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Preface

The Kanazawa University Cancer Research Institute (KU-CRI) was
established in 1967 as the only institute solely dedicated to cancer
research among the Research Institutes and Centers of Japan Nation-
al Universities. Over the years, our institute has made numerous
pioneering contributions to the fields of basic and clinical cancer
research. Our mission is to play a role in establishing a healthy and
long-lived society by overcoming cancer through the integration of
research findings with the advancement of sophisticated diagnostic
and therapeutic technologies.

Cancer represents a significant health challenge in modern society,
affecting numerous individuals. In particular, the malignant
progression of cancer, such as distant metastasis and recurrence due
to drug resistance, is closely related to the decrease in survival rate.
Consequently, understanding and controlling these aspects is
considered essential for surmounting cancer. Recent advancements
in genome research and data science have furnished a comprehen-
sive repository of gene mutations and abnormalities in gene expres-
sion associated with cancer, greatly facilitating personalized
treatment by enabling the selection of appropriate therapeutic drugs.
Nevertheless, deciphering the molecular mechanisms underlying
malignant progression remains an unresolved challenge. To achieve
a more profound comprehension of cancer progression, we have
arranged our research organization to focus on the areas of “cancer
stem cells, ” “advanced cancer models,”
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cancer microenvironment,
and “molecular therapeutic targets,” and are engaged in cancer
research from novel perspectives. Recently, our focus has extended
to integrative research, spanning interdisciplinary fields and innova-
tive technologies, to broaden and enhance our research scope. By
means of these organizations and collaborations, we aspire to enrich
our efforts to clarify the mechanism of cancer metastasis and drug
resistance, accumulate innovative basic research achievements, and
reinforce our scientific proficiency. In addition, we actively pursue
translational research such as drug discovery and clinical trials
based on our basic research, with the objective of ushering in a new
era of cancer treatment that aims for the complete eradication of
malignant diseases.

KU-CRI has been designated by the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) as a Joint Usage/Research
Center on “Metastasis and Drug Resistance”. We are devoted to
conducting advanced collaborative research with distinguished
cancer researchers both domestically and internationally, as well as
fostering networking within the cancer research community. Our
institute comprises foreign faculty members and actively enrolls
foreign students from overseas, with the mission of cultivating
globally engaged professional scientists with outstanding research
skills and creativity. Additionally, starting in 2023, the “Establishing
a collaborative intelligence platform towards extending healthy life
expectancy” project was launched with support from the “MEXT
Promotion of Development of a Joint Usage/Research System
Project: Coalition of Universities for Research Excellence Program
(CURE)”. Collaborating with IDAC of Tohoku University, RIMD of
Osaka University, and IAB of Keio University, we are establishing
an interdisciplinary research hub, "Healthy Life Span Science," and
promoting endeavors to bridge research outcomes with societal
implementation by enhancing flexible collaboration and cooperation
on an organizational level extending beyond researcher partnerships.
KU-CRI will continue to promote the activities as a core research
center to contribute to the future development of the cancer research
community. We would be deeply grateful for your continued
understanding and support towards our activities.

Takeshi Suzuki

Director, Cancer Research Institute, Kanazawa University
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Historical Chart

W% FAT  Tuberculosis Research Institute
1940.12. 6

BRERR A TR DAL EFHE B § 2 WESE) D 72 D5
fise A3 & iz,

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

1942. 3 .20

BRBERII IR A AZWETE T & 2 0 TR D T B e O e s B
T B EEN NS Z DI HIITE) 2 HI & U, SRR, MR s
JeMEsED 3 WRFEER IS IR & e,

1947. 7.3

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".

SR RAHT I AR 3l 3 S i

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

1949. 5 .31
SIURFME ORI T & & > 72, The Tuberculosis Research Institute was attached Kanazawa University.
1963. 3 .18
PRALFES Y HSSEBELIS Y, B2 M SR AR M (S WS M 4 Two departments were renamed ; Department of Pharmaceutics to Department
b’?ﬁﬁ Iz, of Pharmacology, Department of Medical Examination and Treatment to
Department of Clinic.
1963. 4.
I /%?flifﬁi*]g Mo s hic, Department of Pathophysiology opened.
1964. 4.

ﬁﬁﬂ?%ﬁl"] DR PRIt 3 S AL WS AT e 1 2R & iz

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

1967. 3.
Wi PR ] K VB S o 2 23 8 IROTOR SRS T 3R 8 S ufe

= S ERHS B R 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 oD B i P W T i 3¢ 03T % Cancer Research Facility was established in School of Medicine for "the
3h, T)f‘%ﬁfﬁ AL 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 AFRFFT Cancer Research Institute

Department of Molecular Immunology opened.

1967. 6. 1

[HSANCBIT 2 2l O F OGO 2 HINIC, #i0F9EiT
tl%#%ﬂl%ﬂ)ﬁﬁﬁ}f Eﬁ RORT S NEIRKES AT E 29,

SN, UA VA, SFtsE, s, JREAE, SR
(L2 FE K R O 8 WRFEIR M A3k i & furz,

FAZWEIE I M IR 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 HT R S e,

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

1977. 4 .18
HAERTM AR S 4, Ei AR M 2SN BB M WF9Ei M 4 2328 0 Department of Surgery opened. Department of Clinic was renamed as
Iz, Department of Internal Medicine.




1983. 3.30
PR e (o BB OB BRAT) S O D) R R SR S e

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

1997. 4. 1
1038 2 3 AREM (14WFFE 8 1> x—icddlL, g+
BE2E, RHRHIGE, SR 0 3 K M K T gy 1A i 5 551 B % &
VE—FL,

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

3 RERM (4R TE M) 1 2> X —% 2 KM 2 > 2 —I1c Bl
L, DA RIS EEEEsM, A A REHIERTFEHRM o 2 K
TR K O AR TR 2 > & —, 4y TAS B3 A BESETIE T2 B 76
LA —%EL,

2010. 3.

