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Greetings from the Director
Masatoshi Kitagawa Ph.D.
Director, Institute of Photonics Medicine

Vice President for Research

Establishment of the “Institute of Photonics Medicine’ for the dramatic development
of medical research at our university

Our university has opened a research institute named “Institute of Photonics Medicine" on
April 1, 2024 to commemorate the 50th anniversary of its establishment.

Our university has established the “Medical Photonics Research Center” in 2011 and the
“Preeminent Medical Photonics Education & Research Center” in 2016, and has placed
particular emphasis on photonics medicine and promoted it as a distinctive research of our
university. The establishment of the “Institute of Photonics Medicine” will be a progressive
reorganization of the “Preeminent Medical Photonics Education & Research Center” with the
“International Mass Imaging Center”, with the aim of jump-starting our photonics medicine
research. “Institute of Photonics Medicine” aims to establish cutting-edge imaging
technologies ranging from molecules and cells to individuals, and use them to elucidate
unknown biological phenomena, and address unmet medical needs such as neuropsychiatric
disorders (diseases that are unresolved and require effective diagnostic and therapeutic
methods), and aim to develop minimally invasive diagnostic methods and effective
treatments.

This research institute consists of five departments. The ‘“Preeminent Research Support”
includes the Advanced Research Facilities and Services, which manages advanced equipment
centered around the university's imaging complex and supports internal research using it, and
the Laboratory Animal Facilities and Services, which supports animal experiments and the
establishment of genetically modified animals, the Cancer Biobank Office. The “Preeminent
Research Suppor”t aims to support the .researchof our university and our research institute,
as well as promote joint use by institutions outside the university. The “Research and
Development in Photonics .Technol(%ﬁ?/” aims to develop low-invasive photon technologies
such as photoacoustic imaging and fNIRS. The “Preeminent BlOlmaﬁlng Research” conducts
a variety of imaging research usm% PET, fMRI, and our proprietary Nanosuit technology,
contributing to the elucidation of the pathology of diseases. In addition, the “Innovative
Diagnostic and Therapeutic Research”, in cooperation with the Basic Clinical Division of the
School of Medicine, aims to elucidate pathology and etiology and develop low-invasive
diagnostic methods and effective treatments of unmet medical needs such as
neurodevelopmental disorders, cranial nerve diseases, rare genetic diseases, cancer, and
infectious diseases using the photon technologies. “Translational Biomedical Photonics”

romotes bidirectional translational researches from basic to clinical and clinical to basic to
acilitate our research as a control tower.

At the Institute, we started an institute project titled “Elucidating the pathophysiology of
neurodevelopmental disorders and creating innovative diagnostic treatments by integrating
cutting-edge medicine and photon technololg ". We expect that the divisional structure
centered on the “Translational Biomedical Photonics” will further support the promotion of
the projects.

In addition, our university has been approved by the Ministry of Education, Culture,
Sports, Science and Technology to establish a “"Hospital Lab" as a base for generating next-
%eneratlon hotomedical research results. Furthermore, we are constructing a “Research

enter for Molecular Neuroscience" that aims to identify and elucidate the functions of
unknown neural functional molecules using mass imaging and 3D imaging. They are
expected that advanced medical research at our university, centered on the “Institute of
Photonics Medicine", will be strongly promoted.

. Hamamatsu City is a city of light and manufacturing that has issued the "Hamamatsu
Light Declaration," and the “Institute of Photonics Medicine" will take advantage of this
geographical advantage and aim to achieve our goals with all our efforts. We appreciate your

uidance, encouragement, and support. I would appreciate it if you could give me the

ollowing. Thank you for your continued support.
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| came to this university in 2007 as a professor of the Molecular Imaging Research
Center which existed for 4 years in the history of the incumbent institute. Since |
was in graduate school, Hamamatsu's proud photonics technology has been one of
my key tools to unravel the mysteries of the brain physiology and pathology in vivo.
As research grows, unlike in the past, there are limitations to what can be achieved
in a single laboratory, and we realized that achieving higher goals requires active
collaboration using multimodal and multiscale methods. One of the missions of this
institute is to set a theme and pursue the answer as one team. Under the
orchestration of Director Kitagawa, | will devote myself as a full-time faculty
member to help our theme (conquering the enigma of autism as a first example)
complete by the harmonizing collaboration among individual laboratories that
conduct original and cutting-edge research.
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Institute of Photonics Medicine

FrE  db)ll HEBX Director Prof. KITAGAWA Masatoshi
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ElIFFE REWA BEE Vice Director Prof. OUCHI Yasuomi
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Based on our strengths in photonics technology and cutting-edge basic and clinical medicine, this institute aims to explore the causes and pathophysiology of
diseases with unmet medical needs by practicing bidirectional photonics translational research and develop innovative methods for diagnosis and treatment.
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The Division of Translational Biomedical Photonics is dedicated to supporting practical research aimed at the

diagnosis and treatment utilizingphotonics technology. From fundamental research to medical application research,
we facilitate bidirectional translational studies by matching technology seeds born in various departments of the
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institute with clinical needs of the university hospital. We support researchers and healthcare professionals in this © - STENERNE
process, facilitating the development of pharmaceuticals and medical devices. The Startup Support and URA Office
accelerates this process by providing assistance in intellectual property management, industry-academia

collaboration, and entrepreneurship support.
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.E%ﬁﬂ'\]%@%ﬁfﬁ%iﬁﬁﬁ%ﬁwﬂ Division of Innovative Diagnostic and Therapeutic Research

Department Head Prof. YAMAGISHI Satoru
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The Division of Innovative Diagnostic and Therapeutic Research is comprised of eight research
laboratories in the fields of Optical Neuroanatomy, Rare Disease Research, Mental Disorders,
Photonic Quantum Therapeutics, Nanotheranostics, Gene and Cell Therapy, Infectious Diseases, and
Regenerative Medicine. Our research goal is to investigate the causes and develop new treatments
for various diseases such as neurodegenerative diseases, psychiatric diseases, rare diseases, brain
tumors, autoimmune diseases, and infectious diseases.
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This division promotes the development of new applications for various imaging technologies
and applies these technologies on physiological or pathological studies in various diseases. Namely,
development of new PET imaging tracers, in vivo imaging for animal models and even humans,
electron microscopy imaging using the nanosuit method developed at our university, mass
microscopy imaging that enable simultaneous evaluation of distribution and quantity of various
compounds, and high-resolution microscopy imaging using tissue transparency technique. This
division also provides imaging services with large in-vivo imaging equipment for external users.
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We devote ourselves to research and development of biomedical optics and image analysis
including imaging massspectrometry, optical ultrasound and nonlinear optical microscopies, and
optical tomography to image wide-range biologicalphenomena. We will contribute to progresses in
photonic medicine by developing optical technologies and human resources to reveal pathological
conditions and to develop novel diagnoses, treatments, and medical devices.
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The Division of Preeminent Research Supports consists of the Advanced Research Facilities and
Services (1 professor (concurrent), 1 associate professor), the Laboratory Animal Facilities & Services
(1 professor (concurrent), 1 associate professor),and the Cancer Biobank Office (1 professor
(concurrent)). The role of this division is to promote research efficiency and development by
facilitating the shared use and integration of educational research facilities. A total of 18 technical
staff members(as of April 1, 2024) with specialized knowledge and skills support the educational and
research activities of the university.
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The International Mass Imaging Center, established in April 2016, serves as a medical application
hub for IMS technology in  Asia, alongside the United States and Germany, focusing on the

