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Aim and Mission

The Institute for Genetic Medicine, Hokkaido
University was established in April 2000 by unifying
two mother facilities into a middle-sized research
organization for human life science; one, the Institute
of Immunological Science with fifty some years’ his-
tory and the Cancer Institute, School of Medicine with
forty some years’ history. The aim and mission of
this Institute is to conduct basic research for better
understanding and elucidating the molecular basis of
various disorders including cancer, immune diseases,
infectious diseases, neurological disorders and car-
diovascular diseases, and provide means for diagnosis
and therapeutics for those diseases. In July 1, 2008 a
new research center, a center for infection-associated
cancer was established. This new research center
hopefully serves as a world leading research center in
the area of infection-associated cancer, which allows
us to interact with not only domestic, but also oversea
scientists. There are over 34 faculty members with
close to 100 graduate students and post-doctoral
research fellows. Our faculty members are
appointed as teaching stuff at Graduate School of
Medicine, Graduate School of Science, Graduate
School of Veterinary Medicine, and Graduate School
of Life Science. Our faculty members have been
actively involved in a Global-COE (center of excel-
lence) program in the field of Medical Science since
2008. Nevertheless, this Institute attracts not only
domestic, but also overseas students and research
fellows. More importantly, our faculty members and
students are quite heterogeneous in their scientific
background. Thus our Institute allows us to put and
mix them together under the New Frontier Spirit of
Hokkaido University and right environment. Hope-
fully, we will be able to assist them to become not only
very competitive and independent scientists but also
individuals with high morals and to assist them to
depart for international scientific communities.

2008.7
Director, Institute for Genetic Medicine,

Hokkdido Unviersity
Toshimitsu Uede, M.D., Ph.D.
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History

Institute of Immunological Science

1941. 2
1945. 8

1950. 4

1951. 3

1951. 4

1953. 4
1954. 2
1968.11

1969. 4

1974. 6

1975. 1

1976. 5
1980.

w

1980. 4

1990. 3

1990. 6

Founded, Hoppou Foundation for Tubercu-
losis Research

Founded, Research Institute for Tuberculo-
sis in Hoppou Foundation for Tuberculosis
Reseach

Founded, Research Institute for Tuberculo-
sis, Hokkaido University. Established,
Research Section of Prophylaxis and
Research Section of Bacteriology
Donated, Building of Research Institute for
Tuberculosis (1,935m?) from Hoppou Foun-
dation for Tuberculosis Research
Established, Research Section of Chemistry
and Research Section of Pathology in
Research Institute for Tuberculosis
Established, Clinical Section in Reserach
Institute for Tuberculosis

Started publishing periodically “Tuberculo-
sis Research”

Research Institute for Tuberculosis, Moved
to North Building, Hokkaido University
School of Medicine

Established, Research Section of Biochem-
istry in Research Institute for Tuberculo-
sis, Hokkaido University

Research Institute for Tuberculosis, reor-
ganized and Renamed, Institute of Im-
munological Science, Hokkaido University.
Established, Research Section of Bacterial
Infection, Research Section of Serology,
Research Section of Chemistry, Research
Section of Pathology and Research Section
of Biochemistry in the Institute of Im-
munological Science

Started publishing periodically “Bulletin of
the Institute of Immunological Science,
Hokkaido University”

Established, Laboratory of Animal Experi-
ment in Institute of Immunological Science
Started publishing periodically “Collected
Papers from the Institute of Immunological
Science, Hokkaido University”

Established, Research Section of Cellular
Immunology in Institute of Immunological
Science, Hokkaido University

Discontinued, Research Section of Cellular
Immunology in Institute of Immunological
Science, Hokkaido University

Established, Research Section of Im-
munopathogenesis in the Institute of Im-
munological Science, Hokkaido University

Cancer Institute, School of Medicine

1962. 4

Founded, Cancer Immunopathology Insti-
tute, Hokkaido University School of Medi-
cine, Established, Division of Pathology in
the Cancer Immunopathology Institute
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1967. 4

1969. 4

1971. 4

1979. 4

1986. 3

1986. 4

1992. 4

1996. 3

1996. 5

Established, Division of Virology in Cancer
Immunopathology Institute, Hokkaido Uni-
versity School of Medicine

Cancer Immunopathology Institute, Hok-
kaido University School of Medicine was
renamed Cancer Institute, Hokkaido Uni-
versity School of Medicine

Established, Division of Biochemistry in
Cancer Institute, Hokkaido University
School of Medicine

Established, Division of Genetics in Cancer
Institute, Hokkaido University School of
Medicine

Discontinued, Division of Genetics in Can-
cer Institute, Hokkaido University School
of Medicine

Established, Division of Molecular Genetics
in Cancer Institute, Hokkaido University
School of Medicine

Established, Division of Cell Biology in
Cancer Institute, Hokkaido University
School of Medicine

Discontinued, Division of Molecular
Genetics in Cancer Institute, Hokkaido
University School of Medicine
Established, Division of Gene Regulation
and Division of Gene Therapy Develop-
ment in Cancer Institute, Hokkaido Univer-
sity School of Medicine

Institute for Genetic Medicine

2000. 4

2004. 4

2006. 4

Founded, Institute for Genetic Medicine,
Hokkaido University by integrating the
Institute of Immunological Science, Hok-
kaido University and the Cancer Institute,
Hokkaido University School of Medicine

Established, Department of Matrix Medi-
cine as Endowed Department in Institute
for Genetic Medicine, Hokkaido University
Established, Division of ROYCE’ Health
Bioscience as Endowed Department in
Institute for Genetic Medicine, Hokkaido
University

Institute for Genetic Medicine

2008. 7

Laboratory of Animal Exreriment for Dis-
ease Model was renamed Laboratory of
Animal Exreriment

Discontinued, Center for Virus Vector
Development

Established, Center for Infection-associated
Cancer



BEUPTER - TR
RUOBEHR

TR ATERF &

WAk
21X
3K
41X

RER

A
21X
3R
415
51%
6 1%

EFE B R RIEM R R R

AR
218
31K

e H
[

FifiA

SFHE
ECEN
gl
ESFS

AEFHI25.
AEN28.
HEFN43.
HEFN46.

FWHRAEARR

KR
el
1IN
H

Fili it

7E
AT
%__A
TiER
e

AN Lt

K H
A
VPR

19553

2

AEFI49.
HEAT54.
HEAT60.
HEAN63 .
PR 6.
K 8.

HEAN37. 4.
= HEFI40. 4. 1~HEF042.
MHA142.12.28 ~IEF144 .

= s e

= s = e e

1~HEAI28.
1~HEHI43.
1~HEH146.
1~HEH149.

1~HEHI54.
2~ BEFI60.
1~HEHI63.
1~Fk 6.
1~Fpk 8.
1~Pkl2.

1~HEH140.

R ARH BT SR E R e R

AR
24K
3R
418
5148
6 1%
7
81X
9 4%
10£%

PR

I

KEHPERR

e
IHR

KREIVERE HEAT56.

Hem

ey

A
T

=

=X

KR

%
TR

B
5]

I 76 55

HEN44 .
A48 .
EA150.
AEHI52 .

HEFN60.
FRkIG.
PRk 5.
P9,

SRk 9.11.

BIZFREIEARAAERRR

WAk

34Q

ZNEP LA HI
20 HH o BUR

S

At

K12, 4.
K14, 4.
SERk18. 4.

= s s s s R e e

1~HEA148.
1~HAFI50.
1~MARI52.
1~HEAI56.
1~HEA160.
1~ F3It.
1~F)k 5.
1~Fpk 9.
1~k 9.
1~Fikl2.

1~FHk14.
1~Fkl8.

1~

wWw w w w

LW W W W w w w w

—
w O

3.
3.