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 DWFFEHMA I A RN H R S iz,

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

2010. 4. 1
2REM2 2 —% 4705 MIBHIL, DAL
Tar S L, DABUNREITE T 0 75 N, DI FEEERR
T TS LR ASFENERMIE Y025 Lkl

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.

(D3 A DR - AN B A 5 Je B SE ATl eT) & LT X
R E & D RE SN,

HHAERFIEFATFT 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

MABITEIRL, s AT TTT (2 SO & e
JE A - LR 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 > X —HF S e,

Innovative Cancer Model Research Center opened.
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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

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
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2006. 4. 1 ~2010. 3.31
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SATO, Hiroshi
YOSHIOKA, Katsuji

MURAKAMI, Seishi MATSUMOTO, Kunio
YAMAMOTO, Ken-ichi
MUKAIDA, Naofumi

MINAMOTO, Toshinari
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Core Program

Strategic Program

Organization
- G T I T
Division of Genetics
_ REBAETVRMME 2 —__ | s F O & W % o W

Innovative Cancer Model Research Center

Division of Cancer Cell Biology

L B wr s o) 17 (5 2 #0%)

Division of Epithelial Stem Cell Biology

AR T e (IR TR 1T

Division of Molecular Genetics

| B ABMKIE e S A | Gy TS e B

Cancer and Stem Cell Research Program

L B ABUNBRBR a5 h_

Cancer Microenvironment Research Program

| AN TFENER o r 5 L

Cancer Molecular Target Exploration Program

Division of Oncology and Molecular Biology
L_2A - B AT

Division of Cancer and Senescence Biology

N 2 I R A
Division of Immunology and Molecular Biology
| S W) R BE ST oy F
Division of Tumor Dynamics and Regulation
I A 1| G S 7/ e R A 2
Division of Tumor Cell Biology and Bioimaging
L SWEBREE X A F X 7 AW BT
Division of Immune Environment Dynamics
MEE W owro% s W
Division of Translational and Clinical Oncology
Bae sy 2 I 2 ZAW%E oW

Division of Functional Genomics

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

Cancer Therapeutics Development Program

1 g = P NN

L oS BRfli

Central Research Resource Branch

AN M EH K S s T A

Creative Human Resources Development Program

Collaborative Research Support Program

AR i

L Bt A HE T w2 S L
Global Network Program

G

B I/ = A VAN

Division of Medical Oncology

R pEAIRE 44 = | (P])
Inflammation and Epithelial Plasticity
L A SR B =y

Cancer-Immune System Interactions

L 2SAERRINER ST i . = b (35 T-PD)

Microenvironment Regulation in Cancer Stem Cells

L SALANE AT 2. = (% FPI)

Senescent Cell Dynamics Unit

— WAANIT /A K- PDX-
Cancer organoid, PDX, tissue resources
| FEERE)Y &
Experimental animal resources
| KUCRIt k%3 Al &5
KUCRI human cancer cell line resources
| DAREEFIRERS A 75 Y —
Cancer drug discovery resource library
| il PR S A
Pre-clinical Research Facility
L PRI A R

Clinical Research Facility

1 W S R

eneral Affairs

Senior Director

Director

Vice Director

Research Cooperative Affairs
iR

Accounting

Wk 92 W 71 £R

i

B B

Number of Staff

FHGETH 1 HBHE

Professors

I3

Associate Professors

at il

Lecturers

o # af

Assistant Professors

FHEHE R

Professors Grand Total

8 10 0 14 32 3 35
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Innovative Cancer Model Research Center

mEEBGEMASE Division of Genetics

HEAE IEf #HE KB & R AL IR BEBNZ
Professor Associate Professor Associate Professor WANG Dong (F/##58)

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

B S FREMRESE  Division of Cancer Cell Biology

iR Bk AT BE TN RA E S QN
Professor Assistant Professor Assistant Professor

GOTOH, Noriko TAKEUCHI, Yasuto HONGU, Tsunaki
RIS P

m _FRRERMARESEF Division of Epithelial Stem Cell Biology

£2

BEHE #HE A L F5A
NICHOLAS, Barker Associate Professor
Visiting Professor MURAKAMI, Kazuhiro
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JEE AR AR I T, HHA, KEDVA, IHE.
BN DS A Ze & DAL R DA DI I L O B ICE L
T, 7/ LEREFERISOMEMFECEH LghH A
A= ALERHZHIE LT, il AT AVRFNVT /)
ARZEYL, BHEICEZ2EBETLVEEZHOTUT
O Tar =7 M EHEEL TV E T,

[RNFA3 ZEIZKD Wnt iIkZHIKEEH A RE]

b N RIBDAJRRRDPEBISL LAV ) A RDF )
LENTIC &Y, RNFA3ZERRA NI ) A4 R Wnt U A4
VRRAFINC ST - BT 2 2SS LTz, F e,
PDX EF L% O WFEIC &V, RNF43 ZE KD A
WXTLT, Wnt Y42 RIHFRICHEBEIRD D 2 F %R
L ¥ L7 (Yamamoto D, et al, J Pathol, 2022) ,
[(FHT 1 TEIRICEDEMN AMRERDE]

NI A N—ZW 2 ER L 7B EIGE DA HRA VA
/AR (AKTP) #HWT, DAMBEOZ LR, 7
sa—= 72 XYM LRI, B HE2 T 54
USRI —ERETHBIL, Zh6VEMNPLHRSH
LU[REELIH B 2 ZHL L £ L7, (Morita A,
et al, Cancer Sci, 2023) .

