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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 Molec-
ular Target Exploration, to be complemented by the Innovative

Cancer Model Research Center.

In 2010, KU-CRI was commissioned by the Ministry of Educa-
tion, 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 2021 Kanazawa University Cancer
Research Institute Outline, I would like to request your continuous

support and understanding.

Kunio Matsumoto
Director, Cancer Research Institute, Kanazawa University




ABE+ /XX
Kakuma Campus

FBF+ /R
Takaramachi Campus




AN
/B

-

Historical Chart

W% FAT  Tuberculosis Research Institute
1940.12. 6

BRERR A TR DAL EFRE IS B § 2 WESE ] D 72 D5 IEE
e H 3 & A7z,
1942. 3 .20

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

SRR R SR FE AL WE T & 20 0 TR O 7 B K R 1 B
T BN Z DI HIITE) 2 HI & U, SRR, MR s
JeMEsED 3 WRFEER ISR & e

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 RAHT IS AR 3l S ufe

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

1949. 5 .31
SIURFHE OREALWITT & 2 > 72, The Tuberculosis Research Institute was attached Kanazawa University.
1963. 3 .18
FRPLFELFNE M A3 FERIRM 2, B2 M 3R AR M S WF R M Two departments were renamed ; Department of Pharmaceutics to Department
MEEI NI, of Pharmacology, Department of Medical Examination and Treatment to
Department of Clinic.
1963. 4.
I /%?flifﬂi*]g Mo s hic, Department of Pathophysiology opened.
1964. 4.

ﬁﬁﬂ?%ﬁl"] D RSPt 3 S AL W FE AT S e 1 2O & iz

1967. 3.

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

Wi PR ] K VB I i o2 23 8 IROTOR SRS B 3R 08 S ufe

= S BN HS BER FT M ER

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

Cancer Research Facility, School of Medicine

1961. 4. 1
[ 24 B0 S T O FERE A W) A T T ) D 72 b B i Ji WE T i 3¢ 05T % Cancer Research Facility was established in School of Medicine for "the
3h, ﬁf‘ﬁﬁﬁ MUEAAL AR M R E S vt basic biological study of cancer". Department of Biochemistry opened.
1964. 4 .
7 A )\/7\413 Mo s hic, Department of Virology opened.
1966. 4. 5

Iy TSR R S e

WA ARRFFT Cancer Research Institute
1967. 6. 1

Department of Molecular Immunology opened.

I3 AN IS 2 B O Z DS OS] & HINWS, AT
& BREAT R I e F e EE RG STERRED AT E &Y,
AN, DAV, TSR, SEAY), NIEAE, HEE
{bsfptik e UM R O 8 WESEHRM ARl & ufe,

RIS IR R e (&, 23 AWFTEIT IR E (SO0 S A7z

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.
i%%fﬁﬂiﬂ Mo s iz, Department of Biophysics opened.
1969. 4. 3

FLEERT TR DO W FTAA SR RN H R S e,

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

1977. 4 .18
AR 2R S 41, AR 2SRRI RIF TS8R 44 D328 TH Department of Surgery opened. Department of Clinic was renamed as
Iz, Department of Internal Medicine.




1983. 3.30
PRt e (o BB OB BRAT) S ONIE D) IR R 3R S e

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

1997. 4. 1
1038 2 3 AR M (14WFFE 8 1> x—cddlL, g+
BE2E, FHRHIGE, SR 0> 3 T M K T8 gy 1A 1 5 51 B % &
E—FHL

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
BEF et o I (3 R~ B B T i B & A & udes The Hospital was merged with the University Hospital.
2006. 4. 1

3 RERM (4R T M) 1 2> X —% 2 KM 2 > &2 —1c Bl
L, DAL RIS EEEEsM, A A REHIEREFEHM o 2 K
TR K O AR TR 2 > & —, 43 TRS %3 A BEJETIE T2 B 76
LA —%EL,

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.

SEREWFTER DWFFEMA SIS H R S iz,

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

2010. 4. 1
2REM2 > 2—% 4T rT MIBHIL, b3ARINLTEF
Tar T b, DAMNRENI T 07T L, A TR
T TS LR ASFENERMIE T 0 2 S kil

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.

2010. 7.