\F ! a
solarix X
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(MR S5 2 development of mass imaging techniques. Furthermore, as part of the Advanced Research
e Infrastructure Sharing Promotion Project, the center collaborates with Japanese universities and

companies to promote the shared use of mass imaging. From April 2024, the center will operate as a
department within the Optical Medical Research Institute, and further advancements can be
expected through the integration with other technologies.
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IhE COWE

We have been working to visualize abnormal
lipid accumulation in the tissues from
patients with Fabry disease, one of lysosomal
storage disorders, and to visualize the spatial
distribution of protein secondary structures
within the amyloidogenic protein aggregates
in neurodegenerative diseases, such as
Alzheimer's disease and Parkinson's disease.
Additionally, we have developed smart glasses
to assist with the ambulation of Parkinson's
disease patients and have conducted clinical

‘research to conﬁrm their efficacy in Figl. Ti:S laser developed to utilize as a light source
improving freeze-of-gait symptoms. for the non-linear Raman microspectroscopy

HARETHETHAR

Our approach is to investigate the interaction
between light and biomolecules in detail and
apply that knowledge to elucidate the
molecular mechanism of neuromuscular
disorders. The goal of our research is to
develop novel medical technology that is
practically useful for individual patients, by
combining optical  technology  with
information technology. As for disease
pathology research, we are developing optical,
mathematical and biochemical techniques for
molecular-specific observation of lipid types
or protein higher-order structures in clinical
specimens by label-free imaging using

Visual cues displayed using AR technology

moleculgr spectroscopy. 'We are also Obstacle recognition using depth camera
developing the nonlinear Raman
spectroscopic microscope necessary for the Fig2. Display examples of our prototype smart glasses
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specific purpose described above. As for the development of diagnostic methods, we are
working on ultra-sensitive measurements of biochemical biomarkers for neurodegenerative
diseases using photonic crystal sensors. As for the development of treatment methods, we are
conducting research on augmented reality technology to improve the freeze-of-gate symptoms
of Parkinson's disease patients. We are also working on the development and research of
medical cyber-physical systems as a fundamental technology to realize efficient medical practice
and cost reduction.
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We have carried out research on the cell cycle, tumor suppressor genes, ubiquitin system, etc.,
with the aim of elucidating cell fate control mechanisms and applying them in medicine. In
recent years, we have focused our research on long-chain ncRNA, X-chromosome inactivation,
epigenome regulation, DNA damage response, and analysis of the TGF-f pathway, and have
achieved the following results.

In our laboratory, we will identify and evaluate molecular targets for a variety of diseases,

including cancer and neurological-related diseases, based on the research results and
technologies of our and other laboratories. We will construct and support in vitro and cell-based
screening systems. Furthermore, we also support the search for lead compounds through
screening using chemical compound libraries such as various drug discovery platform systems.
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Startup Support and URA Office (SU Office) was established as a spin-out from
Promotion Center for Medical Collaboration and Intellectual Property, which had
supported to launch startups by faculty and students. JST has adopted our activities as
START programs, and we promote development and operation of entrepreneurial
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activities (entrepreneurship development, GAP fund and others) in collaboration with
Nagoya University and other universities in Aichi, Gifu, Mie, and Shizuoka prefectures
(Figure 1). We also promote improvement of the entrepreneurial environment and
development of a hub city ecosystem. SU Office identifies, fosters and accompanies
deep-tech seeds and medical needs for entrepreneurship as an exit strategy.
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With the aim of increasing the number of faculty and students with a university
start-up or entrepreneurial mindset, SU Office will implement the development of
candidate entrepreneurial personnel and entrepreneurial accompanying personnel,
secure funding, matchmaking with CxO personnel and financial institutions such as VC,
and overseas expansion. We'll develop programs for the lacking competency formation
stage and social implementation stage, and educate practical knowledge of intellectual
property, marketing, fundraising, business planning to them. We'll also prepare the
facilities and equipment used for entrepreneurial preparation and create and revise
regulations. In addition to universities in the Tokai region, we'll promote the formation
and development of a seamless urban ecosystem from human resource development to
start-up preparation and start-up in collaboration with local industries, local
governments, and public agencies (Figure 2).
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2. Amano Y.: Strategies to obtain research funding for Hamamatsu University School of Medicine, a
rural medical college in Japan. J Research Administration. 52/2: 51-69, 2021.

3. Amano Y.: Introduction of medical device of development through industry-academia collaboration
of the Hamamatsu method. Adv Biomed Eng. 9: 112-116, 2020.
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We have identified and reported on the
functions of axon guidance molecules in
neuronal development, neurogenesis,
and various diseases. Specifically, we
have elucidated the roles of the FLRT
family in the formation of the cerebral
cortex and spinal cord injury recovery,
as well as the role of Netrin-5 in adult
brain neurogenesis. Additionally, we
have reported characteristic changes in
microglia during the early stages of
neurodegenerative diseases. We aim to

further refine three-dimensional

imaging techniques and integrate these imaging data with spatial transcriptomics to
advance our understanding of the pathology of central nervous system injuries,
neurodegenerative diseases, and mental disorders. In particular, we are committed to
elucidating synaptic alterations through ultra-microstructural observations in three
dimensions. Furthermore, we are dedicated to developing new therapeutic approaches
for these conditions.
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Rare diseases are strongly related to genetic factors, and recent advances in genetic analysis technology
have revealed the causes of diseases. In our laboratory, we have clarified the genetic abnormalities by
performing exome analysis, in which the exonic regions of the genome are comprehensively analyzed
using next-generation sequencers, and whole genome analysis, in which all the genome is sequenced.
However, the elucidation of the disease mechanism of how the causative mutation causes the disease and
the development of new treatments remain to be developed. In addition, in about half of the patients, the
genetic factors of the disease are not known.

HARETHIEITHARE

AARDEF TR, HFVERBOELFENTEBL CZODRAEBCFEREZREL. BETFEEIC
EOWME - TV RETLEERTHIET MRIOANDZXLOBAEZEELET, ¥V
RETNDERICEWTIE, ERSYEREROIEER T TERLET, £/, KYFHK
DEEICBIL2ELFESEZRET 272, &7 / LBEITERNA-seqzflAahtE v LT

Candidate variants
in known genes,
1.9%

-18-



F I RN EITWET, RNA-seqll &k > T, 77 LILIHEFIR - Expression outliers «- X 75
ARRBFEVWSTRNARBZRET 22 E T, 7/ LEBEZDHERDORNADER L WO ER
o, EICFHFHMRBBOREZRELE TS, AR TIE. WTHRLTWDIEBRFDE S DFH
BARONBIRFPO EEMEZEE L TRNA-seqICAAWS 2 & T, AFARNBHNEL L CHE
W92/ NBEREEODRRBERI/BFINET (K2) ,