[Kras/p53 ZE2& TGFB ’/ﬁ'ﬂ'lbt:&é%ﬁm%ﬁl
~U AGEREB KA NG A K% OIS
Y, Kras G12D & p53 R270H D BT IC Z ¥ % i - f’
JEEFINE, TCGEB 77 IV —D7 Z7F BT X BT
%5, EMT#EILYZ I AX—%FRL TH¥E
B S5HEL, MIRSMEEICENT S 2B LZL

7z (Wang D, et al, Cancer Res 2024)

H1 m EBUHRD AMBIRD T 1 TRIRHEE

EERBMED AKTP #ilaZBR T 2HIREREDN 30% TiBMERELL
TWBZEN, A A=V IBTICKIROHS NIz INSDHRRIE, &
EROBEHEBN S R HT « TRIRBBICK VBRI TS LD,
(Morita A, et al, Cancer Sci, 2023 & ¥J3|F)

In vivo imaging analysis indicated that approximately 30% of subclones of

metastatic AKTP tumor cells lose metastatic ability. Such tumor cells are
continuously eliminated by negative selection from the tumor tissues. (modified
from Morita A, et al, Cancer Sci, 2023)

B2 m Kras/p53ZRETGFI I FIICL DBMIER

Kras/p53 B4R DEEEMAL T TGF/activin (& W IEFEIIHIT S (KL),
Kras ZRICKJERMZRT (HH).EDIC pb3 ICERNAD L,
TGF/activin RIBICK Y EMT Zf2Z L, V2R 5 —%F L CREEEN
SR, 2E T D,

(Wang D, et al, Cancer Res, 2024 & J3|R)

Kras/p53 wild-type tumor cells show growth suppression upon TGF/activin
stimulation (top), which is suppressed by Kras mutation (middle). Additional
p53 mutation causes partial EMT and metastasis upon TGF/activin signaling.
(Wang D, et al, Cancer Res, 2024)

Aims and Major projects
Accumulating evidence has indicated that genetic alterations as
well as tumor microenvironment play a key role in cancer develop-
ment and malignant progression. To examine the underlying
mechanisms, we have constructed novel mouse and organoid
models for gastrointestinal tumors and performed following
projects.
[RNF43 mutations and Wnt-dependent colon cancer]
We established human colon cancer-derived organoids, and
found that RNF43 mutant organoids proliferated in a Wnt ligand
dependent manner. We further identified that treatment of PDX
model with Wnt ligand inhibitor significantly suppressed tumori-
genesis of RNF43 mutant cells, which may contribute to therapeu-
tic strategy. (Yamamoto D, et al, J Pathol, 2022)
[Cancer evolution by negative selection mechanism]
AKTP organoids carrying four driver mutations in Apc, Kras,
Tgfbr2 and Trp53 were established from mouse metastatic intesti-
nal tumors. We found that about 30% of AKTP cells lost metastat-
ic ability and eliminated from the tumor population by negative
selection. (Morita A, et al, Cancer Sci, 2023)
[Cancer progression by Kras/p53 mutation and TGFR]
Using mouse intestinal tumor-derived organoids, we found that
organoids carrying Kras G12D and p53 R270H mutations are
released from the primary tumors forming clusters upon TGFf3
family cytokine activin treatment, which may be an initial step for
malignant progression of colon cancer. (Wang D, et al, Cancer Res,
2024)
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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. Analysis of mitochondrial metabolic pathways in cancer cells
"One carbon metabolism" in which one carbon derived from
serine is activated specifically in cancer cells. We have found
that the one carbon metabolism is not only used for de novo
synthesis of DNAs or RNAs but also for maintenance of cancer
stem cells. Furthermore, these enzymes are promising molecu-
lar targets for cancer therapy.

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/scaf-
folding docking proteins, as key intracellular signal regulators
of these RTKs.
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Cancer stem cell (CSC) populations within breast cancer tissue can be enriched
using antibodies against membrane proteins neuropilin 1 (NRP1) or insulin-like
growth factor receptor 1 (IGFR1). Following this enrichment, single-cell RNA
sequencing was conducted, resulting in the identification of five distinct clusters
(figure). Among these, we termed the CSCs within clusters 1 and 2 as
'ancestor-like CSCs' due to their resemblance to mammary progenitor cells,
believed to be the origin of breast cancer. These ancestor-like CSCs were found
to exhibit high expression of membrane protein FXYD?3, rendering them the most
resilient cell populations against anticancer drugs, earning them the designation
of drug-tolerant persisters (DTPs). FXYD3 plays a pivotal role in safeguarding
Na-K pump on the plasma membrane. Excitingly, our research revealed that
cardiac glycosides, which have been used for treatment of cardiac failure,
effectively inhibits the Na-K pump, thereby eliminating DTPs - the ancestor-like
CSCs. This discovery unveils the potential of the cardiac glycosides in prevent-
ing breast cancer recurrence. By uncovering the mechanisms underlying drug
resistance in CSCs and identifying a targeted therapeutic approach, our findings
offer new avenues for combating breast cancer.
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(Tan SH et al., Nature, 2020 £WJ3IA)

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)
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(Fatehullah A, Terakado Y et al., Nat Cell Biol., 2021 &Y 3|R)

We established a novel gastric cancer mouse model and clarified Lgr5+ gastric
cancer stem cells. In addition, the combination of Lgr5 cancer stem cell removal
and existing anticancer agents resulted in the effective shrinkage and suppres-
sion of metastasis of gastric cancer.

(modified from Fatehullah A, Terakado Y et al., Nat Cell Biol., 2021)

Aims and Major projects

We aim to elucidate the mechanisms of self-renewal regulation
of epithelial stem cells and cancer stem cells through the genera-
tion of the novel in vivo cell lineage tracing system as well as the
organoids culture method. Based on these studies, we would like to
proceed the regenerative medicine utilizing the capacity of tissue
stem cells, and drug development for cancer prevention and
therapy.

[Designation of novel human gastric tissue stem cells
and cancer stem cells]

The identity of the human stomach stem cell population had
been unknown. We functionally validated, the membrane protein
AQP5 as a marker that enriches mouse and human adult pyloric
stem cells. Furthermore, we showed 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]

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).