I3 A DR - SEAIVE B A 2 Je B SE ATl sT) & LT X
R AE & D RE S,

BHAERHIEFTFT 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

MABETEIRL, s AT ST (2 SO & e
Je A - LRIl e U CHRE 2 BA L7z,

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

2015. 4. 1
St AT TNV > 2 — D S e,

Innovative Cancer Model Research Center opened.
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Center for Cancer and Stem Cell Research
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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

Director of Tuberculosis Research Institute Hospital

"

n
Director of Cancer Research Institute Hospital
Acting Director of Cancer Research Institute Hospital

Director of Cancer Research Institute Hospital

Molecular and Cellular Targeting Translational Oncology Center

MINAMOTO, Toshinari

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

TAKAHASHI, Morinobu
SAWABU, Norio
YAMAMOTO, Ken-ichi
MUKAIDA, Naofumi
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Core Program

Organization
I 7 G R T
Division of Genetics
_ EBAETVIMIE e 2 —__ | s F O & W % o B

Innovative Cancer Model Research Center

| PABMBE o s T A

Cancer and Stem Cell Research Program

Division of Cancer Cell Biology

L LpBlit et () 4 —F 707 2 v4-)

Division of Epithelial Stem Cell Biology

M e S SR N i A
Division of Molecular Genetics

& % 5y 7 W WEgE ) I

Division of Oncology and Molecular Biology
Lo 7 & kI % w5 o B
Division of Molecular Bioregulation
N U R A

Division of Immunology and Molecular Biology

L DABUNREER e 25 | B @) & W R s W

Cancer Microenvironment Research Program

| AN TFENER a5 6 | JE

Cancer Molecular Target Exploration Program

Division of Tumor Dynamics and Regulation
LI 5 # 2R Yo oF 5T o B
Division of Tumor Cell Biology and Bioimaging
¥ 7 F v s & WF 5 o WP
Division of Molecular Cell Signaling
I N
L_Bm”r /37 AW N 0

Division of Translational and Clinical Oncology
Division of Functional Genomics

| DA TERNERME e 7S A @ % N B OB K o 57

Cancer Therapeutics Development Program

1 g = P NN

Strategic Program

L ol Sl

Central Research Resource Branch

AN M EHE K S e s T A

Creative Human Resources Development Program

4k I WE 92

Collaborative Research Support Program

e L L P R = B A VA
Global Network Program

=3 HIR

R A= N A AN

Division of Medical Oncology

BRI RE 2= I (P)
Inflammation and Epithelial Plasticity

L WA - SR EAEI 2=y s (PD)

Cancer-Immune System Interactions
| AR BB L = (5 T-PD)
Microenvironment Regulation in Cancer Stem Cells
L Shar Ry 7EEL =y (@ FP)

Mitochondrial Dynamics in Stem Cells

b DA N> 2
Human Cancer Tissue Bank
YU AFED AN 2
Mouse Carcinogenesis Model Tissue Bank
L b Adilliatks s> 2
Human Cancer Cell Line Bank
| HARBE - IV Y =12y b
Cancer Chemical Biology & Drug Discovery Unit
| il PR S A
Pre-clinical Research Facility
L R A R

Clinical Research Facility

b WA R

eneral Affairs

Ei

Senior Director

Director

Vice Director

Research Cooperative Affairs
i R

Accounting

Wk 92 W 71 %

i

B B

Number of Staff

FHSLETH 1 HBHE

£ HEZUR il b # al FHEZE Aol
Professors | Associate Professors Lecturers Assistant Professors Total Professors Grand Total
10 9 0 19 38 3 41
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Innovative Cancer Model Research Center

mEEBGEMRRASE Division of Genetics

HEARE IEf #HEXE & R AL IR BEBNZL
Professor Associate Professor Associate Professor WANG Dong (F/##58)

OSHIMA, Masanobu OSHIMA, Hiroko NAKAYAMA, Mizuho Assistant  Professor
WANG, Dong

B S FREMRSE  Division of Cancer Cell Biology

\
iR Bk AT UESQic] & =2 BE AN RA
Professor Assistant Professor Assistant Professor

GOTOH, Noriko NISHIMURA, Tatsunori TAKEUCHI, Yasuto
MBI E TP

B FRREHRMARESEF Division of Epithelial Stem Cell Biology

£2

BEHE 2@ S i VICTN
NICHOLAS, Barker Assistant Professor
Visiting Professor MURAKAMI, Kazuhiro
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BHEHFEERRE

BEIS AR AT T, HBARKEDA L EDIH
{EER D ADFEA I L O L %2 3583 2 LY F I A A
ZZLOMHEHIELT, HH Y AERTARA N ) A
RZHOEBE T V2REL, 202 TR O
Tuyz s M ERHEHEL T E T,
(p53 BIZFEEIC KX DI FEEHKIE]
DA TN % pE3 WA FERDZ {1E, I Ak
ZMRTHY, 7 BBEE L7 Z R p53 (3Hi /12 F
ABEREZ 159 %  (gain-of-function, GOF), & EE €
TIVD Apct716 <z o 212 R270H % D p53GOF £ ¥ 7% X
AL 7TV 2 920 L, GOF & 5cn 2 T ipA 5
pE3Ela T LOH IC X Y KT % &, MAMBOLEFR
ra—= 7Rz L, MR RIPEBEES S 2
L %k L Z L 7 (Nakayama M, et al, Nat Commun,
2020)
(EEMNZHRMEEIFDORY 20— )VinistEiE]
JRFEHD BRI B hE 7 D3 AT CRER - 2 AT EE [ A3
HFEERR B 5, R Z2a—Figis] oMEssi
B3 Lic, MUEDRL ANV /A R HoBib
ETFNVIEBRICE Y, EBYY T 7 a— 2R B RRENE
= Fh, HET 2 IO A 7 L B 2 e L,
AV 7a—FNVEBRZBNT 2 2 # LN LF L
(Kok SY, Oshima H, et al, Nat Commun, 2021)
(BFEEEEMICLDMHEZE Nano BE1f]
KRIGDATEE & B ZFHE S 2 R I A N—EETFE2EA
L7zA A7 /) A4 RillaoMiamntEd 2, w14 4
T EE (HS-SICM) % H VT L 7cA5 9L, 58
HE 2 A5 L7203 AR RN 2 -/ LSOV OREEY & )
MRS 0N ZH 502U F LAz (Wang D, et
al, in preparation)

