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Preface

)

Kanazawa University Cancer Research Institute was found-

5.

ed as the only cancer research institute of the Ministry of
Education in 1967. Cancer Research Institute started with 8
departments including clinical section of Surgical Oncology and
Medical Oncology departments, and was later expanded to 10
departments. In 1997 the former departmental structure was
abolished, and replaced with a super-department structure.
Center for the Development of Molecular-targeted Drugs was
also established at the same time. Cancer Research Institute has
been producing epoch-making achievements in a wide variety of
fields, such as the discovery of proteinases, identifications of
function of chemokine, apoptosis, and angiogenic factors, and
development of novel anti-cancer drugs.

National universities became Independent Academic Bodies
in 2004, and far-reaching changes have occurred around the
institute. Simultaneously, in cancer research, more endeavors are
required to translate the achievements in basic research to clin-
ics. Thus, in order to become a center of excellence to overcome
unsolved clinical situations in cancer, especially metastasis,
recurrence, and drug resistance, Cancer Research Institute was
reorganized to establish 2 fundamental departments and 2 cen-
ters in 2006. Center for Cancer Stem Cell Research is investigat-
ing cancer stem cells, which are presumed to be involved in
metastasis, recurrence, and drug resistance, while Molecular and
Cellular Targeting Translational Oncology Center is trying to
develop a new cancer diagnosis and treatment in collaboration
with Center for Cancer Stem Cell Research and 2 fundamental
departments.

In Cancer Research Institute, researchers from a variety of
fields including natural science, engineering, and clinical medi-
cine have assembled to establish a cutting-edge research locus, to
conquer metastasis, recurrence, and drug resistance. With the
movement to Kakuma Campus at the end of this fiscal year, we
are trying to collaborate with researchers in more wide varieties
of fields, to overcome stubborn cancer.

With the publication of the 2009 Kanazawa University
Cancer Research Institute Outline, I would like to request your
continuous support and understanding.

Naofumi MUKAIDA, M.D., Ph.D.

Director,
Cancer Research Institute
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Historical Chart

W# TR Tuberculosis Research Institute

1940.12. 6
SIRERIR A TR DAL AL IS B 2 0551 O 72 O AE RIS I 23 h3 Tuberculosis Research Facility was established in School of Medicire for "the study of
HI iz, chemotherapy of tuberculosis".

1942. 3.20

SRERER A IR RALIETET & 72 O TR D T B e Oia FE 1 B % 22 8
Wk Zz QJEMFTE &2 Hi e U, SEERGH, M 5 e tMEsE o 3
TR ICH R S i,

Tuberculosis Research Institute was established by expanding the Facility. Three departments,
Department of Pharmaceutics, Department of Microbial Immunology and Department of

Chemistry, opened for "the basic and applied research for the prevention and treatment of

tuberculosis".
1947. 7. 3
SRS ANT ISR M hs 2 S e, Department of Medical Examination and Treatment opened in Izumi-honmachi, kanazawa.
1949. 5.31
SRR MEE ORI & e - 1=, The Tuberculosis Research Institute was attached Kanazawa University.
1963. 3.18

ST RTINS, R T TP B WA #0450 & e,

Two departments were renamed ; Department of Pharmaceutics to Department of

Pharmacology, Department of Medical Examination and Treatment to Department of Clinic.

1963. 4. 1
B B M A R &S vtz Department of Pathophysiology opened.
1964. 4. 1

Wi AT 1] D R it % 3 AL T FE T IR I o L 80 & Az

1967. 3.

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

Hospital.

G PR Y B VRS S e 23 IR T KRBT IS BT 38 i S vz

IE?EBWEF:EE%%E‘@E&
1961. 1

Cancer Research Facility, School of Medicine

The Department of Clinic and the Tuberculosis Research Institute Hospital moved to

Yoneizumi-machi, Kanazawa.

E%ififib: [ D SERE LW 2AINWETE) D 7z OMIE R MR A BT R S 4,
WEFEER I B AL AR M A3t & Aure,

Cancer Research Facility was established in School of Medicine for "the basic biological

study of cancer". Department of Biochemistry opened.

