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Preface

The Kanazawa University Cancer Research Institute (KU-CRI)
bears the distinction of being the only institute solely focused on
cancer research amongst the Research Institutes and Centers of
Japan National Universities. Since its establishment in 1967,
KU-CRI has made numerous groundbreaking contributions to the
fields of basic and clinical cancer research. At present, we are
focused on deepening our understanding of cancer stem cell and the
role of the tumor microenvironment, for the discovery of novel
molecular therapeutic targets. To accomplish these, the Institute
aspires to generate state-of-the-art cancer models by innovating on
cutting-edge technologies, such as genetically engineered mouse,
patient-derived xenograft and molecular imaging. Our consuming
passion is to usher in a new era of cancer treatment in which
malignant diseases are completely curative. Our comprehensive
approach is organized into three distinct research programs: Cancer
and Stem Cell, Cancer Microenvironment, Cancer Molecular
Target Exploration, to be complemented by the Innovative Cancer
Model Research Center.

In 2010, KU-CRI was commissioned by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) as a Joint
Usage/Research Center on "Metastasis and Drug Resistance". This
initiative brings together scientists from diverse fields including
natural science, engineering, and clinical therapeutics in forming a
cross-discipline alliance against cancer metastasis and drug
resistance. In 2016, KU-CRI was re-authorized as the same Joint
Usage/Research Center on Metastasis and Drug Resistance for
another 6 years. With this mandate from the government of Japan,
KU-CRI members endeavor to broaden our collaboration national-

ly and internationally in our battle against cancer.

With the publication of the 2019 Kanazawa University Cancer
Research Institute Outline, I would like to request your continuous

support and understanding.

Atsushi Hirao

Director, Cancer Research Institute, Kanazawa University
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Historical Chart

5% FAT  Tuberculosis Research Institute
1940.12. 6

BRBERR S TR DAL AR B3 2 WE9E) O 7z ORALITSE
D3RI S A7z
1942. 3 .20

Tuberculosis Research Facility was established in School of Medicire for
"the study of chemotherapy of tuberculosis".

SR ERER S @ S5 A% DT FEAT & 2 O TREAZ O 7 1 K DR e 1
T 5L NC Z DI HETE 2 HIV E U, SERLEGR, g s
Je MBS ED 3 TR ISR & vz,

Tuberculosis Research Institute was established by expanding the Facility.
Three departments, Department of Pharmaceutics, Department of Microbial
Immunology and Department of Chemistry, opened for "the basic and
applied research for the prevention and treatment of tuberculosis".

1947. 7.3
SR ARNT (SRR D3 i S udz

1949. 5 .31

Department of Medical Examination and Treatment opened in Izumi-
honmachi, Kanazawa.

GIRKEH ORI & 7> 7.
1963. 3 .18

The Tuberculosis Research Institute was attached Kanazawa University.

SEEL AL TS BR IS, A I O WS 54
DA SR,

Two departments were renamed ; Department of Pharmaceutics to Department
of Pharmacology, Department of Medical Examination and Treatment to
Department of Clinic.

1963. 4. 1
SR RBAE BRI R X Tz, Department of Pathophysiology opened.
1964. 4. 1

Wi PR 98 1] 0D B2 M it e 7 S A WE 2 7 B e i o 1 O & A7z

1967. 3.

Clinical facility of the Department of Clinic renamed as Tuberculosis Research
Institute Hospital.

i RTRIM Ke ORI o e 23 B RO KSR T IS B S 48 & e

The Department of Clinic and the Tuberculosis Research Institute Hospital
moved to Yoneizumi-machi, Kanazawa.

NEZIHIBREMFEMER Cancer Research Facility, School of Medicine

1961. 4. 1

P22 Tt 0D SRR ) AT 2 ) 0D 72 8 BRI Jed F e i e 20> 7 ¢
S, WRFEARIM G AL AR A3 & ude,

Cancer Research Facility was established in School of Medicine for "the
basic biological study of cancer". Department of Biochemistry opened.

1964. 4. 1
T ANV AFRM IR S Il Department of Virology opened.
1966. 4. 5

SRR AR S A,

WA AT  Cancer Research Institute
1967. 6. 1

Department of Molecular Immunology opened.

(23 A B 2 2 B K T8 2 DG T O WESE) 2 HIIS, A IFSE T
& PRI R MR T TR ST S BEIRRE D AT & 2 0,
TN, UAIVA, SrSugE, g, RIEAERL, SRR,
{B2A9EE K DR R 0 8 WEFEERFT 23Rl & fz.

FEAZWETE T MR e (&, B3 ARIFTERT TR R e 1 PR & e

Cancer Research Institute was established combining the Tuberculosis
Research Institute and the Cancer Research Facility. The institute started with
eight departments ; Molecular Biology, Virology, Molecular Immunology,
Immunology, Pathophysiology, Pharmacology, Experimental Therapeutics
and Clinic.

Tuberculosis Research Institute Hospital was renamed as Cancer Research
Institute Hospital.

1968. 6. 1
ALY ERR M AR St Department of Biophysics opened.
1969. 4. 3

JEREWF TR DWFFEMUA I RN I H SR S e,

1977. 4 .18

A new building for basic research departments moved to Takara-machi,
Kanazawa.

BB A3 R & A, BRI 3N BRI TS B 7250 M 4 23 A T
Iz,

Department of Surgery opened. Department of Clinic was renamed as
Department of Internal Medicine.




1983. 3.30
P I 2 BB (R B ) S NI O IR R 2SR S e

An office building was built for the Cancer Research Institute Hospital.

1997. 4. 1
108811 % 3 KRR (140F9E57 8F) 1 22 2 — 2l L, IS+
B, RS, WS o> 3 KECI K T By 351 B 76 2
Y A—%il,

Ten departments were reorganized to be consisted of three departments (14
divisions) and one center. Department of Molecular Oncology, Department of
Molecular and Cellular Biology, Department of Basic and Clinical Oncology
and Center for the Development of Molecular Target Drugs opened.

2001. 4.1
BRF s o o (3 o R BRI i e & A 1 & Az The Hospital was merged with the University Hospital.
2006. 4. 1

3R (140F7E57HF) 1 22 2 —% 2 R¥EM 2 & > &2 — 12
L, A5 FHIEIETEERM, 23 AW EHRIETETR M o 2 K
HRI s ARRRIIAE TS & > & —, Sy T RN A3 AEFEDFTE I 78
L R—%iHL

Three departments (14 divisions) and one center were reorganized to be
consisted of two departments and two center. Department of Molecular
Cancer Cell Biology, Department of Cancer Biomedicine, Center for Cancer
and Stem Cell Research and Molecular and Cellular Targeting Translational
Oncology Center opened.

2010. 3.
FLWEWESE R DR G T (SRS s S e,

A new building for basic research departments moved to Kakuma-machi,
Kanazawa.

2010. 4. 1

2RMM2 e 2 —% 4T s T LMCUHIL, DAY
TarZ L, BAMNREIIT 0SS N, A TR
T TS LR ASFENERMRE 0 7S L kil .

2010. 7.

Two departments and two centers were reorganized to be consisted of four
programs. Cancer and Stem Cell Research Program, Cancer Microenviron-
ment Research Program, Cancer Molecular Target Exploration Program and
Cancer Therapeutics Development Program opened.

(3 A DGR - IR IS B 2 S Sy L M W Fels) & LTX
R E & D RE S e,

HHAERHIEFTF Cancer Research Institute

Cancer Research Institute was authorized by the Ministry of Education,
Culture, Sports, Science and Technology of the Japanese Government as the
Joint Usage/Research Center on Metastasis and Drug Resistance.