[Discovery of gastric cancer stem cells through analysis
of a novel gastric cancer mouse model]

A lack of suitable mouse models has hampered the development
of efficient therapy for gastric cancer. We developed a new gastric
cancer mouse model and found novel gastric cancer stem cells that
are essential for the development and malignancy of gastric
tumors (Fatehullah A, Terakado Y et al., Nat Cell Biol., 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.
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Fig.2 B FOXO activation for drug-resistance of leukemia stem cells
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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 SUCLA?2 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 Fig.2

All oncogenic roads lead to suppress RB1 functions. Brain tumor (left) and liver cancer (right) induced by inactivation of RB1 function.
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IUnderstanding the diversity of senescent cells and developing
innovative approaches for senotherapyJ

It is becoming clear that the accumulation of ‘senescent cells’
that are induced by various stressors including DNA damage and
show characteristics such as irreversible arrest of cell prolifera-
tion and secretion of bioactive molecule (SASP) is important for
the onset and progression of aging-related diseases including
cancer (Fig. 1). On the other hand, our recent research has
revealed that various cell types in the body become senescent
cells, and that the functional changes caused by senescence vary
greatly from cell type to cell type. In other words, in order to
control the onset and progression of age-related disorders caused
by the accumulation of senescent cells, it is of significant impor-
tance to understand the diversity of senescent cells at the molecu-
lar level. In this lab, we will combine various approaches, such
as molecular biology, cell biology, mouse genetics, and bioinfor-
matics, to elucidate the molecular mechanisms of induction,
maintenance, and function of senescent cells in vivo, and to
develop innovative approaches to control senescent cells (Seno-
therapy), such as selective removal of senescent cells and cell
rejuvenation by altering epigenomic information.

FElucidation of the mechanism of increased incidence and
malignant progression of cancer with aging and development of
new prevention and treatment for cancer.

One of the most important risk factors for the development of
cancer is aging. The incidence of many cancers increases with
age, and the pattern is similar to those of typical age-related
diseases. Genetic engineering of senescent cells from aged mice
greatly reduces the carcinogenesis rate, suggesting that abnor-
malities in tissues and organs caused by the accumulation of
senescent cells and the subsequent aging are essentially involved
in the increase in carcinogenesis with aging. On the other hand,
our recent studies have shown that senescent cells also exist into
cancer tissues and may play a key role in the progression of
malignancy and resistance to treatment by maintaining the
function of cancer stem cells, and so on. In this lab, by combin-
ing various tissue- and organ-specific cancer models with
genetic-engineered mice for visualization and removal of
senescent cells, we aim to clarify the overall picture of senescent
cells in cancer tissues and the surrounding tissues to elucidate the
mechanisms of the increase in incidence and malignant progres-
sion of cancer with aging, and to develop new cancer prevention
and treatment methods (Fig. 2).
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Fig.2 B Development of new prevention and treatment for
cancer based on the understanding of senescent cells
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Each cell composing our body is programmed to kill itself when
necessary. Apoptosis is a common type of such programmed cell
death. To prevent oncogenesis, cells often die by apoptosis when their
genes are severely damaged by radiation, oxidative stress, etc. Many
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-
peutic treatments, it can be assumed that dead cell-derived inflamma-
tory factors contribute to the generation of inflammatory environment
of tumor tissues, and hence play an important role in the tumor devel-
opment. In addition, several novel modes of programmed cell death
that are clearly distinct from apoptosis have been discovered.

In our laboratory, we are studying the molecular mechanisms of
induction and execution of programmed cell death, and dead cell-de-
rived inflammatory factors, aiming to find new strategy to induce
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 fragment-
ed, whereas pyroptotic cells swelled and ruptured like necrotic cells.
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Fig.2 B Tumor therapy model by inducing pyroptosis.

Pyroptosis is a non-apoptotic inflammatory programmed cell death. We established a model
tumor cell line (CLC12N2) by introducing an artificial protein that induce pyroptosis in response
to muramyl dipeptide (MDP) treatment into the COLO205 human colon cancer cell line.
CLCI12N2 (but not COLO205) tumor implant in nude mice were rejected when pyroptosis was
induced by intravenous injections of MDP (arrows).
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HGEF (hepatocyte growth factor) exerts biological activities, includ-
ing cell proliferation, survival, and 3-D morphogenesis through
activation of its receptor MET. HGF-MET receptor activation partici-
pates in tissue regeneration and protection, while it 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). By cross-disciplinary research with innovative molecular
technology, we have progressed basic research on tumor microenvi-
ronment and diagnosis/therapeutics of diseases. Currently, following
research are ongoing. 1) roles and mechanisms of HGF-MET
pathway activation in metastatic niche formation, 2) application of
innovative molecular engineering technology to create MET-activat-
ing and HGF-targeting proteins for diagnosis and therapeutics, 3)
structural elucidation of dynamic MET receptor activation using
high-speed AFM (atomic force microscopy).
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Fig.1 @ Two-pronged roles of HGF.

Dynamic morphogenesis and cell survival promoted 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,
inhibiting its activity has been considered a powerful weapon against
various types of malignancy. In practice, selective inhibitors of Abl,
EGFR, BRAF, etc. have shown promising clinical results. However,
the emergence of resistance to these targeted therapeutics has become
one of the major challenges in oncology. Our research has shown that
fibroblasts present in the melanoma microenvironment play a critical
role in creating a temporary drug-resistant 'safe haven' for BRAF
inhibitors. In addition, we have found that melanoma cells in different
organs respond differently to BRAF inhibitors, both clinically and
experimentally. These findings clearly demonstrate the need to
consider the impact of the tumour microenvironment in cancer
treatment.