LW W W W W

.31
.31
.31
.31

)
.31
.31
.31
.31

.31
12.
.31

27

.31
.31
.31
.31
)
.31
.31
.31
.31
.31

31
31

Chronological List of Director
and Professor Emeritus

Successive Director of Research Institute for Turberculosis

Morio YASUDA, M.D.,Ph.D. 1950. 4-1953. 3
Yoshio TAKAHASHI, M.D.,Ph.D.  1953. 4-1968. 3
Shichiro KAKIMOTO, Ph.D. 1968. 4-1971. 3
Yoshio TAKAHASHI, M.D.,Ph.D. 1971. 4-1974. 3

Successive Director of Institute of Immunological Science

Toru OHARA, M.D.,Ph.D. 1974. 4-1979. 4
Kazuo MORIKAWA, M.D.,Ph.D. 1979. 4-1985. 3
Ken-ichi YAMAMOTO, M.D.,Ph.D. 1985. 4-1988. 3
Ichiro AZUMA, Ph.D. 1988. 4-1994. 3
Mitsuaki KAKINUMA, M.D.,Ph.D. 1994. 4-1996. 3
Kazunori ONOE, M.D.,Ph.D. 1996. 4-2000. 3

Successive Director of Cancer Immunopathology Institute, School of Medicine
Katsuo TAKEDA, M.D.,Ph.D. 1962. 4-1965. 3
Sanshi ABE, M.D.,Ph.D. 1965. 4-1967.12
Hiroshi KOBAYASHI, M.D.,Ph.D. 1967.12-1969. 3

Successive Director of Cancer Institute, School of Medicine

Hiroshi KOBAYASHI, M.D.,Ph.D. 1969. 4-1973. 3
Toyoro OSATO, M.D.,Ph.D. 1973. 4-1975. 3
Akira MAKITA, M.D.,Ph.D. 1975. 4-1977. 3
Hiroshi KOBAYASHI, M.D.,Ph.D. 1977. 4-1981. 3
Toyoro OSATO, M.D.,Ph.D. 1981. 4-1985. 3
Akira MAKITA, M.D.,Ph.D. 1985. 4-1989. 3
Toyoro OSATO, M.D.,Ph.D. 1989. 4-1993. 3
Noboru KUZUMAKI, M.D.,Ph.D. 1993. 4-1997. 3
Masaki SAITO, M.D.,Ph.D. 1997. 4-1997.10
Masuo HOSOKAWA, M.D.,Ph.D. 1997.11-2000. 3

Successive Director of Institute for Genetic Medicine

Kazunori ONOE, M.D.,Ph.D. 2000. 4-2002. 3
Kenzo TAKADA, M.D.,Ph.D. 2002. 4-2006. 3
Toshimitsu UEDE, M.D.,Ph.D. 2006. 4-
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Successive Director of Laboratory of Animal Experiment, Institute of Immunological Science

Kazuo MORIKAWA, M.D.,Ph.D.  1976. 5-1979. 3
Jun ARIMA, M.D.,Ph.D. 1979. 4-1981. 3
Ken-ichi YAMAMOTO, M.D.,Ph.D. 1981. 4-1985. 3
Ichiro AZUMA, Ph.D. 1985. 4-1988. 3
Harue OKUYAMA, M.D.,Ph.D. 1988. 4-1991. 2
Kazunori ONOE, M.D.,Ph.D. 1991. 2-1996. 3
Kazuyoshi IKUTA, M.D.,Ph.D. 1996. 4-1998.10
Toshimitsu UEDE, M.D.,Ph.D. 1998.11-2000. 3

Successive Director of Laboratory of Animal Experiment, Institute for Genetic Medicine

Toshimitsu UEDE, M.D.,Ph.D. 2000. 4-2004. 3
Kunimi KIKUCHI, D.Med.Sc 2004. 4-2006. 3
Masanori HATAKEYAMA, M.D.,Ph.D. 2006. 4-2008. 6
Hisatoshi SHIDA, Ph.D. 2008. 7-

Successive Director of Center for Virus Vector Developoment, Institute for Genetic Medicine

Kenzo TAKADA, M.D.,Ph.D. 2000. 4-2002. 3
Noboru KUZUMAKI, M.D.,Ph.D. 2002. 4-2006. 3
Hisatoshi SHIDA, Ph.D. 2006. 4-2008. 6

Successive Director of Center for Infection-associated cancer, Institute for Genetic Medicine

Masanori HATAKEYAMA, M.D., Ph.D. 2008. 7-

Professor Emeritus

Kazuo MORIKAWA, M.D.,Ph.D. 1985. 4
Ken-ichi YAMAMOTO, M.D.,Ph.D. 1988. 4
Hiroyuki SHIOKAWA, Ph.D. 1988. 4
Harue OKUYAMA, M.D.,Ph.D. 1991. 3
Hiroshi KOBAYASHI, M.D.,Ph.D. 1991. 4
Akira MAKITA, M.D.,Ph.D. 1994. 4
Mitsuaki KAKINUMA, M.D.,Ph.D. 1998. 4
Ichiro AZUMA, Ph.D. 1999. 4
Masuo HOSOKAWA, M.D.,Ph.D.  2002. 4
Kunimi KIKUCHI, D.Med.Sc 2006. 4
Noboru KUZUMAKI, M.D.,Ph.D.  2006. 4
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Organization
Number of Staff 2008.7.1
Professor 10
Associate Professor 12

Associate Professor (Endowed Department) 1
Assistant Professor 12

Assistant Professor (Endowed Department) 2

Administrative Officer 42
Technical Officer 7
Part-timer 28
Total 114
Number of Student 2008.7.1

Graduate School of Medicine, Doctor Course 13
Graduate School of Medicine, Master Course 39
Graduate School of Science, Doctor Course 7
Graduate School of Science, Master Course 4
Graduate School of Life Science, Doctor Course 3
Graduate School of Life Science, Master Course 4
Visiting Fellow 8
Visiting Student 21

Total 99
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Epstein-Barr Virus (EBYV)

+a member of the herpesvirus family

» DNA virus with 170kbp genome

smost peophe carry the virus in a latent state
sassociates with various malignancies

Burkitt's lymphoma, Nasopharyngeal carcinoma
T/ME cell lymphoma, Hodgkin's lymphoma
Lymphoma in immunodeficient hosts

AIDS, Posttransplantation
Gasiric carcinoma

F1. EB74 L2
Table 1. Epstein-Barr virus.
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Fig. 1. EBV associated gastric cnacer



Division of Tumor Virology

The cancer arises through multistep processes by
the action of chemical carcinogens (tobacco, diet
component, etc.), radiations, viruses, and etc. The
viruses cause the cancer in the fixed mechanism by
the action of the small number of their genes, while
the chemical carcinogens and radiations cause the
cancer through the random mutations of cellular
genes. The viral carcinogenesis is, therefore, the
most suitable model for studying the mechanism of
carcinogenesis and has contributed to the discovery
and understanding of oncogenes and tumor suppressor
genes. In addition, approximately 15% of the human
cancer is caused by viruses.

We focus our interest on a human tumor virus,
Epstein-Barr virus (EBV), and aim at elucidation of
the molecular mechanism of the carcinogenesis by
EBV.

The Epstein-Barr virus (EBV) is associated with
various malignancies including Burkitt’s lymphoma,
T/NK cell lymphoma, Hodgkin lymphoma, nasophar-
yngeal carcinoma, gastric carcinoma, and lymphomas
in immunodeficient individuals (Table 1, Fig. 1). The
entire EBV DNA is maintained as a plasmid form in
all EBV-associated carcinoma cells and a restricted
number of EBV genes are expressed without produc-
tion of progeny viruses. The pattern of EBV expres-
sion is different by a kind of the malignancy, and only
EBV-determined nuclear antigen 1 and EBV-encoded
small RNA (EBER) are commonly expressed in all
EBV-associated carcinoma cells. Our series of
studies have demonstrated that EBER plays key roles
in oncogenesis. EBER confers resistance to
apoptosis and induces expression of cellular growth
factors, i.e. IL-10 in B-cells, IL-9 in T-cells and IGF-1
in epithelial cells, each of which act as an autocrine
growth factor.

EBER, consisting of EBER1 and EBER2, is non-

(o eamLa

1 i
[r—— 1 ':IE- B 'i!,_' .
RS . prias
saxpragend with u high copy nember | 150 5 fi
[up o B coples par sl ¥
S’ L
=170 nuslsatides ng - o yiE
P I g e — 'r"'"‘” La
#Binds soms colular grobin '-:"._T:Fi_':
f

EBER1

2 . EBER & kK
Fig. 2. The secondary structure of EBER

Research Project:
Oncogenesis by Epstein-Barr virus

Professor  Kenzo TAKADA, M.D., Ph.D.
Associate Professor - Seiji MARUO, M.D., Ph.D.
Assistant Professor  Dai IWAKIRI, M.D., Ph.D.

polyadenylated, untranslated RNA with 170 nu-
cleotides long. EBER exists most abundantly in
latently EBV-infected cells, and is expected to form
double-stranded RNA (dsRNA)-like structures with
many short stem-loops (Fig. 2). We have demonstrat-
ed that EBER is recognized by the innate immunity
system as dsRNA and thereby exhibits oncogenic
activities.

Retinoic acid-inducible gene I (RIG-I) is a
cytosolic protein that detects viral dsRNA inside the
cell and initiates signaling leading to the induction of
protective cellular genes, including type I interferon
(IFN) and inflammatory cytokines. We have demon-
strated that EBERs is recognized by RIG-I as dsRNA
and activate RIG-I signaling to induce type I IFN in
lymphoid and epithelioid cells. Furthermore, we
have demonstrated that RIG-I signaling induces IL-10
in B-cells, which acts as an autocrine growth factor.
Although NF-xB is reported to function downstream
of RIG-I signaling to induce inflammatory cytokines,
our results have demonstrated that IFN-regulatory
factor 3 (IRF-3) but not NF»xB is involved in the
induction of an anti-inflammatory cytokine IL-10 (Fig.
3).

On the other hand, against IFN-induced apoptosis,
EBER binds dsRNA-activated protein kinase (PKR),
which plays a central role on IFN-induced apoptosis,
and inhibits its phosphorylation and confers resistance
to apoptosis.

We have also found that a substantial amount of
EBER is released from the EBV-infected cells and
induces signaling from toll-like receptor 3 (TLR3),
which is a sensor of viral dsRNA on the cell surface.

