group
[68Ga]Ga-AP747 on days 3 and 5 showed a decreased signal in ap13-
3d, significant in ap13-10d, compared to MCAO group.
Moreover, ap13 treatment has a significant protective effect on cerebral 
perfusion and cell viability at day 17 compared to MCAO group.
Ap13-3d group revealed an increased discrimination index on day 16 
compared to that of MCAO group.

(1) compared to MCAO group

Conclusion: 
The decreased  [68Ga]Ga-AP747 microPET/CT signal at day5 post-
MCAO, after ap13 treatment, highlights the imaging predictive poten-
tial of the expression of the APJ receptor. This study provides valuable 
data showing beneficial neuroprotective effects of a novel innovative 
therapeutic strategy based on daily repeated IV injections of apelin-13 
for post-stroke recovery, guided by  [68Ga]Ga-AP747 microPET/CT of 
APJ overexpression.

Reference
1. doi:10.1016/S1474-4422(19)30415-6
2. doi:10.1016/j.jchemneu.2020.101886
3. doi:10.1097/ALN.0b013e3181a1fe68
4. Luc Zimmer and al.© Copyright CERMEP Imagerie du vivant, 

2012-2017. V2.0
5. doi:10.1016/j.hest.2020.09.001

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

518-An in Vitro Study for Improving Transplanted Pancreatic 
Islet’s Viability and Functionality

Presenter: Everett Baxter, Michigan State University

Everett Baxter1, Assaf  Gilad2, Erik  Shapiro2, Christiane  Mallett2

1Michigan State University, East Lansing
2Michigan State University, East Lansing, MI

Background: 
9.5% of the global population are Type 1 Diabetic (T1D) and 
struggle to maintain glycemic control4,5. Due to how severe these 
hyperglycemic and hypoglycemic conditions can be, an innovative 
strategy known as pancreatic islet transplantation (islets) from 
the pancreas was utilized to circumvent these complications 6. 
Transplanted islets usage is needed for a small subset of Type 1 
Diabetics and occurs only so often 8. To support and monitor the 
viability of these islets, a chemical from the indigenous Ayahuasca 
plant called harmine has been shown to promote cell division in 
HEK293 cells7. Our approach is to use harmine as a substrate that 
can be transported by a genetically modified Organic Anion Trans-
porter Polypeptide (OATP1B3) to rejuvenate these islet pancreatic 
beta cells by inhibiting dual-specificity tyrosine phosphorylation-
regulated kinase 1a (dyrk1a) inhibitor (Figure 1) 2. Dyrk1a phos-
phorylates Nuclear Factor Activated T cells c1(NFATc1), which 
prevents translocation to the nucleus to initiate the transcription 
of different cyclin dependent kinases 3. In addition, OATP1B3 
is also known to transport MRI contrast agent Gd-EOB-DTPA 
(EOVIST), this can be helpful for tracking the fate of the trans-
planted cells 1. Not enough harmine can penetrate the cells with-
out a transporter. To improve uptake of harmine, human oatp1b3 
transporters are used to increase the uptake of harmine. Therefore, 
we hypothesize that mutated OATP1B3 mediated cellular uptake 
of Harmine allows for model HEK293 cells to increase viability 
further and functionality.

Methods: 
To create the Wild Type transporter, the SLCO1B3 gene was cloned 
into pcDNA3.1 vector using NEBuilder 2X HIFI Assembly. After 
assembly with confirmation from colony PCR (using NEBuilder 
Quick Load Taq Polymerase) purified plasmids were then sequenced 
at the Azenta company. Mutations made in the SLCO1B3 gene 
were done via random mutagenesis (Aligent GeneMorph ii Random 
Mutagenesis kit), then used similar cloning methods to assemble 
mutants/vectors together. Furthermore, assembled mutants were 
then sequenced. Wild Type (WT) OATP1B3 plasmid were then tran-
siently transfected in HEK293 cells using lipofectamine 3000 kit. To 
validate expression of the WT OATP1B3 transporter, Indocyanine 
Green (ICG) was induced in HEK293 cells with 0.1uM of ICG for 
5 mins versus a control and negative control group. Analysis was 
done via SPARK TECAN plate reader and Cytation 5 microscope. 
To validate Transport of harmine, 0.1 uM of harmine was added to 
negative control, mutant OATP1B3, and WT OATP1B3. A Student’s 
T Test was used for analysis of significance after using Cytation 5 
microscope and SPARK Tecan fluorescent plate reader for validat-
ing uptake assay.

Results: 
Wild Type OATP1B3 was successfully cloned into pcDNA3.1 back-
bone and shown at expected base pairs of 2kb with no mutations 
(Figure 2). Wild Type OATP1B3 plasmids were able to transport 
0.1uM of ICG 24 hours post lipofectamine 3000 transfection with 
wells compared to negative control (no OATP1B3 plasmids with ICG) 
(Figure 1).

Discussion: 
Subsequent re-translocation of NFATc1 due to dephosphorylation is 
expected to increase the cell’s viability and functionality. Based on the 
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results, it is possible that using a WT OATP1B3 will allow for the use 
of harmine in treating T1D however, there is still a need for Improv-
ing the conditions of random mutagenesis to create next generation 
mutants. Our next goal is creating more mutants of OATP1B3 gene 
reporters that can track the viability of HEK293 cells. Once viability is 
checked in HEK293 cells, a similar process will soon to be completed 
in RINm5f insulinoma cells.
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Objective: 
The strategy of structure-inherent tumor targeting (SITT) with 
cyanine-based fluorophores is getting more attention because no 
chemical conjugation of targeting moieties is required. However, the 
targeting mechanism behind SITT has not yet been well explained. 
Here, we demonstrate that heptamethine cyanine-based fluoro-
phores possess not only targetability of tumor microenvironments 
without the need for additional targeting ligands but also NIR-II 
imaging capabilities.

Methods: 
The TAIC-mediated tumor targeting mechanism was confirmed by flow 
cytometry and histological studies, in vivo NIR-II fluorescence imag-
ing, and 3D tomographic imaging.

Results: 
Among the tested, the NIR-II capability of SH1 allows for deep tissue 
imaging in vivo such as bone marrow, cerebral vasculature, and blood 
vessels in tumors with improved resolution. With TAIC-mediated tumor-
targeting, SH1 provided diverse tumor targetability with a high tumor-
to-background ratio (TBR) ranging from 9.5 to 47 in pancreatic, breast, 
and lung cancer mouse models upon a single bolus intravenous injection. 
Using the state-of-the-art TriFoil InSyTe FLECT/CT imaging device, the 
fate of SH1 could be followed in real-time in full 3D in tumor-bearing 
animal models.

Conclusion: 
In this study, inspired by our recent success in the development of 
organ- or disease-specific fluorophores, we designed and synthesized 
TAIC-targeted fluorophore SH1 as a SITT agent for intraoperative 
NIR-II fluorescence imaging. The NIR-II capability of SH1 along 
with the InGaAs camera built-in NIR-II imaging system greatly 
facilitated image quality permitting the observation of signals in 
deep tissues and significantly improved the sensitivity in intraop-
erative cancer surgery. The SH1 fluorophore can reach a high TBR 
(9 to 47 in various cancer types) in tumor sites in comparison with 
healthy tissue. Furthermore, SH1 can also be used to detect small 
lesions such as metastatic tumors. Thus, SH1 presents itself as a 
promising cancer-targeting agent which will have a bright future in 
intraoperative optical imaging.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

520-Targeting Tumor Heterogeneity with Multi-RTK Clicking 
Antibodies

Presenter: Sandeep Surendra Panikar, Washington University School 
of Medicine

Sandeep Surendra Panikar1, Nai C.  Keltee2, Patricia M. Ribeiro 
 Pereira3

1Washington University School of Medicine, St. Luois
2Washington University School of Medicine, St. Louis, Missouri
3Washington University in St. Louis

S415



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Objective: 
Dysregulated surface availability of Receptor Tyrosine Kinases (RTKs), 
co-activation mechanisms, and other biological  aspects1,2-3 result in a 
heterogeneous response of tumors to targeted therapies. Previous stud-
ies have shown that RTK-targeted positron emission tomography (PET) 
annotates changes in RTK membrane dynamics and protein expres-
sion that inform tumor response to targeted  therapies4. Here our study 
is focused on modifying FDA-approved antibodies [Herceptin (Trast: 
Anti-HER2), Perjeta (Per: Anti-HER2), Vectibix (Pan: Anti-EGFR)] 
to develop a strategy for targeting multi-RTK in preclinical models that 
resemble clinical tumor heterogeneity. We have developed antibody 
pairs that click at the surface of RTK-expressing tumors and allow 
measuring dynamic processes of RTK heterogeneous expression and 
co-activation during tumor response to targeted therapies.

Methods: 
Bioconjugation: Anti-RTK antibodies (Trast, Pan, Per) were conjugated 
with the clickable moieties Trans-Cyclooctene (TCO) or Tetrazine (Tz) 
through conjugation of the primary amino groups of antibodies with NHS 
esters of TCO or Tz. The ratio of TCO or Tz to antibodies was opti-
mized to maintain click efficiency and antibody specificity. Immunofluo-
rescence and Endocytic Trafficking: Anti-RTK antibodies were labeled 
with Alexa488, Alexa594, or pHrodo dyes to monitor cellular localiza-
tion and internalization of the clicking pairs on cancer cells. Radiolabe-
ling: Anti-RTK-Tz antibodies were conjugated with the DFO chelator and 
labeled with the positron emitter zirconium-89. PET/CT imaging:  [89Zr]
Zr-DFO-antibody conjugated with tetrazine was administered at 24 h after 
tail vein injection of anti-RTK-TCO antibodies targeting single or multi-
RTKs. PET/CT images were acquired on a Inveon or Mediso scanner at 
48 h post-injection of  [89Zr]Zr-DFO-antibody (320 μCi, 80 μg protein, 
>98% RCP). Animals: Gastric, breast, or epidermoid cancer xenografts 
(NCIN87, A431, MDA-MB-468, SkBr3) or patient-derived xenografts 
were subcutaneously inoculated in athymic nude mice.

Results: 
Here we show that biorthogonal reactions enable selective and rapid 
formation of covalent bonds between pairs of antibodies (Fig1A-B). The 
antibody click strategy consists of an anti-HER2 antibody, an anti-EGFR 
antibody, and the clickable moieties Tz and TCO containing a protein 
labeling site with varied lengths of polyethylene glycol linkers. Addi-
tional binding studies demonstrate that antibody specificity is maintained 
after antibody modification with clickable moieties. Antibody click pairs 
co-localize at the surface of cancer cells within the first 24 h and are 
efficiently internalized between 48 to 72 h (Suppl Fig1A). Additional 
assays using the pHrodo dye that fluoresces only upon internalization 
demonstrate effective antibody internalization at 48 h after incubation 
(Suppl Fig1B). Antibody-clicking pairs targeting multi-RTKs result in a 
~2.5-fold increase in tumor binding when compared with antibody pairs 
targeting a single RTK (p=0.001) (Suppl Fig1C). Together, our pre-
clinical studies provide proof of concept for a novel approach to increase 
antibody targeting and accumulation in heterogeneous cancers.

Conclusions: 
This study demonstrates a strategy for targeting tumor heterogeneity 
by using biorthogonal click chemistry. We show that antibody click-
ing pairs simultaneously targeting EGFR and HER2 receptors enhance 
antibody accumulation when compared with targeting a single RTK. 
Ongoing work in our laboratory is now exploring the use of antibody-
clicking pairs in multiplex bioimaging and to improve the treatment of 
a wide field of heterogeneous cancers (Suppl Fig1D).
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Introduction: 
Ependymoma (EPN) is an aggressive pediatric brain tumor that con-
tributes significantly to poor overall outcomes in  children1. The benefits 
of chemotherapy in pediatric patients with ependymoma have not been 
 defined2, and EPN treated with surgery and radiation therapy can still 
recur in 23-66% of  patients3. Our group has previously established 
aggressive behaviors of EPN, including high tumor cellularity, cyto-
logical anaplasia, high mitotic index, tumor necrosis, and the presence 
of inflammatory cells such as M2-type myeloid  cells4. The purpose of 
this study is to develop and optimize an advanced mpMRI protocol 
(cell-size, vessel-size and inflammation imaging) to characterize the 
phenotype and chemo-radiation treatment (CRT) response in an ortho-
topic mouse of patient-derived xenografts (PDX) of pediatric EPN.

Methods: 
Female severely immune deficient (SCID) mice were used for intrac-
ranial orthotopical inoculation of disaggregated tumors from pediatric 
EPN patients (n=22). Once the intracranial tumor reached at least 5 
 mm3, the animals were assigned to a placebo and CRT groups (10 
Gy radiation plus 30 mg/kg 5-fluorouracil). All radiation treatment 
was perform of the animal image-guided precision XRAD irradiator, 
using MRI and CT guided EPN localization. For each MRI session, 
the animal were inserted into a Bruker 9.4 Tesla BioSpec MRI scanner 
with a Bruker mouse head array RF cryo-coil. Each session consisted 
of an mpMRI protocol based on the following optimized sequences:

• high resolution T2w turboRARE (sagittal and axial) for tumor vol-
ume

• diffusion weighted imaging (DWI) for tumor necrosis and edema
• selective size imaging using filters via diffusion times (SSIFT)
• vessel size imaging (VSI) (fast T2* during 10 mg/kg iron-oxide 

ferumoxytol injection)
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• quantitative T2maps (qT2) for inflammation (before and 24hr after 
ferumoxytol injection).

Analytical methodologies included (i) conventional volumetric analy-
sis, apparent diffusion coefficient (ADC) values and T2 relaxation times 
using ParaVision NEO software; in-house MATLAB simulations to 
calculate SSIFT iAUC, vessel size imaging (VSI) and density indi-
ces (Q) VSI = 0.424(D/gDcB0)1/2  (DR2*/DR2)3/2 [mm] and Q =  DR2/
(DR2*)2/3  [sec-1/3] The qT2 were repeated 24 hours after SPION injec-
tion. This protocol was performed before CRT, immediately after CRT, 
and two weeks after CRT.

Results: 
High-resolution turboRARE T2w-MRI (48 microns in-plane resolution) 
was able to detect EPN lesion in cerebellum as small as 0.2 mm; the median 
tumor volumes at the baseline were 21±12  mm3. They also revealed 
increased blood vessel densities (0.54±0.12), high SSIFT iAUC (7.1±1.2) 
indicative for EPN cell size of 14±3 microns, and low ADC values (as 
low as 0.58x10-3  mm2/s) in EPN as compared to the normal cerebellum. 
The 5-day CRT with 2Gy/day and 30 mg/kg 5-FU resulted in a significant 
decrease in the tumor volumes (Figure 2), accompanied by the increased 
ADC values and decreased SSIFT iAUC and cell size two weeks after CRT. 
Interestingly, the most immediate response, seen on ferumoxytol-enhanced 
VCI and qT2 (-4 ms median), seen as soon as 2 days after the CRT, was 
related to a decreased blood vessel density and an increased presence of 
inflammatory macrophages and microglial cells in irradiated EPN.

Discussion: 
Orthotopically implanted PDX EPN xenografts closely mimic histo-
logical features, anatomical location and radiological features of the 
primary tumors. Our advanced mpMRI protocol followed by novel 
MATLAB algorithm analysis allows for a unique characterization of 
pediatric EPN as well as assessing the tumor response to a clinically 
relevant CRT protocol in a mouse model. A significant decrease in 
vessel size density and an increase in inflammatory cells were seen 
as soon as 2 days after CRT. The late response (2 weeks post CRT) 
is characteristic by decreased ADC values and cell size, resulting in 
significantly decreased tumor volumes.
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Objectives: 
Temozolomide (TMZ) is a DNA damaging agent that produces high 
response rates in neuroendocrine tumors (NETs) when the DNA 
repair enzyme, known as O6-methylguanine DNA methyltransferase 
(MGMT), is inactivated. When given at high doses, TMZ therapy can 
exhaust MGMT activity and its associated resistance mechanisms, but 
also produces dose-limiting toxicities. Since nearly all NETs overex-
press the somatostatin receptor subtype 2 (SSTR2), we hypothesized 
that a receptor-targeted TMZ analog could produce high intratumoral 
drug concentrations while avoiding systemic toxicity. Accordingly, 
we converted the clinically approved radiotracer 68Ga-DOTA-TOC 
into a radiolabeled peptide-drug conjugate (PDC) for SSTR2-targeted 
delivery of TMZ and report on the utility of the radioactive label for 
characterizing receptor-binding properties, pharmacokinetics, and tis-
sue biodistribution.

Methods: 
The PDC was synthesized by replacing DOTA with a multimodality 
chelator (MMC) to permit site-specific modification, attaching a modi-
fied TMZ analog to the MMC, and conjugating the payload moiety to 
TOC on solid-phase. The product, tumor-targeted TMZ (ttTMZ), was 
labeled with 67/68Ga and evaluated using radioligand assays to deter-
mine SSTR2 binding, specificity, and internalization of the drug-recep-
tor complex in cell lines with varying SSTR2 expression. Cytotoxicity 
and MGMT inhibitory effects of ttTMZ were evaluated in IMR-32 cells 
(SSTR2+). To investigate SSTR2-targeting in vivo, positron emission 
tomography (PET) was performed 1h after injection of 68Ga-ttTMZ 
in H69 xenografts in the presence and absence of a blocking agent. 
To further evaluate specificity and biodistribution at pharmacologi-
cally active drug concentrations, we performed a dose-escalation study 
with 67Ga-ttTMZ in (i) mice bilaterally implanted with HCT116-WT 
(SSTR2-negative) and HCT116-SSTR2 (transfected, high SSTR2) 
cells and (ii) mice implanted with IMR-32 cells (endogenous SSTR2). 
Resected tissues were weighed and gamma counting was performed 
to quantitatively measure drug biodistribution as injected activity per 
gram of tissue (%IA/g) at 3h p.i.

Results: 
ttTMZ was efficiently produced with chemical and radiochemical puri-
ties >90% and >95%, respectively. Cell-based experiments showed 
that the specific binding of 67Ga-ttTMZ was similar to 67Ga-DOTA-
TOC and correlated with SSTR2 expression. In HCT116-SSTR2 
cells that highly overexpress SSTR2, 14.8±4.8% of 67Ga-ttTMZ and 
17.0±4.2% of 67Ga-DOTA-TOC were taken up by cells. Markedly less 
accumulation was observed in cell lines with lower SSTR2 expres-
sion. SSTR2 selectivity was further demonstrated in blocking studies 
where tracer binding was reduced by nearly 90% when co-incubated 
with octreotide. Acid-washing experiments demonstrated internali-
zation of 67Ga-ttTMZ after receptor-binding, indicating retention of 
agonist properties following chemical modification. Results from the 
cell cytotoxicity study in IMR-32 cells demonstrated that the PDC 
inhibited cell growth in a dose-dependent manner that was similar to 
free TMZ, with the IC50 values of 81.6 and 75.6 μM for free TMZ and 
ttTMZ, respectively. Western blot analysis showed that ttTMZ reduces 
MGMT levels in a dose-dependent manner compared to untreated cells. 
Similar results were seen with fTMZ and O6-Benzylguanine (O6BG)-a 
well-characterized pseudo-substrate for MGMT. PET imaging in H69 
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xenografts showed a notable accumulation of 68Ga-ttTMZ in tumors, 
which was reduced by 1.2-fold in blocking studies. Similar SSTR2 
selectivity was seen in the dual implant model as shown by >5-fold 
higher uptake in the SSTR2-positive tumors compared to SSTR2-
negative tumors. The tissue distribution profile of 67Ga-ttTMZ was 
analogous to 68Ga-DOTA-TOC: high tumor uptake, rapid elimination 
through the kidneys, and low signal in normal tissues. This pattern was 
also observed in dose escalation studies and demonstrates the preferen-
tial uptake of ttTMZ in tumors in a therapeutic setting.

Conclusion: 
We developed a novel drug conjugate that selectively causes toxicity 
and MGMT depletion in SSTR2-expressing cells. Direct radiolabeling 
of ttTMZ provided quantitative evidence of SSTR2 mediated binding 
and biodistribution analysis in animal models. These findings demon-
strate the utility of developing a radiolabeled drug conjugate and may 
guide optimization strategies.
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Introduction: 
Surgical resection is the main treatment for pancreatic neuroendocrine 
tumors (pNETs) and can be curative if tumors are completely removed. 
However, the small size of these tumors, presence of multifocal lesions, 
and lymph node metastases complicate intraoperative localization and 
margin detection. Fluorescence-guided surgery (FGS) has shown 
increasing clinical utility for intraoperative visualization of tumors 

and can increase complete resections while also improving safety by 
avoiding unnecessary damage to normal tissues [1]. Given the overex-
pression of the somatostatin receptor subtype 2 (SSTR2) on pNETs, 
we used the clinically approved radiopharmaceutical 68Ga-DOTA-
TOC as the foundation for a first-generation intraoperative imaging 
agent with excellent tumor-targeting properties but notable non-spe-
cific binding [2]. Here, we used the charge-balanced near-infrared 
fluorescent (NIRF) dye FNIR-Tag [3] to produce a second-generation 
agent, MMC(FNIR-Tag)-TOC, with superior tumor specificity and 
contrast.

Methods: 
The SSTR2-targeting peptide TOC was conjugated to a multimodal-
ity chelator (MMC) on solid-phase. Conjugation of IR800 (negatively 
charged) or FNIR-Tag (charged balanced) was performed in solution 
phase via copper-free click chemistry, and dual labeling with 67/68Ga 
was carried out as previously described (2). Spectral analysis and 
physicochemical properties were conducted to measure the optical 
properties and cLogP values of the conjugates. To evaluate the bind-
ing properties of MMC(FNIR-Tag)-TOC in cells, we performed flow 
cytometry (100 nM, 1 h incubation) and radioactive uptake (10 nM, 
1 h incubation) studies in the presence or absence of 100-fold com-
petitor (octreotide) and used the IR800 counterpart as a control. We 
selected HCT116-WT (SSTR2-), HCT116-SSTR2, BON-SSTR2, and 
NCI-H69 cells based on their varying SSTR2 expression levels. For in 
vivo  studies, a dually implanted HCT116-SSTR2/WT xenograft 
model was injected with 2 nmol of agent per mouse of non-radio-
active MMC(IR800)-TOC or MMC(FNIR-Tag)-TOC (n=5/agent) and 
imaged at 1 and 3 h p.i. Key tissues were resected for ex vivo imag-
ing and histological characterization. After euthanasia, 1 mouse was 
randomly selected from each group for cryo-fluorescence tomogra-
phy (Emit Imaging).

Results/Discussion: 
Both conjugates were synthesized with high chemical (>90% as 
shown by HPLC) and radiochemical yield (>95% as shown by radi-
oHPLC). Spectral analysis showed that both conjugates have excitation 
and emission peaks in the NIR region, with MMC(FNIR-Tag)-TOC 
having a slightly blue-shifted spectra (λmaxem �em

max
 = 788 nm) com-

pared to MMC(IR800)-TOC (λmaxem �em
max

 = 795 nm). Both conju-
gates had the same fluorescence quantum yield (ΦF) of 0.13 in PBS. 
Flow cytometry results were largely in agreement with radioligand 
experiments and showed SSTR2-mediated binding for both agents, 
along with a significantly higher degree of non-specific binding with 
the IR800 analog in blocking studies and in cells that lack SSTR2. Dual 
labeling revealed that the binding characteristics of 67Ga-MMC(FNIR-
Tag)-TOC more closely resembled those of 67Ga-DOTA-TOC (posi-
tive control) in different SSTR2 expressing cell lines, suggesting that 
FNIR-Tag is the more favorable fluorescent label for highly specific 
tumor targeting. This observation was also evident during pharmacoki-
netic evaluation in mice where we observed notably lower background 
signal for charge-balanced MMC(FNIR-Tag)-TOC. While the IR800 
analog had ~30% higher tumor accumulation, it also exhibited 2 to 
4-fold higher off-target binding that ultimately led to higher TBRs for 
MMC(FNIR-Tag)-TOC. Histological and mesoscopic analyses of FFPE 
sections further confirmed the in vivo and ex vivo imaging results.

Conclusions: 
Our findings show that dye charge plays an important role in the spe-
cific binding of SSTR2-targeted FGS agents. The charge-balanced dye 
FNIR-Tag led to the development of a novel fluorescent somatostatin 
analog with remarkably lower background signal and higher tumor 
specificity than the IR800 counterpart. As a result, we discovered an 
enhanced approach for targeting SSTR2-expressing tumors that may 
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enable detection and removal of tumors which may be missed by stand-
ard surgical techniques.
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Prostate-specific membrane antigen (PSMA) is an exceptional bio-
marker for prostate cancer, one of the most common malignancies 
in men. PSMA is expressed on almost all prostatic tumors, and its 
expression positively correlates with castration resistance and pro-
gression to metastatic disease. A small-molecule radioligand thera-
peutic,  Pluvicto®, targets PSMA and has recently been approved by 
the FDA for previously treated metastatic castration-resistant prostate 
cancer, but salivary gland toxicity remains a challenge. In the present 
study, Lumi804, a macrocyclic bifunctional chelator based on four 
1-hydroxypyridin-2-one (1,2-HOPO) coordinating units, was conju-
gated to IAB2MA, a minibody targeting PSMA that does not localize 
in the salivary glands. The conjugate was radiolabeled with Zr-89 for 
PET imaging and Lu-177 for targeted radiopharmaceutical therapy of 
prostate cancer. For both isotopes, quantitative radiolabeling of the 
Lumi804-IAB2MA conjugate was achieved at ambient temperature in 
under 30 min at a molar activity of 7.4 MBq/nmol. This is in contrast 
to 177Lu-DOTA-IAB2MA, where only approximately 60% radiola-
beling was achieved at 37 °C. Leveraging Eu(III) as a luminescent 
surrogate metal ion, the binding affinity of Eu-Lumi804-IAB2MA 
was measured in PSMA-positive 22RV1 prostate cancer cells by time-
resolved luminescence, demonstrating that the high binding affinity of 
the conjugate to PSMA was retained  (Kd = 1.1 ± 0.2 nM). Biodistribu-
tion of 177Lu-Lumi804-IAB2MA was determined in PSMA-positive 
PC3-PIP tumor-bearing mice. Tumor uptake was 8.1 ± 1.4% ID/g at 
24 h and slowly decreased by 96 h post-injection (3.9 ± 0.9% ID/g). 
The 177Lu-minibody cleared the blood after 24 h, with tumor:blood 
ratios reaching 282 ± 75 at 96 h. Kidney uptake was 4.7 ± 1.0% ID/g at 
24 h, clearing to 0.4 ± 0.1% ID/g at 96 h. PET imaging with Zr-89 and 
targeted radiopharmaceutical therapy with Lu-177 labeled minibody 
studies are underway. Data thus far suggest Lumi804 is a versatile 

chelator allowing for one PSMA-targeted chelator-minibody conjugate 
for labeling with multiple radiometals for imaging and therapy.
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Background: 
Although 99mTc-dimercaptosuccinic acid (DMSA) planar scintigraphy 
is the best method for assessing renal cortical scarring, especially in 
children, the value of single-photon emission computed tomography/ 
computed tomography (SPECT/CT) is unknown.

Aim: 
The aim of this study was to detect the intra-reader reliability of 99mTc-
DMSA planar scintigraphy vs. SPECT/CT imaging in patients with 
suspected renal cortical scars.

Materials and Methods: 
This prospective study included patients with clinically suspected 
renal cortical scars. The 99mTc-DMSA planar images were obtained 
approximately 3 hours after I.V injection of approximately 185 MBq 
of the tracer. The SPECT/CT images were taken immediately after the 
planar one. The images were independently interpreted by an experi-
enced nuclear medicine physician who was blinded to both clinical data 
and the results of other imaging modalities. Both images were scored 
as 0; no defects, 1; equivocal, 2; positive defects and the results of both 
modalities were compared. The reader repeated the reading six months 
later to assess the intra-reader reliability of both imaging techniques.

Results: 
Ninety-three patients (55 males and 38 females, mean age: 31.9 ± 18.5 
years) with a total of 186 kidneys were recruited in this study. The first 
planar readings revealed 42 defects, 27 equivocal and 117 normal kid-
neys, while the second reading revealed 40 defects, 31 equivocal and 
115 normal kidneys. 64 defects and 122 healthy kidneys were found 
in the first SPECT/CT reading, while the second reading found 63 
defects and 123 healthy kidneys. The first and the second planar read-
ings agreed in the reading of 168 kidneys and disagreed in the read-
ing of 18 kidneys with Cohen’s kappa value of 0.820 (P<.01) While 
those of SPECT/CT images agreed in the readings of 173 kidneys and 
disagreed in the readings of 13 kidneys, with a Cohen’s kappa value 
of 0.850 (P<.01).

Conclusion: 
The intra-reader reliability of 99mTc-DMSA SPECT/CT scanning was 
superior to that of the conventional planar imaging in detecting renal 
cortical scars.
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Objectives: 
Molecularly specific tracers that detect diffuse plaques, a preclinical 
manifestation of Aβ pathophysiology (included in revised NIAAA 
criteria) for detecting AD, can provide tools to assess plaque burdens 
and quantify efficacy of therapeutic interventions in vivo. Currently 
available clinical agents, such as Avid 45, GE-067, AZD 4694 allow 
detection of fibrillary amyloid plaques (later stage of Aβ pathophysiol-
ogy). To further embellish imaging resources and enable disease-spe-
cific imaging at earlier stages, we have reported earlier, the preclinical 
validation of 18F-Fluselenamyl. Herein, we report automated synthesis 
of 18F-Fluselenamyl under GMP conditions.

Methods:  
[18F] Fluselenamyl was synthesized using GE TRACERlab FX2N-1 
automated modules (Fig 1) under GMP compliance followed by quality 
analysis using standard Quality Control (QC) procedures. For QC stud-
ies, calibration curve was generated with the cold standard (non radi-
olabeled Fluselenamyl) on the Dionex U-3000 HPLC equipped with 
an UV absorbance detector (254 nm) using  C18 column Phenomenex 
Luna C 18, particle size 5 μm, 250 × 4.6 mm) that was eluted with a 
isocratic mobile phase composed of 55% Acetonitrile / 45% Water with 
0.1 M ammonium formate over fifteen minutes.  [18F] Fluselenamyl was 
synthesized with high radiochemical yield and purity. The radioac-
tive peak corresponding to the product was detected approximately 17 
minutes after injection into semi preparative  C18 column eluted with 
a mobile phase of Acetonitrile/ 0.1 Ammonium Formate Buffer (3/ 
2) flowing at a rate of 3.0 mL/min. The total preparation time for the 
tracer was approximately 80 minutes, with a radiochemical yield of 
19-20% (n=3). The radiochemical purity is 100 %. Further QC analysis, 
confirmed the peak of interest corresponding to the  [18F] Fluselenamyl 
was detected at 11 min that matched with the retention time of the cold 
standard with 100% radiochemical purity and high specific activity.

Conclusion: 
Fluselenamyl is currently undergoing regulatory approvals for human 
studies. This methodology (described herein using GE-TRACElab 
FX2N-1 module for its production under GMP conditions) will be 
used for production of clinical doses needed for performing first-in-
human studies.
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Chronic lung diseases, such as idiopathic pulmonary fibrosis (IPF) and 
chronic obstructive pulmonary disease (COPD) are major leading causes 
of death worldwide with very poor prognosis. Heterogeneous distribution 
of collagen, mainly type 1 collagen, associated with excessive collagen 
deposition plays pivotal role in progressive remodeling of the lung paren-
chyma to chronic exertional dyspnea for both IPF and COPD. To date, 
there are no noninvasive and quantitative diagnostic tools with sufficient 
sensitivity to detect early-stage lung fibrosis during disease progression 
and monitor treatment response. Therefore, to address the pressing need, 
here we report the development of human collagen-targeted protein MRI 
contrast agent (hProCA32.collagen) to specifically bind to collagen 1 
overexpressed in multiple lung diseases. Here we report that hProCA32.
collagen and its surface modification variants all exhibit significantly 
improved r1 and r2 relaxivity, strong  Gd3+ binding affinity and metal 
selectivity. The effect of surface modification on metal binding, collagen 
binding specificity overall different types of collagen, protein stability, 
and relaxivity have also examined using various spectroscopic meth-
ods. The robust detection of early and late-stage lung fibrosis with stage-
dependent MRI SNR increase with good sensitivity and specificity using 
newly established progressive bleomycin-induced IPF mice model and 
nicotine-induced COPD mice model. Spatial heterogeneous mapping 
of usual interstitial pneumonia (UIP) pattern with key features closely 
mimicking human IPF including cystic clustering, honeycombing and 
traction bronchiectasis were noninvasively detected by multiple MR 
imaging techniques and verified by histological correlation. We further 
report the detection of heterogeneous expression of collagen in lung 
airway at different stages of an electronic cigarette induced COPD mice 
model by hProCA32.collagen enabled pMRI, validated by histological 
analysis. We also demonstrated that surface modification of ProCA32.
collagen results in alteration of PK and PD profile in vivo revealed by 
pMRI and ICP-OES. The developed hProCA32.collagen is expected to 
have strong translational potential in noninvasive detection and staging 
of lung diseases and facilitating effective treatment to halt further chronic 
lung disease progression.
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Introduction: 
Inorganic nanoparticles have been explored for many biomedical 
applications, but often fail to be clinically translated due to insufficient 
clearance or safety. Recent work has identified sub-5 nm silver-sulfide 
nanoparticles (SSNP) as a promising multimodality imaging contrast 
 agent1 with improved contrast generation compared with iodinated 
agents for dual-energy mammography.2 SSNP may be especially well-
suited to diagnostic breast cancer imaging, where supplemental screen-
ing methods are needed to overcome limitations of mammography for 
women with dense breasts. These nanoparticles have been shown to 
be renally clearable and avoid retention in reticuloendothelial system 
(RES) organs, indicating that they could have good safety profiles. 
Because these nanoparticles have potential for clinical use as a contrast 
agent, translational studies to determine long-term safety and monitor 
the distribution of SSNP will be necessary. In addition, developing a 
reproducible and scalable synthetic method will be required.

Methods: 
SSNP with an average diameter of 3.4 ± 0.6 nm were synthesized 
using a polycarbonate staggered herringbone microfluidic chip (Fig-
ure A-B)3. They were administered intravenously to mice, which were 
then scanned with a microCT scanner at several timepoints over the 
next 24 hours to visualize circulation and clearance. Also, within that 
time frame, blood was collected to evaluate the pharmacokinetics of 
the SSNP. The mice were monitored and observed for three months 
after administration of the contrast agent. At 1-, 14-, 28-, and 81-days 
post-injection, mice were sacrificed, and their organs were collected 
for analysis of biodistribution of SSNP, clinical blood chemistry, and 
histology. Additionally, a microfluidic chip of similar design, but made 
of PDMS, allowing for the synthesis to be scaled up to 256 times the 
current production rate, was investigated.

Results: 
CT scans indicated high contrast soon after injection, followed by rapid 
clearance, with most visible contrast depleted within one hour (Fig-
ure C). During the three-month study, treated mouse weights did not 
significantly differ from their control counterparts and no behavioral 
differences were observed (Figure D). Pharmacokinetic data showed 
a distribution half-life of 12 min, followed by an excretion half-life of 
22.8 hours (Figure E). This is consistent with the observations made 
in the CT scans and indicates that the imaging window will be long 
enough to be clinically useful. The 3.4 nm SSNP showed high clear-
ance (77% injected dose) initially, but no significant additional clear-
ance at the longer time points (Figure F). As expected, most remaining 
SSNP were contained to the RES organs. No toxicity was observed in 
the histological samples or the clinical blood chemistry values (Fig-
ure G-H). The PDMS-based microfluidic chip was shown to produce 

similar nanoparticles to the polycarbonate chip and can be parallelized 
to produce up to 256 times the current nanoparticle yield (Figure I).

Conclusions: 
These studies have indicated high levels of renal clearance and good 
biocompatibility of SSNP, as well as potential for a substantial scale 
up in production, resulting in improved chances of clinical translation. 
Further work will aim to improve long-term clearance and investigate 
parallelized microfluidic chip production.
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Purpose: 
To characterize ovarian masses (OMs) on ultrasound molecular imag-
ing (USMI) using a clinical-grade contrast agent (Kinase insert domain 
receptor [KDR]-targeted contrast microbubble  [MBKDR]] that is tar-
geted at the KDR, one of the key regulators of neo-angiogenesis in can-
cer) and correlate with gold standard surgical histopathology (HPE).

Material and Methods: 
USMI was performed in 24 women (age 48 to 79 years) with com-
plex OMs after meeting the eligibility criteria and obtaining informed 
consent in a HIPAA-compliant IRB-approved study. The complex OM 
was first identified on B-Mode US and a plane showing a solid com-
ponent (target lesion) was then selected for further evaluation. While 
imaging in dual mode with B-mode and contrast mode side-by-side, 
 MBKDR (BR55, Bracco, [0.03, 0.05 and 0.08 mL/kg of body weight]) 
were manually injected over 10 seconds followed by 10 mL saline 
flush. Imaging was obtained starting with initial 45 seconds acquisition 
to capture the wash-in phase of  MBKDR, followed by 10 second acquisi-
tion every 2 mins until 30 minutes post injection. Blood pressure, ECG, 
oxygen levels, heart rate, CBC, and metabolic panel were obtained 
before and after  MBKDRadministration. Surgery for these OMs were 
performed within a 2-week interval following imaging. Tumor regions 
overlying the imaged target lesions were marked by the surgeon for 
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accurate correlation on histology. Qualitative and Quantitative USMI 
analysis was performed by two radiologists in consensus with 9 and 
15 years of experience, who were blinded to final HPE diagnosis. Both 
radiologists visually assessed the presence of focal enhancement and 
graded into three-grade visual scale: strong (well-defined and strong 
visual stationary targeted imaging signal), weak (enhancement is weak 
but considered stationary), or no enhancement (no focal stationary tar-
geted imaging signal). For quantitative USMI analysis, ROI was drawn 
over the target lesion and mean contrast signal intensity was calculated 
and recorded using the in-house built software (ITK-SNAP). USMI 
analysis was then correlated with HPE results.

