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In this project, we aim for the development of new diagnostic instruments that make it possible
to practice future medical care, by developing the methodology to evaluate properties of
cancer cells in a minimally invasive manner without biopsy, using intravital multiphoton
excitation (IMP) imaging technique. In FY2016, we first gathered basic data on optical
properties of human cancer tissues. After the establishment of collaborative research system
with Drs. Masaki Mori (Department of Gastroenterological Surgery, Osaka University
Graduate School of Medicine), Kenji Kabashima (Department of Dermatology, Kyoto
University Graduate School of Medicine), Kiyoko Kato (Department of Gynecology and
Obstetrics, Kyushu University Graduate School of Medical Sciences), Shinji Ohno (Breast
Oncology Center, Japanese Foundation for Cancer Research Cancer Institute Hospital) and
Yoshiki Sawa (Department of Cardiovascular Surgery, Osaka University Graduate School of
Medicine), reviews by the Institutional Review Board (IRB) was held at each facility. After
human cancerous and non-cancerous tissues were collected based on the clinical research
approved by the IRB, the observation with IMP technique was performed. In order to develop
the observation system using IMP technique for human organs, IMP images were obtained by
autofluorescece and nonlinear optical phenomena such as second harmonic generation.
Furthermore, we compared the IMP images with conventional pathological images with fixed
and thin-sectioned specimens stained with hematoxylin and eosin (HE) dyes. IMP images are
basically identical to conventional HE staining in all cancer tissues and we were able to
recognize distinctive histological features by IMP images. It was possible to observe the area
with a depth of 100 um from surface, intermediate goal of this project, with high resolution
possible to detect the morphology of each cell. These results indicated that it was very useful
to use IMP images for the classification of cancerous and non-cancerous regions.

For the development of fluorescent probes that detect cancer cells, the research group of
Dr. Kazuya Kikuchi (Osaka University Graduate School of Engineering) carried out the
evaluation of the photostability of fluorescent dyes that could be used for the diagnosis using
IMP imaging. They selected carboxytetramethylrhodamine (TAMRA) for suitable fluorescent
dye for the probe. They produced fluorescent probe of cancer cells by labeling the cancer cell
specific antibody with TAMRA, and established the synthetic supply method after
concentration ratio study of the dye and antibody. Moreover, they performed intravital
imaging research with the fluorescent probe and cancer-bearing mouse model.

For the development of optical observation equipment and image analysis technology, the
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research group of Yasujiro Kiyota (Manager of Stem Cell Business Development Section,
NIKON Corporation) produced a prototype of medical objective lens as well as a prototype
adapter for objective lens protection. They also tried to develop algorithms for IMP images
that enabled classification of cancerous and non-cancerous regions. They designed the
algorithms in two different ways; classification method by machine learning method and that
with reference to current pathology diagnosis system. According to verification of the
diagnostic algorithms using IMP images taken so far, both of these two algorithms showed
high classification accuracy of cancerous and non-cancerous regions with sensitivity 90% and

specificity 88% or more.
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