Our laboratory envisions a combination of a therapeutic strategy
targeting the organ-specific tumour microenvironment with a medical
approach based on cancer genomics as "next generation precision
medicine" and aims to understand the mechanisms underlying cancer

PUNBRESIC & 2 DS AGINIE R 20 S hc L. Tzl cell modification and treatment resistance by the tumor microenviron-
RIGHNE BT 2 ZHEEE 35, Rl PR 2 i ment. Currently, we are particularly focused on investigating the
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interaction between cancer cells and stromal cells in the central
nervous system and its role in cancer progression, treatment
resistance and reconstitution of the neuroimmune system. Our goal is
to develop innovative treatment strategies for surgically incurable

primary and metastatic brain tumours.
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Fig.1 B Drug response and resistance of brain metastatic lung cancer cells.

Brain metastatic lung cancer cells with EGFR mutations respond well to an EGFR inhibitor, gefitinib. However, the cancer cells are not completely killed and form
minimal residual disease (MRD), which can act as a reservoir for relapse.
Scale = 2.5 mm (large panel), 100 mm (small panel)
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Fig. 1 B Soluble RANKL contributes to bone metastasis
by exerting a chemotactic activity in tumor cells

Aims and Major projects

The immune system protects our body by eliminating foreign
substances such as pathogens as non-self. In cancer, tumor-derived
mutant proteins can be recognized as non-self and become targets
for attack by the immune system. However, tumors can evade the
immune attacks by inducing immunosuppression in the surround-
ing tissues or by reducing immunogenicity. We study on the
tumor-specific immune environment at the molecular level by
unraveling the dynamic crosstalk among immune cells, tumor cells
and various mesenchymal cells within the tumor tissues. We aim to
develop the prevention and treatment strategies by controlling the
immune environment of tumors focusing on the multicellular
network.

[Mechanisms underlying the pathogenesis of bone
metastasis])

Bone metastasis is a poor prognostic factor directly related to
locomotor function, and thus the development of curative therapy
is important. We have revealed that a soluble form of the bone-de-
rived cytokine RANKL induces bone metastasis (Asano et al,
Nature Metab, 2019) and have reported that a novel small
molecule inhibitor against RANKL inhibits bone metastasis
(Nakai et al, Bone Res, 2019). The bone marrow, the site of adult
hematopoiesis, is composed of diverse cell populations including
immune, bone, mesenchymal and endothelial cells. In bone metas-
tases, however, the bone structure and bone marrow environment
are drastically altered due to tumor progression. By focusing on the
relationships between bone cells and immune cells, we aim to
understand the immune microenvironment of bone metastases for
the development of novel therapeutic strategies for bone metasta-
sis.

[Molecular basis of T cell regulation]

We have elucidated the differentiation and maintenance mecha-
nisms of Th17 cells that contribute to the psthogenesis of autoim-
mune diseases, and the mechanisms underlying T cell-mediated
chronic inflammation and tissue repair (Okamoto et al, Nature,
2010; Inoue et al, Nature Immunol, 2018). We aim to elucidate the
molecular basis of T cell responses, which would provide novel
insights for development of efficient methods for induction of
anti-tumor immune responses.

& Bone metastasis
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Fig. 2 B Understanding the tumor microenvironment consisting of
cancer, immune cells and mesenchymal cells (bone cells etc)
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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/f-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.

WCHEZB L,
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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

Investigation of primar
i d cancers

Transcription

Investigation of cancer cells

CRD-BP*
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L
Gli-1** c-Myc
IGF-II

*Noubissi F, Minamoto T, et al. B-TrC‘P(
Nature 2006;441:898-901. J_
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**Noubissi FK, Minamoto T, et al.
Cancer Res 2009;69:8572-8.
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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 retrovi-
ral 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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Histone modifying enzymes are found to be implicated
in cancer development
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Histone modifications have important roles in regulating gene expression and genome function by ﬁm WD JARIDIA
establishing global chromatin environments. The methylation of four lysine (K) residues on the tail > Oncogene jmj‘;}ﬁ e D
f hi 3 36) 1 f hi F Lsp1  JMUD2D  EBXL10 SMCY

of histone H3 (K4, K9, K27 and K36) is regulated by a large number of histone methyltransferases HDAC inhibitor  a drug for cancer PRz roxiit

and demethylases. Among them, most of the genes (shown in red) were identified as the targets of
retroviral integrations, which indicates their important roles in oncogenesis.
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Fig.2 W Epigenetic regulation for transcriptional repression of epithelial cell genes
during epithelial mesenchymal transition (EMT) of cancer cells
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Epithelial-mesenchymal transition (EMT), which refers to the transformation of epithelial cells into
highly motile mesenchymal cells by the loss of intercellular adhesion, is considered to be a trigger
for cancer metastasis. During the progression of EMT, the transcriptional suppression of epithelial USP7
genes such as E-cadherin and the upregulation of mesenchymal genes such as N-cadherin and
Vimentin occur. We have shown that various epigenetic regulators such as PRC2 histone methyl-
transferase complex, PRC1 histone ubiquitination enzyme complex, and long non-coding RNAs
are involved in the transcriptional repression of epithelial genes.
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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 Research Resource Branch

B PREERHEER Central Research Resource Branch

MERE 2 g #EHEIRE BX  EHE A #E
Director Associate Professor Associate Professor
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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.

m BtV —5— (BE#HRERSEEEE) Fluorescence-Activated Cell Sorting (FACS)
| |

TE I 5o A3 AR (3 Rk % 70 2 Bk 2 45 9 2 Al
HFERITT, FACSEHWB 2 kicky, Coko%
MM 5 AL T 2 M2 B2 2L P TE
F 9, MEHREE, Rk, £ ~— 27 —DNA
GREEICESTHMT S ENHETT, AR
ZHNWZ A MIERSERE T, 1#10,000415
VL E oM EE TRl 2 0 BT &, 4y L7z Ml 2 15 2
THIEMNTEEILETT, SHICAREIZ, #EIE
TEAMMED & 9 M U7 PR 2 385 5 Mg
BRIV OEHC VB ENTEZT,
AEE T A, Ry, BEEMAPLA
BV EDRZ R EFICHHI ATV E T,

Normal or cancer cells consist of heterogeneous cell-
populations. FACS 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 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 has been used for a variety of experi-
ments in stem cell biology, immunology, developmental biology, and cancer biology.

m SEERENIFE X ## CT#E experimental small animal CT scanner

7 —=XCTAF ¥ F — Z/NEI¥Y D in-vivo,
ex-vivo iIFFE IS THA 3T F T, Z D E
LY — 3R AN F — X B2 HRIT & % O THER
O Z A=Y 52 Y, REMBISESTE T,
2D CT A% v F— B ADERPEE OB b
nTEd,

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.




