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Preface

Kanazawa University Cancer Research Institute was found-
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, identification of
function of chemokine, apoptosis, and angiogenic factors, and
development of novel anti-cancer drugs.

Recently, in cancer research, more endeavors are required to
translate the achievements in basic research to clinics. Thus, with
the aim of overcoming unsolved clinical situations in cancer,
such as metastasis and drug resistance, Cancer Research Institute
was reorganized to establish 2 fundamental departments and 2
centers in 2006. This year, we advance this step by creating a
novel research area, "Cell Sociology of Cancer", where we are
trying to elucidate "Cancer Stem Cell", the source of cancer
cells, and "Microenviroment" in cancer tissues, and to eventually
conquer metastasis and drug resistance. Accordingly, with the
intention of putting forward this project and establishing interna-
tional center of excellence on "Metastasis" and "Drug
Resistance", Cancer Research Institute has been reorganized to
establish 4 programs; "Cancer and Stem Cell Research
Program", "Cancer Microenvironment Research Program",
"Cancer Molecular Target Exploration Program", and "Cancer
Therapeutics Development Program".

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
prevail over metastasis and drug resistance. With the movement
to Kakuma Campus at the end of the last fiscal year, we are pro-
moting collaboration with researchers in more wide varieties of
fields, to overcome stubborn cancer.

With the publication of the 2010 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
SIRERFR A TR DAL EFEE IS B3 2 WFE] O 7z DAS B WFTEi 2 hyi Tuberculosis Research Facility was established in School of Medicire for "the study of
B3I N, chemotherapy of tuberculosis".

1942. 3.20

SRERER MBS AL TR & & D TRiA% O T B B Oh ## 2 B9 % 2Bl
Wk Zz QJEFITE &2 Qi e U, SEERGH, M 5 e tMb2E o 3
LM St

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
SRR AT ISR M hs 2 S e, Department of Medical Examination and Treatment opened in Izumi-honmachi, kanazawa.
1949. 5.31
IR RFAMEE ORI & e o 1=, The Tuberculosis Research Institute was attached Kanazawa University.
1963. 3.18

SERLBGAFRM RIS, SR AT SRR M A T S 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
i RE LR PR M AR S vtz Department of Pathophysiology opened.
1964. 4. 1

lii PR 1] 0D S W T3 2 35 A% WIE T2 S e i e 12 el bR & e

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

Hospital.

1967. 3.
G PR Y B VRS S e 23 IR KRBT IS BT 38 i S vz

NEZERHIBEMFMEE  Cancer Research Facility, School of Medicine

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

Yoneizumi-machi, Kanazawa.

1961. 4. 1
BEAAERIC D ORERE Y AHIWETE) 7z MR IE T MR 2= S A,
WEFEER M EAL AR M A3t & ure,

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 A S T, Department of Virology opened.
1966. 4. 5

Gy PSRRI R S Tz

WA AFRFERT Cancer Research Institute

Department of Molecular Immunology opened.

1967. 6. 1
(D3NS 2 B OV Z DIGTTORFTE) %2 H IS, #IFTT & R
PR TR D3 T S MBIRR A AT E &2 O, r AW, A
VA, S FSE, Sy, WIS, SRR, AL ARUE L O R O 8
FER D BGE S T,

RGBT 8, DS ARTTERT ISR BE (< Ok & 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.

ER7LVI AR R R gV

Department of Biophysics opened.

1969. 4. 3
gﬁ%ﬁﬂ"ﬁ'ﬂ% @ﬁﬁ'ﬂﬂg higsiR rh‘j:rm]‘ [ %ﬁ‘ﬁ}%é’.ﬁ aht . A new building for basic research departments moved to Takara-machi, Kanazawa.
1977. 4.18

SRR DR S A, BRER P 2SN ERRERFTIC TSR E 0 R S /e,

1983. 3.30

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

Medicine.