X1 m p53 GOF/LOHZERIC L DEB e ERE

p53 EEFDHEEESBSE (GOF) ZEIS, METRBEFEL, oI
LOH ICKWB 4R pb3 EnFEREIDE, MREFEI/O—Z
THBDTEICLWUEBRERNEESIND,

(Nakayama M, et al, Nat Commun, 2020 £"J3I|FH)

Heterozygous p53 GOF mutation induces submucosal invasion, and additional
loss of wild-type p53 by LOH causes increased cell survival and clonal prolifer-
ation, which further accelerates metastasis.

(modified from Nakayama M, et al, Nat Commun, 2020)

B2 m EBMYToO0—-2IC&BRY Y O0—F Vi

TS AKTP #ife &, FEERISME AP #HiBah' O 2 X & —%&Hm L ChF
fEICEES D&, AKTP MIRAFER LGS —y FA'EETD AP
HROEEFEBEAEREL, R VO—FIVEBREZEKT D,

(Kok SY, Oshima H, et al, Nat Commun, 2021 £W3IA)

When metastatic AKTP and non-metastatic AP cells are co-disseminated to the
liver, AKTP cells induce fibrotic niche generation, which support survival and
proliferation of AP cells, leading to polyclonal metastasis.
(modified from Kok SY, Oshima H, Nat Commun, 2020)

Aims and Major projects

The genome analyses identified driver genes for gastric and
colorectal cancer. We have constructed novel mouse models and
tumor-derived organoid transplantation models to examine the
mechanisms of development and metastasis of gastrointestinal
cancers.

[p53 mutation-induced metastasis]

Most p53 mutations in cancer are missense-type, resulting in
oncogenic mutant p53 protein, known as gain-of-function (GOF)
mutation. We have introduced R270H GOF mutant p53 in Apc?7'
intestinal tumor model, and identified that loss of wild-type pS3 by
LOH in addition to GOF mutation accelerates liver metastasis
through increased survival and clonal expansion (Nakayama M, et
al, Nat Commun, 2020).

[Polyclonal metastasis mechanism]

In the concept of polyclonal metastasis, cell clusters are
detached from the primary site and develops genetically heteroge-
nous metastatic lesions. Using the mouse intestinal tumor-derived
organoids, we found that malignant metastatic cells can generate
fibrotic niche in the liver, which support survival and proliferation
of non-metastatic cells within the same clusters and develop
polyclonal metastasis (Kok SY, Oshima H, et al, Nat Com
Commun, 2020).

[Polyclonal metastasis mechanism]

Using the high speed (HS)-scanning ion conductance micro-
scope (SICM), we have analyzed cell surface topography and
physical properties including stiffness of intestinal tumor-derived
organoids, and identified metastatic cell-specific mechanical
characteristics (Wang D, et al, in preparation).

Loss of wild-type p53

— | stem cell signature
p53++

p53Nul

Single cell survival

P53.00Fand LOH Clonal expansion

p53+/GOF P53COF/LOH
@ | Inflammatory pathway ¢
o Growth factor/MAPK pathway -
submucosal
invasion

metastasis

primary tumor arrested cluster

s i@%@ﬂ activ;‘t?g
T ~

4 HSC
AKTP ﬂﬁ‘w’ j% activation

A TR s >
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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
(PDXs5).

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) RTKs 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.

1
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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 Major projects

We aim to elucidate the mechanisms of self-renewal regulation
of Lgr5 positive epithelial stem cells through generation of the
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 to proceed the regenerative medicine
utilizing the regenerative capacity of tissue stem cells, and the
drug development for cancer prevention and therapy by suppress-
ing the Lgr5-positive stem cell properties.

[World’s first identification of Human Gastric Tissue
Stem Cells]

The identity of the human stomach stem cell population had
been unknown owing to a lack of surface markers.

