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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 National Universities. Since then, our institute has made
numerous pioneering contributions to the fields of basic and
clinical cancer research. Our mission is to make a contribution
towards the establishment of a healthy and long-lived society by
overcoming cancer through the linkage of research outcomes to
the development of advanced diagnostic and therapeutic technolo-
gies.

Cancer is one of the most serious health problems in modern
society, and many people suffer from this disease. 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. Therefore, understanding and controlling these
aspects is considered essential for surmounting cancer. In recent
years, advances in genome research and data science have provid-
ed a comprehensive catalog of gene mutations and gene expression
abnormalities in cancer, significantly contributing to customized
cancer treatment through appropriate selection of therapeutic
drugs. Nevertheless, the molecular mechanism underlying
malignant progression remains a challenge that requires resolu-
tion. To achieve a more profound comprehension of cancer
progression, our institute has been arranged into three unique
research programs: Cancer and Stem Cell, Cancer Microenviron-
ment, Cancer Molecular Target Exploration, in conjunction with
the Innovative Cancer Model Research Center. Recently, we have
also been focusing on integrative research that encompasses
interdisciplinary fields and innovative technologies to enhance
and diversify our research. By means of these organizations and
collaborations, we aspire to enrich our efforts to clarify the mecha-
nism of cancer metastasis and drug resistance, accumulate innova-
tive basic research achievements, and further strengthen our
scientific expertise. Additionally, we actively pursue translational
research such as drug discoveries and clinical trials based on our
basic research, with the objective of ushering in a new era of
cancer treatment that completely eradicates malignant diseases.
KU-CRI has been commissioned 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
over 60 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 admits foreign students from overseas, with
the mission of cultivating internationally active professional
scientists with outstanding research skills and creativity.

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

1942. 3 .20
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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".
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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.
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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
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WA AFRFFT Cancer Research Institute

Department of Molecular Immunology opened.

1967. 6. 1
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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
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An office building was built for the Cancer Research Institute Hospital.

1997. 4. 1
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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
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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
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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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ISHIZAKA, Shinkichi
TODA, Shozo
OKAMOTO, Hajime
KAKISHITA, Masamichi
SAITO, Koichiro
ISHIZAKI, Arinobu
ITOU, Ryo
OKAMOTO, Hajime
OKAMOTO, Hajime
OKAMOTO, Hajime
ISHIKAWA, Tachiomaru
ITOU, Ryo

ITOU, Ryo
KOSHIMURA, Saburo
KURATA, Yoriaki
HATANO, Motoichi
MIGITA, Shunsuke
KAMEYAMA, Tadanori
TAKAHASHI, Morinobu
MALI, Masayoshi
YAMAMOTO, Ken-ichi
SATO, Hiroshi
MUKAIDA, Naofumi
MUKAIDA, Naofumi
OSHIMA, Masanobu
HIRAO, Atsushi
MATSUMOTO, Kunio
SUZUKI, Takeshi

MIZUKAMI, Tetsuji
ISHIZAKI, Arinobu
KURAKANE, Kyuichi
KURAKANE, Kyuichi
MALI, Masayoshi
MAI, Masayoshi
SAWABU, Norio
MALI, Masayoshi
SAWABU, Norio
SAWABU, Norio

Center for Cancer and Stem Cell Research

MUKAIDA, Naofumi
HIRAO, Atsushi

Director of Tuberculosis Research Institute
Acting Director of Tuberculosis Research Institute

Director of Tuberculosis Research Institute

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

"
Acting Director of Cancer Research Institute

Director of Cancer Research Institute

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

NBES FENI’AEBRMRFERAFEEZY—K Molecular and Cellular Targeting Translational Oncology Center
2006. 4. 1 ~2010. 3.31
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MINAMOTO, Toshinari

TAKAHASHI, Morinobu
HARADA, Fumio
SATO, Hiroshi
YOSHIOKA, Katsuji

MURAKAMI, Seishi
YAMAMOTO, Ken-ichi
MUKAIDA, Naofumi
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Innovative Cancer Model Research Center
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Cancer and Stem Cell Research Program

Division of Cancer Cell Biology
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Division of Epithelial Stem Cell Biology
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Division of Molecular Genetics
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Division of Oncology and Molecular Biology
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Division of Cancer and Senescence Biology
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Division of Immunology and Molecular Biology
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Cancer Microenvironment Research Program
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Cancer Molecular Target Exploration Program