These findings demonstrate a novel mechanism of
oncogenesis utilizing the innate immunity system.

T
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FaE
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3. EBER IZ X % HERIOIERDIEM & S6h5A
Fig. 3. Modulation of the innate immunity system by EBER
and oncogenesis
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a. Schematic presentation of yeast p53 functional assay. Depending to transcriptional activity of the expressed p53, the assay gives
white and red colonies for wild-type and mutant p53, respectively.

b. Assay results of yeast p53 functional assay.

c. Schematic presentation of yeast stop codon assay. By expressing a test gene in a chimera form with ADE2, truncating type

muation can be detected as red colonies.

d. High-speed free energy-based search on an parallel computing architecture.

The newly developed hardware (GenoQuester2)

enables a large scale computation of RNA-RNA interactions for the investigation of the ‘RNA new continent.’
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Division of Cancer Related Genes

Research Project:

Analysis of cancer-related gene network

1. Development of yeast-based assay for molecular
diagnosis of cancer-related genes.

Molecular diagnostics needs screening methods
for mutation detection that fulfill sufficient sensitivity
and reliability. We have been developing screening
methods that test functional and/or structural abnor-
mality of human genes expressed in yeast. This
technology is based on the highly efficient homologous
recombination, interchangeability of human/yeast
proteins, and usage of a low copy number yCp-type
plasmid. We have established a yeast p53 functional
assay and stop codon assays for a variety of genes,
and applied them to analyze mutations in human
cancers and their biological and clinical significance.
We are currently developing an innovative method,
which accomplishes reconstitution of an en bloc net-
work of human genes in yeast.

2. Analysis of a master regulator in cancer metastasis
and invasion.

Tumor metastasis can be considered as a phenom-
enon resulting from dysregulation of positional infor-
mation of tumor cells. HOX genes are well known to
give the positional information to cells during embry-
onic morphogenesis. HOX genes encode transcrip-
tion factors which control the expressions of their

Professor  Tetsuya Moriuchi, M.D., Ph.D.
Associate Professor  Jun-ichi Hamada, Ph.D.

Associate Professor Mitsuhiro Tada, M.D., Ph.D.

target genes and execute the morphogenic program.
In human, there are 39 HOX genes, and their expres-
sion patterns are called HOX codes. We have report-
ed that HOX codes are different between tumor and
normal tissues in a variety of solid tumors. We have
also revealed that the dysregulated expression of
particular HOX genes enhances metastatic ability of
tumor cells. We are now analysing the roles of
microRNA in the disordered HOX codes in tumors,
identification of metastasis-related genes controlled
by HOX genes, and availability of HOX proteins as
molecular markers of metastasis.

3. Gene/RNA network analysis with a parallel comput-
ing hardware for searching biological sequences.

In addition to the complex networks of protein-
protein and protein-nucleic acid interactions, the pres-
ence of far more complex network of RNA-RNA
interactions has recently been highlighted. Non-
coding RNAs (several times of genes in number)
modulate mRNAs by RNA-RNA interactions such as
RNA interference and sense-antisense helix forma-
tion. We are analyzing the gene/RNA networks with
a parallel computing architecture (hardware) and
algorithms (software) newly developed by an
industrial-academic cooperation.
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Figure 2.

A. HOX codes in human nevus pigmentosus and malignant melanoma. HOX codes of melanoma tisssues are different from those of
nevus pigmentosus tissues. Further, melanoma with distant metastasis shows high expressions of more HOX genes than that
without metastasis.

B, C. Overexpression of HOXD3 converts human lung cnacer cells with epithelial cell-like morphology into fibroblastic morphology.
This phenomenon resembles epithelial-mesenchymal transtion which is important at an early step of metastasis.

D. Expression of E- and N-cadherin in HOXD3-overexpressing lung cancer cells. HOXD3-overexpression loses E-cadherin expression
and induces expression of N-cadherin in lung cancer cells.
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Division of Signaling in Cancer and Immunology

Research Project:

Sensing mechanisms and signaling pathways for the activaton of innate immunity

Professor  AKinori Takaoka, M.D., Ph.D.

Associate professor Masato Takimoto, M.D., Ph.D.

How does the host recognize the invasion of
pathogenic microbes? Part of the swer lies in the
pattern recognition receptors in the innate immune
system. These receptors, which are represented by
Toll-like receptors (TLRs) and retinoic acid-inducible
gene-I (RIG-I), are innate sensors that transduce sig-
nals inside the cells to activate the induction of cyto-
kines and chemokines. This leads to the activation
of innate immune responses and the subsequent
adaptive immune responses for the elimination of
pathogens. Furthermore, PRRs can also sensor
molecular patters derived from host cells when the
cells undergo necrosis/apopotosis, which may reflect
aberrant inflammatory responses in autoimmune dis-
eases.

Research projects currently being conducted
began in relation to the identification of DAI (DNA-
dependent acivator of IRFs), a DNA sensing molecule
that activates innate immune responses. There is
also evidence indicating additional sensors of
cytosolic DNA. The team is trying to explore such a
DNA sensor(s) and to elucidate underlying mecha-
nisms of disease pathogenesis at a molecular level, in
terms of the function of the sensing molecules in the
immune system. In particular, the laboratory focuses
on microbial infections, cancer, and autoimmune dis-

Assistant professor  Sumio Hayakawa, Ph.D.

eases.
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Fig. 1. Molecular analysis of integrin-mediated signaling
Signals through intgerins after binding to ECM lead to gene
expression, cell morphology, cell motility and cell survival.
Dysfunction of integrin-mediated signaling is critically
involved in the development of several diseases.
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Fig. 2. Structure of Opn and its receptors

Opn contains several binding domains interacting with av and
a4 integrins. Opn cleaved by thrombin at inflammatory sites
exposes new binding domain that is recognized by «941 inte-
grin. The interaction between Opn and integrins is involved in
cell migration and cell attachment including fibroblasts,
lymphocytes, macrophages and neutrophils.



Division of Molecular Immunology

Molecular and cellular mechanisms of the host-defense system hy extracellular matrix proteins and integrins.

Assistant Professor  Junko MORIMOTO, D.V.M., Ph.D.

Our laboratory is involved in studies elucidating
the role of extracellular matrix proteins (ECM) and
integrins in the development of inflammatory diseases
and autoimmune diseases such as arthritis, multiple
sclerosis (MS) and hepatitis. Our long-term goal is to
understand how ECM and integrins regulate host-
defense system in order to define potential targets for
the treatment of these diseases.

(1) Functional analysis of integrins in the develop-
ment of autoimmune diseases.

Integrins are expressed by many cells, such as
immune cells and tumors. The interaction between
integrins and ECM is involved in various processes
including cell migration and cell attachment.
Although, it has been demonstrated that dysfunction
of integrins results in autoimmunity, precise mecha-
nisms are still poorly understood. Our research
focuses on defining the role of «9 integrin in the
development of autoimmune diseases such as arthritis
and MS, since we have found that the mRNA expres-
sion of @9 inetgrin is up-regulated in arthritic joints.
Recently, we succeeded to generate the monoclonal
antibody that is capable of reacting mouse a9 inte-
grin. Lessons learned from experiments using this
antibody will make us understand how «9 integrin
regulates development of autoimmune diseases.
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Fig. 3. Inhibition of development of arthritis by administra-
tion of neutralizing anti-Opn antibody (M5).

Severity of arthritis was significantly reduced following treat-
ment mice with Mb5.

Research project:

Professor  Toshimitsu UEDE, M.D., Ph.D.

(2) Osteopontin as a novel therapeutic target for
inflammatory diseases.

Osteoponein (Opn) has been classified as an ECM.
It has been well known that the function of Opn as an
ECM is cell migration and cell attachment through the
interaction with integrins. We have been demon-
strated that Opn is involved in the development of
inflammatory diseases and autoimmune diseases, and
our current interest is to develop an effective treat-
ment for these diseases with neutralizing anti-Opn
antibody and small interference RNA.
(3) Cellular and molecular analysis of Opn in the
protective immunity against virus infection

Opn is also a cytokine that is expressed by
activated T cells and antigen presenting cells such as
DCs and macrophages. It has been known that Opn
is capable of inducing strong Thl type immune
response by a mechanism depending on up-regulation
of IL-12 expression by macrophages. Our laboratory
is interested in study defining the role of Opn in the
host-defense system against virus infection, specifi-
cally focusing on how Opn influences the generation
and maintenance of virus-specific cytotoxic and mem-
ory response. Our final goal is to generate the most
efficient protective immune memory against virus
infection.

mvi3 inbegrin

Th2 response

Thi response

4. Opn 12 & % Th1B5 sg ol

OpniZ avB34 > 77 ) v a2 HhlLT=ru 77— b5NIL12
PEEEZREL, Z2O—FHTCDMEMNL T2 T 7= 5D
IL-10pE4E 2903 2 2 & ©. Th1Z@n & ki 2 il L <\ 5,
Fig. 4. Regulation of Thl-type immune response by Opn
Opn plays an important role in the development of Thl-type
immune response by a mechanism depending on the regulation
of IL-12 and IL-10 expression by macrophage.
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Figure 1. Model of TCL1-dependent Akt kinase activation
TCL1 binds to the Akt PH domain and facilitates the formation
of Akt/TCL1 hetero-oligomers, as a consequence, facilitates
Akt transphosphorylation, promoting kinase activity and its
downstream cell survival signals. This mechanism can
explain some of the manifestations of the human T-PLL, in
which 7CLI gene is upregulated secondary to chromosomal
translocations, but also gives new insight into the molecular
process of activation of Akt, the core anti-apoptotic regulatory
molecule.
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Figure 2. PI3K-Akt network controls wide varieties of cellu-
lar responses in vivo.