2011. 4.1
WAL, D A TR TET (2 SO & A7z,
SEFRAL - EERFFEIL R E LT E & PG L7z,

2015. 4.1

The name of Cancer Research Institute in Japanese was changed.
The Joint Usage/Research Center Program started.

Feit S A TN > X — DR S Tz,

Innovative Cancer Model Research Center opened.
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HEKHIEHBRE Successive Directors of the Institute Hospital

1942. 4. 8 ~1954. 3 .31
1954. 4. 1 ~1954. 6 .30
1954. 7.1 ~1958. 6.30
1958. 7. 1 ~1961. 6 .30
1961. 7. 1 ~1962. 6 .30
1962. 7. 1 ~1966. 6 .30
1966. 7. 1 ~1967. 5.31
1961. 4. 1 ~1967. 5.31
1967. 6. 1 ~1967. 8 .14
1967. 8 .156~1968. 3 .31
1968. 4. 1 ~1971. 3 .31
1971. 4. 1 ~1975. 1.30
1975. 1.31~1978. 4. 1
1978. 4. 2 ~1982. 4. 1
1982. 4.2 ~1984. 4. 1
1984. 4. 2 ~1988. 3.31
1988. 4. 1 ~1990. 3 .31
1990. 4. 1 ~1993. 3.31
1993. 4. 1 ~1997. 3 .31
1997. 4. 1 ~2001. 3 .31
2001. 4. 1 ~2005. 3 .31
2005. 4. 1 ~2009. 3.31
2009. 4. 1 ~2011. 3.31
2011. 4. 1 ~2013. 3.31
2013. 4. 1 ~2017. 3.31
2017. 4.1~

1964. 4. 1 ~1965. 7 .31
1965. 8. 1 ~1966. 2. 1
1966. 2. 1 ~1967. 6. 1
1967. 6. 1 ~1982. 4.20
1982. 4 .20~1983. 1 .31
1983. 2. 1 ~1991. 1 .31
1991. 2. 1 ~1993. 1 .31
1993. 2. 1 ~1997. 1 .31
1997. 2. 1 ~2001. 3 .31
2001. 4. 1~2001. 9.30
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ISHIZAKA, Shinkichi
TODA, Shozo
OKAMOTO, Hajime
KAKISHITA, Masamichi
SAITO, Koichiro
ISHIZAKI, Arinobu
ITOU, Ryo
OKAMOTO, Hajime
OKAMOTO, Hajime
OKAMOTO, Hajime
ISHIKAWA, Tachiomaru
ITOU, Ryo

ITOU, Ryo
KOSHIMURA, Saburo
KURATA, Yoriaki
HATANO, Motoichi
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TAKAHASHI, Morinobu
MALI, Masayoshi
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SATO, Hiroshi
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MUKAIDA, Naofumi
OSHIMA, Masanobu
HIRAO, Atsushi

MIZUKAMI, Tetsuji
ISHIZAKI, Arinobu
KURAKANE, Kyuichi
KURAKANE, Kyuichi
MAI, Masayoshi

MAI, Masayoshi
SAWABU, Norio
MALI, Masayoshi
SAWABU, Norio
SAWABU, Norio

Center for Cancer and Stem Cell Research

MUKAIDA, Naofumi
HIRAO, Atsushi

Director of Tuberculosis Research Institute
Acting Director of Tuberculosis Research Institute

Director of Tuberculosis Research Institute

Director of Cancer Research Institute
Acting Director of Cancer Research Institute
Director of Cancer Research Institute

"
Acting Director of Cancer Research Institute
Director of Cancer Research Institute

n

Director of Tuberculosis Research Institute Hospital

"

"
Director of Cancer Research Institute Hospital
Acting Director of Cancer Research Institute Hospital

Director of Cancer Research Institute Hospital

NES FENHAEERMFEMFAEEZY—FK Molecular and Cellular Targeting Translational Oncology Center

2006. 4. 1 ~2010. 3 .31
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MINAMOTO, Toshinari

KURATA, Yoriaki
MURAKAMI, Seishi
HARADA, Fumio
SATO, Hiroshi

TAKAHASHI, Morinobu
SAWABU, Norio
YAMAMOTO, Ken-ichi
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Innovative Cancer Model Research Center

Cancer and Stem Cell Research Program

Cancer Microenvironment Research Program

Cancer Molecular Target Exploration Program

Cancer Therapeutics Development Program
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L ol et

Central Research Resource Branch
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Creative Human Resources Development Program

Collaborative Research Support Program

E
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Global Network Program
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Division of Genetics
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Division of Cancer Cell Biology
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Division of Epithelial Stem Cell Biology

M - SR R T A

Division of Molecular Genetics
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Division of Oncology and Molecular Biology
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Division of Molecular Bioregulation
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Division of Immunology and Molecular Biology
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Division of Tumor Dynamics and Regulation

LW 55 AR W o B 9T O B

Division of Tumor Cell Biology and Bioimaging
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Division of Molecular Cell Signaling
[/
Division of Translational and Clinical Oncology
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Division of Functional Genomics
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Division of Medical Oncology

— WARBFRR 1=y b (s )
Cancer Genes and Genomes

| ERRPRIE - S8 2= I (35 FPI)
Inflammation and Epithelial Plasticity

L IharRYTEEL = (4 TPI)
Mitochondrial Dynamics in Stem Cells
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Cancer—Immune System Interactions
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Human Cancer Tissue Bank
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Mouse Carcinogenesis Model Tissue Bank
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Human Cancer Cell Line Bank
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Cancer Chemical Biology & Drug Discovery Unit
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Pre-clinical Research Facility

Clinical Research Facility

General Affairs
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Senior Director

Director

Vice Director

Research Cooperative Affairs
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Accounting
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Number of Staff
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Professors

HEHUIR

Associate Professors
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Lecturers

B #

Assistant Professors

FHEHEEA

Professors
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Grand Total

11
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21

4
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Innovative Cancer Model Research Center

mEEBGEMESE Division of Genetics

g RS EM RIS j(.% b= BhE AR InEE AR Bhz HH (3D7
Professor Associate Professor Assistant Professor VOON, Dominic Chih Cheng Assistant Professor
OSHIMA, Masanobu OSHIMA, Hiroko NAKAYAMA, Mizuho Associate Professor TAKEDA, Haruna
TRl B E P FHARE