®m DNA >—% 21— DNA Sequencer

DNA > =% > — 37 a— AL S A7z s 10O DNA S 2 BRI E T 2 3 T, /RO TR & B O et
Y 2T, 4HEOMOERYE O L —— 1 X2 M THEZ T 2 0T, BAIOHBHANY, 7—2X
DOffTEZ N L TV &9, ABI3500 x24T 4 v 77 FI7A4A PB4 F v 2 FLDF v E5 Y =BT & 9[RS
AY IV EEETHIRET T, HHOL MEET, ¥ U ABEF ORI OPEICET ST E T,

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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mEESL—Y -+ VHEMEE Confocal Laser Scanning Microscopy

RV — sy, hshiieeg ) |8 ()
Y MK D EROMIPIRICREET 2 Z L HTRET » o Yaa -

. ZHROZIT O BROGOCEE O T %2 R /MR IS
MZ 2 ENTEETAr (458/477/488/514nm
) & HeNe (543-633nm) L—HP—%FHL TV F T
AR M U — Y — BB, R OMITEY A IS IR
WRTHBIH, %L OWFRHCHECHME I T
WLET

The confocal laser scanning microscope can set the spec-
trum 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 == g
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).

H1 m & BYFAMBROEREEDORE (k)

(A) X—RVYOZDEREAIC2xT10EDHRZRZER: (B)21RHBIC
5-ALAZEERZRNE S L (C)6R5 A& ICLEDRRSIRE (405nm) =R L \iE
ERDERTSEMRDRE Z1T D/, (D) LEDREEE (BELIIZUIR,
REFITEER) .

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).

B2 m ADAMTS-10O7OFZ4 T A t]EENE &
ADAMTS-1 EfzFREVY ADEN,
SIRICHITDEE (RF)

(A) 2B S5H'EELADAMTS-11E, ADAMTS 773 —JO0F5F7—F
BOTONYA TTHD, ADAMTS-1IZaggrecan, versican®FEi@L 7=
BT AR Do (B) ADAMTS- ERFRIBVIRIL, BHRIER Tk
RLUIEBHNHHEINDREBERERTHMEAEREERET D, (C)
ADAMTS- 1R FRIBVIZDIETIE, HIEENEHEZ SN, (D) &
TR E & R D - B AORRE(REN A IR T 2 0 PR B B2
ICELEBNRDOND,

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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Inflammation and Epithelial Plasticity

B A-REREEERIZ=Y b

Cancer-Immune System Interactions

IR
VOON, Dominic Chih Cheng

Associate Professor

B P ASFHREBERNEHI=Y b (BFFPI)

Microenvironment Regulation in Cancer Stem Cells

EHE TE RN
Associate Professor
TSUCHIYA, Kohsuke

m ZLifaEEgRI1=> &b (&EFPID)

Senescent Cell Dynamics Unit
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Assistant Professor

TAKEUCHI, Yasuto
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Assistant Professor
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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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Clinical Proteomics. 20:9. (2023)
Nature Communications. 14:167. (2023)

Cell Reports. 38: 110414, (2022) 7 GsDMN
Cell Death & Disease. 12:404. (2021) 6 Full GSDM protein
Cell Reports. 34:108887. (2021)
Int J Mol Sci. 22:426. (2021) fcieavage

Protease

Immunology. 161:114-122. (2020)
Microbiology and Immunology. 64:252-269. (2020)
Microbiology and Immunology. 64:143-152. (2020)

Aims and the Projects

n 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.

Inflammasome
activation

» CAR T-induced
CRS
&~ Macrophage
Cytokines *
\ DAMPs
Cytokines, Ags
' . AN

Pyroptosis

Pyroptosis

10 Mucosal Immunology. 12(5): 1092-1103. (2019)
11. Nature Communications. 10:2091. (2019)

N\ Tumor cell
~ -

rd

~ -

“Identification of novel proteases that cause pyroptosis” “Impact of pyroptosis on the tumor microenvironment ”

NAO M= 2DHFHF ED AMMRIEICEHITDEE

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
populations 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.
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[Research goals]

Senescent cells not only undergo permanent growth arrest but
also exhibit a phenotype characterized by excessive secretion of
inflammatory cytokines and chemokines (SASP), which has been
suggested to contribute to aging-related diseases such as cancer and
chronic inflammatory diseases. This unit aims to elucidate the
dynamics and characteristics of senescent cells and develop
treatments for age-related diseases through the following studies:
1) elucidation of the mechanism of pathogenic progression due to
pl6™4-positive senescent cells in age-related diseases, 2) charac-
terization of p16"™“-positive senescent cells in acute organ injury,
3) elucidation of the molecular mechanisms of senescent cell
rejuvenation.