Akt kinase is a major downstream target of the growth factor
receptor tyrosine kinase that signals vie PI3K. Akt is a well
established survival factor exerting anti-apoptotic activity by
preventing release of cytochrome c¢ from mitochondria and
inactivating FKHRL, known to induce expressing proapoptotic
factors such as FAS legend. Other than its anti-apoptotic
effect, Akt plays a multiple roles in regulating intracellular
responses in various tissues. For example, Akt induces phos-
phorylation and inactivation of GSK to stimulate glycogen
synthesis, thus regulating glucose metabolism and cell cycles
via p2lwaf and p27kip to promote cell growth. Akt activates
eNOS, thus promoting angiogenesis, and induces telomerase
activity via telomerase reverse transcriptase subunit phosphor-
ylation. Akt also mediates the activation of endothelial nitric
oxide synthase, an important modulator of angiogenesis and
vascular tone.



Division of Cancer Biology

Research Project:

To clarify the molecular basis of the regulation between cell death and survival

On October 2002, after spending 12 years in US
National Institute of Health (Bethesda, MD) and
Harvard Medical School (Boston, MA), I was
appointed as a professor of the Institute for Genetic
Medicine, Division of Cancer Biology at Hokkaido
University. Recently, two of the faculty members,
Futoshi Suizu (Ph.D) and Takahiro Fukumoto (PhD)
joined our laboratory as an instructor.

Our research interest is to clarify how the balance
between cell death and survival regulates in vivo
homeostasis. In past several years we have char-
acterized the binding molecules of serine threonine
kinase AKT that functionally modulate its kinase
activity.

Our recent work clarified that the protooncogene
TCL1 is an Akt kinase co-activator. TCL1 contains
two distinct functional motifs responsible for Akt
association and homodimerization. We showed that
both Akt association and homodimerization of TCL1
are required for the complete function of TCL1 to
enhance Akt kinase activity. TCLI1 binds to Akt and
activates Akt via a transphosphorylation reaction.
TCL1 oncogene was first implicated in human T-cell
prolymphocytic leukemia (T-PLL), a rare form of
chronic adulthood leukemia. Under physiological
conditions, TCL1 expression is limited to early
developmental stages including the immune system
(Laine et al. Mol. Cell 2000; Kunstle et al.,, Mol Cell
Biol. 2002; Laine et al., J Biol Chem. 2002). (Figure
1)

NMR chemical mapping study of the TCL1-Akt
complex provided the structural-functional basis of
the protooncogene TCL1 as an Akt kinase coactivator
(Auguin et al., J. Biomol. NMR 2003; Auguin et al.,
J. Biol. Chem. 2004; Auguin et al., J. Biomol. NMR
2004). Further, with the aim to develop a putative
Akt kinase inhibitor, we demonstrated that Akt-in,
consisted with 14 amino acid, which inhibits associa-
tion of PtdIns with Akt, is the first molecule to
demonstrate specific Akt kinase inhibition potency.
AXkt-in inhibited anti-apoptosis and tumor cell growth
in vivo without any toxic effects.

Together, our results provided a novel molecular
mechanism of TCLI1-induced Akt activation not only
provided a new insight into the molecular process of
Akt activation, but also a therapeutic implication for
the various human diseases in which AKT, a core
intracellular anti-apoptotic regulatory molecule, in

Professor  Masayuki NOGUCHI (MD, PhD)
Assistant Professor  Futoshi SUIZU (PhD)

Assistant Professor  Takahiro FUKUMOTO (PhD)

activated (Hiromura et al., J. Biol. Chem. 2004;
Hiromura et al., J. Biol. Chem. 2006; Noguchi et al.,
FASEB J. 2007; Noguchi et al.,, Curr Sig Thera
2008; Patent Pending 2003-416556).

Akt (also known as protein kinase B, PKB), a
central component of the PI3K signaling pathways,
which plays a central role in the regulation of cell
survival and proliferation to maintain in vivo homeos-
tasis. Akt is known to play a pivotal regulatory role
in various cellular processes. Akt is composed of
three functionally distinct regions: an N-terminal
pleckstrin homology (PH) domain, a central catalytic
domain, and a C-terminal hydrophobic region. The
N- terminal PH domain is a small 100-120-residue
module found in many proteins involved in cell signa-
ling or cytoskeletal rearrangement.

In response to various growth factors and other
extra-cellular stimuli, Akt is activated by the lipid
products [PtdIns (3,4,5) P3 and its immediate break-
down product PtdIns (3,4) P2] of phosphoinositide
3’-kinase (PI3K), which phosphorylates the 3-OH posi-
tion of the inositol core of inositol phospholipids
(PtdIns). Both serine 473 (Ser473) phosphorylation
and membrane anchoring are required for Thr 308
phosphorylation and complete activation of Akt.
Over 20 molecules have been identified as potential
physiological substrates of Akt, including GSK3.38
(Glycogen Synthesis Kinase3fs), FKHR (Fork Head
Transcription Factor), BAD, and eNOS (endothelial
nitric oxide synthase) (Figure 2).

Activation of Akt promotes cell survival; thus it
could be the underlying mechanism for numerous
human neoplastic diseases. Moreover, in addition to
direct involvement Akt in tumorigenesis by genetic
alterations of human cancers, the PI3K-Akt network
also underlies the clinical manifestation of various
stages of viral infection, such as latent infection,
chronic infection, and malignant transformation of
the Epstein-Barr virus, the Hepatitis C virus, the
Hepatitis B virus, or the Human Immunodeficiency
Virus (HIV).

As the cell death survival underlies multiple
human diseases including cancer, immunological dis-
order, or infectious diseases, our research together
aiming to provide a clue for understanding the molecu-
lar basis of various human diseases, but also provide
a therapeutic insights to cure the life threatening
human diseases.
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Fig. 1. Roles of CRMI1 in propagation of HIV-1/HTLV-1
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Division of Molecular Virology

Mechanism and prevention of infection of human retroviruses

Research in the laboratory of molecular virology
focuses on development of preventive and therapeutic
methods, based on our own achievements of molecular
biological studies on HIV-1 and HTLV-1
1. New rat model for HTLV-1/HIV infection

One obstacle in development of preventive and
therapeutic methods is lack of suitable small animal
models for HIV/HTLV-1 infection. To develop a
better animal model for the investigation of HTLV-1
infection, we established a transgenic (Tg) rat carry-
ing the human CRM1 (hCRM1) gene that encodes a
viral RNA transporter, which is a species-specific
restriction factor, 7nz vitro. The finding that CRM1
expression is elaborately regulated during lymphocyte
activation initially by post-transcriptional and subse-
quently by transcriptional, led us to use a hCRMI1
containing BAC clone, which would harbor the entire
regulatory and coding regions of the crml gene. The
Tg rats expressed hCRM1 protein in a manner similar
to the intrinsic rat CRMI1 in various organs. HTLV-
1l-infected T cell lines derived from these Tg rats
produced 100 to 10,000 fold more HTLV-1 than did T
cells from wild type rats, and the absolute levels of
HTLV-1 were similar to those produced by human T
cells. HTLV-1 invasion into the thymus of intraper-
itoneally infected Tg rats was greater than observed
in similarly infected wild type rats. These results
support the essential role of hCRM1 in proper HTLV-
1 replication and suggest the importance of this Tg rat
as an animal model for HTLV-1.

To demonstrate the molecular basis for develop-
ing a rat model for HIV-1 infection, we evaluated the
effect of human CyclinT1 (hCycT1) and hCRM1 on
Gag p24 production in rat T cells and macrophages,
using both established and primary cells prepared
from hCycT1/hCRMI1 transgenic rats. Expression of
hCycT1 augmented Gag production 20—50 fold in rat
T cells but little in macrophages. hCRM1 enhanced
Gag production 10—15 fold in macrophages and only
marginally in T cells. Expression of both factors
synergistically enhanced p24 production to levels close
to those detected in human cells. R5 viruses
produced in rat T cells and macrophages were fully
infectious. Collectively, the expression of both
hCycT1l and hCRM1 will be key in developing a rat
model supporting robust propagation of HIV-1.

2. Development of anti HIV-1 vaccine

As vehicles for delivering antigens of HIV-1,
replication-defective viral vectors have been exten-
sively studied because of their safety. For example
adenovirus and vaccinia virus-based vectors express-
ing components of HIV-1 have been evaluated in
human trials. They, however, generally have not
induced enough immunities nor protected human from
HIV-1 infection. Therefore more effective vehicles
may be needed for HIV wvaccines.