1964. 4. 1
AL AR AR S T, Department of Virology opened.
1966. 4. 5

Gy PSRRI R S Tz

WA AFRFERT Cancer Research Institute
1967. 6. 1

Department of Molecular Immunology opened.

(D3NS 2 B OV DIGTTORFTE) % H IS, #EIFTT & A
I TR S & IR ED AT L 2 0, 5 F4EW, vA
VA, S PR, SRR, IR, SRR (LSARHA N OER O 8 W
FEBM D Stz

RGBT, 23 ARTTEIT SRR BE (< SOk & Az,
1968. 6. 1

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.

VB AR S e,
1969. 4. 3

Department of Biophysics opened.

FERERFSE R D WFFTMD G RN D [l fENBUE IS BT B i S /e,

1977. 4.18

A new building for basic research departments was built and opened at present site in

Takaramachi, Kanazawa.

SRR DR S A, BRI SRR TSP M F A T & ufe,

1983. 3.30

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

Medicine.

FRfJea B oo BB CRERERJAT) S DML D IR 3R S e
1997. 4. 1

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

10#8F % 3 KERF (140F72559F) 1 > 2 —cetfll L, JEE Sy TR,
AN, BRSSO 3 LI B 0oy TRENEE AP e £ > X — & < o

2001. 4. 1

Ten departments were reorganized to be three departments (consist 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.

Pt B (3 2= R i B & A7 & i,

2006. 4. 1

The Hospital was merged with the University Hospital.

SREM (14WF5E574F) 122 2 —% 2 KEM2 > 2 —cdilL, »
Ay TR GEIWEFEIR, A3 AN RERIBEIE T2 oD 2 AR Ko O3 At
MMOFTE L > 2 —, SRS ABERIIFHE L > 2 — %<,

Three departments (consist 14 divisions) and one center were reorganized to be 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.
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Division of Cell Biology

EETHEHRAEBLOMEICEZ DX II7H, RNA, K&
VZDEGEPEGLTEY, HMlaoil, Hffoizdo
PEBEDFEBLE DY T <, MllaD A bbb - TV 5
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R A NADS THEDFNR 2T > TV %, ERIIR
IR DOEY TH 5,

1) A5 FRNADE & BERE K OFEBLREAE D it
2) BHEIFFR D A IV ARG EERE O fiftH

Various RNAs, proteins and their complexes participate in
gene expression and concern with not only maintenance and
proliferation but also transformation of the cells. We are focusing
on revealing transcription and maturation mechanisms and
relationship between structure and function of RNAs. We are also
studying molecular biology of hepadna viruses. Main projects of
this division are as follows.

1) Structure and function of low molecular weight RNAs.
2) Infection mechanism of hepatitis B viruses.

1 m EEFEHRERICEHDES FRNA

BRI IIZTEHRDED FRNANGFEL, ERIBRFERDE L BHRIET
TRREL, HRSDIETE, MIFCEHLOTU\D, R4 IIERLRTF/ Vo7 I MNE
ZFRWTmMIRNARU'sNoRNADKEERRITZ1T DT L D,

Fig. 1 @ Low molecular weight RNAs are concerned in gene
expression
Various low molecular weight RNAs function at many stages in gene
expression and are concerned with maintenance and proliferation of the cells.
We are working on the functional characterization of miRNAs and snoRNAs.
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Fig. 2 m U13 snoRNA guides modification of 18S rRNA

By the using of targeted disruption, we could obtain chicken cell lines those
are deficient in the expression of Ul3 snoRNA. In these cells, the
modifications of a cytidine residue near the 3'-end of 18S rRNA was inhibited
completely.

