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desferoximine (DFO). Mouse blood was collected by cardiac puncture, and 
exosomes were harvested from mouse blood and conditioned cell culture 
medium. Exosomes were isolated by ultracentrifugation or ExoQuick and 
characterized with Western blot and TEM. Real-time PCR was performed to 
measure the amount of miR-210. Luciferase activity was measured by luciferase 
activity assay and IVIS imaging. In tumor tissues, immunohistochemistry 
was performed for detecting HIF-1a, luciferase, Ephrin-A3, PTP1B, and 
VEGF. Results: The amount of miR-210 was increased in hypoxic 4T1 cells 
(15.70 fold) and in the exosomes from the hypoxic tumor cells (12.73 fold). 
In bioluminescence imaging, luciferase signals of Exo (+) 4T1 and Exo (+) 
SVEC cells were decreased compared to that of Exo (−) cells. In xenograft 
mouse models, luciferase signals decreased (0.53 compared to control 
tumor) from the tumors treated with DFO, indicating increased miR-210 
activity. In addition, the luciferase signals also decreased (0.56) from tumors 
treated with hypoxic exosomes, suggesting exosome-mediated transfer of 
miR-210. The expression of Ephrin-A3 and PTP1B, miR-210 target proteins, 
was also decreased in the hypoxic exosome-treated tumor cells, while the 
expression of VEGF was increased in those cells. Conclusions: Transfer of 
miR-210 through exosomes was successfully visualized in mouse breast 
cancer cells and endothelial cells and had an effect on angiogenesis-related 
genes. This imaging system also can be applicable for monitoring 
exosomal miRNA transfer in other cells from tumor microenvironment.
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In vivo PET imaging of radiolabeled exosomes from breast cancer cells. 
K.O. Jung1, H. Youn2, M.J. Kim3, S.W. Oh4, K.W. Kang5, D.S. Lee6, 
J.-K. Chung7; 1Biomedical Sciences, Seoul, Korea, 2Cancer Imaging Center, 
Seoul National University Hospital, Seoul, Korea, 3Department of Nuclear 
Medicine, Seoul, Korea, 4Department of Nuclear Medicine, Seoul National 
University Boramae Hospital, Seoul, Korea, 5Laboratory of Molecular 
Imaging and Therapy, Cancer Research Institute, Seoul, Korea, 6WCU 
Graduate School of Convergence Science and Technology, Seoul, Korea, 
7Tumor Microenvironment Global Core Research Center, Seoul, Korea

Purpose: Cancer cells release exosomes to communicate with environment 
cells, promoting angiogenesis and metastasis. However, physiological 
distribution of the exosomes was not clarified until now. To monitor the 
biodistribution of exosomes, we performed PET imaging of radiolabeled 
exosomes by different injection routes in the mouse. Methods: Exosomes 
were isolated from cultured medium of 4T1, mouse breast cancer cell line, 
using ExoQuick. Exosomes were characterized by Western blot and TEM. 
Purified exosomes were labeled with 64Cu or Cy-7 for in vivo imaging. In 
mice, radio-labeled exosomes were injected by tail vein or footpad injection. 
PET images were obtained by PETBOX. After sacrificing animals, radio-
activities of organs were measured, and immune-histostaining was 
performed. Results: Thin layer chromatography showed 90% labeling 
purity for 64Cu. PET images for i.v. injected exosomes showed high 
radioactivities in the lung, liver, and spleen compared to the control 64Cu. 
Footpad injected exosomes showed more retention time in lymph node than 
control 64Cu. In immunohistochemistry, brachial and axillary lymph nodes 
showed more uptake of exosomes than inguinal lymph node. Conclusions: 
Exosomes from tumor cells were successfully labeled and visualized by 
PET imaging. This is the first PET imaging of radio-labeled exosomes. This 
imaging system can be useful for monitoring the distribution and tracking 
of exosomes to understand their localization.
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Near infrared photoimmunotherapy: basis, applications, and beyond. 
H. Kobayashi; NCI/NIH, Bethesda, MD

Near infrared photo-immunotherapy (NIR-PIT) is a newly developed, 
molecularly targeted cancer photo-theranostics (imaging diagnosis plus 
therapy) using conjugates of a near infrared silica-phthalocyanine dye, IR700, 
to a monoclonal antibody (MAb) thereby targeting specific cell-surface 
molecules after intravenous administration of antibody-photosensitizer 
conjugate (APC). When exposed to NIR light, the conjugate induces a highly 
selective necrotic cell death only in receptor-positive MAb-IR700-bound 
cancer cells (Nat Med. 2011). Necrosis occurs as early as 1 minute after 
exposure to NIR light and results in irreversible morphologic changes 
including cellular swelling, bleb formation, and rupture of vesicles due to 