B 3FRAEIAFRSEF  Division of Cancer Cell Biology

% éﬁ ﬁ? i S I E 2
Assistant Professor

GOTOH, Noriko NISHIMURA, Tatsunori

Professor

B FRREH#lBATE S EF Division of Epithelial Stem Cell Biology

JH¥—F - JO7TuH— B AL F0EA

NICHOLAS, Barker Assistant Professor
Research Professor MURAKAMI, Kazuhiro
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(B MERAE & TGF-BIMFIC K B2 BAA] TGE-B 3 kI
WADWAIGREKE LTHISh TS, EEL I &I,
PEVEG % it 2 L 72K 38\ )T TGR- B 3 7L % i
T 5 L RIBICREEZ B L7205, 54E L TGE-B
W DR LA DI M 2355892 2 & 26 0c LT
(Oshima, et al, Cancer Res, 2015),
[(BAREICKDM/MRIETK] RIERFAINICHIAZF
T2 G~ ATTFTILT, BRMENIGICEE R
MyD88 #RIHZ &5 &, RIEL HDBADRITHIHIS
7zo L72W3ioT, HARRIBIGH/NRIDIRICEEE L #
Z 57z (Maeda, et al, Cancer Prev Res, 2016) .,
[ZRE p53 DERICEDABHAEME] ps3HEETE
WDT5% I AL AMTH S, R2ZTOH B DM % |
D pb3 G EMIMTRHE Y2 &, Wnt Gt bic &
0 JEE U7 RVEIEE, ORGE N2 235585 2 2 L 2] 5h
W2 L7z, %72, pb3 R270H OFIHUCHAFE L 7z NF-k B
B -catenin 7¢ £ O HIGEHALDEMALICE S T4 L& 2 5
N7z (Nakayama, et al, Oncogene, 2017),
[FIAN—EEERIC & 2 BB KEBAREL
EMLICBE T 5 R oA NN —@di r 2 A G DET
BALIR U AETVRAER L, REh Ao EHEALIE
Bl BEE &S 1213 Ape, Kras, Tgfbr2 ZEoOMHAED
WHWEETHL L #HLHIC LT (Sakai, et al, Cancer
Res, 2018),

B RSAN-ZRODERLEBULTEES

Apc BLEFEEVIADBERESCER pb3 R270H 2HER=ED
&, pO3 DENERE, BEAILA/ A ROBEMERERELMGE
NHREoND (TR EDIC5EED N SAN—ELFEREZEALED
TTEAL, ZNZNOERICKEF LB CEEDOFENASMIC
Bolz (A R),

Expression of mutant p53 R270H induces nuclear accumulation of p53 and
complex glandular organoid structure, which represent malignant phenotype
(bottom). Moreover, multiple crossing of driver gene mutant mice revealed
combination of mutations for each process of malignancy, including invasion
and metastasis (right).

Aims and Major projects

It has been established that “cancer is a genetic disease”. Hover,
it has not yet been fully understood the biological mechanisms of
malignant progression by driver mutations. We have constructed
mouse models and organoids, and examined phenotypes to
understand mechanism for invasion and metastasis of gastrointesti-
nal cancers .
[inflammation and TGF-B suppression for malignancy]
TGF-f signaling plays a tumor suppressor role in colon cancer
development. We found that TGF-3 suppression together with
inflammation causes submucosal colon cancer development
(Oshima, et al, Cancer Res, 2015).
[Innate immunity and microenvironment generation]
Disruption of MyD88 signaling in tumor model mice caused
significant suppression of inflammatory environment and tumori-
genesis. Thus, innate immunity plays a role in tumorigenesis
(Maeda, et al, Cancer Prev Res, 2016).
[Mutant p53 expression and CRC progression] About 75%
of p53 mutations in cancers are missense type. We introduced
mutant p53 R270H gene in intestinal tumor mouse model, and
found that mutant p53 induces submucosal invasion through
activation of transcription factors NF-kB and [3-catenin
(Nakayama, et al, Oncogene, 2017).
[Colon cancer progression models by driver mutations]
We introduced five driver mutations for colorectal cancer develop-
ment in mouse intestine, and found that mutations in Apc, Kras, and
Tgfbr2 is a minimum core for malignant phenotype in the primary
cancer and efficient liver metastasis. (Sakai, er al, Cancer Res,
2018).
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Division of Cancer Cell Biology
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Our major research interest is to elucidate the molecular mecha-
nisms regulating cancer cells, stem cells and cancer stem cells. Our
team has two important research directions: One is to clarify the
basic principles underlying biology and the other is to apply the
knowledge extracted from the basic principles to translational
medicine. In order to achieve the goal, we take challenging
approaches of molecular biology and systems biology, in addition
to conventional methods of molecular biology.

1. Molecular mechanisms of cancer initiation, progression and
metastasis: breast cancer stem cells as key players
By analyzing the mouse cancer model or primary cancer cells
derived from human specimens, we attempt to identify novel
molecular targets and biomarkers for cancer. We are collecting
breast cancer patient samples and culturing them as spheroids
and organoids and constructing patient-derived xnograft models
(PDXs).

2. Identification of new biomarkers and molecular targets of lung
cancers by systems biology approach
Our hypothesis is that elucidation of the molecular mechanisms
of addiction of lung epithelial cells to EGF RTK signaling leads
us to identify new biomarkers and molecular targets of lung
cancer. Our approach would certainly advance personalized
medicine in the near future.

3. Signal transduction mechanisms through receptor tyrosine
kinases (RTKs) for tumorigenesis and stem cell maintenance
Fibroblast growth factor (FGF) and epidermal growth factor
(EGF) RTKSs play major roles for a variety of physiological and
pathological aspects of biology, including stem cell biology,
and cancer biology. We focus on FRS2 family of
adaptor/scaffolding docking proteins, as key intracellular signal
regulators of these RTKs.
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Cancer stem-like cells (CSCs) are expanded in the CSC niche by increased
frequency of symmetric cell divisions at the expense of asymmetric cell
divisions. The symmetric division of CSCs is important for the malignant
properties of cancer. A cytokine, semaphorin 3 (Sema3), produced from the
CSC niche induces symmetric divisions of CSCs to expand the CSC population.
Sema3 induced interaction among MICAL3, collapsin response mediator
protein 2 (CRMP2), and Numb. The niche factor Sema3-stimulated
NP1/MICAL3/CRMP2/Numb axis appears to expand CSCs at least partly
through increased frequency of MICAL3-mediated symmetric division of
CSCs.
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Aims and the Projects
We aim to elucidate the mechanisms of self-renewal regulation

of Lgr5 positive epithelial stem cells through generation of the

DOWIFERAFEIC &V, Lgrd 28§ 2 I ERcifllieo |
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novel in vivo cell lineage tracing system as well as organoids
culture method. Moreover, we will examine the regulation of
cancer stem cells of gastric, ovarian and breast cancers. Based on
these studies, we would like proceed the regenerative medicine
utilizing the regenerative capacity of tissue stem cells, and the drug
development for cancer prevention and therapy by suppressing the

Lgr5-positive stem cell properties.

Figures

6 months
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We have developed the technology of organoid culture (left) and in vivo cell lineage tracking system (right), and we promote our research with the aim of elucidation of
tissue stem cell regulation mechanism in epithelial cells of normal and cancer tissues.
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Stem cells are defined as cells that have the ability to
perpetuate undifferentiated status through self-renewal, and
develop into mature cells through differentiation. It has been
demonstrated that fine-tuning of self-renewal and differentiation
programs, mediated by cooperative networks with intrinsic and
extrinsic factors, contributes to stem cell homeostasis in vivo.
We have revealed that genes that are involved in longevity,
including FOXO and mTOR pathways, contribute to the mainte-
nance of stem cell self-renewal capacity. Thus, signaling path-
ways for control of intracellular metabolism may play a critical
role in stem cell regulation. Furthermore, we have recently iden-
tified a molecule that protects hematopoietic homeostasis under
diet-induced stress. These findings demonstrate that nutrition-
associated signals are critical for determination of stem cell fate.

Dysregulation of self-renewal activity, due to genetic and
epigenetic abnormalities, causes tumorigenesis. Acquisition of
stem cell property, stemness, promotes malignant progression in
cancer. The investigation of distinct and parallel roles in normal
stem cells and cancer stem cells will contribute to the design of
cancer therapy without damaging normal tissues.

rﬁ‘ill{aa;‘;—;t_Q Oxidative stress \ +ition
> = Cyeling | — | — ——
:©® _, @@ 73]

Target molecules
M Stress response

u Cell cycle

W Survival
[IORCL B Metabolism

etc.

