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R&D SEEDS INDEX

Drugs
®Cancer Research aiming to develop refractory cancer therapeutics
using protein-based drug delivery systems with drug release control function
Professor Takashi INUI (Graduate School of Agriculture, Osaka Metropolitan University) n

Development of the new anti-cancer medicine targeting GREB1, a novel Wnt signal-related molecule

Specially Appointed Professor Akira KIKUCHI*, Professor Shinji MATSUMOTO? (1.Center for Infectious Disease Education and
Research, The University of Osaka 2.Graduate School of Biomedical Sciences, Tokushima University) 13

Research and development of intellectual property for epigenomic drug discovery
that dually targets cancer stem cells and cancer immunity

Professor Hideshi ISHII (Department of Medical Data Science, Graduate School of Medicine, The University of Osaka) 15

Maximizing cost-effectiveness by conjugating modifications
for clinical application of innovative nucleic acid drugs

Professor Hideshi ISHII (Department of Medical Data Science, Graduate School of Medicine, The University of Osaka) 17

Antibody drug discovery against GPCR highly expressing in progressive
and bone metastatic prostate cancer

Professor Yuuki IMAI (Proteo-Science Center, Ehime University) 19

Development of antibody-drug conjugates for the treatment of brain tumors
Professor Akihiko ITO (Department of Pathology, Faculty of Medicine, Kindai University) 21

Development of Dual-modified Biopharmaceuticals using N-terminal Protein Modification
Professor Akira ONODA (Faculty of Environmental Earth Science, Hokkaido University) 23

Development of anti-cancer drug withimmunomodulators

Professor Keisuke NIMURA
(Initiative for Advanced Research, Gunma University) 25

Development of anti-cancer drug targetting CKAP4

Specially Appointed Professor Akira KIKUCHI
(Center for Infectious Disease Education and Research, The University of Osaka) 27

Development of innovative antibody therapy against ovarian cancer by controlling lipid metabolism

(Acquisition of non-clinical POC for novel antibody therapy using anti-LSR antibody for ovarian cancer)

Professor Tetsuji NAKA

(Division of Allergy and Rheumatology,Department of Internal Medicine, School of medicine Iwate Medical School ) 29

Rapid clinical application of specific inhibitors targeting refractory gastrointestinal cancer stem cells
Professor Hideshi ISHII (Department of Medical Data Science, Graduate School of Medicine, The University of Osaka) 31

Development of Nucleic Acid Lipid Nanoparticles with Anticancer Effects

Guest Professorl), Professor2) Taiki AOSHI
1) Research Institute for Microbial Diseases, The University of Osaka
2) Graduate School of Biomedical Sciences, Nagasaki University 33

Innovative alpha therapy targeting PSMA for refractory prostate cancer

Associate Professor (Lecturer) Tadashi WATABE
(Department of Radiology, Graduate School of Medicine, The University of Osaka) 35

Targeted alpha-ray therapy for refractory thyroid cancer

Associate Professor (Lecturer) Tadashi WATABE
(Department of Radiology, Graduate School of Medicine, The University of Osaka) 37

Development of new oral cancer vaccine with the use of intestinal tract immunity

Professor Toshiro SHIRAKAWA
(Department of Advanced Medical Science, Graduate School of Science, Technology and Innovation, Kobe University) 39

Development of a new treatment for chemotherapy-resistant triple-negative breast cancer

Professor Yoshiaki TANIYAMA
(Department of Advanced Molecular Therapy, Graduate School of Medicine, The University of Osaka) 41

Development of magnetic nanoparticles for theranostics
Professor Yuko ICHIYANAGI (Yokohama National University) 43

®Brain and Development of Improved Treatment Methods for Brain Function-Related Diseases
Psychiatry (eating, metabolism, and mental health), Targeting the Vagal Afferent Nerves

Professor Yusaku IWASAKI (Graduate School of Life and Environmental Sciences, Kyoto Prefectural University) 45

Novel drug development for SSRI-resistant depression

Professor Makoto KONDO
(Department of Anatomy and Neuroscience Graduate School of Medicine, Osaka Metropolitan University) 47

Development of a novel therapeutic drug for schizophrenia
Professor Yukio AGO (Graduate School of Biomedical and Health Sciences, Hiroshima University) 49




Development of ASOs for multiple system atrophy

Assistant Professor Yasuyoshi KIMURA, Professor Hideki MOCHIZUKI
(Department of Neurology, Graduate school of Medicine, The University of Osaka)

51

Sensory medicine: Innovative therapeutics based on the principle of inducing the artificial hibernation /
life-protective state by TRPA1 - activating odor molecules

Associate Professor Ko KOBAYAKAWA (Kansai Medical University)

53

Inhibition AB production by APP-targeting peptide
Professor Satoru FUNAMOTO (Department of Medical Life Systems, Doshisha University)

55

®Infectious
disease

Development of therapeutic strategy for mosquito-borne diseases by targeting mosquito saliva
Assistant professor Tatsuya SUZUKI (Department of Microbiology, Graduate School of Medicine, Juntendo University)

57

Development of a novel antibacterial that targets a molecular chaperone
Professor Tomohiro MIZOBATA (Faculty of Engineering, Tottori University)

59

Development of a Novel Anti-African Trypanosomiasis Drug Targeting Cyanide-Resistant Respiration
Professor Yasutoshi KIDO (Gradate School of Medicine, Osaka Metropolitan University)

61

Clinical Development of NPC-BKSE36/CpG Malaria Vaccine

Endowed Chair Professor Toshihiro HORII
(Department of Malaria Vaccine Development, Research Institute for Microbial Diseases, The University of Osaka)

63

@ Cardiovascular
diseases

Novel therapeutic strategy for cerebral stroke using Npas4-related factors

Professor Taiichi KATAYAMA!, Guest Professor Akio TSUBOI?
1. Graduate school of medicine, The University of Osaka
2. Graduate school of pharmaceutical sciences, The University of Osaka

65

Development of L862, an Innovative Pulmonary Hypertension Treatment Targeting TRPC3/6
Professor Koichiro KUWAHARA (Department of Cardiovascular Medicine, School of Medicine, Shinshu University)

67

Development of novel companion PET diagnostics and therapeutic agents for myocarditis

Associate Professor Ken MATSUOKA
(Department of Cardiovascular Medicine, Graduate School of Medicine, The University of Osaka)

69

®Intractable
disease

Development of new therapeutic agents focused on the liquid-liquid
phase separation phenomenon of cells

Associate professor Hidemitsu NAKAJIMA (Osaka Metropolitan University)

71

Development of inhibitors of protein phosphatases involved in neurodegenerative diseases and
investigation of their effects in animal models

Specially Appointed Assistant Professor Shizuka ISHITANI

(The department of Biological Control, RIMD, The University of Osaka)

73

@Others

Development of single-molecule imaging-based screening technology for drug discovery

Professor Masahiro UEDA (Graduate School of Frontier Biosciences, The University of Osaka)

75

Discovering Peptide-based Therapeutics for Neuropathic Pain
Professor Emiko OKUDA-ASHITAKA (Department of Biomedical Engineering Osaka Institute of Technology)

77

Development of repair therapy for skin barrier function by product lipids of novel lipase

Associate Professor Ryuichi OHGAKI
(Department of Bio-system Pharmacology, Graduate School of medicine, The University of Osaka)

79

Establishment of a new strategy for the treatment of functional restoration in skeletal muscle injury by
tissue engineering using osteopontinederived SVVYGLR peptide

Professor Susumu TANAKA

(Department of Oral and Maxillofacial Surgery, Graduate School of Dentistry, The University of Osaka)

81

A new anti-inflammatory drug that utilizes the active site of an endogenous NFkB direct inhibitory protein

Guest Associate Professor Kazuki OKAMOTO
(Department of Obstetrics & Gynecology, Graduate School of Medicine, The University of Osaka)

83

Tissue targeting of lipid nanoparticles by N-terminal modification of peptides
Postdoctoral fellow Mariko KOJIMA (Faculty of Environmental Earth Science, Hokkaido University)

85




Development of a new disinfection device using Pernitric acid solution
Associate Professor Katsuhisa KITANO

(Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering, The University of Osaka) 87

Biodegradable polymer material design for new bioabsorbable stent

using the materials maintain neutral after decomposition

Professor Hiroharu AJIRO (Nara Institute of Science and Technology) 89

Raman spectroscopic tissue detection for minimally-invasive and precise medicine

Associate Professor Yasuaki KUMAMOTO

(Life and Medical Photonics Division, Institute for Open and Transdisciplinary Research Initiatives, The University of Osaka) 91

Construction of the rapid detection system of gut bacterium for health awareness improvement

Specially Appointed Associate Professor Masato SAITO

(Life and Medical Photonics Division, Institute for Open and Transdisciplinary Research Initiatives, The University of Osaka) 93

Novel diagnostic marker to differentiate urogenital carcinoma by chiral amino acids in body fluids

Associate Professor (Lecturer) Atsunari KAWASHIMA

(Department of Urology Graduate School of Medicine, The University of Osaka) 95

SPECT system for boron neutron capture therapy (BNCT-SPECT)

for real-time measurement of therapeutic effect

Professor Isao MURATA

(Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering, The University of Osaka) 97

Development of highly efficient automatic bone marrow stem cell separate system

for treatment of stroke patients

Professor Akihiko TAGUCHI (Department of Regenerative Medicine Research, Institute of Biomedical Research and

Innovation, Foundation for Biomedical Research and Innovation at Kobe) 99

Development of diagnostic and therapeutic methods for schizophrenia using eye movements

Director Ryota HASHIMOTO (National Center of Neurology and Psychiatry) 101

Development of a novel scaffold suitable for the regeneration of injured nerve tissues

Professor Koichi MORIMOTO (Faculty of Biology-Oriented Science and Technology, Kindai University) 103

Development of “peptide” pulp capping agent promoting wound healing process of pulp tissue

Associate Professor (Lecturer) Yusuke TAKAHASHI (The University of Osaka Dental Hospital) 105

Development of a valved extracardiac conduit using in situ tissue restoration

Professor Shintaro NEMOTO

(Osaka Medical and Pharmaceutical University, Department of Thoracic and Cardiovascular Surgery) 107

Restoration of Motor and Communication by Wireless Implantable Brain Machine Interfaces

Specially Appointed Professor Masayuki HIRATA

Department of Neurological Diagnosis and Restoration, Graduate School of Medicine, The University of Osaka) 109

Development of a robot arm for bone processing

Associate Professor (Lecturer) Takahito FUJIMORI

(Department of Orthopaedic Surgery, Graduate School of Medicine, The University of Osaka) m

Tumor diagnosis technology using Al analysis of the light spectrum of cytological specimens

Professor Yoichiroh HOSOKAWA (Medilux Research Center, Nara Institute of Science and Technology (NAIST)) 13
Regenerative medicine

Repair of incurable meniscal injuries using an aligned electrospun nanofibrous scaffold

combined with mesenchymal stem cells

Guest Professor Kazunori SHIMOMURA

(Department of Orthopaedic Surgery, Graduate School of Medicine, The University of Osaka) 115

Regeneration therapy using autologous bone marrow derived M2 macrophage for severe heart failure

Assistant Professor Kizuku YAMASHITA (The University of Osaka Hospital) n7

Development of a novel therapy for a-synucleinopathy using regulatory T cells

Attending Staff (Physician) Yuto HAYASHI, Professor Hideki MOCHIZUKI

(Department of Neurology, Graduate school of Medicine, The University of Osaka) 119

Study aiming to produce human iPSC-derived cell formulation for metabolic hepatic disorder

Associate Professor (Lecturer) Yasumasa SHIROUZU

(Department of iPS Stem Cell Regenerative Medicine, Kansai Medical University) 121

Development of a novel treatment for pediatric craniofacial deformity

using human reconstructed elastic cartilage

Professor Hideki TANIGUCHI (Division of Regenerative Medicine, Institute of Medical Science, University of Tokyo) 123

A Novel Therapeutic Vaccine against Multi-Drug Resistant Tuberculosis

in the Clinical Trial (Investigator-initiated Clinical Trial (Phase I ))

Visiting Senior Scientist Masaji OKADA

(National Hospital Organization Kinki-Chuo Chest Medical Center Clinical Research Center)

125




Development of novel treatment for malignant pleural mesothelioma using viral vector

(Investigator-initiated clinical trial of gene therapy using AdSOCS3 for malignant pleural mesothelioma)

Professor Tetsuji NAKA

(Division of Allergy and Rheumatology, Department of Internal Medicine, School of medicine Iwate Medical School) 127

Development of oncolytic adenovirus agents composed of human adenovirus type 35
Professor Hiroyuki MIZUGUCHI (Graduate School of Pharmaceutical Sciences, The University of Osaka) 129

Development of Liver Assist Device Using Hypoimmunogenic Hepatocyte System

Professor Takanori TAKEBE (Graduate School of Medicine, The University of Osaka ) 131

Development of a New Method for Detection of Effects Induced by Maternal Imnmune Activation

Professor Shoichi SHIMADA
(Department of Neuroscience and Cell Biology, Graduate School of Medicine, The University of Osaka) 135

Rapid and “in-situ” determination method of polyamines
Professor Kazunori TSUBAKI (Kyoto Prefectural University, Graduate School of Life and Environmental Sciences) 137

Development of pathological periostin measurement device

Professor Yoshiaki TANIYAMA
(Department of Advanced Molecular Therapy, Graduate School of Medicine, The University of Osaka) 139

Development of a diagnostic method for patients

with chronic inflammatory disease using analysis of sugar chains of IgGs

Professor Eiji MIYOSHI

(Department of Biopathological Information Science, Graduate School of Medicine, The University of Osaka) 141

Prognosis biomarkers that can discriminate early-stage pancreatic cancer patients

with worse prognosis prior to surgery

Associate Professor Keisuke TANIUCHI

(Department of Gastroenterology and Hepatology, Kochi Medical School, Kochi University) 143

Development of automatic rapid diagnosis for cervical lymph node metastasis of oral cancer

Associate Professor Koh-ichi NAKASHIRO
(Department of Oral and Maxillofacial Surgery, Graduate School of Medicine, Ehime University) 145
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Drugs ~Cancer~

Research aiming to develop refractory cancer therapeutics using
protein-based drug delivery systems with drug release control function

.. Graduate School of Agriculture, Osaka Metropolitan University
Principal

Investigator

Professor Takashi INUI

Project Ou

@ Description

The researchers found lipocalin-type prostaglandin D synthase (L-PGDS), a protein Poorly soluble drug
. . . . . . . . Hydrophobic small molecules
existing in human cerebrospinal fluid and physiologically transporting hydrophobic that works as a ligand

substances, to be applied for an innovative drug delivery system (DDS). L-PGDS

has a unique barrel-like structure and hydrophilic properties as a whole, meanwhile, Er-loop \ 4 H,-helix

its internal hydrophobic domain can incorporate various hydrophobic small

molecules such as poorly water-soluble chemical drugs. L-PGDS reduced its

spatial size about 10% with capsulated drugs and acts as a drug carrier exhibiting »

favorable properties such as control release and well-distribution of capsulated

drugs at the site of drug acting (e.g. tumor tissue). Interestingly multimerization of

L-PGDS markedly improved its pharmacological activity of the capsulated drug L-PGDS L-PGDS/drug

suggesting a significant contribution of enhanced EPR effect. conjugate
0Advantag es Drug concentration (uM)
L i . Name  Therapeutic +HP-B-CD*  +L-PGDS
» Solubilizes poorly water-soluble chemical drugs_ (M.W.< 850) target  +PBS (1 mM, 1 mm,
» Prevents unwanted release of capsulated drug in blood 1.5mg/mL) 19 mg/mL)
circulation by amino acid substitutions of L-PGDS (Tﬁ'rm'éi‘zt%”) Hypertension 9.0 15.2 1230
» Enhanced drug exposure in tumor tissue by multimerization
fL-PGDS SN-38 Colon cancer 6.3 191 126
0 (Mr : 392.4) Stomach cancer : :
» Tissue specific drug targeting can be achievable by adding Lapatinib
specific peptide motif (Mr:581.1) Breastcancer Insoluble Insoluble 234
> Long-term storage by freeze drying MCC-555 3.3 73.0 784

(Mr : 381.4) Diabetes

*HP-B-CD(2-Hydroxypropyl-R-cyclodextrin)® Currently-available solubilizing
agent that has higher solubilizing ability than B-cyclodextrin.

» Applicable for oral administration and intravenous injection

[ Drug release profiles of L-PGDS mutant capsule in vitro ] [ In vivo anti-tumor evaluation using L-PGDS mutant capsule]

L-PGDS mutant capsule suppressed spontaneous release of encapsulated SN-38**
and promoted its release in a reduction environment.

*L-PGDS mutantl A certain amino acid in the opening of barrel-like L-PGDS structure was replaced with a
sterically bulky amino acid to act as a temporary lid.

**SN-38: Active metabolite of CPT-11 (irinotecan), poorly water soluble

Each L-PGDS sample (L-PGDS sample encapsulating PBS or SN-38) was administered to prostate cancer model mouse by tail vein injection every 4
days (4 times in total). The tumor volume was measured every day. As a result, both L-PGDS mutant group and L-PGDS mutant + octamer group
inhibited the tumor growth from the beginning of the measurement. Even some time after day 12 (=last administration), the tumor growth was completely
inhibited. It is suggested that the enhanced EPR effect allowed the drug to be retained in the cancer tissues, resulting in long-lasting efficacy.

‘Target disease: Intractable cancers (e.g. glioma, pancreatic cancer)

Patent information: @ [Title] Compound solubilizing agent and composition containing the same [Patent number] Patent No. 5099545,

@ [Title] Capsule protein and its multimer composition and pharmaceutical composition using the same [Application number] PCT/JP2020/019827
Features of technology: DDS technology for poorly water-soluble drugs

‘Marketability and development issues: We expect to receive poorly water-soluble compounds owned by pharmaceutical companies that are
difficult to develop, and develop them as new drugs by combining them with the relevant technology, and introduce them into the market. We are
looking for a pharmaceutical company that will receive a license agreement and aim to put this invention into practical use.
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Development of the new anti-cancer medicine targeting GREB1,
a novel Wnt signal-related molecule

1. Center for Infectious Disease Education and Research, The University of Osaka
Principa| 2. Graduate School of Biomedical Sciences, Tokushima University

N\CHEEICIE Specially Appointed Professor Akira KIKUCHI',

Professor Shinji MATSUMOTO?
Project Outline

GREB1(growth regulation by estrogen in breast cancer 1) is a co-factor of the estrogen receptor and highly
expressed in hormone sensitive tumors, such as breast and prostate cancers. Our study revealed that GREB1 is
highly expressed in hepatoblastoma, the hepatic neoplasm in infants and represents a molecular target. There
are three points as important scientific achievements in our study: 1) identification of the new functions of
GREB1(Fig. 1), 2) clarification of the underlying mechanism that genetic alterations in infant tumors are much
less than those in adult tumors (Fig. 2), 3) proofs for the involvement of GREB1 in hormone insensitive tumors.
In fact, we recently found that GREB1 is overexpressed in some hormone insensitive tumors, such as
hepatocellular carcinoma and malignant melanoma, other than hapatoblastoma.

Further, we synthesized the modified anti-sense oligonucleotide (ASO) against GREB1 as the anti-tumor
medicine. The GREB1 ASO is designed to be stabilized in the blood and efficiently reached to target organs. We
showed that subcutaneous injection with the GREB1 ASO without any drug delivery system suppressed tumor
growth of xenograft tumors in vivo. In this project we aim to develop the GREB1 ASO as the new anti-tumor
medicine for hormone insensitive tumors.

Fig. 2. The difference in adult and infant tumors

Fig. 1. Inhibition of TGF 8 signaling
by GREB1 in hepatoblastoma

Fig. 3. GREB1 ASO as a new anti-cancer medicine

Target Diseases : Hormone insensitive tumors (Details will be available when you contact with me )

Patent Information : PCT pending

Technical Features & Marketability : The new GREB1 ASO targeting tumors covering from rare infant tumors to common adult
tumors. Since RNA vaccines were very effective on COVID-19, nucleic acid medicines for cancer therapy could be expected to put to
practical use more rapidly.

Issues in Development : High costs for synthesis of ASO

Possible Cooperate Collaboration : Joint development of GREB1 ASO and licensing business
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Research and development of intellectual property for epigenomic drug
discovery that dually targets cancer stem cells and cancer immunity

Department of Medical Data Science, Graduate School of Medicine,
Zi,(5-.| B The University of Osaka

Investigator

Project Outline

M Target Disease: refractory gastrointestinal cancers
(pancreatic cancer, metastatic colorectal cancer)

Professor Hideshi ISHII

B Concept:
Simultaneous targeting of cancer stem cells and surrounding immune cells.
Cancer stem cells are buried within tumors, where they show resistance to conventional anti-
cancer drugs and radiation therapy, which is the root cause of their refractory nature.
Surrounding immune cells produce an environment of tumor immunity, and, in a number of
cancers, it can appear that immune checkpoint inhibitor therapy is already effective.
This is an academia-born project, being developed primarily at Osaka University, and is

patented.

B Market Trends:
The global market for cancer treatments in 2020 is projected to reach 500 billion dollars.
"Personalized strategies" are a KSF (Key Success Factor) in drug development for areas like

refractory cancer, which require precision medicine.

M Current Status:
At Osaka University we aim to
develop new solutions to help
conquer hard-to-treat cancers.
We are already patenting this
technology, ramping up preclinical Cancer stem cells

trials, and advancing physician-led

clinical trials, and we are now in a immunocompetent cells
phase that requires cooperation Both are targeted, producing
from drug manufacturers and a highly effective treatment

venture companies.

Basic patent pending.

We are continuing development jointly, sharing information under contract.

We are proceeding with preclinical trials and physician-led clinical trials through a PMDA
consultant.
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Maximizing cost-effectiveness by conjugating modifications
for clinical application of innovative nucleic acid drugs

Department of Medical Data Science, Graduate School of Medicine,
Zi,(5-.| B The University of Osaka

WL o fessor Hideshi ISHII

Project Outline

@ This project targets refractory gastrointestinal cancers that do not respond to conventional
treatments.

@ We are developing nucleic acid drugs as a part of an advanced seed project at The University
of Osaka.