We used comparative profiling of LGR5+ stem cell populations
along the mouse gastrointestinal tract to identify, and then
functionally validated, the membrane protein AQP5 as a marker
that enriches for mouse and human adult pyloric stem cells. By
using newly generated mouse models, we showed that stem cells
within the AQP5+ compartment are a source of WNT-driven,
invasive gastric cancer in vivo (Tan SH et al., Nature, 2020).
[Identification of novel genes that determine the stem-
ness of gastric tissue stem cells]

Detailed analysis in vivo is difficult, therefore the molecular
mechanisms underlying the stemness of gastric tissue stem cells
have remained a mystery. By using organoids that mimic tissue
structure and function in vivo and GeCKO screening to inactivate
arbitrary genes, Alk, Bclaf3 and Prkra have been identified as
genes regulating stemness (Murakami K, Barker N et al., PNAS,
2021).

H1 m AQPSIGMRISH ARMIREDOMEEZRT

Wnt 2 JFIURBEDEEICE D TELDMBENADERIC, B
BERNRKES LTSI EERONILE.E DI, ZEDER
L7z AQPS IZ14#EEEMRRlE, BAARMERE L TRDE DI ELH
SHhIZ U,

(Tan SH et al., Nature, 2020 £WJ5IA)

We clarified that tissue stem cells are deeply involved in the development of
early gastric cancer caused by activation of the Wnt signaling pathway. Further-
more, it was revealed that AQP5-positive tissue stem cells with accumulated
mutations behave as gastric cancer stem cells.

(modified from Tan SH et al., Nature, 2020)

K2 m Alk, Bclaf3, PrkraldBiiEstansmpdts
RETDM-BEEFTHD

Ak IZ GSK3B &) gt e D2 ETAZENLL Wnt &0 F )L %&HH
95,—57C, Bclaf3, Prkra i34 >&Z—0O4F2 11 (IL-11) KV
23(IL-23) OEBRMFEIZEL T, B LRMRDIEIEICYA] Reg &
EFORBREZAICHIETD,

(Murakami K, Barker N et al., PNAS, 2021 &W3IB)

Alk destabilizes Gsk3f by phosphorylation, thus suppressing Wnt signaling. On
the other hand, Bclaf3 and Prkra negatively regulate Reg gene expressions that
are essential for proliferation of gastric epithelial cells through suppressing the
expression of interleukins 11 (IL-11) and 23 (IL-23).

(modified from Murakami K et al., PNAS, 2021)
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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.

&
S S
Quiescant _ Cycling
HSCs _ Progenitors

Quiescent Oxidative stress .
Nutrition
4, == cyeling — — ) — —
Microenvironment . @@ m
(Niche) N ? i,
! ED

DAPI

Target molecules
W Stress response

m Cell cycle

W Survival
mTORCL ) S
etc.

Hematopoietic Stem Cell

P

Miyamoto K,

Nuclear  Cytoplasmic Cell Stem Cell, 1:101,2007
localization  localization

Fig.1 B mTOR and FOXO pathways in quiescent hematopoietic stem cells
B1 m gEESMEMREICESITSMTORB LU FOXORRER

niche
Qo —

—
Self-renewing

FOXO activation in CML stem cells

Non-

CMLstem  CML stem

Naka K. et al. Nature 463, 676-680, 2010

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

3 = AmFEEMRICEHITDMTORESHHEE

Gut Microbiota g™

High Fat Diet

Dysbiosis
Spred1 \

Y ; ERKH4
> Tumor
ROCI_( ERK> ROCK f Suppression (-)

Self: Tumor

Renewal Suppression (+) Aberrant
+ Self-Renewa

- ST dpoer
Normal Hematopoiesis " Beioa  MPNAke Anemia

Tadokoro Y. et al. Cell Stem Cell, 2018

Fig4 B Spredl as a safe%luard of hematopoietic homeostasis
against high-fat diet

X4 m Spredl: BEEMHRERZ FLRICH L THllAZTHHTF




BB FEMFIRATE

FIETNTOBAIY 7, RBL DA S T
MA—RTEXEOWHRICTLV—F2hF5T L
& o THERMRULET2MEL 3 (1), 7,
RB1 ZD & DDREN LT L L ICX>THVALE
L@ Lzo L3 (K2, 4k, RB1 Ok
%ﬁﬂ%éhtﬁuﬂ:éﬁa@ﬁ%}*ﬁmﬁﬁﬁ,
B 20 &) O B 2 5E NG 2 L ik >
T, DADBEMEER SN2 k2 AELTEFE L,
ZOFER, RBIDVEIMEZ2DBAL IM R o]
SIS T T ZEZ2 L I VEVIEZLZRHDIC
2 F L7,
@ RB1 #EEZRIFLTLDIHADIKER
FIETRTODBAILT ZF VG, DEYA 2D D%
BHERETEI Lo TH A2 VRIEESF F—F
(CDK) #toof % #i&, RB1 0 /) Vb zHE, &
s, 14 oY) gkl & 2 RB1 O BRE#M D5 X
FERVET, ChEFTHASATS A FENE (
Vo, ZUNRy T NI AFZTRE) F, ALY
TFNEFEPTTAY I TEHDTT, A2BSEAL
TW3 D%, CDK4 & CDK6 D % [l 12 FHLE 3 5 3
#lIT¥, cAud, RBIDE/ Y UBbAHET2 2 &
iofﬁ&l@ﬁhﬂ%%%%ﬂ@%é%i?oOi%
WAL T FNOREGE R B2 T 12 & > THA %R
TR0 TT, EITEDORIVE ARETERL S AT L
RFEH RS HNTWT, RIVEOMH & 2558 5 3
T 5 2 & & o TEHALAE (DFS) # 2 Fcﬂ:
EET22E0MEPALATVFE T, 2
CDK4/6 B3 7l i JT A % i BEic, AR A0 S o0 26 4l 7
2 TR & NI ORI 2 L & 5 & LT 25,
@ RB1 #aEEEL L =N ADIRBE