We aim to identify the causative mutations of rare diseases Expression of epilepsy related 1486 genes
through genetic analysis, and to elucidate the mechanisms
of the diseases by creating cellular and mouse models

based on the mutations. Mouse models will be created with
the support of the Laboratory Animal Facilities & Services.
To identify genetic abnormalities in the remaining half of
the patients, we will perform a multi-omics analysis
combining whole genome sequencing and RNA-seq, which
will detect RNA aberrations such as monoallelic expression,
expression outliers, and splice abnormalities. We can
identify aberrations mainly in untranslated regions in terms
of genomic aberrations and the resulting RNA
abnormalities. In this study, epithelial cells in urine, in will
be are cultured and used for RNA-seq, which is expected to
elucidate the causes of pediatric neurological diseases that
are mainly analyzed in this research field.
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Our previous research

We have been conducting multimodal neuroimaging analyses, including structural MRI, functional MRI, MR-
spectroscopy, and Positron emission tomography (PET), to elucidate the brain molecular mechanisms of
psychiatric and neurodevelopmental disorders such as autism spectrum disorder and PTSD, as well as
psychiatric disorders. Additionally, we have achieved results by analyzing behavioral manifestations such as
facial expressions, speech prosody, and gaze, using them as objective quantitative indicators of social
communication difficulties and mood disorders. ' —— e ——

. . . enetic leve /" Neural level /~ Behavior level

Furthermore, to investigate the efficacy of [ W
Target molecule Endophenotype [ Phenotype

administering target molecules associated with these PET, Functional MR resting Autism, Eating disorde?

behavioral features and neuroimaging indices, we have SNPs -DNA methylations  state functional connectivity; Bipolar disorder
- . . T etc task-induced activity), MR- Depression
conducted clinical trials using these indices as outcome L Schizophrenia, PTSD |
measures, employing randomized controlled
double—blind trials. We are endeavoring to address the
unmet medical needs of conditions lacking therapeutic
agents. [ have also proposed the concept of
Endophenotype—associated surrogate endpoint (EASE),
advocating for the use of intermediate phenotypes as |
surrogate endpoints.

“Clinically -
meaningful
_ ndpoi

Surrogate endpoint

‘deinistration of target molecule O  res 2015
Future direction of our study

At our research institute, building upon previous research achievements and technologies, we closely
collaborate with animal experiments to further develop multidimensional and bidirectional translational research,
aiming to actualize the resolution of unmet medical needs. Particularly focusing on psychiatric disorders such
as autism spectrum disorder, anorexia nervosa, and bipolar disorder, we search brain molecular targets and
utilize them as outcome measures for intermediate phenotypes at the brain circuit level and behavioral level

(EASE). Subsequently, we will conduct clinical trials to investigate the efficacy of novel therapeutic candidates
based on these identified molecular targets.
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As an example of such projects, within Hamamatsu  Multi-layer - Bi-directional Translational Research p,

University School of Medicine, a system has been Genetic level ‘ [ Neural level ‘ ’ Behavioral level
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. i . ; Multimodal neuroimaging: analyses of facia

behaviors and cognitive functions of 10 common GRS, R PET, functional MRI expression, voice prosody
. . . etabolome, Proteome etc. MR-Spectroscopy et and eye gaze etc.

marmosets housed in a 18m? floor area with a height of || P Pyete. @ @ | e

. . oy . p Yol 1dis

2.5m, under mixed—sex group housing conditions, using o

non—contact individual identification (RFID, radio
frequency identification) technology in the absence of
experimenters. This system records behaviors 24 hours
a day, 365 days a year. From the resulting large amount

ASD, eating disorder
Bipolar disorder etc.

of behavioral data, efforts are underway to establish (Animals (Mice, Marmoset etc.) frimalriendly housing
TR T ; : Model animal PET, In vivo imaging with automatic
quantitative indicators for evaluating behaviors such as Mot ST TR e recording of rove
social interactions. This facilitates the translation of ste. C W S
objective quantitative behavioral analysis in humans. Identifying novel N '
T — inistration of novel therapeuties |
y
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1. BERFELEEEAE Sonoluminescence therapy using ultrasound
VI/ILIxy vy ZABREICAL., BEEMREOAERIRNICEET 5. FIRBERENLEEDEH
FKAEEDHTWND, FL WTheranoticsDRIEEM A & THRET L TW 5,

2. NEBEBEHOBEEHEL A LIE27-0DEEERFE Fixation devices for radiotherapy(RT)
Z M x . Carbon plateZ{f > 7-Body frame. =Es& TFE&H— /L% (> 7-Body frame. B
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We plan to develop advanced diagnostic and therapeutic methods using light and radiation
with the aim of practical application.
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Our research area is development of targeted drug delivery systems
= J ))& (DDS) using antibody and lipid nanoparticle and we have developed
many nano-drugs for refractory disease diagnosis or therapy so far.
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Our research goal is to develop new photo-triggered
LR ECcHIETHE theranostics based on targeted DDS, which enables to both

diagnose and treat refractory and/or rare diseases.
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Since 2000, he has been studying gene therapy for brain tumors, and in 2004, he obtained his Ph.D.
from Okayama University. In 2005, he studied at the Department of Neurosurgery, the Ohio State
University, where he investigated the tumor microenvironment in oncolytic virus (OV) therapy. He
further developed OVs expressing vasculostatin, which showed anti-angiogenic activity against brain
tumors, and in 2008, he started research on 'Regulation of Tumor Microenvironment in OV Therapy' at
Okayama University. 2009 he was awarded the Hoshino Prize by the Japan Society for Neuro-
Oncology. Since then, he has been working on 'Novel OV and Molecular Targeted Drug Combination
Therapy'; in 2017, He conducted 'New Development of Combination Molecular Targeted Drug and
Gene Therapy for Malignant Brain Tumors' and provided face-to-face advice with PMDA on the project
of Ad-SGE-REIC, a gene therapy product, which received funding from the AMED. Under the
Translational and Clinical Research Program, a phase I/lla trial for recurrent malignant brain tumors
was conducted in May 2019. From 2020, gene & cell therapy using Stem Cells from Human Exfoliated
Deciduous Teeth (SHED) is being developed at Hamamatsu University School of Medicine.
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Malignant brain tumors are treatment-resistant tumors. Standard treatments include surgery,
chemotherapy, and radiation therapy, however, these have not sufficiently improved functional
prognosis and overall survival. The main reason for this is that tumor cells have the property of widely
infiltrating the brain, causing recurrence. In particular, glioma stem cells are involved in invasiveness,
cancer heterogeneity, and even treatment resistance, and the focus of future therapeutic development
will be how to control glioma stem cells. Currently, we are developing gene therapy and gene cell
therapy that combine the properties of stem cells to migrate and accumulate in tumor cells with gene
therapy.
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Our research has mainly focused on molecular virology of hepatitis B virus and hepatitis C virus, which are known to
cause chronic hepatitis, cirrhosis and hepatocellular carcinoma, in particular on elucidating the molecular mechanisms
of their virus lifecycles and development of liver diseases. Research has also been carried out into the detection
techniques and pathogenicity of mosquito-borne viruses such as Dengue virus and Zika virus, which have become
social problems due to global warming and their global spread, and the recently-discovered polyomaviruses.
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In microbiology research, it is important to understand the spatio-temporal dynamics of viruses and other pathogens,
such as “when, where and how they behave in the host”. We aim to establish methods for real-time monitoring of
various processes from virus entry into cells to particle formation, and to develop live cell imaging platforms to
track virus-host factor interactions and changes in the cellular environment in spatio-temporal manners. We will
also improve in vivo imaging techniques not only in cellular systems but also in infected animal models.
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We have been investigating to decipher heart developmental and regenerative mechanisms that are
complexly regulated by heart stem/progenitor cells and paracrine mediators, aiming to develop
novel regenerative therapeutics for heart disease. Combining single-cell omics studies of
embryonic hearts with latest biotechnologies such as hPSCs, chemically modified mRNA, and in
vitro 3D organoids, we have so far identified previously unrecognized stem/progenitor cells and
chemical factors that play key roles in heart development and regeneration.
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The specific research objectives in our laboratory are 3-fold:
1.