Results: 
Twenty two out of 24 (92%) lesions were confirmed in the ovaries on 
surgical HPE. 2/24 (8%) lesions were intraoperatively found outside the 
ovaries (leiomyoma and hematosalpinx) and, therefore, were excluded 
from the analysis. 13/22 (59%) lesions were malignant with a mean size 
of 5.38 cm (range, 1.2 to 10.0 cm); while 1 of the malignant lesions 
was a metastasis from a neuroendocrine GI tumor. 9/22 ( 41%) lesions 
were benign with a mean size of 1.86 cm (range, 0.7 to 3.7cm). Overall, 
Qualitative USMI analysis showed a sensitivity of 76.92% (10/13), 
specificity of 77.78% (7/9), PPV of 83.33% (10/12) and NPV of 70% 
(7/10), while quantitative USMI analysis showed a sensitivity of 100% 
(13/13), specificity of 88.89% (8/9), PPV of 92.85% (13/14) and NPV 
of 100% (8/8), when compared to gold standard HPE. None of the 
malignant lesions was miscategorized as a benign lesion.

Conclusion: 
KDR-targeted USMI quantitative analysis shows promising results that 
allow non-invasive accurate characterization of ovarian masses. Larger 
studies are needed for further validation.
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Photodynamic Therapy (PDT) is a minimally invasive clinical treat-
ment that is approved by both the Food and Drug Administration and 
by the European Medicine Agency as curative therapy for precancer 
lesions and solid tumors and as palliative therapy for advanced malig-
nancies.1 PDT is based on a photosensitizer (PS), light, and molecular 
oxygen. Exciting a PS using (laser) light stimulates its reaction with 
the surrounding  O2 to produce various reactive oxygen species (ROS). 
PDT-generated ROS subsequently damage tumor cells and induce 
inflammation evoking strong immunological response.2 Recently, PDT 
has been combined with immunotherapy (e.g., CTLA-4 and PD-L1 
immune check-point inhibitors) showing that PDT stimulates immune 
responses by promoting tumor antigen presentation, thus increasing the 
response rates to checkpoint blockade antibodies.3 Porphyrins are the 
most investigated family of photosensitizers for PDT since they possess 
high quantum yield in 1O2 production, and they have a broad chemical 
diversity.4 However, their high hydrophobicity which leads to aggrega-
tion in aqueous media and consequently a decrement on their photo-
dynamic yield challenges their application in PDT. To overcome these 
challenges, we have designed photosensitizer-loaded nanoparticles 
that can be efficiently delivered to tumors by peritumoral (p.t.) injec-
tion. Specifically, we have prepared  poly(N-vinylcaprolactam) 
(PVCL) nanogels through precipitation polymerization, loaded with 
Ce6, a porphyrin-derived  photosensitizer5. Dynamic light scattering 
and Scanning electron microscopy showed that our nanoparticles have 
an average size of 220 nm with a low polydispersity index (PDI < 0.1) 
and colloidal stability of > 1 month. After characterizing our PVCL 
nanogels, we set out to study their tumor uptake employing optical 
imaging. BALB/c mice were inoculated with 4T1 cells (breast cancer) 
and seven days later administered with PVCL nanoparticles (p.t. at 1.5 
mg Ce6 photosensitizer/kg). Tumor fluorescence intensity reached its 
maximum at two hours post-injection, indicating that this is likely the 
optimal timepoint for PDT (Figure 1A). We treated similarly inocu-
lated mice and 7 days later treated them using either PBS (control) 
or PVCL nanoparticles, n=10. After two hours, tumors were irradi-
ated (660nm, 100mW for 5 minutes). Subsequent monitoring of tumor 
growth (by daily caliper measurements) revealed a significant lower 
tumor growth rate for PDT treated mice versus control (Figure 1B). In 
addition, in vivo imaging data from before and after the PDT treatment 
points out the photostability and low photodegradation rate of PVCL 
nanogels after laser irradiation (Figure 1C). Ex vivo imaging from 
sliced tumors 10 days later nanoparticle administration also showed 
fluorescence emission at the 660 nm region, demonstrating the pres-
ence of PVCL nanoparticles. Our data strongly suggests that PVCL 
nanoparticles display high accumulation and long-term retention in the 
tumor. Moreover, these nanoparticles under 660 nm irradiation inhibit 
the tumor growth while non-treated tumor grow more significantly. 
Therefore, Ce6-loaded PVCL nanoparticles represents a promising 
platform for PDT treatments. In this line, we are currently working on 
the combination if this nanoparticle-based PDT with checkpoint block-
ade therapy in order to potentiate the antitumor therapeutic efficacy.
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Introduction: 
Glioblastoma is an aggressive form of brain cancer with poor long-
term survival even with surgical resection and  radiation1. The 
majority survive less than a  year1, with a two-year survival rate of 
26-33%2. The use of novel immunotherapies in combination with 
chemotherapy temozolomide (TMZ) has shown promising results with 
 glioblastoma1,2. Tumour-associated macrophages (TAMs) are associ-
ated with tumour growth and poor  prognosis3. TAMs preferentially 
take up iron oxide contrast agents, making them an ideal target for 
imaging. Gadolinium (Gd) contrast agents extravasate into brain tissue 
when the blood-brain barrier (BBB) is damaged. Magnetic Resonance 
Fingerprinting (MRF) is a specialized magnetic resonance imaging 
(MRI) sequence capable of simultaneous  T1,  T2, and  T2

* relaxation 
 measurements4. This sequence was used to make concentration maps 
of iron-labelled TAMs and Gd. In this project, we studied both male 
and female mice implanted with an orthotopic glioblastoma model 
and treated with the checkpoint inhibitor anti-PD-1 and the chemo-
therapy TMZ. We used MRI to follow tumour progression and evaluate 
TAMs and BBB damage (via Gd uptake) and flow cytometry to monitor 
immune cell infiltration.

Methods: 
Fifteen female mice and fifteen male C57BL/6 mice (5 mice/treatment 
group) were intracranially implanted with  5x104 gl261 glioma cells. 
Treatment groups were as follows: 1) untreated/control, 2) treated with 
anti-PD-1 (200 μg/kg/mouse/dose every 3 days for up to 8 doses) or 
3) treated with anti-PD-1 and TMZ (25 μg/kg/mouse/day for 10 days). 
Mice received MRI brain scans twice weekly (pre- and post-contrast) 
for up to 6 weeks. Scans included an anatomical  T2-weighted FSE 
and MRF. Mice received an injection of 100 μL SPIO Rhodamine 
B (Biopal) 24 hours before the post-contrast scan and injections of 
MultiHance (gadobentate dimeglumine, Bracco) during the post-con-
trast scan prior to MRF imaging. Flow cytometry (FC) was performed 
on brains and spleens upon termination to evaluate the infiltration of 
immune cells into the brain/tumour, including CD8+ and CD4+ T cells 
and inflammatory monocytes (CD11b+/Ly6chi).

Results: 
Female mice treated with either anti-PD-1 alone, or a combination 
of anti-PD-1 and TMZ had significantly higher survival than female 
control mice and all male mice (p<0.05). Female mice treated with 
the combination therapy also had significantly higher percentages 
of inflammatory monocytes in the brain compared to any group of 
male mice, and control female mice. However, male mice generally 
had higher percentages of CD8+ T cells in the brain, particularly fol-
lowing combination treatment. The overall concentration of Gd in the 
brain (including tumour if present) was plotted over time for each of 
the groups in female mice (Fig. 1C) (male data still being analyzed). 
In both untreated and anti-PD-1 treated mice, there was a drop in Gd 
mass on day 21, which generally corresponded to when tumours began 
to significantly increase in size. In contrast, mice treated with the com-
bination group had a slower and steadier rise in Gd mass throughout 
the study. Total Fe mass (a measure of putative SPIO-labeled mono-
cytes) was also compared to tumour volume in female mice. Only mice 
treated with anti-PD-1 had increasing iron masses strongly positively 
correlated with increasing tumour volumes. For other mice, there was 
not a clear correlation between the two.

Conclusions: 
In this study, we examined how sex and immunotherapies interacted in 
a C57BL/6 mouse model of glioblastoma using imaging and biological 
assays. Female mice had better survival in response to combination 
therapy, with more inflammatory monocytes, but a lower percentage 
of CD8+ T cells, indicating that the T cells present in male mice were 
likely exhausted. MRF has also begun to give us an indication of how 
macrophage numbers are changing over time, as well as how Gd infil-
tration due to BBB damage changes over time.
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Background: 
Intraoperative identification of lung tumors can be challenging, in par-
ticular in lung parenchyma sparing resections or after induction ther-
apy. Tumor-targeted fluorescence-guided surgery can provide surgeons 
with a tool for real-time intraoperative tumor detection. This study 
evaluated cell surface biomarkers, partially selected via data driven 
selection software, as potential targets for fluorescence-guided surgery 
in non-small cell lung cancers; adenocarcinomas (ADC), adenocarci-
nomas in situ (AIS), and squamous cell carcinomas (SCC).

Patients and methods: 
Formalin-fixed paraffin-embedded tissue slides of resection specimens 
from 15 patients with ADC and 15 patients with SCC were used and 
compared to healthy tissue. Molecular targets were selected based on 
two strategies: (1) a data driven selection using > 275 multi-omics 
databases, literature, and experimental evidence and (2) availability of 
a fluorescent targeting ligand in advanced stages of clinical develop-
ment. The selected targets were: Carbonic anhydrase 9 (CAIX), Col-
lagen Type XVII Alpha 1 Chain (Collagen XVII), Glucose transporter 
1 (GLUT1), G Protein-Coupled Receptor 87 (GPR87), Transmembrane 
Protease Serine 4 (TMPRSS4), carcinoembryonic antigen (CEA), 
epithelial cell adhesion molecule (EpCAM), folate receptor alpha 
(FRα), integrin αvβ6 (αvβ6) and urokinase-type plasminogen activa-
tor receptor (uPAR). Tumor expression of these targets was assessed 
by immunohistochemical staining. A total immunostaining score (TIS, 
range 0-12), combining percentage and intensity of stained cells was 
calculated. Statistical differences in staining between healthy lung and 
tumor tissue were sought with the Wilcoxon signed rank test. The most 
promising targets in ADC were explored in six AIS tissue slides to 
explore stage dependency.

Results: 
Statistically significant differences in TIS between healthy lung 
and tumor tissue for ADC samples were found for CEA, EpCAM, 
FRα, αvβ6, CAIX, Collagen XVII, GLUT-1 and TMPRSS4, and of 
these CEA, CAIX and Collagen XVII were also found in AIS. For 
SCC EpCAM, uPAR, CAIX, Collagen XVII and GLUT-1 were found 
to be overexpressed.

Conclusion: 
EpCAM, CAIX and Collagen XVII were identified using concomitant 
use of data driven selection software and clinical evidence as promising 

targets for intraoperative fluorescence imaging for both major subtypes 
of non-small cell lung carcinomas.
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Objective: 
Low-Count preclinical PET image acqusition can be achieved either 
by lowering the dose of radiolabeled agent or by shortening scan, with 
numerous benefits in terms of animal logistics, maintaining integrity 
in longitudinal studies and increased throughput. However, low count 
PET imaging leads to reduced photon count with low signal-to-noise 
ratio (SNR), poor image quality, lesion contrast and variability in quan-
tification. This study aims to address this tradeoff between loss of SNR 
and low-count statistics by developing a deep-learning framework for 
generating quantitatively accurate standard-count PET (SC-PET) from 
low-count PET (LC-PET) and analyze qualitative and quantitative per-
formance of the framework.

Methods: 
This study utilized Patient Derived tumor Xenograft (PDX) implanted 
in the mammary fat pad. FDG-PET imaging was performed using Sie-
mens Inveon PET/CT scanner. Ten minute static images 50 minutes 
post injection of FDG were used to obtain PET images at different 
statistics levels i.e. SC-PET (corresponding to 10 minutes frame) and 
LC-PET (corresponding to 30 seconds frame i.e. 1/20th of SC-PET 
events). To design the deep learning framework, we utilized three dif-
ferent architectures i.e. Residual U-Net (RU-Net) [1], Dilated U-Net 
(D-Net) [2] and Attention-based Residual-Dilated Network (Attention 
RD-Net) [3]. The RU-Net and D-Net architecture consists of basic 
encoder-decoder block similar to U-Net [4], while the Attention RD-
Net utilizes short-depth linear combination of Enhanced Attention 
Module (EAM). The EAM units consists of dilated layers of different 
dilation rates followed by series of convolution layers, a global pool-
ing component and short residual interconnections between modules. 
While the dilated structure helps preserving the resolution by large-
scale feature observation maintained by same size receptive field with-
out increasing network components, the residual blocks facilitates faster 
propagation of feature information across network modules. Among the 
thirty-eight mice subjects used for this study, twenty-six were used for 
training the network and hyperparameter optimization and remaining 
twelve for testing the performance of the framework. The performance 
of the DL-generated SC-PET images were compared to several existing 
denoising methods, including Non-Local Means (NLM) [5] and Block 
Matching and 3D Filtering (BM3D) [6] in terms of qualitative metrics 
i.e. structural similarity index metric (SSIM), peak signal-to-noise 
ratio (PSNR) and normalized root mean square error (NRMSE). Task-
specific quantitative analysis of the DL-framework was performed on 
the lesion of interest using mean standardized uptake value  (SUVMean). 
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Bias in performance was calculated with respect to original SC-PET 
images. The total workflow is depicted in Fig. 1A.

Results: 
The DL-based framework generated SC-PET images with visu-
ally improved image quality and lesion contrast compared to the 
non-DL approaches and LC-PET as depicted in Fig. 1B. RU-Net, 
D-Net and Attention RD-Net based denoising performed signifi-
cantly better (p<0.05) than NLM and BM3D in all three qualita-
tive metrics of performance i.e. SSIM, PSNR and NRMSE (Fig. 1 
C-E). All network architectures exhibited similar  SUVMean for the 
analyzed tumor-lesions which were highly correlated with SC-PET 
(ρ=0.97, p≤0.05) and the average  SUVMean bias with respect to SC-
PET are 3.13±2.32%, 3.51±3.06% and 3.07±1.84 respectively for 
RU-Net, D-Net and Attention RD-Net generated SC-PET images. 
The combination of residual interconnections and dilated layer 
with feature attention mechanism ensured equivalent performance 
for Attention RD-Net even with lesser epochs and shallow network 
structure.

Conclusion: 
The proposed DL architectures of the framework performed signifi-
cantly better than non-DL methods in generating quantitatively accu-
rate SC-PET images from LC-PET equivalent. The generated SC-PET 
images had enhanced qualitative metrics indicating comparable image 
quality as corresponding SC-PET images by suppressing noise. The 
DL-based methods also exhibited nominal  SUVMean bias thus indicat-
ing the feasibility of using DL-based SC-PET images for better lesion 
detection, quantification and diagnosis.
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Background: 
Iron oxide nanoparticles (NPs) have been used in a variety of preclini-
cal and clinical cancer detection/imaging applications. Here we show 
that targeted superparamagnetic iron oxide nanoparticles (SPION) can 
be used for in vivo detection by two different imaging methods. Super-
paramagnetic Relaxometry (SPMR) is a highly sensitive in vivo detec-
tion technology that is able to differentiate the magnetic signature of 
nanoparticles bound to tumor cells from unbound nanoparticles. Same 
targeted SPIONs accumulated in tumor are able to provide molecular 
magnetic resonance imaging (MRI) contrast as well. The purpose of the 
study is to develop biomarker target–specific imaging probes for image-
based diagnosis and treatment monitoring by both SPMR and MRI. 
Recently, anti-PSMA PET tracer have been reported to be effective 
in detecting prostate cancer as well as its metastasis. However, using 
non-radioactive materials to achieve the same targeting capability as 
the anti-PSMA PET agent as well as obtaining anatomical information 
at the same time using MRI is more desirable.

Results: 
Our anti-PSMA peptide conjugated nanoparticles consist of a 25nm 
 Fe3O4 core covered by a polymer shell with polyethylene glycol (PEG) 
and peptide covalently attached on the surface. The overall size of 
nanoparticles is 60-70nm with PDI <0.1 as measured by DLS. Size 
and magnetic property uniformity of SPION are essential for signal 
strength by SPMR measurement as well as for potential achieving diag-
nostic utility using MRI. Our results have shown that our anti-PSMA 
peptide conjugated nanoparticles can distinguish high, medium and 
null PSMA expression cell lines, such as LnCAP, 22RV1, PC3 respec-
tively in an in vitro cell based assay by SPMR, demonstrating good 
sensitivity, specificity and selectivity. Based on SPMR quantitation, 
approximate 5-10 μg of nanoparticle were detected when incubating 
with 1x10^6 PSMA+ cells for 24 hours. In vivo study using xeno-
graph model with LnCAP and 22RV1 implanted subcutaneously on 
the flank region of male athymic nude mice demonstrated sufficient 
tumor accumulation of anti-PSMA peptide conjugated nanoparticles, 
measurable by ex vivo tumor detection using SPMR. Preliminary time 
point study also indicated nanoparticle accumulation were observable 
starting at 6 hours and increasing in amount upto 24 hours. Using 
a PEG NP (without the target ligand) as control for the mice study 
have shown minimum NP tumor accumulated were observed, demon-
strating the specificity of the nanoparticles in vivo. Organ distribution 
study indicated that anti-PSMA nanoparticles mostly accumulated in 
liver and spleen as these nanoparticles were cleared through these two 
organs. Other organs such as brain, heart, lung didn’t show appreciable 
accumulation. Kidney had minor accumulation, likely due to the fact 
that a subset of kidney cells was reported to contain PSMA expression 
based on earlier studies in the literature. MRI studies using this type 
of conjugated nanoparticles have shown they produced excellent T2 
and T2* contrast. The repeat of same type of xenograph model used in 
the SPMR study is currently under the way using MRI as an alterna-
tive in vivo detection method with images taken pre- and post- dosing 
of the nanoparticles. Give the specificity and sufficient accumulation of 
nanoparticles demonstrated in the SPMR study, it is expected that MRI 
will show similar performance with additional anatomical information.

Conclusion: 
Our anti-PSMA peptide nanoparticles provide targeted and specific 
delivery to cancerous tissue and generate measurable signal by SPMR. 
Furthermore, demonstration of these anti-PSMA peptide nanoparticles 
generating tumor specific contrast in MRI is currently under the way. 
These studies lay the groundwork for use of bio-safe magnetic particles 
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as a detection and contrast agent for early prostate cancer detection to 
minimize the needs of invasive biopsies as well as potential utility for 
monitoring therapy response.
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Introduction: 
Nanomedicine and macromolecule drug delivery rely on the enhanced 
permeation and retention effect in solid tumors, and crosstalk between 
malignant tumor cells and the non-malignant TME contributes to tumor 
growth, drug delivery, and therapy efficacy (PMID: 25540894). Delta 
Like Canonical Notch Ligand4(DLL4) is a protein-coding gene that 
is responsible for developing blood vessels and plays a role in tumor 
angiogenesis. With Consomic rat strains differing in inherited levels of 
DLL4 in host stroma, we have shown that the degree of DLL4-depend-
ent dysfunctional angiogenesis affects tumor growth and metastasis, 
drug delivery, and therapy response (PMID: 32373218). Herein, we 
propose a machine learning framework to identify and classify hosts 
with low and high levels of DLL4 expression on tumor endothelium 
based on the kinetic NIR fluorescence imaging with Indocyanine green 
dye. The overall objective is to identify tumor-bearing animals likely 
to respond to DLL4 directed therapies.

Materials and Methods: 
We generated two rat strains, Salt sensitive (SS) with high systemic 
DLL4 expression and consomic(inbred strains containing a whole 
chromosome from another strain in their genome) SSBN3 with third 
chromosome substitution from Brown Norway with low DLL4 expres-
sion. We also constructed two novel SSBN3 congenic(inbred strains 
containing a given genomic region in their genome) xenograft host 
strains (MV, MW) by introducing segments of BN chromosome 3 into 
the genetic background of the parental SS strain, such that MV inher-
ited DLL4 locus from SS and MW from BN. A whole body imaging 
platform for rats was developed, and all four strains bearing identi-
cal tumors were imaged. MDA-MB-231 (231), triple negative breast 
cancer, was used as a Xenograft cell line. Animals were injected intra-
venously via tail vein with ICG (0.75mg/kg, MP Biomedicals) and 
simultaneously imaged using a PIMAX4 ICCD camera(Princeton 
Instruments), equipped with a 25mm lens (Navitar, DO-25, 0.95 
f-stop), with an 830nm long pass filter (ThorLabs), excited by 785nm 
diode laser (~5mW/cm2), was used with a frame rate of 10.6 fps for 6 
minutes. Respiratory motion correction was performed with Fourier-
Wavelet methods, MATLAB (MathWorks Inc.). Tumor ROIs were 
automatically drawn on principle component decomposed images using 
a 2D cross-correlation mapping algorithm. Pixels’ intensity was aver-
aged from the ROIs, and a single time series was recorded. Data from 
tumor-bearing SS and SSBN3 rats were used to refine the features and 
train the classifier. The framework’s performance was validated on 
MV and MW strains (Figure 1. C, L, O). We characterized dynamic 
perfusion patterns using several features in the NIR time-series. Best 

pairs of features in terms of performed sensitivity, specificity, and 
accuracy were selected by a two-step procedure, recursive feature 
elimination(RFE), and Exhaustive Feature Selection(EFS) by training 
classifiers for selecting two out of four features selected in the first step 
(PMID: 35308965). After feature selection, the classification algorithm 
becomes a standard binary classification problem, with feature selec-
tion as a subproblem. Finally, we implemented an experimental frame-
work to validate the features by combining tumor detection, feature 
extraction, and classification algorithms.

Results: 
The performance of the tumor detection algorithm was visually vali-
dated, and all the ROIs passed the inspection. The classifier’s accuracy, 
precision, sensitivity, and specificity over the training run in classifying 
MW and MV as belonging to their respective DLL4 parent strain were 
0.84, 0.98, 0.70, and 0.99, respectively, and the sensitivity and specific-
ity were 91.7 and 95, respectively, over the validation run.

Conclusion: 
We have demonstrated that whole body non-invasive NIR imaging can 
discriminate identical tumors based on the differential DLL4 expres-
sion in TME using an ML framework with high sensitivity and speci-
ficity. If developed for dynamic MR imaging used clinically, similar 
methods will enable patient stratification for DLL4 targeted therapies.
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Antibody drug conjugates (ADCs) are an emerging targeted drug deliv-
ery approach that benefits from combination of the exceptional speci-
ficity of antibodies and the potency of small molecule therapeutics. 
To date more than 11 ADCs have received FDA approval. A critical 
component of this approach is the linker domain between the antibody 
and the drug payload. An ideal ADC linker should be stable in plasma 
circulation, but it should release payload quickly in tumors. ADCs are 
conventionally assessed by examining tumoricidal activity and toxicity 
profiling. While these methods are important benchmarks, they provide 
only indirect insights into the site and mechanism of drug release. Opti-
cal imaging can provide a straightforward means to assess the  in 
vivo targeting of therapuetic strategies. Fluorogenic probes are critical 
tools in chemical biology that respond to biological stimuli. To date 
most fluorogenic probes are limited to the ultraviolet or visible light 
region, which can limit applications to in vitro setting. This restricts 
the application of the fluorogenic probes to biochemical assays. To 
overcome this challenge, we have developed a new class of fluorogenic 
probes based on the heptamethine cyanine scaffold, the most broadly 
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used near-infrared (NIR) chromophore. These compounds result from 
modification of heptamethine norcyanines with stimuli-responsive car-
bamate linkers. The resulting cyanine carbamates (CyBams) exhibit 
exceptional turn-ON ratios (∼170×) due to dual requirements for NIR 
emission: carbamate cleavage through 1,6-elimination and chromo-
phore protonation. We demonstrated the utility of this CyBam approach 
to quantitatively compare the linker component of ADCs. We compare 
a panel of several common cathepsin (valine-citrulline, alanine-alanine) 
and disulfide (hindered and non-hindered) ADC linkers using Panitu-
mumab (anti-EGFR mAb) and m276SL (anti CD276 mAb) in triple 
negative breast cancer tumor models. These studies indicate that cath-
epsin-cleavable linkers provide dramatically higher tumor activation 
relative to hindered or non-hindered disulfides, an observation that is 
only apparent with in vivo imaging. This strategy enables quantitative 
comparisons of cleavable linker chemistries in complex tissue settings 
with implications across the drug delivery landscape. This approach 
is well positioned to investigate other linker strategies and homogene-
ous labeling strategies. We also anticipate this strategy can be readily 
extended to analyze the impact of mAb engineering strategies. Going 
forward, we anticipate that CyBams could provide insights that directly 
inform the development of ADCs.
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The largest and fastest-growing population at risk for developing 
hepatic fibrosis are individuals with nonalcoholic fatty liver disease 
(NAFLD). There are urgent unmet medical needs for early detection 
and quantifying of multiple biomarkers in NFAD and its progression 
from obesity to fibrosis, and cancer, metastasis. In addition, we also 
need an imaging methodology for stratifying patients, quantification 
of treatment, and drug discovery by noninvasive longitudinal measure-
ments. Our goal is to improve the detection and mapping of key deter-
ments in steatosis, inflammation, and fibrosis, define prognosis, meas-
ure treatment impact, and facilitate drug discovery using Precision MRI 
(pMRI) enabled by our pioneered novel protein MRI contrast agents 
including hProCA32.Collagen, which specifically targets collagen 1. 
Here, we will report our progress in optimizing imaging methodology 
(pulse sequences and parameters) to overcome motion artifact and fat 

background and maximize signal-to-noise ratio, and sensitivity. Imag-
ing methods for tempo-spatial quantification/detection of inflammation, 
steatosis, fibrosis, vascularity, and fibrotic stroma were developed using 
several animal models. We have shown that heterogamous distribution 
and steatosis formation and progression are largely controlled by DNA 
methylation using ten-eleven translocation methylcytosine dioxygenase 
2 knock out (Tet2 KO) KO mice. ProCA32.collagen is able to detect the 
formation of collagen locked at pre-fibrosis and steatosis stage using 
both T1-map and T2-map taking advantage of unique properties of 
high r1 and r2 relaxivity. In addition, ProCA32.collagen is able to map 
severe fibrosis due to alteration of lipolysis using the Comparative 
Gene Identification-58 knock-out (CGI-58 KO) liver fibrosis mouse 
model. Our pMRI further reveals that heterogeneous distribution of 
steatosis and fibrosis largely alter liver vascular structure associated 
with disjointed angiogenesis. We also report a detailed spatial correla-
tion of revealed imaging features with established segmented meth-
ods including liver function, fat content, and histological analysis. 
hProCA32.Collagen enabled pMRI is expected to have strong appli-
cation in monitoring liver fibrosis progression, response to treatment, 
and facilitating drug discovery.
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Glioblastoma (GBM) is one of the most aggressive malignant tumors in 
the central nerve system with limited treatment strategy and extremely 
poor  prognosis[1]. The emerging immunotherapy approaches that have 
shown promising results in many cancers are also explored for treating 
several brain cancers. In tumor immune microenvironment (TIME), 
tumor-associated macrophages (TAM) are the most abundant immune-
related cells, responsible for tumor initiation, growth and  metastasis[2]. 
In brain tumors, TAM stemming from tissue-resident macrophages 
(microglia) and recruited monocytes can be classified into pro-inflam-
matory M1 and pro-tumoral M2  subtypes[3]. As most TAM present 
M2 phenotype, which attenuates the efficacy of immunotherapies by 
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secreting immunosuppressive cytokines, stimulating regulatory T 
cells to suppress immune response, down-regulating PD-1 expression, 
and inhibiting antitumor actions mediated by T  cells[4], theranostic 
approaches for targeting M2 TAM in GBM render the possibilities 
of imaging and image-guided therapeutics delivery to modulate the 
immuno-suppressive TIME in GBM. However, the effective deliv-
ery of theranostic agents to the intracranial tumors protected by the 
blood brain barrier (BBB) and/or blood tumor barrier (BTB) remains 
one major  obstacle[5]. In addition, mononuclear phagocyte system 
that clears bioengineered theranostic agents through non-specific 
 phagocytosis[6] makes the M2-subtype-specific targeting to GBM more 
challenging, whereas agents targeting general TAM in GBM have been 
reported, such as Ferumoxytol, an FDA-approved dextran-coated iron 
oxide nanoparticle (IONP), for magnetic resonance imaging (MRI) of 
TAM activities. We have developed an antibiofouling polymer (poly-
ethylene glycol)-block-(allyl glycidyl ether) (PEG-b-AGE) coated sub-5 
nm ultrafine iron oxide nanoparticles (uIONP) with T1-T2 dual MRI 
contrast effect, and shown that RGD-conjugated uIONP can effectively 
extravasate tumor blood vessels and target the U87MG cancer cells 
overexpressing αvβ3 integrin in an orthotopic GBM mouse  model[7]. 
In this abstract, we took advantage of the antibiofouling properties of 
PEG-b-AGE coating in blocking non-specific phagocytosis to enable 
the ligand-mediated active targeting to M2-TAM, after conjugating 
with an M2-targeted peptide M2pep (sequence: YEQDPWGVKWWY 
GGG SKKKC). To better recapitulate the human GBM microenviron-
ment, we used an orthotopic patient tissue-derived xenograft (PDX) 
mouse model of GBM for evaluating the M2pep-uIONP probe. M2pep-
uIONP labeled with the near-infrared (NIR) dye NIR830 (NIR830-
M2pep-uIONP) were validated for the targeting specificity to M2 
macrophages in vitro before the in vivo study using mice bearing PDX 
GBM tumors through intravenous (i.v.) administration at a dosage of 
10 mg Fe/kg body weight. NIR imaging showed observable signals in 
the tumors at 1 and 3 h, but not at 24 h (Fig. 1A). The region of interest 
analysis of  T2-weight MRI images of mouse brains at 24 h showed 10.3 
± 4.4% (N = 3) signal drop (Fig. 1B), which supports the NIR imaging 
result. Immunofluorescence (IF) staining of the brain tumor tissues for 
M2 TAM  (CD68+/CD206+) showed a highly co-localized distribu-
tion of M2 TAM with NIR830 signals (Fig. 1C). The IF results indi-
cated 1) NIR830-M2pep-uIONP successfully entered the PDX GBM 
tumors, and 2) specific M2 TAM targeting by NIR830-M2pep-uIONP. 
In summary, our results confirmed the delivery of M2pep-uIONP into 
the orthotopic PDX GBM tumors and their capability in targeting M2 
TAM. The developed M2 TAM specific targeting approach will allow 
us to explore the M2-targeted theranostic application for GBM immu-
notherapy in the future.
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Purpose: Development of an MR-based platform for transmembrane 
pH gradient imaging in gliomas.

Introduction: 
A unique feature of the tumor microenvironment is extracellular aci-
dosis in relation to intracellular milieu (Warburg effect)1. Metabolic 
reprogramming in tumors results in overproduction of  H+ ions and 
lactate, which are extruded from the cells to support tumor survival and 
progression. The difference between intracellular pH  (pHi) and extra-
cellular pH  (pHe) is much larger in tumors than normal  tissue2. The 
most aggressive and metastatic phenotypes have tumor  pHe in range 
of 6.2-7.03, 4, and tumor  pHi is either neutral or  alkaline1. Cancer cells 
require an alkaline  pHi to sustain the function of intracellular machin-
ery essential for glycolysis (i.e. glycolytic enzymes)5, 6 . Moreover, 
controlling the transmembrane pH difference represents an essential 
therapeutic  target7, and could regulate drug entry into  cells4, 8. Measur-
ing the transmembrane pH gradient (DpH=pHi–pHe) would be benefi-
cial clinically by providing a tool for assessing tumor aggressiveness, 
monitoring treatment efficacy, guiding localized drug delivery, and 
understanding tumor responsiveness.

Methods: 
Fischer 344 rats were implanted with RG2 tumors, which were allowed 
to grow to 2-3 mm diameter. For the MR scans, the animals were anes-
thetized (1-2% isoflurane), positioned in a 3D-printed animal holder 
and artificially ventilated (70%  N2O, 30%  O2). An intraperitoneal line 
was inserted for  TmDOTP5- infusion (15μl/min for 90 minutes). A 
water‐heating pad was used to maintain the body temperature in the 
physiological range (36–37 °C) throughout the experiment. The body 
temperature was measured with a rectal optical probe. The MR data 
was obtained on a 9.4T Bruker (Billerica, MA, USA) horizontal-bore 
spectrometer.  pHi was measured with Amine and Amide Concentra-
tion-Independent Detection (AACID)9 before  TmDOTP5- infusion 
using an echo-planar spin-echo imaging sequence with an FOV of 
32mm×32mm, 1 slice of 1mm thickness, a TR of 8s, and an image 
matrix of 64×64, for a voxel resolution of 0.5mm×0.5mm×0.5mm. 
A 4s continuous-wave of 1.5μT was used for saturation of 70 offset 
frequencies specifically chosen to accurately define the amide/amine 
peaks.  pHe was measured with Biosensor Imaging of Redundant 
Deviation in Shifts (BIRDS)10 using a 3D chemical shift imaging 
(CSI) sequence with a FOV of 25mm×15mm×25mm, 1089 spheri-
cal encoding steps, TR=5ms, and a voxel resolution of  1x1x1mm3. 
The  pHe was calculated from the H2, H3 and H6 chemical shifts of 
 TmDOTP5-.10 The  pHe images were resampled using bilinear inter-
polation to match the 0.5mm×0.5mm×0.5mm resolution of  pHi maps 
from AACID.

Results: 
For both BIRDS and AACID the  pHe  (Fig.1A) and  pHi  (Fig.1B) 
images were overlaid on the  T1–weighted images to localize the RG2 
tumors and delineate normal brain regions. The results show a signifi-
cantly lower  pHe (6.7±0.2) in RG2 tumors compared to normal brain 
(7.2±0.1, p<0.001, Fig.1A). The  pHi was only slightly higher in tumors 
(7.5±0.2) compared to normal brain (7.3±0.2, p<0.01, Fig.1B). As a 
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result, the transmembrane pH gradient was significantly higher inside 
the RG2 tumors (0.7±0.2) when compared to normal brain (0.1±0.1, 
p<0.001, Fig.1C).

Discussion: 
This work establishes an MR-based platform for transmembrane pH 
gradient imaging in brain tumors. Because most tumors are hypergly-
colytic and possess a large transmembrane pH gradient, decreasing this 
gradient may serve as a functional biomarker for positive therapeutic 
outcome.
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Glioblastoma (GBM) is a devastating cancer with basically no cura-
tive treatment. Even with aggressive treatment, the median survival 
is disappointing 14 months [1]. Surgery remains the key treatment 
and the postoperative survival is determined by the extent of resec-
tion [2]. Unfortunately, the invasive growth with infiltrating margins 
complicates an optimal surgical resection. Precise intraoperative tumor 
visualization is therefore highly needed and molecular targeted near-
infrared (NIR) fluorescence imaging potentially constitutes such a 
tool. The urokinase-type Plasminogen Activator Receptor (uPAR) is 
highly expressed in most solid cancers including GBM, breast can-
cer, head and neck squamous cell carcinoma, pancreatic cancer, and 
lung cancer [3-7]. The level of expression is correlated to invasion and 
metastasis, one of the hallmarks of cancer, and accordingly it correlates 
to the aggressiveness of the cancer. Further, it is highly expressed at 
the invading front and the adjacent peritumoral activated stroma mak-
ing it an attractive target allowing accurate margin visualization and 
tumor delineation [8]. The purpose of this study was to develop and 
evaluate a new uPAR-targeted optical probe, IRDye800CW-AE344, 
for fluorescence guided surgery (FGS). We characterized the probe 
with regard to binding affinity, optical properties, and plasma stability. 
Further, in vivo imaging characterization was performed in nude mice 
with orthotopic human patient derived glioblastoma xenografts, and 
we performed head-to-head comparison within FGS between our probe 
and the traditional procedure using 5-ALA. Finally, the blood-brain 
barrier (BBB) penetration was characterized in a 3D BBB spheroid 
model. The probe effectively visualized GBM in vivo with a tumor-to-
background ratio (TBR) above 4.5 between 1 to 12 h post injection and 
could be used for FGS of orthotopic human glioblastoma xenografts in 
mice where it was superior to 5-ALA. The probe showed a favorable 
safety profile with no evidence of any acute toxicity. Finally, the 3D 
BBB model showed uptake of the probe into the spheroids indicating 
that the probe crosses the BBB. IRDye800CW-AE344 is a promising 
uPAR-targeted optical probe for FGS and a candidate for translation 
into human use.
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Introduction: 
Near-infrared II (900 – 1700 nm, NIR-II) imaging is important in bio-
logical systems as it facilitates high tissue penetration and spatial reso-
lution due to limited light attenuation by scattering with  biomolecules1. 
Biocompatible nanomaterials capable of NIR-II imaging would enable 
novel investigations of biomolecular changes in living subjects. These 
materials would particularly impact optical coherence tomography 
(OCT), the main clinical tool for identifying atherosclerotic plaques 
and evaluating arterial  stents2. OCT signal relies on backscattered NIR-
II light and is limited to anatomical imaging as it lacks a purposeful 
contrast  agent2.Current investigational contrast agents provide some 
image brightening, but rely on localized surface plasmon resonance 
(LSPR) from less cytocompatible non-noble metals, or are composed 
of biocompatible plasmonic materials (i.e., gold) in nanoarchitectures 
limiting their safety in vivo3–5. Gold superclusters (AuSCs), an assem-
bly of individual AuNPs into one large clustered particle, have demon-
strated NIR-II absorbance, but result in AuNCs with poor morphology 
and limited aqueous dispersibility, precluding biomedical  applications6. 
Synthesis of stable, homogeneous, and aqueously-dispersible AuNCs 
could be a potent NIR-II contrast agent.

Methods: 
We have developed a new synthetic methodology for metal NCs 
applicable to plasmonic nanoparticles of a variety of different metals, 
including our novel gold superclusters (AuSCs), designed with opti-
mal OCT contrast properties. Our AuSC synthetic method relies on 
controlled aggregation of oleylamine-coated AuNPs via solvophobic 
interactions with n-butanol, which is stabilized and transferred into 
an aqueous solution through successive Myrj52 coatings. A variety of 
imaging and optical techniques were used to characterize size, shape, 
and internal structure of AuSCs, which were used to create a finite-
difference time domain (FDTD) model to define AuSC architecture 
by comparing simulated and experimental LSPR interactions. Finally, 
AuSCs were evaluated by clinically relevant in vivo OCT imaging to 
determine their effectiveness as an OCT contrast agent.