PRl B oo B BB CRE R AT) S DI D B R 23R S e,
1997. 4. 1

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

LOERIM % 3 REBM (1485255 97) 1 > 2 —dfl L, B TREE,
A, AR5 D 3 KR B 0oy TR RIS > X — &t < o

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.

2001. 4. 1
At e s B (3 = 2 R b i s e & e S ufz. The Hospital was merged with the University Hospital.
2006. 4. 1

SARHBM (1455857 8) 12> X —% 2 KM 2 2 —icd#llL, »
Ay PRI GERT TR, &3 AR BRI FEAE T 0D 2 HRE Fe U3 At
MFFTEL > 2 —, S FERNDSAERIITE M > 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.

2010. 3.
SEREWFFER DOWFFEA 8T A R (2 3l S e,
2010. 4. 1

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

2RHM2 2= 4TarT LML, DARMTARTE v r S
L, WABUNRBIE T 0 75 L, A TRINER T 0 75 LR U3
A TRINERIE 70 7 2 LEiE <,

Two departments and two centers were reorganized to be four programs. Cancer and Stem Cell
Research Program, Cancer Microenvironment Research Program, Cancer Molecular Target

Exploration Program and Cancer Therapeutics Development Program opened.
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Cancer and Stem Cell Research Program
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Division of Molecular Genetics
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AR, AR, I aeE 2 FED “hIARIE”
DIFEHVREN, DABREOHOEMEE L TIEH S
T3, EFTMIEE BAMMIEOHES X O ES% J
fishs 2 &z & >T, BADOHRZ B LRtk
DOFFICHGTER L EZ NG,

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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Division of Genetics

Aim and Projects on going
Accumulating evidence has indicated that cooperation of

B ERFTERE

Hbd D AOFAMMIC (X, RGN TOBIE T2
UNERBIIC & 2 B EHECA G L T0a, hb 0)1‘@1—1
TERZ MR L~V TR 232 HNE LT, #fardE

oncogenic mutations and host reactions are responsible for
tumorigenesis. To elucidate the genetic mechanisms of
tumorigenesis, we constructed mouse models and examined

NUAETIVEERL, WA SO0 TAESE R T
Tu—FIZL VI EITR > T 5,

histopathogenesis of gastric tumors.
1) Wnt signaling and PGE, pathway are important for gastric

1) EPAFAEMETE, REMETOWnts 7L siit

&, MEMETOPGEEANEELEZ 5TV 5,

NI D 7 F N REHSH L LIy Y AET IV %

TEELL 72 H5 50, Wnt & PGE.OM BAEHAHE B ATE

HFWERT 225002 L7z (Oshima H, et al,

Gastroenterology, 2006) ,

HDAFE I RIENIGDEZ D> TV 5, B

MR X7 ZET LR O IEITC L D, RIAE

P~ ra7 7> —HKDOTNE-a b3, BRI R

PHBAMIEOWNtS 7 F V% i S 25 2] 5 H

RIESIITHEIR U728 LTI AR 7 D O

EDOEEZ itz (Oguma K, et al, EMBO J, 2008)

HhAETIV~ 7 AR R o w2 2

WIfENTIC & 0, RSN S5 58 R 2 & 2 3Gk

b U TIiHESF I c iR L, VEGEZ £ oIl #i4:

% i 380, MSNIENEZFEL TV 50

BEMEZIH 5 H 2 L7z (Guo X, et al, JBC, 2008) .,

4) Sox17I12E@EWnt> 7Ll 2/EHH Y, EE
HBAREDAMIIBTHRIEIHI I T2 2 En b,
JEIHEL T H 2 6z, L L, HEEIEEOY
W TR R FEINTE Y, WEHRE
WA S D DIEH % S IE I RENEDE 2 547z (Du YC,
et al, Gastroenterology, 2009) .