Miyamoto K,
Cell Stem Cell, 1:101,2007

Hematopoietic Stem Cell

Fig.1 B mTOR and FOXO pathways in quiescent hematopoietic stem cells
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Fig.2 B FOXO activation for drug-resistance of leukemia stem cells
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Fig.3 B mTOR complex in leukemia stem cells
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We innovate in vivo and in vitro cancer model systems that can
be readily analyzed by genetic and molecular biology techniques.
This aims to find pathways critical for carcinogenesis, metastasis,
drug resistance and stem cell-like behaviors in cancer cells.
Below are ongoing projects in our laboratory.

1 ) The RB tumor suppressor gene product has been implicated in
control of cell cycle and terminal differentiation. However, we
have been proposing that RB plays many more roles during
tumor progression beyond such well known functions. We are
currently focusing on RB roles in controlling tumor micro-
environment through cytokines and cehmokines, glycolytic
pathway, lipid/cholesterol metabolism, glutaminolysis, etc.

2 ) In particular tumors, particular genes being located near to the
drive’s mutation and coding metabolic enzymes are often
simultaneously deleted. If the number of such enzymes is
limited, the inhibitor of its isozyme may cause a synthetic
lethality. We are hunting such passenger deletions and try to
design novel cancer therapy strategies.

3 ) Development of in vitro cancer stem cell models in an aim to
develop novel drugs or chemicals that specifically target
hypothetical cancer stem cells.

X1

Mitogenic signals

RBEREICEFDHRLLITIFILE RBERENOHEEDS
noi<i 77 )b, RBEREDSHLEBMEZHPT D,
E2F 77 U —HD'REBELGENTH DN, Z2D0MICE
SRENEAE (100 BEM L) i'HDZ ENHBNnd,

Fig.1
Cellular signals merged on the modulation of pRB functions,

and effectors of pRB. This at least partially explains multi-
faceted functions of pRB.
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Fig2

Stem cell-like cells appeared in cancers induced by the
combinational suppression of tumor suppressor genes
including Rb.
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Aims, Ongoing Projects, and Recent Achievements
Inflammatory responses occur upon tissue injuries, to reduce

tissue damage. If inflammatory responses are exaggerated and

prolonged as observed in chronic infection with Helicobacter
pylorii, tissue injuries continue, leading sometimes to
carcinogenesis.

By interacting with tumor cells, stroma cells and leukocytes
can produce variouse bioactive subustances including chemokies.
The produced molecules can affect tumor progression and
metastasis.We are elucidating the interaction between tumor cells
and stroma cells and obtained the following results recently.

1) By using mice deficient in chemokine-related genes, we are
showing that chemokines can contribute to tumor development
and progression by exerting various activities.

2) We revealed that the expression of a serine/threonine kinase,
Pim-3, was aberrantly enhanced in malignant lesions of liver
and pancreas. Moreover, aberrantly expressed Pim-3 can
inactivate a proapoptotic molecule, Bad by phosphorylating its
serine residue, and eventually prevent apoptosis of tumor cells.
Thus, Pim-3 may be a good molecular target for cancer
treatment.
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Fig. 1 B Roles of chemokines in tumor progression and
metastasis processes

Various chemokines contributes to progression and metastasis through the
following functions.

a. Regulation of immune cell trafficking

b. Induction of neovascularization

c. Enhancement of tumor cell motility

d. Induction of production of bioactive substances by tumor and stromal cells
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Fig. 2 @ Chronic myeloid leukemia (CML) and chemokines

Basophil-like cells increase in CML and constitutively express CCL3.
Basophil-derived CCL3 inhibits the proliferation of HSPCs which compete
with leukemia-initiating cells for the commonly shared niches, thereby
facilitating CML development.

Hematopoetic
stem/progenitor
cells (HSPCs)

Normal
leukocytes

Basophil-like
® leukemia cells

clls (LICs) Leﬁ kemia cells




BPAMMRIBIRRE 7 OJ5 L

Cancer Microenvironment Research Program

B RERNEHHHAESEF  Division of Inmunology and Molecular Biology

g HH 85 BEAT @ B t+E EN
Professor Assistant Professor Assistant Professor

SUDA, Takashi KINOSHITA, Takeshi TSUCHIYA, Kohsuke

TR S FPI

m EEEEHHHARSE Division of Tumor Dynamics and Regulation

2B A FBER BB w=th BhE S RE BEBHE BB osw

Professor Assistant Professor Assistant Professor Assistant Professor

MATSUMOTO, Kunio SAKAI, Katsuya IMAMURA, Ryu SATO, Hiroki

B EEHEMERFASE  Division of Tumor Cell Biology and Bioimaging

iR P

HHE FH RE BB AR AT
Associate Professor Assistant Professor
HIRATA Eishu ISHIBASHI, Kojiro




RIS R IEBI RT3 2

Division of Immunology and Molecular Biology

T b DR Z K L T3 —Do—DDfMIMIC X, BHEICIE Each cell composing our body is programmed to kill itself when
LCTHBT 200707 LblAAETN T3, TDH necessary. Apoptosis is a common type of such programmed cell
B s S AOFKHIC X DU (Fa Z S NITEE) ok death. To prevent oncogenesis, cells often die by apoptosis when their
EMR OB TERN—SZ (B Ths. MBI A genes are severely damaged by radiation, oxidative stress, etc. Many
2R ETER OV MR T A N — Y AR chemotherapeutic agents also induce apoptosis in tumor cells.

Meanwhile, recently, it was revealed that dying and/or dead cells
release a variety of inflammatory factors. Because many cells were
killed in tumors by hypoxia, anti-tumor immune responses, or thera-

T, BAILZEIVTV S, 72, ZLOHBAH S HAMIN
K7 RP— ABFHET 5,

=5, AR, BN S bR 7 SAEA SN T AR S peutic treatments, it can be assumed that dead cell-derived inflamma-
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%, AR OB e ERk 2 5 R IRT % < OMIlDTERTz D, of tumor tissues, and hence play an important role in the tumor devel-
BEAM I 58 0D 28 0E 2538 K - b IE S FH Rk D SE M U N B D T opment. In addition, several novel modes of programmed cell death
RICE G L, DSAOME BRI B A E AWML TV E e E that are clearly distinct from apoptosis have been discovered.
AbND, o, TRN—VALREAZTOr S N In our laboratory, we are studying the molecular mechanisms of
OIFE SIS D e > T X7, induction and execution of programmed cell death, and dead cell-
ax derived inflammatory factors, aiming to find new strategy to induce
B OWRETE, BHAT07S LAMBEORS - KT programmed death of tumor cells that is greatly effective for tumor
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Fig. 1 B Apoptosis (left) and pyroptosis (right) of
human colon cancer cells