Results and Discussion: 
Our 3-step methodology (Fig. 1A) demonstrates how successive coat-
ings with an amphiphilic polymer (Myrj52) formed stable, solvophobi-
cally assembled clusters, a result of Van der Waal’s interactions with 
oleylamine and Au-C=O coordination. Myrj52 stacking facilitated the 
transfer of single-coated AuSCs into aqueous media. Synthesis resulted 
in AuSCs with median size 419 nm (Fig. 1B), an LSPR peak at 1350 
nm (equal to center wavelength of the OCT instrument, Fig. 1C), and 
consistent spherical morphology (Fig. 1D). An FDTD model derived 
from experimental data gave simulated spectra (Fig. 2B) with high 
similarity to those obtained experimentally (Fig. 2A). This also elu-
cidated the primary LSPR interaction is through scattering of NIR-II 
photons (Fig. 2C). OCT images of AuSCs in equal concentration to 
15 nm and 500 nm AuNPs (non-clustered, Fig. 3) showed a much 
higher level of signal (3-fold and 13-fold, respectively). An arterial 
phantom constructed from AuSC and 15 nm AuNP-doped agarose 
was used to evaluate the signal and spatial resolution enhancement, 
and higher in both cases for AuSCs (Fig. 4). Finally, an OCT imaging 
catheter was inserted into a Sprague-Dawley abdominal aorta rat for 
clinical imaging: the artery was flushed with saline (Fig. 5A), 0.5 mg/
mL AuSCs were introduced locally via imaging catheter (Fig. 5B), the 
artery was flushed again (Fig. 5C). This procedure allows elucidation 
of in vivo AuSC contrast levels and their ability to be cleared from the 
site of investigation.

Conclusion: 
Our AuSCs have demonstrated their ability to enhance image contrast 
in the NIR-II regime, especially with OCT, while remaining aqueously 
dispersible; one of the few materials of their kind. The coating group 
can be easily functionalized to create versatile molecular targeting 
groups. Additionally, the synthetic methodology developed is applica-
ble to a wide range of metals which could lead to an entirely new class 
of contrast agents across a variety of imaging modalities.

Reference
1. Cao J, Zhu B, Zheng K, et al. Recent Progress in NIR-II Con-

trast Agent for Biological Imaging. Front Bioeng Biotechnol. 
2020;7(January):1-21. doi:10.3389/fbioe.2019.00487

2. Brezinski ME. Current Capabilities and Challenges for Optical 
Coherence Tomography as a High-Impact Cardiovascular Imag-
ing Modality. Circulation. 2011;123(25):2913-2915. doi:10.1161/
CIRCULATIONAHA.111.034272

3. Xu Y, Zhou B, Zhuang C, Zhou J, Chen H, Deng S. High-Aspect-
Ratio Plasmonic Heterostructures for In Vivo Enhanced Optical 
Coherence Tomography Imaging in the Second Near-Infrared 
Biological Window. Adv Opt Mater. 2020;8(15):1-8. doi:10.1002/
adom.202000384

4. Marin R, Lifante J, Besteiro L V., et al. Plasmonic Copper Sulfide 
Nanoparticles Enable Dark Contrast in Optical Coherence Tomog-
raphy. Adv Healthc Mater. 2020;9(5):1901627. doi:10.1002/
adhm.201901627

5. Zhao Y, Wang Y, Ran F, et al. A comparison between sphere and 
rod nanoparticles regarding their in vivo biological behavior and 
pharmacokinetics. Sci Rep. 2017;7(1):4131. doi:10.1038/s41598-
017-03834-2

6. Kwon N, Oh H, Kim R, et  al. Direct Chemical Synthesis of 
Plasmonic Black Colloidal Gold Superparticles with Broad-
band Absorption Properties. Nano Lett. 2018;18(9):5927-5932. 
doi:10.1021/acs.nanolett.8b02629

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

S430



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

542-Tracking macrophages in diabetic neuropathy with two-
color nanoemulsions by near-infrared fluorescent imaging and 
microscopy

Presenter: LU LIU, Duquesne University

Jelena M.  Janjic1, James  Nichols2, Hoang Vu  Pham2, Caitlin  Crelli3, Lu 
Liu, Andrew  Shepherd2

1Duquesne University, Pittsburgh, PA
2University of Texas MD Anderson Cancer Center, Houston, Texas
3Duquesne University, Pittsburgh, North Carolina

Background: 
The Millennium Cohort Study, launched in 2001 (which includes all 
service branches and components), revealed significant prevalence of 
obesity and diabetes in service members. A major and irreversible com-
plication of diabetes is diabetic peripheral neuropathy (DPN), which 
can lead to significant disability and loss of quality of life. The cur-
rent treatments achieve significant DPN pain relief in only half of the 
patients affected. An additional challenge in the treatment of DPN is 
that current therapies do not necessarily support nerve repair, which 
is critical for restoration of function and reduced pain. The impact of 
poorly-managed DPN is a significant unmet military healthcare prob-
lem that lacks a comprehensive strategy to address current treatment 
deficiencies.
Our prior and ongoing work confirms that DPN is associated with mac-
rophage accumulation near terminals (i.e. in skin) and in the proximal 
nerve. Based on these findings, we predict that noninvasive tracking 
of macrophage accumulation along the peripheral nervous system may 
generate functional insights into the progression of DPN, and suggest 
therapeutic targets related to development of neuropathy and sensory 
dysfunction in diabetes.

Methods: 
Near-infrared fluorescence (NIRF)-dye loaded macrophage targeted 
nanoemulsions were injected intravenously into wild-type or type 
2-diabetic mice (Leprdb/db males, 8 weeks of age). NIRF fluorescence 
was captured non-invasively using IVIS Lumina imaging. Tissues were 
perfusion fixed, sectioned and stained for macrophage and neuron-
specific antibodies and analyzed using confocal microscopy.

Results: 
NIRF signatures could be detected in footpads using noninvasive 
whole-animal imaging up to 8 weeks after a single injection, demon-
strating the feasibility of this approach. No effect of NIRF nanoemul-
sion exposure or uptake on macrophage viability was observed in vitro. 
In immunohistochemistry, robust uptake of NIRF-NE was observed in 
CD68+ and Iba1+ macrophages in skin, in the tissues surrounding the 
sciatic nerve and the dorsal root ganglion. Interestingly, NIRF signal 
was not observed in the sciatic nerve trunk or spinal cord, suggesting 
a difference of resident macrophages/microglia in their propensity for 
NIRF-NE uptake, or the inability of NIRF-NEs to cross a cellular bar-
rier in these anatomical locations. Despite the lower effective dose per 
unit weight in Leprdb/db mice, significant increases in macrophage 
density were observed when compared to the same tissues in wild-type 
mice. Such alterations were associated with development of behavioral 
changes that are indicative of sensorimotor dysfunction (von Frey test, 
Catwalk assay).

Conclusions: 
In summary, the NIRF imaging signatures in our macrophage-targeted 
nanoemulsions could be used in future as a drug delivery system, as 
well as serving as a durable indicator of the site of drug delivery, as 

well as how long drug combinations are present in specific target cells. 
There is currently a lack of understanding of DPN pain, neuroinflam-
mation and poor regeneration found in diabetes. The molecular imaging 
incorporated into NIRF-NE platforms could provide insights into these 
relationships that can drive further treatment development.
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Abstract body: 
The healthy, functional heart relies on mitochondrial oxidation of pal-
mitate to fuel the TCA cycle. An initial consequence of heart failure is 
the inactivation of palmitoyl-CoA mitochondrial transporters [1]. To 
compensate, cardiomyocytes rely on TCA cycle anaplerosis to meet 
their energetic demands [2]. Short chain fatty acids (SCFA) can enter 
mitochondria independently of fatty acid shuttling systems and serve as 
some of the many substrates used during this metabolic shift. Propion-
ate is a unique SCFA as it is not β-oxidized to acetyl-CoA, for which 
the enzymes are saturated by the metabolic flux in mitochondria. By 
contrast, propionate is metabolized to succinate via a separate pathway 
and used as a substrate for Complex III in the electron transport chain 
[3]. The first step for SCFA catabolism is the formation of fatty acyl-
CoA intermediates which are catalyzed by acyl-CoA synthetases. Acyl-
CoA synthetase short-chain family 1 (ACSS1) is most highly expressed 
in the heart and converts propionate to propionyl-CoA [4,5]. Moreover, 
both the expression and enzymatic activity of ACSS1 are upregulated 
in the failing heart [5-7]. The upregulation of ACSS1 and the increased 
demand for SCFA which occur during heart failure will promote the 
uptake and metabolism of 2-[18F] fluoropropionate (FPA). We hypoth-
esize that the differential uptake of  [18F]FPA by the heart can be imaged 
by PET, and further be used to diagnose incipient heart failure which 
precedes pathological and irreversible tissue remodeling. We addressed 
our hypothesis by studying the substrate behavior of FPA for ACSS1, 
and by metabolic profiling HepG2 cells incubated with FPA. We also 
successfully imaged heart uptake of  [18F]FPA in mice by PET.

Methods: 
ACSS1 activity was determined by colorimetric pyrophosphate assay. 
FPA metabolites were determined by LC/MS in HepG2 cell lysates. 
Racemic  [18F]FPA was synthesized from methyl-2-bromopropionate 
by standard nucleophilic substitution in dry acetonitrile. The ester was 
hydrolyzed to the acid with 5M HCl and the ensuing product puri-
fied by HPLC in pure saline. This solution was directly administered 
intravenously to mice. In one experiment, nu/nu mice (n=2) were 
injected with 250-500 μCi (9.25-18.5 MBq) of  [18F]FPA, and a 60 
min dynamic PET scan was immediately acquired, followed by 15 
min static acquisitions at 2 h and 4 h post injection (p.i.). In a parallel 
experiment, nu/nu mice (n=2) were pre-treated with MCT inhibitor 
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AZD3965 and imaged by the same protocol. In a separate experiment, 
male C57BL/6J mice (n=4) were irradiated with 3 x 8 Gy using an arc 
beam and a 3 x 3 mm collimator with the isocenter on the heart. Seven 
weeks after conclusion of the irradiation, mice were administered 200-
250 μCi (7.4-9.25 MBq)  [18F]FPA and a 60 min dynamic PET scan was 
immediately acquired, followed by a 15 min static acquisition at 3 h 
p.i.  [18F]FPA uptake was determined by drawing a volume of interest 
(VOI) over tissues including, heart, brain, liver, kidney, muscle, and 
bone, and expressed as injected activity/tissue volume.

Results: 
The kinetic characteristics for the reaction of ACSS acting on ace-
tate (Km = 4.94 mM, Vmax = 0.25 nmols/sec), propionate (Km = 24.20 
mM, Vmax = 0.19 nmols/sec), and 2-fluoropropionoate (V = 0.05 
nmols/sec) were determined. Free CoA is depleted in HepG2 cells 
incubated in 10 mM propionate (4.4 ± 1.2-fold) or 10 mM FPA (3.09 
± 0.96-fold). We observed high uptake of  [18F]FPA in the hearts of 
mice by PET. Inhibition of MCT by AZD3965 significantly decreased 
 [18F]FPA uptake in all tissues but the heart and kidneys. Cardiac uptake 
of  [18F]FPA increased in mice with external beam irradiation-induced 
cardiomyopathy relative to the control subjects, although this difference 
was not statistically significant.
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Introduction: 
The liver is the most common organ for metastases of various malig-
nancies, especially for pancreatic ductal adenocarcinoma (PDAC), 
colorectal cancer (CRC), and uveal melanoma (UM). We have found 
that UM, PDAC, and CRC, share similar pathological growth pat-
terns, suggesting common liver metastasis processes that include 
formation, predisposition for metastases (pre-met), and formation of 
pro- and post-metastatic niches for early and late stages of metasta-
sis. Non-alcoholic fatty liver disease (NAFLD) has been reported to 
significantly increase liver metastasis by orchestrating a pre-metastatic 
niche with activated hepatic stellate cells (HSCs) and tumor-associated 
infiltrated immune cells. To date, the detection and characterization 
of the dynamic changes/interactions of metastasis-associated molecular 
signatures at multiscale levels are poorly understood. The investigation 
of the key molecular signatures including chemokine receptor CXCR4, 
and its interaction with its natural ligand CXCL12 (SDF-1) and fibrotic 
stroma collagen in regulating the metastasis process largely depends 
on segmented biochemical and histological approaches that cannot 
capture heterogeneity and dynamic expression of these molecular 
biomarkers.

Results and Conclusion: 
In this study, we first demonstrated the chemokine receptor CXCR4, 
and its interaction with its natural ligand CXCL12 (SDF-1) plays a cru-
cial role in organ specific metastasis progression and outcome. CXCR4 
and CXCL12 expression are highly upregulated in liver metastasis 
and are significantly enhanced in NAFLD. We report the recent devel-
opment of our pioneered novel class of protein-based MRI contrast 
agents targeted to CXCR4, CXCL12, and collagen (hProCA32.CXCR4, 
hProCA32.CXCL12 and hProCA32.collagen) using Precision MRI 
(pMRI). We also shown that They exhibit high dual relaxivities that 
are 5-10 folds of Eovist and Multihance at both 1.4T and 7.0T. They 
have strong affinity and specificity to molecular biomarkers expressed 
in cancer cells and tumor without perturbing downstream signaling. 
We have demonstrated that hProCA32.CXCR4 and hProCA32.colla-
gen have enabled early detection and stage of liver metastasis from 
uveal melanoma, ovarian cancer, colon cancer with much-improved 
sensitivity and specificity compared with non-targeted agents and 
Eovist. Using multitasking methodology with high temporal resolu-
tion dynamic imaging of the contrast enhancement process without 
sacrificing spatial  resolution1, we have demonstrated the rapid detec-
tion of liver metastasis of colon cancer with further improved detec-
tion sensitivity by overcoming motion artifacts. The CXCL12 targeted 
MRI contrast agent (hProCA32.CXCL12) enables the delineation of 
the micro-vessel (sinusoid space) structure of the liver using pMRI. 
We discovered that high fat largely alters liver sinusoid structure with 
a microenvironment pro-metastasis. Further optimizing of our novel 
imaging methodology and protein contrast agents will provide a com-
prehensive, longitudinal view of the key determinants of liver metas-
tasis dormancy, progression, and prognosis, and insight into how the 
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imaging tool is useful to understand the mechanism of cancer metasta-
sis in normal and fatty liver. Development of molecular imaging tools 
and agents will impact subclinical detection, staging, and treatment for 
metastasis from multiple cancers.
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In 2018 alone, it is estimated that there were nearly 1 million new cases 
of head and neck squamous cell carcinoma (HNSCC) worldwide. This 
number is only rising, as it is estimated cases will increase 30% over 
the next decade.1 Of those who were eligible for surgical interven-
tion, up to 20-50% of patients are estimated to have been sent home 
after surgery without the entirety of their primary tumor removed.2 To 
address this, research groups are exploring the use of molecularly-
specific fluorescent probes to increase contrast between healthy and 
diseased tissue intraoperatively — providing real-time information to 
surgeons about the molecular status of potentially abnormal tissue in 
addition to traditional visual/tactile  inspection5. Currently, reported 
methods in the literature show promising results, yet a major recur-
rent challenge has been the accurate classification of “close” surgi-
cal margins in the 2-5-mm thickness  range4. To address this, we are 
employing a “ratiometric” approach — similar to that proposed by 

Quan and  Ramanujam3, where each sample is imaged at two numerical 
apertures, termed “open” and “closed” images. A pixel-by-pixel ratio 
of the images is then calculated, with the intention of constructing a 
3D “depth-of-fluorescence map” of a sample’s surface. This method 
leverages the differences in photon scattering profiles when emitted 
from varying depths by taking advantage of the distinct photon angular 
distribution profiles owing to the anisotropic, forward scattering nature 
of photon propagation in tissue. Our initial investigations explored this 
idea using monte carlo based simulations of fluorescent inclusions in 
a tissue “cuboid” situated at varying distances from the surface (1-5 
mm). By leveraging the differences in photon scattering profiles at dif-
ferent depths, we demonstrated that it is possible to extract information 
about a fluorescent signal’s depth of origin. Upon verification of the 
concept’s utility via simulations, a custom-built widefield fluorescent 
imaging device with a large range of possible numerical apertures was 
constructed. A custom NIR quantum-dot phantom with depth resolu-
tion was then imaged and analyzed. Finally, the prototype system was 
deployed in an ongoing clinical trial (NCT03923881) where clinical 
data from 3 HNSCC samples were imaged and analyzed, followed by 
subsequent comparison to H&E pathology data to assess accuracy of 
the measurements. This ratiometric analysis shows a stronger correla-
tion between pixel intensity and true margin depth than imaging at a 
high or low numerical aperture alone.
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Microglia play a critical role in CNS immune responsiveness. Micro-
glial dysregulation has been linked to a number of neurodegenerative 
diseases, including, Alzheimer’s disease (AD), Parkinson’s disease, 
multiple sclerosis, ALS, and Huntington’s disease. Currently, several 
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imaging markers of neuroinflammation have been developed. How-
ever, many of such imaging agents exhibited suboptimal cellular speci-
ficity and low signal-to-noise ratios with limited overall success in 
the clinical setting. The goal of this study is to develop a more sensi-
tive imaging marker by design and synthesis of an F-18 radiolabeled 
NTRX-07 developed by NeuroTherapia for in vivo studies of microglial 
activation in the central nervous system. For F-18 labeling of NTRX-
07, a tin precursor was first prepared through a palladium-catalyzed 
tandem dihydro benzofuran cyclization/ Suzuki-coupling  approach1,2. 
Radiosynthesis was carried out through a reaction of anhydrous potas-
sium fluoride complex  ([18F]KF) with a solution of the trimethyltin 
precursors dissolved in N, N-Dimethylacetamide (DMA) in the pres-
ence of copper triflate. The identity of  [18F]-NTRX was confirmed 
by co-injection of non-radioactive reference compound NTRX on 
analytical HPLC with a radiochemical purity of >99%. Following the 
radiosynthesis, PET imaging of  [18F]NTRX was performed using a 
Siemens Inveon microPET/CT scanner. For anatomic localization, CT 
co-registration was applied. Thus, prior to PET imaging, a CT scout 
view was taken to ensure either the brain or most of the vertebrae, were 
placed in the co-scan field of view (FOV) where the highest image 
resolution and sensitivity are achieved. Approximately 3.7-7.4 MBq of 
 [18F]NTRX was injected through the tail vein, and dynamic microPET 
data acquisition was performed in a list mode immediately. During the 
scans, the body temperature and respiration of the anesthetized rats 
were monitored and maintained. Once the dynamic acquisition was 
done, a CT acquisition scan was performed for attenuation correc-
tion. Quantitative image analysis of the radiotracer uptake in the spinal 
cord and the brain were performed using Carimas II software. This 
program allows a region of interest (ROI) to be extrapolated from the 
reconstructed microPET image frames, allowing the quantification of 
the SUV in a specific region. Based on the PET and CT co-registered 
images, brain, heart, liver, lung, kidney, and muscle were then defined 
as an ROI. The radioactivity data were decay-corrected and normal-
ized by the bodyweight of the mice and the amount of the radiotrac-
ers injected. Radioactivity concentration in the organs is expressed in 
terms of standard uptake value (SUV) and percentage of injected dose 
per gram of the organ (ID%/g) as a function of time. The time-activity 
curve (TAC) in various organs was obtained. As shown in Figure 1, 
 [18F]NTRX-PET showed a promising biodistribution in wild-type mice. 
The uptake in the brain increased as a function of time and reached a 
plateau at 90 min post-injection while the uptake in the liver gradually 
decreased. No significant uptake was observed in the kidney, heart, 
lung, and muscles as expected. Further studies are underway to explore 
the utility of  [18F]NTRX as a novel imaging agent in various disease 
models associated with neuroinflammation.
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Molecular targeted fluorescence agents aiming at enabling surgeons to 
visualize tumors intraoperatively and perform precise resections have 
been developed over years. However, intraoperative fluorescence imag-
ing systems are typically bulky with sophisticated optical lenses, which 
limit their maneuverability for microscopic residue tumor detection in 
the resection bed. A chip-scale fluorescence sensor has been developed 
for microscopic tumor detection. The optics-free sensor is only 2 mm 
thick and has a 2x4.4mm field of view which minimizes form-factor 
and achieves great maneuverability when integrated with surgical 
robots. In addition, the field of view of the sensor can be scaled up 
without compromising the resolution which is absolutely not the case 
in the lensed system. The angle-selective gratings and contact imaging 
enable the collection of photons emitted from the pixel location, which 
limit the light scattering and provide high-resolution images. With cus-
tom-designed filters, this sensor collects light in the near-infrared range 
which facilitates its translation into fluorescence-guided surgery. The 
residual tumor burden correlates with the rate of cancer recurrence, 
which every surgeon wants to avoid in surgical excision. The high rates 
of recurrence are prone to happen in aggressive cancer types. Triple-
negative breast cancer, for example, recurs in 40 percent of patients 
despite treatment. The recurrence in hard-to-treat cancer types leads 
to poor patient outcomes and low survival rates. Therefore, probes for 
the malignant cancer diagnosis are urgently needed. It’s been shown 
that Urokinase-type plasminogen activator receptor (uPAR) expression 
reflects the increased invasion and metastasis and is associated with a 
poor prognosis in several cancer types. As an attractive diagnosis and 
therapeutic target, uPAR is expressed at low levels in healthy tissues 
but at high levels in malignant tumors. In this study, we use a human-
ized anti-uPAR antibody (2G10) conjugated with IRDye 680LT as the 
probe and the chip sensor to intraoperatively detect microscopic residue 
tumors. As a proof-of-concept, we implanted two breast cancer MCF-7, 
an undetectable uPAR expression cell line, and MDA-MB-231, which 
overexpress uPAR, in the flank of 8 mice. 2G10-IRDye 680LT was 
injected through the tail vail when the tumor size reaches 1 cm. After 
72 hours of injection, the tumor was imaged by IVIS Spectrum in vivo. 
Ex-vivo imaging of the tumor and surrounding normal tissue were per-
formed by both IVIS Spectrum and chip-sensor. We found that the chip 
sensor achieved a comparable diagnostic ability with IVIS Spectrum. 
In the next step, we plan to take the chip-sensor into the clinical trial 
as the margin assessment method after surgical resection. We believe 
the sensor has the potential to improve the complete removal of micro-
scopic residual disease during surgical resection.
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The emerging clinical use of targeted fluorescent agents has led to 
a shift in intraoperative imaging practices that overcome the limita-
tions of human vision. However, in contrast to established radiological 
methods, no appropriate performance specifications and standards have 
been developed in fluorescence-guided surgery (FGS).1,2 As the field of 
FGS expands, there is a wider range of imaging systems indicated for 
the same uses, such that there is a compelling need for standards that 
enable system characterization, performance monitoring, and intersys-
tem comparisons.1,3–5 The performance of imaging systems can affect 
surgical decision-making,2,6 so knowledge of their performance capa-
bilities is especially relevant given the real-time surgical decisions that 
are made with these systems. Here, we discuss the development and 
design of indocyanine green reference targets that mimic application-
specific fluorescence spectra for FGS system standardization. These 
targets test: 1) varying concentration sensitivity (0.3 - 1000 nM), 2) 
tissue-equivalent-depth sensitivity (0.5 – 6 mm), 3) fluorescence spatial 
resolution (using a negative 1951 USFA test chart), and 4) varying opti-
cal property (absorption and reduced scattering) effects on fluorescence 
intensity output. The targets were used to characterize pre-clinical and 
clinical systems to determine performance variations, demonstrating 
the ability to provide cross-system comparisons. These targets are now 
commercially available in an effort to help expedite FDA 510K approv-
als and reduce the development cost of FGS devices. The design has 
also been expanded for the use of methylene blue and OTL-38 fluo-
rescence system characterization. Collaborations with academic and 
industry partners are ongoing to continue to iterate on target design 
and provide the necessary tools to bring standardization to the field of 
FGS. The targets described are the first set of commercially available 
references, with over 20 sets provided to FGS partners. On-going work 
in standardizing the image processing pipelines, providing radiometric 
calibration, and establishing a medical-device grade quality manage-
ment system for manufacturing are on-going. Collaboration between 
academic, industry, and regulatory stakeholders will play a key role 
in the adoption of imaging standards within fluorescence guidance.
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Myocardial Perfusion Imaging (MPI) plays an important role in the 
noninvasive assessment of Coronary Artery Disease (CAD). For wider 
deployment of PET imaging resources to enable quantitative detection 
of CAD, 68Ga-Galmydar, an ultrasensitive probe shows rapid uptake 
and sustained retention within the myocardium and Pgp (ABCB1) and 
BCRP (ABCG2)-mediated excretion from the liver in rodent models 
to enable high contrast myocardium imaging. 68Ga-Galmydar pro-
vides a functional readout of mitochondrial status within myocytes. 
We recently gained FDA approval for performing first in human stud-
ies. For consistent supply of high-quality radiotracer needed for per-
forming clinical studies, we have developed a semi-automated method 
for 68Ga-Galmydar production under Good Manufacturing Practice 
(GMP)-compliant conditions in our cyclotron facility at the institu-
tion. For the production of the radiotracer, the 68GaCl3 was eluted from 
a generator using 0.1M HCl, the eluted mixture was passed through a 
cation exchange column to remove tracer metal impurities, and finally, 
pure 68GaCl3 was eluted with 0.02M HCl in acetone/water mixture. 
Reaction parameters, such as buffer conditions, pH range, reaction tem-
perature and time, the volume of the reaction solution, and purification 
were optimized for radiolabelling. 68Ga-Galmydar was obtained by 
heating 25 μg of precursor ligand at pH 6 for 15 min at 95° C. Semi-
automated synthesis resulted in overall decay-corrected reaction yields 
of about 70% within 30 min. Production yields for each synthesis were 
calculated to monitor the performance and efficiency of the radiochemi-
cal synthesis. Conclusion: This methodology allows a semi-automated 
and efficient production of 68Ga-Galmydar under GMP conditions. It 
has been used successfully for the preparations of clinical doses needed 
for performing human studies.
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Cytotoxic T-cells are key mediators of autoimmune disease, can-
cer immunotherapy responses, and host immunity in infections. 

S435



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Noninvasive monitoring of T-cell activity in patients is therefore critical 
for elucidation of disease mechanisms and therapeutic responses. While 
the presence of  CD8+ cytotoxic T-lymphocytes (T-cells) provides 
insight on disease pathology, the presence of CD8 alone is insufficient 
to demonstrate T-cell function. Upon T-cell activation, CD69, a C-Type 
lectin protein, is transiently expressed on the surface of T-cells and may 
serve as a marker for T-cell activity. Our aim is to use immunoPET 
imaging to accurately measure CD69 expression on cytotoxic T-cells 
in a syngeneic glioma model, following immunotherapy, and correlate 
the expression to survival. We anticipate non-invasive monitoring of 
immunotherapeutic efficacy. To monitor T-cell activation as a surrogate 
of response to immunotherapy in murine glioma models, an anti-mouse 
CD69 antibody, was conjugated with DFO and radiolabeled with 89Zr. 
PET/CT imaging, with and without immune checkpoint inhibitor (ICI) 
therapy (anti-PD-1/anti-CTLA-4 antibody), was performed in synge-
neic GL261 mouse gliomas. Flow cytometry and immunostaining of in 
vitro activated T-cells and ex vivo isolated tissues were used to validate 
targeting of CD69. Single-cell RNA sequencing (scRNAseq) of dis-
sociated glioma tissues from patients receiving or not receiving check-
point inhibitor immunotherapy were compared for CD69 expression on 
multiple T-cell phenotypes. In vitro, human and mouse T-cells rapidly 
upregulated CD69 upon activation. In a murine glioma model, CD69 
expression significantly increased on tumor infiltrating T cells (TILs) 
upon ICI treatment. scRNAseq demonstrated elevated CD69 expres-
sion on effector and memory T-cell populations, in patients treated 
with ICI compared with patients not treated with ICI. immunoPET 
studies with 89Zr-DFO-anti-CD69 delivered via tail vein to glioma-
bearing mice demonstrated significantly higher tracer uptake in the 
tumors of ICI treated mice compared with controls (p=0.000781). 
Notably, ICI treated mice demonstrated a significant positive corre-
lation between survival and tracer standard uptake values (SUV) by 
PET imaging at 72 hours post-tracer injection (r=0.9837; p=0.0025), 
and opposing results were identified for the control group (r=-0.9937; 
p=0.0063). Conclusion:  CD8+ T cell activation in response to immuno-
therapy was quantified with anti-CD69 expression using immunoPET 
in a murine glioma model, which reflected real time changes in  CD8+T 
cell infiltration after checkpoint immunotherapy. Together with data 
demonstrating elevated CD69 on T-cells from ICI treated patients vs. 
untreated patients, this study shows the potential for incorporation of 
immunoPET to determine patient response to immunotherapy.
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Introduction: 
Oropharyngeal squamous cell carcinoma (OPSCC) has been shown 
to over express epidermal growth factor receptor (EGFR), making 
it a targetable biomarker for fluorescently-labeled monoclonal anti-
bodies such as panitumumab-IRDye800, which can be used during 

fluorescence-guided trans oral robotic surgery (TORS). Although 
antibody-based fluorescence-guided surgery is being evaluated in sev-
eral late-stage trials, the typical classification used to define the fluo-
rescence in imaging tissue includes “solid”, “moderate”, or “vague”. 
These anecdotal classifications are insufficient when guiding surgical 
care in advanced stage trials and should be supported by specific cri-
teria for determining positive fluorescence (1-3).

Methods: 
During a phase 2 clinical trial evaluating panitmumab-IRDye800 flu-
orescence-guided TORS of OPSCC, consenting patients (n=6) with 
biopsy-confirmed OPSCC received 50mg panitumumab-IRDye800 
48 hours prior to surgery. Intraoperative fluorescence images were 
acquired using the onboard fluorescence camera. Representative frames 
from the Da Vinci Xi robot video were selected via custom MATLAB 
software and quantified using ImageJ ROI manager. To achieve a stand-
ardized fluorescence ratio (SFR) for comparison, fluorescence counts 
from areas of interest were collected and divided by fluorescent counts 
acquired from the fluorescing robot manipulator instrument within the 
same field of view. The areas of interest were then correlated with 
histology and an SFR threshold was identified that delineated tumor 
from normal tissue.

Results: 
For each patient, 10 total ‘sequences’ were extracted containing pathol-
ogist verified tumor, negative margins, normal mucosa and the wound 
bed. From the frames extracted from those sequences, a total of 9,177 
pixels were extracted and quantified using ImageJ. Counts for tumor 
(51.33 ± 10.96), normal mucosa (10.97 ± 6.56) and negative margins 
(15.60 ± 4.13) were recorded. From those values, a SFR was calcu-
lated for tumor (13.09 ± 26.24), which was significantly greater than 
negative margin (1.11 ± 0.49, p<0.0001) and normal tissue (1.14 ± 
1.01, p<0.0001). Using an SFR threshold of 2.0 yielded a sensitivity of 
90% and specificity of 100% for detecting OPSCC during quantitative 
fluorescence-guided TORS.

Conclusion: 
This technique can be used for future surgeries to reveal cancerous 
tissue, ensuring more accurate and precise resection of the tumor and 
thus increasing the probability of negative margins.
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Introduction: 
As the most abundant stromal cells in the tumor microenvironment 
(TME), cancer associated fibroblasts (CAFs) play diverse roles in 
cancer progression and metastasis.1 A subset of CAFs that express 
fibroblast activation protein alpha (FAP-α) have protumorigenic and 
immune suppressive functions.2 Thus, FAP-α is an attractive molecu-
lar target for cancer imaging and treatment, especially in stromal-rich 
desmoplastic cancers.3 Here, we established several syngeneic mouse 
models to examine the presence of murine FAP-α expressing CAFs and 
their relations with  CD4+ and  CD8+ T lymphocytes. As an extension 
to our previous near-infrared photoimmunotherapy (NIR-PIT) stud-
ies,4 we selected a mouse monoclonal antibody with high affinity and 
specificity to murine FAP-α to conjugate with the phthalocyanine dye 
IR700 for NIR-PIT. The resultant antibody conjugate FAP-α-IR700 
was evaluated for the selective elimination of FAP-α expressing fibro-
blasts in culture and in syngeneic mouse models following NIR-PIT.

Method: 
Anti-FAP-α mouse monoclonal antibody (FAP5) and its IgG isotype 
control were conjugated with IR700 to form FAP-α-IR700 and IgG-
IR700, respectively. Murine NIH-3T3 fibroblasts were lentivirally 
transduced using a lentiviral vector, pMA3211, containing murine 
FAP-α cDNA to obtain 3T3-FAP cells. Syngeneic tumor models were 
established in the mammary fat pad for 4T1, E0771, and EMT-6 tumors 
or in the mouse flank for CT-26, MC-38 and Panc02 tumors. For in 
vivo NIR-PIT studies, once tumor volume reached approximately 400 
 mm3, 100 μg of FAP-α-IR700 was injected i.v. on day 0 and day 3 (n 
≥ 4 per group). Light was delivered at 200 J/cm2 24-h following each 
injection. Mice were sacrificed on day 6 and tumors were resected and 
processed for flow cytometry, western blotting and immunohistochem-
istry studies. IgG-IR700 and PBS-injected mice were used as controls.

Results and Discussion: 
Murine FAP-α overexpression was validated in transduced NIH-3T3 
fibroblasts (termed 3T3-FAP) by RT-PCR and western blotting (Fig. 
S1). Mouse monoclonal antibody FAP5 demonstrated specific binding 
to murine FAP-α on 3T3-FAP cells (Fig. 1a), and the resultant con-
jugate FAP-α-IR700 showed FAP-α-specific cell killing by NIR-PIT 
that exhibited concentration and exposure-dose dependence (Fig. 1b, 
c). Co-culturing Balb/3T3 fibroblasts with 4T1 or CT26 cells resulted 
in an increase of murine FAP-α levels (Fig. S2a), enabling activated 
fibroblasts to be specifically eliminated by FAP-α-IR700-based NIR-
PIT (Fig. S2b). Murine FAP-α expressing CAFs in syngeneic mouse 
tumors displayed a range of fractions as well as FAP-α expression 
levels (Fig. 1d).  CD4+ T lymphocytes in tumors positively corre-
lated with  CD8+ T lymphocytes, and negatively correlated with the 
FAP-α fraction (Fig. S3, 4). FAP-α-rich CT26 tumors had negligible 
 CD4+ or  CD8+ T lymphocytes, while FAP-α-poor Panc02 tumors had 
the highest amount of  CD4+ or  CD8+ T lymphocytes, consistent with 
the immune suppressive role of FAP-α+ CAFs. In vivo, however, we 
did not detect an FAP-α+ cell fraction-dependent increase of fluo-
rescence intensity of FAP-α-IR700 in tumors, or a significant reduc-
tion of FAP-α+ CAFs or a change in immune cells following NIR-PIT 

(data not shown). This was most likely due to the relatively low FAP-α 
expression levels in mouse tumors (Fig. 1d, e) that limited detection 
and cell killing. Once high FAP-α+ CAFs were isolated and enriched 
from CT26 tumors, FAP-α+ CAFs viability significantly decreased 
with NIR-PIT (Fig. 1f, g) although with a higher antibody and light 
exposure dose not achievable in vivo. Our data confirm the impor-
tance of FAP-α+ CAFs as an immune suppressive target in cancer, but 
also highlight the requirement of high FAP-α expression for success-
fully imaging and eliminating FAP-α+ CAFs in tumors. Supported by 
NIH R35 CA209960, P41 EB024495 and Emerson Collective Cancer 
Research Fund
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Currently, the clinical diagnosis of bacterial and viral infections of 
the bone (osteomyelitis), muscles (myositis) and lungs (influenza) 
are based on assessment of several non-specific symptoms such as 
skin findings, fever, and pain. There is an urgent unmet need for non-
invasive tools that can localize and identify deep-seated infections as 
well as those that reveal an ongoing effective host response to viral and 
bacterial pathogens. Nuclear imaging tracers are ideally suited to detect 
small quantities of infected tissue and immune responses in-vivo can 
meet the need for faster, more accurate and specific tools to diagnose 
infections. Granzymes (GZM) are a class of serine proteases (A, B, 
H, K, M) involved in host defense best characterized as pro-apoptotic 
effectors against cancer cells or infected cells. Secreted granzymes 
also persist in extracellular space to perform non-cytotoxic signaling 
functions essential for life. Therefore, targeting granzymes could be 
a powerful way to both reveal the presence of occult infection while 
estimating the productivity of the immune response in real time. We 
hypothesize that a peptide activated by granzyme B (DOTA-GRIP-B), 
radiolabeled with 64Cu  (t1/2 = 12.7 h, PET) can take advantage of the 
granzyme targeting peptide and accumulate in sites of infection with 
high specificity and could also provide a readout of units of enzyme 
activity in vivo. The ~13h half-life would enable studies over a long 
window of time post injection to identify the optimal time point for 
imaging. We have successfully studied 64Cu-DOTA-GRIP-B in a flu 
(viral infection) and myositis (bacterial infection) model. Radiolabeling 
with 64Cu produced the radiochemical complex with > 95% radio-
chemical yield and purity. 64Cu-DOTA-GRIP-B was injected in WT 
Bl6 mice inoculated with different live and heat-killed bacterial strains. 
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Subsequent imaging and biodistribution revealed granzyme specific 
uptake in live bacteria. Control studies in GzmB KO mice confirmed 
the specificity of 64Cu-DOTA-GRIP-B for granzyme B. The probe 
was also injected into mice instilled with H1N1 PR8. Biodistribution 
revealed significantly elevated uptake in lungs for WT mice as com-
pared to GZMB KO mice. Additional in-vivo experiments are currently 
ongoing, and results will be presented.
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Introduction: 
With the growing demand for precision medicine, phenotyping has 
become as important as genotyping to identifying risk groups for spe-
cific diseases and for customizing diet and lifestyle.1 The horizon of 
precision medicine has expanded beyond genotyping to areas such 
as molecular profiling, proteomics and phenotyping, providing new 
opportunities for developing dynamic multi-scale models of individual 
health.2 Phenotyping includes physical, functional and physiological 
characteristics. This study has evaluated physical and functional phe-
notyping with MR-based body composition analysis and resting state 
fMRI (R-fMRI), respectively and physiological phenotyping with auto-
nomic functions such as heart rate variability and hand grip.3

Material and Methods: 
Volunteer recruitment: The study was carried out after Ethical clear-
ance from the Institute. Healthy volunteers (n=18) of both genders, 
aged between 20-35 years were enrolled for the study after taking 
written informed consent. MR studies: The studies were carried out 
at 3T (MR Scanner, Philips). mDIXON- Quant sequence was used 
for evaluating the subcutaneous fat of abdomen and thigh  regions4. 
The following acquisition parameters were used FOV- 400x329x188 
 mm3, voxel- 2x2.5x5  mm3, matrix- 200x312x74. R-fMRI are carried 
out using a FOV of 230x230x153  mm3, voxel of 3x3x3  mm3 and a 
matrix of 240x240x51. Autonomic reactivity studies: Parasympathetic 
reactivity studies involved deep breathing (change in heart rate, ratio 
of exhalation and inhalation), head up tilt and sympathetic reactivity 
included head up tilt, hand grip test and cold pressor test. Post-hoc 
analysis was done for scoring. Data analysis: Volunteers were cat-
egorized according to their BMI values lean (< 18.5 kg/m2 ), normal 
(18.5-25 kg/m2) and overweight (25.1-30 kg/m2). R-fMRI data was 
analyzed using FreeSurfer (v6.0), CONN and SPM software.