3 m BEFFRD A IV ADBEERE

BEIFFR DA IV A DBREBZN D=, 5 IBEEFR DA )L X (DHBV)
ZETIUC, DHBVEREEHE I O2BEEABEZRRL TS, ZDiE
R ZOVANZADLETY—THDHRAINRFINRTFI—F
gp180Z&RER LA, BEEMIICIIESICE—DBERFIVETHD
ZENHDTE,

Fig. 3 B Infection mechanism of hepatitis B viruses

To understand the nature of the uptake pathway for hepadnaviruses, we have
begun the search for the host proteins that interacts to envelope proteins of the
duck hepatitis B virus (DHBV) as a model of these viruses. After our finding
of novel carboxypeptidase gp180, which is now regarded as a host receptor,
recent experiments suggest that second host component may be required with
gp180 to fully reconstitute viral entry.
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1) DNAEGA b v ACKY 2 il E IS8\ Tal o
M7e e % 72 LT B ataxia telangiectasialf Al
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IR, FRICDNABIEIC I 2 B E o fii],
LEOMRLBUEHEITL TV S,

DNA damage is a constant threat to eukaryotic cells and
defective response to this threat increases genetic instability,
ultimately leading to cancer. The goal of our research is to clarify
how cells recognize DNA damage and transduce signals to cell
cycle checkpoint control, DNA repair and apoptosis machineries.
To achieve this goal, we are currently studying the activation and
functions of ATM (a gene mutated in ataxia telangiectasia) family
in cellular response to DNA damage, using knockout cells. We
are also studying how c-Abl family, BRCA1 and Chk2 are
activated and what roles these factors play in the response.
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Division of Molecular Cell Signaling

2O FIUGERFE S

HARLIN > 27 I WAZIERR B D FLds Ze iR AL (S le o fE b %
BETZENHLNT WS, Fhlebi, FEAMBENY
T FIEIERE R D—DTH 5 MAPF F—+t (MAPK) & A
r—RICEHRL,

« MAPKA 27— R O in vivo (235 () % HERE D fiRIH
- MAPK 27 — R Off# ]ﬁ’%ﬁ%h?‘% 53 FHERE D fiRH
ZHIEL TR ZED T 5,

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

1 ® MAPKAZ4S— RO in vivo ICHITB1EBE, RUE
BY INDBILEK DT F—EESBRDRE

MAPKA 27— RIHABEDIESE, 21k, ROTPRM—IRUTHNTEER
BEZBOT\D, BIHY V/INVEIS, MAPKOR T — RDERISEMM
NTHDMAPK, MAPKFF—+ (MAPKK), KRUMAPKKFF+—+
(MAPKKK) E B EFZTER T 2 2 EICKIMAPKA R T — RDFEMZR
BIoLB3x6ND,

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

Recent studies indicate that MAPK cascades, in which major components are
MAPK, MAPK kinase (MAPKK), and MAPKK kinase (MAPKKK), play
important roles in cell proliferation, differentiation, and apoptosis. Scaffold
proteins could contribute to the specificity determination of MAPK cascades.
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2 m FEEH/IKICSITDEIES V/NIEISAPT LEiEM
B JNK MAPK (D38

REEELSRIC K DB ZIT, BI5Y /N IBISAP1HE KL OVEHE
INK MAPKIZFZHER Y D /N DA FRNIE 2 2 i 9 2 FR A i BR Al A2
(GCP), FHIC1BlEZEILLLCCCPTRIERL TSI EZRE LT,
CDFERIE, JSAP1-INKL T RERNGCPOIBIERE, HSLUNE
REICELD I EZMRIEZLTIND, F/ISAPT-INKRIZ, BESFRESE
EICBESLTN\DEEZOND, JSAPTUNK MAPKIZERDEIHY >/
), P-INKCEHE INK MAPK), Ki67 (ERaE5E~Y—H1—), p27<! (i
faiglEE1E v —51—), NeuN(GHlRED1EY—51—),

Fig. 2 B Expression of the scaffold protein JSAP1 and active
JNK in developing mouse cerebellum

During the development of the cerebellum, massive clonal expansion of
granule cell precursors (GCPs) occurs in the outer part of the external granular
layer (EGL). We have provided evidence that the scaffold protein JSAP1 and
active JNK were expressed preferentially in the post-mitotic inner EGL
progenitors in the developing cerebellum. These results suggest that JSSAP1
promotes the cell-cycle exit and differentiation of GCPs by modulating JNK
activity in cerebellar development. It is conceivable that JSAP1-JNK signaling
would be involved in the development of medulloblastoma. JSAP1, a scaffold
protein for JNK MAPK cascades; P-JNK, phosphorylated (activated) JNK;
Ki67, a proliferation marker; p27%®!, a negative regulator of the GCP cell
cycle; NeuN, a neural differentiation marker.
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Aim and Projects on going

Accumulation of mutation in ocogenes and tumor suppressor
genes in normal cells results in malignant tumors. Malignant
tumors invade into tissues and finally metastasize to distant
organs. The goal of our project is to elucidate the molecular
mechanism of tumor metastasis and develop diagnostic and
therapeutic application.