We developed an experimental system in which apoptosis or pyroptosis
can be selectively induced in the COLO205 human colon cancer cell
line. Apoptotic cells (closed arrow heads) were extensively
fragmented, whereas pyroptotic cells swelled and ruptured like
necrotic cells.
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Fig. 2 @ Tumor therapy model by inducing pyroptosis. E 120 = MDP
Pyroptosis is a non-apoptotic inflammatory programmed cell death. We established a model ,§ 100 o ‘ ‘
tumor cell line (CLC12N2) by introducing an artificial protein that induce pyroptosis in response 5 80 -
to muramyl dipeptide (MDP) treatment into the COLO205 human colon cancer cell line. E g0 -
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HGF (hepatocyte growth factor) and its receptor MET exert biolog-
ical activities, including cell proliferation, migration, survival, and
morphogenesis in diverse biological processes. HGF plays critical
roles in dynamic epithelial 3-D morphogenesis, regeneration, and
protection of tissues. In cancer tissues, however, activation of Met
receptor is associated with malignant behavior of cancer, ie.,
invasion, metastasis, and drug resistance (survival of cancer cells
even in the presence of anticancer agent). Through cross-disciplinary
research with cyclic peptide technology, we recently discovered
artificial HGF (artificial MET-ligand) and HGF-inhibitory cyclic
peptide. Using molecular dynamics analysis by high-speed atomic
force microscopy technology, we revealed a new mechanism for
growth factor receptor activation. By cross-disciplinary approach and
innovative technology, we progress 1) roles and mechanisms of
activation of HGF-MET pathway in cancer microenvironment and
metastatic niche formation, 2) drug discovery approach by cyclic
peptides targeting HGF-MET for cancer diagnosis and therapeutics,
3) dynamic structural base for MET activation, 4) physiological roles
and mechanisms of MET-mediated innate immune response.
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Fig.1 B Two-pronged roles of HGF.
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Dynamic migration and morphogenesis and promotion of cell survival mediated by the HGF-MET pathway play roles in tissue regeneration and protection (right
part). In tumor tissues, dynamic cell migration and cancer cell survival promoted by MET participate in metastasis and drug resistance (left part).
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Since the discovery of an oncogene encoding a protein kinase,
inhibition of its activity has been expected as a magical weapon
against cancer and in practice, selective inhibitors of Abl, EGFR,
BRAF, etc. have shown great clinical results. However the emergence
of drug resistance to these targeted therapies has become one of the
greatest challenges facing cancer medicine. We have discovered that
fibroblasts present in the melanoma microenvironment play an
important role in the establishment of a temporary drugresistant
environment “safe haven” for BRAF inhibitors. We have also
clarified that organ specificity exists in the response to BRAF
inhibitors both clinically and experimentally. These results strongly
suggest that we need to take into account the impact of tumor
microenvironment on cancer treatment.

Our laboratory considers combining a therapeutic strategy
targeting organ-specific tumor microenvironment to medical
approach based on cancer genome information as “next generation
precision medicine” and aims to clarify the mechanisms of cancer cell
modification by tumor microenvironments. Especially we focus on
the interactive epigenetic regulation between cancer cells and stromal
cells in the central nervous system and its involvement in drug
resistance and reconstruction of neuroimmune system. Our goal is to
establish innovative treatment strategies for surgically-incurable
primary and metastatic brain tumors.

Extracelluar Matrices
(Collagen, fibronectin, etc.)

Melanoma cell

Activated
fibroblast

Apoptotic melanoma cell

1 m Safe haven : fIHRRAIIEDERERE & & D55 EBH/MRIE

BRAF ZE%AZF T D AT/ —VHllaIIBRAF EERIINE L CREFBNEERT, &I AN —EBOMAITFERMIE L S Nz EEBE R T RN
9 DEFREMNRE  “safe haven” [CEDTTFHN, TOABICHNTERLIBIEEMRGREL TL\D, ZDLDBHFHREMNRRISHE D AEEE
ICER SN, EEBEDOBIELODTNDENDEEADNTILVD, Scale =100 um

Fig.1 @ “Safe haven” - A temporary drug-resistant microenvironment

BRAF mutant melanoma responds well to BRAF inhibitors, however some cells are protected by a temporary drug-resistant microenvironment “safe haven” created by
paradoxically activated melanoma-associated fibroblasts.

Melanoma cells inside the safe haven keep proliferating while the whole tumor seems to be well controled, which can be the sourse of recurrence after months with
additional genetic mutations. Scale = 100 um



BPAGFENRREIOIS L

Cancer Molecular Target Exploration Program

B UFIVGERESE Division of Molecular Cell Signaling

AT
iR =l = g% | KETUT, Gunarta

Professor Assistant Professor

YOSHIOKA, Katsuji | KETUT, Gunarta

m EEHIHHTESE Division of Translational and Clinical Oncology

=

"

#wER AR B ER BE
Professor Assistant Professor

MINAMOTO, Toshinari DOUMOTO, Takahiro

mi#EEYT / SORMARSEF Division of Functional Genomics

[

RN e B ary BE
Professor Assistant Professor Assistant Professor

SUZUKI, Takeshi ISHIMURA, Akihiko TERASHIMA, Minoru




2O T IIVRERFT S

Division of Molecular Cell Signaling

FBLIN > 7 F AR TERE B O L5 2 G PEAb A e o b
PHETEIEBMENTVS, Flobid, FEAME
N 7 F IAGEREER D—DT &b 2 MAPF F—+t (MAPK) %7
AAr—RICERL,

- MAPK# 2% — K @ in vivo (235 % BERE DRI

- MAPKA 24— R 5% o878 JSAPL, JLP O
HEDMET

- MAPK A 22— R DL % DREFS % 40 PR OO fifg )]
PHEEL TR ZED TS,

Abnormal activation of intracellular signaling pathways often
leads to tumors. The goal of our project is to elucidate the
functions of MAP kinase (MAPK) cascades in vivo, which are
major intracellular signaling pathways, the functions of
MAPK cascade scaffolds JSAPI and JLP, and the molecular
mechanisms of how the specificity of MAPK cascades is
maintained.

K1 m MAPK B2 — E®D in vivo ICHITBEE, RO
BIBY VINVBIZE DT T —EBESHDRK

MAPK h 24— RISHERIDIESE, 71b, RUTRE—2ZUHENTEE
BREZIBOTIND, BIBY/NVHEIE, MAPK HRT— ROEELE
MAA Thd MAPK, MAPK 73—t (MAPKK), RU MAPKK +7—
 (MAPKKK) EESHZEEM T2 &Ik MAPK 2T — RDIFER
MaRFTHEEZIOND,

Fig. 1 @ Function of MAPK cascade in vivo, and Formation
of Multikinase Complex by Scaffold Protein

Recent studies indicate that MAPK cascades, in which major components are
MAPK, MAPK kinase (MAPKK), and MAPKK kinase (MAPKKK), play
important roles in cell proliferation, differentiation, and apoptosis. Scaffold
proteins could contribute to the specificity determination of MAPK cascades.

stimuli
scaffold protein

‘

cell fate: proliferation
differentiation
apoptosis
H2 m SARHEEET R b — RSB BRI Y phase active Wiorri?
BILPO#&E contrast caspase-3 DAPI
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Fig. 2 B JLP ablation reduces ultraviolet B (UVB)-induced
apoptosis in mice.

The ultraviolet B (UVB) component of sunlight can cause severe damage to skin
cells and even induce skin cancer. We investigated the function of the scaffold
protein JLP in UVB-induced apoptosis in the skin by analyzing Jip-deficient
mice. Our results suggest that JLP plays an important role in this apoptosis by
modulating p38 MAPK signaling cascades.
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Research Direction and Activities

The mission of the division centers on laboratory and clinical
research to develop the novel strategies and modalities for
diagnosis and treatment of the gastrointestinal and refractory
cancers. Research projects are based on molecular and cellular
characteristics of individual tumor types that are relevant to
invasive and metastatic potential, recurrence and outcome. Our
current efforts are focused on:
1) Molecular mechanism underlying oncogenic signaling

pathways

(1) Deregulated Wnt/B-catenin signaling

(2) Glycogen synthase kinase 33 (GSK3p)-mediated signaling
2) Molecular basis of gastrointestinal and refractory cancers for

clinical translation
3) Establishment of tissue material resources of human

gastrointestinal cancer

We are intending to translate as much the achievements created
from these studies as possible to the fields responsible for
diagnosis and treatment of cancer patients in clinical setting.