CHEF 20 EFCTHIE LT & F L7z, RBI 1%%?1::
PRLTLEICL 5T, MIEBEE TR T 2 7220
?&ﬁ,&mﬁﬁmyﬁ+Wﬁ%ﬁ§hé:t%,@w
A (R, TRES R PIEEM/NEREL O R H3
REC D, DAMIEOEGFEIELELI D L 250
WWLELZy TRETICHRDTFRBL STV D
D FREEENE LTS v Fax—bLTEY T,
i, RB1 HERESE L & nlﬂZﬁ(ﬁE‘l&%ﬁ“\‘?‘Amora A/B,
CHKI1, PLKI ZZE Dy FIcbEHL TV T, 7,
RBI E{E TR % Gt ) MREICEXATNS ZLIC
Lo TRYT 2 SUCLA2 LW S REGEIETICH B H LT
W $ 9, SUCLA2 % RE U EITHINIIR DS A Z RT3
R ZBHFEL T E T,

We have been investigating the ways to control the malignant
progression of cancers by analyzing the molecular mechanism of
various phenomena that occur when the RBI1 function is
suppressed. As a result, we came to the idea that it would be better
to consider treatment methods for cancers those RB1 is still usable
and those RBI is no longer usable.

® Almost all oncogenic signals enhance the function of
cyclin-dependent kinases (CDKs) by elevating the expression of
D-type cyclins (Figure 1). This consequently induces RBI
mono-phosphorylation, which triggers full phosphorylation.
Synthetic CDK4/6 inhibitors block RB1 mono-phosphorylation
thereby revive RB1 functions to suppress tumors. We are trying to
elucidate the detailed molecular mechanism of the efficacy of
CDK4/6 inhibitors and the intrinsic resistance mechanisms in
consideration of the expanded application.

® RBI deficiency in mice can induce various tumors (Figure 2).
We previously reported that loss of RBI function not only
promotes cell cycle progression, but also enhances Ras oncogenic
signal and remodels intracellular metabolism and tumor
microenvironment to facilitate cancer cell survival. We are
currently focusing on a metabolic gene called SUCLA2 that is
co-deleted upon genomic aberration involving RB1. We are
developing a new drug to treat advanced prostate cancer that lacks
SUCLA2.
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Fig.1

All oncogenic roads lead to suppress RBI functions.
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Brain tumor (left) and liver cancer (right) induced by inactivation of RB1 function.
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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

¢. Enhancement of tumor cell motility

d. Induction of production of bioactive substances by tumor and stromal cells
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Fig.2 B 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.
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Meanwhile, recently, it was revealed that dying and/or dead cells
release a variety of inflammatory factors. Because many cells were
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Fig. 1 @ 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 B Tumor therapy model by inducing pyroptosis. £ 120 - MDP
Pyroptosis is a non-apoptotic inflammatory programmed cell death. We established a model % 100 * ‘
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 60 -
CLC12N2 (but not COLO205) tumor implant in nude mice were rejected when pyroptosis was |2 i
induced by intravenous injections of MDP (arrows). gg
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HGEF (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, i.e.,
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.

| Cancer Progression |
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lung cancer, etc
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/ Artificial HGF
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..... by cyclic peptides:
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medicine
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HGF-METRBEISBEARICDEND—F, HCFEEIIERR - ERIFNIEAEZ DR - ARICDEND,

Fig. 1 @ Two-pronged roles of HGF.

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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Division of Tumor Cell Biology and Bioimaging
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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

E1 m Safe haven : fIHRZEEIMMEDER & 75 D455 EEEM/MRIR

BRAF Z8%H9 5 A5/ —VH#if2I3BRAF [BEEFIOY L CRELINEEZRY . &IBN—MOMBISTEHMITEE S N/ fEE &R S M h
BRI DB AM/NMRIE “safe haven” ICLKDTTFON, ZORBICHNTERGIBIEZMEL TS, DX DEFHREH/INRIRIIEER BT EE
ISR SN, EEEEOBHELOTNDENDEEXSNTLVD, Scale = 100 um

Fig. 1 B “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
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Division of Molecular Cell Signaling
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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.