Tumor invasion into tissue requires degradation of tissue
basement membrane. We discovered a protease which is the key
enzyme for tumor metastasis, and named it as MT1-MMP
(Nature, 1994). Accumulating evidences indicate that MT1-MMP
plays important roles in not only tumor invasion but also

regulation of tumor growth and migration.

B E R LT DT =2 —0ERLDODH S,
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IEEHREIDRE L TBIET DI LTMTI-MMPZRIR T S h A L L T=HlREIE
REMEDIEIEZ I D, MMPIEERIBBOADAMICK Y IS5 —7 27 ILNTD=E
I3MFIENd, &/, EEMDCKHAIIHGEAMIC K A5 =7 V7 IVATEZR
T D, COBZEMEMTT-MMPZIET S Z LICLUTRICHFIE=ND,

Fig. 1 ® Induction of MT1-MMP and Invasive Growth by Ocnogenic
Transformation of Normal Epithelial Cells

Normal epithelial MDCK cells were transformed with oncogne (erbB2), and showed
tumor phenotype including MT1-MMP expression. Normal cells grow to form cysts in
collagen gel, but transformed cells which express MT1-MMP show invasive growth.
Tumor invasive growth is suppressed by the addition of MMP inhibitor BB94. Normal
MDCK cells form branching tubules upon addition of HGF, which is also suppressed by
BBY%4

2 m #HkEEHEMT1-MMP
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ZEICKWEBE LTSIV EEBL TS,

Fig. 2 m Cell Migration and MT1-MMP

HT1080 cells were cultured on collagen, which express MT1-MMP, and were stained
for paxillin to visualize focal adhesion and actin. Addition of MT1-MMP inhibitor
BB94 altered the localization of focal adhesion, reduced cell polarity and suppressed
cell migration. MT1-MMP enhances motility signal by stimulating turnover of focal
adhesion.
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Aims, Ongoing Projects, and Recent Achievements
Inflammatory responses occur upon tissue injuries, to reduce

tissue damage. If inflammatory responses are exaggerated and

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

By interacting with tumor cells, stroma cells and leukocytes
can produce various bioactive substances including chemokines.
The produced molecules can affect tumor progression and
metastasis. We are elucidating the interaction between tumor
cells and stroma cells and obtained the following results recently.
1) By using mice deficient in chemokine-related genes, we are

showing that chemokines can contribute to tumor development

and progression by exerting various activities.

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

H1 ® TENA VDB AREICHSITDRE
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ZFEL, NARREOEMICESL TL D,

Fig. 1 B Roles of chemokines in tumor progression and
metastasis processes

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

a. Regulation of immune cell trafficking

b. Induction of neovascularization

c. Enhancement of tumor cell motility

d. Induction of production of bioactive substances by tumor and stromal cells
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Fig. 2 m Aberrant expression of a serine / threonine Kinase,
Pim-3 in malignant lesions

Pim-3, aberrantly expressed in various malignant lesions, inactivates a pro-
apoptotic molecule, Bad by phosphorylating its serine residue, and eventually
prevent apoptosis of tumor cells.
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Each cell composing our body has an ability to kill itself when
necessary. Apoptosis is a common type of such functional and
active cell death. To prevent oncogenesis, cells often die by
apoptosis when their genes were severely damaged.

On the other hand, we have demonstrated that a neutralizing
antibody against Fas ligand (FasL), an apoptosis-inducing protein,
has therapeutic potential in animal models of inflammatory
diseases including hepatitis. Furthermore, using this antibody, we
successfully prevented hepatic cancer development in an animal
model of chronic hepatitis. Currently, we are exploring the signal
transduction pathway of FasL, which is a potential target of drugs
therapeutic for inflammatory diseases and/or preventive for cancer
associating with chronic inflammation.