X1 m RNA LS REFCRD-BPIEmMRNAD

REMEEEIL TWnt, NF-k B, c-Myc

&hedgehogiRig s 093 '

RNA trans-factor CRD-BP is a previously unrecognized
transcription target of B-catenin/Tcf complex, and stabilizes
mRNA of B-TrCP1 (B-transducin repeats-containing protein 1),
IkBa and c-Myc. CRD-BP is a novel cancer target that integrates
multiple oncogenic signaling pathways (Nature June 15, 2006;
Cancer Res Nov 15, 2009).

vestigation of cancer cells

SR < TR
A P Transcription
2 CRD-BP*

*Noubissi F, Minamoto T, et al. ﬁ-TrC‘P( Gﬁ-l**\c-Myc
Nature 2006;441:898-901. J_ IGF-11
IkBau
**Noubissi FK, Minamoto T, et al. J_
Cancer Res 2009;69:8572-8. NF-xB |:>

CRD-BP integrates multiple oncogenic pathways in cancer

Investigation of primar
cancers
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Cancer
Research
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Glycogen synthase kinase 3 8 (GSK3 ) supports and promotes
tumor cells' survival and proliferation, and protects them from
apoptosis in cancers developed in the major digestive organs, the
results warrant proposing this kinase as a novel target in cancer
treatment (PCT/JP 2006/300160).

Targeting GSK3[ for Cancer Treatment

| Pivotal roles of GSK3f in cancer | | Identification of GSK3p inhibitors |
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A detailed knowledge of the genes and signaling pathways
mutated in cancer will be required to develop the novel target-
based cancer therapeutics. However, the heterogeneity and
complexity of genomic alterations in most human cancers hamper
straightforward identification of cancer-causing mutations. We use
the retrovirus-infected mice as model systems for identifying new

cancer genes efficiently. Retroviruses induce tumors through
activation of proto-oncogenes or inactivation of tumor suppressor
genes as a consequence of retroviral integrations into host
genome. Thus the viral integration sites provide powerful genetic
tags for cancer gene identification. We are exploring the novel
molecular targets for cancer treatment based on functional
characterization of the cancer genes isolated by high-throughput
screens using retroviral insertional mutagenesis. Once these genes
are identified, we use gene knockout and transgenic mice to
understand how these genes function in tumorigenesis, and to
develop new animal models for human cancer. Our current
projects are as follows.
1) Identification of novel cancer genes using retroviral insertional
mutagenesis in mice
2) Involvement of histone methyltransferases and demethylases
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3) #$IEa— RRNADODAEMEEIRIC I (T 5 5EH 3) The role of long non-coding RNAs in malignant progression of
4) /v oT7v U A0 LB AMEERT cancer
DA L)L T OEEREMENT 4) Functional analysis of the novel cancer genes using conditional
knockout mice
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Retroviral insertional mutagenesis
in Bim-deficient cells
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Fig.1 W Efficient isolation of candidate tumor suppressor genes using
retrovirus-infected Bloom syndrome model mice

Bloom syndrome is a recessive genetic disorder associated with genomic instability that causes Bi-allelic /Cell division \ Bim mutant

affected people to be prone to cancer. The mutant mice for Bloom (Blm) gene showed increased mutation
rate of sister chromatid exchange, somatic recombination and loss of heterozygosity. The Blm
mutant mice enhance our ability to identify tumor suppressor genes, because the tumors derived

from virus-infected Blm mice are more likely to carry viral integrations in both alleles of tumor
suppressor genes through their genomic instability.

@Wm ;e

E2 m EXMDAFIVEERETDIERDZL I, VMIVRAEAZ
BEDEMNEL DTS

EX b OBERREENIS, BEHIME, XRBEREH L ER2BLENFHERICESL
Thd, 7EFILEEENADBRISFICEET, B7EFIVEBEROEEINMNAR
ELTHREEINTNSDIEBIIINETIC, EX M D AFIEEFIEY DEERDOZL (R
BTRY) B DMILABADENELDIEERRL, NADRE - BELICSITDE
2 b2 DAFINEHHDERHZRSMCLTE .

Fig.2 B Most of the genes that encode histone methyltransferases and demethylases
are shown to be the targets of retroviral insertional mutagenesis in mice

Histone modifications have important roles in regulating gene expression and genome function by
establishing global chromatin environments. The methylation of four lysine (K) residues on the
tail of histone H3 (K4, K9, K27 and K36) is regulated by a large number of histone
methyltransferases and demethylases. Among them, most of the genes (shown in red) were
identified as the targets of retroviral integrations, which indicated their important roles in
oncogenesis.

Histone modifying enzymes were found to be implicated
in cancer development
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Lung cancer is the leading cause of malignancy-related death
in Japan. High mortality of lung cancer is due to low susceptibility
to anti-cancer drugs and high metastatic potential.

We have discovered novel mechanisms by which induces
resistance to targeted drugs in lung cancer. We are conducting the
investigator initiated clinical trials to give back achievements of
our basic research to patients. Phase I/II investigator initiated
trials to assess the efficacy and safety of alectinib in lung cancer
patients with RET-fusion gene (ALL-RET) is in progress.

We also performing researches to clarify the molecular
mechanisms of targeted drug resistance in central nervous system,
utilizing in vivo imaging models of several tumor types.

Clinical practice

Lung cancer patients
in advanced stage

Chemotherapy

\Unfavorable response

!

Examination of

RET fusion
% No (99%)
Other therapy
r )y
Yes (1%) Alectinib

Investigator initiated trial
(ALL-RET study)

X1 m RETRISEEZEFBUMIAICHTZZLIFZT
DEEHEBAER (ALL-RET study)

Fig.1 B Investigator initiated trial to treat lung cancer with
RET-fusion gene by alectinib (ALL-RET study)

In vivo imaging models
Brain mets LMC*

Induction of
targeted drug resistance

Identification of
resistance mechanisms

Development of new therapy

*LMC: leptomeningeal carcinomatosis
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Fig.2 B Research for identification of mechanisms of targeted

drug resistance in CNS and development of new therapy
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Ce ntral Faci I ities Central Research Resource Branch was established, so that the
equipment is accessible by anyone and collaborative research can be
carried out. Below is a list of the facilities.