Division of Tumor Dynamics and Regulation
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Division of Tumor Cell Biology and Bioimaging
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Division of Translational and Clinical Oncology
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Division of Functional Genomics
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Cancer Therapeutics Development Program
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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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TR ETILVOfIc L . WMt a— 2 BKY
2 iy NEREE DS, 2179 2 IR VAR M O A {7 2 i e L |
R 70 —FVIEBRZEKT 2 2250 LE L
(Kok SY, Oshima H, et al, Nat Commun, 2021) ,
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RGBAFE B L ZH/E T2 R oA NN —#{a 1%
BALIAIWA 7 A RiiloMiR G2, mEEim
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HRTEHE 2 JE1T L 7 S AR RN 2 - L OV DTG
ke . MR ORI IC B 2 Pt 0 Z b2 W 5
2L F L7722 (Wang D, et al, Biomaterials, 2022)
(AT 1 TEIRICKDEMN AMIREREL]

RIAN—ZEEHOERIC L D EBE 2 G L IGE D
AHRA IV 7 A K (AKTP) # AT, HAMMAakH %
W19 % {I/Z OB DN T 2 k2. 72
O —= 702 &0 fileh U7 ASHG . B2 i 2k L7zl
%Ib)*ﬁ&ﬁfi’( MBLL. 24T 4 7L O EMD»S
BRSO BARELEHE2IL»ICLZL
(Morita A, Nakayama M, et al, Cancer Sci, 2023) ,

H1 = EBMYToO0—-2IC&BRY y0—F Vi

LTS AKTP #ifE &, FEERISME AP #iBaA O 2 R & —%&Fm L TR
fEICEET D&, AKTP MIRRAFER LI E—y FAEETD AP
HROEEFEBHEAEREL R VO0—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)

M2 m EBMHEAY TOO0—2DRAT 1 TEREE

AA=DUTBEICEY . BEBMD AKTP fillz@ke 20 70—
> D#) 30% TEBHEDHEEHA RO SN CNSDMRAIE. £ERD
ESHEBN SR TT « TBIRBBICKUHREIN T\ D,

(Morita A, Nakayama M, et al, Cancer Sci, 2021 £W3|H)

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, Nakayama M, et al, Cancer Sci, 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.

[Polyclonal metastasis of intestinal tumor cells]

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 Commun,
2021).

[Nano-scale mapping of genotype-defined cancer cells]

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, Biomaterials,2022).

[Cancer evolution by negative selection mechanism]

AKTP organoids carrying four driver mutations in Apc, Kras,
Tgfbr2 and Trp53 were established from metastatic intestinal
tumors. We found that about 30% of AKTP cells lost metastatic
ability and eliminated from the tumor population by negative
selection. Thus, it is possible that cancer evolution is promoted by
both positive and negative selections (Morita A, et al, Cancer Sci,
202).
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The most prevalent cancer globally, breast cancer develops from premalignant
conditions. It is highly desirable to prevent breast cancer from developing by
finding ways to treat these premalignant conditions. But the molecular
mechanisms behind them are not well understood. We have discovered that the
adaptor protein FRS2p triggers changes in the cellular microenvironment that
give rise to premalignant conditions in mice. Specifically, we found that FRS2f3
creates a microenvironment that has a high concentration of cytokines for
promoting tumorigenesis.

Our major research interest is to elucidate the molecular mecha-
nisms regulating cancer cells, stem cells and cancer stem cells. Our
team has two important research directions: One is to clarify the
basic principles underlying biology and the other is to apply the
knowledge extracted from the basic principles to translational
medicine. In order to achieve the goal, we take challenging
approaches of molecular biology and systems biology, in addition
to conventional methods of molecular biology.