Recent studies have revealed that besides FasL, many other
proteins have roles in both apoptosis and inflammation. We are
exploring the function of such proteins, which could be important
players in biodefense and cancer.
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Fig. 1 B Therapeutic effect of an anti-FasL antibody
in an animal model of chronic hepatitis

Transplantation of HBs antigen-primed lymphocytes into transgenic
mice expressing HBs antigen in the liver caused chronic hepatitis,
and after one year or more, led to hepatic cancer. Administration of
an anti-FasL antibody not only ameliorated hepatitis, but also

prevented cancer development.
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Fig. 2 B Livers from mice treated (right) or untreated (left) with
an anti-FasL antibody

Fifteen months after the lymphocyte transplantation. Untreated livers shrunk and
carried multiple tumors (arrow heads and arrows). Histological analyses revealed
that these tumors were hepatic cancer. On the other hand, treated livers were
almost normal in size and histology.
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Stem cells are defined as cells that have the ability to
perpetuate through self-renewal, and develop into mature cells of
a particular tissue through differentiation. Appropriate controls of
stem cell functions are critical for maintaining tissue homeostasis.
We have revealed that genes that are involved in DNA damage
responses or PI3K-AKT signaling contribute to the maintenance
of stem cell self-renewal capacity. Thus, signaling pathways for
control of tumorigenesis or senescence may be involved in stem
cell regulation.

Recent evidence has demonstrated that in tumors only a
minority of cancer cells has the capacity to proliferate extensively
and form new tumors. These tumor-initiating cells, which are
called cancer stem cells, are thought as a novel target for cancer
therapy. 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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Aim and Projects on going

Accumulating evidence has indicated that cooperation of
oncogenic mutations and host reactions are responsible for
tumorigenesis. To elucidate the genetic mechanisms of
tumorigenesis, we constructed mouse models and examined
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histopathogenesis of gastric tumors.
1) Wnt signaling and PGE, pathway are important for gastric

1) HEPAFLEMETE, LM TOWnts 7L siit
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NI D 7 F N REHTH L LIy Y AET IV %
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HFIERT 22 H 5002 L7z (Oshima H, et al,

Gastroenterology, 2006) ,
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et al, Gastroenterology, 2009) .
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3)

4)

tumorigenesis. We constructed mouse model, in which both
Wnt and PGE, pathways are activated in the gastric mucosa,
and found that transgenic mice develop gastric cancer (Oshima
H, et al, Gastroenterology, 2006).

Infection-associated inflammation plays a role in gastric
tumorigenesis. Using in vitro and in vivo systems, we have
found that TNF- @ from activated macrophages promotes Wnt
signaling in surrounding gastric cancer cells, which further
contribute to tumorigenesis. Wnt promotion may be one of
important mechanisms of inflammation in gastric
tumorigenesis (Oguma K et al, EMBO J, 2008).

Using primary cultured cells from mouse gastric cancer, we
have shown that tumor cells activate bone marrow-derived
cells to be myofibroblasts that play a role in tumor
angiogenesis (Guo X, et al, JBC, 2008).

Sox17 represses Wnt signaling and downregulated in gastric
and colon cancer, suggesting that Sox17 is a tumor suppressor.
Importantly, we found that Sox17 expression is strongly
induced at early stage of tumorigenesis. It is thus possible that
Sox17 plays a role in tumor development (Du YC, et al,
Gastroenterology, 2009).

H1 m Wnt&PGE-DHEMERICEURET DB A

Wnt1, COX-2, mPGES-1ZEFICEIRSEL SV AD T2V IVDIR(KTI9-
Wnt1/C2mE) DBXEETIE, Wnt2 T )L EPGE2REEDEEERICK BN AD
RENRDHOND,

K19-Wnt1/C2mE mice expressing Wntl, COX-2, and mPGES-1 in gastric mucosa
develop adenocarcinoma in glandular stomach, indicating that cooperation of Wnt and
PGE: pathways is responsible for gastric tumorigenesis.