@Nucleic acid drugs have attracted attention for their potential for precise control.
@ This project targets cancer stem cells and their microenvironments with nucleic acid drugs.
@Basic nonclinical testing is already underway, and patenting is complete.

@Development is expected to accelerate under cooperation with drug manufacturers.

M Strategy:

"Differentiation" is the key to success in
the global anticancer drugs market, which
is expected to reach 500 billion dollars in
2020.

This seed project of ours represents a

worldfirst concept.

Ground-breaking
nucleicacid drug
In addition, we use a special method for

optimizing clinical applications.

We have patented this basic seed and are
building on our success.

The world's first conjugate-modified nucleic acid drug for treating cancer.
The pinpoint attack surpasses existing treatments,

using a strategy that matches the tumors' microenvironments.

Basic preclinical tests completed.




y ——y »
E&FEm ~vA~

BEBHEFETRIIIRDY A TRART 5GPCRICHT A EEDEIL

oo BIERFE T OT I>AtY9—
N TY A OTF A1 I D2

S S T

TO0Y 7 MEE

BITIERD AIE. B EZSHIIEEE CEEHHIE
MO—FZW>THN ., BEICBIFINAEBEELDSE
—fIERBRHO>TVD, —HNITEENEIILPIL., &
WTENIPBVC ENMFH TH D, &AM —BBITE
EIRNMMPBERRZH D FRARBHIIRN AN TEE
L. INSOFERRRIRNAICHT BE8EEDRH
EHNKRHOOSNTWVD, BLlE. EGFRIEICHTZIE
v I TF—I N ERRY VL ILDERH S, FERAR
BITLIRD A TERITT S HMllAEZ S AGPCRXZEE
Ufco TDOGPCROMEREZINHEIT B & BITZERD A
REDIBIEPERNEZICHFEI SN, FToGPCRXHE
ROBWVWAINIRNATIE. BEEEGTERNIEL (K
1). mEDEMEDHSH > (IntJ Cancer 2020),

1 @ GPCRXFIR & Ean TR DHERES

ZDT ENS,GPCRXDHEREZNHIT K. D THMMERND. FRARBIILRN ADHI
IRBEEICIRY S EERE, LAULRBNS, GPCROMEESN R X A (X T DHUADIERIE
—RNICHE#TH D, TTTAWAATIE. BEAFIHMBORXIITTH S ILAFEMRERESHES
BEEMZRAL (K2). GPRCXMEKRELEE - VIR /Y A ZRAWVTZGPCRXFUAER - Hiik
DEIBRIREL - STADRE(LICEL > T, FRARFILRNAICK T 28ENAERZR
ELTW2., TR&lE. in vitroB K Uin vivolc BT 2%RIGETIZEET B,

iRy —L
JHY—LHR_

-

oL AT E L wA=E oy
(i
i
MRNA

\_ )R — L

2 1 DLAFERBEIRY Y NNOBERREINA UICRY ¥ N0 B ESEdl

XY —XRBFFEFRUMILBIAZRREEELTWNS, AT, BFOREPHEBOERNL S, HX
GPCRXH ERHEIE: & Dt DEBMEERE DEBIFNEBZTRERHTREINTVS, D, HiFaEDH
REBOIKDHFTED . MFERZRELIIERLEDHREZRELTV S,




Drugs ~Cancer~

Antibody drug discovery against GPCR highly expressing
in progressive and bone metastatic prostate cancer

. . Proteo-Science Center, Ehime University
Principal

RS o fessor Yuuki IMAI

Project Outline

The number of prostate cancer patients has been

increasing in the developed countries including Japan.

In general, the prognosis of prostate cancer is better

than other cancers except progressive and bone

metastatic prostate cancer. We found that one

G-protein coupled receptor (GPCR) is highly expressed

in progressive prostate cancer and inhibition of this

GPCR can decrease cancers’ progressiveness. In

addition, The expression levels of this GPCR is

significantly associated with prognosis (Figure 1),

Figure 1: Prognosis of prostate cancer

malignancy and the presence of bone metastasis (Int J patients with GPCRX expression
Cancer 2020).

Therefore, in this research, we are planning to investigate antibody drug against this GPCR to
inhibit its function. Generally, it is difficult to generate antibody against extracellular domain
of GPCR because of the difficulty in antigen synthesis. Whereas Ehime University has original
technology using wheat-germ cell-free membrane protein synthesis (Figure 2). Using this
technology, we develop druggable antibody against the GPCR to treat progressive and bone

metastatic prostate cancer.

-

Wheat- Dialysis membrane Proteo-liposome

germ — | 4
-

extract

MRNA

k Liposome

Figure 2 : antibody generation strategy using wheat-germ cell-free membrane protein synthesis

In this research, we are targeting on treatment for progressive and bone metastatic prostate cancer.
Meanwhile, it has been exploring that the expression levels of GPCRX could be related to other types of
cancers including pancreatic cancer. Therefore, this drug discovery has more potential to treat wide
range of cancers with unmet needs.
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Development of antibody-drug conjugates for the treatment of brain tumors

. . Department of Pathology, Faculty of Medicine, Kindai Universit
Principal . &Y, Faculty 'c! inaat Eniversity

Investigator

Project Outline

A new method for efficient drug delivery to the

Professor Akihiko ITO

brain is currently under development using our
original antibody. The antibody has two features. @
« When it is administered nasally, it accumulates O'Eﬂ;ry * *
on the olfactory mucosa and remains for days. Olfactory ****
* It enters into cells efficiently. cell neurite ~ —————
Based on these features, the antibody is suggested Olfactory ¥*
to be useful as a vector in the nose-to-brain drug mucosa Yx Yk
delivery system. Actually, the antibody was Y—* Y—*
conjugated with a cytotoxinMMAE, and was Y_*
administered nasally to mice. Released MMAE was /
detected in the brain. The conjugate or MMAE )
L Antibody-drug
appeared to be transported to the brain via the conjugate

olfactory cell neurites (yellow lines in Figure) along (ADC)
with diffusion of released MMAE .

Various drug payloads are suggested, not limited

to low to medium-molecular-weight chemicals (left

Table) but including antibody drugs (right Table).

Therefore, target diseases are not limited to

malignant brain tumors but include Alzheimer’s

disease.

Drug payload Drug payload Target brain tumor / brain lesion

Primary (glioblastoma, lymphoma) Primary (glioblastoma, lymphoma)

) Nivolumab ) .
MMAE Metastatic (small cell lung=breast (PD-1 Ab) Metastatic (lung=gastric+renal
cancer) cancer, cancer of unknown origin)
Temozolomide Pl [l glilneieis, Trastuzumab .
P breast cancer) (HER2 Ab) Metastatic (breast cancer)
Metastatic (leukemia etc)
. X . Al
Tyrosine kinase Metastatic (non-small cell lung* LI L,
A . Lecanemab Alzheimer’s disease
inhibitor head & neck cancer, leukemia etc) .
(Amyloid B Ab)

Target disease: malignant brain tumor, Alzheimer’s disease

Patent: basic patent filed

Feature of technics: depends on unique features of our original antibody

Marketability and problems: marketability is big, but the intracranial/applied drug dose ratio is not fully analyzed.
Role of business partners: supply of drug payloads, ADC production, animal experiments for POC
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Development of Dual-modified Biopharmaceuticals
using N-terminal Protein Modification

. . Faculty of Environmental Earth Science, Hokkaido University
Principal

Investigator

Project Outline

Protein-based drugs that link proteins with drugs or macromolecules are widely applied
in medicine. Antibody-drug conjugates (ADCs) are promising cancer therapeutic agents that
target cancer cells with the power of antibodies and deliver the drugs linked to the
antibodies into the cancer cells. In terms of the medicinal properties and quality control of
these protein-based drugs, the technique enabling site-specific chemical modification of
proteins and peptides is extremely important. In addition, protein-based drugs are required
to control the therapeutic plasma concentration range and the time in the therapeutic range.
This technology enables site-specific N-terminal chemical modification of proteins in one
step, and production of the modification reagent in one step as well. Utilizing this
technology, it is possible to produce protein-based drugs that link molecules such as drugs,
small molecules, peptides, proteins, nucleic acids, and macromolecules at the N-terminus.
With this technology, we develop dual-modified protein-based drugs with functional
improvements in blood stability and off-target properties.

Professor Akira ONODA

N 1 STEP )
[ N TA4C N-TER. '\
N |
| I
Y
é
1H-1,2,3-Triazole-4- 1 STEP
carbaldehyde
(TA4O)
Patent information: W02020175680 (PCT/JP2020/008357)
Features: Site-specific modification of proteins in one-step. One-step production of modification

reagents. Application in prodrugs.
Corporate collaboration: Collaborative research in non-clinical and clinical trials, licensing, and licensing out
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Development of anti-cancer drug with immunomodulators

. . Initiative for Advanced Research, Gunma University
Principal

Investigator Professor Keisuke NIMURA

Project Outline

Characteristics of the Novel Anticancer Drug Under Development

@ Inactivated Sendai virus (HVJ-E) demonstrates a strong anti-tumor effect
when administered directly into tumors but faces challenges in formulation.

@® We have elucidated the mechanism of the anti-tumor effect of HVJ-E and
further discovered that by enhancing the effectiveness of this mechanism,
we can amplify and activate cancer-specific T cells in the body.

@ We are implementing this mechanism as mRNA and introducing it into tumors
using lipid nanoparticles, thereby inducing systemic anti-tumor immunity.

Targeted Diseases
@ Inoperable tumors with metastasis
@ Infectious diseases

Market Viability

@ Leveraging a novel mechanism, and the ability to induce cancer-specific immunity,
we consider the market viability to be high.

Challenges in Development
@ Optimization of lipid nanoparticles and mRNA sequences.

_INon-target

“ITumor

' proliferation

C eélllT C(%?IT activation @
® ® @O
©® ®

mRNA activating the mechanisms
of anti-tumor effects byHVJ-E

Target Tumor| Tumor,f‘

. - Induction
Lipid nano part|clex - _ Changes Move to non-N
introducing mRNA Q@' in gene ~ Of new target tumors ggl'lmgclaallltlon
into tumors expression anti-tumor TCR.
factors . MHC Si,;)‘-r “mps
epress
 Celldeath  —jtumor > muG%tB_nLof
* Virus-infected | i(grow .
status < expression

Target Tumo[|

Targeted Diseases: Cancers that can be administered directly into the tumor. It is desirable if it can be
administered to several metastatic lesions.

Patent Information: Patent application 2020-155901

Technical Features: Expressing proteins in tumor cells using mMRNA/LNP to induce tumor immunity.

Market Viability and Development Challenges: It is highly unique as it is based on an unprecedented new
mechanism. The challenges in development include the optimization of lipid nanoparticles and mRNA sequences.
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Development of anti-cancer drug targetting CKAP4

Center for Infectious Disease Education and Research,
Zi,(5-.| B The University of Osaka

Investigat
nvesfigator Specially Appointed Professor Akira KIKUCHI

Project Outline

Since elder populations are increasing in Japan, numbers of cancer patients and cancer deaths are
predicted to increase more in future. Therefore, novel anti-cancer drugs are required for curing various
types of cancers, especially for intractable cancers, such as pancreatic, lung, and esophageal cancers. A
secretory protein DKK1 functions as a Wnt antagonist and is essential for embryonic morphogenesis.
DKK1 is little expressed in the adult normal tissues, whereas DKK1 has been reported to be expressed in
the tumor lesions and to show oncogenic actions. However, the mechanism by which DKK1 is involved
in tumorigenesis has been remained to be clarified for a long time. In 2016 we identified CKAP4 as a
novel DKK1 receptor and showed that the binding of DKK1 to CKAP4 activates the PI3K-AKT pathway,
followed by cancer cell proliferation and that DKK1 and CKAP4 are highly expressed in the tumor lesions
of pancreatic, lung, and esophageal cancers, and their simultaneous expression is correlated with poor
prognosis. In 2019 we succeeded in generating mouse anti-human CKAP4 monoclonal antibody and
confirmed that the antibody suppresses xenograft tumor formation induced by human cancer cells
expressing DKK1 and CKAPA4. In this project we will develop humanized or human anti-CKAP4 antibody

and test its pharmacological effects and safety as the non-clinical trials.

A B Subcutaneous xenograft Peritoneal dissemination
tumor model model
(pancreatic cancer cells) (pancreatic cancer cells)
= : ~100
C g 3F11-2B10 (n = 10)
o6 S 75
20 'S *
[ | <
204 z 950
A —-—
Q «©
Eo02 s 2 I2G (n = 10)
- . 3
Control 3F11- 00 20 40 60
Ab  (gG) 2B10 Days

A. Outline of DKK1-CKAP4 cancer signal axis

B. Anti—tumor effects of anti-CKAP4 antibody (3F11-
2B10). Left, human pancreatic cancer cells S2-CP8
were subcutaneously implanted into nude mice. When
tumor was proliferated to 100 mmS3, control Ig or anti—
CKAP4 antibody was injected into the intraperitoneal
cavity. Anti—-CKAP4 antibody inhibited xenograft tumor
formation. Right, S2-CP8 cells were injected
intraperitoneally into nude mice and control Ig or anti—
CKAP4 antibody was injected into the intraperitoneal
cavity. Anti-CKAP4 antibody improved survival of the
mice.

Target Diseases . Intractable cancer, especially pancreatic cancer.

Patent Information : Patent registration in Japan, Us. Europe, and Canada.

Technical Features & Marketability : CKAP4 is a novel molecular target for cancer.

Issues in Development : transferability of anti-CKAP4 antibody in pancreatic cancer cells surrounded by thick mesenchymal tissues.
Possible Cooperate Collaboration : Joint development of humanized or human anti-CKAP4 antibody and licensing business.
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Development of innovative antibody therapy against ovarian cancer by controlling lipid metabolism
(Acquisition of non-clinical POC for novel antibody therapy using anti-LSR antibody for ovarian cancer)

Division of Allergy and Rheumatology,
Principal Department of Internal Medicine,School of medicine Iwate Medical School

Investigat
nvestigator Professor Tetsuji NAKA

Sixty percent of ovarian cancers are diagnosed as advanced cancer, and the 5-year survival rate is 20-30%, which is a poor
prognosis. The effect of chemotherapy on ovarian cancer is limited, and the development of anticancer agents with new
mechanisms of action is required. We identified the lipolysis-stimulated lipoprotein receptor (LSR) as a novel target antigen for
ovarian cancer. So far, we have clarified that a chicken-mouse chimeric anti-LSR antibody exhibits excellent antitumor effects in
ovarian cancer cell lines and animal models. In this project, we will create a humanized chicken/mouse chimeric anti-LSR
antibody and conduct non-clinical trials to evaluate its efficacy and safety.

Tumor growth inhibitory effect of anti-LSR antibody on

of action of

Image of mechani .
ovarian cancer

Antl LSR

600 Antibody administration control 1gG
L]

wily ¥ &8

Suppressmn PDX (Case 1) &
Accumulahon £
lipid droplet < 400
of lipid droplets Py
accumulation 2
= 300 anti-LSR mAb
g *%
R0 :
* £ 2 e
o . o — L L 1
(** p < 0.01)
0 . . . . .
0 5 10 15 20 25

Days after treatment
Anti-LSR antibody suppresses tumor growth in a patient derived xenograft (PDX) mouse

model in which LSR-positive human ovarian cancer tissue is transplanted into

* Since lipid metabolism is an important energy source for cancer proliferation, immunodeficient mice.
peritoneal dissemination, and metastasis, lipid metabolism control is considered control 19G anti-LSR mAb
to be a good target for new therapies.

* LSRisinvolved in the cellular uptake of lipoproteins such as VLDL.

« LSR expression levels are associated
with prognosis in ovarian cancer.

« Inhibition of lipoprotein uptake by 060
anti-LSR antibodies reduces E
intracellular lipids and suppresses =
the growth and survival of cancer g
cells. 4

* * . I
N 40000, 1 0, 1 Anti-LSR antibodies also
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J 5 200 References)
mAb = v v v v v v Hiramatsu K, Naka T et al., LSR Antibody Therapy Inhibits Ovarian
LSR has an Ig super family domain that is 100 Epithelial Tumor Growth by Inhibiting Lipid Uptake. Cancer Research.
conserved in the B7 family, so it may 2018,78:516-727

f . . heckpoi 0 FunauchiM, Naka T et al., Tumor cell-expressed lipolysis-stimulated
unction as an immune checkpoint 0 5 10 15 20 lipoprotein receptor negatively regulates T-cell function. int J Cancer
molecule. Days after treatment 2023 In Press

Target disease: Ovarian cancer

Patent information: Patent application 2015-554577, 2022-179712

Technology features: A new molecular-targeted drug that exerts an antitumor effect by regulating lipid metabolism.

Marketability and development issues: Simultaneous development of a companion diagnostic that predicts the efficacy of anti-LSR antibodies
may increase the therapeutic efficacy of anti-LSR antibodies.

Details of desired corporate collaboration: Licensing-out after phase | investigator-initiated clinical trials

Current corporate collaboration: ONSSI Co., Ltd. (venture company launched by R&D representatives)
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Rapid clinical application of specific inhibitors targeting
refractory gastrointestinal cancer stem cells

Department of Medical Data Science, Graduate School of Medicine,
Zi,(5-.| B The University of Osaka

Investigator

Project Outline

Professor Hideshi ISHII

A Novel DDS loaded with Ubenimex, a Specific CD13 Inhibitor,
to Target Refractory Gastrointestinal Cancer Stem Cells

| Background |

e We reported CD13 as a marker of cancer stem cells (CSCs) in patients with hepatocellular carcinoma (HCC). (J Clin
Invest 2010)

e As a specific CD13 inhibitor, Ubenimex has been used as a maintenance therapy for adult acute non-lymphatic
leukemia (ANLL) in Japan.

e The effective dose of Ubenimex for HCC needs to be much higher than the currently used dose for ANLL.

We developed a novel drug delivery system (DDS) loaded

with Ubenimex to enhance its efficacy for CSCs in HCC.

The anti-cancer effect of Ubenimex was enhanced. DDSX-Ubenimex suppressed tumor growth.
| Reference |
+ Patents + Journals
»>Japan: 2018-013678 »J Clin Invest 2010;120(9):3326-3339.
»>Global: Applying »Oncogene 2019;38(2):244-260.

| Business Opportunity |

+ Collaboration »Clinical development

»Nonclinical safety experiments + Funding
(monkey etc.)

»Manufacturing (GLP, GMP grade)

Contact to: TEL : 06-6210-8406  FAX : 06-6210-8407 E-mail : hishii@gesurg.med.osaka-u.ac.jp

Works are underway with regard to: target disease, patent information, technical features, marketability,
development challenges, business opportunity sought (joint development, licensing-out, etc.), information to clarify
the division of roles between companies and academia.
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Development of Nucleic Acid Lipid Nanoparticles with Anticancer Effects

1) Research Institute for Microbial Diseases, The University of Osaka
Principql 2) Graduate School of Biomedical Sciences, Nagasaki University

Investigator
vestig Guest Professor”, Professor” Taiki AOSHI

Project Outline

Cancer immunotherapy using immune checkpoint inhibitors has received much attention. However,

the response rate is generally only about 20%, and the number of patients who can benefit from the
therapy is still limited. We have attempted to approach this problem from the viewpoint of innate
immunity and developed D35LNP, a lipid nanoparticle formulation of D35 (a safe and effectiveimmunos
timulatoryCpGnucleic acid), which functions as an accelerator to activate cancer immunity. It elicited an
effective type 1 innate immune responses, and in combination with anti-PD-1 antibodies induced a
significant anti-tumor effect compared to monotherapy with D35LNP or anti-PD-1 antibodies. Several
other CpGnucleic acids have been used for cancer therapy, but they require intratumoraladministration
to be effective, while D35LNP is effective even by administered systemically, indicating that a broader

range of age and carcinoma can be treated by D35LNP than other CpGnucleic acid drugs.