Fully senescence
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p16+ chronic inflammation

Age-related diseases

Irreversible cell cycle arrest

Rejuvenation induction
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Linkage between senescent cell characteristics and pathological progression of age-related diseases
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Foundation Statistics

REE (EEEX(IE)

(g« )
Settlement of accounts for Each Year (Subsidy from the National Government) in thousand yen
X4} Item AHITCAEE S FI24F SEiIREHES S FIA4EE SIS
EEE A4 Subsidy from the National Government 507,855 513,654 506,529 521,557 432,111
R AN I # Personnel Expenses 404,442 385,923 373,320 401,064 352,460
Ttems | wy o245 Other Expenses 103,413 127,730 133,209 120,493 79,651
MERAEMENE (AL )
Grants-in-Aid for Scientific Research in thousand yen
R | SRTAEE SHI24EEE 45 RI34 SSFIA4E L SIS
WF7EH 8 SE B B R SR B BE s B
PN A A 7S (A)
G%rar;t»ﬁAideor Transformative Research Areas(A) | - 0 0 0 0 1 5,460 1 5,590
AN IR ST (B)
Grant—ii?Aideor Transformative Research Areas(B) - - 0 0 0 0 0 0 2 12,870
R i IR 5T
Gram-in-AFd for Scientific Research on Innovative Areas 0 0 1 3,120 I 3,120 - - - -
ELARWEIE (A)
Grant-in-Aid for Scientific Research (A) 3 36,270 2 22,230 2 20,540 2 22,230 1 10,270
LA (B)
Bt/ o et Ressnd () 7 42,250 | 8 43,290 | 8 43,030 7 35,750 9 43,054
SERRRTE (C)
Bt/ o Seflaniétie Reseznd (©), 16 24,570 | 20 30,420 | 18 23,660 | 17 23,660 | 21 30,420
FRHEHIRIE T (B )
Challenging Reszarch (Pioneering) 0 0 0 0 1 10,400 1 5,200 I 6,500
PRI T (H72F)
GRAGaEis RoteaCh(EXplora o) 4 13,390 | 3 9,100 1 3,250 3 9,490 6 18,590
i T
G A o oy e 9 15,080 | 9 17,550 | 9 14,820 7 12,090 9 12,480
WFSETGE A 2 — b %
Grant-in-Aid for Research Activity start-up 2 2,860 2 2,860 ! 1,430 ! 1,430 2 1,430
RERIRIE ST B 5 i
Gj;ant—in—Aid for JSPS Fellow 1 1,040 0 0 1 800 2 1,100 2 1,800
] B [ml 72 A b
Gran]tjin-Alijd for Fostering Joint International Research 0 0 0 0 0 0 0 0 I 15,600
N S
Grant-ijl\;Aid for International Collaborative Research 0 0 0 0 0 0 0 0 0 0
Rl Total 42 135,460 | 45 128,570 | 42 121,050 | 41 116,410 | 55 158,604
¢ MR 5
SNEFEE g )
Other Funds in thousand yen
L BHITCAHE 245 S IREHES SHI45 % S5 HI5H 4
WF7EEH 5 A 5 Bl 5 Bl 5 Bkl 5 B
BRI 9 186,055 9 136,214 9 169,937 14 355,398 17 262,989
Rt ER 0 0 0 0 0 0 1 52 0 0
Wi B & 0 0 0 0 0 0 0 0 1 45,000
W& oftRsE | 4 10,482 3 23,847 6 16,475 4 6,840 3 14,680
7 M < 19 19,170 16 15,040 17 16,400 21 56,200 25 45,400
Rl Total 32 215,707 26 175,101 32 202,812 40 418,490 46 368,069
x MERHE O L
tTith - E4)
Land and Buildings
X WFSERT
ST R 894m
HPIERTR | $kE a2 ) — M (6F)5,072m
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Educational Activities
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Graduate Students and Research Students
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Research Activities

1. 41VF - BEPAD VROV LARUEREBRPAENMES VROD L
2023 (SFERE) |IRAZEEBVKRIUL (SR

India — Japan Cancer Symposium (Hybrid Conference) International Symposium on Tumor
Biology in Kanazawa 2023 Kanazawa University SAKIGAKE Symposium

8 B HERHNICERLGAAEEDOZRERZMD
HARERDEEICDNTTA Ry 3y
Z(IDZEZHBNET D,

H B : 2023FE7H24H(B). 25H (X)

1% i/ EHERFA4ABREZERD
TTA

SmEL 01445

70054 :

fll BE (DHEMEEANARTS)
[Dissecting intra-tumor heterogeneity in
breast cancer]

Prasanna Venkatraman (TATA Memorial

Centre, India)
[Beyond Assembly - Proteasomal
Chaperones in Proteostasis and Cellular
Homeostasis]

KRB BEZ (SRRENAEREBIEHATTFR)
[Targeted drug resistance in lung cancer]
Kulbhushan Tikoo (National Institute of
Pharmaceutical Education and Research,

India)
[Nanotherapeutics & Epigenetic landscape
reprogramming : Interplay in triple-negative
breast cancer]

BER BEZ (EIrAMREESY—)
[Cancer Research in the Big Data
Era : Medical Al Research for Clinical
Application]

Surajit Karmakar (Institute of Nano Science

and Technology, India)
[Development of human serum albumin

based nanoformulation for the treatment of
cancers|

Sabina Quader ()& E =R
[Targeting Brain Cancers with
Nanomedicine]

Swapnil Rane (TATA Memorial Centre, India)
[Computational Pathology - Transforming
the Clinic using digital pathology,
morphology and genetics using image
analytics)

EH &KX (National Institutes of Health (NIH))

XA URR
[Imaging sensory activity in obese mice to
investigate the mechanism of neuropathic
pain Generation]

A7 &F (University of Padua, and Osaka

University)

[Opal is required for melanocyte stem cell
maintenance]

Wt Bfl (ZRRXENLAERSGEHATIPN)
[Developing the approaches to treat aging
and chronic inflammatory diseases by
targeting senescent cells)

Srinivas Gopala (Sree Chitra Tirunal Institute

for Medical Sciences and Technology, India)
[MTH1 Expression in Mutant IDH1 Gliomas
: Relevance and Opportunities]

EE H (BRRENAEESGIEATIRN)
[Metabolic Organelle Dynamics on Cell
Fate Determination in Cancer]
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Research Activities