K2 m WntrogElEEHRaIc 31D Sox1 7DHRIFFEE

BAAREVY DI ETIVOEEERE T, B-cateninDERFENBHOND,

HL/BE%%EHBETSOM TORERFERFENERE SN, ASHDREZRZLTND
BEMEE R L TV,

In mouse tumor cells at early stage of gastric tumorigenesis, B-catenin is accumulated,

indicating that Wnt signaling is activated. Importantly, Sox17 is simultaneously induced

in tumor cells, suggesting a role in gastric tumorigenesis.
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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 cancer in the gastrointestinal and
respiratory tracts. Research projects are based on molecular and
cellular characteristics of individual tumor types that are relevant
to metastatic potential, recurrence and outcome. Our current
efforts are focused on:
(D Molecular mechanism underlying oncogenic signaling

networks

(1) Deregulated Wnt/f3 -catenin signaling

(2) Glycogen synthase kinase 33 (GSK3)-mediated signaling
(@ Development of tailored chemotherapy by pharmacogenetics
(® Translational research of DNA methylation markers
@ 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.

s bl o s . L § L™,

®1 m JUI-5ERERFFT—E3B (GSK3B) I
Wnt FFIUCEEL LU LB AR THS

Glycogen synthase kinase 3 3 (GSK3 ) supports and promotes tumor cells'
survival and proliferation, and protects them from apoptosis in cancers
developed in the major digestive organs, the results warrant proposing this
kinase as a novel target in cancer treatment (PCT/JP 2006/300160).
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RNA trans-factor CRD-BP is a previously unrecognized transcription target of
B -catenin/Tcf complex, and stabilizes mRNA of S -TrCP (- transducin
repeats-containing protein), NF- ¢ B and c-Myc. CRD-BP is a novel cancer
target that integrates multiple oncogenic signaling pathways

Tailored chemotherapy iy TS pharmacogenctics
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Thymidylate synthase (TS) is a target of fluoropyrimidines including 5-FU. TS
has unique gene polymorphisms (VNTR and SNP) in the 5-UTR. Frequent LOH

has been found in TS locus. The polymorphisms and LOH status are linked with
TS gene expression and can be of clinical use for tailored chemotherapy.
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Both promoter hypermethylation and global hypomethylation occur
simultaneously in cancer. The profile of the DNA methylation is charasteristic
as molecular signature in individual cancer, linked with patients' outcome.
Tailored medicine (prevention, diagnosis, and therapy) can be developed using
the methylation markers.
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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

T DIEZR R JEHEIN 70 D3 A DAL T2 Wik OWESL 2 Hig L characterization of the cancer genes isolated by high-throughput
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screens using retroviral insertional mutagenesis. Once these genes

are identified, we use gene knockout and transgenic mice to

understand how these genes function in tumorigenesis, and to

develop new animal models for human cancer. Our current

projects are as follows.

1) Isolation of novel tumor suppressor genes using retroviral
insertional mutagenesis in mice with genomic instability

2) "The histone code" and cancer

3) Identification of novel non-histone substrates for protein
methyltransferases and demethylases

4) Functional analysis of the novel cancer genes using conditional
knockout mice
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Fig. 1 @ Most of human cancer genes are shown to be the targets of
retroviral insertional mutagenesis in mice
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‘We mapped the mouse orthologs of human genes involved in leukemia/lymphoma (shown in
pink) and in other cancers (shown in blue) registered in Cancer Gene Census Database.
Among them, a number of genes (shown in red) have been identified as the targets of
retroviral insertional mutagenesis in mice.
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Fig. 2 m Efficient isolation of candidate tumor suppressor genes using
retrovirus-infected Bloom syndrome model mice H =