“Innate immune response”is the first “ignition”to start cancer immunity

D35LNP activates Type | innate immune responses in
the host, and then resulting in tumor eradication by
activating immune responses against tumor

D35LNP + PD-1 therapy Liver toxicity after i.v. injection
in mice tumor model
Tumor size Tumor infiltrate s Low liver toxicity
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Reference: Lipid nanoparticles of Type-A CpGD35 suppress tumor growth by changing tumor immune-
microenvironment and activate CD8 T cells in mice. Munakata L, Tanimoto Y, OsaA, Meng J, Haseda Y,
Naito Y, Machiyama H, Kumanogoh A, Omata D, Maruyama K, Yoshioka Y, Okada Y, Koyama S, Suzuki R,
Aoshi T. J Control Release. 2019 Nov 10;313:106-119. doi: 10.1016/j.jconrel.2019.09.011.10.1016/j.
jconrel.2019.09.011. Epub2019 Oct 16. PMID: 31629036

Patent: PTC/JP2019/028269
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Innovative alpha therapy targeting PSMA for refractory prostate cancer

Department of Radiology, Graduate School of Medicine,
Zi,(5-.| B The University of Osaka

Investigator

Associate Professor (Lecturer) Tadashi WATABE

Project Outline

Target disease: prostate cancer

Technology features: An anticancer drug that emits alpha rays for advanced cancer with multiple metastases

A first-in-human phase 1 investigator-initiated clinical trial targeting patients with castration-resistant prostate cancer began in FY2024
https://resou.osaka-u.ac.jp/ja/research/2024/20240527_1

AMED Translational Research (Seeds F) Selected Project (FY2022-2026) Patent Application Number: JP 2021-125774
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Targeted alpha-ray therapy for refractory thyroid cancer

Department of Radiology, Graduate School of Medicine,
Zi,(5-.| B The University of Osaka

Investigator

Project Outline

Cancer treatment using alpha rays has garnered attention, with excellent therapeutic effects reported in the
treatment of advanced cancers. In the treatment of differentiated thyroid cancer, beta—ray therapy involving
radioactive iodine ('3') is commonly employed, but the therapeutic effect may prove insufficient. In addition, it
needs isolated hospitalization in dedicated rooms due to regulation. Conversely, alpha rays emit a substantial
amount of energy within a short range and have minimal radiation impact on their surroundings, making them
suitable for outpatient treatment. Astatine (2''At) is an alpha—emitting nuclide that exhibits properties similar
to iodine and accumulates in thyroid cancer cells. In preclinical studies, we have confirmed the efficacy and
safety of [2'"At]NaAt and have successfully established stable production as an investigational drug at Osaka
University Hospital. We are conducting an investigator—initiated clinical trial using the alpha-ray nuclide
astatine (2'"At), with the goal of practical application as a therapeutic drug that places less burden on both
patients and medical institutions

Associate Professor (Lecturer) Tadashi WATABE

Patent information Comparison with existing drugs

(1) Japanese Patent Application No. 2017-255109 (PCT / JP2018 /
048442) Types of radiation Beta ray Alpha ray
Astatine solution and method for producing the same. Biiallog e e i 1 5

Filing date: Dec 29, 2017 (PCT filing date: Dec 28, 2018) - - ,
Therapeutic effect Mild to moderate High

(2) Japanese Patent Application No. 2017-235141 (PCT / JP2018 / Range Short Extremely short

045068) Gamma ray emission Large Small

Method for producing astatine

- .. Dosage (MBq) Large Small
Filing date: Dec 09, 2017 (PCT filing date: Dec 07, 2018)

Half-life About 8 days 7.2 hours
(3) Japanese Patent Application No. 2018-048560 (PCT / JP2019 / Side effects Mild Mild
008043) Hospitalization in a P ——_— No
Radionuclide production system, radionuclide production program, dedicated room
radionuclide production method, and terminal device Outpatient treatment x
Filing date: Mar 15, 2018 (PCT filing date: Mar 14, 2019) Domestic self- 53 o

sufficienc

Investigator-initiated clinical trial (Alpha-T1 trial: Phase I) (November 2021 to March 2025)

Target: Patients with differentiated thyroid cancer who cannot obtain therapeutic effect with standard treatment or who
have difficulty in implementing and continuing standard treatment (planned number of cases: maximum 32 cases)
Objective: A single intravenous dose of [211At]NaAt will be administered to evaluate safety, pharmacokinetics, absorbed
dose, and efficacy to determine recommended doses after the Phase Il study.
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A EMWTIRIRE D4 AXAEZRENEUCREBA4A0 FEREEERZIENER) OEDDHH)
MEBRTHEZRL. 2023F 1 BLDIRE FREZNREUCEMEERBZRIBUC,
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Drugs ~Cancer~

Development of new oral cancer vaccine with the use of
intestinal tract immunity

Department of Advanced Medical Science, Graduate School of Science,
Principal Technology and Innovation, Kobe University

WELEEEE by ofessor Toshiro SHIRAKAWA

Project Outline

In recent years abundant knowledge on the interaction between Bifidobacteria and gut immunity has been accumulated. When
Bifidobactera are orally administered to mice, bacterial cells will be detected on a Peyer’s patch an hour later, and within 24
hours they will be detected at mesenteric lymph node (MLN) with dendritic cells (DCs).
We have developed the world’s first oral vaccine platform using Bifidobacterium as an antigen delivery system to the gut
immune system. We have also developed WT1 oral cancer vaccine that expresses WT1 protein, which is highly ranked as a
tumor-associated antigen (Cancer Immunol Immunother2017: 66, p787-). The Bifidobacterium displaying WT1 protein (Fig.1) is
incorporated into DC in the Peyer’s patch through M cells of the intestinal epithelial cells, and then DC containing WT1 protein
acts on lymphocytes in MLN, thus inducing powerful WT1 specific cellular immunity (Fig. 2).
Up until now, we have verified antitumor effect of Bifidobacterium displaying murine WT1 (B.longum420) as well as the
synergistic effect of combination with anti-PD-1 antibody in the mouse prostate cancer tumor model (Molecular Therapy-
Oncolytics 2021: 22, p593-, Fig.3. B. longum 2021:WT1 non-expressing Bifidobacterium (Mock control), B. longum 420: mouse
WT1-expressing Bifidobacterium, B440: human WT1 expressing Bifidobacterium (Drug Substance)).
Note : B.longum 2012 is Bifidobacterium not expressing WT1. Efficacy of B440 formulated from
Bifidobacterium displaying human WT1 (freeze-dried killed bacteria powder) has already been
verified by an animal testing and a P1 clinical trial for advanced urothelial cancer has been
started from January, 2023.

Figure 1:
Bifidobacterium displaying WT1 protein

Figure 2:

Mechanism of delivering
WT1 protein to Gut
immune system

[Roadmap of the development]

Up to now, we established all non-clinical POC and CMC, and then started an investigator initiated clinical trial from Jan, 2023.
After a Phase Il clinical trial is completed, we will seek for an alliance with a major pharmaceutical companies will derive
licensing, and then sponsor initiated clinical trial will be pursued to obtain a pharmaceutical approval by 2028.

[Current status of intellectual property rights]
. Core technology patent "Bifidobacteriumdisplaying protein on cell surface gene" Kobe university,
Morishita Jintan Co., Ltd. Japanese Patent N0.5561681, the US No.8,354,113.
II. Developed substance patent. "Oral cancer vaccine" Kobe university, Osaka university, JP6770269,US10695385
Ill.  Use patent Cancer therapy by concomitant use of oral tumor vaccine with immunosuppressant inhibitor"
Kobe university, Osaka university, JP6810877

[Researchers’ goal]

This oral cancer vaccine allows DCs to process almost whole length of WT1 protein and select/present the optimal WT1 epitope.
Therefore, it is capable of inducing CTL powerfully with various types of HLA. We have verified that it has dramatically improved
anti-cancer effect as compared with conventional peptide vaccine. It suits for mass production and purification is possible at
low cost, beside it has a great convenience as a oral preparation. We can expect that it has long-lasting efficacy to WT1
expressing cancers such as prostatic cancer, Gastrointestinal cancer and lung cancer, and its has only mild side effects. Our goal
is to develop the world’s first Inmunotherapy by oral that allows a combined use with immune check point inhibitors such as
anti-PD-1 antibody.
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Drugs ~Cancer~

Development of a new treatment for chemotherapy-resistant triple-negative breast cancer

Department of Advanced Molecular Therapy,
Principq' Graduate School of Medicine, The University of Osaka

Investigator

Project Outline

Epithelial -to-mesenchymal transition (EMT)is currently
considered to be a major mechanism responsible for
chemoresistance. It is thought that mesenchymal
cancer cells that are resistant to anticancer drugs later
undergo mesenchymal -epithelial transition and become
stagnant (figure on the right). Next, in order to search
for specific targets, we conducted a joint research with
UCSD in US, using tissue samples from more than
1,000 cases of malignant tumors to comprehensively
identify the gene of eight mesenchymal markers that
have the strongest correlation. As a result, we
discovered the periostin gene. In particular, in breast
cancer, there was a clearer relationship between
periostin gene expression and EMT. Furthermore, it was
found that there is a strong correlation with the
prognosis of basal type (mainly TNBC). The periostin
gene has a splicing variant in which an exon is dropped,
so when we investigated which exon's expression was
strongly altered in a chemotherapy -resistant model, we
found that it was periostin exon 21 (see figure on the
right). Therefore, we administered a pathological
periostin -neutralizing antibody that uses exon 21 as an
antigen to a chemotherapy -resistant model of TNBC,
and confirmed that it significantly suppressed
recurrence. (Patent already obtained) Furthermore, we
have developed a diagnostic agent to measure blood
pathological periostin (patent applied for), and plan to
study its potential as a companion diagnostic agent. On
the other hand, in addition to TNBC, many cases of
HER2-negative breast cancer develop into TNBC due to
metastasis or recurrence, and the prognosis is similarly
poor. Therefore, in 2025/2, an investigator-initiated
clinical trial Phase 1/2a is planned at four institutions

led by Osaka University Department of Breast Endocrine
Surgery targeting metastatic and recurrent HER2 -
negative breast cancer. The market size is large as
shown in the figure on the right.

Professor Yoshiaki TANIYAMA

Target disease: HER2 negative breast cancer

Patent information: PCT applied Technology features: Release existing chemoresistance and safely
induce effective results

Marketability and development issues: There is a sufficient market, but Phase I/ lla development is
required for FIH Desired corporate collaboration details: We are looking for a licensing -out corporate
collaboration.
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Drugs ~Cancer~

Development of magnetic nanoparticles for theranostics

. . Yokohama National University
Principal

Investigator Professor Yuko ICHIYANAGI

Project Outline

Theranostics is a coined word that combines the words "therapy" and "diagnostics". We
create magnetic nanoparticles and give them the ability to selectively pass into cancer cells.
We have previously shown that by modifying magnetic nanoparticles with folic acid, they
can be selectively introduced into cancer cells. We will develop cancer cell-selective
magnetic nanoparticles, by developing this technology. As a first idea, we will develop a
method for modifying the nanoparticles with glucose based on the idea of learning from
FDG, a PET imaging agent. We will then attempt to use magnetic particles that can generate
a temperature increase of 6 degrees or more above body temperature even in a weak
magnetic field to perform thermotherapy. We will also develop magnetic hyperthermia +
imaging techniques with a view to creating a method for detecting cancer using the same
particles and performing "theranostics", therapy and diagnosis simultaneously.

g

Breast Cancer KFL4

§* - An image of hyperthermia therapy for
cancer using magnetic nanoparticles
and an alternating magnetic field, and
the results of an in vitro hyperthermia
experiment using human breast cancer
T yRTTTO—— cells. When a very weak magnetic field
b b (el of f=31 kHz, h=90 Oe was applied for
just 30 minutes, the number of cancer

cells was suppressed by around 20%.

= @
(== )

Cell survival rate / %
o
[

[}

Phantom images of T2 relaxation
measured by MR using magnetic
nanoparticles with a particle size of
4-34 nm. For the 4 nm sample, a clear
contrast was obtained compared to the
background agarose gel with an echo
time of only 40 msec.

Target disease: Cancer, Patent information: PCT/JP2019/008494,

Technical features: Magnetic nanoparticles that can be used for both diagnosis and treatment.

Cancer thermotherapy, imaging materials,

Marketability and development issues: Marketability is high in countries with a long life expectancy.lssues include
establishing dispersibility in water and surface modification,

Desired Collaboration: contrast media manufacturers and companies developing alternating magnetic field
devices. Technology consignment for mass production.
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Drugs ~Brain and Psychiatry~

Development of Improved Treatment Methods for Brain Function-Related Diseases
(eating, metabolism, and mental health), Targeting the Vagal Afferent Nerves

Graduate School of Life and Environmental Sciences,
2[5 |B Kyoto Prefectural University

Investigator

Project Outline

Since existing drugs for brain function-related diseases (including hyperphagia obesity,

Professor Yusaku IWASAKI

diabetes, and depression) act directly on the brain, adverse effects —e.g., aversion, psychosis,
and circulation —due to impacts on non-target nerves, are unavoidable. In the field of
pharmacology, there is an urgent need to develop and create more improved formulations
using other mechanisms of action (MOA). Research by the principal investigator (PI) has
determined that selective activation of the vagal afferent nerves (visceral sensory nerve)
activates ‘hypothalamic nerve X', which controls eating, metabolism, and mental functions.
This research aims to develop new therapies for brain function-related diseases by targeting

the vagal afferent nerves.

Target diseases: hyperphagia obesity, hypophagia, Obesity, Diabetes, Frailty, Anxiety, De-
pression, etc. We are in the basic research stage, but if you are interested in this new con-
cept, please contact us.

Related patents and related articles available.




E&=m ~ i~
SSREAEIRIMES DiRlc I A EE DR

oy KRNI KFKEPEERZIAZR R eef =
O 7k

B £ &

7OV TIMEE

SDREFIIHRATHHIBEAZBRISEMEIN TS, SDREITHLIZELTHEL
BEHEEBTHD,

HE. RUERASNTOSS DRAERE., ZEIRNEOM U BRYAABEEZE (SSRI:
Selective Serotonin Reuptake Inhibitor) THAM ., AEICIEINEZ RITEF (T DALY,
L7=h>T. SSREAEIEIM S DRI T HFRABEENEETN TS,

WTE, TAZSUMNEBIERMESI DRICEMNTHSIENBELNEGEST=AY, T2 VIZIEE
ERLGEEDEENH D,

AETIE. 72D SD/ERAIZEB L. SSREARIERMES DRI T A -1 AE
EDHRRZEET . BEENINLZVSIDRBEICHL ., BHABRELLLIIENEF
Nb,

By
X
ﬁl\
&t
%II

MRS  SSRUBBRERMES DR

FREFIRIR : HRRE A

M5 SSRIEE LT HRFERARICIERMEETRISOREFESLN,
EREDEE - FE




Drugs ~Brain and Psychiatry~

Novel drug development for SSRI-resistant depression

Department of Anatomy and Neuroscience
Principql Graduate School of Medicine, Osaka Metropolitan University

Investigator

Project Outline

Depression is a common mental disorder. According to a WHO report, around 300 million
people of all ages suffer from depression globally.

Selective serotonin reuptake inhibitors (SSRIs) are the most widely used antidepressants.
However, a significant proportion of depressed patients do not achieve remission with
SSRIs. Therefore, development of novel and effective antidepressants is highly desirable,
particularly for SSRI-resistant patients.

Recent studies reveal that ketamine produces antidepressant actions in patients with
treatment—resistant depression. However, ketamine could cause unwanted side effects.
In this study, we investigate the antidepressant action of ketamine, and try to develop a
novel drug for SSRI-resistant depression.

Professor Makoto KONDO

Conditions : SSRI-resistant depression

Patent information: one patent application submitted

Marketability : A significant proportion of depressed patients do not achieve remission with SSRls.
Collaboration : We are looking for the collaborator.
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Drugs ~Brain and Psychiatry~

Development of a novel therapeutic drug for schizophrenia

. . Graduate School of Biomedical and Health Sciences, Hiroshima University
Principal

[tz Professor Yukio AGO

Project Outline

Schizophrenia is a psychiatric disorder characterized by positive symptoms, negative symptoms, and
cognitive dysfunctions. It affects approximately 1% of the population, with an estimated 900,000 patients
in Japan and over 24 million worldwide. Existing drugs only target mechanisms related to
neurotransmitter regulation, offering limited therapeutic effects, particularly in addressing cognitive
dysfunction. Recent clinical and preclinical research has revealed that excessive activation of the
neuropeptide receptor VIPR2 is involved in schizophrenia. This research group previously identified KS-
133, the first selective VIPR2 inhibitory peptide usable in vivo (Front Pharmacol 2021, 12:751587), but its
low brain permeability posed a challenge.

In this study, the aims are (1) the development of a nanodrug formulation to deliver KS-133 to the brain,
and (2) the identification of low-molecular-weight VIPR2 antagonists using docking simulations. For (1),
the LRP1 protein expressed at the blood-brain barrier is known to facilitate the transfer of substances
from the bloodstream into brain tissue. This research group had previously identified the LRP1-binding
peptide KS-487 (Biochem Biophys Rep 2022, 32:101367). Consequently, the following steps were
undertaken: Structural analysis of the LRP1 and KS-487 complex using molecular dynamics simulations.
Designing nanoparticles that display KS-487 on their surface based on the analyzed structure. Confirming
the transfer of KS-487-displaying nanoparticles to the brain via subcutaneous injection using bioimaging
experiments. Preparing peptide formulations containing KS-133 encapsulated within KS-487-displaying
nanoparticles and testing their effects in animal models. These results demonstrated that nanoparticles
carrying both KS-133 and KS-487 effectively delivered KS-133 to the brain and restored cognitive
dysfunction in animal models to healthy levels (JACS Au 2024, 4:2811-2817). This peptide formulation
employs a completely novel mechanism, VIPR2 inhibition, distinct from existing drugs, and is anticipated
to become a new drug addressing the unmet medical need of cognitive dysfunction in schizophrenia.
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Targeted disease : Schizophrenia (approx. 24 million people worldwide)

Patent information : Application submitted

Characteristics of the technology : mid-size molecular drug, a bicyclic peptide, nanoparticles conjugated with
brain-targeting peptides

We are seeking for: Collaboration, license-out, and/or support for transfer to investigator-initiated clinical trial(s)
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Drugs ~Brain and Psychiatry~

Development of ASOs for multiple system atrophy

Department of Neurology, Graduate school of Medicine,
Zi,(5-.| B The University of Osaka

Investigat
SLe Rl Assistant Professor Yasuyoshi KIMURA, Professor Hideki MOCHIZUKI

Project Outline

Multiple system atrophy (MSA) is the neurodegenerative disorder affecting about 12,000 people in Japan.

Multiple symptoms including motor and autonomic symptoms progress, and patients eventually become
bedridden. Currently, no effective treatment is available, thus vigorous researches have been conducted
to elucidate the mechanism and develop treatment of MSA all over the world. Cumulative evidences
indicate that pathological alpha-synuclein aggregates accumulate in oligodendrocytes and spread
through brain, leading to neuronal death in MSA. That’s why therapies targeting alpha-synuclein are
considered as one of the promising strategies, and among them is the antisense-oligonucleotide(ASO).
We have developed ASOs targeting the coding sequences of alpha-synuclein. We've already had patents
and found sequences that effectively suppress human alpha-synuclein in vitro and in vivo. The prototype
ASO ameliorated the Parkinson’s disease phenotype in transgenic mice model and suppressed alpha-
synuclein expression in primates. Recently, we have developed next-generation ASOs that may be safer
and more potent than the original version. We now test these ASO(s) to reveal whether they can suppress
human alpha-synuclein in transgenic mice and ameliorate the disease progression and phenotype of
mutant alpha-synuclein preformed fibrils-injected mice model with MSA-like parkinsonian pathology.
Once we prove the concept that these modified ASO(s) are effective against aipha-synucleinopathy, we
will transfer this seed to the stage of clinical evaluation.

Finally, our seeds could be applied to Lewy body diseases including Parkinson’s disease and Lewy body
dementia which suffer more than 6 million people worldwide.

Targeted disease : Multiple system atrophy (approx. 12,000 persons in Japan)

Patent information : Application submitted

Characteristics of the technology : Antisense oligonucleotide containing modified nucleic acids with op-
timized sequences

We are seeking for: Collaboration, license-out, and/or support for transfer to investigator-initiated clini-
cal trial(s)
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Drugs ~Brain and Psychiatry~

Sensory medicine: Innovative therapeutics based on the principle of inducing the
artificial hibernation / life-protective state by TRPAT1 - activating odor molecules

. . Kansai Medical University
Principal

Investigator

Project Outline

Organisms have evolved latent life-protective capabilities and survived the race for existence. The whole
picture of these life-protective abilities is unknown, and the drugs that artificially induce these abilities
have yet to be developed. Innate fear is thought to have evolved as a function of the brain that
integrates physiological responses to increase the chance of survival in crisis situations. Given the
evolutionary link between life-protective abilities and innate fear emotions, it is hypothesized that some
sensory stimuli may induce latent life-protective effects by transmitting information to the central
regulatory system of innate fear emotions in the brain.

Based on this hypothesis, we have discovered combinations of odor molecules and their receptor that
artificially interfere with the innate fear system to induce life-protective effects that can determine life-
or-death in critical situations. Activation of TRPA1 in the trigeminal and vagus nerves with thiazoline-
related odor molecules activated the central crisis pathway in the brain, resulting in life-protective
effects, including a dramatic increase in survival rate in a lethal hypoxic environment and in septic
conditions. In this research and development, we are developing emergency drugs for sepsis, ARDS,
ischemia-reperfusion injury, etc., and organ preservation drugs by using "sensory medicine" technology,
a method to induce innate fear-induced life-protective effects through sensory stimulation.

Associate Professor Ko KOBAYAKAWA

Simultaneous induction of immune-enhancing and anti-inflammatory effects is desirable for the treatment
of inflammatory infections such as COVID-19, but drugs with such medicinal properties have yet to be
developed. Thiazoline-related odorants modulate gene expression of immune cells through the brain
circuit to enable simultaneous induction of innate immunity enhancement and anti-inflammatory effects.
Sensory medicine utilizes a new route of drug administration, in which drugs are delivered in the nasal
cavity as odors, and can be applied to treat various diseases. In order to put this technology to practical
use, we would like to promote partnerships with pharmaceutical manufacturers, companies that develop
functional gas generators, and companies that develop organ preservatives.
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Drugs ~Brain and Psychiatry~

Inhibition AB production by APP-targeting peptide

. . Department of Medical Life Systems, Doshisha University
Principal

Investigator

Project Outline

Alzheimer’s disease (AD) is the most common dementia and is characterized by senile
plaques, neurofibrillary tangles, and neuronal loss. Amyloid B (AB), the major component
of senile plaques, is a real culprit of AD. Currently, anti-AB antibodies are on the market.
However, several side effects are reported. We developed APP-targeting peptide (S4RR)
to inhibit AB production without harmful side effect.

Professor Satoru FUNAMOTO

S4RR is designed to bind APP, the substrate for AB production

S4RR is composed of 13
residues, containing non-
natural amino acid. S4RR
binds to APP specifically and
inhibit APP interaction with
B-/y-secretases (Fig. 1). S4RR
exhibits no interference with
activity of secretases. We
expect no harmful side
effect with S4RR.
Fig. 1 A production and S4RR

S4RR exhibits inhibition of AB production

and improvement of cognitive impairment

We administrated S4RR to
AD model mice (QW). Levels
of AB in AD mice brains
administrated for 10 wk
reduced significantly (Fig.
2A). S4RR-administrated
AD model mice exhibited
improvement of cognitive

impairment (Fig- ZB)- Fig. 2 Inhibition of A production and improvement of
cognitive impairment by S4RR
Target disease : Alzheimer’s disease
Patent information : 6168998, 7315964
Technical features : Peptide
Marketability and issues in development : 55 million, stability
Desired nature of corporate collaboration : Joint research and license out
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Drugs ~Infectious disease~

Development of therapeutic strategy for mosquito-borne
diseases by targeting mosquito saliva

Department of Microbiology, Graduate School of Medicine,
Zi,(<..|B Juntendo University

Investigator
9 Assistant professor Tatsuya SUZUKI

Project Outline

Mosquito saliva is potential therapeutic target for mosquito-borne diseases

Infected through mosquito bite

» Mosquito-borne viruses such as Dengue Flavivirus

virus or Zika virus are injected human “‘ B » »

with mosquito saliva during blood feeding. Py

Virus infected- el \\\ Infection to . .
> It has been shown that infection through mosauito -~ \. immunecells, Targettissues - Pathogenesis
L . skincells
mosquito bites or injection with mosquito virus infection s,
saliva enhanced disease severity in several ”Skm ) '
H H Assist their blood-
mosquito-borne viruses. Role of Saliva feeding behaver
. . ¢ . e

» We found that targeting for mosquito ~

saliva inhibit viral propagation and R iching and swelling

pathogenicity in vivo. blood coagulation Allergy Enhances viral infection

Inflammation/Edema
Mosquito saliva contains many bioactive molecules
— Induces variety host responses

and pathogenesis

Target of project / Significance

» Drug-resistant virus is less likely to
emerge.