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

2. 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 (RTKSs) 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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(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.1 B mTOR and FOXO pathways in quiescent hematopoietic stem cells
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Fig.2 B FOXO activation for drug-resistance of leukemia stem cells
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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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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
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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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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.
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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
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*Noubissi F, Minamoto T, et al. B-TrC‘P(
Nature 2006;441:898-901. J_

IkBou

NFEB =

**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




AR 32 RR e A2

Central Research Resource Branch

B PREERHEER Central Research Resource Branch

|.t@ 22N

MERE 2 g #EHEIRE BX  EHE A #E
Director Associate Professor Associate Professor
HIRAO, Atsushi ENDO, Yoshio KUNO, Kouji

RREERER T [H AN - ZEWMEICEL D%
BHHBMFERR] ELTORE - FBZHET DI
&, HEXNMA - KEMAFICHT D - R - HARE
BICEODES, HEME - HRAMRICEHDIERE
- ®E Z1—XLF— (F2@) PIURITLR
BOEHZTO>CTNET,

HEF 16 =
Assistant

KITA, Keniji

HEMA - ARARICRES D ERZMER

- B hAIH /A K - PDX - BEETR

- ERENER
(VOZENATTIVIERE. BLEFREVY TR,
KRB R BIEEE R S S OB EMR)

- BF) - GBg - Y UINOESERTA T —

- KUCRIE M AMRRRE R

FHYHATRRERD RIVLA

SM2EE X

- HEMNA - KEMARGAFTRRBES

- BREBDAENF D VIR L (F/ R F T
%% Ff (NanoLSl) B VR L EDHHE)

SHIEE \

- HEFRA - HERERGATRREBES

- FEEBXRZF EBI’ALEYY—EDI IS ERIHRER
UIRIT -

- SREBAAENS S VR YL EIRRIR T 4|7

SHAEE ENBRAFREN - -

- HERA - AEMARCHARRBES a3 16 54166

- EMEREMFTFIRY NT—TEB VRO OLE l
SREREAAEY S VRS LD BRI XER REEFMRICDNTIT ERFZ




i iE ﬁﬁ gg B O SR O SERIBFIE OB & U IemaR # i
O BTV, 2O HERAT 5,

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— (B8l HEEE) Automated Cell Sorter
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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.

SAKS . SAV Ch: 59 Commentg: = o505 vk oz ____AEI 370A Ver 1.33
SEMHAUR NG ERGE B \ B 'ﬁﬂ'ﬂHTfﬁ‘T??if\‘T?fll? UG M M B ¢..::—:e:vf?rrnr?rq=1

1 to BOOO Base 1.4 50~ June 1989

Primer:

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

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

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

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).
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BT AR Do (B) ADAMTS- ERFRIBVIRIL, BHRIER Tk
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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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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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Nature Communications. 14:167. (2023)
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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
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&~ 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
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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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Microenvironment Regulation in Cancer Stem Cells
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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

Cytokine-enriched niche

Tumorigenesis

Cancer cells or
Cancer stem cells ( e
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Mitochondrial Dynamics in 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.