AT /" wmnm l\.‘
Bloom syndrome is a recessive genetic disorder associated with genomic instability that e "'___ _
causes affected people to be prone to cancer. The mutant mice for Bloom (Blm) gene showed H :'i' ' o
increased rate of sister chromatid exchange, somatic recombination and loss of i -] i i
heterozygosity. The Blm mutant mice enhance our ability to identify tumor suppressor genes, . -
because the tumors derived from virus-infected Blm mice are more likely to carry viral
integrations in both alleles of tumor suppressor genes through their genomic instability.
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Division of Tumor Dynamics and Regulation
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Hepatocyte growth factor (HGF) was originally discovered as
a mitogenic protein for mature hepatocytes. HGF exerts various
biological activities cell proliferation, migration, anti-apoptosis,
and morphogenesis in diverse biological processes. The receptor
for HGF is Met tyrosine kinase. HGF plays critical roles in
dynamic morphogenesis and regeneration of various tissues such
as the liver. In cancer tissues, however, activation of the Met/HGF
receptor is tightly associated with malignant behavior of cancer,
i.e., invasion and metastasis, thus HGF-Met system is emerging
target in the molecular target therapy of cancer. HGF is a stromal-
derived mediator in tumor-stromal interaction. Our group started
research from the April in 2007. We are studying on 1) regulation
of tumor invasion-metastasis by the HGF-Met and therapeutic
approach with NK4 (HGF-antagonist and angiogenesis inhibitor),
2) negative (suppressive) mechanisms for the Met receptor
function and their biological significance in the termination of
tissue regeneration and organ homeostasis, 3) clinical application
of HGF for treatment of diseases, and 4) drug discovery based on
structure of HGF-Met complex. HGF-Met system makes a way
for dynamic reconstruction of tissues via epithelial-stromal
interactions for regeneration of wounded tissues, whereas it is
utilized for acquisition of malignancy of cancers. The simile that
"cancer is never-healing wound" seems pertinent from the aspect

of HGF-Met.
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Fig. 1 B Biological functions of HGF (hepatocyte growth factor) and NK4

HGEF is a heterodimer protein composed of 697 amino acids and the receptor for HGF is
Met tyrosine kinase. HGF plays key roles in morphogenesis and tissue regeneration such
as the liver. In cancer tissues, HGF plays a critical role in tumor invasion and metastasis
as a mediator in tumor-stromal interaction. We discovered NK4 as the antagonist against
HGF-Met. NK4 has dual functions as HGF-antagonist and angiogenesis inhibitor.
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Fig. 2 ®m Anti-cancer action of NK4

NK4 inhibits tumor invasion-metastasis through inhibition of HGF-Met system.
Furthermore, NK4 inhibits tumor growth through inhibition of tumor angiogenesis. Anti-
cancer strategy of NK4 is to inhibit biological processes involved in malignant behavior
of cancer: one is inhibition of tumor invasion-metastasis mediated by HGF-Met system,
and the other is inhibition of tumor angiogenesis essential process for tumor growth.
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Lung cancer is the leading cause of malignancy-related death
in Japan. High mortality of lung cancer is due to low susceptibility
to anti-cancer drugs and high metastatic potential.

We examine the expression of drug sensitivity-related genes
using surgically resected lung cancer specimens for personalized
medicine.

Since clinically relevant animal models are essential for
elucidating the molecular pathogenesis of cancer metastasis, we
have established reproducible mouse models representing multi-
organ metastasis, brain metastasis, lung metastasis, bone
metastasis, or malignant pleural effusion, using human lung
cancer cell lines. We are elucidating anti-metastatic effects of
several molecular targeted drugs in these models.

Furthermore, we established orthotopic implantation models of
malignant pleural mesothelioma. The goal of our translational
research with these animal models is the establishment of novel
molecular targeted therapeutics for malignant pleural
mesothelioma.
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Fig. 1 @ Personalized medicine based on
analysis of drug sensitivity-related
molecules for lung cancer
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Fig. 2 @ Treatment with inhibitor of VEGF
receptor suppresses production of
liver metastasis

Treatment with VEGF receptor inhibitor (Vandetanib)
induced apoptosis of tumor associated endothelial cells and
suppressed production of liver metastasis.
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We should aim for adequate therapies among various ones,
such as operation, chemotherapy, radiation, and others to cure
cancer patients. To achieve those aims, we should know the
cancer biology and host immune system of individual cancer
patients. So we are focusing on following research works,

1) To clarify the mechanism of cancer metastasis and establish of
molecular targeting therapeutics-Role of CXCR4 in peritoneal
metastasis of gastric cancer,

2) To know the immune system and cytokine network of cancer
patients and to develop of immune therapy using OK-432 and
other immune boosters.