» Novel study to develop the antiviral drug
through identification of new salivary
factor that modulate virus infection and
pathogenicity.

Aim of this study / In terms of Social impact

» There are no currently available
antiviral drug against flaviviruses.

» Our aim is development of specific
antiviral drug for targeting mosquito
saliva.

> It can be applied to the study of other
mosquito-borne diseases.

Target diseases: Mosquito-borne flavivirus diseases (Dengue fever, Zika fever)
Patents: Not applied
Characteristics: New therapeutic approach to target mosquito saliva
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Drugs ~Infectious disease~

Development of a novel antibacterial that targets a molecular chaperone

. . Faculty of Engineering, Tottori Universit
Principal Wy gineering HEniversity

[tz Professor Tomohiro MIZOBATA

Project Outline

1. Antibiotics are an important and necessary tool in the fight
against bacterial infections, and the discovery and
development of potent antibiotics have contributed greatly to
the quality of life in modern society. Antibiotic resistance, and
especially the accelerating emergence of bacterial strains that
are immune to multiple antibiotics, threatens our society.
However, present efforts to develop a novel, truly innovative
antibiotic, in particular an antibiotic that targets Gram-
negative bacteria, fall short of the level needed to combat this
problem (Right).

The Emergence of Multi-Drug Resistant Bacteria
“WHO PRIORITY PATHOGENS LIST

FOR R&D OF NEW ANTIBIOTICS (2017)”

Critical

Medium

Acinetobacter baumannii
Pseudomonas aeruginosa
Enterobacteriaceae

Enterococcus faecium
Staphylococcus aureus
Helicobacter pylori
Campylobacter
Salmonella spp.
Neisseria gonorrhoeae

Streptococcus pneumoniae
Haemophilus influenzae
Shigella spp.

Highlight;
Gram-negative Bacteria

The emergence of multi-
drug resistant Gram-
negative bacteria,
highlights the need for

the development of
novel, truly innovative
antibiotics

!

As of 2020, only seven
truly innovative, novel
antibacterials are under
development, and only
two of these target
Gram-negative species
(WHO)

Concept: The search for a novel antibacterial
that targets a molecular chaperone

%&/‘

The molecular chaperones HdeA and
HdeB protects proteins by utilizing their

denatured states (upper route) /

HdeA and B are Acid shift (@1 Molecular Chaperone
. . —_ ) (Active)
both inactive at pH 7 ’
Denatured \ ) .
HdeA,HdeB {s,/ MAAY

Denatured HdeA and B are unstable and| 2
readily form inactive amyloid fibrils (lower :\\;/‘M?/ S
route) —Our discovery that led to the present
development effort

Amyloid Fibril
(Inactive)

Compounds that promote HdeA/B fibril formation will render

bacteria sensitive to acidic conditions

—The search for a novel antibacterial that targets

molecular chaperones by promoting their fibrillation

3. A preliminary search led to the identification of a
candidate compound (compound E-04, Right) that
promoted the fibrillation of HdeA. Interestingly, E-04
sensitized model E. coli cells to transient acid
treatment. Curiously, adding E-04 to normal (pH 7)
cultures resulted in negligible effect.

Interpreting this result as a proof that validates our
concept of using HdeA as target and promotion of
fibrillation as mechanism of action of a novel
antibacterial, we are presently trying to improve on
the initial E-04 candidate for antibacterial potency.

Target: Enterohemorrhagic Escherichia coli ; EHEC
Patent submission process: In preparation

2. The E. coli molecular chaperones HdeA and HdeB

protect the bacterium from strongly acidic
conditions by binding to and stabilizing protein
clients from irreversible denaturation and

inactivation. Paradoxically, HdeA and HdeB achieves
this by utilizing their own acid-denatured structures
to recognize and bind clients. We discovered that in
this denatured state, both chaperones readily form
insoluble fibrils that lead to inactivation (Left).

The present developmental effort searches for
compounds that promote this fibrillation and lead to
inactivation of HdeA and HdeB, which would render
E.coli sensitive to acidic conditions.

pH3 pH7

Upper half
E-04(-)
Lower half
E-04(+)

Antibacterial effect by E-04 is ineffective at pH 7
sensitization to low pH (specific targeting of HdeA)

(x10 serial dilution spot assays)

Novelty of technology: An eventual development of a novel antibacterial that acts on molecular chaperones as
unique target and inactivation through fibrillation as unique mechanism of action
Factors to accelerate development: Finding suitable partners to test candidate compounds in a clinical setting
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Drugs ~Infectious disease~

Development of a Novel Anti-African Trypanosomiasis Drug Targeting

Cyanide-Resistant Respiration

. . Gradate School of Medicine, Osaka Metropolitan University
Principal

| tigat
nvesfigator Professor Yasutoshi KIDO

Project Outline

The parasite Trypanosoma brucei is the pathogen of Human African
Trypanosomiasis (HAT) in humans and Nagana in livestock. Untreated, the
infection can spread to the central nervous system and be fatal, causing
extensive damage on the African continent. The standard treatment of 7-14
days of intravenous infusion is difficult to complete in Africa, and side effects
are severe. Oral drugs that have been developed in recent years still have
strong side effects and cannot be used for mass drug administration to
eradicate the disease.

We have been developing drugs that
target the specialized energy
metabolism system that allows T.
brucei to survive. Cyanide-resistant
oxygen respiration by TAO is essential
for the survival, but is absent in its
mammalian host, making it an ideal
drug target. We have studied
ascofuranone from filamentous fungi,
which inhibits TAO at low
concentrations, as a lead compound
and found OCU-0126 to have the
highest drug efficacy among more than
200 derivatives.

Shiba T*, Kido Y*, et al. Proc Natl Acad Sci U S A. 2013 Mar 19;110(12):4580-5 .
reatment
Saimoto H, Kido Y*, et al. J Biochem. 2013 Mar;153(3):267-73 : —c

— D7

A single oral dose of 50 mg/kg (mice) (5 days)
produced a cure, while oral doses of 3,000 mg/kg g
did not cause death or apparent toxicity within 2~ "=~

weeks. o2 1 0CU-0126: 50 mg/kg
Currently, a CMC study for preparation of the N=6 p.0.q24hrx5
investigational drug and a non-clinical study T
package are underway in anticipation of submitting e porToos

6 0

a notification of clinical trial. CE- A

Target disease: African trypanosomiasis

Patent information: International application number PCT/JP2011/075216, International publication number
W02012/060387 Al

Technology features: Development of a safe drug that targets the pathogenic protozoan-specific metabolic system
Marketability: new HAT infections are declining, but livestock damage due to Nagana is estimated at $10 billion
per year (Prev Vet Med. 2014 Feb 1;113(2):197-210)

Preferred corporate partnerships: joint research, out-licensing
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Clinical Development of NPC-BKSE36/CpG Malaria Vaccine

Department of Malaria Vaccine Development,
Principql Research Institute for Microbial Diseases, The University of Osaka

Investigator

BK-SE36 malaria vaccine is a combination of recombinant SE36 protein and aluminum
hydroxide gel (AHG). From a clinical study in Uganda, a 72% protective efficacy could be
obtained, with children from 6-10 years old responding more to the vaccine. A study in
children 1-5 years old was also successfully carried out in Burkina Faso. In further clinical L
trials with Japanese adults, adding CpG-ODN(K3), a nucleic acid adjuvant, to BK-SE36 Patients in
malaria vaccine resulted in 3-4 times increase in the antibody titer. We have completed a Apac, Uganda.
BK-SE36/CpG clinical trial in Burkina Faso from adults to 1 year-old child without vaccine
related severe side effects and we are now under analysis of obtained data. We also plan to
carry out a Phase I/lla trial utilizing controlled human malaria infection to have supporting
efficacy data. BK-SE36 was renamed as NPC-SE36, reflecting the development of the
vaccine with Nobelpharma Co., Ltd. as sponsor.

Endowed Chair Professor Toshihiro HORII

In 2018, there were roughly 400,000 deaths
due to malaria.

Life cycle of the falciparum malaria parasite

Results of BK-SE36/AHG Phase Ib trial in Uganda

In Uganda a promising 72% protective
efficacy against high parasitemia and
fever was obtained. A larger number of
vaccine responders were observed in
the younger age group, suggesting
immune  tolerance  occurs  with
, N repeated malaria infection. Children, O-
I 05 610 11-15 1620 5 years old, the target age group under
parasit proliferation Fpesee e ol i WHO, are expected to respond
In erythrocytic stage 4

Palacpac et al. (2013) Plos One favorably to the vaccine.
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anti SE36 antibody targets the late stages of the blood-stage life cycle.

Results of BK-SE36/CpG Phase la clinical trial
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o000 ® e BN e — antibody titer 3 weeks after the second vaccine dose. Combination of CpG
2Ugandan adult serum enhanced antibody titer resulted in more than 3 times higher antibody titer
o0 L [ 20 P 6 _| 3Japanese vaccinee N .
. compared to BK-SE36 alone. Furthermore, using serum obtained from 1

volunteer vaccinated with BK-SE36/CpG, in vitro growth inhibition assay (GIA)
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. —= “ showed inhibition of parasite proliferation.
1000 b 1000 o _|
o0 o $
o 0 0 0 0
o - S O T P ® Biological function of SE36 protein |
. )
B o2 o, w0 |
o o . -
=7 =11 — @ SE36 protein O Thrombin
© placebo(saline)  Ez0e et al. (2020) Vaccine g 2 5 i ) Q% 4 Antithrombin Il
@ Host vitronectin .‘\‘g e :33; w Complement C7
<% [ ] O Complement C9
% ‘{; @ 5C5b-9 complex
P A etc.
o®

NPC-SE36/CpG in Burkina Faso Phase Ib clinical trial; >
_ . ‘nase ; ) Deme © Mictonemes
Protective efficacy and duration of vaccine—induced antibody titer H0®  Nudew, SIS Apical tubulin ring

over 3 years "(;. R"“"““’.O.‘Q’
o‘. o"b\

q a9 J; 00009 ‘V )

‘—é a ‘9 8 4 Tougan et al., SciRep. 2018

: er : el SE36 protein tightly binds to host vitronectin that binds to
§ osp other host proteins, components of compliment. These
“ ek i' complex camouflage the surface of merozoite to evade host
fg immune attack. The complex of SE36 with host vitronectin
S ok = = = = causes immune tolerance against SE36. Thus resulted immune

Year tolerance causes low antibody response in the endemic area,
then the observed low genetic polymorphism of SE36 gene is
thought to be by this low host immune pressure.

In Phase Ib of NPC-SE36/CpG in Burkina Faso, no serious side effects due to vaccination were reported. Malaria onset was measured for one year
after vaccination. As a result, a prevention effect of 74% (p=0.035) was obtained. Furthermore, a three-year follow-up study of the antibody titers
induced by vaccination revealed that high antibody titers were maintained even three years after vaccination.

Target disease: Malaria; Patent information: (1) Patent No. 4145145 (June 27, 2008), (2) No. 4145348 (June 27, 2008), (3) Patent No. 5748658 (May 22, 2015);
Technical features: New malaria vaccine of plasmodium antigen polypeptide SE36 and its variants combined with adjuvant CpGODN (K3); Marketability:
Falciparum malaria is an infectious disease that infects 200-300 million people annually and kills more than 400,000 people, mainly infants under the age of 5
(WHO Report 2018). The development of a highly effective vaccine is expected as a drastic measure. Development challenges: Obtaining funding to conduct
large-scale clinical trials in endemic areas. Information to clarify the division of roles between companies and academia: Joint research agreement with
Nobelpharma Co.,Ltd. (concluded on March 18, 2019).
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Novel therapeutic strategy for cerebral stroke using
Npas4-related factors

1. Graduate school of medicine, The University of Osaka
Principql 2. Graduate school of pharmaceutical sciences, The University of Osaka

Investigat
HE R professor Taiichi KATAYAMA', Guest Professor Akio TSUBOP?

Project Outline

Cerebrovascular diseases are the fourth leading cause of death in Japan, with a high incidence. However,
when the brain is damaged by cerebral stroke (ischemia), which accounts for the majority of cerebrovascular
diseases, an effective treatment to replace the lost neurons and circuits has not yet been established. In
addition, cerebrovascular diseases, along with dementia, are the biggest causes of people requiring nursing
care. Therefore, "how to reconstruct and repair the brain structure and functions that have been disrupted by
cerebral infarction?” is an extremely important question in our super-aging society.

It has been suggested that the expression of the transcription factor Npas4 is strongly induced in neurons
surrounding the infarct foci in the early stage after stroke and regulates the survival and death of neurons;
yet the genes acting downstream of Npas4 remain unknown.

We found that when mice were transferred from a home cage to expose them for a short time into a new
cage containing play equipment (an enriched environment), and then subjected to stroke surgery, neuronal
death in the mice was surprisingly reduced. This appeared to be because exposure of the mice to the
enriched environment caused a marked increase of Npas4 expression in cortical neurons. Furthermore,
based on an in vitro ischemia-like stress model, we systematically searched for genes downstream of Npas4
to successfully identify Gem, which encodes a Ras-like small GTPase directly involved in neuroprotection.

In addition, when Gem was transiently expressed in the mouse brain, neuronal death after stroke was
markedly reduced (Fig. 1). This reveals that Gem, downstream of Npas4, plays an important role in
suppression of neuronal death (neuroprotection) via mis-localization of L-type voltage-gated Ca?* channel.

Since an orthologue of Gem is also induced in human cortical organoids by ischemic-like stress, Gem is
expected to be a novel drug target for the therapy of stroke (Takahashi et al., Proc Natl Acad Sci USA, 118:
2018850118, 2021).

Patent information in addition to target diseases: cerebrovascular disorders, preparing patent application
Characteristics of the technology, marketability, and issues in development: Search for target compounds
Desired nature of corporate collaboration: Joint research

Division of roles between companies and academia: Product development and basic research
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Development of L862, an Innovative Pulmonary Hypertension
Treatment Targeting TRPC3/6

Principal Department of Cardiovascular Medicine, School of Medicine, Shinshu University

Investigator

Professor Koichiro KUWAHARA

Project Outline

Pulmonary arterial hypertension (PAH, designated as an intractable disease) Vascular remodeling

e |t is a condition in which the pulmonary arteries become abnormally narrowed In PAH patients
muscular hyperplasia

and stiffened, resulting in increased pulmonary artery pressure. Symptoms such of tunica media
as shortness of breath and dyspnea appear with light movements.

¢ The number of patients in Japan is approximately 4,000 (FY 2019) and
increasing every year. The global market size is projected to be USD 110.6
billion by 2031 (SDKI Inc.).

* The prognosis of PAH associated with systemic sclerosis is particularly . oranentita | intimal profiferation
poor, and unmet medical needs are still high. Narrowing of the inner diameter

e PAH is caused by pulmonary artery remodeling (intimal proliferation, of lood vessels

muscular hyperplasia of tunica media, and fibrosis of adventitia), and existing vasodilator drugs are not
effective in treating PAH associated with advanced lesions, venous disease, and collagen diseases such
as systemic sclerosis.

- Drugs that can directly intervene in remodeling are needed.

About TRP (Transient Arterial Potential) C3/6

¢ TRP channels are membrane proteins that exist on lipid membranes and form a superfamily of 28 types.
e They form tetramers and function as non-selective cation channels by permeating Na and Ca ions.

e |t acts as a sensor to detect various extracellular signals.

¢ Various evidences that TRPC3/6 is involved in PAH and remodeling (Kuwahara et.al. JCl 2006; 116:

3114, etc.).
- TRPC3/6 inhibitors may be therapeutic agents directly involved in PAH remodeling.
L862, Novel TRPC3/6 inhibitor Effects of L862 on PAH model rats and patient-derived

- pulmonary arterial smooth muscle cells
¢ \W02019208812 (Granted in JP, US and EU, and under

review in CN)

» Excellent physical, chemical stability and chemical Monocrotaline induced PAH model Rats ~ Monocrotaline-induced PH rats
properties that satisfy Lipinski's law systolic pulmonary arterial pressure (Masson-Trichrome Staining)
o A sample (5.4 kg) for GLP studies were manufactured
¢ High selectivity (other TRP family, various receptors,
channels, enzymes, etc.) D I:':|
e Excellent pharmacokinetic properties (Bio Availability

in rats:57%)
¢ No evidence of mutagenicity (AMES test negative
o Sufficient safety margin in 2week repeated-dose

MCT-/Drug— MCT +/Drug—
L862(5mg/kg/day)

.. . IPAH Patient’s PASM Il lif i
toxicity study in rats (NOAEL: 400 mg/kg) o zat'e':s S ‘gcce proliferation |:|

< —

z

E *P<0.05

5, MCT +/L862

© _ L . . .
PDGF  _ ’: 1::) 1; 1'."0 1'; L862 administration suppressed fibrosis

of perivascular tissues in the PH model.

vehicle Pyr4(uM) L862(1M) Moriuchi, Kuwahara et al. in preparation 2021

L862 improves pulmonary hypertension in an

established animal model of PAH

Target disease: Pulmonary arterial hypertension

Current status: GLP-preclinical studies are underway with support from AMED.

Description of technology: Oral small molecule therapeutic agent for PAH based on a novel mechanism of action
Contact for inquiries regarding joint research and licensing: Co-creation Bureau, The University of Osaka,
Kambayashi Tel: 06-6105-6977 Email: kambayashi.yoshikazu.oi@osaka-u.ac.jp
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Development of novel companion PET diagnostics
and therapeutic agents for myocarditis

Department of Cardiovascular Medicine,
Principql Graduate School of Medicine, The University of Osaka

| tigat
nvesfigator Associate Professor Ken MATSUOKA

Project Outline

Myocarditis is a fatal disease with currently no effective treatments. In recent years, myocarditis
has been accompanied with severe infections including Covid-19, mRNA vaccines, and immune
checkpoint inhibitors, which are frequently used in the cancer field. Therefore, there is an extremely
high need for the development of effective diagnostic and therapeutic methods for myocarditis.

In the previous study, we have clarified that activated lymphocytes expressing Gene X are involved
in the onset of myocarditis, and that Gene X inhibitors improve the prognosis of myocarditis models.
Furthermore, we have created a novel PET probe by labeling the Gene X inhibitor with the radioactive
C11 nuclide, and successfully detected Gene X-positive lymphocytes infiltrating the myocardium in a
myocarditis model by PET/CT. In addition, Gene X inhibitors were more effective in the myocarditis
model with high accumulation of the PET probe. From the above, this PET probe is not only a non-
invasive diagnostic agent for myocarditis that replaces the conventional highly invasive myocardial
biopsy, but also a companion diagnostic agent for Gene X inhibitors. Therefore, it is expected that the
combination of these two seeds will significantly improve the prognosis of myocarditis. We are now
looking for companies that will cooperate with us to obtain clinical proof of concept for this PET
formulation and Gene X inhibitors.

Target disease: Myocarditis (2,200 people/year in Japan, 1.8 million people/year worldwide)

Patent information: Substance patent, application patent

Features: Combination of companion PET diagnostic and therapeutic drug can significantly improve prognosis
Issues: Need company support to obtain clinical POC

Desired company collaboration: Support for clinical trials and licensing out
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TN-101 TN-101

RIS HRESERE (TILIYNAI—IR. N\UF VIR, SRFERE. HZED) . HNA . BERFEERSE
Y EFIE ¥R IP6838743B2 FERTFRIEGAPDH KR EH

HfT D458 GAPDHEEEEERZ AT HES FILEY
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Drugs ~Intractable disease~

Development of new therapeutic agents focused on the liquid-liquid
phase separation phenomenon of cells

. . Osaka Metropolitan Universit
Principal pol erstty

Investigator

Project Outline

GAPDH Aggregation Inhibitor for the Treatment of Cranial Neuropathy

Associate professor Hidemitsu NAKAJIMA

We are seeking companies to develop it further through licensing.

Potential preventive/therapeutic agent for neurodegenerative diseases such as
Alzheimer’s disease, Parkinson’s disease, Huntington's disease, ALS, MSA and
stroke

®Background
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transphosphorylates glyceraldehyde-3-phosphate

(G3P) to reversibly convert G3P to 1,3-Bisphosphoglycerate (1,3-BPG). It is reported that GAPDH induces
apoptosis in response to oxidative stress. Dr. Nakajima’s group at Osaka Prefecture University has been
investigating this GAPDH-induced apoptosis cascade and found that GAPDH self-assembles to form a

amyloid-like aggregate, which later triggers to promote amyloid fibrosis in various neurodegenerative diseases.

@ Description TN-101

The research group developed a novel compound TN-101 that HOL d‘|0 L
H
N j
\)-LN

targets GAPDH aggregation to prevent, treat and improve cranial

neuropathy such as Alzheimer's disease, Parkinson’'s disease,

/"

SH

IC50 = 0.90 + 0.11 uM
Amphiphile: cLogP =-1.25
BA=25% (30 mg/kg, p.o.)
MW = 237

Huntington’s disease, ALS, MSA and stroke.

®In-vivo evaluations of TN-101

(4]
g
s ; Cerebral protective effect of TN-101 in ischemic
SE g model mice
& E g
£3 2 - . . .
s g = TN-101 was administrated to ischemic model mice
@ 2 =S intraventricularly. At 24 hours post-administration, the infarction
1] > % volume decreased and neurological symptoms improved.
3 These results show that inhibiting GAPDH aggregation can
P4

effectively prevent, treat, or improve neurological symptoms
TN-101 TN-101 caused by blood flow disorders such as stroke.

Indication : Neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease, Huntington’s disease
ALS, MSA and stroke.