e

The OPA1, a ial inner

ion and cristae structure regulator, is

overexpressed in gefitinib-resistant lung adenocarcinoma cells. Thus, OPA1 inhibition restored
their sensitivity to gefitinib by enlarging cristae lumen.
(Noguchi M, Kohno S et al, Cell Death Dis 2023)
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Settlement of accounts for Each Year (Subsidy from the National Government) in thousand yen
X4y Item SRS 04EE S HITCARRE SHI24E EeE IRKIRES S HI44EE
EEE A4 Subsidy from the National Government 498,004 507,855 513,654 506,529 521,557
e AN I # Personnel Expenses 369,283 404,442 385,923 373,320 401,064
Ttems | yy ot 924 Other Expenses 128,721 103,413 127,730 133,209 120,493
MERAEMENE (AL )
Grants-in-Aid for Scientific Research in thousand yen
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et H (A Gt I G v O ot O G I B QL It
R E BRI
Gjr‘ant-;:l-Aid for Scientific Research on Priority Areas 0 0 0 0 0 0 0 0 1 5,460
Rl A 5
Graj—ir:—A}jd for Scientific Research on Innovative Areas 4 30,680 0 0 1 3,120 1 3,120 0 0
ST (A)
Grant-in-Aid for Scientific Research (A) 3 36,660 3 36,270 2 22,230 2 20,540 2 22,230
LRSS (B)
Grant-in-jz:id for Scientific Research (B) 4 25,480 7 42,250 8 43,290 8 43,030 7 35,750
SEREITSE (C)
e i P () 15 | 23,660 | 16 | 24,570 | 20 | 30,420 | 18 | 23,660 | 17 | 23,660
PRE IR 2 F 52
Grant-in-Aid for challenging Exploratory Research 0 0 0 0 0 0 0 0 0 0
PRI SE (BA4h)
Challenging Reszarch (Pioneering) 1 10,400 1 5,200
PRI WFTE (B 2F)
R i 5 | 15600 4 | 13,390 | 3 9,100 | 1 3,250 | 3 9,490
i FHr7E (B)
Grant—in—j:id for Young Scientists (B) 7 12,480 0 0 0 0 0 0 0 0
i
B R 5 | 1,700 9 | 15080| 9 | 17550 | 9 | 14,820 | 7 | 12,090
WFYEREE) A 2 — b 2%
Grant-in-Aid for Research Activity start-up 1 1,300 2 2,860 2 2,860 1 1,430 1 1,430
e e B2t
Grant—in—jkid for JSPS Fellow 4 3,894 1 1,040 0 0 1 800 2 1,100
B e ) 1 B8 e
Fundeor thl;| Pronjlaion of Joint International Research 0 0 0 0 0 0 0 0 0 0
Rl Total 48 161,454 | 42 135,460 | 45 128,570 | 42 121,050 | 41 116,410
x MERER 2O
SNEFEE g )
Other Funds in thousand yen
R P304 FHITCAEE S22 SIS SHAAEE
WryeiEH 5 Bkl 5 Bk 5 Bk 5 Bk 5 Bl
Zatioe 9 208,623 9 186,055 9 136,214 9 169,937 14 355,398
ZRLHERE 2 2,510 0 0 0 0 0 0 1 52
w8 & 1 2,000 0 0 0 0 0 0 0 0
RIS L OLFEIE | 4 3,489 4 10,482 3 23,847 6 16,475 4 6,840
M <& 24 22,935 19 19,170 16 15,040 17 16,400 | 21 56,200
el Total 40 239,557 | 32 215,707 | 26 175,101 32 202,812 | 40 418,490
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Educational Activities
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Graduate Students and Research Students

S 4ES H 1 HBHE

SeEDIAET IV 73 A e P3AHN WA T WA T et
L[R5 W9 BREGRE T PRI HER T I 978 el 7 U}
A I R— Jarz s A Jarzs A Ja’rzs A 7arz < h
% || 1 2 !
% - I
e
s I 1 5
; 38
& | e | : 0 :
Bl 3 2 1
7 v 4 4 1 5
T
Bl .. II
g | | LR 0
E I
EA L \Y%
CA RN — I 1
25| YRR
4 | Il
WE | piaRe | 11
7t
Ft Jl
SR 1
R P SO R 1 1
Bl
L5 I 1 3
B\ g [ 1
B i
WFFeE (R R B ) 0
ZRBER
Partner Universities and Faculties S5 H5 A1 HBHE
R i i hERY: - WREHZ [ (&%)
RN K2 HE (RN
PYITR (R
IV E VERERY hE L EY)
ZIE LR A wE (Z1)
IV ERER TNV T ONvF)
E 2 OIVENL RN TN (T 28— ]h))
k?&ﬂibﬁtﬁ‘ﬂf %‘/:!)Dﬂ?'fﬁ?—‘i— T d) ('75\/1\— I\ V)
Partner Universities T INVENTER A IV (TF2I8x— b))
T INVENLD AL B — T (UT 8= L)
)

& > IOVIE L R B

T IV (UF 23— b

FU—AT VRE

24 (E¥Xua—2)

AL R G (XA A)
YT r R 77 7 EEEME (T y)

P27 MNRFIVT IV ERERSE

ayy (7 hRFIVTIND)

0 1T 2237 B

Partner Faculties

it [ R A B WE T e {5 Lo FSE T i (K
B E RS RS ARt i (ki)
Y OIVRERE D AT HE (L)
VOOV REEDS A NBR BT > & — iE (Vo)




FE RN OU LREIR

Research Activities

1. 81 7EEGERZEREMRY FO—TEBRD VROV LARUERER
PAEMZED VRDD L2022 (GEIBMK)

The 17th International Symposium of the Institute Network for Biomedical Sciences &
International Symposium on TumorBiology in Kanazawa 2022
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Research Activities
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Campus Locations
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Kanazawa city
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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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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
[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.

SRRFARD (EO)©FF— [11] [585mE] 56

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
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