Results: 
Figure 1 shows representative MR images (R-fMRI, abdomen and thigh 
regions) from the three groups of volunteers. Out of the 18 volunteers 
11 were in the normal category, 3 in lean and 4 in overweight. The 
percentage volumes of subcutaneous fat were different in the 3 groups- 
abdomen (69% lean, 81% normal and 86% overweight) and thigh (77% 
lean, 84% normal and 87% overweight). As observed with the MR data, 
clear differences between lean, normal and overweight group of volun-
teers were observed in the following autonomic function parameters- 
change in heart rate, exhalation: inhalation ratio and rise in diastolic 
BP during cold compressor test (CPT).Table 1 shows all parameters 
which showed differences between the three volunteer groups, with 
the values from the lean and overweight groups on either side of the 
normal.Differences were observed in R-fMRI data as well, although 
further studies are required for interpretation.

Conclusion: 
This study has evaluated the physical, functional and physiological 
phenotyping in healthy volunteers and has shown clear distinction in 
their values. Further in-depth analysis and studies are underway.
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Acid-base balance is a critical signal present in many pathological 
states, such as inflammation, ischemia, cancer, and renal disease.
[1,2] The extracellular pH is mainly controlled by the interconver-
sion between bicarbonate and carbon dioxide  (CO2).[3] Prior work has 
shown that in vivo pH can be imaged with hyperpolarized 13C-bicarbo-
nate.[4,5] However, the non-renewable hyperpolarized 13C-bicarbonate 
has limited  T1 relaxation(~60s) and short  T2

* relaxation(~65ms)[6], and 
limits the achievable spatial resolution. Additionally, the 13C-bicarbo-
nate signal is highest in the aorta[4], which challenges the accuracy 
of pH imaging due to point spread function blurring and motion-
induced image artifacts. To overcome these limitations, in this study, 
we designed a metabolite-specific gradient echo (MS-GRE) spiral 
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sequence with flow suppression technique[7] to analyze the dynamic 
pH imaging with hyperpolarized 13C-bicarbonate probe on the rat 
kidneys and mouse tumor. The MS-GRE spiral sequence with flow 
suppression was implemented on a 3T clinical GE MRI scanner using 
RTHawk scanner control software. We added a bipolar gradient in the 
arterial flow direction between the spectral-spatial selective pulse and 
spiral readout to suppress the vascular signal arising from bicarbonate 
and  CO2 spins. The animal studies were performed on kidneys of two 
healthy Sprague-Dawley rats and tumor of transgenic adenocarcinoma 
of the mouse prostate(TRAMP) model. Data were acquired by a 1H/13C 
transceiver single-channel birdcage coil. The hyperpolarized 13C-bicar-
bonate was injected via tail vein in 12s, and the acquisition started at 
3s since injection began. At each timepoint, the acquisition order is 
 CO2-bicarbonate, with a 0.4s temporal resolution(0.2s/metabolite). In 
the first rat experiment, flow suppression was not applied. As a result, 
the bicarbonate and  CO2 area-under-curve image had ring-like alias-
ing artifacts which were caused by the high bicarbonate aorta signal. 
The dynamic pH curve was calculated by the mean signal of kidney 
region at each time point, using Henderson-Hasselbalch equation[4]. 
In the dynamic pH maps, ring-like artifacts occurred in the first 15s 
which affected the accuracy of pH measurement on the kidneys. How-
ever, with the bipolar gradient to suppress high aorta signals, the ring 
artifacts can be suppressed in both bicarbonate and  CO2 images (Fig-
ure). Thus, the partial-volume effects with kidney voxels were reduced 
through the application of a bipolar gradient that reduced the vascular 
signal. Thus, no off-resonance ring-like artifacts were visible. Com-
pared with the bicarbonate images, the  CO2 images had lower SNR, 
due to the perfusion effect and  CO2 as a downstream metabolite. Thus, 
a spiral readout was used to reduce the TE to improve the SNR of 
 CO2 signal. The dynamic pH curves of two kidneys were measured by 
the mean of bicarbonate and  CO2 signals in the kidney region (orange 
circle) and showed a similar phenomenon. The measured pH started at 
7.0, then increased to 7.6 (similar to the pH of the injected solution), 
and then went back to 7.0 at 23s. This suggests dynamic pH measure-
ments are monitoring the acid-base balance function of the kidneys, 
where the relatively large volume of injected solution increases the pH 
but then it is restored to normal levels. In TRAMP study, the cardiac 
and tumor dynamic signal and pH values were measured. No obvious 
artifacts were found in both bicarbonate and  CO2 data. In the tumor 
region, the measured pH increased from 6.6-7 to ~7.8 and did not 
later decrease, showing a clearly different phenomenon from the rat’s 
kidneys.
This study used MS-GRE spiral to improve the SNR of bicarbonate 
and  CO2 with short  T2

* and used bipolar gradients to suppress the high 
bicarbonate signal in the vessel. With the improved image quality and 
high temporal resolution, the dynamic in vivo pH of different organs 
can be accurately measured to monitor dynamic regulation of pH.
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Objective: 
Many cancer therapies exhibit high systemic off-target toxicities result-
ing in severe side effects and poor quality of life. To reduce off-target 
toxicity, therapeutics are often combined with a tumor-targeting moiety 
for selective targeting and killing.1,2 The integrin  avb6 is a cell surface 
receptor that is highly expressed on many cancers and is specifically 
targeted by the  avb6 Binding Peptide  (avb6-BP) which was developed 
in our lab.1,3 Monomethyl auristatin E (MMAE) is a potent antimi-
totic therapeutic, but cannot be used as a drug by itself due to its high 
toxicity. With the goal of developing an  avb6 selective peptide drug 
conjugate, the  avb6-BP was linked to MMAE via a cathepsin cleavable 
linker,4-6 and radiolabeled with copper-64 to form the peptide drug con-
jugate  [64Cu]PDC-1 (Fig. A). Affinity, efficacy, and pharmacokinetics 
of the PDC were tested in vitro and in vivo.

Methods: 
The   avb6-BP was synthesized with an N-terminal cysteine (C) for 
maleimide-coupling to the cathepsin cleavable linker on MMAE and a 
DOTA chelator for radiolabeling with copper-64 to yield  [64Cu]PDC-1. 
Integrin  avb6-affinity was evaluated by ELISA against the latency asso-
ciated protein and the  [64Cu]PDC-1 was tested for stability in mouse 
and human serum (1, 4, 24 h; 37˚C). Cell binding and internalization 
was examined in DX3puroβ6  (avb6+), DX3puro  (avb6-), and pancre-
atic BxPC-3  (avb6+) cells. Cytotoxicity was tested by WST-1 assay 
(controls: C-avb6-BP and MMAE) and apoptosis was correlated to cas-
pase-3/7 activity. In vivo (PET/CT & biodistribution) of  [64Cu]PDC-
1 was done in a paired DX3purob6/DX3puro and a BxPC-3 xenograft 
tumor mouse model. Therapeutic efficacy of  [NatCu]PDC-1 (6 mg/kg, 
0.88 μmol/kg) was evaluated in mice bearing xenograft tumors of either 
DX3purob6 or DX3puro treated with 4 doses (on days: 1,3,5,7) [con-
trols: saline;  [NatCu]-C-avb6-BP (6 mg/kg, 1.12 μmol/kg); MMAE(0.3 
mg/kg, 0.42 μmol/kg)].

Results: 
The modification of the  avb6-BP with MMAE did not affect  avb6-affinity 
 (IC50: PDC 18±2 nM vs DOTA-avb6-BP 28±3 nM).  [64Cu]PDC-1 was 
obtained in >98% radiochemical purity and exhibited high stabil-
ity in human serum (1-4 h >98%, 24 h 89%), but degraded quickly 
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in mouse serum (1 h 89%, 4 h 49%, 24 h 3%). The  [64Cu]PDC-
1 showed  avb6-dependent cell binding (DX3puroβ6 67.0±2.3%, BxPC-3 
62.0±1.0%; DX3puro 4.4±0.1%). The PDC showed  avb6-dependent 
cytotoxicity  (EC50: DX3purob6 0.058±0.003 nM, BxPC-3 65.1±10.6 
nM, DX3puro >5 nM), while free MMAE exhibited high cytotox-
icity to all the cell lines  (EC50, ≤0.5 nM). The caspase-3/7 activity 
for the PDC was also  avb6-selective with >5 times higher activity at 
24 h in the DX3purob6 cells relative to the untreated control and no 
observed change in activity in the DX3puro cells. The PET/CT imag-
ing and biodistribution of  [64Cu]PDC-1 showed  avb6-selective tumor 
targeting (% ID/g, 4 h: DX3purob6 4.46±0.91; BxPC-3 4.61±1.44; 
DX3puro 0.56±0.12; Fig. B & C). Therapeutic efficacy of  [NatCu]PDC-
1 was  avb6-targeted with prolonged survival of DX3purob6 tumor bear-
ing mice (median survival 77 days) compared to the equally treated 
DX3puro (median survival 49 days). All controls had a median survival 
of 37 days (Fig. D).

Conclusions: 
Combining the cytotoxic MMAE with the integrin   avb6-Binding 
Peptide resulted in  avb6-dependent cell binding, internalization, and 
cytotoxicity. The  [64Cu]PDC-1 demonstrated good pharmacokinet-
ics and   avb6-targeted tumor uptake. The  [NatCu]PDC-1  displayed 
promising in vivo therapeutic efficacy, warranting future evaluation 
of  avb6-targeted drug therapies.
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Introduction: 
I-123 Ioflupane Single Photon Emission Tomography (SPECT) brain 
imaging is utilized to evaluate the degeneration of dopaminergic neu-
rons in the nigrostriatal pathway in patients with Parkinson’s disease 
(PD) and other Parkinsonian disorders. Prediction of PD progression 
has been challenging due to the heterogeneity of motor and non-motor 
symptoms that patients develop, such as bradykinesia, tremor, depres-
sion, and sleep changes associated with this neurodegenerative disease. 
Prior studies utilized neural networks to improve the prognostication 
of motor outcomes, assessed with Unified Parkinson’s Disease Rating 
Scale III (UPDRS III), in PD patients based on I-123 Ioflupane SPECT 

brain imaging and several non-imaging features. The aim of this study 
is to predict both motor and non-motor outcomes (total UPDS) with 
machine learning (ML) using SPECT brain imaging and optimally 
selected non-imaging features from a large set of baseline clinical data.

Materials and Methods: 
Parkinson’s Progression Markers Initiative (PPMI) database was que-
ried and yielded 422 patients (mean age = 61.6 +/- 9.7, 276 men, 146 
women) with abnormal I-123 Ioflupane SPECT imaging and early PD. 
Generalized linear mixed model (GLMM) for longitudinal measure-
ments was fitted to PPMI data with initial total UPDRS, gender, age, 
minimum putamen Striatal Binding Ratio threshold of 0.53 (minSBR-
putamen), 3-6 month time intervals (t) over 42 months, and the interac-
tion between t and minSBRputamen as fixed effects. Intercepts with t 
were designated as random effects, varied by subject. Change in total 
UPDRS over t was the response variable. 46 baseline features in PPMI 
database were evaluated for incorporation into machine learning (ML) 
models for prediction of total UPDRS change at 42 months based on 
highest Maximum Relevance Minimum Redundancy (MRMR) scores. 
Areas Under Receiver Operating Characteristic Curves (ROC AUCs) 
and accuracy (ACC) were evaluated for each ML model after training 
with 25% hold-out and 5-fold cross validation.

Results: 
266/422 (63%) of PD patients progressed at 42 months based on an 
increase in total UPDRS scores, with mean total UPDRS change of 
14.1 +/- 18.2 in all PD patients. Based on GLMM, minSBRputa-
men (p=0.046429) and gender (p=0.024905) were more predictive 
of change in total UPDRS over t compared with initial total UPDRS 
(p = 0.093533), age (p=0.61237) and t (p=0.059829). There was no 
significant interaction between minSBRputamen and t (p=0.16776). 5 
of 46 baseline features were selected for incorporation into machine 
learning (ML) models for prediction of total UPDRS change at 42 
months, which include: UPDRS III (MRMR = 0.0198), The Ques-
tionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease 
(QUIP, MRMR = 0.0174), gender (MRMR = 0.0034), handedness 
(MRMR = 0.0013) and mean putamen Striatal Binding Ratio thresh-
old of 0.53 (aveSBRputamen, MRMR = 0.0008). The following per-
formance measures were obtained for ML models for prediction of 
total UPDRS change at 42 months: bi-layered neural network (ACC 
= 79.1%, AUC = 0.65), fine gaussian support vector machines (ACC 
= 77.9%, AUC = 0.63) boosted trees (ACC = 75.6%, AUC = 0.62), 
narrow neural network (ACC = 75.6%, AUC = 0.59) and tri-layered 
neural network (ACC = 74.4%, AUC = 0.48) using 5 of 46 baseline 
PPMI features with highest MRMR.

Conclusions: 
I-123 Ioflupane SPECT can be helpful in prediction of both motor and 
non-motor disease progression in early PD using ML, when combined 
with non-imaging features. Additional investigations are needed that 
include prodromal patients to allow for earlier clinical interventions 
and to improve disease prognostication.
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Introduction: 
Antibodies targeting immune checkpoint proteins programmed death 
ligand-1 (PD-L1) and its receptor PD-1 form the backbone of cancer 
therapy. Enrichment of patients for those therapies is based on evalu-
ation of PD-L1 expression in tumors by immunohistochemistry (IHC) 
that provides a snapshot of PD-L1 levels at a single timepoint from a 
small area of a tumor. However, heterogeneity seen in PD-L1 levels 
within and across patients and in response to therapy underscore the 
need for non-invasive tools. To evaluate total PD-L1 levels and their 
dynamics non-invasively, we report the development of a new Gal-
lium-68 labeled peptide-based high affinity radiotracer,  [68Ga]DK223, 
for positron emission tomography (PET). To establish in vitro and 

in vivo PD-L1 specificity of  [68Ga]DK223, we performed biodistribu-
tion and imaging studies in multiple tumor models derived from triple 
negative breast cancer (TNBC) and urothelial carcinoma (UC).

Methods:  
[69/70Ga]DK223 affinity for human PD-L1 was measured by sur-
face plasmon resonance. TNBC and UC cells were screened by flow 
cytometry for PD-L1 expression and receptor density. In vitro binding 
assays were performed by incubating 1 million cells with 1 μCi of 
 [68Ga]DK223. To study pharmacokinetics of  [68Ga]DK223, PET (200 
μCi) and ex vivo biodistribution studies (80 μCi) were performed at 5, 
30, 60 and 90 minutes in NSG mice bearing MDAMB231 and SUM149 
TNBC xenografts (n=4-5). To establish in vivo selectivity, 50 mg/kg of 
non-radioactive DK223 was used for blocking studies. PD-L1 specific-
ity of  [68Ga]DK223 was validated in NSG mice bearing BFTC909 and 
SCaBER UC xenografts (n=4-5). IHC was performed on harvested 
tumors to corroborate imaging findings. Ex vivo biodistribution data 
was used to perform dosimetry calculations using OLINDA/XEM 
software.

Results:  
[69/70Ga]DK223 binds PD-L1 with a KD of 1.01±0.83 nM. In vitro 
uptake of  [68Ga]DK223 in MDAMB231, SUM149, BFTC909 and 
SCaBER cells was expression dependent, and correlated with surface 
PD-L1 density  (R2=0.937).  [68Ga]DK223 PET revealed high accumu-
lation of radioactivity in MDAMB231 TNBC xenografts (PD-L1high) as 
early as 5 minutes with highest contrast reached at 60 min with tumor-
to-muscle and tumor-to-blood ratios of 74.21±14.6 and 5.75±0.77, 
respectively. Non-radioactive DK223 reduced  [68Ga]DK223 uptake in 
MDAMB231 tumors by 99% (P<0.0001) confirming the selectivity of 
the radiotracer. In imaging and biodistribution studies, highest  [68Ga]
DK223 uptake was observed in BFTC909 (21±2.1 %ID/g), followed by 
MDAMB231 (11±1.6 %ID/g) tumors with minimal uptake in SCaBER 
and SUM149 tumors (1.11±0.31 %ID/g). PD-L1 IHC showed intense 
immunoreactivity in BFTC909 tumors followed by MDAMB231 and 
least immunoreactivity in SCaBER and SUM149 tumors, validating 
PET findings. Human dosimetry estimates indicate that a 20 mCi 
administered dose will lead to <5 rem effective exposure.

Conclusion: 
Our data demonstrate that  [68Ga]DK223 is a high affinity PD-L1 spe-
cific radiotracer that provides high contrast images within 60 minutes 
of administration.  [68Ga]DK223 exhibits sensitivity to detect variable 
PD-L1 levels in vivo.
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Objectives: 
Owing to the high affinity toward prostate-specific member antigen 
(PSMA), a focused biomarker of prostate cancer (PCa), Glu-urea-
Lys (EuK) moiety has been widely used in the development of PCa 
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targeting probes and therapeutics. However, in the modification of our 
previous reported EuK-based PSMA probe PSMA-1092[1], in which we 
attempt to improve the imaging performance by increasing the number 
of side-chain conjugated EuK moiety from 2 to 4. The new NIR-II 
PSMA tetramer, bone-1064 demonstrated unexpectedly strong bone 
uptake, which has never been reported in previous similar probes, 
inspiring us to investigate the mechanism of bone uptake.

Methods: 
The structure and optical properties of bone-1064 (Figure 1a) were 
fully characterized by spectrum-based methods. The quantitive binding 
affinity was determined by a competitive binding assay using lysate of 
LnCAP cell. In vivo NIR-II imaging, ex vivo biodistribution studies, 
and ex vivo micro-imaging were implemented on normal nude mice 
(male, balb/c) or tumor-bearing mice (male, balb/c, LnCAP cell) to 
test the biological properties.

Results: 
The absorption and emission maxima of bone-1064 in DMSO are 715 
nm and 1064 nm (Figure 1b), respectively, with a large stokes shift 
(370 nm). A competitive binding assay revealed that bone-1064 dis-
played a high affinity toward PSMA (Ki = 90 pM). After 6 h post-
injection of bone-1064 (5.0 mg/kg), the skeleton of nude mice could 
be distinguished from surrounding muscles with a sharp contour, and 
the highest signal-to-background ratio (SBR) of bone was obtained at 
24 h post-injection as 10.22 (Figure 1c). Moreover, in in vivo block-
ing study, no obvious difference in imaging quality could be detected 
between the control (injected bone-1064, 5.0 mg/kg) and blocking 
group (co-injected with 592.4 mg/kg of DCFPyL) at any time points 
post-injection, indicating that PSMA did not participate the bone 
uptake of bone-1064. After 24 h post-injection, ex vivo fluorescence 
micro-imaging was carried out on frozen slices obtained from mice’s 
hind limbs. As shown in Figure 1d, the distribution of fluorescence 
signal was consistent with that of hydroxyapatite, which was further 
confirmed by the counterstain with a commercially available Mason 
staining kit, indicating the hydroxyapatite is the binding site of bone 
-1064.

Conclusions: 
All these preliminary results indicated that the bond with hydroxyapa-
tite is the reason for the intense bone uptake of bone-1064, which 
displayed good performance in skeleton imaging. Further studies on 
this probe are currently underway. Acknowledgements: Supported 
by the National Natural Science Foundation of China (No. U1967221 
and 22022601).
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Hyperpolarized 13C MRI has become essential for the characterization, 
treatment selection, and monitoring treatment response of tumors.[1] 
It offers the unique capability to simultaneously image perfusion and 
metabolism using co-hyperpolarized [1-13C]pyruvate and  [13C,15N2]
urea.[2] In the previous study, the co-polarization procedure of [1-13C]
pyruvate and  [13C,15N2]urea on a clinical SPINlab DNP polarizer has 
been demonstrated the feasibility in pre-clinical study.[3] In this study, 
we developed and demonstrated the in vivo feasibility of a special-
ized acquisition strategy for co-hyperpolarized [1-13C]pyruvate and 
 [13C,15N2]urea to provide high SNR and improved spatial resolution, 
which was tested in simulation, validated in phantoms and animal 
models, before being applied in a first-in-human study demonstrat-
ing feasibility in the prostate. The strategy developed for co-hyperpo-
larized [1-13C]pyruvate and  [13C,15N2]urea uses a metabolite-specific 
2D gradient echo (2D-GRE) for pyruvate and its metabolic products, 
and interleaved with a metabolite-specific 3D balanced steady-state 
free precession (3D-bSSFP) sequence[4,5] for  [13C,15N2]urea with 
improved SNR due to refocusing and its long  T2 relaxation time.[4,6] 
The sequence illustration of 3D-bSSFP urea sequence was shown in 
Figure1. The proposed sequence was implemented on an MR 3T GE 
scanner (Waukesha, WI) using a commercial software (RTHawk, 
HeartVista, CA). To measure the excitation profile of the urea-specific 
pulse, phantom experiments were performed on a 13C-urea phantom 
with a single-channel 13C transceiver birdcage coil. The animal study 
was performed on a healthy adult Sprague-Dawley rat with two iden-
tical injections of co-hyperpolarized [1-13C]pyruvate and  [13C,15N2]
urea to compare the metabolite-specific 3D-bSSFP with conventional 
hyperpolarized metabolite-specific 2D gradient recalled echo (2D-
GRE) sequences[7]. To demonstrate imaging feasibility in patients, a 
pre-surgical patient with localized prostate cancer was recruited. Data 
from the human prostate were acquired using a clamshell transmit coil 
and a double-tuned 1H/13C endorectal coil. The two acquisition meth-
ods were compared on a rat’s kidney, liver, and cardiac slices. In the 
field map, the heart slice exhibits a much larger  B0 inhomogeneity. Due 
to the longer readout time, the heart has a sharper edge that corresponds 
better with the anatomical image in the 3D-bSSFP images. Even when 
 B0 inhomogeneity is small, the vessel signal acquired by 3D-bSSFP 
has a sharper edge in the kidneys and liver slices than data acquired 
by 2D-GRE because of the JCN coupling of  [13C,15N2]urea. With the 
measurement, the 3D-bSSFP urea sequence shows an approximately 
2.5-fold SNR improvement over the 2D-GRE urea sequence, demon-
strating a substantial improvement in performance. In the human pros-
tate cancer study, a real-time frequency calibration was applied to cali-
brate based on the pyruvate frequency prior to the metabolite imaging 
acquisition. All three metabolite images showed a higher total signal 
in the tumor than that in the contra-lateral healthy-appearing prostate 
region. Comparing the pyruvate with urea, urea images showed higher 
relative signals in the vessels within the rectal wall. This phenom-
enon shows the difference in information between metabolite imag-
ing and perfusion imaging. In the dynamic metabolite signal intensity 
curve, the tumor signals of both pyruvate and urea reach their peaks 
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at around 10.4s after acquisition. As to maximal signal intensity, the 
tumor voxel was approximately 2.5 times higher than the contralateral 
healthy-appearing prostate.
In this study, the highly efficient method for imaging co-hyperpolar-
ized 13C pyruvate and urea was validated in human studies. Using a 
3D-bSSFP strategy for urea provided higher image quality compared 
to a conventional GRE approach, with animal studies demonstrating 
sharper images and ~2.5-fold SNR improvement. In the first-in-human 
study, the excellent results demonstrated the feasibility of using co-
hyperpolarized 13C pyruvate and urea. This work lays the foundation 
for future human studies to achieve high-quality, high-SNR, simultane-
ous metabolism and perfusion imaging.
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Glioblastoma Multiforme (GBM) is a common tumor of the brain 
with a difficult diagnosis. Recent imaging studies have tried to find an 
effective technique to achieve the best segmentation of tumor volume. 

A major method for GBM evaluation is gadolinium-based contrast 
enhancement (CE) in magnetic resonance imaging (MRI) (1). Since 
this method has a poor indication of volumes of metabolically active 
tumors leading to necrosis area enhancement (2) that results in making 
mistakes for active tumors and creating difficulty for auto-segmentation 
of GBM, the development of imaging methods to detect metabolically 
active areas of tumors is very worth to be addressed. Recently, fluo-
rescence imaging (FI) of GBM using 5-aminolevulinic acid (ALA) 
was approved as proper navigation for intraoperative visualization of 
metabolically active tumor accumulated with ALA-induced fluores-
cent protoporphyrin IX (PpIX) (3). However, leakage of PpIX into 
blood, choroid plexus, and ventricular wall are some difficulties to 
use PpIX clinically. In this regard, a novel “ALA+iron supplement”-
based MRI method (4, 5) was newly introduced to detect metabolically 
active areas of GBM outside of surgery, using quantitative suscep-
tibility mapping (QSM). Although the accumulation of ferritins in 
glioblastoma cells and MRI contrast induced by ferritin in tumor area 
was properly detected GBM, the ability of this method to discrimi-
nate the metabolically active area of tumor from the necrosis region 
was not demonstrated yet. Therefore, the main aim of this study was 
to evaluate the ability of discrimination between metabolically active 
and necrosis areas of GBM using QSM in comparison with CE using 
a rat case report. To create the  C6 GBM models, male Wistar rats 
(6–8 weeks, weighing 220–250 g) were used. For anesthetized rats, 
a  C6 cell suspension (1.5 ×  106  C6 in 8 μL of saline) was injected 
into the right frontal lobe at a 5mm depth from the outer border of 
the cranium, using a Hamilton syringe. After two weeks, the tumors 
were evaluated using MRI. To achieve the  T2*-weighted magnitude 
and phase images of GBM, a 3D multi-echo gradient-echo sequence 
(SWI) was performed after administration of “ALA + FAC’. Moreover, 
to achieve the post-contrast  T1-weighted magnitude images of GBM, 
a 2D  T1-weighted turbo spin-echo (TSE) sequence was performed 
after intravenous injection of gadolinium-containing contrast agent 
(Dotarem (Gd-DOTA)). The susceptibility estimation of GBM was 
performed using the QSM algorithm. The image processing steps for 
in vivo QSM including brain mask of magnitude (Mag) with MIPAV 
software, phase unwrapping using laplacian method, local field map 
using PDF, and susceptibility estimation with MEDI algorithm were 
performed (4). The results demonstrated a clear enhancement in the 
necrosis area of GBM using CE while no enhancement was shown 
using QSM. However, a significant enhancement was observed only 
in the active area of the tumor using QSM (Figure 1).
In the “ALA+FAC” method, the signal loss and susceptibility 
enhancement in the  T2*-weighted magnitude and susceptibility map 
was only observed in the active area of the tumor due to the accu-
mulated superparamagnetic ferritin clusters (4) while in the necrosis 
area was shown no enhancement due to the lack of metabolic activ-
ity for the heme signaling pathway. While, in  T1- weighted imaging 
using dotarem, a clear enhancement was observed in the necrosis 
area since the extracellular distribution of paramagnetic ions (gado-
linium) was imaged.
In conclusion, ferritin-based imaging (ALA+iron supplement) using 
QSM as metabolic imaging could present more reliable discrimina-
tion between necrosis and active tumor.
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Purpose: 
Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) 
characterized by symptoms of bloody diarrhea, abdominal cramps, 
vomiting, and fatigue. UC affects approximately 1.6 million individuals 
in the United States. Computed tomography (CT), used in conjunction 
with contrast agents, is the gold standard for imaging the gastrointes-
tinal tract (GIT). Iodinated small molecules and barium sulfate sus-
pensions are commonly used in the clinic for imaging the GIT How-
ever, iodine-enhanced CT image quality is very poor for imaging the 
abdomen in obese patients and is not ideal for imaging UC due to its 
non-specificity for areas of inflammation. Thus, there is a compelling 
need for the development of new contrast agent strategies for imaging 
GIT with UC. Nanoparticles have been the focus of much attention as 
CT contrast agents, since it is relatively easy to synthesize them with 
different sizes and coatings, which can provide specificity to different 
types of disease sites. A fundamental question for novel contrast agents 
for IBD is what size of nanoparticle is the most ideal. Therefore, in 
this project we evaluated the effect of nanoparticle size on accumula-
tion in a dextran sodium sulfate induced colitis (DSS-induced colitis) 
mouse model.

Methods and Materials: 
Gold nanoparticles (AuNP) are well-established as CT contrast agents 
and their size can easily be controlled in a wide range, therefore we 
used spherical AuNP with mPEG to determine the effect of different 
sizes ranging from 5 to 80nm. To synthesize the 5 nm we used a modi-
fied Turkevich method by reducing gold chloride with sodium boro-
hydride, while the 15 nm and 25nm AuNP were synthesized using the 
unmodified Turkevich method. However, for the larger AuNP sizes, a 
seeded growth synthesis method employing gold chloride and hydro-
quinone was used (Fig. A). The nanoparticles were characterized using 
TEM, UV-vis spectroscopy, DLS, and SEM/EDX. Contrast production 
was evaluated via phantom imaging using clinical CT (Siemens Force), 
and a microCT (Molecubes, Gent, Belgium) imaging systems.  In 
vivo accumulation and biodistribution studies were performed in a 
murine model with acute DSS-induced colitis.

Results: 
Gold nanoparticles with different core sizes (5,15, 25, 50, and 80 nm) 
were successfully synthesized (Fig. B) and the physicochemical proper-
ties of the resulting formulations was analyzed. In addition, histology 
studies confirm that the murine mouse model contracted acute colitis 
after 8 days of DSS treatment (Fig. C). Nanoparticles were adminis-
tered to the mice via gavage. The mice were then imaged using a con-
ventional microCT scanner at several timepoints (Fig. D). We observed 
that the gold nanoparticles provide enough contrast to visualize the gas-
trointestinal tract over 2 hr and furthermore we observed nanoparticles 
accumulation in areas of inflammation (Fig. E). Finally, the biodistribu-
tion was examined via analysis of imaging data (Fig. E) and ICP-OES.

Conclusions: 
Our results have shown that NPs are a promising contrast agent for 
imaging the GIT with IBD. The development of NP for imaging IBD 
can facilitate the use of clinical CT in the diagnosis of IBD. Future 
studies will explore the synthesis and testing of novel contrast agents 
that can simultaneously image and treat ulcerative colitis.
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Objective: 
Zika virus (ZIKV) and dengue virus (DENV) are mosquito-borne 
viral infections with sustained worldwide disease burden over the last 
decade and persist as major global public health threats [1-3]. These 
viral infections trigger host innate immune responses associated with 
increased expression of the translocator protein (TSPO) [4]. ZIKV dis-
ease is associated with neurological disease and neuroinflammation 
[5], while DENV infections are known for systemic vascular and tis-
sue inflammation with liver involvement [6, 7]. Despite the continued 
public health threat of DENV and ZIKV, there are no effective antivi-
rals and vaccines available [8]. This emphasises the need for imaging 
biomarkers that correlate with disease progression, predict response 
to therapy, and rapidly inform go or no-go decisions in drug evalu-
ations to address the real clinical need for infectious disease-related 
imaging biomarkers [9]. In this study, we evaluate the potential of the 
TSPO radioligand  [18F]FEPPA [10] to detect, monitor, and differenti-
ate inflammatory responses associated with acute ZIKV and DENV 
infection using a transgenic mouse model.

Methods: 
AG129 transgenic mice infected with either DENV or ZIKV were 
injected with 2 MBq  [18F]FEPPA at late-stage disease. Ex vivo bio-
distribution (BioD) studies were performed and complemented with 
digital autoradiography (DAR) imaging using tissue sections or whole-
mount tissues. TSPO immunohistochemistry (IHC) and flow cytometry 
(FC) were used to confirm molecular expression profiles and define the 
tissue immune landscape. Markers of disease severity—such as tissue 
viral burden and pro-inflammatory cytokine expression—were also 
measured. For PET/CT imaging, mice infected with either ZIKV or 
DENV were injected with 30MBq  [18F]FEPPA and imaged to identify 
global and tissue specific changes in tracer uptake in vivo.

Results: 
BioD and DAR studies revealed 5-fold increased  [18F]FEPPA liver 
uptake at late DENV disease relative to mock-infected tissues (p = 
0.005), which correlated with increased viral burden and pro-inflam-
matory cytokine expression in the tissue. This contrasted with  [18F]
FDG-PET, where no change in liver uptake was noted despite sig-
nificant dengue disease burden in the tissue [11]. Ex vivo studies also 
revealed 3.6-fold increased tracer uptake in ZIKV-infected brains rela-
tive to mock-infected tissue, and this correlated with surges in viral 
burden and pro-inflammatory cytokines (? = 0.84; p = 0.001). Brain 
tissues exhibited global elevated TSPO expression by IHC, which was 
primarily driven by myeloid-derived cells as uncovered by FC. In the 
ZIKV-infected mouse brains, PET/CT revealed mild increase in  [18F]
FEPPA uptake, though not as pronounced as observed with BioD and 
DAR. Similarly,  [18F]FEPPA-PET/CT in DENV-infected mice showed 

modest increase in tracer uptake in the lungs and liver and was not as 
striking as seen in ex vivo assays.

Conclusions:  
[18F]FEPPA studies revealed distinct tissue biodistribution patterns 
that could differentiate DENV from ZIKV disease.  [18F]FEPPA is pri-
marily detecting ZIKV-associated neuroinflammation and increased 
brain TSPO expression. In contrast,  [18F]FEPPA in DENV infections 
detect specific liver and lung uptake signatures which may be related 
to host immune response driven by myeloid cell. Efforts are underway 
to evaluate  [18F]FEPPA as a treatment response biomarker.
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Objectives: 
To date, glutamic acid-based PSMA targeting probes have 
been extensively reported, and the potential of these agents has 
proven to attract high demand for new scaffolds with improved 
biological properties. In this study, we designed a near-infrared 
(NIR) II fluorescent PSMA probe to develop new inhibitor scaf-
folds by replacing glutamate with an artificial amino acid contain-
ing a squaraine moiety.

Methods: 
Probe 1d (Figure 1A) was prepared by condensation reaction between 
two squaraine-based PSMA binding pharmacophores and the NIR-
II fluorophore bearing benzobis(1,2,5-thiadiazole) moiety via amide 
 bonds1. The inhibition constant (Ki) of 1d to PSMA were evaluated 
by a fluorescence-based NAALADase assay. NIR-II imaging (808 nm 
laser excitation, 1100 nm long-pass filter, and 400 ms exposure time) 
was performed in 22Rv1 tumor-bearing mice after i.v. administration 
of 1d (0.42 μg/kg body weight). The feasibility of 1d in intraoperative 
fluorescence image-guided precise tumor resection was confirmed in 
a living 22Rv1 tumor-bearing mouse under anesthesia at 24 h postin-
jection of 1d.

Results: 
Probe 1d displayed high affinity to PSMA (Ki = 1.07 ± 0.43 nM), 
which was comparable with  [18F]DCFPyL (Ki = 1.36 ± 0.12 nM) 
under the same assay conditions. The NIR-II imaging demonstrated 
that 1d accumulated in the 22Rv1 tumor, which can distinguish from 
surrounding tissue with good contrast after 24 h postinjection (Fig-
ure 1B). The intraoperative fluorescence image-guided tumor resec-
tion was precisely conducted (Figure 1C). The skin was first dissected 
to expose the tumor (Figure 1C b,c,d). Then the tumor was resected 
(Figure 1Ce,f), which was thought to be completely removed by vis-
ible inspection.

Conclusions: 
We designed and synthesized a squaraine-based NIR-II PSMA probe 
for prostate tumor imaging and image-guided intraoperative tumor 
resection. Probe 1d displayed high affinity to the recombinant PSMA 
protein. NIR-II imaging studies confirmed that the 22Rv1 tumor could 
be distinguished by 1d, demonstrating its potential for precise prostate 
tumor resection in clinical practice.
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Introduction: 
With superb spatial and temporal resolution, magnetic resonance imag-
ing (MRI) has great potential to track cellular activities that define early 
stages of disease [1]. To improve molecular imaging techniques, we are 
developing MRI reporter gene expression based on the magnetosome. 
In magnetotactic bacteria (MTB), magnetosome formation compart-
mentalizes iron biominerals in membrane-enclosed vesicles [2]. While 
this process is regulated by numerous genes, we have selected a subset 
(mamE, mamB, mamI, and mamL) deemed essential for initial stages 
of magnetosome formation [1]. While MamB, MamI, and MamL have 
roles in designating the magnetosome vesicle, they may also provide 
docking site(s) for additional proteins, such as MamE, that facilitate 
biomineralization [1-3]. Biosynthesis of magnetosome-like nanoparti-
cles in mammalian cells would provide an endogenous, magnetic reso-
nance (MR) contrast agent under genetic control [4], for long-term 
molecular imaging of cellular and molecular activities throughout the 
cell’s life cycle.