Patent : JP6838743B2 , Non-peptidic GAPDH aggregation inhibitor

Modality : New Chemical Entity

We are seeking companies to develop it further through licensing.
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Drugs ~Intractable disease~

Development of inhibitors of protein phosphatases involved in
neurodegenerative diseases and investigation of their effects in animal models

. . The department of Biological Control, RIMD, The University of Osaka
Principal

Investigator

Project Outline

Polyglutamine disease is an inherited neurodegenerative
disorder including SBMA (Spinal and Bulbar Muscular
Atrophy), Sca (Spinocerebellar ataxia), and Huntington's
disease. In polyglutamine diseases, the number of repeats of
the CAG sequence encoding glutamine is abnormally
increased in the genes responsible for each disease, resulting
in the expression of proteins with abnormally long
polyglutamine sequences, which accumulate in neurons along
aging and lead to degeneration. All types of polyglutamine
disease cause severe disability, and independent living
becomes impossible within 10 years after onset. However,
current treatment of polyglutamine disease generally consists
of symptomatic therapies such as improvement of motor and
neurological ~ symptoms  with  antipsychotic  drugs,
improvement of ataxic symptoms with drugs that activate the
nervous system, exercise therapy, lifestyle guidance, and
treatment of complications. On the other hand, the
development of effective therapies targeting
neurodegeneration itself has not progressed and remains as
an urgent issue. In recent years, the mechanism by which
abnormal polyglutamine proteins lead to neurodegeneration
has been partially clarified, and the development of
therapeutic methods based on these findings is gradually
progressing both in Japan and overseas. Evaluation of some
of these methods have already been initiated, but sufficient
therapeutic effects have not been confirmed at this time.

Specially Appointed Assistant Professor Shizuka ISHITANI

In this project, we will focus on protein kinase X, which
phosphorylates abnormal polyglutamine proteins and
promotes its cytotoxicity, and create a drug that prevents
neurodegeneration through inhibition of its activity. Because
kinase X ‘"directly" regulates abnormal polyglutamine
proteins, our approach is expected to broaden the range of
therapeutic strategies.

Through our extensive screening and structural
modification, we have succeeded in creating a potent and
selective X inhibitor. The X inhibitor inhibited the substrate-
phosphorylation activity of X protein and inhibited the
accumulation of abnormal polyglutamine proteins in the cell.
This indicates that the X inhibitor has the potential to be a
fundamental therapeutic agent for polyglutamine disease.

We are currently testing the therapeutic efficacy of the X
inhibitor in mouse models of polyglutamine diseases and
further modifying its structure to improve its properties as a
drug. We hope that this project will lead to the development
of definitive therapies for polyglutamine disease.

Target disease: Polyglutamine disease

Patent information: Under planning

Characteristics of the Technology: Development of a curative medicine for polyglutamine diseases

Marketability and challenges in development: Polyglutamine disease is a genetic disorder, for which only
symptomatic treatment currently exists. Therefore, it is expected to develop a curative medicine that prevents the
onset of the disease or suppresses the progression of symptoms.
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Project Outline

Drugs ~Others~

Development of single-molecule imaging-based screening
technology for drug discovery

. . Graduate School of Frontier Biosciences, The University of Osaka
Principal

| tigat
S48l professor Masahiro UEDA

Single-molecule imaging-based drug addition sample transfer
screening for drug discovery
- Novel platform technology -

Single molecule imaging analysis enables us
to visualize biomolecules functioning in cells,
and to obtain quantitative values related to
the diffusion and oligomerization of
membrane proteins. We have developed a
fully automated single molecule imaging
system (AiSIS) and have realized large-scale
analysis in living cells (right figure). By
applying this method to epidermal growth ?maglgtienrgolecule
factor receptor (EGFR), which is the cause of

various cancers, we are establishing it as a

novel basic technology for drug discovery. statistical analysis
Since this approach can be applied to

molecular species without enzymatic activity

and orphan receptors, it has the potential to

realize drug screening for target molecules to

which existing methods are difficult to be

applied.

multicolor optics

Core Technologies

Machine learning (Al) and robotics-

assisted automated imaging analysis

*  Automatic cell recognition and observation by using machine learning
*  Analysis of diffusion and oligomer formation of 8,000 cells per day

*  Detection of drug-induced changes in molecular dynamics

*  Automated single molecule imaging analysis of various receptors
Yasui et al., Nature Commun. 9: 3061 (2018)
Watanabe et al., Nature Commun. 15:8975(2024)

Target diseases: Lung cancer, colorectal cancer, brain and central nervous system cancer, pancreatic cancer, etc
Patent information: Patent 6952300, Patent 7226825, Patent Application 2023-31358, US Patent 11002728, US
Patent 11567293B2

Characteristics of technology: Drug screening by visualizing single-molecules functioning in cells

Marketability, challenges in development: Development of drug candidates after single molecule screening
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¥¥FIF11-021298; 5F92001-354695
Nature 392:286-9, 1998; Curr Pharm Des 21:868-84,2015
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Drugs ~Others~

Discovering Peptide-based Therapeutics for Neuropathic Pain

. . Department of Biomedical Engineering Osaka Institute of Technolo
Principal P ! ! gineering |u &y

Investigator

Project Outline

Neuropathic pain associated with nerve damage, diabetes, herpes zoster, and cancer is a chronic
intractable pain that does not respond significantly to non-steroidal anti-inflammatory drugs or opioid
analgesics. We have previously discovered that nocistatin (NST) inhibits allodynia, which is the pain to
the touch seen in neuropathic pain, when administered intrathecally. Based on peptides derived from
NST (NST-P), we are developing orally administrable analgesics with minimal side effects. This study
will optimize the structure of NST-P as a lead compound, identify the target molecule of the peptide, and
elucidate its mechanism of action.

Professor Emiko OKUDA-ASHITAKA

Intraventricular and intrathecal administration of NST inhibits pain

NST is a peptide derived from the same
precursor protein as the opioid peptide
nociception/orphan FQ (N/OFQ) (Fig. 1).

Intraventricular (icv) and intrathecal (it)
administration of NST inhibits a wide variety of

pain (Fig. 2).
NST (bovine)
Bovine KRMP QRO KR’ I 0 KR
Human RR*E** A ek bk A E* e e e ] EEP#** #M##R* #M# ks % #% KR
Mouse KR v ADDAE*V***# %% KR
Rat KR*#* AV SVAD*ADAVA # 4 # % KR
: NST (human, mouse, rat) !
Fig.1 Amino acid sequence of NST Fig.2 Inhibition of pain by NST

Japanese Unexamined Patent Publication H11-021298, 2001-354695
Nature 392:286-9, 1998; Curr Pharm Des 21:868-84,2015

NST-derived peptides (NST-P) inhibit diabetic neuropathic pain
A mouse model of diabetes mellitus was =0
prepared by the administration of streptozotocin
(STZ). At 1-3 weeks after STZ administration,
pain threshold was lowered by pain analysis
using the von Frey test, and onset of pain was
observed. Intrathecal and orally administration
of NST-P to mice after STZ demonstrated the &
inhibition of pain (Fig. 3). o FE S

1.5

Withdrawal threshold (g)
(=]

Fig. 3 Effect of NST-P on pain in a diabetic mi.ce model

Target Disease : Neuropathic pain  Patent Information : Japanese Patent Application

Technical Features : Peptide based analgesic

Marketability : 6,000,000 individuals in Japan, approximately 6.9%-10% of the world population

Issues in Development : Mechanism of pain regulated by nocistatin-derived peptides,
Optimization of these peptides

Desired nature of corporate collaboration : Joint Research

77
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Drugs ~Others~

Development of repair therapy for skin barrier function
by product lipids of novel lipase

Principal

Department of Bio-system Pharmacology,
Graduate School of medicine, The University of Osaka

Investigator

Associate Professor Ryuichi OHGAKI

Project Outline

Skin barrier function and ceramides

Novel lipase-like protein SLIP, an essential factor

Intercellular space of stratum corneum, which locates at the
outermost layer of the epidermis in skin, is filled with lamellar
structures of lipids mainly composed of ceramides. This
intercellular lipid lamellae is essential for the “Skin barrier
function" to protect our body from physical damage, chemical
and biological irritation, and dissipation of water and
electrolytes.

Intercellular lipid lamellae

Epidermis  chemical and Composition:
Physical biological i
damage irritants Ceremide 46%
Cholesterol 26%
Fatty acid 13%
Stratum Cholesterol-sulfate 4%
corneum : )
Transmission electron microscopy
Granular A
cell layer Water,
Prickle Electrolytes
cell layer
BaSa| Ce” Elias J. Invest. Dermatol. 96 (1991)
layer Molecular structure model

Downing J. Lipid. Res. 33 (1992)

Current therapeutic approaches to pathologically

impaired skin barrier function

In diseases such as atopic dermatitis and ichthyosis, the skin
barrier function is disrupted due to abnormalities in the
homeostasis of ceramides in epidermis. Topical agents
containing humectants, emollients, and occlusives are widely
used to compensate for the impaired skin barrier function.
However, these treatments do not restore the physiological

for skin barrier function

Gene knockout of SLIP (Skin-specific lipase-like protein), a
novel lipase specifically expressed in epidermis, causes
disruption of the skin barrier function and death shortly after
birth due to excessive water evaporation in mouse. In the
stratum corneum of SLIP-KO mice, the lipid lamellar structure
becomes unclear, and the permeability of water and
macromolecules is enhanced. Ceramides in a wide range of
subclasses are reduced considerably.

Disrupted skin barrier function in SLIP-KO mouse

Gross Changes in the ceramide contents w-hydroxylacylceramides especially
appearance important for skin barrier function
Wwildtype SLIP-KO Excessive 1 1
loss of water -—— - —— 1
via skin by |

transpiration. I ] |

v | ! '|

Lethal I ! y

Postnatal dayl | ‘

! |

Ceramides subclasses reduced | I '|
in SLIP-KO neonates [ ____.__________'l

Chaetal. Int J Mol Med. 38 (2016)

Drug discovery for novel skin barrier repair therapy

SLIP is a putative transmembrane protein presenting its lipase
domain extracellularly in cell layers including stratum
corneum. We are aiming to identify product lipid molecules of
SLIP, which are expected to have a function of arranging or
maintaining ceramides in the lamellar structure, and to
develop a novel repair therapy for skin barrier function.

skin barrier function.

Ichthyosis vulgaris

Skin barrier complements

Atopic dermatitis

Pharmacotherapy

|

+ Anti-inflammatory
agents: corticosteroids,

- Humectants:

glycerol, urea, lactic acid

- Emollients:

* Humectants
+ Emollients
+ Occlusives

calcineurin inhibitors
+ Anti-histamines
* Immur pp it
* Anti-microbials

- Targeted therapy:

IL-4113 inhibitors,
JIAK inhibitors

+ Vitamin D3
» Salicylic acid

‘soy-derived sterols
- Occlusives:

petrolatum, dimethicone,
mineraloils

Removal or
suppression of
hyperkeratosis

Partial compensation of impaired
skin barrier function

3% Physiological skin barrier function is not restored.

S —| n—rtTy

i — corneum
SL|p Ceramides P

* Arrangement/maintenance
Into lamellar structure

Intercellular lipid
lamellae

Intact skin

Product lipids barrier function

Substrates

N\sLip

Granular
cell layer

Product lipids of SLIP are expected to restore the pathologically

disrupted skin barrier function in atopic dermatitis and ichthyosis by
recovery of the ceramide homeostasis in intercellular lipid lamellae.

Target diseases: Impaired skin barrier function (Atopic dermatitis, ichthyosis vulgaris, etc.)

Patent information:
Technical features:

Not applied

Unique treatment that restores the physiological skin barrier function

Marketability: Atopic dermatitis — prevalence rate is up to a few percent of the population in worldwide
Ichthyosis vulgaris — prevalence rate is 1 patient in 250 to 300 person.

Challenges in development:
Proposal for collaboration:

Cost for identification of product lipids, Acquisition of non-clinical POC in disease models
Joint research and development-lipidomics analysis, disease models
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Establishment of a new strategy for the treatment of functional restoration in skeletal

muscle injury by tissue engineering using osteopontinederived SVVYGLR peptide

Department of Oral and Makxillofacial Surgery,
Principql Graduate School of Dentistry, The University of Osaka

WL by ofessor Susumu TANAKA

Project Outline

Skeletal muscle dysfunction with serious damages caused by injury or surgery, and congenital diseases with deformed or
poorly developed muscular tissue such as cleft palate, conventional treatments including plastic surgery occasionally fail

to obtain an adequate functional recovery. SVVYGLR (SV), amino-acid sequence derived from osteopontin (SV peptide) has
previously demonstrated strong angiogenic activity, enhancement of the synthesis of collagen type Il in myocardial

fibrosis and capability for improvement of cardiac function through the differentiation of fibroblasts to myofibroblasts. This
peptide was also revealed to be easily degraded by peptidase and show less adverse effects, indicating high
biocompatibility. Like myocardium, skeletal muscle is striated, but it is voluntary, composed of multi-nucleated muscle
fibers regenerated by tissue -specific muscle stem cells called satellite cells which proliferate and differentiate to form
mature myoblasts.

Development roadmap

Given the potent role of SV peptide on the repair of injured
skeletal muscles like myocardium, it might also 2024 2025 202688520278 5 20281182025
contribute to functional restoration after the injury. Our

Estimation of efficacy

preliminary study using rat volumetric muscle loss (VML) fe“:'; 4 Safety evaluation and pharmacokinetics
injury model in masseter muscles demonstrated that local synthesis _Manufacturing process, quality control
injection of SV peptide immediately after the injury Basic research (biological and physiological )
increased EMG activities recorded from injured muscles Non- adialiieting )
. R i R Jinical ADME discovery screening research
and suppressed fibrosis by the generation of scar tissues elinical  (pharmacodynamics, pharmacokinetics, toxicity test)
compared with injection of PBS or inactive form of SV. In
addition, cultured human skeletal muscle precursor cells Phase | Biehaziioniofpreiosallclinicallsiiiay
containing SV-peptide promoted the migration and Phase II S
. L Phase Il —)
differentiation of myoblasts. NDA =
Approval =)
Osteopontin  Cleavage by thrombin
VML injury model (masseter M) 3
HoN —[ GRGDSVVYGLR]] ]—COOH
. . Regenerated
Local injection In vivo l Peptide synthesis In vitro muscle fiber
of SV-peptide - ([ser-val-val- Tyr- Gly- Leu- Arg])
SV-peptide has biological effect on the capability of
| Acceleration of skeletal muscle regeneration | | SVVYGLR (SV) peptide | cell migration and differentiation in myoblasts
>
. . . . . PBS sv PBS sV
A z
_ ..smmﬂhﬂmsm“m . -
x
. sv() Wmmmmmw 18h H
: : : : S
Post ope * ; : : sW =
W 2w aw 6W
SV-peptide stimulated production of SV-peptide enhanced temporal recovery of SV-peptide enhanced migration SV-peptide stimulated in vitro
myotube cells in injured muscle the muscle activities after injury capability of myoblasts myoblast to myotube transformations

Target diseases in this project: Skeletal muscle injuries with irreversible motor dysfunction in oral and maxillofacial
surgery, trauma, and congenital abnormalities including orofacial clefts such as cleft lip and palate. Title of the
Invention: Restorative materials for skeletal muscle injury, Patent No. JP 6912117, US 11,077,167 B2 2017-229688. Aim
of this project is to identify and develop a new novel peptide therapeutics with small molecule suited for functional
regeneration in skeletal muscle injuries.
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A new anti-inflammatory drug that utilizes the active site
of an endogenous NFkB direct inhibitory protein

Department of Obstetrics & Gynecology,
Principq' Graduate School of Medicine, The University of Osaka

Investigat
nvesfigator Guest Associate Professor Kazuki OKAMOTO

Project Outline

[Unmet Medical Needs])

1.In severe or fulminant cases, there is no effective drug other than steroid anti-inflammatory drugs
(SAIDs). SAIDs have a strong anti-inflammatory effect by directly inhibiting NFkB.

2. Long-term and megadose administrations of SAIDs cause serious side-effects and susceptibility
to infection, both make it difficult to continue the therapy. Also, the emergence of steroid-
resistance makes it difficult to continue the therapy.

3. An NFkB inhibitory drug that has the strong anti-inflammatory action as SAIDs together with the
high safety is highly recommended, but has not yet been developed.

[Superiority of this new drug seed against SAIDs]
A) The investigator found an intrinsic NFkB inhibitor (MTI-II, Fig. 1). The active domain (6A) in MTI-
Il with cell permeable peptide (CPP; 8R) shows an anti-inflammatory action.
B) As 6A-8R directory inhibits the transcriptional activity of NFkB, it has as strong action as SAIDs.
C) As it has few side-effects (Table 1), it can be used for long-term therapy for fulminant cases.
D) As it inhibits NFkB by a different pathway from SAIDs, it will overcome the steroid-resistance.
E) Table 2 shows the applications of 6A-8R with confirmed therapeutic efficacy in animal models.

Next Plans :
(1) Optimization of 6A-8R. (I have done stabilization.)
(2) Pharmacophore of 6A-8R =Low MW
chemicals
* Evaluation systems for NFkB-binding (Kd) and for
in-vitro inhibition activity (HTS) have been built.

Call for Collaborations :

»>Arrangement of non-clinical and clinical tests of 6A-8R.

»>Synthesis of new chemicals that mimic the pharmaco-
phore of 6A peptide. (When you want chemical drugs.)

Target diseases: osteoarthritis, rheumatism, uveitis, endometriosis, preterm birth and target diseases of SAIDs.
Patents: Patent No.6830651, Patent No. US7,932,226 B2, Patent N0.4874798.

Characteristics: An anti-inflammatory drug which has the same actions (NFkB inhibition) as SAIDs with few side-effects
has not yet been developed. Using endogenous NFkB inhibitor, we have developed a new drug.

Market Superiority : This drug will replace SAIDs, and help many patients suffering from side effects of SAIDs.
Desired Collaboration: Arrangement of non-clinical and clinical tests for 6A-8R. Synthesis of new chemicals.
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Tissue targeting of lipid nanoparticles by N-terminal modification of peptides

. . Faculty of Environmental Earth Science, Hokkaido University
Principal

[tz Postdoctoral fellow Mariko KOJIMA

Project Outline

Lipid nanoparticles (LNPs) are attracting attention as carriers for nucleic acid medicine and has
been used as COVID-19 vaccines in clinical application. However, the tissue targeting of LNPs is
limited to the liver. Our technology will enable to control the tissue targeting of LNPs by
surface modification of LNP with peptides using a site-specific modification reagent, "1H-1,2,3-
triazole-4-carbaldehyde (TA4C)”. TA4C developed in our group is a reagent that efficiently
modifies N-terminus of a peptide in one-step at 37°C. Targeting using TA4C has a potential to
be be applied to a broad spectrum of diseases due to its simple reaction process and
compatibility with various peptides.

Target disease: Genetic disease (ex. hereditary pancreatitis)

Patent information: JP Patent Application No. 2024-172588

Features: Tissue targeting of nucleic acid drugs by LNP surface modification. Site-specific modification of
peptide in one-step.

Corporate collaboration: Collaborative research in non-clinical and clinical trials, licensing, and licensing out
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Development of a new disinfection device using Pernitric acid solution

Division of Sustainable Energy and Environmental Engineering,
Principql Graduate School of Engineering, The University of Osaka

Investigator

Project Outline
Sterilization by Peroxynitric acid (PNA) Chemical synthesis

Associate Professor Katsuhisa KITANO

Name Peroxynitric acid (PNA)
+ — + by PNA synthesizer g
Formula HNO, (HOONO,) HNO, H,0, HOONQ H,0 i
CAS number 26404-66-0 peroxynltrlte

HOONO + H,0,— HOONO, +H,0
I n I PNA L
Sterilization method, preparation for sterilization, and

patent on the use of PNA for device for producing bactericidal liquid [2] F. Raschig, Angewandte Chemie, 17, 1419 (1904).
sterilization, making it the world’s

Patented in Japan, US, UK, Germany, Italy, France, Spain .
frst and only technlogy (11  Many types pf synthesizer can be provided - 11 PN

[1] S. Ikawa, A. Tani, Y. Nakashima, K. Kitano, Journal of Physics D: Applied Physics, 405401(2016).

Sterilization of spore 6.5mM PNA Concentration of PNA

There has never been a paper or

= 10 There is a need for disinfectants to be used at lower concentrations than can be
E 0 harmful. Hydrogen peroxide at 3% is used as oxydol in disinfectants, but at
g 10° 4 concentrations on the order of 10% it can cause chemical burns, and at
= 10° 4 concentrations on the order of 90% there is a risk of explosion.
c
é 10° PNA conc. equivalent H,0,
ped 10° conc.
g . detectionlimit undiluted solution 1,000 mM 10,000 %
-§ 10° Medical device sterilization ~10 mM 100 %
T T T T
] 0 2 4 6 8 10 Disinfection ~2 mM 20 %
>
time [second] For fungicides, the ratio of fungicidal power to toxicity is important.
Safety studies with animals Material compatibility test
Acute oral toxicity test |  Skin irritation test Endurance testing with various materials
animal rat rabbit Sterilization, washing and drying process ~1000 times

photo

Comparison with other bactericides using spore solution Disinfection of a skin contamination model (pig skin)

1M : ggN & ;;:ﬁ:g'z :;D"Loa'g'c") Gf/:gae:é%ag; Sterilization of vegetative cells (Staphylococcus aureus) was simple. Spray jet of
relative bactericidal activity 3300 1 96 200 PNA solution was applied to pig skin contaminated with spores (Bacillus subtilis).
cost [JPY/L] 1100 1200 28000 27000 The evaluation criteria for
cost [JPY/L/bactericidal activity] 0.33 1200 2900 68 disinfectant efficacy are

PNA solution is odorless. ~2LogR

The world's first disinfectant, PNA has an excellent ratio of safety and disinfecting power, and can be applied to
various fields from biological disinfection to medical equipment sterilization. The basic patent has been granted in
Japan and overseas. Currently, we are building a consortium for research and development of PNA application

(http://www.ppl.eng.osaka-u.ac.jp/pna/), in which several companies are participating, and we are looking for
new companies to join us.
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Biodegradable polymer material design for new bioabsorbable stent
using the materials maintain neutral after decomposition

S Nara Institute of Science and Technology
Principal

Investigator Professor Hiroharu AJIRO

Project Outline

From Fig. 1,The development of new medical materials for treating
cardiovascular diseases is required by the data of cause of death (Fig.
1). For example, it is still difficult to prescribe coronary artery therapy
with a bioabsorbable stent. Therefore, in this project, it is expected to
develop new bioabsorbable stents for coronary artery treatment by
creating new polymer materials. The conventional polymer materials
used for bioabsorbable stents are limited to those approved for medical
use, such as polyester-based materials like polylactic acid ("Next-
generation medical devices, regenerative medicine, etc." Product
evaluation index creation business Bioabsorbable stent examination
WG "Ministry of Health, Labor and Welfare, March 2016, etc.). However,
at present, it is not possible to meet a wide range of required physical
and chemical properties of bioabsorbable stents. In this project, we will
create a new polymer material by a new molecular design "ester-free
type" from the viewpoint of decomposition products. Therefore, we aim
to enable the use of new polymer materials that are much safer than

existing bioabsorbable stents. Figure 2
shows the polymer chemical structure and

decomposition products of the ester-free AP Lo
poly (trimethylene carbonate) (PTMC) frk} r
derivative (A) and the ester group-containing o% o o%
PTMC derivative (B) bearing the same A 5
functional substituent. Fig. 3 shows the umih ?
superiority of the chemical structure of  [acomoecuies 2012, 45 2065
A by monitoring the pH change. Currently, o Oi} o
various forms of polymermaterials are being ‘ " J
constructed. o ”°(j$m°” . o%
5 . L
|

Fig. 2. Chemical
structure of polymers.

pH

Cause of death for Japanese in 2018

Others

(a) Cancer (b) Cardiovascular disorder (c) Res-
piratory disease (d) Senility etc. (e) Kidney and
urinary tract disease (f) Nervous system disease

Ministry of Health, Labour and
Welfare (updated on 28" Nov. 2019)

Fig. 1. Cause of death.