1 = MAPK AZ%7—R® invivo ICHITDEE], RU
BIBY NIBICELBF T —EEEBDRRK

MAPK h 24— RISHIRADIESE, 71b, RUTPR—SZUTBNTER
BREZIEOT\D, BI5EYV/NJHEIE, MAPK HRT— ROEERRE
B Tdhd MAPK, MAPK #7—1 (MAPKK), KU MAPKK #7—
T (MAPKKK) EEEHZFRT D2 EICKY MAPK HRT— RODFFE
MZRIFIDEEAOND,

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

v

cell fate: proliferation
differentiation
apoptosis
HILPD&E contrast caspase-3 DAPI

FNEHEENADRBREAF THD LTI SHDONTIVD LIRS
EICBE Y DMARISBNNIITONTIVDA, EIMINBIIEMTHY,
FLNIVTOHREEBRICISE STV ENH2 L, ILP BEFREYD
ZDEH - B, BXUAEEY—ZRANWCERRBREZZT,
JLP-p38 MAPK LT 7 LAZE&I3ES R B (UVB) FEBM 7R b— U
BNWTEELHREZEBSEZ2RELUT,

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/p-catenin signaling

(2) Glycogen synthase kinase 33 (GSK3[3)-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.

1 ®m RNA RS2 ZEFCRD-BPIEMRNAD
REMZIEEL TWnt, NF- k B, c-Myc
&hedgehogiRig ) 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).

CRD-BP integrates multiple oncogenic pathways in cancer
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Glycogen synthase kinase 3 8 (GSK3 f) 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 GSK3 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
in the initiation and progression of cancer

3) The role of long non-coding RNAs in malignant progression of
cancer

4) Relationship between RNA methyl-modifying factors and
malignant progression
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Fig.1 W Efficient isolation of candidate tumor suppressor genes using

retrovirus-infected Bloom syndrome model mice
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Bloom syndrome is a recessive genetic disorder associated with genomic instability that causes
affected people to be prone to cancer. The mutant mice for Bloom (Blm) gene showed increased
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.
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Histone modifying enzymes were found to be implicated
in cancer development
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Fig.2 B Most of the genes that encode histone methyltransferases and demethylases ,:, T R /)| s EE: = §§E§ sovias

are shown to be the targets of retroviral insertional mutagenesis in mice
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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.
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HDAC inhibitor is a drug for cancer Kom7a  PHF2 FBXL11
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Drug resistance is the major obstacle of cancer therapy. Drug
tolerance is the basis for acquired resistance, and its mechanisms
still remain unclear. Our researches focus on clarifying
mechanism of targeted drug tolerance/acquired resistance and
circumvention of the tolerance/acquired resistance in various
types of cancers with driver oncogenes.

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

Targeted drug therapy
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Fig.1 B Research for identification of mechanisms of drug tolerance and
acquired resistance and its circumvention
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Fig.2 B Research for identification of mechanisms of drug resistance in CNS

and development of new therapy
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Central FaC||it|es 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.
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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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The confocal laser scanning microscope (Carl Zeiss LSM N\
510) can set the spectrum fluorescence to arbitrary detection ﬁ \
wave length by the slit. The interference with the 2
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 = A
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).
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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 B 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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Creative Human Resources Development Program
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Inflammation and Epithelial Plasticity
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Cancer-Immune System Interactions

IR
VOON, Dominic Chih Cheng

Associate Professor
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Microenvironment Regulation in Cancer Stem Cells
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Associate Professor
TSUCHIYA, Kohsuke
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Mitochondrial Dynamics in Stem Cells
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Assistant Professor

TAKEUCHI, Yasuto
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Assistant Professor

KASAHARA, Atsuko




L RRREEE - REIA=Y |

B EHARRRE
AWFFRETIE, WML SO B N R BRI B -
T%, RAEME RO EIEICOW TR %2> T
Wh, R LM S EE SR BIL23AICHEHL,
IL23ADIGE 0%, RIE, IEETZIEANDOBENDUOTHENT L,
RIEG MB35 Efiiozeft, R RBBon B
WDOWTHEALTW S, ZOMRZEUTHLERPA DT
IR E 18 R AEZ G2 2 HEE LT 5,

Pathogens surveillance

Tumor immunity/promotion

Primary Tumor
ROS
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Acute inflammation Chronic inflammation
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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.

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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Aims and the Projects

In multicellular organisms, cell death does not simply mean the
end, but can serve as a starting point for new signaling networks.
Pyroptosis, a form of necrotic programmed cell death, is accompa-
nied by the release of intracellular inflammatory molecules,
induces inflammation, and activates the immune system. Inflam-
matory and immune responses elicited by pyroptosis are thought to
have a significant impact on anti-cancer immunity. This unit is
focusing on the gasdermin family molecules, which are the
executioners of pyroptosis, to elucidate their activation mecha-
nisms and their roles in the tumor microenvironment.