Replication-competent vaccinia virus that has
been proven to be safe in human vaccination against
small pox could be a good candidate for a better
vehicle. Vaccinia LC16m8 strain has been shot to
100,000 people without any serious adverse effects.
The LC16m38, however, has been found to be genetical-
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ly unstable to generate spontaneously more virulent
revertants from stock of LC16m8 viruses. To
improve LC16m8, we identified the B5R gene respon-
sible for the reversion, and constructed genetically
stable LC16m8A, which is essentially as same as
LC16m8 in antigenicity and safety in mice, and
approximately 1000 fold more immunogenic than
non-replicating vaccinia, MVA strain. Therefore
LC16m8A could be a better vehicle for wvaccines
against HIV and other human diseases.

Gag proteins of HIV-1 and SIV are major
antigens to elicit cytotoxic T cell immunity (CTL).
Activity of anti Gag CTL in HIV-l-infected people
reverse-correlates with viral loads. In some SIV-
monkey experiment, the strength of anti Gag CTL has
been reported to correlate the containment of SIV.
Therefore, we constructed LC16m8A that expresses
the gag gene of simian immunodeficiency virus (SIV)
to compare its ability to elicit anti Gag immunities
with rephcatlon defective vaccinia virus. Immuniza-
tion in a prime-boost strategy using DNA and m8A
expressing SIV (rag elicited 7—30 fold more IFN-9y-
producing T cells in mice than that using DNA and
non-replicating vaccinia.

3. Analysis of HTLV-1l-infected rat model to develop
anti ATL therapy

Human T-cell leukemia virus type I (FITLV-I)
causes adult T-cell leukemia (ATL) in infected indi-
viduals after a long incubation period. Im-
munological studies have suggested that insufficient
host T cell response to HTLV-I is a potential risk
factor for ATL. To understand the relationship
between host T cell response and HTLV-I path-
ogenesis in a rat model system, we have developed
activation and detection system of HTLV-I Tax-
specific cytotoxic T lymphocytes (CTLs) by Epitope
expressing Single-Chain Trimers (SCTs) of MHC
Class I. Our results demonstrated that human cell
lines transfected with the expression vectors encoding
Tax epitope/gB,-microglobulin/rat MHC-I (RT1A")
fusion protein were able to induce IFN-y and TNF-«
production by a Tax180-188-specific CTL line, 401/
C8. We have further fused the C-terminus of S(JTS to
EGFP and established cells expressing SCT-EGFP
fusion protein on the surface. By co-cultivating the
cells with 401/C8, we have confirmed that the
epitope-specific CTLs acquired SCT-EGFP protein
and that these EGFP-possessed CTLs were detectable
by flow cytometric analysis. This system will be an
important tool in analyzing the role of the virus-
specific CTLs in the rat model of HTLV-I infection.
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Fig. 1. Interaction between H. pylori and gastric epithelial
cells was observed by scanning-electron microscopy.
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Fig. 2. Histological analysis of the glandular stomachs from
12-week-old control mouse and cagA-Tg. cagA-Tg have a
broad thickening of gastric mucosa due to epithelial hyper-
plasia of the stomach. *, PCNA-labeled cells. (Scale bars, 300
fem)
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Molecular Mechanism Underlying Helicobacter pylori-Mediated Gastric Carcinogenesis
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Gastric carcinoma is the second-most common
cause of malignancy-related deaths worldwide respon-
sible for 10.49¢ mortality of all fatal cancer cases.
The mortality rates of gastric carcinoma in East
Asian countries including Japan are several times
higher than those in Western countries. We have
demonstrated that infection with cagA-positive
Helicobacter pylovi (H. pylori) is causatively associated
with the development of gastric carcinoma. The
cagA gene exhibits genetic polymorphism between
those derived from Western and East Asian H. pylori
strains and this sequence polymorphism is considered
to be associated with the geographical variations in
the incidence of gastric carcinoma. Our laboratory is
focusing on the oncogenic mechanism of CagA in
terms of the mechanism of carcinogenesis initiated by
H. pylori infection. Recent scientific achievements
from our laboratory are summarized as follow:

1. Deregulation of the SHP-2 oncoprotein by
CagA. After attachment to gastric epithelial cells,
H. pylori cagA-positive strains inject the CagA protein
directly into the cells via the type IV secretion system.
Injected CagA then undergoes tyrosine phosphoryla-
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Fig. 3. Interaction model of CagA with PAR1b and SHP-2.
PARID is present as a multimer, most probably a homodimer,
in cells. CagA binds to the PAR1b via the CM sequence, which
induces CagA dimerization. Upon the complex formation,
CagA inhibits PARI1b kinase activity and thereby causes polar-
ity defects. Upon tyrosine phosphorylation by Src family
kinases, the CagA dimer interacts with SHP-2 via the two SH2
domains of SHP-2 and thereby aberrantly activates SHP-2
phosphatase.
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tion by Src family kinases. We found that tyrosine
phosphorylated CagA binds to Src homology 2-
containing protein tyrosine phosphatase (SHP-2), a
bona-fide human oncoprotein. We also found that
CagA-deregulated SHP-2 phosphorylated and thereby
inactivates focal adhesion kinase (FAK), resulting in
the morphological transformation known as the
hummingbird phenotype. In addition, CagA-
activated SHP-2 deregulates the Erk MAP kinase
cascade to elicit abnormal mitogenic signal. Intrigu-
ingly, East Asian CagA exhibits stronger SHP-2 bind-
ing activity and greater morphogenetic activity than
Western CagA. These observations indicate that
CagA-deregulated SHP-2 plays a key role in the
development of gastric carcinoma.

2. Disruption of epithelial cell polarity by CagA.
In the stomach, gastric epithelial cells form a polar-
ized epithelial monolayer with highly developed tight
junctions. Expression of CagA in polarized epithelial
cells causes junctional and polarity defects. We
found that this CagA activity is mediated by the
specific interaction of CagA with partitioning-
defective 1b (PAR1b) serine/threonine kinase, which
acts as a master regulator in establishment and
maintenance of cell polarity. We showed that associ-
ation of CagA inhibits PARI1b kinase activity while
preventing atypical PKC-mediated PAR1b phosphor-
ylation, collectively causing junctional and polarity
defects. We also demonstrated that CagA binds to a
PARI1Db dimer. This PAR1b-mediated CagA dimer-
ization is important for the subsequent complex for-
mation between CagA and SHP-2. Our findings indi-
cate that the CagA-PARI1Db interaction is not only
crucial in the disorganization of epithelial layer but
also critically involved in the tyrosine
phosphorylation-dependent CagA-SHP-2 interaction.
The finding uncovered a here-to-fore unrecognized
link between the PAR polarity regulating system and
the human pathogen H. pylori.

3. Oncogenic activity of CagA n vivo. To inves-
tigate the role of CagA in in vivo carcinogenesis, we
generated transgenic mice that systemically express
CagA (cagA-Tg mice). Established cagA-Tg mice
showed gastric epithelial hyperplasia and
granulocytosis in the peripheral blood, which were
followed by the development of gastric carcinoma,
intestinal carcinoma and hematological malignancies
such as myeloid leukemias and B cell lymphomas.
Intriguingly, transgenic mice expressing
phosphorylation-resistant CagA did not show any
pathological abnormalities, indicating CagA-
deregulated SHP-2 plays an important role in the
development of H. pylori-associated neoplasms.
These results provide formal proof for the oncogenic
potential of CagA activity as the first bacterial onco-
protein.
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Fig. 1. Effects of TLR4 and TLR2 priming on IL-10 produc-
tion upon TLR restimulation. Bone marrow-derived dendritic
cells (BMDCs) were primed with upLPS (Ixg/ml) and/or
Pam3CSK4 (P3C, 300 ng/ml) for 24h and cultured with medium
alone for 48h as a resting interval. DCs were also cultured
with medium alone for 78h (Naive control). The cells were
restimulated with upLPS (1xg/ml) for 24h, and amounts of
IL-10 and IL-12p40 in the supernatant were quantified. Each
column represents the mean = SE of 4 independent experi-
ments (*: p<0.05; * * *: p<<0.005).
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Fig. 2. Altered balance of signaling pathways in TLR4,2-
primed DCs upon TLR4 restimulation. BMDCs were primed
with upLPS (1xg/ml) and Pam3CSK4 (300ng/ml) for 24h and
cultured with medium alone for 48h (Primed). DCs were also
cultured with medium alone for 78h (Naive control). The cells
were restimulated with upLPS (1xg/ml) for 30 or 60 min. A.
Levels of phospho-p38 MAPK (pp38), p38 MAPK (p38),
phospho-ERK1/2 (pERK1/2), and ERK1/2 in the cell lysates
were determined by immunoblotting. B. Levels of TRAF3 in
the cell lysates were determined by immunoblotting. C. Pos-
tulated mechanism underlying the altered balance of IL-10 vs.
IL-12 production by TLR4,2-primed DCs.
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Various disease models were used to investigate
the differentiation and immunological functions of
immune cells involved in acquired as well as natural
immunity. The final goal of Division of Im-
munobiology is to develop techniques that can be
applicable for therapy of immune-related diseases
including cancer.