[0 Control (Ultrapure water)

i A Ester free type polymer

@ Normal degradable polymer

7 _I Low Toxisity ! ﬂ

4 T T
Thr 1day 3days

Fig. 3. pH changes after
degradation of polymers.

-A new polymer material that is a chemically modified biodegradable polymer that does not produce acidic organic

compounds even when decomposed.

-It is possible to control the mechanical strength by chemically modifying a polymer material with supple properties.
-It is possible to load a drug and release the drug by the decomposition of the polymer material.
-It can be applied to polymer materials that require biodegradability, such as stent coatings for treating

cardiovascular diseases.
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Raman spectroscopic tissue detection for minimally-invasive
and precise medicine

Life and Medical Photonics Division, Institute for Open and Transdisciplinary
Principal Research Initiatives, The University of Osaka

Investigat
S5 Associate Professor Yasuaki KUMAMOTO

Project Outline

Raman spectroscopy allows cell and tissue analysis and discrimination by irradiating them
with laser light and measuring Raman scattering light generated from the samples, requiring
no treatment prior to measurement. However, Raman scattering light is weak and spatial
analysis takes a long time, and hence Raman spectroscopy is not used in medical
applications. In this research, we will develop a spectroscopic analysis method that enable
rapid Raman mapping of biological tissue. The developed method employs single exposure
for measuring the entire area of interest. Since the laser light is applied only to the area to
be inspected, it is possible to reduce the risk of tissue damage by laser irradiation. It is also
possible to avoid the deterioration in measurement accuracy due to the light coming from
non-inspection areas.

We aim to realize a medical device that can avoid tissue damage that can occur during
surgery, avoid leaving diseased tissue behind, and shorten the operation time. This will
contribute to resolving medical issues, such as improving the postoperative QOL of patients,
and reducing the mental and physical burden on doctors.

The current development stage lies in the range between basic research and non-clinical
testing. We filed two Japan patents in January 2022 and July 2023 a Raman mapping
method/device and a Raman probe method/device, respectively. One PCT patent is also
applied in January 2023.

Figure 2: Nerve detection result by the developing Raman apparatus
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Medical devices

Construction of the rapid detection system of gut bacterium
for health awareness improvement

Life and Medical Photonics Division, Institute for Open
Principal and Transdisciplinary Research Initiatives, The University of Osaka

Investigator
veshg Specially Appointed Associate Professor Masato SAITO

Project Outline

PoC trial test by prototype (46 people, 2019)

Measurement of human stools before and after
ingestion of dietary fiber foods and fermented
foods. (Bifidobacterium, Lactobacillus, Fericus,
Faecali, Clostridium, Fragilis, Clostridium
perfringens)
40%

Goal of social implementation

33.7% B Before
m After

209, 15.8%
10.2 79
’ 0.00% _0.8%
0%

0.01%/ 1.2%

The importance of the gut microbiome has been
attractive. However, the measurement of them
remain the issue. Therefore, based on our unique
centrifugal thermal convection PCR technology, we

0

Bifidobacterium F.prausnitzii C.perfringens B.fragilis

are trying to construct a system that can provide Visualized the increment of beneficial bacterium
the ratio of gut bacterium ratio with rapidity. and decrement of bad bacterium by measuring
Through this, we aim to encourage behavioral human stool. In addition, the results of the
changes for health, such as improving diet. questionnaire also suggest changes in diet and

health awareness.

Centrifugal thermal convection technology—based
DNA detection device with rapidity and handily

Rotation center

extension denaturation
Microfluidic chip
Centrifugal force 60°C
95°C
= =
3sec 9sec Prototype of centrifugal thermal

Rotation direction convection (A4 paper size)

Constructed prototype system and succeeded measurement of the ratio of model
bacterium from human stool sample. We are investigating the relationship between
gut bacterium and health, and aiming to establish a healthcare support method.

Progress toward

the goal

Target disease: Health promotion and disease prevention by measuring intestinal bacteria

Patent information: JP/5967611, EP/3045523, US/10946384, US/10493416, JP/6714277, EU/3141592, etc.
Technology features: this device can be detected DNA directly, handily and rapidly from human stool. It is also
possible to apply the detection of SNP, infection pathogen, hygiene.

Issue for market and development: We are looking for partners for developing more compact device and food-
related company for improving the intestinal environment.
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Novel diagnostic marker to differentiate urogenital carcinoma
by chiral amino acids in body fluids

Department of Urology Graduate School of Medicine, The University of Osaka

Associate Professor (Lecturer) Atsunari KAWASHIMA

® Importance of differential diagnosis for patients with urogenital cancers
including urothelial carcinoma

Early detection and early treatment are key to improving the prognosis of
patients with urogenital cancers which have been
on the rise in recent years due to the aging society.
However, for urothelial carcinoma and renal cell
carcinoma, there is no simple and highly diagnostic
blood. We have been investigating whether
D-amino acids, which are mirror images of L-amino
acids and have been thought to have no bioactivity
in vivo in humans, could be a novel diagnostic marker for urogenital carcinoma.

[D-amino acids are highly expressed in cancer tissues and blood.)
D-alanine and D-asparagine were highly
expressed in the serum of urothelial
carcinoma patients, while D-alanine and
D-aspartic acid were highly expressed in
cancer tissues, respectively. D-alanine
and D-aspartic acid were shown to have
positive effects on cancer cells by increasing
their proliferative, invasive, and migratory
capacities against cancer cell lines.

[D-Amino Acids as Potential Tumor Diagnostic Agents]
The results showed that the three independent cohorts of 357 samples had high
diagnostic performance in common (left figure). In addition, after comparing the

results with urine samples and examining
the possibility of differential diagnosis with
renal cell carcinoma, we have succeeded
in developing a diagnostic agent using
blood D-amino acids to differentiate
urogenital cancer, and have applied for a
patent for this development.

(Patent Application No. 2023-036041).

Target disease: Urothelial carcinoma, renal cell carcinoma

Patent information: Patent application 2023-036041

Characteristics of the technology: Novel blood-based urogenital carcinoma differential diagnostic agent
Marketability, challenges in development: Market development through multicenter collaborative research
Desired corporate collaboration: Licensing out
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M-08-149 (2020).
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Table 6 Design result and performance.

Design item Design result
Table Design examples of SPECT for BNCT in the world. — Niateral GAGG o)
Author Institute Year Detector element seleter Dimensions 3.5 x 3.5 x 30 mm’
Material Size Material Material Tungsten
Kobayashi, T. | Kyoto University 2000 CdTe (not mentioned) | Tungsten collimator Hole pitch 4.0 mm
Ishikawa, M. | Hiroshima University 2001 BGO 5mm® x5cm Heavy metal Hole diameter 3.5 mm
Minsky, D.M. | San Martin University 2011 LaBr, linx1ling Lead Length 26cm
Hales, B. Tokyo Institute of Technology (2017 CZT 1xlxlcm Lead Design goal item Performance (Goal)
|. Kanno Kyoto University 2019 TIBr 0.5x0.5x1ecm Tungsten Statistical accuracy 4.4 % (5 %)
Murata, I.* Osaka U rsit ) GC Spatial resolution 51 mm (5 mm)

*1 From the present result, *2 From detector pitch

<BNCT-SPECTD E% &
TER LR, TR
X5,

I. Murata et al.,
“Design of SPECT for
BNCT to measure local
boron dose with
GAGG scintillator”,
Applied Radiation and
Isotopes, 181, 110056
(2022).
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H5. MERZIBNCTIE, N TRETHY . ERICIEULDERENRAFENS, DFEYZNITHLELLBNCT-
SPECTEE (X, HATS0ERERE., HRTIIDHELF D10~ 100 EDTHIEAHDHEEZOND, TR (L, HiE
MREERZ. TARMATOEEFTo TS, SHR/IS— I —DELER OB EEITOTVERNEEZTIVS,



SPECT system for boron neutron capture therapy (BNCT-SPECT) for real-time

measurement of therapeutic effect

Division of Sustainable Energy and Environmental Engineering,
Graduate School of Engineering, The University of Osaka

Professor Isao MURATA

Boron Neutron Capture Therapy(BNCT) is a promising and quite new cancer therapy. However, the therapeutic
effect cannot be known easily during the treatment (neutron irradiation). The basic technique for that is to measure promptly
emitted 478 keV gamma-rays from boron neutron capture (BNC) reaction with a SPECT system. However, it is known to be very
difficult. This is due to the fact that BNCT is a treatment, not a diagnosis such as MRI and CT. More practically, (DPrimary radiation
for BNCT is neutron, however, the SPECT measures secondary radiation of extremely weak 478 keV gamma-rays. In addition, @

The SPECT system cannot move 360 deg. like X-ray CT due to various constraints, e.g., a patient should contact the neutron exit

wall. As the result, it is known that the technical difficulty is critically serious, and it is thus very hard to obtain accurate images.
Now, Japan lead BNCT in the world and Japan has first started an accelerator based BNCT in a hospital. Considering this situation,
we should put the SPECT system for BNCT (BNCT-SPECT) into practical use in BNCT treatment as soon as possible.

Present status for difficulties 1) and @

(DExamination carried out under the support by the
following two JSPS KAKENHI. The tables below show the
design result which meets requirements of BNCT clinical
doctors (spatial resolution of 5 mm and accuracy of 5 %)
first in the world.

= Grant-in-Aid for Scientific Research (B), Grant Number 22360405
(2010~2014), I. Murata

= Grant-in-Aid for Scientific Research (B), Grant Number 15H04242
(2015~2019), I. Murata

@Supported by [Masason Foundation , reconstruction
of image was successfully performed even in case of
limited projection angles of 180 deg. with Bayesian
estimation. (H.Inamoto et al., “A New Image Reconstruction
Technique with Limited View-angle Projection Data for BNCT-
SPECT”, 2020 IEEE NSS MIC, Boston, USA, M-08-149 (2020).)
®@For further improvement of the accuracy, we
employed coincidence, anti-coincidence and veto
detector simultaneously to increase S/N ratio, (Patent
pending, 2022-210091, “SPECT system for real-time
measurement of local boron dose for BNCT"”)

@Under the support of METI, Japan, the prototype
SPECT system is being developed now. In parallel, the
image reconstruction system was investigated to
reproduce images with practically measured data.

BNCT 0B is accumulated only in tumor cells by administering boron
drug, BPA and/or BSH. Then neutrons are irradiated to induce the
neutron-1°B reaction above to emit a and ’Li particles, which kill the
tumor cells selectively, because ranges of the emitted particles are as
long as cell size. It means, if 1°B is accumulated only in tumor cells, only
the tumor cells are killed making adjacent normal cells survive. BNCT is
thus a sharper therapy than other radiotherapies, i.e., called the only
tumor-cell selective therapy.

BNCT-SPECT Emitted “Liis in its excited state and immediately
decays creating a 478 keV gamma-ray promptly. By measuring the
gamma-ray with a SPECT system to estimate the three dimensional
distribution (image) of the number of above reactions, that is, the
therapeutic effect of BNCT.

Table 6 Design result and performance. éDesign and
Design item Design result performance of BNCT-
Table Design examples of SPECT for BNCT in the world. - Vatera GAGGCo) SPECT, cited from the
Author Institute Year Detector element S Dimensions 35 % 3.5 x 30 mm’ paper:
Material Size Material ~ [H Material Tungsten I. Murata et al.,

Kobayashi, T. | Kyoto Universit: 2000 CdTe (not mentioned) Tungsten Hole pitch 4.0 mm “ H
I5hik:wa. M. HTroshima Um‘:arsity 2001 BGO 5mm® x5cm Heafy metal Collimaer Hole z‘ré""e“‘-’ 35mm BDNeCS‘:'gtI:) ?:::jﬁlﬁzzal
Minsky, D.M. | San Martin University 2011 LaBr, linxling Lead Length 26 cm boron dose with
Hales, B. Tokyo Institute of Technology (2017 CZT Ixlxlem Lead Design goal item Performance (Goal) GAGG scinﬁllator”,
|. Kanno Kyoto University 2019 TIBr 0.5x0.5x1ecm Tungsten Statistical accuracy 4.4 % (5 %) Applied Radiation and
Murata, 1.*1 )saka University 016 GAGG T Spatial resolution 5.1 mm (5 mm) Isotopes, 181, 110056

*1 From the present result, *2 From detector pitch

(2022).

“MCited from design criteria of BNCT compiled by IAEA (2021).

We aim to spread BNCT by employing an accelerator based neutron source instead of nuclear reactor. Japan is leading in BNCT and
five projects are underway in Japan, including our group. Accelerator based BNCT system is small and cheap compared to
conventional nuclear reactor based BNCT, and thus one machine in one prefecture is aimed. It means, 50 BNCT-SPECT machines
are required inside Japan and ten to hundred times are required commercially in the world. We completed the basic performance
characterization of the machine and now making the prototype machine to verify the real performance. Then we are aiming at

producing the real machine with a partner company.
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Medical devices

Development of highly efficient automatic bone marrow stem cell
separate system for treatment of stroke patients

Principal

Department of Regenerative Medicine Research, Institute of Biomedical Research
and Innovation, Foundation for Biomedical Research and Innovation at Kobe

Investigator

Professor Akihiko TAGUCHI

Project Outline

This research aims to “develop an automated stem cell separation device and disposable separation kit”
and to “promote economical regenerative medicine through hematopoietic stem cell (HPC) transplantation
therapy for cerebral infarction worldwide”.

Mononuclear cells containing HPCs have been shown to be

effective against cerebral infarction, but until now the therapeutic mechanism was unknown and essential
protocols for cell preparation were vague. Our identification of the therapeutic mechanism and inhibitors
has enabled us to begin development of a highly effective and low cost cell separation system.

mechanism

v' Simple cell-cell interaction
v" No need for cell culture and complex

separation

HPC
Provides energy

source via gap
junction

GAP
junction

Impaired vascular
endothelial cells

Taguchi et al, stroke 2020.

( Current status '>
inhibitors
Comparison of HPCs injected into stroke patients
Manual
responder  non-responder .
separation
in CPC
clot-derived
Ca}nnot.bg remov.ed degenerated cells v High cost
with existing equipment v N .
Taguchi et al, stroke 2019. Skilled person reqwred

—{_System Development Progress __}——

—{__Effect of isolated cells by system |

Regeneration of vascular endothelial cells

around cerebral infarction )
Cerebral infarction model mouse % Inf:::zon
Brain tissue staining
(CD31 = vascular endothelial cells)

Layering process

Automated preclinical evaluation device and disposable kit
completed Treatment with

isolated cells by system

control

In the course of our research, we have found that this system has the potential to be used in the
treatment not only of cerebral infarction but also of all diseases targeted by regenerative medicine
using HSCs. We hope to spread this system widely throughout the world as a system that can be used in
the treatment of many diseases.

Joint companies : JTEC CORPORATION

Technology : Applicable for various diseases, including dementia, targeted by HSC transplantation therapy.
Patent information : Japanese Patent Application No. 2024-117408

We hope to collaborate with medical device manufacturers or companies aiming to industrialize regenerative medicine.
We are considering collaboration on clinical research on HSC transplantation to various disease.
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Development of diagnostic and therapeutic methods
for schizophrenia using eye movements

National Center of Neurology and Psychiatry

Director Ryota HASHIMOTO

Current diagnosis of psychiatric disorders such as schizophrenia is made by examining subjective
symptoms, and diagnostic methods based on objective tests have not been established. Therefore, the
accuracy of the diagnosis depends largely on the experience of the physicians. In addition, physicians
cannot explain to patients and their families using objective test results, unlike the diseases in the other
clinical field.

Besides, there is no effective treatment derived from diagnosis by objective examinations at present.

In the previous studies, we performed eye movement test s and developed an eye movement score
that discriminates schizophrenia patients from healthy individuals with more than 88% accuracy (Miura
et al., 2014). In addition, we have found that the score is closely related to the patient's cognitive and
social functions (Morita et al., 2018).

In addition, based on data collected from a total of 1,590 schizophrenic and healthy subjects on eye
movement tests using research instruments and cognitive function tests conducted on paper in previous
studies, we found that the combination of eye movement tests and cognitive function tests was effective
in discriminating schizophrenic and healthy subjects (Okazaki et al.,2023).

Based on the above results, this project used a testing application program for general-purpose tablet
terminals developed by combining eye movement and cognitive function tests, and found a
discrimination rate of 0.85 for schizophrenia and healthy subjects, and also found the possibility of
discriminating patients with other psychiatric disorders (Morita et al. Morita et al. 2024).

All Tests (Approx. 20 min)

Eve Movement Test Congnitive Function Test

After being adopted by the AMED in FY2021, this project is working toward the completion and
pharmaceutical application of a program that will enable objective diagnostic methods using Al based on
the results of these series of basic research.

Target disease: Schizophrenia

Patent information: Patent No. 6455656 (Title: Mental disorder determination device and method for
determining mental disorder), Patent Application 2023-217104 (Title: Correction device, correction method, and
correction program)

Technical features: Objective and automatic diagnostic assistance by eye movement and cognitive function
Marketability: Approximately 795,000 patients in Japan

Division of roles between companies and academia: development of diagnostic assistance programs (Future
Corporation), basic and clinical research (academia)
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Medical devices

Development of a novel scaffold suitable
for the regeneration of injured nerve tissues

Principal Faculty of Biology-Oriented Science and Technology, Kindai University

Investigator

Professor Koichi MORIMOTO

Project Outline

We succeeded in developing low adhesive  F9Ure?

scaffold collagen from porcine skin (LASCol). The
cells on LASCol coated-dish collide each other one
after another and get to form cell aggregates
(spheroids) larger (Fig. 1). In this study, we report
that LASCol markedly activates function of neuron
in vitro and facilitates new axon regeneration in rat
spinal cord injury part.

We analyzed the effects of LASCol on neuronal

cells in culture system. At first, neurons derived

from newborn rat hippocampus were seeded on a

culture dish coated with LASCol, atelocollagen or Figure 2

poly-L-lysine (PLL). As a result, it was revealed that Immunochemical staining
neurons on LASCol have increased cell viability and o ret hewron nt;f'b‘;fj';?r o
remarkably elongated neurites as compared with

cells on atelocollagen or PLL (Fig. 2). On the other

hand, astrocytes derived from rat brain rarely

adhered on LASCol and the proliferation was

suppressed compared with astrocytes on other

coated dishes. Therefore, it was suggested that

LASCol is a scaffold that acts specifically on nerve

cells.

4 LASCol
—— Pes

Furthermore. axon regeneration was evaluated in
Vvivo using a contusion model of spinal cord injury in
the rat. LASCol gel or PBS as control was injected
in the lesion site a week after injury. As a result of
immunohistochemical analysis, pGAP-43-positive
regenerating axons were markedly extended into
the lesion site in the LASCol-treated group.
Additionally, in the LASCol-treated group, the o 1 2 3 4 5 6 7
locomotor behaviors evaluated by the Basso- Weeks after injection

Beattie-Bresnahan score were markedly improved Fig. 3 Evaluations of locomotor behaviors. The Basso-
Beattie-Bresnahan (BBB) scores were evaluated over 7

(Fig- 3)- weeks after injection of LASCol. A severe contusion injury
was employed in the present study.

Therefore, LASCol would be a promising candidate
as a scaffold for the treatment of spinal cord injury.

BBB score

The data shown are means = SEM
(n=7).*p<0.05.

—_
O—=NWHArUIONOWOO—=N
S S S ST S N RS

Research & Development: Kindai University, AinoUniversity, &
Research Center for Medical Innovation
Patent: Patent No. 7012970 (Japan), pending in USA & China, PCT/JP2019/003502
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Medical devices

Development of “peptide” pulp capping agent promoting wound
healing process of pulp tissue

S The University of Osaka Dental Hospital
Principal

Investigator

Project Outline

Dental caries is still spread world wide and pulp tissue is often

Associate Professor (Lecturer) Yusuke TAKAHASHI

removed when becoming severe. Once pulp tissue is lost, longevity of

the tooth must be shorter. To conserve this tissue, pulp capping

procedure is performed and the current success rate is around 60%

using conventional materials which were not developed upon the

mechanism of wound healing process of pulp.

We have performed our research to investigate the pulpal wound

healing process and we could identify a critical protein which 40% of Japanese people
promoted pulpal repair. In this project, we focus to develop a have untreated caries.
“peptide” structured pulp capping materials based on the functional

domain from the above mentioned protein to enable higher success

rate of pulp capping procedure.

Current pulp capping material have limitations Formation of high quality tertiary dentin after

pulp capping with Protein S100A7
Currently used pulp capping materials (Left: micro CT image, Right: HE staining image)

consist of inorganic substances (eg. Ca, P)
and success rate of pulp capping procedure
is around 60%. Protein S100A7 which we
discovered induced tertiary dentin with
higher volume and better quality. Peptide
structure derived from this protein can
show much higher success rate with safer
and cheaper compared with the

recombinant proteins. This peptide [l ENREIEEI S EE= Rela R SRTe10Ta (s N a=E 1o =861 fo 161
enables to develop a novel biological enable higher success rate of pulp capping

evidence based pulp capping agent.