Characterize the roles and functions of the mammalian embryonic heart- or hPSC differentiation-
derived single-cell omics studies-identified heart stem/progenitor cells and cardiogenic paracrine
mediators during in vitro and in vivo cardiogenesis. (Aim 1)
Innovate the
grafts/organoids and mRNA medicine for therapeutics in in vivo heart disease models. (Aim 2 & 3)
Establish the new cardiac disease modeling and drug screening platforms with in vitro hPSC
differentiation-mRNA-heart organoid 3D culture systems for future personalized medicine. (Aim 4)

specific progenitor-mRNA-tissue engineering-hybrid functional heart muscle
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We are developing multimodality molecular
imaging agents, mainly imaging agents for PET, to
analyze pathological functions of various diseases
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and to develop and support novel diagnostic
methods by using these imaging devices. We are
also conducting multilevel in vivo imaging
research using these imaging agents on small
animals and primates. It is also responsible for
supplying PET radiopharmaceuticals for clinical
testing, clinical studies and clinical trials. This will
promote translational and reverse-translational
research that can bridge between the molecular

biological findings and clinical practices.
INE TOWRE
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Hee. EE. EEOLWDHLWEI=ZKEETHIN., AFRFICEHERICBESEIZ2LEEHONTWET
LFLAV Y ZAFVRRERCTF U M URRAEZTRE LR REZED TWD, £/ B9
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Comparison of %R0 among the nasal drug

delivery systems in cynomolgus monkey brain
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Sasaki K, Fukakusa S, Torikai Y, Suzuki C, Sonohata I, Kawahata T, Magata Y, Kawai K, Haruta
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region in monkeys. J Control Release. 16;359:384-399, 2023.
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Bioorg Med Chem. 2023 Apr 15;84:117260, 2023.

Suzuki C, Han S, Kesavamoorthy G, Kosugi M, Araki K, Harada N, Kanazawa M, Tsukada H,
Magata Y, Ouchi Y. Differences in in vitro microglial accumulation of the energy metabolism
tracers [18F]FDG and [18F]BCPP-EF during LPS- and IL4 stimulation. Sci Rep. 2021.

Suzuki C, Kosugi M, Magata Y. Conscious rat PET imaging with soft immobilization for
quantitation of brain functions: comprehensive assessment of anesthesia effects on cerebral blood
flow and metabolism. EJNMMI Res. 8;11(1):46, 2021.

Shidahara Y, Natsume T, Awaga Y, Ogawa S, Yamoto K, Okamoto S, Hama A, Hayashi I,
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Suzuki A, Yamaguchi S, Li M, Hara Y, Miyauchi H, lkeda Y, Zhang B, Higashi M, lkeda Y,
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Our laboratory thinks highly of integrating many kinds of knowledge from other fields such
as medicine, pharmacy, engineering, physics, psychology, and philosophy by collaborating
with experts in those fields. With a great help of the Hamamatsu optical technology, all our
challenges against unsolved problems would lead to realization of human welfare and
peace in the future.
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Summary: The research lab has pioneered the NanoSuit method, enabling electron microscopy of live or wet

specimens. This innovative technique is utilized across biology, medicine, and materials science. We have established a
research division and a company to foster academia-industry collaborations. Current projects focus on advancing high-
resolution, non-destructive observation of pathological samples and developing a highly sensitive, multiplex
immunochromatography system. The lab aims to enhance medical diagnostics and health management through these
technologies.
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1. *Kawasaki H, Hariyama T, Kosugi I, Meguro S, Iwata F, Shimizu K, Magata Y, Iwashita T. Human induced pluripotent
stem cells are resistant to human cytomegalovirus infection primarily at the attachment level due to the reduced expression of
cell-surface heparan sulfate. J Virol. ¢0127823. 2024.

2. Yamada S, Itoh T, Ikegami T, Imai A, Mochizuki D, Nakanishi H, Ishikawa R, Kita J, Nakamura Y, Takizawa Y,
Okamura J, Noda Y, Iwashita T, Hariyama T, Suzuki M, Misawa K, *Kawasaki H. Association between human
papillomavirus particle production and the severity of recurrent respiratory papillomatosis. Scientific reports. 13,
Article number: 5514, 2023.
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Hariyama T, *Kawasaki H. Identifying Active Progeny Virus Particles in Formalin-Fixed, Paraffin-Embedded Sections
Using Correlative Light and Scanning Electron Microscopy. Lab Invest. 103(1) 100020-100020, 2023.

4. *Kawasaki H, Suzuki H, Furuhashi K, Yamashita K, Ishikawa J, Nagura O, Maekawa M, Miwa T, Tandou T, Hariyama
T: Highly Sensitive and Quantitative Diagnosis of SARS-CoV-2 Using a Gold/Platinum Particle-Based Lateral Flow Assay
and a Desktop Scanning Electron Microscope Biomedicines 10(2):447, 2022

hlstologlcal approach for exammmg parafﬁn sectlons in a nondestructlve manner by correlative light and electron
microscopy. Lab Invest. 100(1):161-173. 2020. (Cover feature, Laboratory Investigation, January/2020).

6. *Shinmura K, *Kawasaki H, Hariyama T, Sugimura H . Utility of Scanning Electron Microscopy Elemental Analysis
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20109.
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(Nature Communications 2015; Frontiers in Neuroanatomy 2021),

Although several axon guidance proteins have been well characterized, more unidentified axon guidance
cues are assumed to participate in the formation of the extremely complex brain. We previously identified
a novel axon guidance cue, named Draxin, that has no homology with other proteins. We established
Draxin knockout mice and showed that Draxin is essential for the development of various neural circuits
in the brain.
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THREO—ETHDT A OY A MIOBALN Y THRKICE

ETH 5T & % L 7=(Science Advances 2022; Frontiers in Cell K2 wTAL7 2Ly hOR
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Developmental Biology 2022),
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Folding and expansion of the cerebral cortex during mammalian evolution are considered to be crucial
advances in acquiring higher brain function. The brains of humans, monkeys and ferrets have the folded
cerebral cortex (gyrencephalic cortex), whereas those of rodents often lack cortical folds (lissencephalic
cortex). Furthermore, human patients with cortical folding malformations exhibit severe intellectual
disability and epilepsy. Therefore, molecular and cellular mechanisms underlying formation and
malformation of cortical folds have been of great interest. We have used ferrets as a model animal and
analyzed molecular mechanisms underlying formation of cortical folds. Recently, we demonstrated that
localized astrogenesis by a positive feedback loop of FGF signaling is an important mechanism
underlying cortical folding in gyrencephalic mammalian brains.
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Using various research techniques such as molecular genetics, mouse behavior, electrophysiology and
imaging using optical technology, we aim to elucidate the molecular mechanisms of the development and
evolution of the brain and their physiological significance. In addition, we will also advance the analysis
of diseases caused by the disruption of normal brain formation and physiological functions.