Water
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“Identification of novel proteases that cause pyroptosis” “Impact of pyroptosis on the tumor microenvironment ”
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Molecular mechanisms of pyroptosis and its role in the tumor microenvironment
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Aims and Goals

Accumulating evidence indicates the presence of cancer
stem-like cells (CSCs) in many types of tumors. They are defined
as cell populations which have self-renewal ability and
multi-differentiation capacity, and have been thought to contribute
to tumor initiation and recurrence. Stem-cell properties are thought
to be maintained in the CSC niche that is the tumor
microenvironment surrounding CSCs. Therefore, our final goal is
to identify key factors regulating the interaction between cancer
stem-like cells (CSCs) and their niche.

Initiation stage
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Cancer cells or
Cancer stem cells
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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 contin-
uous 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
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3D-reconstructed mitochondrial shape in glioma differentiated and stem-like cells
(Modified from Bossay EY, et al EMBO journal 2017)
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REEE (BEEERZME) (Hifir : 1)
Settlement of accounts for Each Year (Subsidy from the National Government) in thousand yen
X4y Item SR 28 AR E SER294E S SRS 04FE FHITTAESE AHI2AEE
HE A4 Subsidy from the National Government 584, 800 539, 525 498, 004 507, 855 513,654
BN Nt # Personnel Expenses 451,496 404,750 369, 283 404,442 385, 923
Ttems | wypt#6%  Other Expenses 133, 304 134,775 128,721 103,413 127,730
MEMABEMPE (A T
Grants-in-Aid for Scientific Research in thousand yen
R | SFR284E SRR 294EJE SRS 04F TR B2
I FimEE| PR e | R e | RE0) S | fREG) a0 | RE e
R E FEBR I SE
Grant-iE-Aid for Scientific Research on Priority Areas 0 0 0 0 0 0 0 0 0 0
R R IR AT 5T
grant—in-A}’d for Scientific Research on Innovative Areas 4 34,450 5 35,100 4 30,680 0 0 ! 3,120
SEWETE (A)
o . Seientifc Research (A) 2 | 20,800| 3 | 36270 3 | 36660 3 | 36270 | 2 | 22,230
LRSS (B)
i P, 4 | 22620 5 | 21,450 | 4 | 25480 | 7 | 42,250 8 | 43,290
SAMwE5E (C)
o ) Scientific Research (©) 12 | 19,370| 13 | 21,060 | 15 | 23660 | 16 | 24,570 | 20 | 30,420
PRI 25 F 52
Grant-in-Aid for challenging Exploratory Research 3 4,810 1 910 0 0 0 0 0 0
AR (5 2F)
Challenging Research (Exploratory) 4 13,650 5 15,600 4 13,390 3 9,100
i FHEE(S) (H19~)
Grant-in-Aid for Young Scientists (S) 0 0 0 0 0 0 0 0 0 0
i e (A)
Grant-in-Aid for Young Scientists (A) 0 0 0 0 0 0 0 0 0 0
i FWr7E (B)
Grant-in-Aid for Young Scientists (B) 12 24,959 10 18,590 7 12,480 0 0 0 0
i T
Grant-in-Aid for Young Scientists 5 11,700 9 15,080 9 17,550
WFSEHEI A 2 — b 2%
Grant-in-Aid for Research Activity start-up 2 2,730 2 2,730 1 1,300 2 2,860 2 2,860
RTS8 A2 il 2
LC s T e 1 L170 | 3 2,940 | 4 3,804 | 1 1,040 | 0 0
] L ] 52 0 e <2
Fundeor thz Promotion of Joint International Research 0 0 0 0 0 0 0 0 0 0
Bt - KRB AR 70 7 7 A
Funding Program for Next Generation World-Leading Researchers (NEXT Program) 0 0 0 0 0 0 0 0 0 0
HEl Total 40 130,909 | 46 152,700 | 48 161,454 | 42 135,460 | 45 128,570
x MR 2 Bt
SNEE = (efir : )
Other Funds in thousand yen
RS K28 4F S 294F PR3 04FE FHITCAESE 24
WryeiEH T8 Bkl 5 Bk 5 Bk 5 Bk 5 Bl
Zatitoe 11 355,400 10 408,031 208,623 186,055 7 136,214
Rt 1 2,600 1 2,400 2,510 0 0 0 0
fifi B <& 1 9,000 1 9,000 2,000 0 0 0 0
RIS L DL | 2 4,360 2 17,000 4 3,489 4 10,482 3 23,847
M <& 29 36,753 | 28 29,080 | 24 22,935 19 19,170 16 15,040
et Total 44 408,113 | 42 465,511 | 40 239,557 | 32 215,707 | 26 175,101
x MERER 2O L
tith - 4
Land and Buildings
X WrFEs
S A 894m
AYERER | SkEF a7 ) — b (6F)5,072m
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Graduate Students and Research Students
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International Symposium on Tumor Biology in Kanazawa 2020
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[Molecular and cellular dynamics in
biological regulation and regenerative
medicine]
ER #F XA
SR F AR
[High-speed atomic force microscopy: a