Hypothesis: 
Essential magnetosome proteins interact in any cell type to form rudi-
mentary magnetosome-like nanoparticles and genetically-controlled 
contrast for molecular MRI.

Methods: 
MTB genes mamE, mamB, mamI, and mamL were cloned from M. 
magneticum sp. AMB-1 genomic DNA by PCR and inserted into vec-
tors with fluorescent protein tags (pEGFP or ptdTomato) to create Mam 
fusion proteins. In the MamI+MamL co-expression system, GFP-
MamI was paired with FLAG-MamL expressed using pSF-EMCV-
FLuc by adding a FLAG tag through PCR. All constructs were then 
stably expressed in human MDA-MB-435 melanoma cells using anti-
biotic selection and fluorescence-activated cell sorting. Appropriate 
protein expression was confirmed with western blotting and confocal 
microscopy, and protein-protein interactions were confirmed with the 
co-immunoprecipitation assay. Cells were cultured in the presence and 
absence of iron supplementation (250 μM ferric nitrate/medium). At 
harvest, cells were either mounted in a gelatin phantom for MRI at 
3 Tesla (Biograph mMR) or analyzed by mass spectrometry [5]. A 
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custom MATLAB-based program was used to obtain relaxation rates. 
Analysis of variance (ANOVA) and Tukey’s post-hoc test were per-
formed in GraphPad Prism 9. A nonlinear regression was used to assess 
the correlation between total cellular iron content and relaxation rate.

Results: 
In the absence of iron supplement, total transverse relaxation rates 
(R2*) of mammalian cells expressing MamE, MamB, MamI, MamL, or 
MamI+MamL (Fig. 1) were no different than parental controls. How-
ever, in the presence of iron supplement (+Fe), only cells expressing 
MamB, MamI, or MamL showed a significant increase in R2* while 
MamI+MamL co-expression or MamE alone did not. The same results 
were obtained with R2. Examination of R2′ (R2* − R2) indicated sig-
nificant increases in iron-supplemented cells expressing MamI and 
MamL but not MamB. Interestingly, a comparable increase in elemen-
tal iron content was recorded in MamE-, MamI- and MamL-expressing 
cells in response to iron supplementation. These data show a moderate 
correlation between R2* and total cellular iron content  (r2 = 0.42), 
with the iron-specific R2′ component contributing more to Pearson’s 
correlation than R2  (r2 = 0.36 vs 0.10, respectively).

Discussion & Conclusions: 
To better understand the components of bacterial magnetosome 
structure and how their assembly impacts MRI relaxation rates, we 
are characterizing 4 essential magnetosome proteins (MamE, MamB, 
MamI, MamL), expressed alone and in combination in mammalian 
cells. When expressed separately, 3 of 4 genes (MamB, MamI, MamL) 
impart MR-visible iron-handling properties to a human melanoma 
cell line. However, co-expression of MamI+MamL reduces transverse 
relaxation rates and elemental iron content, suggesting a regulatory 
effect of magnetosome gene combinations. The nature of this regulation 
not only depends on total iron content but also on cellular organization 
of iron, as demonstrated by MR-silent MamE expression. Future work 
will examine the potential of MamB and MamE to interact with the 
MamI-MamL complex and augment cellular MR parameters.
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Introduction: 
Learning of new information involves changes at the synaptic level (1). 
Memory is the encoding, storage, and retrieval of learned information. 
The study of human memory and learning at the molecular level have 
been limited to several studies and were accomplished mostly using one 
modality (2-4). Studies using MRS demonstrated the role of Glutamate 
in human memory (5-7). Glutamate is released by approximately 80% 
of synapses and is considered an essential substance in learning and 
memory. In the prefrontal cortex, NMDA receptors of glutamate are 
important for working memory (8). It is demonstrated that glutamate 
release and electrical activity and the hemodynamic response of neu-
rons are dependent on each other (9). Based on the above information 
the Glutamate dynamic concentration levels in human memory learning 
and the electrophysiological and hemodynamic response are related to 
each other and to study them, simultaneous event-related MRS-EEG-
fMRI modalities were performed in this study.

Materials and methods: 
participants: 10 healthy right-handed participants (6 females; average 
age = 27.43) were included in this study who had normal or corrected 
to normal vision and had no involvement with any other diseases and 
history of brain diseases.

Data acquisition 
was obtained as follows: firstly 64 channel MR compatible EEG cape 
and electrodes were inserted on the volunteer’s head. Then EEG 
impedances were checked to be lesser than 10 k0hm. The subject head 
was placed inside the MR scanner and 64 channel Hydrogen coil was 
inserted. A response device is given to the right hand of the subject. 
Afterward, a high-resolution T1 weighted image was acquired then 
simultaneous MRS-EEG data were acquired while Strenberge’s short-
term memory task was presented (fig 1 A). Each trial of the task had 
4 parts: Encoding, Retention, Response, and Rest. In the encoding, a 
list of letters was presented. In the retention, a cross was presented. 
In the answer, a letter is displayed that was either inside the previous 
list or not. if the letter is inside the list subjects must press the but-
ton, otherwise, they do not press any button, as a negative answer. All 
parts of the task were triggered by numbers so we can separate every 
part of the data in the analysis. MRS signals were acquired by 3 tesla 
Siemens Prisma MR scanners and using PRESS sequences (TR=2000, 
TE=40 ms, and NEX=96). Voxel size was 8 cm3 (2*2*2 cm) which 
was located on the right Dorsolateral prefrontal (DLPFC) and parieto-
occipital cortex. Finally, fMRI-EEG data was acquired similar to above 
with the difference that this time it was fMRI-EEG instead of MRS-
EEG. For fMRI, an EPI sequence with TR= 2000 and TE= 30 ms was 
implemented.

Data analysis: MRS signals: water signal was removed, then apodiza-
tion was employed to reduce background noise and finally, LCmodel 
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quantification using QUEST functionality was applied. EEG signals: a 
cut-off frequency of 0.5-40 Hz applied and gradients artifacts removed 
using PCA. fMRI signals: Slice timing, Realignment, Normalizing, and 
Smoothing accomplished respectively. Results: glutamate concentra-
tion level is elevated in encoding and response phases. This difference 
is higher in the Prieto-occipital cortex (fig 1 B). Increased activity in 
alpha and beta bands in encoding and response phases was observed 
mostly in the right prefrontal, temporal and parieto-occipital areas. 
Bold signal activation also confirmed these areas. Connectivity analy-
ses on fMRI-EEG demonstrated connections between frontal, occipital, 
and right DLPFC and hippocampus (fig 1 C-F).

Conclusion: 
This study demonstrates that the glutamate levels are correlated with 
increased EEG activity and BOLD signals and also indicates that there 
are connections between right frontal and Prieto-occipital areas during 
human fast visual memory learning.
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A novel imaging system for in vivo bacterial tracking using bacteria 
expressing streptavidin which binds specifically to biotin develop . To 
enhance the expression level in bacteria and solubility of streptavi-
din, constructed the expression plasmid for monomeric streptavidin-
rhizavidin recombinant (mSA) gene fused with maltose-binding pro-
tein (MBP) protein at its N-terminus. Ribosome binding site (RBS) 
sequence for the fused gene was selected from its library to get the effi-
cient expression. As a result, the plasmid was designed that the fused 
gene was driven by pBAD promoter. E. coli MG1655 was transformed 
with the plasmid, and named MG1655 R2P-mSA. Bacteria were orally 
administered to mice. The expression of fused streptavidin was induced 
using L-arabinose immediately or 1 hour after bacterial administration. 
One hour after L-arabinose administration, a biotinylated fluorescent 
dye was intravenously injected to obtain optical images of bacteria. 
Optical signals were observed only in the intestines of mice with L-ara-
binose induction but not in those with fluorescent dye injection only or 
without L-arabinose induction after bacterial administration. In ex vivo 
imaging of the intestine, signal was stronger in the mice with immedi-
ate L-arabinose induction than in those with induction 1 hour after 
bacterial administration. The number of bacteria in the intestine was 
similar among both of mice regardless of L-arabinose induction times. 
Western blot analysis showed that the expression of fused streptavidin 
and its biotin binding were observed only in intestines with L-arabinose 
induction. Taken together, novel tracking system to visualize bacte-
rial distribution in vivo using streptavidin and biotinylated optical dye 
developed . It is expected that this system is useful to monitor specific 
microorganisms administered into the body as real time.
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Photoacoustic (PA) imaging, an emerging new non-ionizing imaging 
modality, overcomes the depth and resolution limits of conventional 
optical imaging by combining optical excitation and acoustic detec-
tion. This exciting feature has stimulated strong interest and prompted 
the use of PA to visualize biological structures at various scales rang-
ing from organelles, and cells to organs at the clinically relevant 
depth, expanding its application in pre-clinical and clinical studies. 
PA contrast can be generated from highly light-absorbing endogenous 
molecules like hemoglobin (Hb) and the exogenous contrast agents, 
including but not limited to: organic dyes, proteins, gold nanoparticles, 
carbon nanotubes, and conjugating polymer nanoparticles. However, 
the high intrinsic background signals from blood and pigments in the 
body have significantly compromised the sensitivity of PA imaging 
with exogenous contrast agents. Several strategies have been explored 
to improve PA imaging sensitivity, including optimizing the optical 
excitation or acoustic detection in the imaging system, enhancing the 
brightness of exogenous contrast agents, employing more efficient sig-
nal unmixing strategies, and using nonlinear PA imaging techniques. 
A new attractive direction is to develop PA probes that can be tempo-
rally modulated by light to induce changes in the PA signal, a strategy 
similarly used for modulating the fluorescence signals of the probe by 
light to remove background in the “optical lock-in detection” method. 
Assuming the PA background remains little change between pre- and 
post-modulation, the background suppression can be performed for 
every pair of PA images from each modulation cycle. In our previous 
work, we have developed a novel reversibly photoswitchable nanoprobe 
(PS-Probe) by encapsulating the core/shell upconversion nanoparticles 
(UCNPs) and photoswitchable small molecules (3ThacacH) with an 
amphiphilic polymer for super-sensitive molecular photoacoustic (PA) 
imaging.[1] By employing a conventional PA imager, we can detect 0.05 
nM of the nanoprobes in hemoglobin solutions; and 5×103 labeled can-
cer cells within 20 photoswitching cycles. The nanoprobes can be fully 
photoswitched ON by a 980 nm laser (average power density 3 W  cm-2) 
in 1 minute. However, the photoswitching speed will decrease when 
reducing the power density. Furthermore, we have observed a reverse-
way photoswitching phenomenon when the power density is lower 
than 1 W  cm-2. At higher power densities, the dominant emissions of 
UCNPs are ultraviolet and drive the photoswitchable 3ThacacH from 
open to the closed form, which is the forward direction of the reversible 
photoswitching ways. The blue light generated from the same core/shell 
UCNPs at lower power densities will become dominant and trigger 
the photoswitchable 3ThacacH molecules from closed to open form, 
which is the reverse direction of the reversible two-way photoswitch-
ing. Therefore, in order to drive forward-direction photoswitching 
at a relatively lower power density, we propose to quench the blue 
light emission by incorporating a blackhole quencher Tide Quencher 
1 (TQ1) into our existing photoswitchable nanoprobe (PS-Probe), as 
shown in Scheme 1.
In this work, we have found that the photoswitching speed of the 
PS-Probe with TQ1 (PS-Probe-TQ1) under a lower power density 
CW980 irradiation (1 W  cm-2) is even faster than that of the PS-
Probe without TQ1 quencher under a higher power density CW980 
irradiation (3 W  cm-2). After incorporating the TQ1 quencher, we 
can detect 0.05 nM of the nanoprobes (PS-Probe-TQ1) in hemo-
globin solutions with 10 photoswitching cycles. Compared with 
our reported PS-Probe, the new PS-Probe-TQ1 has 1) enhanced the 
photoswitching-ON speed, 2) lowered the photoswitching-ON power 
density, and 3) reduced the photoswitching cycle numbers.
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Tumor- homing oncolytic bacteria show promise as a treatment 
for solid tumors However, the overall response rate varies and 
the bacteria-host interaction is not well understood., under-
scoring the need to gain mechanistic and immunological detail 
about the treatment response. Here we transcriptionally profile 
tumors from MC38 colon cancer bearing-mice during bacterial 
infection with the genetically engineered Salmonella typhimu-
rium ΔppGpp strain to gain valuable information about tumor 
regression. We grouped the mice into a moderate response (MR) 
or a Well response (WR) group according to the therapeutic effect 
observed compared to PBS- treated group. Our results indicated 
the NK cell mediated killing and down regulation of AKT/mTOR 
pathway is elevated in (WR) compared to (MR). Further combina-
tion of therapeutic drugs induce NK cell mediated cytotoxicity 
and inhibit AKT/mTOR pathway to enhance therapeutic efficacy 
of Salmonella

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

570-Deuterium metabolic imaging and hyperpolarized 13C-MRI 
of the normal human brain at clinical field strength reveals dif-
ferential cerebral metabolism

Presenter: Joshua Kaggie, University of Cambridge

Joshua Kaggie1, Alixander  Khan2, Tomasz  Matys3, Matthew 
 Locke3, Ines Horvat-Menih4, Rolf  Schulte3, Ashley  Grimmer3, Eliza-
beth  Latimer3, Amy  Frary2, Martin  Graves5, Mary  McLean6, Ferdia 
 Gallagher5

1University of Cambridge, Cambridge, United Kingdom
2University of Cambridge, United Kingdom
3University of Cambridge
4Department of Radiology, University of Cambridge, Cambridge, 
United Kingdom
5University of Cambridge, Cambridge, Cambridgeshire, United 
Kingdom
6Cancer Research UK Cambridge Institute, Cambridge, Cambridgesh-
ire, United Kingdom

S449



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Background: 
Deuterium metabolic imaging (DMI) and hyperpolarized 13C-pyruvate 
MRI (13C-HPMRI) are two emerging methods for non-invasive and 
non-ionizing imaging of tissue metabolism. Imaging cerebral metabo-
lism has potential applications in cancer, neurodegeneration, multiple 
sclerosis, traumatic brain injury, stroke, and inborn errors of metabo-
lism. Here we directly compare these two non-invasive methods at 3 T 
for the first time in humans and show how they simultaneously probe 
both oxidative and non-oxidative metabolism.

Methods: 
DMI was undertaken 1-2 hours after oral administration of [6,6’-
2H2]glucose, and 13C-MRI was performed immediately following 
intravenous injection of hyperpolarized [1-13C]pyruvate in ten and 
nine normal volunteers within each arm respectively. Ten subjects 
were imaged 57-136 min following oral 2H-glucose administra-
tion using a static 3D MRSI with the following parameters: field-
of-view (FOV) = 32 cm, matrix = 10x10x10, TR = 120 ms, flip 
angle = 90°, 5000 Hz, 544 points, scan duration = 10 min, 2504 
transients distributed according to a Hamming filter and repeated 
twice. Unlocalized MR spectra were also acquired prior to and 
following the MRSI with the following parameters: flip = 90°, TR 
= 1 s, 128 averages, 5000 Hz, 2048 points, total scan duration = 
2 min 8 s.
Nine normal volunteers in the 13C-HPMRI were injected with an intra-
venous bolus of [1-13C]pyruvate: 0.4 mL/kg of ~250 mM pyruvate, up 
to 40 mL at rate of 5 mL/s as described previously (Grist et al., 2019). 
The 13C-pyruvic acid was hyperpolarized using a SpinLab hyperpolar-
izer (Research Circle Technology, Albany NY, USA). 13C-MRI was 
performed using a dual-tuned 16-rung 13C/1H quadrature transmit/
receive head coil (Rapid Biomedical, Rimpar, Germany), with a 30 
cm diameter and 24 cm rung length.

Results: 
DMI was used to generate maps of deuterium-labelled water, glu-
cose, lactate, and glutamate/glutamine (Glx) and the spectral sepa-
ration demonstrated that DMI is feasible at 3 T. 13C-HPMRI gener-
ated maps of hyperpolarized carbon-13 labelled pyruvate, lactate, 
and bicarbonate. The ratio of 13C-lactate/13C-bicarbonate (mean 
3.7 ± 1.2) acquired with 13C-HPMRI was higher than the equiv-
alent 2H-lactate/2H-Glx ratio (mean 0.18 ± 0.09) acquired using 
DMI. These differences can be explained by the route of administer-
ing each probe, the timing of imaging after ingestion or injection, 
as well as the biological differences in cerebral uptake and cellular 
physiology between the two molecules.

Conclusions: 
DMI and 13C-HPMRI are two emerging techniques for non-invasively 
probing these alternative aspects of carbohydrate metabolism which 
could have important implications for evaluating cerebral energy 
utilization in health and disease. However, the way in which these 
techniques differ in probing human brain metabolism has not been 
studied previously. One of the major challenges in undertaking a direct 
comparison between the two techniques in humans is that 13C-HPMRI 
is usually undertaken at 3 T, which allows good spectral separation 
of metabolites while maintaining a sufficiently long relaxation time 
for the hyperpolarized signal to enable detection of both the injected 
hyperpolarized substrate and the subsequently formed metabolites 
(Vaeggemose et al., 2021).
The results demonstrate these two metabolic imaging methods pro-
vide different yet complementary readouts of oxidative and reductive 
metabolism within a clinically feasible timescale. Furthermore, as DMI 
was undertaken at a clinical field strength within a ten-minute scan 
time, it demonstrates its potential as a routine clinical tool in the future.
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Introduction: 
The sensitivity of MRI with hyperpolarized 129Xe can be boosted to 
picomolar in vitro sensitivity by the HyperCEST approach [1] that 
relies on chemical exchange saturation transfer (CEST) between func-
tionalized Xe (transiently bound to a reporter molecule) and free Xe. 
The exchange conditions (amount and release rate of bound Xe) are 
crucial for efficient build-up of the CEST contrast under in vivo con-
ditions [2]. To this end, the original approach for functionalized Xe 
reporters with individual hosts providing single hydrophobic cavities 
must be revisited for further translation of the method towards clinical 
applications. Improved exchange kinetics and a platform for flexible 
synthesis/assembly routes would be highly beneficial to address targets 
that have been previously inaccessible for MRI. Methods: This study 
investigated a liposomal design that includes a HyperCEST-active lipo-
peptide for insertion into POPC liposomal nanocarriers (NCs). The 
peptide carries cryptophane-A mono-acid (CrA-ma) as a well-studied 
Xe cage. CrA-ma has been coupled to a Lys side chain close to the 
palmitic acid to ensure that the hydrophobic cage can insert into the 
phospholipid bilayer. The HyperCEST performance was compared 
relative to an equivalent of free CrA-ma and the impact of different 
CrA loads was studied with adjusted NC concentration to maintain the 
overall cage concentration constant. Xe MRI and CEST spectroscopy 
was performed with a home-build polarizer for spin exchange optical 
pumping and precise Xe dissolution delivery.

Results: 
Liposomes with different formulations regarding lipopeptide load (20 
mol% vs. 2 mol%) showed significant improved HyperCEST build-up 
compared to an equivalent of free CrA-ma. Quantitative analysis of 
the z-spectra reveals that the depolarization rate is increased within the 
micro-environment of the NC membrane while the negative side effect 
of line broadening does not occur. An offset of ~200 Hz is sufficient to 
cause significant loss of CEST effect, thus illustrating the sharp CEST 
response. This preserves high spectral selectivity and avoids the need 
for increased saturation power that usually comes with faster exchange 
[3]. The overall performance of different formulations can be quantified 
by the net depolarization time, τ. NCs with 20 mol% lipopeptide were 
ca. 17-fold more efficient than CrA-ma at comparable cage concen-
tration. A lower cage load (2 mol%) yielded further improvement by 
another factor of 5. PEGylation and insertion of 10 mol% cholesterol 
did not have a negative impact on the observed saturation responses 
and can thus be used for tuning the membrane conditions. Overall, the 
carriers with low cage load performed ca. 100-fold better than unfunc-
tionalized CrA-ma. NCs with 2 mol% lipopeptide were chosen for MRI 
experiments and yielded a strong CEST response where the equivalent 
of free CrA-ma remained undetectable.

S450



Molecular Imaging and Biology (2022) 24 (Suppl 2):S 63-S480

1 3

Discussion and Conclusion: 
The environment provided by the NC membrane ensures a high 
local Xe concentration to participate in chemical exchange and an 
efficient release from the cage into the immediate lipid environ-
ment. Overall, the excellent gas turnover in the membrane is not 
linked to line broadening when detecting the Xe outside the mem-
brane. This provides excellent HyperCEST conditions for Xe MRI 
with a switchable contrast. This first generation of the proposed 
carriers already provides an improvement of ca. 2 orders of mag-
nitude. NCs with lower cage load are surprisingly efficient as they 
presumably avoid the problem of back-exchange of already depo-
larized Xe. Further tuning of the cage load and of the membrane 
composition might lead to additional improvements. Overall, this 
study illustrates the wide parameter space that is now available 
when incorporating CrA-labelled lipopeptides into liposomal carri-
ers. The functionalization of such nanocarriers will be investigated 
in an upcoming study.
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Introduction:  
Gd3+ deposition sites 1-6 in various tissues after injections of gado-
linium-based contrast agents (GBCA) have been discussed repeat-
edly over the last decade. Nevertheless, insights about the underly-
ing biochemical mechanism and about the kinitixs of competing 
chelation mechanisms that lead to a retention of these toxic metal 
ions remain still elusive. Potential substances to enlighten miss-
ing aspects could be glycosaminoglycans (GAGs) that represent 
a major component of the extracellular matrix (ECM) throughout 
the body. The goal of this study was to elucidate the influence of a 
variable heparin content on the stability of GBCAs in the presence 
of divalent ions.

Methods: 
Sample solutions containing 0-100 μM of heparin and 0.125-4 mM 
 ZnCl2 in combination with five linear GBCAs (150 μM) were investi-
gated. All time-resolved MR measurements were performed at 9.4 T. 
 R1 measurements at 25 °C were performed using a dephasing recovery 
sequence. All  R1 values reflect ROI-averaged values from correspond-
ing  R1 parameter maps.

Results: 
Upon interaction between GBCAs and  Zn2+, a part of the GBCAs 
is replaced with a higher relaxivity contribution of  Gd3+ in  H2O 
or with a re-chelated form  (Gd3+@GAG complexes)7 (Fig.1). The 
results show that the time constants for the transmetallation pro-
cess not only differ between the different GBCAs but also vary for 
different  ZnCl2 concentrations. Furthermore comparing the time 
constants for the transchelation process in heparin solutions with 
the transmetallation process in  H2O reveals that these kinetics 
differ significantly: the sole transmetallation process occurs 
on the order of minutes and increased slightly with increasing 
 ZnCl2 concentrations. The full transchelation, however, progresses 
on the order of hours to weeks and decrease with increasing 
 ZnCl2 concentrations.

Discussion: 
By using time-resolved MR relaxometry, it could be shown that 
the Zn/GAG ratio has a decisive influence to favor fast or slower 
exchange kinetics during the transchelation process. A high Zn/
GAG ratio leads to a more efficient transchelation process. Due to 
the higher  ZnCl2 concentration, there are on average more  Zn2+ ions 
available (unbound, outside the GAG-structure) and as a conse-
quence this leads to faster initial transmetallation of the central 
 Gd3+ ion. The entire transchelation of  Gd3+ to heparin takes up to 
several days to reach a new chemical equilibrium, in contrast to 
the relatively rapid displacement of  Gd3+ by  Zn2+ in the absence 
of competing chelators. This vastly different time span highlights 
the complexity of the situation and arises from the competition for 
binding sites between  Gd3+ ions and other cations for both the par-
ent GBCA chelator and the binding sites of heparin. It could be con-
cluded that for small  ZnCl2 stimuli, the transmetallation is the limit-
ing step and not the availability of binding sites for the subsequent 
chelation of dissociated  Gd3+ to GAGs. Under such conditions, the 
 Zn2+ ions are sufficiently prevented from initiating the transmetalla-
tion of the central  Gd3+ ion by their own binding to heparin. It could 
be shown that the measured time constants decrease significantly 
with strong  ZnCl2 stimuli. Overall,  Gd3+ outperforms  Zn2+ in terms 
of binding to heparin, and the released  Gd3+ ions are apparently not 
limited in finding a binding site and forming the macromolecular 
Gd-GAG complexes.

Conclusion: 
The results show that GAGs seem to have an important two-fold 
effect on the stability of GBCAs in the presence of  ZnCl2. On 
the one hand, they foster the thermodynamic instability of intact 
GBCA by sequestering  Gd3+ from a disfavored intermediate. But 
at the same time, the GAG’s interaction with competing ions 
can suppress the initial attack which leads to a reduced kinetic 
instability.
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Purpose: 
This study aimed to develop a novel analytical approach based on 
2-deoxy-2-[18F]fluoro-D-glucose positron emission tomography/
computed tomography  ([18F]FDG PET/CT) radiomic signatures (RS) 
and International Prognostic Index (IPI) to predict the progression-free 

survival (PFS) and overall survival (OS) of patients with diffuse large 
B-cell lymphoma (DLBCL).

Methods: 
We retrospectively enrolled 152 DLBCL patients and divided them 
into a training cohort (n = 100) and a validation cohort (n = 52). A 
total of 1245 radiomic features were extracted from the total meta-
bolic tumor volume (TMTV) and the metabolic bulk volume (MBV) of 
pretreatment PET/CT images. The least absolute shrinkage and selec-
tion operator (LASSO) algorithm was applied to develop the RS. Cox 
regression analysis was used to construct hybrid nomograms based 
on different RS and clinical variables. The performances of hybrid 
nomograms were evaluated using the time-dependent receiver operator 
characteristic (ROC) curve and Hosmer-Lemeshow test. The clinical 
utilities of prediction nomograms were determined via decision curve 
analysis. The predictive efficiency of different RS, clinical variables 
and hybrid nomograms were compared.

Results: 
The RS and IPI were identified as independent predictors of PFS and 
OS, and were selected to construct hybrid nomograms (Fig. 1a, b). Both 
TMTV- and MBV-based hybrid nomograms had significantly higher 
values of area under the curve (AUC) than IPI in training and valida-
tion cohorts (all P < 0.05), while no significant difference was found 
between TMTV- and MBV-based hybrid nomograms (P > 0.05). Hos-
mer-Lemeshow test showed that both TMTV- and MBV-based hybrid 
nomograms were well-calibrated. Decision curve analysis indicated 
that the hybrid nomograms had higher net benefits than IPI. Both MBV- 
and TMTV-based hybrid nomograms demonstrated a more distinct risk 
stratification than IPI, with larger differences between subgroups and 
improved hazard ratios (log-rank P < 0.05) (Fig. 1c, d).

Conclusion: 
The hybrid nomograms combining RS with IPI could significantly 
improve survival prediction in DLBCL. Radiomic analysis on MBV 
may serve as a potential approach for prognosis assessment in DLBCL.
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Background: 
Deficits in glucose availability and microglial activation-related neu-
roinflammation are characteristic of the aged brain that contribute to 
age-associated cognitive impairment. Previous studies suggested that 
changes in glucose metabolism of microglia underlie their response to 
inflammation. This study aimed to investigate the therapeutic effects 
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of young mice plasma (YMP) on spatiotemporal dynamic biomedical 
changes and neuroinflammation based on 18F-fluorodeoxyglucose posi-
tron emission tomography (18F-FDG PET) imaging.

Methods: 
Aged (19-month-old) C57BL/6 mice were systemic infusion of YMP 
or phosphate buffered saline (PBS) every three days for 8 weeks. 18F-
FDG PET imaging and cognitive behavioral tests including open field, 
contextual fear conditioning test were conducted after treatment. The 
effect of YMP on the expressions of key cognitive-related proteins 
and inflammatory cytokines was assessed by Western blots and RT-
qPCR. In addition, an age-like microglia model was established and 
the cellular glucose metabolism profiles were evaluated by 18F-FDG 
PET imaging, gamma counter and glycolysis/mitochondrial stress test.

Results: 
YMP treatment enhanced the glucose metabolism in the bilateral hippocam-
pus and thalamus, improved the expression of cognitive-related proteins 
BDNF, PSD95 and Synapthin1, inhibited the secretion of inflammation 
cytokines IL-6 and TNF-α in aged mice brain. Behavioral results showed 
that aged mice treated with YMP exhibited an improved cognitive perfor-
mance. Further in vitro studies demonstrated that YMP rather than aged 
mice plasma (AMP), significantly restored the mitochondrial function, 
reduced cellular glucose uptake and promoted a shift in energy metabo-
lism from glycolysis to oxygen phosphorylation in aged microglia, which 
contributed to suppressing microglia-induced inflammatory response.

Conclusions: 
Our findings discover the effects of YMP in reprogramming glucose 
metabolism to suppress neuroinflammation and restore cognition in 
aged mice. 18F-FDG PET imaging provides a new insight for evaluat-
ing the therapeutic effects underlying YMP treatment against aging or 
neuroinflammation-related disorders.
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Background: 
Pancreatic ductal adenocarcinoma (PDAC) is among the deadliest 
human malignancies with a 5-year survival rate of less than 8%. Unfor-
tunately, lack of effective treatment and predictive targets, multiple 
therapies including immune checkpoint inhibitors are ineffective in 
PDAC. To combat this issue, RNA interference (RNAi) offers a new 
and potent gene therapy technique.

Methods: 
We engineered non-viral polymeric vectors Mal-Peg-Poly(L-Lysine) 
with targeting peptides and therapeutic siRNAs to treat xenograft of 

pancreatic cancer mouse models, cy7.5 NIR dyes coupled to nanopar-
ticle surfaces for visual imaging of B7H3. Phage display identified 
peptides that bind to the B7H3. Literature review and bioinformatics 
methods adopted to explore potential therapeutic targets in PDAC.

Results: 
Polymeric micelles targeted with B7H3–binding LTP peptide effi-
ciently homed to and accumulated at the site of tumorigenesis in mice. 
We have identified a molecule of the EGFR signal pathway, betacel-
lulin (BTC), involved in the resistance of pancreatic cancer cells to 
inhibitors of signal transducer and activator of transcription 3 (STAT3). 
Combined inhibition of BTC and STAT3 is a potential strategy for the 
treatment of PDAC. Taking advantage of the established Polymeric 
micelles, siRNAs targeting BTC and STAT3 were efficiently delivered 
to tumor tissue and consequently blocked the expression of STAT3 
and BTC in tumor. Furthermore, dual suppression of STAT3 and BTC 
inhibited tumor progression significantly by promoting apoptosis in 
tumor cells compared with other control treatment groups.

Conclusions: 
A non-viral polymeric vector Mal-Peg-Poly(L-Lysine) platform tar-
geted B7H3 in PDAC and delivered siRNAs for signal pathway proteins 
STAT3 and BTC, suppressed tumor growth in subcutaneous xenograft 
of pancreatic cancer mouse models and enabled molecular imaging of 
B7H3 in tumors
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Purpose: 
Although immune checkpoint inhibitor (ICI) therapy has been a tre-
mendous clinical benefit for some NSCLC patients, only ~20% of 
NSCLC patients respond to anti-PD1/PDL1 therapy. Using PET co-
clinical imaging to improve ICI therapies for NSCLC is challenged in 
part by a lack of quantitative preclinical PET imaging methods that are 
linked to quantitative clinical PET imaging methods. To address this 
we are developing methods using novel long-lived phantoms that can 
cross-calibrate preclinical and clinical PET scanners accuracies better 
than the 11% (human) and 16% (mice) coefficient of variation [1,2].

Methods: 
We used a previously developed 68Ge/68Ga PET cross-calibration 
phantom (the ’Xcal’) with a 9-month half-life [3,4]. The Xcal phan-
tom was used to demonstrate multi-site cross-calibration for 19 PET 
scanners at nine hospitals over a 14-month period [5]. This study dem-
onstrated that even using the same dose calibrator for scanner calibra-
tion and dose measurement still led to errors in standardized uptake 
values (SUVs) and absolute estimates of radiotracer uptake measure-
ments. The size of the Xcal phantom is convenient for imaging in our 
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preclinical PET scanner (Inveon PET/CT) and we have used this for 
repeatability measurements, longitudinal measurements, and cross-
calibration with our clinical PET/CT scanner (GE DMI). To test cross-
calibrating the preclinical and clinical PET scanners, we used several 
Xcal sources with different activity levels acquired over several years, 
thus with different levels of activity. We measured Xcal phantom data 
for our clinical PET scanner over a 1-year period, calibrated to a trace-
able NIST standard. We then used

Results: 
The measured coefficient of variation (CoV) for the dose calibrator 
standard (that was coupled to the Xcal phantom), after correction for 
radioactive decay, was under 0.1%. For the Xcal phantom itself, the 
measured image values were within ±2% of the expected value over 
the 1 year time period. We found that with an Xcal source strength of 
200 to 500 uCi it is possible to cross-calibrate the preclinical and clini-
cal PET scanners with the same phantom. The single-day test-retest 
scans on the pre-clinical PET/CT were very consistent with <1% stdev. 
There was, however, a 9% bias when compared to the same phantom 
is scanned on the clinical PET/CT scanner. This has been shown to 
potentially arise from different sources that can be mitigated [6]. The 
source of this bias is under investigation.

Conclusions: 
For reliable measurements of radiotracer uptake in co-clinical trials 
using PET imaging, longitudinal cross calibration studies are essential. 
This is facilitated with the use of long-lived NIST traceable sources 
that are in the operational range of both classes of scanners, which is 
200 to 500 uCi.
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Objective: The aim of this prospective study was to develop a nomo-
gram to estimate hepatocellar carcinoma (HCC) with cachexia.

Methods: 
In this study, a total of 212 HCC patients before preoperation who 
underwent PET/CT from two medical center was divided into the train-
ing  and  validation cohorts.  Clinical  features, PET/CT  param-
eters (SUVmax, SUVmin, SUVavg, SUVpeak, SULmax, SULmin, 
SULavg, SULpeak) of liver, pancreas, perirenal fat, subcutaneous fat, 
and erector spine muscle were analyzed. Logistic regression analyses 
were applied to select independent variables associated with HCC with 
cachexia in the development cohort that the predictive nomogram was 
built.  The area under the receiver operating characteristic curve 
(AUC), calibration slope and decision curve analysis were used to 
assess the nomogram performance.

Results: 
132 patients (52 with and 80 without cachexia) were in the train-
ing cohort  and 80  patients  (32  with and  48  without  cachexia) 
were  in  the  validation cohort.  Alpha-fetoprotein (AFP) >100 
ng/mL  (Odds Ratio [OR],  2.76; 95% CI:  1.03,  7.39; p=0.04), 
tumor size (OR, 2.24; 95% CI: 1.08, 4.65; p=0.03), SUVmax of 
liver (OR, 2.68; 95% CI: 1.17, 6.16; p=0.02), SULmin of perirenal 
fat (OR, 2.34; 95% CI: 1.13, 4.82; p=0.02), SULmin of subcutane-
ous fat (OR, 2.42; 95% CI: 1.03, 5.67; p=0.04) were independently 
associated with HCC with cachexia. The nomogram from training 
set showed good discrimination (AUC, 0.77 [95% CI: 0.68, 0.86]) 
and calibration abilities (calibration slope, 1) in the two validation 
cohorts.

Conclusion: 
This multivariate nomogram using  clinical characters  and  PET/
CT  parameters  may help estimate the probability of  HCC with 
cachexia.
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Purpose: 
To investigate the post-transplantation behaviour and therapeutic effi-
cacy of human urinary-induced pluripotent stem cell-derived cardiomy-
ocytes (hUiCMs) in infarcted heart by molecular imaging approaches. 
Methods We used clustered regularly interspaced short palindromic 
repeats/CRISPR-associated nuclease 9 (CRISPR/Cas9) technology to 
integrate a triple-fusion (TF) reporter gene into the AAVS1 locus in 
human urine-derived hiPSCs (hUiPSCs) to generate TF-hUiPSCs that 
stably expressed monomeric red fluorescent protein for fluorescence 
imaging, firefly luciferase for bioluminescence imaging (BLI) and her-
pes simplex virus thymidine kinase for positron emission tomography 
(PET) imaging. All experiments were performed following protocols 
of the Institutional Animal Care and Use Committee (IACUC) of Zhe-
jiang University School of Medicine (Protocol No. #ZJU20190062).

Results: 
Transplanted cardiomyocytes derived from TF-hUiPSCs (TF-hUiCMs) 
engrafted and proliferated in the infarcted heart as monitored by both 
BLI and PET imaging and significantly improved cardiac function. 
Under ischaemic conditions, TFhUiCMs enhanced cardiomyocyte 
(CM) glucose metabolism and promoted angiogenic activity.