2

~

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-DHEMERICEURETDIBEN A

Wnt1, COX-2, mPGES-1ZEFICEIRSELL SV AD T2V IVDIR(KI9-
Wnt1/C2mE) DBXFETIE, Wnt2 7 )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.

wild-type mouse K19-Wnt1/C2mE

K2 m WntrogElEEHpaIc 31D Sox1 7DOHRIFFEE

BAAREVY I ETIVOEEERE TS, B-cateninDERFENBHOND,

ﬂbﬂEf%%EHB@fSox] TORERFERFENEE SN, ASHDREZRZLTND
BEMEA 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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Division of Oncology and Molecular Biology
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L9 Win vivo - in VitroSAETIVR Z AT, FEH3
Ao - T - FERIFTE - D3 Anpiiie 2 vdlli g™ 2 2T % %
BHISZAT 2 A4 ZHRTEEZHEBE LTS, 2,
RY/a—=2 TR M0, DBAFEMEK-rasORHI iR
Bia T & UTHEEL7:RECKSS, #f2 Bl A a2 R
RFFH—E L OHEBIF% /LT, EGFR - Notch - B 1-
integrin®: > 7 IV FE RO EZ I 5 2 &, 2L T,
HRAIEAERE, IS A Aotk 2 2 b I IS D Ve JR s
3522l L7, £/, #ETHAZRYY A%
vy, RbSAMINE s T-Eras7a Mgz FoR’IC, D
B4 7)) B E EARA Y L= k%13 24
T 2 BR B H 2 L 2L (K1), BIfEWE,
DAL S AT = A OFROBRICIED X, DA
DFZ RIGE % ZERNCERBLY %in vitrods Aupfiiie€ 7
WRBAILT, B LS AT SE DRI I
L LICHEL T2 (KM2),

We innovate in vivo and in vitro cancer model systems that
can be readily analyzed by genetic and molecular biology
techniques; this aims to elucidate critical pathways toward
carcinogenesis, metastasis, drug resistance and cancer stem cells.
We isolated RECK as an antagonistic downstream target of
oncogenic K-ras. RECK appeared to modulate cellular signaling
via EGFR, Notch and S1-integrin by interacting with membrane-
tethered metalloendopeptidases. Further, we clarified the mutually
suppressive genetic interaction of Rb and Ras that is mediated by
transcriptional regulation of D-type cyclins and protein
isoprenylation-related genes (Fig.1). Currently, we focus on
establishing modeled cancer stem cells in vitro in an aim to
develop new therapeutic approaches to conquer human cancers
(Fig.2).
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Fig.1 B The mutually suppressive genetic
interaction of Ras and Rb.

The pathway that flows from Ras to Rb controls cell cycle and
apoptosis; the other way round that flows from Rb to Ras is
supposed to control the indicated biological events.

Ras
CyclinD / Cdk4/6 ) E2F / Isoprenylation
pRb

C

o

®2 m HAFHMRERDRELETIVE

HEERICERET DN ANFIECF R DESHZERICL ST
FEINDHEMEEEREHERER CBEETTFORERK
o

Fig.2 B ES genes induced by combinational
inactivation of multiple tumor suppressors.

Embryonic stem (ES) cell-like cells induced by the
combinational inactivation of multiple tumor suppressor (TS)
genes, and ES gene expressions in these cells.
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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.
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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
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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.
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Fig. 1 B Roles of chemokines in tumor progression and
metastasis processes

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

a. Regulation of immune cell trafficking

b. Induction of neovascularization

c. Enhancement of tumor cell motility

d. Induction of production of bioactive substances by tumor and stromal cells

Tumor tissue

4. Tumor Cell Dendritic Cells

/ @ Lymphocytes

Motility { 1) -
CXCL12 et il
e
CXCLs8- -CCL3
oy i Lymph nodes
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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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Aberrant expression of Pim-3

Inactivation of Bad=——> Apoptosis ( 1)
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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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fiFas)) i F Fig. 1 B Therapeutic effect of an anti-FasL antibody
hin I 3 i) 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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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 ’-:;:
receptor
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 Tyrosine
kinase

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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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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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.
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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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Fig. 2 m 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 JSAP1
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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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.
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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).