Brain disease research focused on Draxin functions

Draxin controls axon guidance through receptors of netrin-1. By elucidating the crosstalk between these
two axon guidance signals, we will analyze mechanisms of brain neuronal circuit formation and
pathophysiology of brain diseases caused by abnormalities in these regulatory mechanisms.

Study of the complex brain using ferrets

During mammalian evolution, the cerebral cortex has changed markedly, resulting in the acquisition of
higher cognitive functions. Notable changes during evolution include the expansion and folding of the
cerebral cortex. At the cellular level, the number of neurons and glial cells increased, and their
morphology and function developed. We aim to understand such a complex brain using ferrets.
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Sakashita M., Roboon J., Hattori T., Kannon T., Hosomichi K., Slezak M., Holt M.G., Tajima A.,

Hori O. and Kawasaki H. Localized astrogenesis regulates gyrification of the cerebral cortex.

Science Advances, 8(10):eabi5209, 2022.

2. Shinmyo Y., Hamabe-Horiike T., Saito K. and Kawasaki H. Investigation of the mechanisms
underlying the development and evolution of the cerebral cortex using gyrencephalic ferrets.
Frontiers in Cell Developmental Biology, 10:847159, 2022.

3. Ahmed G. and Shinmyo Y. Multiple functions of Draxin/Netrin-1 signaling in the development of
neural circuits in the spinal cord and the brain. Frontiers in Neuroanatomy, 15:766911, 2021.

4. Matsumoto N., Shinmyo Y., Ichikawa Y. and Kawasaki H. Gyrification of the cerebral cortex
requires FGF signaling in the mammalian brain. eLife, 6, €29285,2017.

5. Shinmyo Y., Terashita Y., Dinh Duong T. A., Horiike T., Kawasumi M., Hosomichi K., Tajima A.
and Kawasaki H. Folding of the cerebral cortex requires Cdk5 in upper-layer neurons in
gyrencephalic mammals. Cell Reports, 20(9), 2131-2143, 2017.

6. Shinmyo Y., Riyadh M. A., Ahmed G., Naser 1. B., Hossain M., Takebayashi H., Kawasaki H.,
Ohta K. and Tanaka H. Draxin from neocortical neurons controls the guidance of thalamocortical
projections into the neocortex. Nature Communications, 6, 10232, 2015.

7. Mito T*., Shinmyo Y*. (*equally contributed) , Kurita K., Nakamura T., Ohuchi H. and Noji S.
Ancestral functions of Delta/Notch signaling in the formation of body and leg segments in the
cricket Gryllus bimaculatus. Development, 138, 3823-3833, 2011.

8. Islam S. M"., Shinmyo Y*. (Yequally contributed) , Okafuji T., Su Y., Naser I. B., Ahmed G.,
Zhang S., Chen S., Ohta K., Kiyonari H., Abe T., Tanaka S., Nishinakamura R., Terashima T.,
Kitamura T. and Tanaka H. Draxin, a repulsive guidance protein for spinal cord and forebrain
commissures. Science, 323, 388-393, 2009.

9. Shinmyo Y., Mito T., Uda T., Nakamura T., Miyawaki K., Ohuchi H. and Noji S. brachyenteron is

necessary for morphogenesis of the posterior gut but not for anteroposterior axial elongation from

the posterior growth zone in the intermediate-germband cricket Gryllus bimaculatus. Development,

133, 4539-4547, 2006.

_42-






R A A — Y SR
AVERA A=Y JZE  In Vivo Imaging Office

X IN—
FEH XRE (HiR /FRIE)

ymagata@hama-med.ac.jp

B  £hA X =PV J, BIEERRIT
F—7—F BB AT, BEYEIRES A - S BEMDRITME.
REBMET IV, EEMREN

e B ($HH758)

maki.h@hama-med.ac.jp
AT IR LA

AVERA A=V TEIZDOWVWT

,,J’A‘l:ﬂ?ﬁ?rfl&fﬂ’x—J/D}im’éﬁﬁb\f’ﬁ RIAZT « EREREASSDRAICTTIONTR D, &R
SAX=IVTRE « MBEZmATNFTT, FPEE - EFBECKDIMAREICLIAAL
'CEbZ%&ZDL_\ S A IV ITEBONENBZEIREE U CNET, FEEEROEPIAD
HOBRNEBELZLUTCTHRANEREITDLDIC, BREXIET DIRIMEZERE L CUET,

Various in-vivo imaging devices are equipped in our university. Basic and clinical researches using these
imaging techniques are actively conducted. These imaging devices are available for external use. Our
technician will assist with imaging so that those without experience or expertise in using the equipment
can use them.
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We engage ourselves in research and development of multimodal and multiscale biomedical
measurement/imaging technologies including noninvasive optical tomography and ultrasound microscopy
to develop their new applications in medicine and biology by quantifying the optical and mechanical
properties of tissues and cells.
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Our researches will be extended widely to medicine and healthcare by taking advantage of optical and
ultrasound measurements, addressing unmet medical needs in treatment of psychiatric and inflammation
diseases. We pursue high quality biomedical instrumentation.

R RER

1. Tamura K, Ito K, Kishimoto R, Yoshida K, Kishimoto T, Obata T, Yamaguchi T: The Effect of
Steatosis on Shear-Wave Velocity and Viscoelastic Properties Related to Liver Fibrosis
Progression in Rat Models, Ultrasound Med. Biol. 2024 . in press

2. Yoshida K , Omura M, Tamura K, Hirata S, Yamaguchi T: Detection of individual microbubbles
by burst-wave-aided contrast-enhanced active Doppler ultrasonography, IEEE Trans. Ultrason.
Ferroelectr. Freq. Control 2024. in press

3. Tamura K, Ito K, Yoshida S, Mamou J, Miura K, Yamamoto S: Alteration of speed-of-sound by
fixatives and tissue processing methods in scanning acoustic microscopy, Frontiers in Physics
11:1-9, 2023.

4.  Okawa SK, Hirasawa T, Okawa S, Fujita M, Ishihara M: Real-time fetal monitoring using
photoacoustic measurement of placental oxygen saturation in a rabbit hypoxia model, Placenta
146: 110-119, 2024.

5. Okawa S, Hoshi Y: A review of image reconstruction algorithms for diffuse optical tomography,
Appl. Sci. 13(8) : 5016, 2023.

6. Ikematsu H, Ishihara M, Okawa S, Minamide T, Mitsui T, Kuwata T, Ito M, Kinoshita T, Fujita
T, Yano T, Omori T, Ozawa S, Murakoshi D, Irisawa K, Ochiai A: Photoacoustic imaging of
fresh human surgically and endoscopically resected gastrointestinal specimens: DEN Open 2(1):
€28, 2021.

7. Okawa S, Hirasawa T, Kushibiki T, Ishihara, M: Image reconstruction of the absorption
coefficients with |,-norm minimization from photoacoustic measurements, Quant. Imaging Med.
Surg. 5(1): 78-85, 2015.