R FTrR/ 7/

forceful tool for molecular biophysics]

Simon SCHEURING (Weill Cornell
Medicine)

[Toward understanding transcriptional

events deep inside the chromatin jungle]
B T (B AERFIEMRIIRR/ -/ £
FHRFTFT)

[Two-parameter, single-molecule-tracking

assessments discriminate diverse

regulatory factor behaviors in chromatin|
Kenneth S. ZARET (University of
Pennsylvania)

[Promise and impact of organoid medicine]
Takanori TAKEBE (Tokyo Medical and
Dental University)
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[Chemistry-Driven Challenges: from
Molecule to Nano/Microscalel

ER #WMHF 8 (F/LooBZ5TRN)
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[Supramolecular Assemblies of Pillar[n]
arenes for Molecular Separation,
Artificial Water Channels and Biosensor
Applications]

dH & (REKXZF)

[Printed Nanofilm to Engineer Bioelectronic
“Second Skin” |

B BE RRILEKXRS)
[CUBIC-HistoVlsion: a versatile three-
dimensional whole-organ/body staining
and imaging based on electrolyte-gel
properties of biological tissue]

Mg HE GRRAZ)
[New Dimensions of Porous Coordination
Polymers/ Metal-Organic Frameworks]
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[Nano-scale approaches to physiological
and pathological phenomenal

ER R#E B8X (F/SomBEM5mm)
[Autophagy regulation by liquid-liquid
phase separation|

BFH RE (MEMICEHRITET)
[Single-molecule visualization of intrinsically

disordered rett syndrome protein, MeCP?2
by high-speed atomic force microscopy!

&F BE (F/EmRZmREr
[Probing and characterizing nano-bio
interfaces by scanning ion conductance
microscopy]

B8 S (/&M ZFTTE)
[Facilitating nuclear delivery of
pharmacological nanoparticles by
interfering with the selective nuclear pore
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barrier] technique by advanced multi-photon laser
Victor SHAHIN (University of MUnster) excitation microscopy]
@tvara: S R (BEAF)
[Imaging approaches to explore cancer [Developing novel probes for in vivo
biology! molecular PET imaging of cancer
ER KB IE# (WAEESMARERR/+/ immunotherapy]
Ean B FZ AT Ann-Marie CHACKO (Duke-NUS Medical
[Real-time intravital characterization of School)
non-classical monocytes in cancers] [Polyclonal metastasis of colorectal
Keehoon JUNG (Seoul National cancer]
University College of Medicine) ARE Il (W AERSIERTTRT/ +/ £kt
[Development of in vivo cancer imaging FHRTTFR)
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[Glioma stem cell 12 #J # Boron Neutron
Capture Therapy &34 D #F EZRR |
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Campus Locations
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Kanazawa city

JtRERE) S E
(O

£IRFAIC

EHF+ /N (7920-0934 RHEIT13E1S)
Takara-machi Campus
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Cancer Research Institute
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Division of Translational and Clinical Oncology

EEANHARSET

Division of Medical Oncology

ABREF T /N (7920-1192 &RHAMET)
Kakuma Campus
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Cancer Research Institute
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Q@ RERDSDT7 IR (HLEEHE/NIFIADIEE) Access from Kanazawa Station by bus(Hokurikutetsudo Bus)

| J=[EE R ZAv
Kakuma Campus
[SRRZERIAFI] NRETEXT FIEHN 345
To bus stop "Kanazawa Univ. shizenken-mae" about 34 min.

BRERFAEO (RO) ©FH—~ [&RXZ (BRA)] 17
Kanazawa Station East Exit ®

- [Kanazawa Univ. (Kakuma) |

W=E++ N2 (EEFHEHATIE, EERRMAESE)
Takara-machi Campus (Division of Translational and Clinical
Oncology,Division of Medical Oncology)
[/NII%F (Z72DD)] NZETFEEXT PRIEN 20 5
To bus stop "Kodatsuno" about 20 min.

SRRFARD (D) QFF— [11] [5805m8] 56
Kanazawa Station East Exit @— [Toubusyako] etc
SRRFAED (ED) OFS -
Kanazawa Station East Exit ®—
SRASREO (ED) OF 5
Kanazawa Station West Exit ©®—

eEaR - EXW] 178&
[Yuyagahara - louzanl etc
[EREREE/E] f776&

[Toubusyako] etc
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13-1, Takara-machi, Kanazawa, 920-0934 (Division of Translational and Clinical Oncology,Division of Medical Oncology)
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