3) To establish proper chemotherapy combined with other
therapies through the study of various genes, and clinical
works.

4) To develop some combination therapies followed by
prolonged survival (tumor dormancy therapy) of cancer
patients.

In summary, our goal is an order-made therapy for individual
cancer patients and prolongation of survival with QOL based on
basic and clinical studies.
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Central Facilities Central facilities were established, so that the equipment is accessible
by anyone and collaborative research can be carried out. Below is a list of
the facilities.

m BEE/IVY—45— (BEiIREEIREEEE) 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 only 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.

m27)AOA A—2+— Fluoro-image Analyzer
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Adding to the existing bio-image equipment, the new
Fluoro-image typhoon was installed and the analysys of bio-
image was upgraded. The new equipment can detect and
process images of the nucleic acids and proteins in
microdoses without the use of isotopes, consequently,
information analysis area by computer was enlarged.
Among researchers, this equipment is very popular.
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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
viral genes.
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mEESL—Y—XF v+ BEMEE 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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The library is located on the 6th floor of the Cancer Research Institute building, and has a capacity of about 10 people. It houses about 60
foreign journals related to cancer and molecular biology, immunity, cell biology, genes and so on, also a vast number of books, series of
publications and dictionaries, and a color copy machine. It is open 24 hours for faculty staff, research and postgraduate students.

The library manages purchases, to obtain references, borrowing and lending of books for each department of the institute. Information
exchange with other research organizations (domestic and abroad) through the annual publication of 'The Cancer Research Institute Report' is
also dealt with. The management coordinates with the Medical Faculty's libraries for daily operations, especially on planning of a series of
publications and the lending and borrowing of books and so on.
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Research Activities

1. BRI NS/ LRARTA—5 L BER2RAEIF— [RFOHI’ARE]
Hokuriku Post-Genome Research Forum Open Seminer on Lung Cancer Treatment up-to-date
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Symposium on Cancer Stem Cell Molecular Targeting International Symposium on Tumor Biology in Kanazawa 2009
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Foundation Statistics

ARERE (BEER(TE) iz < )
Settlement of accounts for Each Year (Subsidy from the National Government) in thousand yen
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Campus Addresses

2RMA

Fanagses City

T920-0934 HRM=EAT13F 15 (FHT++ 2/ YXR)

IR DAV S

Takara-machi Campus

R EA

Cancer Research Institute

D ATRREFRHIEA ABRAEE 5 —

Center for Cancer and Stem Cell Resarch

D AREFMES FRENA AERREHE LY 5 —

Molecular and Celluar Targeting Translational Oncology Center

f

OESFE
Faculty of Medicine
OFBHFRBR L5 —KRBMATIER
Advanced Science Research Center, Institute for Experimental Animals
OMEREREFRIE
Medical Branch Library
@+2HE
Juzen Hall
[OFks

Memorial Hall
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Cancer Research Institute
OFBRERREL I —T AV M —TREWRMER
Advanced Science Research Center, Central Institute of Radioisotope Science
OFBHFRBR Y —BIEFHTRIER

Advanced Science Research Center, Institute for Gene Research
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Welfare Facilities
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niversity Hospital
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Administration Building

@ SRR

Outpatients and Examinations Building
@ BEAREBHR

West Outpatients and Examinations Building
® RRZER

Central Examinations Building

@ ERARRFSR

Clinical Laboratory Building

MR-CT Building

®MR-CTE21% @ LR B Hokuriku-honsen JR Kanazawa Station

MR-CT Building 2 North Ward Hokutetsu Bus : Kanazawa Station East or West
O EEMES @ FPRE IR

Dormitory for Nurses New Central Consultations Building Entrance
OEHER O R o b Destination "Tobu-shako / Hokuriku University"

‘est War ew Outpatients and Consultations Building .

B ) From the Kodatsuno Stop, 5 minutes walk
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