8. Okawa S, lkehara T, Oda I, Yamada Y: Reconstruction of localized fluorescent target from
multi-view continuous-wave surface images of small animal with Ip sparsity regularization,
Biomed. Opt. Express 5(6): 1839-1860, 2014.

9. Okawa S, Hoshi Y, Yamada Y: Improvement of image quality of time-domain optical
tomography with lp sparsity regularization, Biomed. Opt. Express 2(12): 3334-3348, 2011.
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In order to investigate genuine physiological and biological phenomena, we have independently
constructed cutting-edge nonlinear optical microscopes, and have been trying to elucidate the mechanisms
of inter-organ and intercellular communication and physiological substance exchange in the living organism.
In addition, we have combined self-developed new technologies with pioneering research and development
of optical imaging techniques continuously. Recently, we have combined harmonic generation and
picosecond time resolved measurement to understand the exchange of substances in living organisms.
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1. Mochizuki L, Sano H, Honkura N, Masumoto K, Urano T, Suzuki Y*: Visualization of Domain-
and Concentration-Dependent Impact of Thrombomodulin on Differential Regulation of
Coagulation and Fibrinolysis. Thromb Haemost. 123(1):16-26, 2023.

2. Suzuki Y, Sano H, Mochizuki L, Honkura N, Urano T*: Activated platelet-based inhibition of
fibrinolysis via thrombin-activatable fibrinolysis inhibitor activation system. Blood Ady 4: 5501-
5511, 2020.

3. Honkura N*, Richards M, Lavina B, Sainz-Jaspeado M, Betsholtz C, Claesson-Welsh L*:
Intravital imaging-based analysis tools for vessel identification and assessment of concurrent
dynamic vascular events. Nat Commun 9: 2746,2018. H1 (IHF1000 Prime) #H

4, Li X, Padhan N, Sjostrom E O, Roche F P, Testini C, Honkura N, Sainz-Jaspeado M, Gordon E,
Bentley K, Philippides A, Tolmachev V, Dejana E, Stan R V, Vestweber D, Ballmer-Hofer K,
Betsholtz C, Pietras K, Jansson L, Claesson-Welsh L*: VEGFR2 pY949 signalling regulates
adherens junction integrity and metastatic spread. Nat Commun 7: 11017, 2016.

5. Toki F*, Honkura N*, Shirakata Y, Imamura T, Higashiyama S, Nanba D*: Second harmonic
generation reveals collagen fibril remodeling in fibroblast-populated collagen gels. Cell Struct
Funct 38: 227-236, 2013. *Contributed equally to this work

6. Hira R, Honkura N, Noguchi J, Maruyama Y, Augustine G J, Kasai H, Matsuzaki M*:
Transcranial optogenetic stimulation for functional mapping of the motor cortex. J Neurosci
Methods 179: 258-263, 2009.

7. Honkura N, Matsuzaki M, Noguchi J, Ellis-Davies G C, Kasai H*: The subspine organization of
actin fibers regulates the structure and plasticity of dendritic spines. Neuron 57: 719-729, 2008.
H1 (IHF1000 Prime) #H

8. Matsuzaki M, Honkura N, Ellis-Davies G C, Kasai H*: Structural basis of long-term potentiation
in single dendritic spines. Nature 429: 761-766, 2004. H1 (IHF1000 Prime) 3H
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This laboratory is an endowed laboratory established and managed by Hamamatsu
Photonics. We have over 30 years of achievements in the fusion of life science and optical
engineering (photonics). To date, we have developed various new medical and
biotechnologies based on optical technology, and been promoting applied research.
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Our laboratory is enhancing collaboration between medical practitioners/researchers
and Hamamatsu Photonics engineers/researchers based on the Stanford biodesign
program. We are conducting research and development of technologies that meet unmet
needs in medicine and healthcare. We are also engaged in education of medical and
graduate students, which leads to fostering young researchers in the biophotonics field.
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Sugi T, Inubushi T, Ohno T, Onishi Y, Isobe T, Shigematsu T, Hanai S, Okada Y, Takahashi R,
Tawara Y, Suzuki C, Kanno T, Magata Y, Fujishima I, Yoshikawa E, Ouchi Y.: Neural substrates
of cough control during coughing. Sci Rep. 14, 2024 Jan 8;14(1):758.doi: 10.1038/s41598-024-
51477-x

Onishi Y, Isobe T, Ito M, Hashimoto F, Omura T, Yoshikawa E.: Performance evaluation of
dedicated brain PET scanner with motion correction system. Amn Nucl Med., 2022
Aug;36(8):746-755. doi: 10.1007/s12149-022-01757-1. Epub 2022 Jun 13. PMID: 35698016
Terada T, Obi T, Bunai T, Matsudaira T, Yoshikawa E, Ando I, Futatsubashi M, Tsukada H, Ouchi
Y.: In vivo mitochondrial and glycolytic impairments in patients with Alzheimer disease.
Neurology., 2020 Apr 14;94(15):e1592-e1604.doi: 10.1212/WNL.0000000000009249. Epub
2020 Mar 5.

Yokokura M, Takebayashi K, Takao A, Nakaizumi K, Yoshikawa E, Futatsubashi M, Suzuki K,
Nakamura K, Yamasue H, Ouchi Y.: In vivo imaging of dopamine D1 receptor and activated
microglia in attention-deficit/hyperactivity disorder: a positron emission tomography study. Mol
Psychiatry., 2020 May 21. doi: 10.1038/s41380-020-0784-7. Online ahead of print.

Yokokura M, Terada T, Bunai T, Nakaizumi K, Kato Y, Yoshikawa E, Futatsubashi M, Suzuki K,
Yamasue K, Ouchi Y.: Alterations in serotonin transporter and body image-related cognition in
anorexia nervosa. Neurolmage Clinical, 2019;23:101928. doi: 10.1016/j.nicl.2019.101928. Epub
2019 Jul 3.

Harada T, Iwabuchi T, Senju A, Nakayasu C, Nakahara R, Tsuchiya K, Hoshi Y.: Neural
mechanisms underlying rule selection based on response evaluation: a near-infrared spectroscopy
study. Sci. Rep. 12,20696, 2022.

Takamizu Y, Umemura M, Yajima H, Abe M, Hoshi Y.: Deep learning of diffuse optical
tomography based on time-domain radiative transfer equation. Appl. Sci. 12: 12511, 2022.

Shinba T, Karuya N, Matsuda S, Arai M, Itokawa M, Hoshi Y.: Near-infrared time-resolved
spectroscopy shows anterior prefrontal blood volume reduction in schizophrenia but not in major
depressive disorder.: Sensors 22, 1594, 2022.

Yajima H, Abe M, Umemura M, Takamizu Y, *Hoshi Y.: TRINITY: A three-dimensional time-
dependent radiative transfer code for in-vivo near-infrared imaging. J Quant Spectro Rad Trans
277: 107948, 2022.

Mimura T, Okawa S, Kawaguchi H, Tanikawa Y, *Hoshi Y.: Imaging the human whole thyroid
using three-dimensional diffuse optical tomography: a preliminary study. Appl Sci 11: 1670, 2021.
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Advanced Research Facilities and Services (ARFS) consists of Laboratory for Promotion of Advanced
Research (LPAR) and Core Biotechnology Services (CBS). The CBS staff are experts in managing
advanced equipment and RI analysis. The staff help researchers and directly contribute to advancing
education and research in biomedical sciences.