Conclusion: 
This study established a CRISPR/Cas9-mediated multimodality 
reporter gene imaging system that can determine the dynamics and 
function of TF-hUiCMs in myocardial infarction, which is helpful for 
investigating the application of stem cell therapy.
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The overproduction of ROS mediates the pathogenesis of numer-
ous diseases, such as pathogenesis of numerous diseases, such as 
cardiovascular disease, diabetes, atherosclerosis, asthma, Alz-
heimer’s disease, psoriasis, rheumatoid arthritis, and acute lung 
injury (ALI). Previously, we have reported preclinical validation 
of Galuminox, a molecularly specific probe to monitor ROS-medi-
ated inflammation through multiple bioassays, and demonstrated 
its ability to image inflammation in an acute lung injury model. 
Using live-cell fluorescence imaging, we also showed its localization 
in the mitochondria of cells. To confirm unambiguously, if previ-
ously observed intracellular uptake profiles of Galuminox in human 
alveolar basal epithelial (A549) cells at macroscale are observed 

at tracer concentrations, herein, we report cellular uptake of 68Ga-
Galuminox under identical conditions and show its localization 
within mitochondria of A549 cells following treatment with LPS. 
Galuminox was obtained via reaction of 68GaCl3 and the precursor 
ligand, purified on Phenomenex Strata-X-C cartridge, and analyzed 
using radio-HPLC. To evaluate the cellular accumulation studies, 
A549 cells were plated and incubated with serum-deprived media 
(starvation), LPS (5μg/mL), Mitomycin C (0.5μg/mL) or vehicle for 
24h at 37°C under a continuous flux of 5%  CO2, and treated with 
either 68Ga-Galuminox or its unlabeled counterpart Galuminox (20 
μM; 60min). For radiotracer cell assays, net uptake was quantified 
(fmol ×  (nM0)− 1 × (mg protein)− 1). For identification of radiotracer 
in mitochondria of cells, (5-fold higher activity; 100 μCi/mL) was 
incubated A549 cells (10 fold higher number of cells plated in a 
flask) at 37°C for 60 min either in the presence or absence of LPS 
in the control buffer. A549 cells were fractionated for mitochondria, 
using Tom 22-mediated immunomagnetic bead positive selection 
followed by counting of mitochondrial fractions for γ activity, and 
 finally68Ga-Galuminox uptake was quantified. For Fluorescence 
imaging, images were acquired using a Nikon A1R scanning confo-
cal microscope with a 20x objective utilizing a 405 nm laser line 
using NIS-Elements software. The cellular uptake of Galuminox 
was quantified and analyzed using Image J. Compared with vehicle-
treated controls, 68Ga-Galuminox shows 3-, 8-, and 12-fold higher 
accumulation in nutrient-deprived (starvation), LPS-, and Mitomy-
cin C treated A549 cells. Compared to LPS-induced ROS, a much 
higher uptake of 68Ga-Galuminox with a lower dose of mitomycin-C 
could be attributed to the presence of a higher density of functionally 
impaired mitochondria in the cytoplasm of cells due to the inhibition 
of mitophagy, a mechanism for shuttling of damaged mitochondria 
to lysosomes. Furthermore, 68Ga-Galuminox shows 2.5-fold higher 
retention within mitochondria (obtained through Tom 22-mediated 
immunomagnetic bead positive selection) of LPS-treated A549 cells 
compared to buffer treated counterparts. The latter data show direct 
evidence of localization of 68Ga-Galuminox within mitochondria 
following LPS-induced ROS in human lung epithelial A549 cells. 
Taken together, 68Ga-Galuminox shows uptake profiles in A549 cells 
similar to those earlier reported in fluorescence bioassays indicating 
a good correlation between fluorescence and radiotracer bioassays.

Conclusion: 
Following further biochemical validations in vivo, 68Ga-Galuminox 
could provide a noninvasive imaging agent for interrogating ROS-
mediated pathogenesis in diseased models.
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Objective: 
This study aims to develop a new method to produce no-carrier-added 
(NCA) 4-borono-2-18F-fluoro-phenylalanine (18F-FBPA). Regarding 
there is no study to compare the difference in biological characteristics 
between NCA and carrier-added (CA) 18F-FBPA, we determined the 
effect of the amount of non-radioactive FBPA in the in vitro cellular 
uptake and in vivo imaging studies.

Methods: 
Starting from 4-bromo-2-nitrobenzaldehyde, NCA 18F-FBPA was 
prepared via radiofluorination, alkylation, borylation, and hydrolysis. 
Cellular uptake studies, microPET imaging, and biodistribution stud-
ies were conducted to characterize the biological properties of NCA 
and CA 18F-FBPA.

Results: 
The radiochemical yield of NCA 18F-FBPA was 12±6 (decay cor-
rected) with a radiochemical purity of >98% and specific activity of 
56 MBq/nmol in a 100-min synthesis. The in vitro accumulation of 
NCA 18F-FBPA was significantly higher than that of CA 18F-FBPA in 
either SAS or CT-26 cells. The uptake of NCA 18F-FBPA, as well as 
CA 18F-FBPA, dramatically declined after the inhibition of the L-type 
amino acid transporter (LAT-1). However, there was no apparent dif-
ference in tumor uptake between NCA and CA 18F-FBPA-injected 
tumor-bearing mice. The results obtained from biodistribution studies 
were in accordance with the findings derived from microPET imaging. 
The fraction of the intact NCA 18F-FBPA in plasma and urine at 1-h 
post-injection was more than 90%, indicating its high in vivo stability.

Conclusion: 
We successfully prepared NCA 18F-FBPA via a new nucleophilic sub-
stitution route, having the potential to be automated, with an accept-
able radiochemical yield and radiochemical purity. We also demon-
strated that the high specific activity of NCA 18F-FBPA resulted in 
higher cellular uptakes but equivalent in vivo tumor accumulation with 
CA 18F-FBPA
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Objectives: 
Prostate cancer (PCa) is the most common cancer-related malignancy 
in older men worldwide, with a high mortality  rate1. To solve the prob-
lems of positive margins and other complications during radical pros-
tatectomy, it is necessary to develop suitable optical imaging probes to 
distinguish tumor from normal tissue during surgery. Prostate-specific 

membrane antigen (PSMA) is a membrane-bound glutamate carboxy-
peptidase II overexpressed in  PCa2 3. In this study, two Glu-Ureido-
Lys pharmacophores with high affinity to PSMA were conjugated to the 
squaraine fluorophore for in vivo imaging and intraoperative guidance 
in tumor-bearing mice.

Methods: 
The PSMA-targeted squaraine dye SQ-CN-PSMA was synthesized 
by a simple and effective condensation reaction between the fluoro-
phore and two Glu-Ureido-Lys pharmacophores (Figure 1C). The 
binding constants (Ki) of SQ-CN-PSMA to PSMA was determined 
by a fluorescence-based NAALADase assay. In vivo optical imaging 
was investigated in mice bearing subcutaneous 22Rv1 tumor xenograft 
after injection of SQ-CN-PSMA (2 nmol) with or without DCFPyL (2 
μmol) inhibition at different time points.

Results: 
The excitation and emission spectra of SQ-CN-PSMA showed suitable 
optical properties for in vivo imaging. A competitive binding assay 
revealed high binding affinities towards PSMA (Ki = 0.34 ± 0.17 nM). 
At 4 h postinjection, the tumor was clearly distinguished from sur-
rounding tissue with good contrast (TNR = 3.28 ± 0.66, Figure 1A 
and B), and high image quality was maintained in the subsequent time 
with a higher TNR value (11.08 ±1.59 for 24 h, Figure 1B). In addition, 
the in vivo blocking experiment well proved that SQ-CN-PSMA is a 
specific ligand for PSMA (Figure 1A and B).

Conclusions: 
We successfully synthesized a novel  PSMA-targeted squaraine 
dye, SQ-CN-PSMA, which displayed excellent optical and biological 
properties toward PSMA.
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Purpose: 
Although immune checkpoint inhibitor (ICI) therapy has been a tre-
mendous clinical benefit for some NSCLC patients, only ~20% of 
NSCLC patients respond to anti-PD1/PDL1 therapy. Using PET co-
clinical imaging to improve ICI therapies for NSCLC is challenged in 
part by a lack of informatics structures that enable the collection, analy-
sis, and sharing of quantitative pre-clinical and clinical PET imaging 
data. We are developing methods that allow sharing data and resources 
on co-clinical trials by extending the DICOM standard for pre-clinical 
small animal imaging with DICOM-compliant structures that provide 
necessary quantitative meta-data

Methods: 
We are leveraging methods recently developed for standardized repre-
sentations using the nearly universal Digital Imaging and Communi-
cations in Medicine (DICOM) standard. DICOM is a comprehensive 
standard that contains metadata identifying and relating individual 
objects, and follows a common data model. Thus, unlike other image 
formats that may be more convenient for a specific research task, 
DICOM allows for interoperability between image analysis tools and 
reusability of analysis results for other purposes, i.e., in accordance 
with the FAIR (Findable, Accessible, Interoperable, Reusable) prin-
ciples [1,2].
While DICOM is well-known as a means of transferring and stor-
ing medical images, it also supports collecting information about 
images. This has the key benefit that additional meta-information 
about images (needed for quantitative analysis) can be stored in a 
DICOM database long with the images using a variety of DICOM 
objects. These include SEG: DICOM Segmentation object for ROI 
definition and labeling of anatomical structures, such as primary 
tumor or liver. SR: DICOM Structed Report for tracking clinical 
and quantitative data. RWVM: DICOM Real-World Value Mapping 
objects encode mapping of the image-specific SUV factor that is 
needed for normalization of the images and subsequent processing. 
These objects can also be updated or extended as needed to capture 
data from additional image analyses. The use of DICOM objects 
combined with the Healthcare API implemented in Google Cloud 
Platform also facilitates the creation of DataStudio dashboards that 
provide interactive real-time information on available images and 
their associated meta-data. Such dashboards have been created for 
the NCI Imaging Data Commons and the Medical Imaging and Data 
Resource Center (MIDRC).
We have implemented a first step with DICOM objects that can be 
modified for use with preclinical images to correctly capture and trans-
fer quantitative information in a tracible manner. Initial results are with 
DICOM RT Structure Sets (RT STRUCT) for region of interest (ROI) 
definition and evaluation.

Results: 
An RT STRUCT object defined on a commercial MiM platform was 
used to define an ROI for an FDG-avid region of a lung tumor evident 
in the PET image of a WT mouse. From this the image mean and 
max. values, volume etc. were calculated. The RT STRUCT object 
was transferred to two open source DICOM analysis platforms: Horus 
and 3Dslicer and the image values were successfully re-computed. 
However, our preliminary results indicate that DICOM images from 
preclinical PET scanners do not always contain the needed (or correct) 
information for quantitative imaging. Suggested guidelines on the use 
of PDX models in preclinical research list over 40 metadata fields that 
should be captured and tracked to support research results, which we 
are in the process of adding.

Conclusions: 
The use of the DICOM objects as informatics structures for co-clinical 
imaging enables collecting necessary information about the images. 
This information can be stored in DICOM systems, taking advantage 
of a broadly implemented and actively supported standard. In addi-
tion, the use of DICOM supports the open-source data dashboards, of 
which there are now several instances for both clinical and pre-clinical 
collections.

Reference
1. Wilkinson MD et al. The FAIR Guiding Principles for scientific 

data management and stewardship. Sci Data. 2016;3:160018. 
PMCID: PMC4792175. PMID: 26978244.

2. A. Fedorov et al., “Quantitative Imaging Informatics for Cancer 
Research.,” JCO Clinical Cancer Informatics, vol. 4, pp. 444–453, 
2020, doi: 10.1200/cci.19.00165.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

583-Total-Body Preclinical PET Imaging using Gapless DOI 
Detectors

Presenter: Tiantian Li, University of California, Davis

Xuezhu  Zhang1, Tiantian Li2, Qian  Wang3, Simon R.  Cherry1, Junwei 
 Du4, Jinyi  Qi1

1University of California, Davis, Davis, CA
2University of California, Davis
3University of California, Davis, Davis, California
4University of California, Davis, Davis

PET scanners with depth-of-interaction (DOI) detectors can achieve 
high uniform spatial resolution across the field-of-view (FOV). We 
have previously developed a detector based on a gapless curved scin-
tillator array to reduce the dead space between detector modules and 
hence improve the photon detection sensitivity [1]. It can measure the 
DOI for high-resolution imaging using SiPM arrays coupled to both 
ends of scintillator arrays with finely segmented and long scintillator 
elements. Here we propose a total-body (TB) preclinical PET scanner 
that uses gapless curved LYSO arrays for both high-resolution and 
high-sensitivity imaging. In this work, we perform simulation and 
image reconstruction study of the small-animal TB-DOI PET. The 
system has an inner ring diameter of 16 cm and an axial FOV of 25 
cm. It consists of 16 detector blocks transaxially and 8 block rings 
axially with each module consisting of a curved shape 30 × 30 LYSO 
crystal array with a pitch size of 1.05 × 1.06 (transaxial × axial)  mm2 at 
the front and 1.44 × 1.06  mm2 at the back, and a crystal thickness of 
30 mm. There is no gap or dead space in-between blocks transaxially 
and axially except the 50 μm Toray reflector and 10 μm optical grease. 
We modeled the gapless scanner in SimSET using the cylindrical PET 
configuration. The DOI resolution was modeled by blurring the photon 
detection position with a Gaussian function of 2.5 mm FWHM and 
discretized into 12 DOI bins with a bin width of 2.5 mm. A list-mode 
image reconstruction was developed to take advantage of the statistical 
and physical models of the long axial PET [2]. The system response 
was modeled in the image-domain using a spatially variant point spread 
function (PSF) model, which was obtained by simulating and recon-
structing point source scans in the center transaxial plane and along 
the axial axis. The resolution models were decoupled into separable 
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transaxial and aixal PSF kernels for image reconstruction. A uniform 
cylinder source covering the whole FOV was simulated to calculate the 
normalization factors for quantitative image reconstruction. The pro-
posed TB-DOI scanner forms more than 500 billion LORs. To reduce 
the storage size and increase the statistics of the normalization factor 
in each individual LOR, we took advantage of the geometric symmetry 
of the scanner and calculated a compressed 4D normalization sinogram 
(shown in Table 1 & 2), with a size less than 20 MB. We performed 
a series of simulations using various phantoms including a cylinder 
source, point sources, and MOBY (mouse whole-body phantom) to 
evaluate the performance of the proposed scanner. The image recon-
structions of the simulated data with and without DOI were compared. 
The results show that the image resolution was greatly improved by the 
DOI information and the incorporation of the PSF can further improve 
the image quality. It demonstrates the benefits of using both DOI and 
the PSF model. In conclusion, we proposed a high-resolution and high-
sensitivity total-body preclinical PET scanner using gapless curved 
crystals and DOI capable detectors. We developed the image recon-
struction method to achieve high-resolution quantitative imaging. The 
reconstruction method can be extended to other systems with DOI. We 
will conduct more phantom studies for the evaluation and optimization 
of the proposed scanner.
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Introduction: 
In this study, we investigated whether co-hyperpolarized [1-13C]pyru-
vate and [1-13C]dehydroascorbate (DHA) along with 3D Magnetic Res-
onance Spectroscopic Imaging (MRSI)1-4 might be a useful method to 
evaluate differences in compartmentalized metabolism in mouse brain. 
Two brain regions were investigated, the thalamus (THA, gray matter) 
and the corpus callosum (CC, white matter), with the goal to evaluate 
the feasibility of the method and assess potential metabolic differences.

Methods: 
Female C57Bl/6J mice (Harlan Laboratories, Indianapolis, IN, USA) 
aged 22 weeks (n=3, 22-25g) were used in this study. Animal pro-
cedures were performed in accordance with MSK Institutional Ani-
mal care guidelines. Following tail vein cannulation, each mouse was 
injected over 10s with 200μL of co-hyperpolarized 40 mM [1-13C]

DHA and 100 mM [1-13C]pyruvate. Both substrates were co-hyper-
polarized for two hours (150μL of a 40:60 v/v mixture of monomeric 
[1-13C]DHA and [1-13C]pyruvate containing 15 mM AH111501 trityl 
radical) through the SpinLab polarizer (GE Healthcare) and dissolved 
in 13 ml  D2O. After dissolution, the sample was collected in a flask 
containing an equimolar amount of sodium acetate to neutralize the 
pyruvic acid. MR experiments were performed using a 3T MRI system 
(Bruker, Billerica, MA) equipped with a 40 mm inner-diameter, quad-
rature double-tuned 1H/13C volume coil. The MRI protocol included 
a T2-weighted fast spin-echo (FSE) sequence for anatomical refer-
ence and a multi-slice 13C 2D-Echo-Planar-Spectroscopic-Imaging 
(EPSI) sequence (TR/TE = 900/3.5 ms, 32 x 32  mm2 of field-of-view, 
6 slices of 3.5mm thickness), which is run 25s after the substrate injec-
tion simultaneously with the effect of the substrate in the brain. Both 
sequences were repeated for the reference scan (6M 13C-urea phantom). 
Spectroscopic data were analyzed using a custom Matlab script while 
metabolic maps were calculated using  SIVIC5. A region-of-interest 
(ROI)-based analysis was performed to evaluate differences between 
gray (Thalamus, THA) and white matter (Corpus Callosum, CC). Sta-
tistical analysis was performed using GraphPad Prism (version 9.1.1).

Results: 
Figure 1 shows the coronal (A), axial (B) and sagittal (C) views of a 
mouse brain (upper panel) with the corresponding spectra acquired in 
each voxel of the brain (lower panel). A representative spectrum from 
a voxel of the overlayed grid on the brain showing the main metabolites 
is reported in figure 1D. The overlay of representative metabolite maps 
(Figure 2), pyruvate (A, upper panel) and lactate (A, lower panel), and 
DHA (B, upper panel) and Vitamin C (B, lower panel), on the anatomi-
cal proton image demonstrates differential lactate and vitamin C gen-
eration, respectively. The comparison of the hyperpolarized metabo-
lites between two different regions of the brain (Figure 3B-C, 3E-F), 
thalamus (THA - gray matter) and corpus callosum (CC – white mat-
ter), show statistically significant differences in pyruvate and DHA lev-
els in the two brain regions (n=3, P<0.05) (Figure 3B,E). Moreover, 
the Lactate / Pyruvate and Vitamin C / DHA ratios were determined in 
both brain regions (Figure 3D,G), showing differential metabolism in 
these compartments, suggesting redox mediated differences.

Conclusion: 
Our findings show the feasibility and sensitivity of this novel meth-
odology to reveal differences in the compartmentalized metabolism 
of murine brain. We observed significant differences in pyruvate and 
DHA in the thalamus and corpus callosum. Given that generation of 
hyperpolarized lactate is mediated by  NAD+-dependent metabolism 
and vitamin C by NADPH, this work suggests differential redox com-
partmentalization in these regions of the murine brain. This is a first 
step to better understand the metabolic pathways in the mouse brain 
with the prospect to extend the investigation through neurological and 
oncological pathologies with a future possible translation into humans.
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Photodynamic therapy (PDT) involves the combination of non-toxic 
photosensitizers and light, which in the presence of oxygen allows for 
the generation of reactive oxygen species (ROS) for cell and tissue 
destruction. PDT is an attractive cancer treatment modality as light 
can be spatially focused to the tumour area, which can also confine 
the photosensitizer activation to the tumour region. This allows for 
local tumour ablation while sparing the surrounding healthy tissue. 
Porphysomes (PS) are composed of porphyrin-lipid building blocks 
(>80 000 porphyrins per particle) that self-assemble into liposome-
like nanoparticles [1]. The high density of porphyrin photosensitizers 
within the PS structure makes them great nano-agents for fluorescence 
imaging applications and photonic-based therapies [1]. However, 
compared to conventional nanoparticle receptor-targeting strategies, 
conventional (non-targeting) PS formulations appear to have limited 
PDT application due to its poor cellular uptake in cancer cells [2-3]. 
Ethylenediaminetetraacetic acid (EDTA) is considered an absorption 
enhancer and has been reported to promote the penetration of various 
agents through the epithelium of various tissues [4-6]. It has also been 
reported to interact with and induce the fluidization and temporary 
permeability of lipid membranes [7], which may offer a novel strategy 
to improve nanoparticle cell uptake and therapeutic efficiency. We have 
recently developed a new generation of PS nanoparticles (NPS) which 
utilize an EDTA-nanoparticle mediated strategy as a novel approach 
for enhancing nanoparticle accumulation within cancer cells and to 
overcome the current PDT limitations of PS. We found that NPS was 
able to significantly enhance the intracellular accumulation of PS in 
KB cervical cancer cells after 6 hours of incubation, with significant in 
vitro PDT efficacy occurring as early as 3 hours post-incubation. 
Herein, we report our evaluation of the in vivo tumour fluorescence 
activation, biodistribution, and PDT efficacy of NPS compared to PS 
in subcutaneous KB-tumour bearing mice. NPS showed rapid tumour 
accumulation and fluorescence activation as early as 1-hour post-injec-
tion compared to PS where tumour fluorescence was observable after 
6 hours post-injection. Maximal in vivo tumour fluorescence activa-
tion for both NPS and PS was observed at 24 hours post-injection. 

The results of a biodistribution study suggested that the maximal 
tumour accumulation of NPS and PS occur at 3-hour post-injection. In 
vivo tumour fluorescence imaging in a hamster-cheek carcinogenesis 
model also demonstrated rapid NPS tumour-specific fluorescence acti-
vation as early as 15 minutes post-systemic administration, which was 
sustained up to 24 hours, while PS demonstrated much weaker tumour 
fluorescence at all timepoints. The unquenching of intact NPS and PS 
into their monomeric porphyrin-lipid components enable fluorescence 
imaging and ROS generation upon laser irradiation for PDT applica-
tions; therefore, our results encourage further investigation into the in 
vivo PDT efficacy of NPS compared to PS at drug-light-intervals less 
than 24 hours, where differences in the fluorescence activation of NPS 
and PS appear to be the most prominent. An in vivo PDT efficacy study 
suggested that NPS possessed higher PDT efficacy with a short 3-hour 
drug-light-interval compared to PS, where a higher rate of tumour abla-
tion and mouse survival was observed in mice that received NPS com-
pared to PS. This work aims to introduce our novel NPS nanosystem, 
which utilizes a novel EDTA-nanoparticle mediated strategy to improve 
the uptake of porphysomes in cancer cells as a promising agent for 
PDT applications in cancer treatment. Our work also encourages future 
investigations into determining the potential generalizability of this 
EDTA-nanoparticle mediated strategy to improve other nanomedicine 
formulations that possess similar limitations.
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Glucose-stimulated insulin secretion (GSIS) from pancreatic β-cells 
plays a crucial role in regulation of blood glucose levels.1 Recent 
studies have shown that not all pancreatic islets respond equally to an 
increase in blood  glucose2 and, even within an individual islet, not all 
β-cells release insulin simultaneously.3 We have previously demon-
strated that glucose stimulated zinc secretion (GSZS) can be detected 
as “hot spots” in the tail of rat pancreas in vivo and that not all islets 
respond equally to an increase in plasma glucose.4,5 This imaging 
method offers the opportunity to monitor individual islet function in 
pancreas during progression of type 2 diabetes and may prove useful 
in evaluating new drugs providing that the method can be shown to be 
completely non-invasive. In an in vivo imaging study of non-human 
primates,5 a different high affinity  Zn2+-responsive MRI agent was 
infused continuously, and blood insulin and C-peptide levels were 
found to be higher during infusion of the  Zn2+-binding agent compared 
to a control agent. This suggests the agent itself may have an impact 
on release of insulin. In the current study, two different gadolinium-
based zinc-responsive agents, one with higher  (GdL1) and another with 
lower affinity  (GdL2) for  Zn2+ ions,4 were compared to evaluate the 
potential impact of these agents on insulin secretion. We have previ-
ously reported that both  GdL1 and  GdL2 can detect  Zn2+ secretion from 
β-cells in the pancreas tail (Figure 1). In different groups of animals, 
 GdL1 or  GdL2 were infused with glucose at a rate of 22.5 mL/min 
over 30 min. A cocktail of glucose (2.75 mmol/kg) plus either  GdL1 or 
 GdL2 (0.01 mmol/kg) was infused into a jugular vein in anesthetized 
rats (Sprague Dawley, 300~350 g). Blood samples were collected at 
time 0, 5, 15, 30 min during infusion via a tail vein, and analyzed for 
glucose, insulin, and  Zn2+ at each time point. The blood glucose level 
(mg/dL) was quantified using a glucose meter, insulin (μU/mL) was 
measured using commercially available kits, and Zn was  m2+ measured 
by inductively coupled plasma mass spectrometry (ICP-MS). Plasma 
glucose levels increased gradually from ~100 mg/dL to ~350 mg/dL 
during infusion of either  GdL1 and  GdL2. As expected, insulin also 
increased from ~4 to ~ 60 μU/mL in parallel with plasma glucose in 
both studies while plasma  Zn2+ did not increase significantly in either 
group. In conclusion, both higher  (GdL1) and lower affinity  (GdL2) 
 Zn2+-responsive MRI agents successfully detect the β-cell function in 
vivo while our preliminary findings indicate there were no differences 
in plasma insulin or  Zn2+ levels after continuous infusion of either 
agent. Further experiments are underway to compare the ability of the 
two agents to differentiate first responder islets from all islets.
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Background: 
Planar scintigraphy using 99mTc-dimercaptosuccinic acid (DMSA) is 
the best tool for assessing renal scarring, particularly in youngsters, but 
the utility of single-photon emission computed tomography/computed 
tomography (SPECT/CT) is not well established.

Aim: 
The aim of the current study was to compare the value of planar, 
SPECT, and SPECT/CT imaging using 99mTc-DMSA in the detection 
of renal cortical scarring.

Patients and Methods: 
In this prospective trial, patients with clinically suspected renal corti-
cal abnormalities were included. Planar images of 99mTc-DMSA were 
taken approximately 3 hours after intravenous injection of 185 MBq 
of the tracer. After the planar scans, SPECT/CT images were taken. 
The images were analyzed by a trained nuclear medicine physician 
who was blinded to both clinical data and other imaging results. Each 
image set was scored as 0; no detectable defects, 1; single defect, 2; 
multiple defects, and finally the results of each modality were compared 
against each other.

Results: 
A total of 186 kidneys from ninety-three patients were recruited in 
this study (55 males and 38 females, mean age: 31.9 ± 18.5 years). On 
lesion based analysis, planar images revealed 5 single and 7 multiple 
defects, SPECT images revealed 17 single and 40 multiple defects 
while SPECT/CT images revealed 5 single and 11 multiple defects. 
Planar and SPECT images agreed in the reading of 131 kidneys and 
disagreed in the readings of 55 ones (P< .01). Planar and SPECT/
CT images agreed in the reading of 152 kidneys and disagreed in the 
readings of 34 ones (P< .01). Out of the 17 single defects detected 
by SPECT imaging only 5 were proved to be scar in the SPECT/CT 
images and the remaining 12 lesions were corresponding to a solitary 
cortical cyst in the CT images. Only 11/40 cases with positive multiple 
defects in the SPECT imaging were proved to be scar in SPECT/CT 
images and the remaining lesions were corresponding to either multiple 
cortical cysts or hydro-nephrotic changes. Four kidneys with multiple 
defects in the SPECT/CT images were found to be normal in planar 
readings and this was attributed to increased renal background activity 
and decreased renal function.

Conclusion: 
In patients with suspected renal cortical scarring,  99mTc- DMSA 
SPECT/CT imaging was superior to both planar and SPECT imaging 
as it decreased the number of false-positive readings of SPECT and the 
false-negative readings of the planar method.

Keywords: 99mTc- DMSA, Planar, SPECT/CT, Cortical defects, Renal.
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Introduction: 
FDG is widely used for imaging glucose metabolism in cancer. Glu-
tamine metabolism is altered in tumors with comparable importance 
to glucose metabolism. A subset of cancers demonstrate glutamine 
“addiction,” presenting a possible tumor-specific target. CB-839 is an 
inhibitor of the first step in glutamine catabolism which involves the 
enzyme glutaminase (GLS). The use of CB-839 in combination with 
taxol chemotherapy was furthered to phase II clinical trials in triple 
negative breast cancer (TNBC) without limiting toxicity. However, 
efficacy was highly variable, obviating the need for a biomarker of 
response. A more mechanistic understanding of glutamine “addiction” 
would improve the design of molecular imaging agents. Glutamine 
metabolism involves both redox pathways in the cytosol and anaplerotic 
pathways in the mitochondria. Kinetic analyses have been performed on 
positron emission tomography (PET) metabolite analogs, specifically 
glutamine analogs (2S,4R)-4-[18F]fluoroglutamine ([18F]4F-Gln) 
and [5-11C] glutamine, as well as glutamate analog (4S)-4-(3-[18F]
fluoropropyl)-L-glutamate ([18F]4F-FSPG). These kinetic analyses 
support the hypothesis that glutamate arising from mitochondrial 
glutamine metabolism is stored in mitochondrial pools as a “buffer” 
to mediate oxidative stress from proliferation or chemotherapies that 
induce oxidative stress like paclitaxel. We propose that analyzing the 
subcellular distributions of [18F]4F-Gln, FSPG, 13C glutamine and 
13C glutamate both in vitro and in vivo will confirm this mitochondrial 
glutamate pool hypothesis (Lee et al., 2019).

Methods and Materials: 
To further assess glutamine metabolism compartmentation, we are 
developing and testing an expansion of the modeling approach used 
for non-metabolized [18F]4F-Gln by performing kinetic analysis of 
administered [5-11C] glutamine and downstream metabolites ([5-11C] 
glutamate and [11C] CO2). This analysis will guide the design and 
interpretation of experiments utilizing a preclinical model of breast 
cancer used by our group to model [18F]4F-Gln PET tracer data. Sub-
cellular isolation protocols will be employed to compare cytosolic and 
mitochondrial 13C and PET glutamine and glutamate pools, with and 
without CB-839, in vitro, with validation experiments in flank xeno-
graft tumors in vivo.

Results: 
[5-11C] glutamine kinetic modeling has been conducted to further sup-
port a two-compartment model of glutamine metabolism (Figure 2B). 
The isolation method has been validated by western blot analysis of the 
subcellular fractions. Conclusions: Analysis of subcellular metabolic 
compartmentation in both modeling and experimentation can provide 
underlying mechanistic insight into whole tumor tracer data.

Clinical Relevance/Application: 

If successful, this project will improve translational efforts in develop-
ing and interpreting the results of PET tracers of glutamine metabolism 
as biomarkers of treatment response in TNBC.
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Metatarsal fractures are common injuries among athletes, of which the 
fifth metatarsal (MT5) is the most commonly injured  bone1. Zone II 
(Jones) fractures are located at the proximal metaphyseal-diaphyseal 
junction of MT5. They account for significant morbidity and high 
delayed union, nonunion and refracture rates in general, as well as 
long term impediments in  function2. Operative management, primarily 
percutaneous intramedullary screw fixation, is the treatment of choice, 
especially in professional athletic populations, due to lower failure rates 
and faster return to function, resulting in minimal  deconditioning3,4. 
Nonunion of Zone II fractures is mostly related to poor vascularization. 
In addition, variations in fifth metatarsal medullary canal diameter, bone 
length, apical height, and angle of curvature pose challenges to success-
ful selection of intramedullary screw for fixation of Zone II  fractures5. 
Due to complexity in regional anatomy of the Zone II area of MT5 
the selection of surgical screws based on size is essential for optimal 
healing and maximal return of functionality. Anatomical variations of 
MT5 have similarly been shown to affect functionality after intramed-
ullary screw  fixation6. Previous research confirmed that differences in 
morphology determined by 2D radiographic measurements have been 
significantly correlated with patient-reported physical function  scores6. 
The main goal of the present study is to use 3D morphometric meas-
urements for optimal preoperative screw sizing and screw placement 
during percutaneous fixation of Zone II fractures. Variation for each 
measurement in different populations will be assessed and compared 
to previously published radiographic and CT  measurements6,7. If our 
results demonstrate large variation for each measurement, a protocol 
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that could describe individual measurements of 3D renderings of MT5 
will be proposed. Additionally, this protocol will allow customization 
of screw sizing prior to operative care of Zone II fractures. Coefficient 
of variation (CV) as a measure of relative variability is used to assess 
the morphological variation of MT5 (Fig.1). The study sample (n~300) 
consists of diverse archeological e.g.,8,9 and recent e.g.,10,11 materials 
from geographically diverse human populations. Micro-CT, and CT 
images were acquired to generate 3D surface renderings, which were 
then measured using Amira 3D 2021.2 and VGSTUDIO Max 2022.1 
software (Fig.1). The data were analyzed using JMP Pro 16 (2021 SAS, 
Inc.). Analysis of variance (ANOVA) was performed to evaluate the 
difference between groups with the Tukey-Kramer HSD post hoc test 
(α=0.05). Here, we report preliminary results from three different geo-
graphic populations. Results show that CV for lateral curvature height 
(LCH) and medullary width (MW) were large in all studied groups 
(i.e., 40.77 (27.82), 52.49 (17.44), and 53.50 (38.27) for LCH (MW), 
respectively), while CV for the angle of tilt (AT) from the major axis 
of MT5 for each respective populations was small (1.05, 0.4, and 1.3). 
ANOVA showed the statistically significant result for AT (p=.028) and 
MW had a non-statistically significant, but expressed p-value of 0.051. 
Morphometric variation in MT5 is consistent with prior literature using 
2D radiographic  measurements11. Our results also differ from previous 
 research6,7, where MW had lower variation and no statistical signifi-
cance between males and females  studied7. Additionally, absolute values 
of our 3D measurements show differences from previously published 
2D  measurements7, possibly related to the problem of plane of section 
of 3D structures. In this regard, our method delivers precise measure-
ments for given morphology and illustrates the importance of acquiring 
individual measurements for screw sizing prior to operative manage-
ment of Zone II fractures. The importance of individual measurements 
for positive surgical outcome is reinforced by the lack of significant 
correlation between most of the studied measurements.
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The pre-therapeutic dosimetry with surrogate radiopharmaceuticals helps 
to maximize therapeutic responses for tumors while minimizing the pos-
sible hazard to healthy tissues in the targeted radionuclide therapy. The 
present study aimed to investigate the theranostic surrogacy of  [123I]NaI 
for  [131I]NaI in the differentiated thyroid cancer (DTC) using the xeno-
graft model mouse in terms of the pharmacokinetics and absorbed dose 
estimates. We prepared a total of eight DTC subcutaneous xenograft mice 
bearing sodium-iodide symporter (NIS) expressing human thyroid carci-
noma cells (K1-NIS cells). Those mice underwent sequential SPECT/CT 
scans at multiple time points according to the physical half-life of each 
radionuclide to fully elucidate the time course of the distribution includ-
ing the elimination after the administration of  [123I]NaI and  [131I]NaI. 
Biodistribution and pharmacokinetics of each radiopharmaceutical in the 
tumor and various organs were examined using SPECT/CT images. And 
a Monte Carlo simulation using voxelized-source (SPECT) and -phantom 
(CT) was performed for radiation transportation and the electromagnetic 
process of radioactive decay to estimate the absorbed doses. In vitro high 
iodide (125I) uptake in K1-NIS cells led to the substantial uptake of  [123I]
NaI and  [131I]NaI in the tumor. The biodistribution and pharmacokinetics 
of  [131I]NaI in the tumor and various organs were marginally similar to 
the  [123I]NaI, while the difference increased over time. The absorbed dose 
as the integral sum of the area under the normalized dose rate curve was 
significantly affected by the extent of the extrapolated terminal fraction of 
the curve.  [123I]NaI exhibited a surrogacy in terms of the biodistribution 
and pharmacokinetics in the tumor and various organs for  [131I]NaI in 
the mice xenograft model of differentiated thyroid cancer. However, the 
pre-therapeutic dosimetry of  [131I]NaI using  [123I]NaI in the tumor could 
be problematic when estimating the absorbed dose including the period 
of the terminal phase of the pharmacokinetics.
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In vivo imaging tools plays a crucial role in elucidating cell trafficking 
in biological systems. Several imaging techniques have been explored 
to study the kinetic patterns of cell circulation at the single-cell level. 
However, these techniques are often limited by low sensitivity and tem-
poral resolution,1,2 shadow penetration depth,3,4 and blood background 
signal.5 Recent work has demonstrated the feasibility of tracking the 
migration of individual live cells  in vivo using Positron Emission 
Tomography (PET).6 However, this method is labor-intensive and can-
not track more than 1 cell per animal. We thus report several improve-
ments in the tracking workflow. First, we demonstrate a novel algorithm 
(PEPT-EM) to track multiple single cells simultaneously within the 
same scan. Second, we developed an optimized cell labeling protocol 
that uses FDG, bypassing the need for nanoparticle radiochemistry and 
improving tracking accuracy thanks to the lower positron range of 18F 
compared to 68Ga. Third, we investigated the use of a microfluidics-
based device to select and dispense single cells prior to in vivo injec-
tion. The study’s overall goal is to expand the application of PET for 
tracking single cells in vivo. We employed a novel and simple workflow 
to prepare viable radiolabeled single cells using a microfluidic-based 
single-cell dispenser device. Murine cancer cell lines (B16-F10 and 
4T1) were cultured in a 6-well plate and incubated in culture media 
containing FDG (20 mCi/2 ml) for 45 minutes. Residual free FDG was 
removed after the incubation period, and cells were stained with viabil-
ity dye Calcein AM (5 nM) for 10 minutes. Viable single cells were 
selectively dispensed based on the Calcein AM signal using a micro-
fluidic-based instrument. The radioactivity of individual single cells 
was characterized by gamma counting. We utilized a high-sensitivity 
microPET scanner to image various low-activity single cells in vials (4 
– 32 Bq/cell) and in a BalB/C mouse after tail vein injection (~12 Bq/
cell). Finally, we adapted an algorithm previously developed for fluid 
mechanics investigations (PEPT-EM)7 to enable simultaneous track-
ing of multiple low-radioactivity cells. Following radiolabeling, 92% 
of the cells were alive, as evidenced by Calcein AM staining. Using a 
single-cell dispenser device, we isolated single live cells with radioac-
tivity up to 56 Bq for B16 and 26 Bq for 4T1 cells. The radioactivity 
in B16 is 70% higher than that of 4T1, likely because of their bigger 
size. Single FDG-labeled cells in vials could be visualized as low as 
12 Bq in the standard OSEM-reconstructed PET images, whereas the 
more sensitive PEPT-EM algorithm could detect cells labeled with as 
low as 4 Bq FDG. Additionally, the 3D locations of cells derived by 
PEPT-EM matched the position of the vial seen on the corresponding 
CT image. We also observed that the variances of the Gaussian mixture 
model used on the PEPT-EM algorithm decreased significantly from 25 
 mm2 at initialization to 0.85-1.16  mm2 at convergence after 30 itera-
tions. To track 4T1 cells in a BalB/C mouse, we divided the imaging 
time (10 minutes) into three 3-minute periods and reconstructed the 
cells location within each interval. The cells positions were within the 
PET system’s resolution of around 1.5 mm, suggesting these cells were 
likely static after being trapped within the lung capillaries following 
tail-vein injection. This study demonstrates the feasibility of a new 
and simple workflow to radiolabel and isolate single cells and a novel 
application of the PEPT-EM algorithm to simultaneously and accu-
rately track multiple low-activity single cells in vivo. Unlike previous 
methods, this study uses widely available FDG as the labeling tracer, 
enabling a more straightforward dissemination of this technique. We 
are currently cell tracking method to elucidate the kinetic patterns of 
cell circulation in vivo.
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Background: 
Cortical progenitor cell transplantation has great potential for treating 
neurological diseases that affect the cortex by replacing lost neurons 
and repairing damaged brain circuits (1). Currently, the prolonged 
maturation (4–6 months) of transplanted cortical neural progenitors 
significantly hinders understanding of neural replacement mechanisms 
and its clinical translation (2-5). In order to achieve functional matu-
ration and synaptic integration more efficiently, we generate a new 
generation of forebrain human neural precursor cells (hNPCs) based on 
an optimized rosette neural aggregate (RONA) differentiation protocol 
for ischemic cortical stroke in a rat model.