This project aims to develop a novel biological pulp capping agent which can be a next generation
Mineral Trioxide Aggregate (MTA) and other calcium silicate cements. We have finished to determine a
basic structure of the critical peptide and already applied a patent, now searching for an optimal
structure of this peptide. We would like to find a company to collaborate with us to develop this agent.
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Medical devices

Development of a valved extracardiac conduit using in situ tissue restoration

Osaka Medical and Pharmaceutical University,
Principql Department of Thoracic and Cardiovascular Surgery

Investigator

Project Outline

1. Purpose/Background

Currently available valved extracardiac conduits, which are used to reconstruct the continuity
between the right ventricle and pulmonary artery in pediatric congenital heart surgery, often result
in valve dysfunction and conduit stenosis due to material deterioration (calcification, etc.) or
excessive growth of pseudointima. Approximately half of the cases require reoperation for
replacement of the deteriorated conduit within 5 to 7 years after surgery. This poses a significant
physical and financial burden to patients and their

families. In order to solve these problems and reduce o ~
the risk of reoperation, this research project will apply

our own self-tissue-assembly technology to develop

a new valved conduit that maintains its function over

AfERy predue: [conduits
a |Ong period of time. 8574y Earclattelimplantation] HlobAVeaistttedimplantation)

Professor Shintaro NEMOTO

2. Advantages over existing products

We will apply our own technology in a previous research and development of SYNFOLIUM®, a
hybrid patch for congenital cardiovascular surgery that obtained manufacturing and sales approval
in Japan. It has the characteristic that the biodegradable part is gradually replaced by autologous
tissue with excellent resistance to deterioration. By adding technical improvements to adapt this
patch material to the valve leaflets and outer

tube (conduit), we can expect to see a product

based on a new concept that solves the problems

of existing products.

Time-lapse histological observation of self-organization of
SYNFOLIUM® after implantation in canine aorta

Nearest goals and project challenges

1. Most recent goals

While experimental evaluation systemes, i.e. in vitro durability and in vivo biological reaction
testing, were established in the preceding AMED/ACT-MS research, the physical properties of the
valve leaflet and conduit remained to be improved. Regarding optimization, technical solutions
are currently being implemented using the AMED/Medical-Engineering Collaborative Innovation
Promotion Project. The goal is to establish product specifications within two years, and ultimately
finalize a GLP-compliant non-clinical test package

through RS strategy consultation with PMDA.

2. Project challenges
Optimizing coating valve leaflet and reinforcement of conduit,
confirmation of non-clinical packaging in regulatory process

Target diseases: Congenital heart disease, in which a valved conduit is used to repair, ie, Tetralogy of Fallot,
Double outlet right ventricle, Transposition of the great arteries (type III), Corrected transposition of great
arteries, and Persistent truncus arteriosus.

Patent information: W02017/122795 (10 transition countries, domestic patent 6310167), patent 6537656
Partner companies: Teijin Co., Ltd., Fukui Tateami Co., Ltd.
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Medical devices

Restoration of Motor and Communication by Wireless
Implantable Brain Machine Interfaces

Department of Neurological Diagnosis and Restoration,
Principql Graduate School of Medicine, The University of Osaka

Investigator
veshg Specially Appointed Professor Masayuki HIRATA

Project Outline

Wireless implantable device _

Intracranial
brain waves

Control of assistive
communication devices
Accurate and stable detection of Accurate neural decoding of intended
feeble motor-related brain activity movement by artificial intelligence

A brain-machine interface (BMI) is a technology used to read the contents of motions and communication
from brain signals and to control robot arms and communication devices. This is expected as a technology to
restore the impaired functions of disable people. In this project, we aim to perform a clinical trial of an
implantable BMI device that records accurate brain waves using brain surface electrodes and to license it to a
medical company.

In our previous clinical research using wired BMI
system, a severely disabled patient with ALS
successfully controlled a robot hand. We also
developed an implantable wireless device, and
completed non-clinical tests. We aim to start a
pivotal clinical trial of the implantable wireless
device in 2024.

We have developed the implantable device collaborating with Nihon Kohden Corporation and Murata
Manufacturing Corporation. We established a start-up company, JIMED Co.Ltd. and now proceed
technological transfer, aiming to commercialize the device .

Target diseases : Amyotrophic lateral sclerosis , muscular dystrophy , spinal cord injury

Patents : patented 5, published 1, applied 7, ; PCT 2, USA 4, EU 2, Japan 5

Technologically appealing points : innovative implantable device, Japan quality, high entry barrier,
high added value, sustainable profitablity
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Medical devices

Development of a robot arm for bone processing

Department of Orthopaedic Surgery, Graduate School of Medicine,
Principql The University of Osaka

Investigator

Associate Professor (Lecturer) Takahito FUJIMORI

Project Outline

Hole drilling, drilling, and resection of bones are basic techniques, but there is a risk of
damage to surrounding tissue (nerves and blood vessels) due to hand tremors, etc. In
recent years, robot technology has begun to be recognized as having advantages over
conventional manual work. With the global spread of robot surgery and the expansion of
insurance coverage, demand for surgical support robots is expected to increase.

Market size of surgical robots

billion US dollars

Other

Orthopedics

General surg

Gynecology

prediction (vear) A robot under development

In this research, we are developing an Al-controlled robot that automates the processing
of bones, based on an industrial robot.

[Effectiveness] Rapid, simple, safe bone resection

[Principle] By analyzing force sensor information using a time series model, we have
constructed an Al model that can predict the timing of completion of processing.

Target : lumbar spinal canal stenosis, cervical myelopathy, osteoarthritis, limb fractures
Patent information: Domestic application filed

Technical features: Al-based integrated processing of information from various sensors
Desired type of corporate collaboration: collaboration with companies that have obtained
Type 1 manufacturing and sales licenses
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Tumor diagnosis technology using Al analysis of the light spectrum of
cytological specimens

Medilux Research Center,

Nara Institute of Science and Technology (NAIST)

Professor Yoichiroh HOSOKAWA

A major method of pathological diagnosis is to distinguish tumor cells under an optical

microscope. The bottleneck is that even skilled pathologists sometimes have difficulty

distinguishing between tumor cells and normal cells. In recent years, artificial intelligence (Al)

analysis has attracted attention to solve this problem. The machine learning analysis is about to be

applied to the optical microscope images of the pathological specimens.

In the optical microscope, the differences between
tumor cells and normal cells are observed in the
morphology of cells and intracellular organelles at
the micrometer scale. In addition to the microscale
changes, the tumor disrupts fine structures of the
cytoskeleton and intracellular organelles, including
protein denaturation, at the sub-micrometer scale
(nanoscale). The light scattering spectrum includes
the nanoscale information, which expects to improve
the accuracy of the pathological diagnosis. However,
the spectral shape is known to be broad and
featureless (Fig. 1) due to the highly causal
relationship between the light scattering spectrum
and the nanoscale structure.

For the spectral analysis, we applied Principal
Component Analysis (PCA), which is the basis of
machine learning analysis. Although the spectral
shape had no feature in the difference between
tumor cells and normal cells, we found that some of
the PCA scores had obvious differences (Fig. 2). We
used these PCA scores as training data to
discriminate cells and showed that it was possible to
discriminate tumor cells with over 95% accuracy.

Target: Tumor diagnosis
Patent: PTC/JP2024/027247 (JPA No. 2023-125651)

Fig. 1 Light scattering spectra of tumor and
normal cells.

Fig. 2 Scatter plots of the second (PC2) and
fourth (PC4) principal components. Each red
and blue circle was calculated from light
scattering spectra of tumor and normal cells.

Technical features: Light scattering spectrum was used to distinguish between cell types.

Marketability: This technology is effective as an aid to pathological diagnosis. The challenge is to make accurate

training data to realize automatic pathological diagnosis.
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Regenerative medicine

Repair of incurable meniscal injuries using an aligned electrospun
nanofibrous scaffold combined with mesenchymal stem cells

Department of Orthopaedic Surgery,
Principql Graduate School of Medicine, The University of Osaka

Investigator

Project Outline

The meniscus plays important roles in the knee joint. Meniscal tears

Guest Professor Kazunori SHIMOMURA

are the most common injury in the knee regardless of age and

effective treatments remain challenging. Part of this challenge is due

to the meniscus having limited healing potential, owing to its

hypocellularity, hypovascularity as well as its complex structure. It is

recognized that damaged menisci lose function in the absence of

adequate treatment and such knees are at high risk of development

of osteoarthritis. However, there have been no established, effective

treatments for meniscal tears. As a result, meniscectomy has been

commonly advocated for such injuries. Recently, we reported the

feasibility of mesenchymal stem cell-seeded electrospun nanofibrous

scaffolds to repair the incurable damaged meniscus along with the prevention of subsequent cartilage
degeneration using a rabbit model. Thus, the aim of this project is to develop a new meniscal repair
technique using our novel tissue engineering method.

Electrospun nanofibrous scaffold

e Aligned fiber
e Biocompatibility

Stress (MPa)
R

o - n

¢ Slow bioabsorbability
e High tensile strength

Target SEM image of poly(&-caprolactone) (PCL)- Similar tensile strength

based electrospun scaffold w/ meniscus
e Meniscal tear:
07’-14’ No. of meniscal surgery in Japan: 83,105
¢ Knee osteoarthritis:
Estimated No. of Pts. in Japan: 25 million

A
,'/I ’ll
Mauck R, Tissue Eng Part B 2009. Meniscal tear Cell-seeded aligned nanofibrous scaffold
Shimomura K, Tissue Eng Part A 2015. - Reinforcement for meniscal injured site
Shimomura K, Biomaterials 2019 - Enhancement of meniscal repair

The preclinical POC study aim to be completed until March 2026.
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Regenerative medicine

Regeneration therapy using autologous bone marrow derived
M2 macrophage for severe heart failure

o The University of Osaka Hospital
Principal

Investigator

Project Outline

Excessive inflammation in

Assistant Professor Kizuku YAMASHITA

heart failure causes adverse
remodeling and accelerates the
devastating situation. To date,
various attempts of cell
therapy have been done for
this pathology. Of these, M2
macrophage is expected to be

more effective as cell source.

However, the cell therapy with M2 macrophage has not been
conducted so far. The aim of this study is to clarify its efficacy
and safety in animal testing and try to move on clinical
application in the future.

Following this experiment, we believe that many patients
suffering from severe heart failure will be relieved by this less

invasive cell therapy.

In order to apply basic patent, optimization of M2 macrophage cell therapy for
severe heart failure is now in progress.

We are looking forward to seeing collaborators and companies aiming license out
of our seeds.
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Regenerative medicine

Development of a novel therapy for a-synucleinopathy using regulatory T cells

Department of Neurology, Graduate school of Medicine,
Zi,[<1-.|F The University of Osaka

WEEl pttending Staff (Physician) Yuto HAYASHI, Professor Hideki MOCHIZUKI

Project Outline

Parkinson’s disease (PD) and multiple system atrophy (MSA) are diseases with abnormal
aggregation of a-synuclein (aSyn) and are called a-synucleinopathies. MSA is a neurological
intractable disease that progresses more rapidly than PD, with a wheelchair in about 5 years,
bedridden in about 8 years, and fatal outcome in about 9 years. There is no effective curative
treatment for a-synucleinopathy, and effective drugs are extremely scarce, especially in MSA.
Patients, families and society are eagerly awaiting the development of treatments for these diseases.

Recently, the involvement of immune cells in the pathological progression of a-synucleinopathy
has been reported: in the substantia nigra of PD patients, microglial activation and inflammatory cell
infiltration are observed, and T cells that react to aSyn are present in them. Similarly in MSA,
inflammatory microglial responses and the presence of T cells in the putamen and substantia nigra,
where aggregates of aSyn are found, have been shown. In the peripheral blood of PD patients with
early onset PD, the immune cell profile has been shown to be biased toward inflammatory
tendencies and correlated with the severity of motor symptoms, compared to healthy controls.
These suggest that suppression of neuroinflammation is a promising therapeutic target for inhibiting
the progression of a-synucleinopathy.

Regulatory T cells (Tregs) are a group of specific T cells identified by co-investigator Sakaguchi et al.
that prevent inflammation and induce immune self-tolerance by suppressing the activation and
proliferation of lymphocytes that react with self-tissue. In animal models of PD, Treg dysfunction is
observed, resulting in increased inflammation and neurodegeneration, and similar Treg dysfunction
has also been observed in patients.

Thus, we believe that the efficient
suppression of neuroinflammation by
activation of Tregs could be applied to the
treatment of a-synucleinopathy. In this
study, we will examine the possibility of
suppressing the onset or progression of a-
synucleinopathy by administrating of
novel Tregs with high immunomodulatory
activity and IL-2 to a mouse model of a-
synucleinopathy.

Figure. Neuroinflammation and Treg actions associated with
abnormal alpha-synuclein aggregation.

Target diseases: Parkinson's disease, multiple system atrophy

Patent Information: None

Technology features: Development of new treatment methods

Marketability and development challenges: Time and cost required for Treg preparation
Details of desired corporate collaboration: Unknown at this time




BEER

E NPSHREREHER T R B aBERAI ORI hZzBiE ULiRA

N =A== i T AT
ST TN RUEMAZETZS PSErllaBEET R

B E &

BEl BK RE

TO0YT7MEE

REVAVIWEEEX. ARTEON=TY

X1 BEFF OB & O L

o b iPSCEA IR AT 51 AR
Eo7EFRICERYAA TREL AT 558 R K —FreasAT R jsg_ijmmmg
BT AN AREETAINHBEZIAEETN R — P WA BE (—RIBROETRR) #L
DEFHELLBNEDIZ, BELTUEZTOHRK " . e e

WA TET AT TS T MEE ST AEA - - ’ ’
HThD, ERAITIHENPRATRTHS o0 0 s . : .

—A. EEREHITH> THR A G HEEE st * N N
EEE-IAMREMEAHY . H AR TIELB8000~ o ) s £ o
44000 N [CIADFEE THAE S % (Morioka D e RERRs S RiBiie?

et al, Liver Transp| 2005; 11: 1332) , BAHPE CAREE B (R —4%SHoN R & (M) —HEB%H SAATEE

312 PSR AEL i STl el 0 e oD 17 sl

ARIZEWTIXERTRBEL M — DR ABRETH LN, BEABTED /N
SLVNE, B THIAES KgRFEDIIRICES T B ONABEDN AN EE
HEE DS VARETHS (Shirouzu Y et al, Liver Transpl 2006; 12: 1224) ,

— AR F—RFiBRED AL, & 5L EERembryonic stem cell (ESC) %0
induced pluripotent stem cell (iPSC)Fa R AT #ifa% AL - MRafstEa & L. FIAR
AZalb—2avIT&YREAREGIERERETHS (KL FIERITHLTE
EEEIRE N L CRLICHTTE. BEROHFRBEEOREIZF ST ST
ELFASN TS, — A BHEHIRE N REIMIICHBE T AT EITHL NI EM D,
I HEAN AT REIC/E D FE TO — RIS REM BN Z B ME LT B BREL TOME
DIFICEEFY., FRICHFEET HEBHMEROEEENATRIN TS
(lansante V et al, Pediatr Res 2018; 83: 232) ,

<&, ENPSCH MR SR MR AT REZRIPSCH AT MR FMAE D ERIZRDIL 1= (R1-3) , CODHARR
(XRATRIBRMRRE L CHERET AL, il E E R T 5 THRAFMBALS LTS (K4, HOMLHMEE
ERELAMAETIILT. BREAKOBEVWRBEEHFEREREICHLTHRPHGEBHNTEETHI LMD,
FH DM AEERZHYS55EE 2 IEEERMIProof Of ConceptD IS BIELIEEBRDEMRPTH 5,

(03 AR IC £ 2 RIBHKCE (1468 8) OFFRIENESFKRORER

DAPI HNF4a [14 £ kI OCYP3A4 mRNA expression

80
70
60
50
40
DAPI ASGPRI1 30
20
10

o mm — [ | iPSCHISEFF S MM AR AR I, 1T M0

Vorveyy  — + — + T, SMEFEEMITHTET, 48

= w EFfEIRifampicin treatmentf%(ZCYP3A4
FERE B M H S MRNADEBAFEENT,

HNREE ERERHHEEMEFRE

CEaLE SN

B ORE: MFCREBRELEL ST ICRAICH YR KRB FTREA E ~PSCH K AT ATER HERE
MG, FRICEITEHHRE  FREREN VLT ERMGERKPOCRRGDELE




Regenerative medicine

Study aiming to produce human iPSC-derived cell
formulation for metabolic hepatic disorder

Department of iPS Stem Cell Regenerative Medicine,
Zi,[<-.|F ) Kansai Medical University

Investigator

Associate Professor (Lecturer) Yasumasa SHIROUZU

Project Outline

Figure 1 The comparison with the existing treatments

Urea cycle disorder exhibits the symptoms of hyperammonemia

caused by the inborn error of the metabolic enzyme of urea cycle.

Severe cases show the short-term poor prognosis, while non- Problems about donors Yes Yes (Quality s usually poor) No
severe cases may also show the irreversible nerve system damage.

iPSC-derived hepatic stem cell-like
cell transplantation

Liver Hep:

The prevalence is considered to be 1: 8,000-44,000 live births Copresenation e e e

(Morioka D et al, Liver Transpl 2005; 11: 1332). Living donor Inclusion of stem cells Yes No Yes

liver transplantation (LDLT) is a complicated treatment for infants

less than 6 Kg who have smaller abdominal cavity, and the earlier Licatmereinesion Highly Rl Rl

introduction of LDLT is supposed difficult although it is only a — Permanent Shortom S

curative therapy in Japan (Shirouzu Y et al, Liver Transpl 2006;

12:1224). Technical difficulty VeI No—»Applicable to new born babies
Meanwhile, cell transplantation using hepatocytes from deceased

donor livers or hepatocytes differentiated from embryonic stem Figure 2. Growth curve of iPSC-derived hepatic stem cell-like cells

cells (ESC) and induced pluripotent stem cells (iPSC) is regarded
as minimally invasive treatment by intraportal administration
(Figure 1). Even new born babies can undergo the hepatocyte
transplantation therapy via the umbilical vein, and it brings about
the revision of hepatic metabolic disorders. However, it remains
only a temporal or adjunctive treatment before liver
transplantation suggesting the importance of hepatic stem cells as
transplanted cells don’t work for a long time (lansante V et al,
Pediatr Res 2018; 83: 232).

We successfully developed iPSC-derived hepatic stem cell-like cells which can be
proliferated under chemically defined condition and maintained for a long time
(Figure 2, 3). They can self-renew as the hepatic progenitors and are differentiated
into matured hepatocytes by the alteration of the medium composition (Figure 4).
Cryopreserving them as the products make the emergent transplantation feasible
because the infants suffering from the severe hepatic metabolic disorders require the
immediate revision. Transplantation experiments are currently being prepared
aiming to find the proof of concept.

Figure 3. Immunostaining of iPSC-derived hepatic stem cell-like cells after 146-day culture
DAPI HNF4a
Figure 4. CYP3A4 mRNA expression after repeated passages

80
70
60
50
40

DAPI ASGPR1
30
20
10

0 || — [ ] iPSC-derived hepatic stem cell-like cells
Pifampicin - + - + expressed CYP3A4 mRNA following 48-
hour Rifampicin treatment not in growth
medium but in differentiation medium.

Growth medium Differentiation medium

Object: Congenital metabolic hepatic disorder

Patent:No

Characteristics : iPSC-derived hepatic progenitors that are expandable with neither serum nor purification
Development subject: Difficulties of clinical trials for a scarcity of patients
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Regenerative medicine

Development of a novel treatment for pediatric craniofacial deformity
using human reconstructed elastic cartilage

Division of Regenerative Medicine,
Principql Institute of Medical Science, University of Tokyo

Investigator

Project Outline

Pediatric craniofacial deformities caused by congenital malformations and traffic trauma are not only cosmetic
problems, but also cause serious adverse effects on children's mental development and may lead to school refusal.
Establishing a minimally invasive, morphologically stable treatment for pediatric craniofacial deformity is required.

Professor Hideki TANIGUCHI

Previously, we have succeeded in developing the
world's first method of isolating and culturing
human cartilage progenitor cells with the ability to
differentiate into elastic cartilage (Fig®@).! Using
these unique cells, a novel three-dimensional
rotational culture method was developed to create
a scaffold-free  human  elastic  cartilage
reconstruction.? Furthermore, by discovering that
chondrogenesis to be promoted by mimicking the
auricular development in a morphological manner,
we established a novel “hillock culture” method that
can promote chondrogenesis efficiently (Fig®2).3
Utilizing these new technologies, we have
developed the world's first in vitro scaffold-free
human reconstructed elastic cartilage (Fig®).2

Reconstructed elastic cartilage first in vitro

Effect of reconstructed elastic cartilage in vivo ) o .
Owing to the sufficient maturation

in vitro, our novel scaffold-free
Thickness of forehead reconstructed elastic cartilage shows
high morphological stability even
after transplantation (left figs), which
cannot be seen in the existing
methods.3

Pre surg Post surg 2mths

Tx

In this project, we aim to obtain the
clinical POC of this novel treatment
Pre surg Postsurg 2mths| by carrying out a clinical trial.