1. Development of immune manipulation strategy
using dendritic cells (DCs)

DCs are potent antigen presenting cells and play
major roles in the initiation and the regulation of
innate and acquired immune responses. Interleukin
(ILL)-12 promotes T helper 1 (Thl) polarization and
induces cell-mediated immunity, while IL-10 is
involved in induction of regulatory T cells and inhibits
undesirable immune responses. Thus, the balance
between IL.-10 and IL-12 production by DCs is crucial
to determine the subsequent acquired immunity. We
attempted to control the IL-10 vs. IL.-12 balance.

Purified murine bone marrow-derived DCs
(BMDCs) were stimulated with TLR ligands for 24 h
and then cultured with medium alone for 48 hours as
a resting interval (TLR4, 2-primed DCs). The TLR4,
2-primed DCs exhibited significantly enhanced IL-10
production but markedly diminished IL-12p40 produc-
tion upon TLR4 restimulation compared to unprimed
(naive) DCs. TLR4-mediated activation of p38
MAPK was markedly suppressed, while that of
ERK1/2 was enhanced in the TLR4, 2-primed DCs.
In addition, TNF receptor-associated factor (TRAF) 3
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Fig. 3. Establishment of a mouse model of uveitis and the
exploitation of experimental therapeutics. EAU was induced
in mice with IRBP peptide in the presence of adjuvant. Experi-
mental therapeutics were introduced in the induction phase of
the disease, and the clinical scores were monitored. Histopath-
ological scores were determined at appropriate times (upper
panel). The inhibition of NF-»B pathways (lower left panel)
or application of anti-OPN antibody (lower right panel)
ameliorated EAU.
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expression was significantly up-regulated in the
TLR4,2-primed DCs. Thus, the enhanced IL-10 pro-
duction by the TLR4,2-primed DCs may be attributed
to the altered balance of intracellular signaling path-
ways.

2. Regulation of organ-specific autoimmune diseases

Behcet’s disease (BD), sarcoidosis and Vogt-
Koyanagi-Harada disease (VKH) are major uveitic
diseases. To better understand the pathogenesis of
BD and to exploit novel therapeutic targets for resis-
tant cases, mouse models of uveitis were investigated.
Experimental autoimmune uveoretinitis (EAU) was
induced by immunizing mice with interphotoreceptor
retinoid-binding protein (IRBP) peptide, and im-
munological and pathological parameters were
monitored. To date, NF-»B and osteopontin (OPN)
have been selected as target molecules for therapeutic
intervention and turned out to be good targets (Fig.3).
Using ocular autoimmunity as a model of organ-
specific autoimmune disease, a novel approach to the
amelioration of autoimmune reactions in various
organs is being pursued.

3. Investigation of molecular and cellular im-
munological mechanism underlying metabolic syn-
drome.

We have demonstrated that NKT cells accelerate
atherogenesis in mice (Fig.4A). Recently, we also
found that diet-induced obesity (DIO) was accelerated
by the presence of NKT cells (Fig. 4B). These results
indicate that NK'T cell is a key player for the regula-
tion of the life-style-related diseases, such as atheros-
clerosis, obesity, and insulin resistance.
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TR 2L (1), BB ERrbns 70 (2) FEs
%, ZDtk. NKT/M¢ MHAMERIZ & ) NKT Mifus 5k i3
R LIE g A b & 4 > (IFN-y. HB-EGF, OPN % &)
&0 BRI LR AR 2 RS 5, NKT Mo it bo kil
0. WEIERR A E b & 2 WfilEcR S EEZ b b,

B. NKT g - =27 v 77— - [RIGMREEOMAEIER & o
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Fig. 4. NKT cell as a target for regulating life-style-related
disease

A. NKT cells recognize the degenerated lipid molecules
presented by CD1d on the macrophages (M) (1) and receive
positive signals from activating receptors on the NKT cells (2).
Then, putative humoral factors are produced by the interac-
tions between NKT cells and M¢ (3). In this way NKT cells
aggravate atherosclerosis. The regulation of these cellular
and subcellular mechanisms results in the inhibition of disease
development.

B. Dangerous liaison among the NKT-Mg-adipocyte triangle.
The inhibition or modification of the interaction may amelio-
rate the progression of DIO.
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Fig. 1. Animal models for atopic dermatitis generated by
targeted disruption of a nuclear IkB protein, MAIL.
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Fig. 2. Role of BRCA2 protein in Rad51-mediated repair of a
DNA double-strand break.



Division of Disease Model Innovation

Generation of Animal Models for Cancer, Immune, and Infectious Diseases.

Associate Professor  Mlasami MORIMATSU, D.V.M., Ph.D.
Assistant Professor  Yukiko TOMIOKA, D.V.M., Ph.D.

In the Division of Disease Model Innovation,
studies have been focused on germ-line transforma-
tion in mice to generate animal models for cancer,
immune, and infectious diseases. Disease models of
farm and companion animals are also studied. Our
present research projects are:

1) Animal models for atopic dermatitis

Atopic dermatitis is a common, chronic, inflam-
matory, pruritic skin disease that occurs in patients
with an individual or family history of atopy. By
targeted gene disruption of MAIL, a nuclear IkB
protein, we generated a new animal model for atopic
dermatitis. We are studying the mechanisms through
which MAIL deficiency results in this common aller-
gic disease.
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Fig. 3. The transgenic mice expressing IE180, transcription
factor of pseudorabies virus, show cerebellar dysplasia.

Reseach Project:

2) Animal models for hereditary breast cancer

To establish animal models for hereditary breast
cancer, we studied the roles for murine and canine
BRCA2 in DNA double-strand break repair. By the
analysis of genomic sequences of canine BRCA2,
several genetic variations were discovered and some
of which were localized to functional domains, BRC
repeat 3 and C-terminal Rad51-binding region.
3) Animal models for cerebellar dysplasia

Transgenic mice expressing transcription factor
of pseudorabies virus (suid herpesvirus 1) show cer-
ebellar dysplasia. By analyzing the transgenic mice,
we aimed to establish novel animal models for cer-
ebellar dysplasia and to suggest novel pathogenesis of
herpesvirus infection.
4) Generation of pseudorabies-resistant animals

Transgenic mice expressing resistant genes
against pseudorabies were generated for the develop-
ment of livestock with enhanced resistance to
pseudorabies.
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[

IE180 / calbindin / 3PGDH
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MR E 2 L1256 LT b,

Fig. 4. 1E180 (red) was expressed in nuclei of Purkinje cells
(blue) and astroglial cells (green). These IE180-positive cells
were immature and often degenerated, resulting in abnormality
of cerebellar histoarchitecture.
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Fig. 1. Upon antigenic stimulation, CD4" T helper cells (Th) can differentiate into functionally distinct two subtypes, Thl cells and
Th2 cells. Thl and Th2 cells eliminate antigen through the activation of cellular immunity and humoral immunity, respectively,
however, dysregulation of the balance between Thl- and Th2-type immunity may cause various immune diseases such as inflammatory
autoimmune diseases (Thl) and allergy (Th2). Treg and Thl7 are induced by immune suppressive cytokines, TGF-b and/or IL-6,
which are closely related with various autoimmune diseases such as colitis. The control of immune-balance is essential for the
therapy in cancer and various immune diseases.

28



Division of Immunoregulation

Research Project:

The control of Th1/Th2 immune balance and its application to immune diseases including tumor

Professor  Takashi NISHIMURA, Ph.D.

Associated Professor Hidemitsu KITAMURA, Ph.D.

In this section, we have been investigating the
role of regulation for Thl/Th2 immune balance and
its application for immune diseases including tumor,
allergy and autoimmune diseases.

(1) Tumor immunology

Our goal of tumor immunology is to develop a
novel tumor immunotherapy using tumor-antigen spe-
cific T helper type I (Thl) cells in addition to cytotox-
ic T lymphocytes (CTL). The related research sub-
jects are as follows; (a) Induction of tumor-specific
Thl cells and its application to tumor immunother-
apy; (b) Identification of dendritic cell (DC) subsets
useful for tumor immunotherapy; (c) Development of
tumor-vaccine therapy; (d) Development of tumor-
gene therapy; (e) Mechanisms of NKT cell-mediated
tumor rejection; (f) Bridging between innate and
acquired immunity; (g) Cancer immunosurveillance
mechanisms.