Methods: 
To characterize comprehensively the fate of the transplanted cells, the 
snRNA-seq analysis was performed to reveal the cell types and dif-
ferentiation patterns. Immunoelectron microscopy, electrophysiology, 
and virus tracing were used to confirm that forebrain hNPCs achieved 
efficient functional maturation and synaptic integration. Further, we 
performed molecular imaging and behavioral studies to assess the proof 
of concept that new-generation forebrain hNPCs transplantation has 
therapeutic effects in the stroke-injured brain.

Results: 
The snRNA-seq and histological analysis results showed that the 
forebrain hNPCs derived from human iPSC possessed efficient cor-
tical neuronal differentiation after transplantation. Furthermore, the 
hNPCs-derived cortical neurons exhibited high maturity and efficient 
synaptic integration of neural circuitry in the host brain at the early 
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stage (7-11 weeks) after transplantation. In addition, the transplanted 
forebrain hNPCs can promote metabolic recovery, reduce infarct vol-
ume of infarct regions as well as promote motor recovery and prevent 
the onset of chronic post-stroke seizure.

Conclusions: 
Taken together, this study provides convincing evidence that these new-
generation forebrain hNPCs have considerable advantages regarding 
maturation and functional integration in lesioned adult murine sensory 
cortices. This has important implications for preclinical studies of neu-
ral replacement mechanisms and clinical translation for neurological 
diseases affecting the cortex such as Stroke, Huntington disease, Alz-
heimer disease and amyotrophic lateral sclerosis.
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Introduction: 
Breast cancer is the most common cancer in women with cancer.org 
projecting 276,480 new cases of invasive breast cancer and 42,170 
deaths in 2020. With current screening techniques, cancers are caught 
earlier, and most patients are candidates for breast conserving surgery 
(BCS) to remove the cancer 1. Incomplete resections occur in 20-60% 
of BCS using current surgical tumor visualization technologies often 
leading to repeat  surgeries2. This data demonstrates that there is an 
unmet clinical need for technologies that identify cancerous tissues 
in the margins of BCS specimens and real-time surgical methods of 
cancer tissue resection. Prostate Specific Membrane Antigen (PSMA) 
is known to be overexpressed in prostate cancer and has also is signifi-
cantly overexpressed on neovasculature of many solid human tumors, 
including breast tumor neovasculature and breast cancer  cells2. Previ-
ously, we combined a potent Photo Dynamic Therapy (PDT), Pc413, 

and a highly selective PSMA inhibitor, PSMA-1, invented in our lab, 
to develop a theranostic agent that can selectively identify and destroy 
prostate cancer (PCa) both in vitro and in vivo to improve fluorescence 
image guided surgery (FIGS) for prostate cancer 3 and demonstrated 
that PDT can be used as an effective adjuvant therapy after FIGS of 
prostate cancer resulting in reduced PSMs, lower tumor recurrence 
and extended animal survival following surgery. In this application we 
will utilize PSMA-Pc413, a theranostic agent, to determine if FIGS 
followed by PDT can improve the approach to breast cancer manage-
ment. We additionally hypothesize that an immune system activation 
in response to PDT will lead to reduced local and distant metastases 
formation in our immune competent syngeneic mouse model.

Materials and Methods: 
Four. adult, female BALB/c mice were orthotopically implanted with 
4T1-Luc tumors  (5x103 cells) and allowed to grow. After approxi-
mately 2.5 weeks (~275mm3 tumor). They then received 0.5mg/kg of 
PSMA-1-Pc413 through tail vein injection and either treated with PDT 
(no surgery) or tumor excision without PDT to simulate conventional 
BCS. 16-18 days later, any tumors and lungs were excised and tumor 
nodules quantified. Serum was extracted and levels of IL-?1 before and 
72 hours after either PDT only or WLS only were analyzed. To validate 
PSMA expression in the 4T1 model, orthotopic tumor tissue under-
went immunofluorescence staining. Tumor tissues were co-incubated 
with PSMA-1- Alexa488 (synthesized in the lab) and goat anti-rabbit 
CD31-specific antibody overnight at  4oC. After washing, tissues were 
incubated with goat anti-rabbit AlexaFluor594 and analyzed.

Results and Discussion: 
We have demonstrated an orthotopic syngeneic mouse model of breast 
cancer where PSMA is overexpressed on the neovasculature of 4T1 
breast cancers in BALB/c mice. Strong PSMA expression was observed 
in tumor tissues, which was blocked in the presence of excess amount 
of PSMA-1 ligand (Fig.1A). PSMA expression was found to be co-
localized with CD31, indicating PSMA’s expression in tumor vas-
culature. These data support the feasibility to use PSMA-1-Pc413 to 
highlight tumor for FIGS and PDT of breast cancer. In Fig. 1C, animals 
that received PDT had approximately 50% less metastatic lesions in the 
lungs than did animals that had the tumors surgically removed - cor-
roborated visual counting of nodules through fluorescence imaging. 
Additionally, There was a dramatic increase in IL-b1 serum concen-
tration 72 hours after PDT treatment (no IL-?1 was detected for WLS 
only mice), intimating inflammasome activation following PDT. These 
data suggest that PDT reduces local and distant metastases formation 
which could be due to stimulation of an immune response and acti-
vates immune surveillance against the metastatic potential of the 4T1 
primary tumor.

Conclusion: 
This work will lay the foundation for development of this agent towards 
clinical BCS and has the potential to dramatically impact current surgi-
cal procedures.
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Introduction: 
The diagnosis and treatment of radioiodine refractory differentiated 
thyroid cancer (RAIR-DTC) has been a great challenge in clinical prac-
tice due to the cancer cells no longer trap iodine. Transferrin recep-
tor 1 (TfR1), a 95kDa homodimeric transmembrane glycoprotein, is 
related to DNA synthesis and cellular proliferation through iron uptake. 
Despite the correlative study of TfR1 in other cancer types suggest-
ing its diagnostic and prognostic value, whether TfR1 plays a role in 
RAI-RDTC remains to be explored. Ferritin is a natural iron-storage 
protein assembled by the interaction of 24 polypeptide subunits which 
creates a spherical conformation that makes it a good candidate as 
drug delivery system. Heavy ferritin chain (HFn) is a natural (504kDa) 
ligand for TfR1, capable of specific and tight binding to TfR1. There-
fore, we proposed to radiolabel HFn with Copper-64 that allows for 
positron emission tomography (PET) imaging and targeted Copper-67 
radiotherapy of RAIR-DTC.

Materials and Methods: 
The expression and distribution of TfR1 in BCPAP papillary thyroid 
carcinoma cell line was tested by western blot and cellular immunofluo-
rescence. The NOTA-HFn was radiolabeled in a pH 5.2 NaAc buffered 
environment with 64CuCl2.The uptake of  [64Cu]NOTA-HFn in BCPAP 
cell was evaluated by cell uptake assay and the prolonged-time PET 
imaging was performed at 1,6,12,24 and 36h postinjection of  [64Cu]
NOTA-HFn to the BCPAP tumor-bearing mice. The expression of 
TfR1 in BCPAP tumor tissues and patients’ tumor tissues were veri-
fied by immunohistochemistry.

Results: 
The western blot results showed that TfR1 was higher expression 
in BCPAP than that of FTC-133 and TPC-1(Figure 1 A), and the 
immunofluorescence confirmed the positive expression of TfR1 in the 
BCPAP tumor(Figure 1 B). In the cell uptake assay, a significant reduc-
tion in radioactivity accumulation (over 2-fold in 5h after incubation) 
was observed by blocking BCPAP cells with unlabeled HFn(Figure 1 
C). PET imaging of BCPAP tumor-bearing mice revealed clear tumor 
imaging, the highest tumor uptake was 0.31 ±0.05% ID/g and the 
best tumor-to-muscle ratio was 5.44 ±0.48(Figure 1 D,E). The tracer 
revealed receptor-specific tumor accumulation, which was illustrated 
by effective blocking via coinjection with a blocking dose of unlabeled 
HFn(Figure 1 D,E). The radioactivity accumulation of liver and kidney 
was high, indicating that  [64Cu]NOTA-HFn was mainly excreted by the 
liver and kidneys(Figure 1 D). The results of immunohistochemistry 
confirmed that TfR1 was positive in BCPAP tumor-bearing mice and 
clinic patients’ tumor tissues(Figure 1 F).

Conclusion: 
The current results showed that  [64Cu]NOTA-HFn was a good radiola-
beled probe for imaging of TfR1 overexpression radioiodine refractory 

differentiated thyroid cancer. It offers potentials as a novel PET radi-
otracer for imaging and even  [67Cu] radionuclide therapeutic agent for 
TfR1-positive tumors.
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Genomics and proteomics have been central to identify tumor cell pop-
ulations but accurate approaches to classify subtypes are still lacking. 
Herein, we developed a new methodology to accurately classify cancer 
cells based on their organelle interaction networks. This methodology 
integrates artificial intelligence (AI) and imaging methods to quan-
tify the spatial context of organelle interaction networks, specifically 
their subcellular location and inter-organelle relationships (topology). 
We obtained the very high accuracy of a panel of human breast can-
cer cells, and non-cancerous mammary epithelial cells, grown as 2D 
monolayer cells or 3D tumor spheroid cells using early endosomes - 
mitochondria interaction networks. Topology parameters generated the 
highest accuracy (99.6%) indicated that organelle interaction networks 
are a highly precise classifier to differentiate cell lines of differing 
subtype and aggressiveness and cell lines grown in 2D vs. 3D models. 
These novel findings lay the groundwork for using organelle interaction 
network’s topological profiling as a fast and efficient method for pheno-
typing breast cancer function as well as a discovery tool to advance our 
understanding of cancer cell biology on a subcellular level.
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Introduction: 
Optical imaging for site-specific cellular targeting is important in the 
drug development. Here we report a high-resolution and high-speed 
optical coherence tomography (OCT) method as preclinical functional 
imaging to track metastatic cancer cells. OCT uses a low coherence 
interferometry to acquire depth-resolved images from biological tissues 
[1]. OCT normally provides a morphological imaging depending on the 
intensity signals from the light scattering [2]. We develop a dual band 
OCT with the capability of spectroscopic imaging in combination of a 
speckle autocorrelation technique to track the cellular movement. This 
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technique has its advantage in detecting cancer cells since time-depend-
ent speckle is sensitive to the movement of scatters inside the tissue.

Methods: 
The imaging system consists of two super-luminescence light emis-
sion diodes with wavelengths of 750 nm and 840 nm, respectively. A 
fiber-based Michelson interferometer is used in Fourier domain OCT. 
A high-speed line scan camera (Basler, spL2048-140km) is used to 
acquire the data. The imaging system has an axial resolution of 8 mm 
and lateral resolution of 20 mm. Two methods are used for high-speed 
OCT imaging [3]. A parallel thread method that the control, acquisi-
tion, process and display run in parallel and the data are flawed between 
threads using data queues through producer-and-consumer loops. The 
second method is to accelerate the imaging speed using a graphics 
processing unit. The system provides an imaging speed of 60 Hz with 
a frame size of 1024´1000. Suppose OCT image has an intensity dis-
tribution I(x, y, z, t) for each wavelength where x and y are the lateral 
directions and z is the depth direction. An algorithm is developed for 
the speckle imaging where the frames are acquired at the same loca-
tion of z. 5 points along x and y directions are averaged to reduce the 
position uncertainty of speckle. Autocorrelation is performed along 
the time dimension for each position x and y using the developed 
algorithm. Severe combined immunodeficient (SCID) mice (age 6–8 
weeks; approximately 20 g, Taconic, Germantown, NY) are surgically 
implanted with cancer cells into the prostate to induce orthotopic pros-
tate cancer models.

Results: 
Fig. 1(a) shows OCT image of prostate tumor tissue along x and z 
directions. Skin and void structures can be observed. The weak verti-
cal line corresponds to the zero cross in the interferometer. We have an 
effective way to remove the mirror image [3]. The color of the image 
corresponds to different wavelength. The same tissue is cut to thin 
slices for the histological images using an optical microscope, as shown 
in Fig. 1(b). Similar tissue structures can be observed in both images, 
and the metastatic cancer cells are stained as blue in the histology. By 
using the autocorrelation technique, the cancer cell movement can be 
studied (Fig.1 (c) and (d)). Fig. 1(e) and (f) compare the OCT images 
from prostate tumor tissue and muscle. Due to the orientation of fibers, 
the color in OCT represents the polarization of optical signals from the 
muscle. In OCT image of prostate tumor tissue, more colored areas 
can be found in the deeper location corresponding to muscle tissue. 
The OCT images are acquired in multiple locations along the y direc-
tion. The data sets can be used to reconstruct the images in the x and 
y plane (Fig. 1(g)).

Discussion: 
The spectroscopic OCT developed in this work can be used to differ-
entiate the tissue types, as shown in the difference between the muscle 
and prostate tumor tissues. The cellular movement of the cancer cells 
makes contribution to the moving speckle in high-speed OCT imaging. 
Therefore, the developed technology will be able to track cancer cells 
in preclinical imaging.
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Lysosomes have emerged as essential signaling centers that govern 
cell growth, division, and differentiation, as well as catabolic activ-
ity. We developed near infrared II (NIR-II)-emitting nanosensors for 
lysosomal metrics, including pH and lipids, that are dysregulated in 
many conditions including cancers, neurodegenerative diseases, and 
metabolic disorders. To measure the emission changes of the nanosen-
sors, we developed new spectroscopic and imaging methods, including 
NIR-II hyperspectral imaging capabilities of both live cells and mice, 
high-throughput spectroscopy of live cells, and a fiber optic probe-
based instrument for rapid, single-point spectroscopy in animals. Our 
nanosensors are derived from single-walled carbon nanotubes that 
emit highly photostable NIR-II fluorescence that is uniquely sensitive 
to local perturbations. In addition, covalent sp3 defects (often called 
organic color centers, OCCs) on carbon nanotubes confer unique 
near-infrared fluorescent properties to nanotubes, including emission 
bands with increased quantum yield and new chemical sensitivities. 
The nanosensors, interrogated using the new instruments, enable: 1) 
quantitative measurements of endolysosomal lipid accumulation in 
cells and animal models of lysosomal storage diseases, atherosclero-
sis, fatty liver disease, and cancer, and 2) quantitative lysosomal pH 
measurements in tumor models, and pharmacodynamic measurements 
upon drug perturbations.
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Object: 
Radiotherapy is one of mainstream therapeutic tools for cancer treat-
ment. Specific cancer biomarkers are often used for monitoring treat-
ment response but could not accurately reflect the outcomes promptly 
and are limited to specific cancer types. Although imaging examina-
tions can also monitor treatment response; however, the first image 
is often taken several weeks after the first irradiation. Furthermore, 
imaging results are often confounded by various conditions ended 
up with different outcomes. Thus, a universal tool that can apply to 
most cancers with high sensitivity and specificity would be helpful. 
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Ionizing radiation (IR) rapidly upregulates several genes potentially 
serving as promoters to drive constructs encoding reporter genes to 
monitor radiotherapy outcomes. Here we aimed to generate a reporter 
platform driven by IR-sensing promoters for tracking outcomes and 
potentially predicting prognosis after radiotherapy in prostate cancer 
at early time points.

Methods: 
IR-inducible proteins were detected by Western blot in human prostate 
cancer cell lines LNCaP and PC-3 that received different doses of ion-
izing radiation. The IR-activatable promoter systems were established 
by co-encoding secreted reporters in SBE or ARE-driven constructs 
and connecting the relationship between transcriptional activity and 
cell-killing effects. The reporter expressions were determined by lumi-
nescence measurement and ELISA respectively. The short-term cell-
killing effects were evaluated by MTT and CCK-8 assay.

Results: 
Western blot showed that cells showed increased IR-responsive 
protein expression after being exposed to fractionated and single 
doses of radiation over time. Meanwhile, cytotoxicity assays reveled 
that cell viabilities of both PC-3 and LNCaP cells were reduced in 
a dose-dependent manner after IR treatment. Next, we constructed 
SBE (smad binding elements) and ARE (antioxidant response ele-
ments) as promoter driven downstream liquid-base synthetic bio-
markers (Gluc and hCG) as plasmid probes. Subsequently, PC-3 and 
LNCaP cells stably transfected with these constructs to compare the 
levels of these synthetic biomarkers treated with different radia-
tion doses, and correlated the biomarker levels and final treatment 
responses.

Conclusion: 
This study demonstrated the potential of using constructs driven by the 
radiation-activatable promoters to reveal the correlation between the 
liquid-based reporter outputs and cellular responses post the irradia-
tion. The strategy could be considered for further translational research 
to help physicians to find out the treatment outcomes at early time 
points and make the right decision for the following medical care. 
Hopefully, the patients would have better outcomes and quality of life 
as our platform being validated and tested in future.
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Nowadays, about 30% of magnetic resonance imaging (MRI) exams 
need contrast agents (CAs) to improve the sensitivity and quality 
of the images for accurate diagnosis. However, clinically avail-
able CAs usually reduce the longitudinal relaxation time (T1) but 
rarely change the transverse relaxation time (T2). Here, a multi-
functional nano-agent with ring-like vortex-domain iron oxide 
as core and gadolinium oxide as shell (vortex nanoring Fe3O4@

Gd2O3, abbreviated as VNFG) was firstly designed and prepared 
for highly enhanced T1-T2 dual-modality magnetic resonance imag-
ing (MRI)-guided magnetic thermal cancer therapy. After thorough 
characterization, the core-shell structure of VNFG was confirmed. 
VNFG shows both high longitudinal rate (R1=25.02 mM-1s-1[Gd]) 
and transverse relaxation rate (R2=138.41 mM-1 s-1[Fe]) on the 
clinical available MRI scanner with field strengths of 3.0 T, as well 
as an ideal low ratio(R2/R1=5.53). Moreover, the excellent heat 
generation property (SAR=984.26 W/g) of the proposed VNFG 
under alternating magnetic fields was firmly demonstrated. Further-
more, both in vitro and in vivo studies have revealed a good prelimi-
nary indication of VNFG’s biological compatibility, dual-modality 
enhancing feature and antitumor efficacy. This work demonstrates 
that the proposed core-shell structured VNFG is designed and suc-
cessfully synthesized through coating gadolinium oxide onto the 
surface of the nanorings Fe3O4 with the connection of thermostable 
PEI The obtained VNFG effectively reduces both T1 and T2 time 
while maintaining an appropriate R2/R1 ratio. On the other hand, 
the VNFG also shows high magneto-thermal conversion efficiency 
due to the magnetic vortex structure of the ring shape core. We 
carefully conducted the in vitro and in vivo experiments, and the 
results further demonstrate that the synthesized VNFG has negligi-
ble toxicity, remarkable T1-T2 dual-modality MRI tumor enhance-
ment capacity, and highly efficient antitumor effects. We believe 
the proposed VNFG in this study will provide potential diagnostic 
nanoplatforms for precise diagnosis and effective tumor treatment 
in pre-clinic studies.
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Currently there are only a few positron emission tomography (PET) 
methods to image living bacteria in vivo. Existing radiotracers such as 
2-deoxy-2-[18F]-fluoro-D-glucose  ([18F]-FDG) are inadequate to detect 
bacterial infection due to lack of specificity. Lately some diagnostic 
strategies to target living bacteria include metabolism-targeted PET 
tracers. One approach is to target maltodextrin (D-glucose units with 
1->4 alpha linkage), which are energy sources for bacteria. These oli-
gosaccharides are taken up by maltodextrin transporters, which are not 
present in mammalian cells. This feature can be used to develop trac-
ers specific to bacteria. The reported 18F-labeled carbohydrate 6-[18F]-
fluoromaltose, 6-[18F]-fluoromaltotreose have shown bacteria uptake 
but require lengthy precursor synthesis. There is potential for using rou-
tinely produced 18F-FDG as prosthetic to develop maltodextrin-based 
analogs. We report the one step enzymatic synthesis of 2-deoxy-2[18F]-
fluoromaltose  ([18F]-FDM) derived from readily available  [18F]-FDG. 
This method also yields 2-deoxy-2-[18F]-fluoronigerose  ([18F]-FDN) as 
radioactive by-product. Both radiotracers were easily isolated in short 
time and studied  in vitro.   [18F]-FDM showed high uptake with K. 
pneumoniae, and  [18F]-FDN showed high incorporation in S. Aureus. 
Preliminary in vivo studies using myositis model showed incorporation 
of  [18F]-FDN tracer in infected muscle with S. Aureus.
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Introduction: 
Traumatic spinal cord injuries (SCI) are the result of damage to verte-
bral columns. By analyzing axon fiber integrity, measured by Diffusion 
Tensor imaging (DTI), and the density of synaptic vesicle glycopro-
tein 2A (SV2A), which is ubiquitously expressed in all presynaptic 

terminals and can be quantified via PET, this research aims to map the 
axonal and synaptic changes at the acute to transitional phases of SCI 
in rats, the understanding of which is crucial to the treatment of SCI. 
We also sought to track the synaptic dynamics in the whole CNS from 
day 1 to day 10 post-injury and correlate the SV2A changes with DTI 
metrics at day 10 post-injury to establish a framework for longitudi-
nal preclinical study comparing these changes on a system-wide and 
cellular level over the critical recovery period (up to 11 weeks) and 
provide a highly translational paradigm to evaluate treatment effects 
of experimental interventions in animal models.

Materials and methods: 
PET scans were conducted on day 1 and 10 in-vivo, and an ex-vivo 
DTI scan on day 10. Subjects include four Sprague-Dawley rats which 
were given a mild contusion injury between T6 and T7 vertebrae using 
a MASCIS impactor (10g, 25mm), and four age and sex matched sham 
controls (n=8).
Rats were scanned with  [18F]SDM-8, a highly effective SV2A 
 radiotracer1 (15~22 MBq, i.v.) for 60 minutes at 1 and 10 days post 
injury under anesthesia with isoflurane under Inveon PET/CT scan-
ner. SUVR from the 30-60 minutes post injection using cervical spi-
nal cord as the reference region was used in the quantitative analysis 
(Figure 4).
Ex vivo DTI images were collected using tissues collected at day 10. 
Full brains and spinal cord sections from T5-T9 were scanned on a 
9.4 T horizontal bore magnet, and DTI experiments were performed 
using a Stejskal-Tanner spin-echo diffusion-weighted  sequence2. The 
diffusion tensor was calculated as previously described4. The fractional 
anisotropy (FA), apparent diffusion coefficient (ADC) and Diffusion 
Encoded Color (DEC) maps were generated with BioImage  Suite3.

Results: 
Compared to sham controls, FA decreased by 27.3% (±3.2) (Fig. 1a) 
while SV2A tracer uptake at the same site of injury decreased 25% 
(±8%) (Fig. 1c) on day 10. Rostral and caudal to the site of injury, DTI 
shows that axon structure remains mostly unchanged at the 10 day 
period below the site of injury.
However, PET tracer uptake decreased significantly caudal to the 
point of injury (Fig 1b, 1c). Change in the lower thoracic region was 
observed decreasing at an average of 23 ± 9% in the SCI group over 10 
days. The trend in change over time is consistent with prior literature 
[REF]. This suggests the cascading effect of neuron death below the 
site of injury can be measured with SV2A PET.
In the brain, compared to sham controls, the SCI group showed sig-
nificant changes in FA values at the internal capsule (IC) and primary 
motor-sensory (M1S1) regions (Fig. 1d); while the SV2A PET data 
showed a notable trend of change in brain regions (Fig 1e) but did not 
reveal statistically significant values in this area. Further research is 
required as change over time is expected.

Conclusions: 
Our pilot multimodality DTI and SV2A PET imaging approach yielded 
complementary data regarding the spinal cord injury’s effects on axonal 
microenvironment and synaptic dynamics in spinal cord injured rats. 
With further preclinical validations and translation, this novel imag-
ing approach is expected to provide better ways to predict patients’ 
functional recovery and evaluate treatment effects in clinical trials of 
novel interventions.
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Introduction: 
Cell tracking today can be performed with Nuclear Medicine (e.g., 
RBC-Tc99m, WBC-In111) and MRI (e.g., SPIO-T2*, 19F MRI). How-
ever, none of these cell imaging tracer modalities can sense whether the 
cells they are tracking are actually still alive. Similarly, these imaging 
methods can only distinguish bound from unbound tracers by waiting 
for washout. However, washout time can exceed the binding duration. 
Here we outline how Brownian viscosity sensing could enable real-
time in-vivo binding and cell viability sensing for the first time — and 
without any radiation.

Theory: 
Iron oxide magnetic nanoparticles (MNP) are the tracers used in Mag-
netic Particle Imaging (MPI) [1,2]. Some are already FDA or EU safety 
approved (e.g., Resovist, Ferumoxytol). During the inductive sensing 
of MPI, the MNP moments rotate 180 degrees via two relaxation path-
ways in parallel, Brownian and Neélian. Because the two rotation paths 
occur in parallel, the shorter relaxation mechanism governs the overall 
measured relaxation time. The Brownian relaxation time,  \tauB, of a 
MNP governs the physical rotation of the entire MNP, including its 
shell. Hence, Brownian relaxation senses any obstruction to rotation, 
including viscosity and binding. Mathematically, the Brownian relaxa-
tion time scales linearly with the hydrodynamic volume of the MNP, 
 VH, and linearly with the (dynamic) viscosity, \eta, of its immediate 
surround [3]. \tauB = (3\etaVH)/(kBT) [Eq. 1] Because the Brownian 
time constant scales linearly with viscosity we asked if we could exploit 
it to measure viscosity as a first proof-of-concept experiment.

Materials and Methods: 
Other research groups have previously demonstrated quantitative math-
ematical models to predict the viscosity of glycerol-water solutions as a 

function of concentration and temperature [4,5]. To test MPI viscosity 
measurements, we dispersed MNPs into various glycerol-water solu-
tions and measured the rotation relaxation time using our home-built 
Arbitrary Waveform Relaxometer (AWR) [6]. A viscosity range of 
1cP to 6cP was used, close to the viscosity range of blood [7]. Two 
different particles were analyzed in this work: NanoXact® (NN) and 
Vivotrax (VT). Glycerol-water samples corresponding to 1cP to 6cP 
at room temperature (300 K) were prepared according to the model. 
For relaxation time measurements a 1kHz square wave with field 
strengths up to 12mT were measured with the AWR [8]. Temperature 
was recorded with a fiber optic thermometer starting at 330 K, and 
repeated relaxometry scans were performed at field strengths of 2mT, 
4mT, and 10mT (n=5) until the particles cooled to room temperature. 
Theoretical viscosities based on [4,5] were calculated and relaxation 
times were computed via a custom NLLS fitting algorithm.

Results: 
We observed a linear time constant variation with the concentration of 
glycerol, (R2 = 0.996) for one MNP (NanoXact®), as seen in Fig. 1a, 
clearly indicating Brownian relaxation behavior. Fig. 1b shows how 
relaxation times vary with both viscosity and temperature and Fig. 1c 
shows the measured relaxation time against theoretical viscosity.

Discussion and Conclusion: 
This was a successful proof of concept non-imaging experiment. It is 
possible to expand this to an imaging experiment using either Pulsed 
MPI [8] or conventional MPI [9]. Moreover, these are promising results 
for measuring binding or cell viability. We plan to use this technique to 
measure cell viability because there is a dramatic intracellular viscos-
ity change during cell death as observed in Kuimova et al. [10]. We 
also plan to use this technique to probe in-vivo binding as prior works 
[11,12] showed that pulsed MPI relaxometry can accurately distinguish 
between bound and unbound MNPs.
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Background: 
Epidermal growth factor receptor (EGFR) is a transmembrane tyros-
ine kinase receptor responsible for intra-cellular signaling and cell 
survival.1 EGFR is overexpressed in most head and neck mucosal 
squamous cell carcinomas (SCC)2 and is associated with poor out-
comes and reduced survival.4 Recent studies have also shown increased 
radiosensitivity of Oropharyngeal squamous cell carcinoma (OPSCC) 
with increased EGFR expression.5 To this effect, we determine the 
variability in EGFR densities in OPSCC with immunohistochemistry 
(IHC), which can be correlated clinically with fluorescence imaging 
during trans-oral robotic surgery (TORS).

Methods: 
Patients undergoing TORS for OPSCC as standard of care were 
recruited. Consenting patients received panitumumab-IRDye800 intra-
venously 48 hours prior to surgery. Fluorescent images were taken 
during surgery with near infrared technology present in the Da Vinci Xi 
robot camera. Images were processed with  ImageJTM, and raw values 
of tumor and tumor to background ratio (TBR) were obtained. Post-
operatively, the tumor specimen was imaged for fluorescence with a 
closed-field scanner and histological slide scanner to confirm the pres-
ence of fluorescence followed by TBR calculation with Image  studioTM. 
EGFR expression was confirmed with IHC. The presence of tumor was 
confirmed with histopathology and the EGFR density assessed.

Results: 
The EGFR expressions in tumor samples from the two patients 
were quantified as low and high by a head and neck pathologist. The 
raw counts of the tumor with intra-operative fluorescence imaging 
ranged from 42.71-58.67. The TBR for the patient with low IHC was 
2.52±0.24 with intra-operative fluorescence imaging, 2.59±0.43 with 
closed-field scanner and 2.08±0.51 with histological slide scanner. 
The TBR for the patient with high IHC was 2.99±0.01 with intra-
operative fluorescence imaging, 10.78±0.87 with closed-field scanner 
and 5.43±2.20 with histological slide scanner.

Conclusion: 
Fluorescent imaging can detect the presence of tumor despite low 
expression of EGFR in OPSCC.
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Background: 
Novel translatable imaging approaches are needed to identify high-risk 
atherosclerosis plaque inflammation, a major driver of coronary artery 
disease (CAD) events. Therefore, in this study, we assess the ability 
of Lumicell (LUM015), a clinical near-infrared fluorescence (NIRF) 
molecular imaging agent used for intraoperative cancer detection, to 
illuminate cathepsin protease inflammatory activity in atherosclerosis.

Methods: 
In vitro LUM015 was incubated with human monocyte-derived mac-
rophages (MDMs) and imaged by fluorescence microscopy (FM) 24 
hours to assess macrophage inflammatory activity. Next surgically 
excised human carotid plaques (N=8) incubated with LUM015 in cul-
ture media were imaged by catheter-based NIRF-OCT (ex. 647+/-1 
nm, em. 708/75 nm), fluorescence reflectance imaging (FRI, ex. 625+/-
17 nm, em. 708/75 nm), FM, and histopathological analysis. In vivo 
signal was detected in cholesterol-fed balloon-injured rabbits (N=5). 
The rabbits were image 6-24 hours after LUM015 injection (6.2 mg/
kg i.v.) using in vivo NIRF-OCT and intravascular ultrasound (IVUS) 
imaging to assess plaque inflammation and burden. Spatial distribution 
of macrophages, cathepsin S, and LUM015 signal were evaluated by 
immunohistochemistry staining.

Results: 
Imaging of MDMs revealed LUM015 NIRF signal activation, generat-
ing an average NIRF intensity at 6 and 24 hours of 7.9 ± 1.5 and 14.5 ± 
2.40 (arbitrary units), respectively (p<0.05 vs. pre-incubation signal). 
The ratio of mean FRI signal intensity of excised human plaques at 6 
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and 24 hours was 2.9±1.3 and 4.1 respectively, indicating LUM015 
activation over time (p<0.05 vs. pre-incubation signal). In rabbits, 
in vivo intravascular NIRF-OCT pullbacks at 6 and 30 hours showed 
activation of LUM015 signal (target-to-background ratio of 2.7 ± 
1.2 and 2.9 ± 2.1, respectively). On fluorescence microscopy, plaque 
LUM015 associated with both macrophages-positive areas (r=0.63, 
P=0.02) and cathepsin S positive areas (r=0.48, P=0.04) by immuno-
histochemistry staining.

Conclusion: 
In preclinical and clinical atherosclerosis studies, we found that 
LUM015 generated NIRF signal and enabled in vivo imaging of ath-
erosclerotic plaque cathepsin protease activity. LUM015 may offer a 
novel, clinically translatable approach to image coronary plaque inflam-
mation in CAD patients.
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Purpose/Background: 
Most current imaging and targeted radionuclide therapy for meso-
thelioma under development are targeting mesothelin, which is only 
expressed in epithelioid subtype of mesothelioma. CD146 is overex-
pressed in both epithelial and sarcomatous subtypes of mesothelioma, 
presenting a novel opportunity for targeted imaging and radiotherapy 
(1,2). A novel fully human monoclonal antibody M40 was developed 
to selectively bind to CD146. The goal of this study is to test if 89Zr 
labeled M40 antibody can detect mesothelioma tumor in vivo in a 
mouse xenograft model.

Methods: 
The human monoclonal antibody M40 was conjugated with DFO fol-
lowed by labeling with 89Zr to produce 89Zr-DFO-M40. 89Zr-DFO-
M40 was evaluated in vitro for cell binding with MSTO-211 mesotheli-
oma tumor cells. MST-211H mesothelioma tumor cells were implanted 

subcutanousely in mice. The tumor animals received 89Zr-DFO-M40 
only in the study group or 10 fold of amount of cold antibody M40 
prior to 89Zr-DFO-M40 in the blocking control group. The animals 
underwent PET imaging at 1 day, 3 day, and 5 days post-injection of 
89Zr-DFO-M40 and were euthanized for biodistribution after final PET 
imaging on day 5.

Results: 
89Zr-DFO-M40 was produced in > 95% yield and >98% radiochemis-
try purity after purification. In vitro cell studies confirmed 89Zr-DFO-
M40 retained high tumor cell binding. 89Zr-DFO-M40 specifically 
detected the MSTO-211H tumor and showed higher tumor uptake in 
animals of study group at all time-points from 1 day to 5 days post-
injection compared to the blocking control group. 89Zr-DFO-M40 
showed the highest uptake in tumor while the background levels or 
blood-driven uptake in the rest of organs or tissues. The uptake in 
tumor, but not normal organs, is reduced in the presence of excess cold 
antibody M40, demonstrating the tumor targeting specificity of this 
human monoclonal antibody.

Conclusion: 
89Zr-DFO-M40 has demonstrated specific tumor targeting in vivo and 
is promising for PET imaging of mesothelioma.
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The development of biomimicking optical phantoms for fluorescence 
guided surgical (FGS) systems could help expedite the development 
of new clinical indications. The advantages of these targets are pro-
viding “ground truth” fluorescence imaging for application-specific 
anthropomorphic geometries to help replace the need for biological 
samples during the pre-clinical device design and verification process. 
Here we discuss the development of 1) anthropomorphic phantoms 
and 2) perfusion visualization targets for FGS devices. Techniques 
that translate computed tomography (CT)/magnetic resonance imag-
ing (MRI) scans into 3D-printed fluorescent targets have been devel-
oped. Anthropomorphic phantoms relevant to three different types 
of fluorescence-guided surgery have been designed and prototypes 
were manufactured: a micro-CT of an ex vivo breast lumpectomy, a 
CT of a liver tumor, and an MRI of soft tissue sarcoma. The use of 
photopolymer-based 3D printing allowed the manufacturing of these 
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anthropomorphic phantoms with mimicking tissue optical properties 
that contain fluorescence inclusions. The optical properties of the three 
phantoms (i.e., ??a, ??s ’) were determined with reference to litera-
ture. Presented are also perfusion-mimicking targets to study fluores-
cence depth resolution and dynamic flow. Fluorescence contrast agents, 
like indocyanine green (ICG), are primarily used to visualize perfusion, 
but subsurface structures can scatter or absorb fluorescence causing a 
blurring in the resulting image. This objective develops phantoms that 
can be used to characterize an imaging system’s ability to resolve small 
vessel shapes and structures at increasing depths in tissue-mimicking 
material. Two designs for the perfusion phantoms were finalized which 
consisted of a 1) Serpentine pattern that allows for imaging at various 
fixed depths and 2) a wedge target design that includes a “V” flow 
channel at an incline to allow for imaging continuous depth changes. 
These targets were manufactured using both solid inclusions and a 
dynamic flow design. The aim of these phantoms is to help study the 
depth resolution of FGS devices and develop new image processing 
algorithms to “de-blur” imaged vessels. The dynamic flow targets can 
facilitate the visualization of new and existing fluorescent agents with 
application-specific optical spectra.
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Background: 
Immune checkpoint inhibitors (ICIs) have resulted in unprecedented 
treatment effects in some patients, but remain ineffective in over 50% 
of patients. The immunosuppressive effects of the endothelial ‘barrier’ 
(also termed endothelial cell (EC) anergy) is one important reason 
for poor ICI outcomes in some patients, and is related to EC surface 
expression of immunosuppressive markers (i.e. PD-L1) that deter effec-
tor T cells; identifying patients with such EC markers could help select 
patients for ICIs, and spare non-responders. Purpose: Our ultimate goal 

is to develop ultrasound molecular imaging (UMI) strategies to image 
pro- and anti-immune markers on endothelial cells, to help guide ICIs. 
Here, we present developments and validation that PD-L1 expression 
on ECs can be imaged using UMI.

Methods: 
We first studied the expression of PD-L1 on the surface of ECs with 
FACS analyses. We also tested the expression of PD-L1 in baseline, 
interferon-γ (IFN-γ), and Rapamycin treated cells, with the goal of rep-
licating the immunogenic state of ECs in the tumor microenvironment. 
MS1 ECs, as well as 4T1, B16 and CT26 cancer cells, were treated 
with IFN-γ (25 ng/mL; promotes PD-L1) or Rapamycin (1 nM; inhibits 
PD-L1) and tested for PD-L1 expression after 48 hours. We also car-
ried out a migration study where we cultured CT26 in the bottom and 
MS1 cells in an insert of a trans-well plate and added mouse bone mar-
row cells (BMC; replicating T-cells in tumor microenvironment where 
IFN-γ can be elevated) on top of MS1 cells. We collected cells from 
each compartment and compared the baseline expression of PD-L1 
by FACS analyses to assess the IFN-γ response. We then used target-
ready streptavidin conjugated lipid shelled microbubbles to image the 
expression of PD-L1 on ECs in immunocompetent mice. For this, we 
implanted 3 × 106 CT26 cells (murine colon carcinoma cell line) into 
the lower flank of Balb/c mice. The tumors were allowed to grow and 
reach 5 mm/diameter before imaging. On the day of imaging, isotype 
(MBiso) and PD-L1-targeted (MBPDL1) microbubbles were prepared 
by adding 20 ?g of biotinylated Rat IgG2b or PD-L1 to target-ready 
MicroMarker, respectively to prepare isotype control and PD-L1 MBs. 
Tumors were imaged on Vevo2100 US system by placing a catheter in 
the tail vein. A total of 50 ?l of microbubbles (30e6 bubbles/mouse) 
diluted in 150 ?l of saline were injected. Isotype microbubbles were 
injected and imaged for 6 minutes and then a burst signal was applied. 
We injected PD-L1-targeted microbubbles 20 minutes after the first 
injection, and imaged in the same order. Perfusion signals as well as 
differential targeted enhancement values (dTE) were quantified.