Sham

jure

. Kobayashi, ---Taniguchi. Reconstruction of human elastic cartilage by a CD44+ CD90+ stem cell in the ear
perichondrium. Proc Natl Acad Sci U S A. 2011

2 : Enomura,---, Taniguchi. Development of a method for Scaffold-Free Elastic Cartilage Creation. Int J Mol Sci. 2020

3 : Oba, ‘-, Taniguchi. In Vitro Elastic Cartilage Reconstruction Using human Auricular Perichondrial Chondroprogenitor
Cell-Derived Micro 3D Spheroids. J Tissue Eng. 2022

Target disease : Pediatric craniofacial deformity
Patent information : Patent application no. 2021-141210; PCT/JP2022/25582
Cooperate collaboration : Japan Tissue Engineering Co., Ltd, JTEC Corporation Co., Ltd

Joint research : Yokohama City University, Kanagawa Children's Medical Center
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Regenerative medicine

A Novel Therapeutic Vaccine against Multi-Drug Resistant Tuberculosis
in the Clinical Trial (Investigator-initiated Clinical Trial (Phase I))

National Hospital Organization Kinki-Chuo Chest Medical Center
Principal Clinical Research Center

Investigator

Project Outline

Background:
Multi-drug resistant (MDR), especially extremely drug resistant (XDR), Mycobacterium tuberculosis (TB) is a big

problem in the world. We have developed novel TB therapeutic vaccine (HVJ-E/HSP65 DNA +IL-12 DNA vaccine)
to eliminate MDR-TB. Efficacy of DNA vaccine expressing TB heat shock protein 65 and human IL-12 was
augmented by the adjuvant of hemagglutinating virus of Japan (HVJ)-envelope. The vaccine provided
therapeutic and protective efficacy against MDR-TB and XDR-TB in murine models. The vaccine provided
therapeutic efficacy of TB infected cynomolgus monkeys (the best animal model). This vaccine augmented the
immune responses.

Preclinical study

The preclinical tests were studied in GLP level. By using monkeys, toxicological study showed little toxicity.
Safety pharmacological study of the vaccine showed safety for CNS, cardiovascular and respiratory system.
PMDA Consultation (face to face) PMDA permitted that this vaccine will be administered in clinical Trial.
[Medical center for translational and clinical research Osaka University Hospital].

The vaccine of this phase | clinical trial was approved as seeds (C) by this medical center. Head quarters (two
project managers) was placed in this center. Documents for clinical trial and IRB for PMDA were made.

[Phase ] Investigator-initiated Clinical Trial].

We planed to do clinical phase I investigator-initiated clinical trial. Targets are human patients with MDR-TB.
Primary evaluation is safety and approval. Secondary evaluation is anti-TB efficacy.

[PMDA Consultation (design for clinical trial (Phase ] )) (face to face)]

These Designs for clinical trial are sufficient to start the clinical trial (approved by PMDA)(Oct,2018) .

[IRB] Central IRB of Osaka Univ. (Approved on Feb. 2019. The clinical trial was started from April 2019.)

[First Patient In] The patient of MDR-TB, was selected as FPl. And, novel vaccine was already administered i.m. 3
times. The patient of FPI showed safety and tolerability of this therapeutic vaccine. Furthermore, anti-TB efficacy
of this vaccine and MDR-TB negative conversion were demonstrated by the colony count of TB in the sputum.
[Patient of our investigation] Multi-drug resistant(MDR)-tuberculosis

[Information about patent] Patent for HVJ-E is already obtained.

[Special feature of technics]

DNA vaccine is a relatively new approach to immunization for infectious diseases. CTL and type | helper T cells
are very important for the protective and therapeutic efficacy against TB including MDR-TB and XDR-TB. HSP65
(Heat Shock Protein 65) protein derived from human TB is one of the proteins capable of inducing very strong
human T cell immunity (CTL and type I helper T cells) against TB. IL-12 induces the differentiation of type I
helper T cell and CTL. pVAX-HSP65 DNA+IL-12 DNA vaccine which contains these two kinds of DNA in one plasmid
vector (pVAX) demonstrated strong therapeutic efficacy against TB in the TB infected monkey model.

Visiting Senior Scientist Masaji OKADA

[Marketability]

(DTherapy against 0.46 million patients with MDR-TB / year in the world. @ Therapy against 1.6 million
patients with TB / year who will die of TB. 3Therapy against foreign patients with MDR-TB in Japan.
[Collaboration with pharmaceutical company (license out)]

Target: MDR-TB in Thailand (Collaboration with Mahidol Univ.), China, India, Korea, Southeast Asia,
Russia.

[Company and Academia]

Large production of vaccine (company). Pharmacological efficacy (company and academia).
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Regenerative medicine

Development of novel treatment for malignant pleural mesothelioma using viral vector
(Investigator-initiated clinical trial of gene therapy using AdSOCS3 for malignant pleural mesothelioma)

Division of Allergy and Rheumatology, Department of Internal Medicine,
Principql School of medicine lwate Medical School

Investigat
nveshigator Professor Tetsuji NAKA

Project Outline

Malignant pleural mesothelioma is a cancer with a poor prognosis caused by exposure to asbestos. In
Japan, asbestos was used until the mid-1980s, and due to the inhalation of dust generated during the
disposal of debris from the Great Hanshin-Awaji Earthquake and the Great East Japan Earthquake, it is
estimated that the number of patients with malignant pleural mesothelioma will increase until after
2030, and the development of new treatment methods is required. AdSOCS3 is a new gene therapy that
incorporates a suppressor of cytokine signaling-3 (SOCS-3) into an adenoviral vector. AdSOCS3 showed
high antitumor effect in malignant pleural mesothelioma cell line and mouse model of malignant
mesothelioma. So far, we have completed GMP-compliant manufacturing and non-clinical testing (quality
testing, GLP testing) of AdSOCS3. In this project, we will conduct an investigator-initiated clinical trial to
evaluate the safety and efficacy of AdSOCS3.

AdSOCS3 AdSOCS3 exerts antitumor effects in vitro

%°.

against malignant pleural mesothelioma cell
Cytokine lines.
Receptor
Cancer
Cells . .
v v

Administration of AdSOCS3 to mice model transplanted with
malignant pleural mesothelioma in thoracic cavity
promotes apoptosis of mesothelioma cells and reduces
tumor weight.

AdLacZ  AdSOCS3

Excessive cytokine stimulation leads to abnormal
cell proliferation and canceration. SOCS is a JAK/ S0CS3
STAT signal inhibitory molecule (@) induced by

cytokine stimulation (D). In malignant pleural

mesothelioma, the endogenous SOCS gene is TUNEL
inactivated, resulting in enhanced cancer growth e
signals (®). <
. ] 2 References )
By overexpressing SOCS3 in cells (@), AdSOCS3 5 Naka T, et al., Nature. 1997.
. . . £ Iwahori K, et al., Int J Cancer. 2011.
exerts a strong inhibition on cytokine signals, = ETEI  s l (1) CT  HE

resulting in the arrest of cancer growth signals (®).

Target disease: Malignant pleural mesothelioma

Patent information: Patent application 2008-301919

Technology features: Gene therapy using adenoviral vectors (regenerative medicine products)

Marketability and development issues: The number of Malignant mesothelioma patients will peak around 3,000 per year around
2030, but no effective treatment has been developed yet and development of novel therapeutic drug is awaited.

Corporate collaboration: Takara Bio Co., Ltd. (manufacturer of investigational drug), Mitsubishi Tanabe Pharma Corporation
(licensing-out after completion of phase | trial), ONSSI Co., Ltd. (venture company launched by R&D representatives)
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Regenerative medicine

Development of oncolytic adenovirus agents
composed of human adenovirus type 35

o Graduate School of Pharmaceutical Sciences, The University of Osaka
Principal

Investigator Professor Hiroyuki MIZUGUCHI

Project Outline

[Abstract]

Oncolytic viruses, which can specifically replicate in and kill tumor cells without apparent toxicity to
normal cells, are attracting much attention as a novel cancer therapeutic agent. Among various
types of oncolytic viruses, the oncolytic adenoviruses (OAds) are one of the most promising. Almost
all Oads are composed of human adenovirus (Ad) serotype 5 (Ad5), which belongs to species C.
However, the OAds composed of Ad5 (OAd5) has two major drawbacks. OAd5 recognizes
coxsackievirus-adenovirus receptor (CAR) as an infection receptor. CAR expression is often reduced
on malignant tumor cells, leading to inefficient infection with OAd5. In addition, more than 80% of
adults have neutralizing antibodies against Ad5 due to natural infection with Ad5 during childhood.
In order to overcome these drawbacks, we developed a novel OAd fully composed of human Ad
serotype 35 (Ad35) (OAd35), which belongs to species B2. Ad35 recognizes human CD46 as an
infection receptor. CD46, which is a complement regulatory protein, is ubiquitously expressed on all
human cells except erythrocytes. Moreover, CD46 is often upregulated on malignant tumor cells. In
addition, 20% or fewer adults have neutralizing antibodies against Ad35. OAd35 efficiently killed not
only CAR-positive but also CAR-negative tumor cells. Anti-Ad5 serum did not inhibit the OAd35-
mediated tumor cell killing. Intratumoral administration of OAd35 resulted in significant growth
suppression of the subcutaneous CAR-positive and CAR-negative tumors.

[Significance of the research and Future perspective]
OAd35 become a promising alternative oncolytic virus, especially for tumors resistant to a
conventional oncolytic Ad.

1,500 1
A Antitumor effect .
o ‘Z‘E E ] PBS
S
CAR negative = 1,000
tumor cells x g T
ﬂ r =
g
c 500
OAd5 Human serum x OAd35 E
CAR CD46
> - OAd35
Antitumor effect Y Y Antitumor effect 0 < T T T 1
CAR positive 0 5 10 15 20

tumor cells Day after virus injection

Intratumoral administration of OAd35
significantly suppressed tumor growth

Characteristics of OAd35

Target disease. . Cancer

Patent information : Patent No. JP7508109, Application No. JP2023-138116., PCT/JP2024/28319

Reference papers : Mol. Ther. Oncolytics. 2021, 20, 399-409. doi: 10.1016/j.omt0.2021.01.015
bioRxiv, 2023. doi: https://doi.org/10.1101/2022.12.09.519732.

Subject for development : Preclinical studies in clinically relevant models (currently in progress)

Details of desired corporate collaboration : General research support for clinical application
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Regenerative medicine

Development of Liver Assist Device Using Hypoimmunogenic
Hepatocyte System

o Graduate School of Medicine, The University of Osaka
Principal

Investigator

Project Outline

Acute-on-chronic Liver Failure (ACLF) is a disease in which a patient with cirrhosis or other chronic liver failure
develops due to some trigger such as infection, gastrointestinal hemorrhage, or heavy alcohol consumption,
leading to a precipitous state of liver dysfunction within 28 days. ACLF is characterized by systemic inflammatory
response syndrome (SIRS) and multiple organ failure and is a critical disease with a mortality rate of over 80% for
ACLF Grade 3, the most severe form. However, there exists no effective treatment other than liver
transplantation at present, and many patients' lives cannot be saved.

In this project, we are developing an extracorporeal circulatory system (UTOpiASystem) for liver function
assistance by incorporating liver organoids (iHLC: induced Hepatocyte-Like Cells) derived from Low immunogenic
induced pluripotent stem cells (iPSCs) into the system for such serious liver diseases, based on the liver organoid
technology obtained in our previous research (Figure 1). The UTOpiAsystem is a unique extracorporeal circulation
system that consists of a granulocyte and monocyte adsorption apheresis (GMA) column, which traps
neutrophils and inflammatory cytokines released in excess due to inflammation, and an iHLCcolumn, which is
capable of supplementing proteins secreted by the liver and removing toxins such as ammonia and bilirubin.
Successful development of this product would provide a new treatment option other than liver transplantation
for patients with severe liver failure.

Professor Takanori TAKEBE

—
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Granulocyte removal liver function compensation
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Figure 1: iPSC derived Liver Organoids technologies Liver function

Cell Metab, 2019; Cell, 2022
—>

[Results of research to date and future plans for development]

When ACLF model rats were treated with UTOpiAfor 2 hours, a significant improvement in survival rate was
observed compared to the group that was not treated with UTOpiAor the group that was treated with each
column alone. We are currently working to scale up the manufacturing process of liver organoids for clinical
application and to establish a technology to produce columns of a size that can be used for patients. After
establishing the manufacturing method and conducting non-clinical safety studies, we aim to begin clinical
studies to confirm safety and tolerability within two to three years.

Target disease: ACLF, Acute Liver Failure, Post Hepatectomy Liver Failure, Severe Alcoholic Hepatitis

Patent information: PCT filed

Technology features: Non-clinical POC obtained using ACLF model rats

Markets and challenges in development: Large market expected due to the global increase in liver failure patients. Scale-up of
manufacturing is the challenge.

Desired corporate collaboration: Joint research with Yokohama City University Venture KanzoBiomedicines, Inc.
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Development of a New Method for Detection of Effects
Induced by Maternal Immune Activation

Department of Neuroscience and Cell Biology,
Graduate School of Medicine, The University of Osaka

Professor Shoichi SHIMADA

Maternal immune activation (MIA) triggered by maternal infection or maternal strong
mental stress is implicated in a risk factor for autism spectrum disorder, depression and
schizophrenia as shown in the figure. It is also known that MIA is associated with
susceptibility for drug addiction. As a cause of these, it is considered that strong immune
activation in the mother during pregnancy spreads to the brain of the offspring and affects
the development of neural circuits and synaptogenesis from childhood to adulthood.
Various treatments by early intervention have been proposed for developmental disorders
and psychiatric disorders. However, no method has been found to accurately diagnose how
much a child is affected by MIA. We have developed a new method that can distinguish the
mouse pups affected by MIA with a high diagnostic rate by measuring trace components of
mouse serum in animal experiments and making full use of the technique of multivariate
analysis. In addition, we have obtained promising results in analysis using plasma samples of
human autism spectrum disorders.

Target Diseases: Autism spectrum
disorder, drug addiction
Patent information: Application
Date: April 10, 2020, Japanese
Patent Application 2020-070882
"Methods for diagnosing
developmental disorders,
addictions, and mental
disorders"
Applicant: Osaka University
Technical features:
 Application to early diagnosis
of autism spectrum disorder
* Objective indicators of autism
spectrum disorder diagnosis
« Potential for classification and
diagnosis of autism spectrum
disorder subtypes

Cited from Meyer U, Trends in Neurosci 42:793-, 2019
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Rapid and “in-situ” determination method of polyamines

Kyoto Prefectural University,
Graduate School of Life and Environmental Sciences

Professor Kazunori TSUBAKI

Natural polyamines have a variety of physiological effects, such as affecting protein synthesis
and nucleic acid synthesis. Four major types of polyamines are known; putrescine,
cadaverine, spermidine, and spermine. The urinary metabolites, diacetylspermidine and
diacetylspermine, have been used as biomarkers for cancer. Recently, it has been reported
that the concentration of spermidine and spermine and their concentration ratio can
function as biomarkers for the early diagnosis of Parkinson's disease.

We are developing reagents that targets spermidine and spermine among the polyamines,
and simply detects their concentration by mixing them and changing the color (Figure 1,
Figure 2).

Figure 1: Colorimetric response of amines in vivo using the functional dye 1.
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Figure 2: Determination of spermidine in E. coli using the functional dye 2.
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At present, we are developing functional dyes that can separately quantifying spermidine
and spermine, as well as fluorescent responsive reagents for spermidine and spermine.

Target diseases: Cancer, Parkinson's disease
Patent information: JP 2021-021230, : JP 2022-19663
Features of the technology: * diagnostic reagents * color reagents*"in situ", rapid and simple determination.
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Development of pathological periostin measurement device

Department of Advanced Molecular Therapy,
Graduate School of Medicine, The University of Osaka

Professor Yoshiaki TANIYAMA

Epithelial-to-mesenchymal transition (EMT) is
currently considered to be a major mechanism
responsible for chemoresistance. It is thought that
mesenchymal cancer cells that are resistant to
anticancer drugs later undergo mesenchymal -
epithelial transition and become stagnant (figure on
the right). Next, in order to search for specific targets,
we conducted a joint research with UCSD in US,
using tissue samples from more than 1,000 cases of
malignant tumors to comprehensively identify the
gene of eight mesenchymal markers that have the
strongest correlation. As a result, we discovered the
periostin gene. In particular, in breast cancer, there
was a clearer relationship between periostin gene
expression and EMT. Furthermore, it was found that
there is a strong correlation with the prognosis of
basal type (mainly TNBC). The periostin gene has a
splicing variant in which an exon is dropped, so when
we investigated which exon's expression was strongly
altered in a chemotherapy -resistant model, we found
that it was periostin exon 21 (see figure on the right).
Therefore, we administered a pathological periostin -
neutralizing antibody that uses exon 21 as an antigen
to a chemotherapy -resistant model of TNBC, and
confirmed that it significantly suppressed recurrence.
(Patent already obtained) Furthermore, we have
developed a diagnostic agent to measure blood
pathological periostin (patent applied for), and plan
to study its potential as a companion diagnostic
agent. Furthermore, in addition to malignant tumors
other than breast cancer, pathological periostin is
secreted for various chronic inflammatory diseases
such as steroid- resistant atopic dermatitis, steroid -
resistant asthma, diabetic retinopathy, and
pulmonary fibrosis, and has the potential as a
diagnostic agent.

Target disease: Chronic inflammatory disease

Patent Information: Domestic Application

Features of the technique: Measure only pathological periostin

Marketability, development challenges: It needs to be measured in a variety of clinical
diseases.

Desired corporate collaboration: We are looking for a corporate collaboration to license out
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Development of a diagnostic method for patients
with chronic inflammatory disease using analysis of sugar chains of IgGs

Department of Biopathological Information Science,
Graduate School of Medicine, The University of Osaka

Professor Eiji MIYOSHI

Summary: The function of sugar chains of IgGs has received a lot of attention recently. So
far, we have discovered a method that can distinguish inflammatory bowel disease (IBD) by
analyzing sugar chains of IgGs using HPLC. Furthermore, we have found that the lectins called
ABA and GSL-Il have a high affinity with IgGs derived from patients with Crohn's disease
and have proved their usefulness against a differential diagnosis of IBD. In this project, we
will verify usefulness of the IgG sugar chain kit against diagnosis of chronic inflammation
including IBD and we will evaluate the activity.

As a result of analysis of sugar chains of IgGs by HPLC, the
number of galactose-deficient IgGs has increased in patients
with Crohn's disease.

Dual lectin ELISA has been
established using ABA and GSL-II.
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Condition: Chronic inflammatory disease including inflammatory bowel disease (IBD)

Patent information: National/international patents on differential diagnosis of IBD were established(LSIP fund), Patent
application 2006-140457, PCTJP2007/060257; National Patent Applications for evaluation of chronic inflammation using
lectins 2010-119099

Features of the technology: Develop a kit that can assay galactose-deficient IgGs which show chronic inflammation activity,
and evaluate the usefulness.

Marketability: The number of patients with inflammatory bowel disease in Japan has been increasing year by year and is
currently over 120,000. The number of patients in Europe and America is estimated to reach 10-fold of this, so that if a
concrete kit is developed, the market size would be 20 to 30 billion yen.

Issues on the development: Using HPLC will be a diagnostic marker itself; however, it takes time and multi-sample treatment
is difficult. Using lectin-antibody ELISA is also troublesome for the 1gG purification step from serum. Thus, we will develop an

automatic IgG purified lectine-antibody ELISA and prepare a special antibody against galactose-deficient IgG.
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Prognosis biomarkers that can discriminate early-stage pancreatic
cancer patients with worse prognosis prior to surgery

Department of Gastroenterology and Hepatology,
Kochi Medical School, Kochi University

Associate Professor Keisuke TANIUCHI

(Abstract)

e Pancreatic cancer is one of the most aggressive tumors, and the prognosis is poor, with 1- and 5-year
survival rates of only 20% and 6%, respectively.

e The UICC TNM staging system for pancreatic cancer is a useful predictor of postoperative prognosis.

e More reliable prognostic predictors that can discriminate pancreatic cancer patients into two prognosis
groups (longer disease-free survival and/or better pancreatic cancer-related survival vs. shorter disease-
free survival and/or poor pancreatic cancer -related survival) are necessary for clinical decision-making.

e The combination of Protein-A with Protein-B accurately predicted the postoperative outcomes of
pancreatic cancer patients, and they were superior compared to the TNM staging system (Figure
described below).

¢ There are no reliable biomarkers to gauge the response to neoadjuvant therapy prior to the initiation of
the therapy. A retrospective clinical study (UMINO00032835) showed that overexpression of Protein-A
and Protein-B in 25 preoperative biopsy pancreatic cancer tissue samples was correlated with
postoperative survival (P=0.04).

(On going)

¢ Antibodies against Protein-A and Protein-B have been generated in July 2021.

e We are trying to commercialize an immunohistochemical staining kit.

e We are trying to develop an artificial intelligence system that can automatically evaluate the
immunostaining scores of Protein-A and Protein-B.

e A prospective clinical study (UMIN000034022) has been conducted to determine if immunohistochemical
scores of Protein-A and Protein-B can be used as reliable biomarker of the response to neoadjuvant
therapies prior to their initiation.

Multivariate analysis using the Cox proportional hazards regression model

HR (95% CI) P
UICC Stage
0, A, 1B 0.25 (0.09-0.70) 0.009
1A, 11B Reference
1, v 3.05 (1.25-7.42) 0.014
ARHGEF4 expression 2.52 (1.28-5.00) 0.007

ARHGEF4 expression and
intrapancreatic nerve invasion 2.97 (1.36-6.49) 0.006

ARHGEF4 and ITGB1 expression 0.22 (0.08-0.59) 0.003
Protein-A and Protein-B expression 6.27 (2.58-15.2) <0.001
Protein-A and Protein-C expression 3.93 (1.74-8.91) 0.001
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OSNAEDEFFY —H—Td 2 Cytokeratin 19 (CK19) EFRNY—H—IRFHTHS Annexin
A8 (ANXA8) ZHHT BT &Ik, 2THOY V/NEHEERZRET DI ENTEI .
Oka R, Nakashiro K, et al. Oncotarget 7:4882-9,2016
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Development of automatic rapid diagnosis for cervical
lymph node metastasis of oral cancer

Department of Oral and Makxillofacial Surgery,
Graduate School of Medicine, Ehime University

Associate Professor Koh-ichi NAKASHIRO

Accurate diagnosis of cervical lymph node metastasis is extremely important in
determing the treatment plan of oral cancer. The current histopathological diagnosis
may not detect micrometastases. Thus, molecular diagnosis (OSNA) using whole

lymph nodes should be performed in the future.

e

Combination of Cytokeratin 19 (CK19) for OSNA and Annexin A8 (ANXAS8), which is a
novel marker candidate, could detect all lymph node metastases.

Oka R, Nakashiro K, et al. Oncotarget 7:4882-9,2016

e

To accurately diagnose cervical lymph node metastasis of oral cancer, we aim to apply cancer lymph
node metastasis diagnostic system (OSNA), RD-200 (Sysmex).
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