B BEt)VY —5— (B8RS EEEE) Automated Cell Sorter

TEHE R NS0 A3 AME I Lk % 2 2 BRME % 453 %
EMTT, PRITHEETRICL>TWHALLBD
FACS Ariaz 02 2 Lick Y, ok mffilat
M 6mEd oMtz s 2P TE XY,
AR 3 AIRa g, JORITE, i~ —A—XDNAGRZ
El&oTHmd2 I EDMRETT, A%iEEH
Ay MMIEERREE T, #110,000f1ubA Lo
HIETHIEZ N TE, oW Ll zrigd s 2
ENTEBILETY, SHICAKEIT, BIEFEA
MM D & 5 72 T L 7o bl 2 F8 89 2 Ml &Ik
WP BROEHEICHM I ENTEET, AKHE
M, SuEss, FEAEAEYISER B ALY
5 EDRRR BIBFICHH S AT ET,

Normal or cancer cells consist of heterogeneous cell-
populations. The BD FACS Aria, which was purchased in
2005, allows the isolation of defined cell subset(s) from
heterogeneous mixtures. Cells can be sorted according to
size, granularity, surface markers and DNA content. An
advantage of using the FACS Aria is that cells can be sorted at rates up to 10,000 cells/second in a sterile environment enabling the recovered
cells to be cultured. This is also applicable to transfected cells, where onle a small proportion of the cells may express the antigen of interest.
The FACS Aria has been used for a variety of experiments in stem cell biology, immunology, developmental biology, and cancer biology.
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The LaTheta™ CT scanner is designed for small animals
and intended especially for the in-vivo and ex-vivo animal
research. Its extremely sensitive detector allows working
with low energy x-ray source, making possible longitudinal
studies. This CT scanner has been used to monitor tumour
growth and metastasis.
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The DNA Sequencer determines the cloned DNA's base sequence automatically, unlike the old method, it uses no radioactive substances.
The method used here is to distinguish the base by laser from 4 varieties of fluorescence activated substances, in addition, it is also equipped
to read the sequences automatically, and analyze the data. It is frequently used to determine the base sequences of the different human and
mouse genes.
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mHEESL—Y -2+ VBEMEE Confocal Laser Scanning Microscopy
.y

e v — =S (Carl Zeiss LSN510) (3,
S NiEeE A vy ML DEBE OB IR
BAET LI ENHET, ZEROERITO OO
EOTHE2R/NRICHMZZ2IENTEZT, Ar
(458/477/488/514nm) & HeNe (543:-633nm) L' —

BIROMIER A B AR TH L2800, %< Of
AR E ATV ET,

The confocal laser scanning microscope (Carl Zeiss LSM
510) can set the spectrum fluorescence to arbitrary detection
wave length by the slit. The interference with the
fluorescent wave length can be suppressed to the minimum.
Therefore, this microscope resolves spectrally overlapping
emissions under multiple staining. Ar (458/477/488/514nm)
and the HeNe (543 ¢ 633nm) laser are installed in this
microscope. Many researchers are using this microscope
frequently, since it is indispensable for current cell biology.
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Main projects of this branch are as follows.

1) Antitumor effects and mechanisms of 5-aminolevulinic acid-
mediated photodynamic therapy (ENDO)

2) Analyses of biological activities of ADAMTS-1 and the role of
ADAMTS-1 in organ structure and function, and female fertility
(KUNO).

®1 = £ BPFAMROERBEDRE (k)

(A)X—RVYOZDERAIC2xT10EDMRZZER; (B)2THEBIC
5-ALAZERERRS L (C)6B5E# ICLEDERHERE (405nm) ZF L B8
PR EMIRORE #1707z, (D) LEDRFRBE (BB IIZKIA,
REJIEEA) .

Fig.1 B Detection of disseminated MKN-45 cells in peritoneal
cavity of nude mice by ALA-PDD (Endo)

(A) Highly metastatic MKN-45-P cells were inoculated i.p. into nude
mice. (B) 5-Aminolevulinic acid was injected i.p. and mice were
exposed to blue LED light (405nm). (C) Disseminated cells in
peritoneal cavity were easily detected uder blue light. (D) LED lights
(blue light for diagnosis and red light for photodynamic therapy).
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Fig.2 W Proteoglycan cleaving activity of ADAMTS-1, and renal and
ovarian anomalies observed in ADAMTS-1 null mice (Kuno)

(A) Kuno et al. identified ADAMTS-1 proteinase, a prototype of
ADAMTS family members. ADAMTS-1 cleaves aggrecan and versican
at conserved recognition sites. (B) ADAMTS-1 null mice displayed
renal anomalies, which resemble ureteropelvic junction (UPJ) obstruc-
tion. (C) The ovulatory ability was impaired in ADAMTS-1 null females.
(D) Unusual atretic follicles that lost the granulosa cell layers were
generated during follicular development in ADAMTS-1 null ovaries.
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The cancer tissue shows extensive intratumor genetic heteroge-
neity. However, studies to identify genes involved in genetic
heterogeneity during cancer progression have not been performed
due to the lack of animal models. In this research, we aim to
identify candidate cancer genes (CCGs) promoting cancer metasta-
sis using the SB transposon system, which can generate genetically
heterogenous cell population. To validate CCGs identified from SB
screens, we plan to use the CRISPR-Cas9 technique to perform
high-throughput validation in mice.

Our results will give a new insight into the mechanisms to
explain how genetically heterogenous cell population promotes
malignant progression. Also our efforts to identify novel driver
genes involved in cancer progression will help developing new
drugs that target more advanced cancer.
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Figure 2:Mouse intestinal organoids carrying Cas9,
GFP and gRNA (A and B) were trasnplanted to the
. spleen to induce tumors (C and D). Organoids with
Sleeping Beauty transposon mutagenesis were

| transplanted to the cecum. HE staining of the tumor

Selection
x

& —— e

Genetically heterogenous cell population cancer

e

Figure 1:Sleeping Beauty (SB) transposon mutagenesis induces gene
mutations which cause cancer development

showed that adenocarcinoma was developed
¥ in the cecum (E).

L RRATEEE - REI=Y |

Inflammation and Epithelial Plasticit
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Aims and the Projects

We are interested in the relationship between inflammation and
epithelial plasticity in the gastrointestinal tissue microenvironment,
especially in their contribution to tumorigenesis. Specifically, we aim
to study the role of epithelial-derived cytokines in gastrointestinal
immunity, inflammation and cancer, through a combination of
biochemical, immunological and genetics approaches. During this, we
will measure changes in epithelial biology under inflammatory
conditions, especially increases in phenotypic plasticity. Through these
studies, we aim to gain insights on how to manage and interrupt the
chronic inflammation that is a major driver of gastrointestinal cancers.

Pathogens surveillance Tumor immunity/promotion

Inflammation is a double-edge sword.

Acute inflammation is a precisely coordinated
process with a clear end-point. During this, the
tissue microenvironment is conferred greater
tolerance as immune cells are recruited for the
eradication of pathogens. The timely conclusion of
this process is dependent on a switch from pro- to
anti-inflammatory signaling. Persistent infection,
somatic gene mutations and imbalance of
cytokines will result in chronic inflammation, which
is damaging and tumorigenic. For this reason,
chronic atrophic gastritis caused by Helicobacter
pylori infection is the single greatest risk to human
stomach cancer.
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[Research goals]

Mitochondria are pleiotropic regulators in metabolic pathways,
calcium and redox homeostasis, and apoptosis. These diverse
mitochondrial functions are reflected by their extremely dynamic
morphology and distribution in the cells. Mitochondrial quality,
distribution, size, and motility are excellently tuned by their
continuous fusion and fission. Stem cells are special cell population
with self-renewal and differentiation potentials. Healthy stem cells
contribute to tissue maintenance and repair, while tumour stem-like
cells commit tumour malignancy, such as recurrence, drug
resistance, and metastasis.

We are focusing on mitochondrial dynamics in stemness maintenance
as well as differentiation of healthy, and tumour cells.

Mitochondrial shape in glioma

TV A - FHREFMIEDIRTBEE S b2 KU PREG

3D-reconstructed mitochondrial shape in glioma differentiated and stem-like cells
(Modified from Bossay EY, et al EMBO journal 2017)
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Selection of candidate genes

e Signaling receptors N
( Cell death mediators )

. Immune checkpoint molecules "

’/f CTL-resistance genes \\\
‘\\ (Genome-wide CRISPRa screening) y,

(?énes upregulated / downregulated durirl\q
\\ immune checkpoint therapy //’
-

Other studies
(collaboration)

Aims and the Projects

We aim to identify mechanisms that confer resistance to
immune checkpoint therapies on cancer cells. For the purpose, we
perform medium through in vivo screenings using knockdown
cancer cell pools and immune checkpoint therapy models, which
would provide novel therapeutic targets and biomarkers.