Results: 
For in vitro experiments, the level of PD-L1 expression in the ECs 
increases similar to cancer cells after treatment with IFN-γ (Fig. 1a). 
The western blotting analyses showed that the expression of PD-L1 
increases by up to 5-fold on the ECs treated with IFN-γ, which was 
higher than the increase in CT26 and 4T1 cells (Fig. 1b). Moreover, 
when BMCs migrate through endothelial cells toward cancer cells in 
a trans-well culture, the level of PD-L1 expression increases in both 
cancer cells and cancer ECs (Fig. 1c). For in vivo experiments, our 
preliminary results demonstrate elevated dTE signal in animals imaged 
with MBPDL1 (~5.35 a.u,, n = 3) vs. MBiso (~3.4 a.u., n =3). In 3D, 
qualitative images showed extensive enhancement of targeted signal 
5 min after injection throughout the tumor, in most planes only for 
MBPDL1 imaging; this was not noted in MBiso (Fig. 1d). Minimal 
signal was observed in any animals with non-targeted MBs. We were 
able to observe the expression of PD-L1 on the endothelial cells by 
immunofluorescence staining (Fig.
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Background/Purpose: 
Ultrasound molecular imaging (UMI) using targeted-microbubbles is 
being developed for the detection and monitoring of various cancers 
and cardiovascular inflammation in pre-clinical models; one of the 
unique attributes of UMI is that it can exclusively image endothelial 
cell. Pre-clinical animal models are non-ideal for optimizing targeted 
binding of microbubbles, including conjugation and/or identifying 
new endothelial targets. There is currently a need for a platform to 
help accelerate testing and development of UMI targeted microbub-
bles, especially as new molecular targets. The purpose of this study 
was to design and test a UMI imaging phantom to address this need. 
More specifically, we designed and developed a two-channel phantom 
that allows to compare targeted and isotype microbubbles simultane-
ously under similar conditions. The phantom was also designed with a 
channel size that allows the microbubbles to flow and bind to attached 
endothelial cells, with user-defined control flow-rate.

Methods: 
We have developed a tissue mimicking phantom to study the binding 
of molecularly targeted microbubbles to cell surface target proteins in 
vitro. After testing and optimizing initial prototypes, we designed the 
phantom in AutoCAD (Fig. 1a) and printed it on a Ultimaker S5 3D 
printer (Fig. 1b). The phantom consists of two parallel channels of 5 
mm in diameter. Two small tubes were placed to create the channels 
mimicking vascular structure. The phantom has flat surface top and 
bottom with a 2 × 3 cm scanning window and a depth of 2 cm where 
the channels are right in the middle of that depth. The phantom con-
sists of three layers. The bottom and top layer consist of agar and the 
middle layer in the field of view was filled with agarose (2% agarose 
in complete cell culture media) mixed with murine endothelial cells, 
MS1, at a concentration of 3×106 cells/mL. Each layer was added after 
allowing the last layer to solidify. The cells were allowed to grow for 
one week inside the phantom in the incubator at 37? and 5%  CO2. The 
culture medium inside the channel was changed every other day. We 
confirmed the presence of cells covering inside channels by staining 
with Hoechst33342 and imaging the layers of the gels in Celigo imag-
ing system under bright field and Blue (477/470) channels. We then 
prepared PD-L1-targeted and IgG-isotype microbubbles. Lipid shelled 

(fixed-ratio of lipids i.e.DPPC, DPPA, and PEG5000 PE (mole ratio 
10:80:8) hydrated with 2 mL buffer solution with propylene glycol, 
glycerol) microbubbles were made in microfluidic system. The bubbles 
were injected through phantom channels at a given velocity (200 ?l/
min) for 5 minutes using an injection pump. We then washed the chan-
nel with PBS for 5 minutes at the same speed. 3D images and bubbles 
binding and washing were recorded pre- and post- microbubble injec-
tion. For quantitative analyses, ROI was drawn over the channels along 
the field of view and mean contrast signal intensity was calculated and 
recorded using VevoCQ software.

Results: 
The results showed that MS1 cells were attached in the inner walls of 
the channels (Fig. 1c). The quantification of signal intensities in 10 
different planes showed that the enhancement in targeted channel was 
on average 2 fold higher than in the isotype control channel (Fig. 1 d-e). 
The phantom is currently under further investigation to demonstrate the 
effect of changing flow rates and different concentrations of injected 
microbubbles and wash time on the binding results.

Conclusion/Discussion: The designed two-channel phantom can be 
used to image the binding of microbubbles to cells attached to the 
surface channels.
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Although the death of tumor cells seems to hinder the growth of 
tumors, it is actually an important mechanism for tumor growth, espe-
cially for fast-growing tumors, the higher the proportion of death. The 
mechanisms that accompany other cells no longer present in tumors are 
collectively referred to as Cell Loss Factor. Generally, the cell loss rate 
of human tumors is about 40-90%. The "life and death storm" within 
the tumor tissue may be the main cause of the tumor’s continuous 
growth, but its mechanism is still unclear. If the cells that can survive 
smoothly inside the tumor may have their specificity, they can survive 
in harsh environments. Cancer stem cells have been considered to be 
a minority group in tumor tissues, but they have the characteristics of 
stem cells to differentiate into cancer cells. They are also drug-resistant 
and radiation-resistant. They are also considered to cause recurrence 
and metastasis after tumor treatment. Ethnic group. Previously, we 
have successfully obtained the remaining cells with the characteristics 
of cancer stem cells from the cells that survived in the terminal stage 
after the mouse breast cancer was implanted in mice and allowed to 
grow naturally. But it is still unclear whether the same phenomenon 
can be observed in human tumor cells or tumor cells in other mice. 
This research plan will focus on human head and neck cancer FaDu 
cells. FaDu xenotransplantation of head and neck cancer cells into nude 
mice were sacrificed when the tumor grew to the terminal stage (about 
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1000mm^3). The remnant living cancer cells named FaDu-CSC cells 
exhibited mainly cancer stem cells properties compared to parental 
FaDu cells. Using ultrabright biocompatible polymer dots (pDots) with 
the emission at near infrared II (NIR II) spectrum, the angiogenesis of 
tumors formed by FaDu-CSC cells were more abundant and irregular 
than that formed by parental FaDu cells detected by a self-composed 
3D multimodality tumor-vessel imaging system. The characteristics 
of cancer stem cells detected using the novel method of vessel imag-
ing, confirm the identification of human head and neck cancer stem 
cells, which will be used as an evaluation platform for tumor treatment 
methods in the future.
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Introduction: 
A reliable imaging modality to probe live bacterial infection is still an 
unmet clinical need as the current methods of detection rely on indirect 
measurements of infection like morphologic changes or host immune 
response [1]. We have demonstrated that radiolabeled D-amino acids 
(DAA) are specific markers for live bacterial infections in vivo [2]. Our 
continued pursuit of developing D-amino acids as PET imaging agents 
has led us to 11C-D-alanine, which has demonstrated accumulation 
into examples of gram-positive and gram-negative bacteria in vivo in 
a murine myositis model. One of our current focuses is further evalu-
ated 11C-D-alanine in more clinically-relevant models. In this report, 
we describe the evaluation of a number of different bacteria specific 
tracers of bacterial infection in vivo vertebral discitis osteomyelitis 
(VDO) model [3].

Methods: 
D-[11C]-alanine was synthesized in two steps using an adapted proce-
dure used for L-alanine [4].  [11C]para-aminobenzoic acid was synthe-
sized in a single step from a commercially available Grignard reagent 
[5].  [18F]fluorodeoxysorbitol was synthesized in a single step from  [18F]
fluorodeoxyglucose. [6] D-[11C]-methionine was synthesized in from 
the homo-cysteine precursor [7]. A VDO rat model was established by 
injection of a bioluminescent laboratory strain of S. aureus in between 
two vertebrae on the rat tails. The growth of the bacteria was moni-
tored using optical imaging. All images were obtained on Day 4 with 
different tracers.

Results: 
All tracers were synthesized in greater than 95% purity. Optical imag-
ing validated growth of bacteria sequestered to the region of injection. 
Pilot studies of the VDO model show Day 3 to be ideal for early imag-
ing time point. 150 μCi of dose was used for all fluorine-18 tracers and 
800μCi of dose were used for all carbon-11 tracers. D-Ala and PABA 
both demonstrate 5 to 10-fold increase of tracer over heat-killed and 

background. D-Met showed only a 2-fold increase in live over heat-
killed and background. Gallium Citrate showed accumulation in both 
live and heat-killed regions. FDS showed no uptake in any region as 
consistent with its selectivity for gram negative pathogens.

Conclusions: 
Several PET tracers have been successfully evaluated in a VDO rat 
model. The preliminary results suggest both PABA and D-Ala to be 
promising new tracers for direct detection of live bacterial infection 
for VDO infections.
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Introduction: 
Using Positron Emission Tomography (PET) to image bacterial infec-
tion is an emerging field that has celebrated several recent successes, 
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including recent advances in carbon-11 labeled D-amino acids for 
infection imaging.1 A major goal is to evolve this into fluorine-18 
amino acid derivates, however, this has proven challenging to date. 
Alternatively, we have investigated indirect PET labeling methods to 
bio-orthogonally detect bacteria in vitro using click chemistry with 
azido D-amino acids. Here we report  [18F]FB-Sulfo-DBCO, a PET 
ligand for strain-promoted azide-alkyne cycloaddition (SPAAC) 
reactions.

Methods: 
Radiotracer Synthesis  [18F]SFB was prepared using an automated 
published method and reacted with the commercially available Sulfo-
DBCO precursor in the presence of DMF and base.2  [18F]FB-Sulfo-
DBCO was purified and isolated using HPLC purification. Identity 
was confirmed by comparison to the cold standard, which was synthe-
sized using analogous methods. C-terminus amino acid modification 
Commercially available D-Az-Ala was modified at the C- terminus to 
chemically synthesize D-Az-AlaOMe. D-Az-Ala was protected with 
 Boc2O and a methyl ester moiety was added via esterification followed 
by  Boc2O removal. Chemical identity was confirmed by 1H and 13C 
NMR analysis.
In Vitro Uptake Assay Azide metabolites (final conc. 5mM) were added 
to a 1% dilution of an overnight culture and incubated together for 
1 hour. The cultures were pelleted and washed with washing buffer. 
50?Ci of [18F]FB-Sulfo-DBCO was added and reacted for 1 hour. The 
pellets were separated and washed with buffer. The pellets and filtrates 
were individually analyzed on a gamma counter. SPAAC ligation is 
reported as % of signal.

Results/Discussion: 
In this study, we developed a high-throughput click chemistry assay 
to label bacteria with  [18F]FB- Sulfo-DBCO and evaluated its perfor-
mance in vitro using D-azido-alanine (D-Az-Ala), a modified D-amino 
acid metabolite that plays an essential role in peptidoglycan synthesis 
and cell wall remodeling. Using this assay, we saw 7 times greater 
SPAAC ligation to S. aureus cultures incubated with D-Az-Ala and 
 [18F]FB- Sulfo-DBCO compared to bacteria incubated with D-ala-
nine (D-Ala) (Figure 1B). However, it remains unclear as to where 
D-Az-Ala localizes despite the role D-Ala plays in maintaining the 
structural rigidity of peptidoglycan. Though gram-positive bacteria 
have a characteristic thick layer of peptidoglycan, no trend seems to 
emerge amidst a panel of gram-positive and gram-negative bacteria 
where gram-negative A. baumannii ligates  [18F]Sulfo-DBCO better 
than gram-positive L. monocytogenes despite its characteristically thick 
gram-specific peptidoglycan contents (Figure 1C).
To better understand the selectivity of our radiotracer, a series of 
azide-bearing linear amino acids (Figure 1B) were incubated with S. 
aureus to correlate amino acid side chain length and stereocenter with 
bacteria incorporation. D-Az-Ala, the least modified amino acid metab-
olite, maintained the greatest uptake amidst longer side chain lengths; 
however, these metabolites demonstrated a significant difference in 
elevated SPAAC ligation to bacteria compared to D-Ala (Figure 1B). 
Further amino acid modifications were performed at the C-terminus 
where a methyl ester D-Az-Ala (D-Az-AlaOMe) derivative was tested 
in S. aureus  (Figure 1D). Minimal SPAAC ligation indicates lit-
tle incorporation of D-Az-AlaOMe or incoporation at an unfavorable 
location for  [18F]FB-Sulfo-DBCO to ligate, but provides useful insight 
pertaining to bacterial tolerance of modified D-amino acids.

Conclusions: 
The new PET tracer,  [18F]FB-Sulfo-DBCO, readily labels bacteria 
when incubated with azide-amino acid click partners. The success of 
incorporating a fluorinated radiotracer into bacteria holds promise for 
expanding clinical infection imaging by extending the tracer half-life 
to 120 minutes, a huge improvement from the currently existing 11C 

tracers. Moreover, this bio-orthogonal technique offers great potential 
in guiding the development of the next generation of 18F PET tracers 
to target unique pathological bacteria strains.
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Introduction: 
Predictive preclinical models of renal cell carcinoma (RCC) are needed 
to improve all aspects of clinical management from diagnosis to prog-
nosis to treatment. Dysregulated metabolism is strongly implicated in 
the development and progression of RCC 1, however, the metabolism 
of preclinical models has not been investigated thoroughly. Thus, the 
present study focused on metabolic characterization of patient derived 
xenografts (PDX) and matched PDX cell culture-derived xenografts 
(XEN) using hyperpolarized (HP) 13C magnetic resonance imaging 
(MRI) and nuclear magnetic resonance (NMR) based stable isotope 
resolved metabolomics.

Methods: 
Five RCC PDXs (PDX047, PDX054, PDX068, PDX072 and PDX093) 
were established from a fresh sample of a clear cell RCC primary tumor 
implanted under the subrenal capsule of RAG2-/-γC-/- mice. XEN 
were generated from cells culture from PDX tumors implanted into 
the mice. All MRI studies were performed on a preclinical 3T Bruker 
system.  T2-weighted 1H anatomical MR images were acquired using 
TurboRARE sequence. A 13C dynamic MR spectra post- infusion of 
[1-13C] pyruvate were acquired with a dual tuned 1H/13C volume coil 
using 2D chemical shift imaging. The glycolytic activity in tumors 
was evaluated by calculating the lactate-to-pyruvate area under the 
curve (L/P AUC). For metabolomics studies, PDX and XEN tumors 
were labeled by injecting [U-13C] glucose into the tail vein of host 
mice every 15 minutes for a total labeling time of 45 minutes. Intracel-
lular metabolites were extracted from homogenized tissues using cold 
methanol:water:chloroform and the aqueous fraction was isolated, lyo-
philized, and resuspended in  D2O with TSP. 1D and 2D NMR spectra 
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were acquired on 800 MHz Bruker Avance I equipped with a 5-mm tri-
ple resonance TXI cryoprobe. Determination of steady-state metabolite 
concentrations and fractional enrichment will be accompanied by 13C 
isotopomer modeling using tcaCALC software.

Results: 
Hyperpolarized [1-13C] pyruvate metabolic imaging of RCC PDXs 
and XENs: Representative maps of the conversion of pyruvate to 
lactate (L/P AUC ratio), derived from hyperpolarized [1-13C] pyru-
vate MRI, were overlaid on T2-weighted images (Figure1A). L/P 
AUC maps show inter-tumoral differences in glycolysis among PDXs 
(Figure1B), however, differences in glycolytic rate was not statistically 
significant. Further, we compared the L/P AUC between the PDX and 
matched XEN. XEN054 and XEN093 showed higher glycolytic activ-
ity compared to PDX054 and PDX093, respectively, however, there 
was no significant difference in L/P AUC ratio between PDX072 and 
XEN072 (Figure1C-1E). NMR based stable isotope resolve metabo-
lomics: Heat map showing the comparison of steady sate metabolite 
level among PDXs (Figure1F&1G). The results indicated metabolic 
heterogeneity among PDXs of different clinical and pathological stages. 
Further, our results showed that the metabolic features of PDX047, 
PDX054 and PDX093 were significantly different from correspond-
ing XEN047, XEN054 and XEN093, respectively, however, steady 
state metabolite levels were similar between PDX072 and its derived 
XEN072 (Figure1H-1K). Moreover, lactate FE was significantly higher 
in PDX047 and lower in PDX093 compared to derived XEN047 and 
XEN093, respectively (Figure1L&1O), while no significant difference 
was observed in lactate FE between PDX054 and XEN054 and between 
PDX072 and XEN072 (Figure1M&1N). Furthermore, 13C isotopomer 
modeling using tcaCALC showed that glucose flux through the TCA 
cycle is different between PDX047 and XEN047 and between PDX054 
and XEN054, however, was similar between PDX072 and XEN072 and 
between PDX093 and XEN093 (Figure1P).

Conclusion: 
Considering that dysregulated metabolism is a hallmark of cancer, it is 
critical to determine the metabolic fidelity of patient-derived models 
to the human disease. Both hyperpolarized [1-13C] pyruvate metabolic 
imaging and NMR-based stable isotope resolved metabolomics results 
suggest that PDX are authentic models of metabolism of clear cell 
RCC, but that even short-term culture modifies the metabolic phe-
notype of RCC cells that is not restored by returning cells to an in 
vivo environment.

Reference
1. H.I. Wettersten, A.A. Hakimi, D. Morin, C. Bianchi, M.E. John-

stone, D.R. Donohoe, J.F. Trott, O.A. Aboud, S. Stirdivant, B. 
Neri, R. Wolfert, B. Stewart, R. Perego, J.J.Hsieh, R.H. Weiss, 
Cancer Research, 2015,75, 2541–2552.

Poster Presentation

Disclosures: The authors have disclosed no financial interest.

613-Glucocorticoid receptor expression/occupancy measurement 
in vivo with 18F-YJH08

Presenter: Hyunjung Kim, University of California San Francisco

Hyunjung Kim

University of California San Francisco

Introduction: 
Glucocorticoid receptor (GR) is expressed in almost every normal tis-
sue and some solid tumors. Previously, we developed 18F-YJH08 for 
GR imaging, and it showed that 18F-YJH08 can detect GR expressions 
in multiple tissues. In this study, we report measuring GR expression/
occupancy by drugs in mice with 18F-YJH08, which is the critical to 
defining an optimal drug dose.

Methods: 
C57Bl6 mice were received the vehicle or several GR modulators, 
such as the antagonists ORIC-101 (75 mg/kg, BID, for 3 days), 
CORT125281 (100 mg/kg, for 5 days), RU486 (80 mg/kg, for 3 days) 
and agonist dexamethasone (50 mg/kg, for 3 days), prior to the radi-
otracer injection. And, mice bearing PC3 xenografts in the renal cap-
sule were treated with vehicle or dexamethasone. Biodistribution data 
were collected at 30 min post injection of 18F-YJH08. Autoradiography 
was performed post mortem. Tissues were collected, sectioned and 
mounted on glass slides and the slides were developed by phophorim-
ager and processed using software.

Results: 
Biodistribution results showed that one of the antagonists ORIC-101 
significantly suppressed 18F-YJH08 binding in the brain, brown fat, 
adrenal glands, heart and lungs while agonist dexamethasone reduced 
radioligand binding in nearly every tissues. RU486 significantly 
reduced 18F-YJH08 uptake in the adrenal gland and CORT125281 
reduced the radioligand uptake in the jejunum. The tumoral uptake at 
30 min post injection was ~2% ID/g in the renal capsule tumors and 
specific binding was confirmed with dexamethasone. Autoradiogra-
phy of a tumor-bearing kidney section showed that the tumor retained 
higher levels of radiotracer compared to normal kidney parenchyma.

Conclusions: 
The results of this study showed that the 18F-YJH08 enables measure-
ment of GR expression/occupancy by agonist and antagonists in both 
normal and tumor mice. A first in human study evaluating 11C-YJH08 
in patients with metastatic castration resistant prostate cancer is cur-
rently underway.
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Abstract body: 
Abnormal of glutamate system is thought to be involved in major 
depressive disorder (MDD). 18F-FPEB PET/MR, as a neuroimaging, 
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could assess dynamic chance in metabotropic glutamate subtype 5 
receptors (mGluR5) in depression patients. The purpose of this study 
was to evaluate the location and degree of impaired mGluR5 availabil-
ity in MDD patients. In order to provide clinical guidance for diagnosis 
and treatment.

Methods: 
18 patients and 12 healthy controls underwent 18F-FPEB PET/MR 
scan. Nondisplaceable binding potentials (BPND) were calculated to 
reflect the change of mGluR5 availability.

Results: 
The findings showed the average 18F-FPEB BPND values were signifi-
cant lower in MDD patients than healthy controls in several regions, 
including in basal ganglia, orbital gyrus, superior frontal gyrus, etc. 
After whole cortex analysis, we found different cluster in bilaterally 
prefrontal cortex, anterior cingulate cortex, basal ganglia, and temporal 
gyrus between patients and healthy controls. These cluster had good 
diagnostic efficiency, the AUC of left temporal gyrus could be 0.806.

Conclusion: 
The results of this study showed a clinical evaluation of 18F-FPEB to 
investigate, and mGluR5 availability could be a potential biomarker for 
diagnose and therapy in MDD patients.
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Aim: 
Parkinson’s disease (PD) is postulated to be related with the abnor-
mal alpha-synuclein (a-syn) inclusions within the affected dopamine 
neurons. Several a-syn preformed-fibrils (PFFs)-treated animal models 
have recently been proposed and applied for behavior or immunohisto-
chemistry experiments. However, the preformed-fibrils (PFFs) injec-
tion methods are continuously under discussion. To provide a better 
understating of the animal model preparation protocol and its effective-
ness, in this present study an intrastriatal PFFs injected animals were 
prepared and in vivo imaged the dopamine neuron loss status with 
I-123-FP-CIT in different time points.

Methods: 
The PFFs-treated and saline-treated mice (C57BL/6 male, 5-8 weeks 
old) were intracranially injected with a dose of 8 ug of PFFs or saline 
in both sides of striatum. And then a 30-min static SPECT scan was 
performed 60 min after i.v. injection of I-123-FP-CIT (0.4-0. 6mCi) in 
different time points (1, 3, 6 months after surgery). To verify the 

dopamine neuron degeneration condition in different brain area, the 
ex vivo autoradiography (ARG) was also performed in line with the 
time points of the in vivo imaging procedure. For the further compari-
son the relationship between a-syn aggregation with dopamine neuron 
loss, and the related immunohistochemistry (IHC) using different anti-
bodies (anti-pS129 and anti-TH) were used in the study.

Results: 
I-123-FP-CIT SPECT imaging results showed an obvious dopamine 
neuron loss in the PFFs-treated animal group 6-month after treatment 
(~50% dopamine neuron loss compared to the saline-treated group). 
However, the PFFs induced dopamine neuron loss in the substantial 
nigra area was not as much as the data in the striatum (only 20% of the 
tracer uptake) based on the ex vivo ARG. The followed IHC images 
(TH) displayed the similar results found in the ARG and the pS129 
IHC results showed the a-syn deposition is mainly present in the PFFs 
injected sites.

Conclusion: 
I-123-FP-CIT SPECT can visualize the dopamine neuron degeneration 
on the intrastriatal PFFs-injected PD animals 6-month after injection. 
Taken together, I-123-FP-CIT SPECT imaging may serve as a poten-
tially useful platform to monitor the therapeutic effect of new drugs 
aiming for PD treatment in the future.
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Introduction: 
Patients with inflammatory bowel disease (IBD) are at an increased risk 
of developing colorectal cancer (CRC). The current standard of care 
for surveillance of IBD has relied on white light endoscopy (WLE). 
However, there are still dysplastic lesions that are not visible to the 
naked eye using conventional WLE equipment. Dye-based chromoen-
doscopy (DBC) is an adjunct technique that has been investigated to 
enable endoscopists to visualize the colorectal mucosa better. However, 
inflammatory polyps exhibit similar dye uptake as the surrounding 
tissues, and dyes used in most studies do not significantly improve the 
recognition of tumor margins from the surrounding tissues. Here, we 
developed phthalocyanine (PC) blue-based nanoparticles, resulting in 
an increased detection rate and improved delineation of tumor margins. 
These nanoparticles could enable clinicians to distinguish between 
higher risk and lower risk patients and allow the colon to be more 
effectively cleared of dysplasia by reducing the likelihood of occult 
lesions that can grow and progress into a more threatening process.

Material & Methods: 
Various hydrophobic derivatives of the phthalocyanine (PC) dyes (e.g., 
with and without alkyl groups) were loaded into polymeric micelles, 
composed of the amphiphilic diblock copolymer poly (ethylene glycol)-
co-poly(caprolactone) (PEG-PCL), via oil-in-water emulsions. The 
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PC nanoparticles were characterized by UV-absorption spectroscopy 
and dynamic light scattering (Figure 1A, B). The stability of the PC 
nanoparticles was assessed in PBS and sodium cholate buffer by moni-
toring leakage of PC dyes and the hydrodynamic diameter as a function 
of time. The cytotoxicity of PC nanoparticles to 4T1 and HT-29 cells 
was then examined via an MTS cell proliferation assay. The contrast-
enhancing capabilities of PC-blue nanoparticles were tested in a murine 
flank tumor model, using 4T1 cells and adenomatous polyposis coli 
(Apc)+/Min mice that spontaneously develop multiple colorectal adeno-
mas (Figure 1C, D). Frozen section analysis was used for the final 
diagnosis of tissue samples (Figure 1E, F, G).

Results and Discussion: 
PC-blue nanoparticles demonstrated size stability in water and PBS 
with high loading capacity (>90%), high retention after dialysis (>90% 
in 24 hrs in sodium cholate buffer), and narrow-size distribution (PDI 
< 0.2). No toxicity was evident upon incubation with 4T1 and HT-29 
cells up to a concentration of 100 ug/mL. Twenty-four hours post-
injection of 20 mg/kg PC-blue nanoparticles (based on PC dye weight) 
into (Apc)+/Min mice revealed clear demarcation of tumor margins in 
the excised colon and small intestine tissues, with efficient blue dye 
accumulation in polyps.

Conclusion: 
We successfully prepared PC nanoparticles that enable high-contrast 
imaging of the mucosal surface without the use of special optical imag-
ing equipment (e.g., fluorescence, OCT), making it a quick and safe 
option to improve the likelihood of complete resection and reducing 
the need for follow-up surgeries.
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Background: 
Sickle cell disease (SCD) is an inherited hemoglobinopathy that affects 
100,000 Americans, mostly of African descent, and millions world-
wide.1,2 Vaso-occlusive crisis (VOC) is characterized by acute pain 
in areas of microvascular occlusion, and is the main cause of hospi-
talization in SCD.3 Hyperadhesion of blood cells to the endothelium 
and to one another is critical to VOC.4 Very late antigen-4 (VLA-4 or 
integrin ?4?1) mediates the adhesion of white blood cells (WBC) and 
reticulocytes to the endothelium, and could therefore be harnessed as 
an imaging biomarker of VOC. Previous work in our lab has shown 
that the VLA-4 peptidomimetic PET tracer 64Cu-CB-TE1A1P-LLP2A 
(64Cu-LLP2A) can quantitatively and in real time image VOC induced 
by lipopolysaccharide (LPS) in a SCD mouse model.5 However, VOC 
is frequently triggered by hypoxia in humans with SCD, so, to further 

validate our imaging strategy, we investigated whether  64Cu-CB-
LLP2A could image hypoxia-induced VOC in SCD mice.

Methods: 
Non-GMP grade LLP2A-PEG4-CB-TE1A1P was purchased from Aus-
pep. 64Cu-LLP2A was injected via the tail vein in mice (SCD and 
non-SCD; n=10/group; 50% female) at the dose of 200 μCi per ani-
mal. Baseline PET/CT images were acquired at 1h, 4h, and 24h post-
injection (p.i.). After one week, all mice were challenged with 1 hour 
of hypoxia  (FiO2=0.07) followed by 1 hour of normoxia  (FiO2=0.21) 
in an animal chamber (Biospherix Ltd, Parish, NY), a treatment known 
to cause vaso-occlusion.6 PET/CT images were acquired at 1h, 4h and 
24 h p.i. by using a small animal Inveon Preclinical PET/CT scanner 
(Siemens). PET image standard uptake values (SUVs) for the humerus 
and femur, typical sites of vaso-occlusive pain in humans, were meas-
ured using IRW software (Siemens). Complete blood count analysis 
was conducted at baseline and after hypoxia challenge. Blood was col-
lected through the facial vein under anesthesia and placed in EDTA-
coated tubes. Hemoglobin, hematocrit, WBC, neutrophil, and platelet 
counts were determined by using the VetScan HM5 analyzer (Abaxis, 
Union City, CA). The humeri and femurs were collected and fixed in 
4% PFA for 24 h. They were then washed with PBS and kept in 10% 
EDTA buffer for 3 weeks before paraffin mounting and sectioning at 
Magee-Womens research institute histology and microimaging core 
for histology imaging.

Results: 
The SCD mice showed uptake of 64Cu-LLP2A post-hypoxia challenge 
in the humerus and femur at both baseline and after hypoxia challenge. 
SUV ratios at 1 h p.i in the humerus and entire femur compared to 
muscle in SCD mice were increased over baseline, whereas the control 
mice did not show any significant change in uptake. Among the three 
imaging time points, the 1h timepoint showed the most pronounced 
uptake, which indicates that the effect of ischemia/reoxygenation on 
the expression of VLA-4 wanes after 1 hour. This is in keeping with a 
prior report showing that VOC peaked after 1 h of reoxygenation and 
declined thereafter.7

Conclusions:
• 64Cu-LLP2A can be helpful to image hypoxia-induced VOC in 

SCD mice.
• Increased VLA-4 uptake identifies areas of hyperadhesion and 

vaso-occlusion in SCD mice and should be investigated in 
humans with SCD.
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Introduction: 
Metabolic rewiring is a hallmark of cancer. The aggressive prolifera-
tion characteristic of malignancy is dependent on opportunistic uti-
lization of available carbon sources, particularly in the glucose-poor 
tumor microenvironment. The sweetest of all natural sugars, fructose is 
mainly metabolized by the intestine and liver, independently of insulin. 
While entry of glucose into glycolysis via hexokinase and phosphofruc-
tokinase is tightly regulated, canonical fructose metabolism comprises 
phosphorylation by ketohexokinase (KHK) to form fructose-1-phos-
phate (F1P), then cleavage by aldolase B to form glycolytic intermedi-
ates without regulation by glycolytic feedback mechanisms. Expression 
of KHK during dysfunction has been poorly studied. Altered activity 
has been shown in clear cell renal cell carcinoma (1) and hepatocellular 
carcinoma (HCC) (2), but mechanisms remain largely unclear. Prelimi-
nary studies by our group revealed a uniform downregulation of KHK 
in murine and human liver cancer as well as in liver cancer cell lines, 
particularly in HCC patient samples and cell lines (3). If indeed KHK 
activity is altered in disease states, characterization and detection of 
this dysfunction may represent diagnostic opportunities.

Methods: 
Stable KHK overexpression: The pCDH-EF1??-MCS-T2A-RFP-Puro 
plasmid was used to produce lentivirus expressing endogenous KHK. 
Stable transfectants were selected by incubating with puromycin dihy-
drochloride (2 μg/mL) for 3 days. Expanded populations were then 
sorted and collected based on red fluorescent protein expression using 
a FACS Aria Flow Cytometer.
Metabolic tracing studies: Cells were incubated with isotopically 
labeled fructose for 4 hours, washed, and lysed with 80% methanol. 
F1P was detected via NMR. All other metabolites were detected via 
LC-MS using a Q Exactive Orbitrap Mass Spectrometer coupled 
to a Vanquish UPLC; metabolites were separated using a SeQuant 
ZIC-HILIC column.
HP fructose MRI: Mice were anesthetized with 1.5% isoflurane and 
loaded in a Bruker 3T MRI equipped with a dual tune 1H/13C coil. 
250 μL HP [2-13C, U-2H]-fructose in  D2O was injected intravenously 

over 10 s via the implanted tail catheter. An axial 2D CSI sequence 
was used to acquire HP fructose MRS; data was acquired immedi-
ately after completion of injection with 20° constant flip angle, 6.75 
mm x 5.625 mm resolution, 36 mm by 30 mm FOV, 10 mm slab 
thickness, 8x8 image size, and 1.67 Hz per points spectral resolution.

Results and Discussion: 
Compared to the hepatoblastoma cell line HepG2, HCC cell line Huh7 
exhibited reduced fructose consumption and fructose-derived F1P pro-
duction, and reduced ability to proliferate in fructose as the sole carbon 
source (Figure A). In HCC cell lines, overexpression of KHK tagged 
with GFP caused cell death when cells were incubated in fructose 
(Figure B), as well as increased fructose-derived F1P production and 
decreased production of fructose-derived glycolytic intermediates and 
TCA cycle markers, and a reduced total ATP pool (Figure C). These in 
vivo findings suggest that loss of KHK activity in HCC is necessary for 
cell survival and proliferation, likely due to KHK-mediated consump-
tion of ATP.
A [2-13C, U-2H]-fructose probe was developed to probe fructolysis in 
vivo via hyperpolarized magnetic resonance spectroscopy. Perdeu-
teration of [2-13C]-fructose and dissolution in  D2O increased the 
utility of this probe by nearly quadrupling its relaxation time  T1 (Fig-
ure D). In an autochthonous AST model of murine liver cancer 
that allows tumors to form within their physiological environment, 
injection of HP [2-13C, U-2H]-fructose demonstrated similar uptake 
but reduced F1P production in malignant tissue compared to normal 
liver (Figure E). These results demonstrate reduced KHK activity 
in HCC in vivo. Together, this data suggests that loss of KHK may 
present an opportunity for diagnostic strategies. The unique ability 
of HP MRS to noninvasively detect fructose metabolic flux through 
KHK introduces clinical potential for detection of dysfunction in 
tissues that normally metabolize fructose.
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Introduction: 
Despite the promising use of synthetic nanoparticles as imaging agents 
in biomedicine, their translation to the clinic is complex due to some 
drawbacks associated with their potential toxicity or lack of in vivo sta-
bility, limiting their use in oncological imaging [1]. Small extracel-
lular vesicles (sEV) are naturally secreted by cells for communication 
purposes [2] and present physical characteristics close to liposome-
like nanoparticles, such as nanometric size or lipid bilayer structure. 
Together with their natural origin and their intrinsic biological role 
associated with the development of certain pathologies [3], these small 
vesicles are postulated as substitutes for traditional nanoparticles in 
cancer imaging applications. Herein, we present the potential use of 
fluorescently-labeled milk sEV as natural nanoprobes for tumor imag-
ing, highlighting their capacity to interact with different cells from the 
tumor microenvironment.

Methods: 
sEV were isolated from commercial goat milk by ultracentrifuga-
tion and  size exclusion chromatography, being characterized by 
TEM, DLS, NTA and proteomics. The optical labeling of sEV was 
performed following the methodology previously optimized by our 
research group [4]. Briefly, 75μg of sEV were covalently labeled with 
10μL of SCy7.5-NHS (16.9mM), for 2h at 4ºC and pH 8.5. Result-
ant nanoprobe was also characterized by TEM, DLS, NTA and flow 
cytometry. In vitro internalization of fluorescent sEV (0.5μg/mL) by 
264.7 RAW macrophages, C166-GFP endothelial cells and B16F10-
Luc-GFP melanoma cells was evaluated by flow cytometry after 5h, 
24h and 48h of incubation. In vivo tracking of the nanoprobe in tumor 
area was assessed in a subcutaneous allograft melanoma model injected 
in C57BL/6J mice (5·105 B16F10-Luc-GFP melanoma cells/mouse, 
1-week in vivo growth). Mice were imaged 1h, 5h, 24h, 48h, 72h and 
96h after the intravenous injection of the nanoprobe (20μg/100μL), 
using an IVIS spectrum system. Ex vivo fluorescence and luminescence 
signal in fresh tumors was registered by IVIS and ODYSSEY imag-
ing, 5h and 48h post sEV-administration. Uptake by macrophages and 
tumor cells was also analyzed and quantified by confocal imaging in 
excised tumors.

Results: 
Milk sEV were fluorescently labeled by covalent binding, reaching 
high reaction yield (99.9% by flow cytometry) and preserving the origi-
nal morphology and size distribution of isolated vesicles (Fig 1A). 
Macrophages and endothelial cells exhibited fast EVs internalization, 
achieving 99.8±0.1% and 80.4±3.5% of fluorescent positivity after 5h 
of incubation, respectively. In contrast, tumor cells presented maxi-
mum EVs uptake after 48h (Fig 1B). In vivo optical imaging showed 
EVs accumulation in the tumor tissue even 1h post-administration and 
revealed progressive decrease of the fluorescence signal along time 
(Fig 1C). Ex vivo optical imaging of excised tumors confirmed the 
nanoprobe uptake by the correlation between bioluminescence from 
tumor cells and fluorescence from the nanovesicles. Confocal analysis 
of tissues showed that both tumor-associated macrophages and tumor 
cells take up sEV, but macrophages exhibited slight increased accu-
mulation of the vesicles (Fig 1D). Quantification of fluorescent signal 
showed that intensity decreased from 5h to 48h.

Conclusions: 
This work presents the potential use of fluorescently-labeled milk sEV 
as natural nanoplatforms for non-invasive tumor imaging. Fluorescent 
sEV are rapidly accumulated in primary tumor due to the successful 
internalization by cells associated to the tumor microenvironment.
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