(2) Immune diseases

It is now accepted that the imbalance of Thl/Th2
immunity becomes the cause of various immune dis-
eases. Indeed, we first demonstrated that Thl cells
play a pivotal role in fulminant liver injury. More-
over, airway hypersensitivity was induced by Thl

Assistant Professor  Kenji CHAMOTO, Ph.D.

cells as well as Th2 cells. Recently, we revealed the
essential role of spontaneous proliferation (SP) on the
subsequent generation of colitogenic T cells. In these
projects, we will investigate the precise role of ef-
fector T cells including Thl, Th2, Th17 and Treg cells
in the occurrence of immune diseases using our origi-
nally developed animal models of dermatitis, allergy,
liver injury, colitis, and GVH diseases. We also
pursue to develop a new immunotherapy through the
control of Thl/Th2 immune balance.
(3) The evaluation of genetic factor involved in Th1/
Th2 immune balance

It has been demonstrated that Thl/Th2 balance is
genetically controlled in inbred mice. Namely,
BALB/c mice prone to Th2 immunity and C57BL/6
mice prone to Thl immunity show different suscepti-
bility to infection and allergen. Therefore, if we can
identify the gene(s) controlling Th1l/Th2 balance, it
will provide much contribution to develop a new im-
munotherapy, so called “tailor-made therapy” which
is compatible to individual immune status. We also
started developing a new strategy to identify Thl/
Th2 status using DNA array system.
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Fig. 2. Translational research: Tunor vaccine - cell therapy

We are now planning to start clinical trial of our developed tumor vaccine - cell therapy. The tumor vaccine therapy using
TLR-9-ligand, CpG and tumor protein encapsulated in liposome is starting at Hokkaido University Hospital. Thl cell therapy using
tumor-specific Thl cells or PPD-specific Thl cells is also planning to start clinical trial.
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Fig.1. Cancer cells show abnormalities in cell growth and cell
polarity, and enhanced cell motility.
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Fig. 2. Cancer cells show abnormalities in cell motility, cell
adhesion, and cell shape, which are dependent on the reorgani-
zation of the actin cytoskeleton (shown in red). It is important
for cancer study to know the mechanism of reorganization of
the actin cytoskeleton.



Division of Molecular Interaction

Cancer cells have two distinguished characters:
they grow in defiance of normal restraints and metas-
tasize. Growth abnormality has been studied inten-
sively in terms of cell cycle control. It seems that
metastasis is promoted by abnormal cell-cell adhesion
and cell polarity, and enhanced cell motility (Fig. 1).
Cell adhesion, cell polarity, and cell motility are
maintained or driven by co-operated regulation of cell
adhesion molecules, cytoskeletal reorganization, and
intracellular vesicle transport (Fig. 2). These cellular
events are regulated in a temporally and spatially
complex manner and much remains to be learned.
We focus on molecular mechanisms of reorganization
of the actin cytoskeleton.

1. Development of cell polarity in yeast

Cells of the yeast Saccharomyces cerevisiae grow
by budding. Budding is established by the formation
of cell polarity and is driven by the reorganization of
the actin cytoskeleton and vesicular transport. We
study development of cell polarity by using the yeast

Yeast | Saccharompoes cerovisiao
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Fig.3. Yeast is an important model organism in cell biology.
Yeast cells grow by budding, which is a process of cell polariza-
tion. This polarized growth is dependent on reorganization of
the actin cytoskeleton. The yeast system is amenable to
molecular genetical approach and is suitable for the analysis of
reorganization of the cytoskeleton.

Research project:
Development of cell polarity

Professor  Kazuma Tanaka, Ph.D.
Associate Professor  Konomi Kamada, Ph.D.

Assistant Professor  Takaharu Yamamoto, Ph.D.

system, which is amenable to powerful molecular
genetic studies (Fig. 3).
2. Role of membrane phospholipid asymmetry in devel-
opment of cell polarity

Cell membranes consist of lipid bilayer and the
most abundant membrane lipids are phospholipids.
The phospholipid compositions of the two monolayers
of the lipid bilayer in most cell membranes are strik-
ingly different, which is called “phospholipid asym-
metry” (Fig. 4). Phospholipid asymmetry is regulat-
ed by lipid translocation, movement across the lipid
bilayer. However, the mechanism governing the
establishment and regulation of phospholipid asym-
metry as well as its physiological function in single
cells are largely unknown. We study the role of
phospholipid asymmetry in development of cell polar-
ity.

im the lipid bilayer
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Fig.4. Phospholipid asymmetry in cell membranes. The
phospholipid compositions of the two monolayers of lipid
bilayer are strikingly different. In the plasma membrane,
phosphatidylserine (PS) and phosphatidylethanolamine (PE) are
enriched in the inner leaflet facing the cytoplasm, while phos-
phatidylcholine (PC), sphingomyelin (SM), and glycolipids are
predominantly found in the outer leaflet. The physiological
function of lipid asymmetry is largely unknown.
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Fig.1. Experimental animal facilities and equipments.

A: Air conditioning systems. B: Double-door barrier auto-
claves. C: SPF animal room. D: Biosafety level P3 room for
animals experimentally infected with highly virulent microbes.
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Laboratory of Animal Experiment

Research Project:

Generation of Animal Models for Cancer, Immune, and Infectious Diseases.

Director (Professor) Hisatoshi SHIDA, Ph.D.

Associate Professor  Mlasami MORIMATSU, D.V.M., Ph.D.
Assistant Professor  Yukiko TOMIOKA, D.V.M., Ph.D.

This laboratory was established for the hus-
bandry of laboratory animals and for protection from
biohazard due to the handling of infected animals.
The laboratory consists of 14 SPF animal rooms, one
infected animal room, and 19 attached rooms includ-
ing a room for generation of transgenic mice. The
SPF animal rooms have a capacity for keeping 6,000
healthy animals. Preventive management of general
husbandry, circumstances predisposing to disease, and
methods of facility sanitation, is provided continuous-
ly. The infected animal room has equipments to
handle hazardous microorganisms of less than three
on the risk classification grade after CDC in the USA.
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EB 7 A V2B E, FIREEDFE; AL L 7
ANZBIETRRET S & & b, ZO/ER & 7 5511
WOIERIEEIE T2 L. EB 74 V2T X BFFED
GT AN =X LEBNT 5, 74 V22 & BI9EIE. R
Yep LRBEMEDIRICEL Z T, WDLDAT v 7%
THEATT D EHEZ N5 (X2), BUE, HALDRIL #
H=ZALICBETH L WHERZAITV, vivo TEEICKE
ToTWB I EDMERTTH B,

2) MBS 2 WS 5 EB 7 A4 )L AR T 0%

EB 74 VA7 27 Nhet 58182 HLA class I D3
BT 258 B2 T#EEBETZRABLTHS, Zo#EEBET

Epstein-Barr Virus
Type B Hepatitis Virus
Type C Hepatitis Virus

=100 million
1.2-1.4 million
1.0-2.0 million

Human T-Lymphotrapic Virus | 1.2 million
Human Papilloma Virus Unknown
Hellcobacter pylor] 50 million

R1. brEIZBIT 2 8L OBEIP L2 > Tnd 74 LA
F 2T IS B L T 2 E 0B (20064F) o

Table 1. Estimated number of patients infected with virus or
bacterium related to malignant tumors in Japan (2006).
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1. EBYA NG EBEDOBWIED ) bREN L L D% 4
DR L7z, EFEERIC A E eSS (Burkitt’s lymphoma) % #2012
w2 =T N4 (a), EBV-encoded RNAs (EBERs) #° Reed-
Sternberg cells (b) <CIEEAIAL (c. d) DEEICKEICHREE NS,
Figure 1. Representative EBV-associated cancers. A 12 years
old boy having a maxillary tumor (Burkitt’s lymphoma) in
Kenya (a). Detection of the highly abundant EBV-encoded
RNAs (EBERs) in the nuclei of Reed-Sternberg cells (b) and
tumor cells (c, d).



Center for Infection-associated Cancer

Research Project:

Research of cancer caused by infection.

Director Masanori Hatakeyama, D. Med. Sci.
Associate Professor Hironori Yoshiyama, D. Med. Sci.

Cancer is a disease showing disregulated cell-
proliferation caused by the accumulation of genetic
alterations. However, there are many unknowns
about the mechanism of carcinogenesis. It is known
that the chronic infection of some viruses and bacteria
cause cancer (Table 1). Thirty-eight 9§ of the cancer
is thought to originate from infectious diseases. Our
research center is founded on July 1, 2008 to establish
the method for prevention and treatment of cancer
that occurred by the viral and bacterial infection.

1. Research in the mechanism of viral carcinogenesis

We are focusing on Epstein-Barr virus (EBV),
since there is no specific method for prevention and
treatment of EBV-associated diseases. EBV is a
ubiquitous virus, which infects more than 909§ of the
person by attaining adulthood. After the primary
infection, EBV persistently infects to memory B cells
and survives by evading from the immunological
attacks. EBV is known to take two forms of infec-
tion, latent and lytic infection.

The persistently EBV-infected cells sometimes
develop cancer, such as Burkitt’s lymphoma, Hodg-
kin’s disease, EBV-associated gastric carcinoma,
nasopharyngeal carcinoma, nasal T-lymphoma, and
opportunistic lymphoma in the immunocompromised
host (Fig. 1).