SEREIRTHTHEEESE  Laboratory for Promotion of Advanced Research (LPAR)
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LPAR aims to promote basic and clinical research using instruments in ARFS and inter-departmental
collaboration. One of our collaborative topics is the dysfunction of the cell cycle regulators, which could
cause several human diseases, including cancers and chronic disorders.

BRI HEHTIEDEF Core Biotechnology Services (CBS)

CBSDHEMRIBIEEICTRD L5 BMEFEAMBI L= v MMIhiF o, &Iz EF LT 2BEN KB
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Units of
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Main Equipment and Services
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_Eﬁg}‘iﬁ* HERE @ ook e REE Microvolume spectrophotometers
Biological samplé  (NanoPad, NanoDrop), #23% RF4%% Sonicator, il et ! "_—- ﬁ&;ﬁ;ﬁ;’:f;{ﬁ
preparation SpeedVac™ concentrators, etc. L—\ anora
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L% Capillary DNA sequencers, High-throughput electrophoresis system (TapeStation), PCR

machines, Microarray system
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Genetic analysis

TS5 URBETOTVET
Next generation sequencers
(NextSeq, MiSeq, lonPGM)
We provide supports for
sequencing and exosome
library preparation
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Units of
Technologies

R FREAT

Molecular biological

analysis

THRatLREARAT
Cell biological
analysis

B REfE AT
Ultrastructural
analysis

YRR

Bioinformatics

E{RIFER AR

Image analysis

RIfZ#T
Radioisotope
analysis

Has - BRI
Devices and
technology
development

LES 35
Support for drug
discovery

Main Equipment and Services
B85 #TEtMass spectroscopes (Q-Exactive, QTRAP5500+ etc.), NMR, {bZ2 %k - A A -5
DRTLTILA A
Printgraph 2M, FLA-3000), mEﬁ*ﬁEVﬁFﬁﬁﬂﬁ
K - EH - FER >
R4 JL—r)—F—
Micro-plate readers
(adsorption, fluorescence,
chemiluminescence) etc.

— 2R L Gel and blot imaging systems (Fusion FX7, ChemiDOC™ Touch,
i& Protein interaction analy5|s (OpenSPRZ)

AL A — vz’)%ﬁFusmn FX7 Egﬁ*ﬁ.ﬁr proteome Fﬁis@l‘ﬁﬁl-ﬂﬁs‘l

B - HESL—Y NS 54 > — AN
#% Super-resolution/Confocal laser microscopes, %
$F L—H —BE#ER Multi-photon laser microscope,
NAAVTIOIEIVTF54H— ngh contents

#8& Time-lapse fluorescence mlcroscopes 28—
%4 kA —4AFlow cytometers (analyzers, cell
sorters), # YRR EEMEE etc.

BB 2 E T IEMES Transmission electron
microscopes

FEEEE FHEMEE Scanning electron microscopes
BEEEIT L 7Y hEREE Freeze-fracture
repllcatlon system

= R FEEE High pressure freezing machine
x.:{ﬁ*H’Eiz Sample preparation, etc.

ERESRAORNEFRLEY

Super-resolution microscope Flow cytometer

B = 49#HE Scanning electron Transmission electron
microscope S-4800 microscope JEM1400

D=9 RTF—vay e

7/ LEHAY 7 b
DIT7EHEAET

NGSHEHTRY—/\ -
E{RE T APCH
Servers and workstations
(Windows and Linux) for

NGS analysis and bio-imaging, etc.

3D/4D E{& fEHT

DRAT L HELSL—Y MR
4 P — NERMERED3D/ADEEMTIC
BLTWET

Imaging analysis system (Imaris)

kijUJQ—-
Fﬁ&t@ki
tx@ —ERR

Radioisotope analysis

BAKSUFL—2 3 0h™ 4 Liquid scintillation N
Counters T_ Frb:r-)l/jj VVVZTA
# > <7222 Gamma counters AccuFLEX y7000
X#RERETEEE X-ray irradiator, etc.

3D printer, EE13DHIAI4# NC 3D cutting machine
R— L8 Drilling machine

Slice board

BE&1J 54 >4 Electric grinder
Power cutter, etc.

FEHEBBEANEET S RAEHASAIEEB LR TL] TF
S{EAMS A TS5 PshRNAY 4 LARY B—S54 TS5 £EHE,
BELET,

KEBRHFEDBEE, BEF

BB

LEMPRREEOS FEXEYR—LLET, ¥
. . : . . Automated i«
We stores compound libraries and shRNA virus vector libraries used dispenser

in the "Hamamatsu University Drug Discovery Platform System" . We
support the dispensing of compounds and reagents.
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e-mail:shuji@hama-med.ac.jp
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£, HFEEICH L CEWRERICEE T 2 HEPIAAH
ERELTWD, wﬁfif/Aﬁ%@%@¢§§
EABIR-THY ., HEZIESFMORLER > T
W3, EREE th Wﬁ*ivﬁx%ﬁ%@ﬁ
&ﬁ&%ﬁ%vt%%b t:H*$%TWéM%tLT

REANERTIZLICLYEBRBYRFZELTO
—Aﬁ%%ﬁtfm% 7. FLWT / LIRER
W?%éA(NMDE@&EH ICHEFE, <7
A, Ty b, NLAR— vf@h%@%wwﬁ
IZRZhLTHY ("2) . %W% LRI DHEHE &
M->TW3,

Our facility is responsible for the management of the
Institute for Experimental Animals. We have two roles in
educational programs and research works. First, the
educational programs include education and research
support. We contribute to the education for users and
students and offer places of animal experiments and
expertise about animal experiments to researchers.
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Recently, we push forward research support by the production of the genome editing animals. Second, our
research works are the development and distribution of mouse models for human diseases using our
original mating system. In addition, we concentrate a power on the improvement of the ;-GONAD method
which is a new genome editing technology and plan the promotion of collaborative investigations in the
study.

HARETHIEITHE

AETIEERFBEOEYMEROIIZEZ IN D L H
ICABDOZIMBEDZITANERAEZ | BEFH
TEERY —EREZITH>TWFETH 5,

WETlk, ELEY b, AFRXI, AFEVYT—F
ty bEWomINETITHONTWED > =8I
T HEERBETREFYDIEELEDRFEMETE 1T,
YTR Ty FTIEBRATEARVHBICHISTES L
S LEBREBYORFEETS (M3) ., 512, XA
A=V TICERTHDENELCFEORBEELTFZ
BATZES/-GONADEDHEMEZITUL, HHRICE
59 3,

HTARGONADEDFHFE

EILEY by RFRXE,
JE>N—FRY hTD
BT REBORIF

X 3. % L WLWAGONADE~DHkEL

Our facilities will provide support for animal experiments by users, prepare to accept external contract
research, and provide genetically modified animal production services. In future research, we will develop
methods for the production of genetically modified animals such as guinea pigs, gerbils, and common
marmosets. We contribute to optical research by developing novel i-GONAD methods using a long ssDNA.
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2. Takabayashi S*, Aoshima T, Kabashima K, Aoto K, Ohtsuka M, Sato M. i-GONAD (improved
genome-editing via oviductal nucleic acids delivery), a convenient in vivo tool to produce
genome-edited rats. Sci. Rep. 8(1):12059, 2018

3. Gurumurthy CB*, Sato M, Nakamura A, Inui M, Kawano N, Islam MA, Ogiwara S, Takabayashi
S, Matsuyama M, Nakagawa S, Miura H, Ohtsuka M*. Creation of CRISPR-based germline-
genome-engineered mice without ex vivo handling of zygotes by i-GONAD. Nat Protoc.
14(8):2452-2482,2019.