RNA trans fa:bor, CRD-BP integrates Wnt, NF-xB and c-Myc
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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 -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 by TS pharmacogenetics
TS gene polymorphism Frequent LOH on TS locus.
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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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Division of Functional Genomics
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A detailed knowledge of the genes and signaling pathways
mutated in cancer will be required to develop the novel target-
based cancer therapeutics. However, the heterogeneity and
complexity of genomic alterations in most human cancers hamper
straightforward identification of cancer-causing mutations. We
use the retrovirus-infected mice as model systems for identifying
new cancer genes efficiently. Retroviruses induce tumors through
activation of proto-oncogenes or inactivation of tumor suppressor
genes as a consequence of retroviral integrations into host
genome. Thus the viral integration sites provide powerful genetic
tags for cancer gene identification. We are exploring the novel
molecular targets for cancer treatment based on functional
characterization of the cancer genes isolated by high-throughput
screens using retroviral insertional mutagenesis. Once these genes
are identified, we use gene knockout and transgenic mice to
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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

- /;\t @055”; P AL Al SREDY VY 2) "The histone code" and cancer
%,;;)\;%0) Fu VS 2 RERIFOHT L LB 3) Identification of novel non-histone substrates for protein
HUJTRR

methyltransferases and demethylases
4) Functional analysis of the novel cancer genes using conditional
knockout mice
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Fig.1 m Efficient isolation of candidate tumor suppressor genes using P 7t 4
retrovirus-infected Bloom syndrome model mice L /
Bt

Bloom syndrome is a recessive genetic disorder associated with genomic instability that causes / Lk \ BinE R
affected people to be prone to cancer. The mutant mice for Bloom (Blm) gene showed increased
rate of sister chromatid exchange, somatic recombination and loss of heterozygosity. The Blm
mutant mice enhance our ability to identify tumor suppressor genes, because the tumors derived
from virus-infected Blm mice are more likely to carry viral integrations in both alleles of tumor

suppressor genes through their genomic instability.
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Fig.2 m Most of the genes that encode histone methyltransferases and demethylases
are shown to be the targets of retroviral insertional mutagenesis in mice
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Histone modifications have important roles in regulating gene expression and genome function by Mioic  aMabac  UTY
JMIDID  FEXL10 SMCY

establishing global chromatin environments. The methylation of four lysine (K) residues on the e ——— 14 FaxL1Y
tail of histone H3 (K4, K9, K27 and K36) is regulated by a large number of histone

methyltransferases and demethylases. Among them, most of the genes (shown in red) were

identified as the targets of retroviral integrations, which indicated their important roles in

oncogenesis.
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Cancer Therapeutics Development Program
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Division of Medical Oncology / Surgical Oncology
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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 recently discovered a novel mechanism by which
hepatpcyte growth factor (HGF) induces resistance to gefitinib
and erlotinib in lung cancer. 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 m Molecular mechanism by which HGF induces resistance
to gefitinib in EGFR mutant lung cancer

Gefitinib treatment
Gefitinib

Patients acquire resistance
within 1~2 years
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Fig.2 m Personalized medicine based on analysis of drug
sensitivity-related molecules for lung cancer
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Central Research Resource Branch
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Main projects of this branch are as follows.

1) A study on the determinant of chemosensitivity to antitumor
nucleosides in cancers

2) Antitumor effects of photodynamic diagnosis and therapy
using S5-aminolevulinic acid in cancers

3) Molecular biology of hepatitis B viruses

4) Roles of ADAMTS-1 in organ functions

5) Phagocytic capacity of ascidian hemocytes
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Fig.1 B Detection of disseminated MKN-45 cells in peritoneal
cavity of nude mice by ALA-PDD

(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.
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Fig.2 m Renal and ovarian anomalies in ADAMTS-1 null mice.