2. B1EFRRAREDVAERFIEMAFFR - EEXZLBFAEYY—D a4
Y bhURID L2023

The 11" KUCRI-FUSCC Joint Symposium on Tumor Biology 2023

B B KA DERKES VIR DO —E TLR4-dependent manner]
DHEEEERIZIRDFEEER D Tong Tong (EEXZ LB ALEVY—)
H B:2023F9813H (K) [Prognostic value of the consensus
B i BAREXRNEER 1BAZZE molecular subtype 4 (CMS4) predicted by
ZmEE - 1008 multiparametric radiomics-based machine
705354 : learning in colorectal cancer: a multi-center
WA FBX (FRAENAEEGIEHAITA) retrospective study]
[High-Performance MET Receptor Agonists WAt B (ERAENAEESEHATTFT)
Created by Molecular Technologies] [ldentification and functional analysis of
Huijuan Yang (IEEXZ EBHA ALY —) senescent cells in tumor microenvironment]
[PI3K pathway alteration in gynecological Yong Chen (BEXZ LEBHALEVY—)
malignancies—its oncogenic mechanism and [The effect of the potential new drug MITF
clinical translation] inhibitor on malignant melanoma and
BRH =8 (ZRAZEMEREE{EERNRD) its synergistic mechanism with anti-PD1
[Gut microbiota of chronic liver disease immunotherapy|

patients promote liver carcinogenesis in
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Research Activities

3. XEHFEEHERFA - RRMRR AT LERER
FEAEREANTERTOISL FYIATIVRIDL
The Kickoff Meeting for the Coalition of Universities for Research Excellence Program: Part |
“Establishing a collaborative intelligence platform towards extending healthy life expectancy”

B ®:EREDOIEHFZEEL. ENBBOR BB (RIEXFNEHEZHTTA)

-

BZREIDILZANEL. AFEDS [TERS VRO T b=LICE D MEEY
BORBRERDIZODLTAEIELT, FOEBEERBICEITT]
[E2REm DEMICEIT-EESMT Sy AAE FFE (RERKZMEYD R TR
NOA—LDIRR] ZHRDT—vELIEF [HRZLDFEICEHLDENEREDIE @
VOTF TR LR HEICEZ DX E DR
H B:2024F282180K) Bt BF (RAFENAERFIERTRT)
m P RTIVER (BR™) NEMEFHERRDER 4 HEIFHBOREIRE Z D!
SMEH : 797 HIC L DREREmIEFEZREL T
TOJ3 L R 2 (KRKZMEY R TR
FH ®E (BRRENAERGIEFAFTRT) [EEAA=DTH RSP T 817
(W AMREE D) PHEREDZ ERIMEE (ER Hz 7 Lo mEMN AMINRIE]
B Bk (BEZZAZTIREMNZITA) FE 13O (RIEKRFMESEZ AT
[ANWAICBITDTI /BN RAR—5— [RIBER b L E ERENH]

SLC7ASDIRIEEIEZF R E] & Z DHEERIHIE]




RE VRO D LR

Research Activities

4. HEFIA - RRAANSHARRESE

B ®:HEMNHE #EARRRELTOREE®
{EBIOHBERTEEE D=6, X
SZEEBICFIRSN-HEMRREDHAR
KRELBEBEL. ARARRBE=AFHE
ITDHD,

H BF : 2024F2822H (k)

1B AT RTILER (8RM)

SmE% : 871

0034 :

Thumkeo Dean (REFAZ)
(VOB AETIVICHITDESREM/RE
DERBE~PGE2 I+ MRiERDEREIZ B~
REF B (REEEKRT)
[HERE R ML RICL DN A BB IS HEE ]

-----
.......

&
Kanazans 8

BE# 2 (BUXZH)
[ B HGRFHBRNA A F)LILEEEPCIF1(C
K DB FHEIRFIERE B DR
E42XK R—B (EILXZ)
(W AMBRICE D THEIELINDBMNRIED
ZtaN LIcAD A BB IEERBDEERR]
XE B FERRKZH)
(BREFIVINSEDINAEBEELHEBD
f2AR]
f8H RE EHEILEMKFE)
[BEED ERICKDIMERE X =X L]
BAR BN (WNIEXZ)
[AFHmpRIEsER+ (HGF) Z1Z289& L7zin silico
BIEEB O]




T £ it

Campus Locations

£RmN &

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
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Division of Medical Oncology
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Kakuma Campus
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Q@ RERDSDT7 IR (HLEEHE/NIFIADIEE) Access from Kanazawa Station by bus(Hokurikutetsudo Bus)
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Kakuma Campus
[SRRZERMAFI] NRETEXT FIEHN 345
To bus stop "Kanazawa Univ. shizenken-mae" about 34 min.

BRERFAEO (RO) @FH—~ [RXF BB 17
Kanazawa Station East Exit

- [Kanazawa Univ. (Kakuma) ]

W=E++ N2 (EERFHEHATIE, EERRAESE)
Takara-machi Campus (Division of Translational and Clinical
Oncology,Division of Medical Oncology)
[/NII%F (Z72DD) ] NZEFEEXT FPREN 20 5
To bus stop "Kodatsuno" about 20 min.
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Kanazawa Station East Exit ®— [Toubusyako] etc
SRMFAED (ED)@F 15— [13] 15aE - EXW 154
Kanazawa Station East Exit ®— [Yuyagahara - louzanl etc
BRRERED (BEO) OFiZ—~ [EREREE/E] 1776&

Kanazawa Station West Exit ©®— [Toubusyako] etc







BRAREZHLAEREHEHATFAETE

W & SRAENAEESEARTR

et T920-1192 HRMAMAB] Kakuma-machi, Kanazawa, 920-1192
T920-0934 & RMEAT13F 15 EEFIHARDE, BEENRATSE)
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