4. Sato M*, Takabayashi S, Akasaka E, Nakamura S. Recent advances and future perspectives of in
vivo targeted delivery of genome-editing reagents to germ cells, embryos, and fetuses in mice.
Cells. 9(4):799, 2020.

5. Kobayashi Y, Aoshima T , Ito R, Shinmura R, Ohtsuka M, Akasaka E, Sato M , Takabayashi S*.
Modification of i-GONAD suitable for production of genome-edited C57BL/6 inbred mouse
strain. Cells. 9(4):957, 2020.

6. Takabayashi S*, Aoshima T, Kobayashi Y, Takagi H, Akasaka E, Sato M, Successful i-GONAD
in Brown Norway rats by modification of in vivo electroporation conditions. OBM Genetics.
4(4):121, 2020.

7. Aoshima T, Kobayashi Y, Takagi H, Iijima K, Sato M, Takabayashi S*. Modification of
improved-genome editing via oviductal nucleic acids delivery (i-GONAD)-mediated knock-in in
rats. BMC Biotechnol. 21(1):63, 2021.

8. Takabayashi S*, lijima K, Tsujimura M, Aoshima T, Takagi H, Aoto K, Sato M. Successful i-
GONAD in Mice at Early Zygote Stage through In Vivo Electroporation Three Min after
Intraoviductal Instillation of CRISPR-Ribonucleoprotein. Int. J. Mol. Sci. 23(18):10678, 2022

9. Aoto K*, Takabayashi S, Mutoh H, Saitsu H*. Generation of Flag/DYKDDDDK Epitope Tag
Knock-In Mice Using i-GONAD Enables Detection of Endogenous CaMKIIa and B Proteins. Int.
J. Mol. Sci. 23(19):11915, 2022.

_55-



KRimhfFE 3R ABF

¥y Y —/NLF/N2 I F Cancer Biobank Office

it Mt (BUg/3#E)

e-mail: kzshinmu@hama-med.ac.jp

BEM5HE  [EEREY. AMFFES
F—7—F Mk - —REEE, EEREEBE. PAREERERF
BIGHEE, Sy —nNAFNv s

20215 B IS EMERIAFF v v —NA ANV I FEESHART
I, RREICE T2 2FNAEARS L OBEEBROUNE DR
NEZIONTEE LTz, 2024F4A 0 5. HEFHEEHITETD RiE
MEIBIFARICF v o —NA ANV IERHZRITON, ZDF
TFEELTWCZEERY F LT,

FyroY—NRAANRVIETIE, BBEIAOTEL - BFHREFD
INE Thbhbbxrv oY —NAFNRV T - T—ER-—IFELELZ
OEAZBNELTWET, NvrFrran-arl - BEHE/IEE
B> THRABMRISSERIND Z L&Y, 2L DBEBMEDH
EICEMTESEEZTEY £,

FryoY—NRNAARVIEDBNIZ. BYICUNE - EEBEINT-
HEDIEHTH Y, £/, KFODEISR EREBERI BT S
Nt 0% ZRBEI2R5TY, HAb - BRIZE T, BEZREST
SEINT-HARTEZE MAREEL PAZHRE LTOEMRERK
B oY —NAFNRN D) ICEOWTEEDESNTE
EZEIABEOLDERY FT, £/ AREBEEZY —Y—T
REINTWET,

SRl - EROUNE. FBICOWTHEAL. SMELEOA T B HP
HETIVET, BRAENVIFEFHERDLOBDTSY T,

In May 2021, the Cancer Biobank Committee of
Hamamatsu University School of Medicine was
established, and a university-wide system for collecting
cancer samples and related information was set up. Since o

April 2024, the Cancer Biobank Office has been RiEY > 7Y T OIRT
established within the Division of Preeminent Research

Supports of the Institute of Photonics Medicine.
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The Cancer Biobank Office aims to collect samples and information from cancer
patients, i.e., to build and utilize the Cancer Biobank database. We believe that the
banked samples and information will be utilized for various researches in the future
and will contribute to the promotion of many cancer researches.

The appeal of the Cancer Biobank Office is that we provide appropriately
collected and managed samples, and also that we provide the University's medical
and pathological information that is linked to the samples. All samples and
information will be derived from patients whose consent has been obtained based
on the research protocol accepted by the Ethics Committee (title of research
project: Establishment of the Cancer Biobank at Hamamatsu University School of
Medicine). In addition, samples are stored in an ultra-low-temperature freezer.

We also have a website that explains the collection and use of samples and
information and invites participation. We will make every effort to make this an
active bank.
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We have been promoting medical applications of mass imaging technology, which is one of
spatial omics and measures the spatial distribution of molecules by two-dimensional
scanning of mass spectrometry on the sample surface (Figure 1). We have been advancing
translational research such as the search for drug target molecules by imaging
biomolecules such as lipids and low-molecular metabolites, which are difficult to image
using conventional staining techniques, from a variety of biological samples including
cultured cells, animal tissues, human postmortem brains, and surgical specimens in
collaboration with clinicians. As an International Mass Imaging Center, we have been
selected as a global demonstration center in Asia along with the United States and
Germany, and are working on standardization of mass imaging methods. In addition, the
Center was selected for the Advanced Research Infrastructure Sharing Promotion Program
(2016-2020, 2021-2025), and is promoting the shared use of mass imaging based on the
results of joint research with Bruker Corporation, Nihon Waters, Shimadzu Corporation,
Hamamatsu Photonics K.K, and Preppers Corporation. Since 2021, with the support of
AMED, we have been collaborating with pharmaceutical companies to analyze the kinetics
of intermediate-sized molecules, especially nucleic acids and peptides, and their
metabolites using mass imaging.
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We aim to develop therapeutic agents for neurodegenerative diseases. In
neurodegenerative diseases, some biomolecules pathologically accumulate in neural
tissues, resulting in cell death and impairing autonomous motor and cognitive functions.
We found that UBL3 functions as a post-translational modifier in the extracellular
communication mechanism that sorts intracellular molecules into lipid membrane
vesicles and exits the cell, thereby regulating intercellular communication through
extracellular vesicles (Ageta et al. NatCommun. 2018, Figure 2). We now know that the
UBL3 pathway contributes to the efflux of intracellular pathological proteins and are
studying it in animal models of neurodegenerative diseases as well as in human
postmortem brains. We have started spatial multi-omics analysis of these samples by
integrating mass imaging, which measures the spatial distribution of molecules, and
spatial transcriptomics, which measures the spatial distribution of gene expression, to
accelerate the discovery of therapeutic target molecules and translational research for
neurodegenerative diseases. We will accelerate the discovery of therapeutic target
molecules and translational research for neurodegenerative diseases.
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