(A) Structure of the ADAMTS-1 protease. ADAMTS-1 null mice
displayed renal anomalies, which resemble ureteropelvic junction (UPJ)
obstruction (B). The ovulatory ability was significantly impaired in
ADAMTS-1 null mice (C). ADAMTS-1 null ovaries also included a
number of unusual follicles without granulosa cell layers (D).

ADAMTS-1 ADAMTSA (#3  ADAMTS (/)
PRO WP TSP !‘i' TSP

PRO, pro-region

NP, motalioprotoinase domain

8P, spacerregion
TSP, TSP type | motit

ADAMTS-1 -/}

c ADAMTS-1 (+/-)
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Fig.3 m 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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Central Facilities 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 BEE/IVY—5— (BEiIREEREZEE) 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.
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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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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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Research Activities
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Hokuriku Post-Genome Research Forum
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Open Seminar on Fighting against Cancers

B ®8:

H B
B AT
RIGEE
[Z

DAICETBHRBEEENRTDELEEI,
i EROERE - #FEOB LICE#T D,
FEpg21E8H29HE) 14 : 00~17: 00
BREXER—IL 2BRESE
#1450
MHFRIEEE [FADH A BEREED D]
T Nz
Q45RItE [EERIEISE COEGREA
TEDSATONBIETED, EEESEEHAGH
WA EKOEFATOREI-T 1 2—5—)
N3
@INTA 2Ny 3y [EZTHEERDN WERESTA 1]
N Z S B &RER, Bl IEA
(BREBEtLVY—HADERE2HTE)
Naz

3. HAMERM - HEREEESF—

Corporative Research Special Seminar
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Symposium "Stem Cell and Cancer"
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Campus Locations
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Kanazawa city

FHTHF /SR (7920-0934 &RTHHH13%15)
Takara-machi Campus

D ATRFRR

Cancer Research Institute

EEHIHARIE

Division of Translational and Clinical Oncology
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Division of Medical Oncology./Surgical Oncology

B+ /N2 (7920-1192 &iRMARET)
Kakuma Campus

D ATRFFR

Cancer Research Institute
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Access from Kanazawa Station by bus(Hokurikutetsudo Bus)

| J=]EERIAW S
Kakuma Campus

[ERAZBEAMEI NRETEZT REN34S
To bus stop "Kanazawa Univ. shizenken-mae" about 34 min.

SRARROGRIS— [BRAY (BR)] 17
Kanazawa Station East Exit ®— [Kanazawa Univ. (Kakuma) |

W=E++ 0N (EEFEHARSE, BEREBEARHREIE)
Takara-machi Campus (Division of Translational and Clinical Oncology,Division of Medical Oncology,”Surgical Oncology)

NLEF (Z72DM)] NAEFEXT FrER20D

To bus stop "Kodatsuno" about 20 min.

SRERROQFIS— [11][REBEE] 1774

Kanazawa Station East Exit @— [Toubusyako] etc
SREROOFS— [13) [FAR - EFILI 74E

Kanazawa Station East Exit ©®— [Yuyagahara - louzan]| etc

SRERFEO@RIS— [10] [HBBEE] 745E
Kanazawa Station West Exit @— [Toubusyako] etc




FHF+ /R BEEFIHARSE, EEAREEARMRSEH

BRAEDAMEAEE

W & SRXENAMAFR

FifEis T920-1192 HRMARHES
Kakuma-machi, Kanazawa, 920-1192
T920-0934 EHRMEM13H1S
(FEEHEARIE, BERAREEARATIE)
13-1, Takara-machi, Kanazawa, 920-0934
(Division of Translational and Clinical Oncology,
Division of Medical Oncology,”Surgical Oncology)
TEL (076)264-6700 FAX (076)234-4527
URL : http://www.kanazawa-u.ac.jp/~ganken/
MAIL : y-somu@adm.kanazawa-u.ac.jp