clinical use, human administration should not be performed without 
previous animal bio-distribution experiments. Furthermore, our clinical 
formulation of 188Rhenium-HEDP, containing 10 μmol of carrier, showed 
excellent bone accumulation that was comparable to other bisphosphonate-
based radiopharmaceuticals, with no apparent uptake in other organs. 
We are currently investigating the routine clinical use of this promising 
therapeutic radiopharmaceutical as a single agent as well as in combination 
with chemotherapy in two clinical trials. References: 1. Suva LJ, Washam 
C, Nicholas RW, Griffin RJ. Bone metastasis: mechanisms and therapeutic 
opportunities. Nat Rev Endocrinol 2011; 7: 208-218. 2. Lam MG, de Klerk 
JMH, van Rijk PP, Zonnenberg BA. Bone seeking radiopharmaceuticals for 
palliation of pain in cancer patients with osseous metastases. Anticancer 
Agents Med Chem 2007; 7: 381-397. 3. ter Heine R, Lange R, Breukels O, 
Bloemendal HJ, Rummenie RG, Wakker AM, et al. Bench to bedside 
development of GMP grade Rhenium-188-HEDP, a radiopharmaceutical for 
targeted treatment of painful bone metastases. Int J Pharm 2014; 465(1-2): 
317-324. 4. Deutsch E, Libson K, Vanderheyden JL, Ketring AR, Maxon 
HR. The chemistry of rhenium and technetium as related to the use of 
isotopes of these elements in therapeutic and diagnostic nuclear medicine. 
Int J Rad Appl Instrum B 1986; 13(4): 465-477.
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A quantitative study of breast cancer glucose and lipid metabolism with 
nonlinear optical microscopy. J. Hou, A. Paul, E. Gratton, E. Botvinick, 
E.O. Potma, B. Tromberg; University of California, Irvine, Irvine, CA

We study the correlation of breast cancer cell glucose and lipid metabolism 
with cancer proliferation and metastasis by nonlinear optical microscopy 
(NLOM). The cellular glucose metabolism is assessed by imaging the 
metabolic coenzymes (NADH and FAD+) through two photon excited 
fluorescence (TPEF) microscopy and fluorescence lifetime microscopy 
(FLIM). We evaluate the oxidative/glycolytic rate from fluorescence lifetime 
of NADH and from redox ratio calculated as the intensity ratio of FAD+/
(NADH+FAD+). We map out the lipid distribution by coherent anti-Stokes 
Raman scattering (CARS) microscopy and develop a Matlab program based 
on machine learning algorithm to compute the lipid percentage from CARS 
images. Commercial cell lines (MCF10A, T47D, MB231 and PME) and 
cells extracted from patient biopsies are suspended in Matrigel/collagen 
mixture and are dynamically monitored for 2-3 weeks. In the 3D 
environment, we observed that different cell types show different metabolic 
rates and morphological patterns corresponding to their proliferation and 
metastatic status. Normal breast cells and non-malignant cells show highest 
redox ratio and lipid percentage and form polarized structures (acini) with a 
hollow center. The malignant cells, which form solid spheroids, are the most 
glycolytic and have less lipid storage in cytoplasm. The metastatic groups, 
with a moderate glucose metabolic rate and lowest lipid percentage, do not 
form any growth arrested structure. A shift from glycolytic to oxidative and 
an increase in lipid content have also been observed during the acini 
formation. The results of this study have the potential to enhance the 
understanding of the correlation of cell metabolism and cancer progression 
and can lead to novel strategies and targets for therapy and prevention.
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Cell to cell communication of exosomal miR-210 released by hypoxic 
breast cancer cell in tumor microenvironment. K.O. Jung1, H. Youn2, 
M.J. Kim3, K.W. Kang4, D.S. Lee5, J.-K. Chung6; 1Biomedical Sciences, 
Seoul, Korea, 2Cancer Imaging Center, Seoul National University Hospital, 
Seoul, Korea, 3Department of Nuclear Medicine, Seoul, Korea, 4Laboratory 
of Molecular Imaging and Therapy, Cancer Research Institute, Seoul, Korea, 
5WCU Graduate School of Convergence Science and Technology, Seoul, 
Korea, 6Tumor Microenvironment Global Core Research Center, Seoul, Korea

Purpose: Breast cancer cells actively release exosomes, which are known 
to carry specific cellular components such as proteins, mRNA, and miRNA 
for communicating various cells in the tumor microenviroment. In this 
study, we visualized exosome-mediated transfer of hypoxia-induced miR-
210 in tumor microenvironment cells. Methods: Mouse breast cancer cells, 
4T1, and mouse endothelial cells, SVEC, were transfected with miR-210 
specific reporter (pCMV-luc2/miR-210) which was designed to be turned 
off luciferase signals by binding of miR-210. Hypoxia was induced by 