Determination of the role in the resistance
to immune checkpoint therapy

/ Immune checkpoint therapy model \

mouse

Medium throughput in vivo screening
(CRISPRi-based knockdown pool)

Receptor A Receptor B
knockdown  knockdown
P Y

@O O
Receptor C  Receptor D
knockdown  knockdown

Identification of therapeutic
targets and biomarkers
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Graduate Students and Research Students
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Research Activities

1. ESIRKEHDFAERFIHAFEM-BEY VIVKEFAMMRIBHRARE S —

AM VI VRIIL

International Symposium on Tumor Biology in Kanazawa Joint Symposium

=] B BIRRZDHEOTIEICHITDAAD
ERMNEOVICERRPMATDO—BDRE
Bz EZBEL, BEYDIVE
I RFENAMNRIERFTEZ 5 — (SNU-
GCRC) h'n, HRTEHMYTL NIV
HENARFEEE VRN LTH R
FafE,
H B E30FE5828H(B)
9:00~17:00
15 i : RRZEZE G
FiFEL 1 91607
A bV NE
@tvIari:
[The effect of estradiol on the
azoxymethane/dextran sulfate sodium-
treated mice model of colorectal cancer:
implication for sex difference in colorectal
cancer development]
Dong-Ho Lee (8E"JVEIIKXZ)
[Epigenetic regulation of epithelial-
mesenchymal transition in cancer cells]
AR B (ERAXZENAEEGHEHATIAN)
[Curcumin inactivates STAT3 through
covalent modification at the cysteine
259residue in H-Ras- transformed human
mammary epithelial cells]
Young-Joon Surh (8E"Y VJVEIKXF)
@tviarva:
[Theranostic Approaches using Sodium/
iodide Symporter in the Management of
Thyroid Carcinoma
June-Key Chung (8EYVIVEILKRF)
[Nanoscale imaging of biomolecules by
high-speed atomic force microscopy!
SH FBX (RARERZMEIRAT )
[TM4SF5-mediated metabolic regulation
for liver diseases]

Jung Weon Lee (2E"Y DIVEIIKE)
®twi3ar3:
[A-kinase anchoring protein 12 (AKAP12)
promotes fibrosis resolution and suppresses
tumorigenesis of the liver via regulation of
hepatic microenvironment|
Kyu-Won Kim (82E"/ D)V EL KF)
[Tumor Microenvironment Revealed by
HGF-MET Targeting Molecular Tools]
WA R (ERAXZHAE R EFAFIRT)
[Adenine Nucleotide Translocase 2 is a
key molecule for [18F]FDG accumulation in
cancer by forming a complex with voltage-
dependent anion channel 1 protein to
recruit Hexokinase 2]
Hyewon Yun (2E"Y DJVEIIKRS)
@tvars:
[Unravel the mysteries of cancer cell
dormancy in brain metastasis]
FH ®E (ZREMKE)
[Cooperativity of E-cadherin, Smad4, and
p53 loss to promote the development
and progression of diffuse-type gastric
adenocarcinoma
Jun-Won Park (£RKZN AKEREFIEHFIFT)
[Novel Structural Insights of Peroxisome
Proliferator-Activated Receptor y in Cancer]
Byung Woo Han (&R KZh' A B Hl 5 i
FTF)
®twvars:
[About canonical and less canonical cell
death induction by natural compounds with
pharmacological potentiall
Mark Diederich (8E"/ VIVEIL KZF)
[Astatine labeled peptides for targeted
alpha therapy and theranostics.]
WM S (RRXZFZMEIRAFTHRE)
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International Symposium on Tumor Biology in Kanazawa 2018

B ERTEILRRBLDIRERION
ARRDEENCDNTTA Ry 3>
IDIEEEHNET D,

BF - FFR30F11826H (B)
10:30~17:00

i : DRRZEZEEGCEE

KIBEH 91507
TJOJ5 4

O SPEVAE

[Regulation of hematopoietic stem cell
self-renewal and leukemogenesis by diet-
induced stress]

HFr #BF (ERRENAERESIEHRTTFT)
[Metabolic regulation of cancer cell fate in
myeloid leukemial

Rk B& (TPAUHDI—DTKE)

@tviarv2:

[Analysis of regulatory mechanisms in
breast cancer-stem like cells by using
spheroid cultures of patient-derived cancer

g
,E—

cells and patient-derived xenograft (PDX)
models]

#EE HBF (ERXENAEEHIEAZIRT)
[Revisiting glucose metabolism in cancer
by a Pkm knock-in model]

HA ER (BEEILINALEY—IHFF)
[Diet, Metabolism and Cancer]

Jing Chen (ZPAUAIE)—KZ)

®twvars3:

[Obesity and cellular senescence: a gut
microbial connection]

R EZ (KBRARZMEDFHAZTRT)

[The senescence-stemness alliance: tissue
regeneration, cancer-hijacked]

Clemens Schmitt (K1Y v v o2 FILT
1y onFEZESY—)
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3. BPAERHIHARR HEFA - HEARARLSRRESS

Joint Usage/Research Center Research results report meeting
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10:30~17:00 BODEERR]
185 P SRRZEANZXRNEBERAZEE Bl Bah (BIUKRZFEERZ AL SHIIRN)
FKigEE 91007 [EGFRZEEN A D7 A FZTABERNE
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Campus Locations
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Kanazawa city
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FHTF+ /N (7920-0934 SRHEZHT13E1S)
Takara-machi Campus

A& REFIEIERT PR
Cancer Research Institute
EEIAAEST

/}%/ Division of Translational and Clinical Oncology
EERHARIE

Division of Medical Oncology

BRF v /NZ (7920-1192 &iRTHHMET)
Kakuma Campus
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Cancer Research Institute
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O@ERERDSDF7UER HLFESE/NZFIADIZE) Access from Kanazawa Station by bus(Hokurikutetsudo Bus)

| J=[EE A
Kakuma Campus
[SRRZBERMEI] NNRETEZT FEN34 5
To bus stop "Kanazawa Univ. shizenken-mae" about 34 min.

EREFAED (RO) ©F5—~ [#RAZ (BR)] 17

Kanazawa Station East Exit ®

e [Kanazawa Univ. (Kakuma) ]

WA+ /52 (BEHEHHATRHE, BENRMAESH)
Takara-machi Campus (Division of Translational and Clinical
Oncology,Division of Medical Oncology)
["NI% (Z/DD)] NZEFEXT PREN 20 5
To bus stop "Kodatsuno" about 20 min.

SRRFARD (BD) QRS- [11] (=858 54
Kanazawa Station East Exit @— - [Toubusyako] etc
SRAFAED (RO OFH— [13] r5aE - EXW 154
Kanazawa Station East Exit ®— [Yuyagahara - louzanl etc

RERTREO(AEQ) OFISE—~ - [SREBEE] 175&

Kanazawa Station West Exit ®— n [Toubusyako] etc
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13-1, Takara-machi, Kanazawa, 920-0934 (Division of Translational and Clinical Oncology,Division of Medical Oncology)
TEL(076)264-6700 FAX(076)234-4527 URL:http://ganken.cri.kanazawa-u.ac.jp/ MAIL:y-somu@adm.kanazawa-u.ac.jp