1) Research in EBV-associated epithelial tumors

The viral gene responsible for the genesis of
EBV-associated gastric carcinoma and nasopharyn-
geal carcinoma will be identified. Moreover, the
cellular genes related to the development of these
tumors is going to be identified. And the molecular

2. YL L) IEEMIEZAb L EEA LT A  ToOFED LB
PEET v, IEH BRI AsZM DRI 26T 28T

Figure 2. A multi-step model of oncogenesis for infection-
associated cancer. Progression to invasive cancer from nor-
mal epithelia.

mechanism of carcinogenesis by EBV will be clarified.
Cancer associated with viral infection progresses
from infection to the cell to the formation of invasive
cancer through many steps (Fig. 2). We have recent-
ly discovered an initial event for EBV-related car-
cinogenesis, and our observation is now being con-
firmed in samples obtained from patients.
2) Research of an EBV gene controling cell immunity

An EBV gene locating BamNhet region of EBV
genome has been identified to reduce the expression of
HLA class I molecules on the infected cells. This
novel EBV gene is thought to help survive infected cell
by evading from host immunesurveillance. We will
clarify the mechanism of the viral gene using a system
of in vitro infection and transformation of B
lymphocytes by EBV.
2. Research in cooperation with virus and bacterium
for carcinogenesis

Most (902%) of EBV-associated gastric carcinoma
is surrounded by noncancerous gastric mucosa having
intestinal metaplasia, which has been caused by
Helicobacter pylori-infection. Thus, inflammation of
gastric epithelia by H. pylori-infection should play a
critical role in the genesis of EBV-associated gastric
carcinoma (Fig. 3). Clonal expansion of a single
EBV-infected progenitor cell, which was verified by
the number of direct tandem repeats in the EBV
genome, is well-known in EBV-associated epithelial
tumors. However, the mechanism and agent that
promote the monoclonal proliferation of the epith-
elium is unknown. H. pylori may be a possible agent.

Laren ik pylard Fﬁf
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3. H pylovi EHfR L 728 FEMIBORB T 5 REEWEDT A + 2
A v, EBV YB3k % OIS MBREZ 2 3,
Figure 3. Inflammation of gastric epithelia by H. pylori-
infection induces cytokine release from epithelia, which may
attract inflammatory blood cells including EBV-infected B
lymphocytes.
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Figure 1. Regulation of interaction between OPN and inte-
grins for the therapy of the inflammatory and intractable
diseases.
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Figure 2. Our three major research projects.



Department of Matrix Medicine

Regulation of the Interaction between Extracellular Matrix proteins and
Integrins for the Therapy of the Inflammatory and Intractable Diseases

This division is endowed by the three pharmaceu-
tical companies to expand the researches regarding
the therapy using antibody drug for rheumatoid
arthritis in the division of molecular immunology.
Extracellular matrix proteins have important roles in
not only the adhesion, but also the motility, differenti-
ation, proliferation, and survival of the cells, and
recognized as an organizer of many cell functions.
The expression of extracellular matrix proteins is
upregulated in many diseases, and it is expected that
the regulation of the upregulated extracellular matrix
proteins leads to the control and healing of the path-
ogenesis of many diseases. We focused on the
extracellular matrix proteins including osteopontin
(OPN) and those receptors, integrins. The aim of this
division is to develop a novel therapy against inflam-
matory and intractable diseases by regulation of the
interactions between extracellular matrix proteins
and integrins. We have three major research pro-
jects.

1. To develop the novel therapies and clarify the
mechanisms of the inflammatory and intractable dis-
eases using the neutralizing antibody against OPN.

The division of molecular immunology and our
division have been focusing on the OPN, one of the
extracellular matrix proteins, and examined the role
of OPN in various diseases, such as rheumatoid arthri-
tis, autoimmune hepatitis, atherosclerosis, and hyper-
trophic heart disease. We reported that the disease
development of hepatitis induced by concanavalin-A

M. METHIED. §F B M

3. HFRIZBIT B4 2T 4R F > NKT Mg, fFheko iR
NKT HlaA5 W3 5 4 2T 4 K> F > H NKT flha 2 5 i
L. FhERDBICTE A IC S A 2 72 L T 5,
Figure 3. Schematic Representation of the Link between
OPN, NKT Cells, and Neutrophils in Con A-Induced Hepatic
Injury.

After Con A-induced activation, NKT cells secrete OPN, which
is presumably cleaved by thrombin in the liver. The interac-
tion of NKT cells and the thrombin-cleaved form of OPN
through its receptors further activates NKT cells. The
thrombin-cleaved form of OPN, together with MIP-2, recruits
neutrophils into the liver. Upon interaction of the thrombin-
cleaved form of OPN with its receptors on neutrophils, the
latter cells become activated and contribute to additional liver
cell damage.

Associate Professor  Yutaka Matsui, M.D., Ph.D.

Research Project:

Professor  Toshimitsu Uede, M.D., Ph.D.

(Con-A), hyperlipidemic atherosclerosis, and cardiac
fibrosis induced by angiotensin II were all inhibited in
OPN null mice and that neutralizing antibody against
OPN had therapeutic effects on the progression of
rheumatoid arthritis and Con-A-induced hepatitis.
Moreover, in Con-A-induced hepatitis, we showed that
natural killer T (NKT) cells secreted OPN, which
activated NKT cells, thereby triggered neutrophil
infiltration and activation. We advance these find-
ings, and try to both develop the novel therapies and
explore the mechanisms of many inflammatory and
intractable diseases by clarifying the importance of
the interactions between OPN and integrins using
different OPN neutralizing antibodies against various
epitopes.
2. The functional analysis of «9 integrin

a9 integrin is the receptor for OPN cleaved by
thrombin and may play a pivotal role in development
of inflammatory disease. However, the function of
a9 integrin is obscure, since a9 integrin deficient mice
die shortly after birth due to the respiratory failure.
Recently, the neutralizing antibody against «9 inte-
grin has been established in the division of molecular
immunology. We are trying to reveal the function of
the @9 integrin in many inflammatory and intractable
diseases using this antibody.
3. The roles of various extracellular matrix proteins

In addition to OPN, we are also interested in the
roles of various extracellular matrix proteins, such as
tenascin-C and syndecan-4, in many diseases. We
want to examine not only the role of individual
extracellular matrix protein under the pathological
conditions but also the function of the interactions
between various extracellular matrix proteins and
integrins and clarify the whole picture of pathological
mechanism.

We finally wish to apply these findings and results
to develop the novel therapeutic strategy to treat the
human inflammatory and intractable diseases.

R 4. +2FFE>F> LR

T 2T ARy F R 2Tl ApoE KRHHIZ & 2 BIRAE{LREZ
WHEINL, T oA T v IS & B0EAH bR S L 5,
Figure4. OPN and cardiovascular disease.

OPN deficiency attenuated atherosclerosis in apolipoprotein E
(ApoE) deficient mice and ameliorated the development of
cardiac fibrosis induced by Angiotensin II (AII).
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Regulation of ‘Immune balance® s critical for our health
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Fig.1. Immune balance and diseases.

Immune system, composed of Thl-mediated cellular (type 1)
immunity and Th2-mediated humoral (type 2) immunity, is
essential to maintain our health. Both type 1 and type 2
immunity is tightly controlled because excessive activation
may cause various immune diseases such as diabetes and liver
injury by type 1, and allergy and tumor genesis by type 2.
Therefore, the regulation of the ‘immune balance’ between type
1 and type 2 immunity is critical for prevention and therapy of
the immune diseases.
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Department of ROYCE' Health Bioscience

Research Project:

Development of Novel Immunomodulators Useful for the Control of Immune
Balance and Its Application to the Therapy of Immune Diseases

Nowadays, our foods, environments, and life-style have been dramatically
changing. The changes cause disruption of our body system in addition to
environmental disruption. Especially, the disruption of immune balance,
which is mainly controlled by two helper T cell subsets, results in the increase
of new immunological disorders such as allergy, tumor genesis, infection, and
autoimmunity. In order to resolve this serious social problem, it is necessary
to develop some strategies to improve our immune balance in daily life. For
this purpose, we are planning to search novel immunomodulators from food,
marine or agricultural products, which are useful for maintaining the people’
s health by regulation of the ‘immune halance’ between type 1 and type 2
immunities.

1: Screening and identification of novel immune regulating materials from
foods.

At first, we perform to screen novel materials to regulate immunological
cells from various foods such as chocolate by using in vitro assay system.
Next, the candidates are tried to identify as peptides, nucleotides, lipids, and
so on. Then, the molecular mechanisms to regulate the function of im-
munological cells are investigated, in detail. According to the results, the
immunomodulators are tested in the suitable animal models to evaluate the
usefulness as a tool in therapy for various immune diseases.

2: Screening novel compounds from marine and agricultural products.

In addition to foods, we are also trying to search novel materials to

regulate immunological cells from various marine and agricultural products

Professor  Takashi NISHIMURA, Ph.D.
Assistant Professor  Yuji TOGASHI, Ph.D.

such as some mushrooms and sea sponges by the same assay system as
mentioned ahove.

3: Diagnosis for immunebalance and application of the novel im-
munomodulators for the therapy in immune diseases.

We will set up simple methods to judge the ‘immune balance’ state based
on the characterization of immunological cells from patients, and then,
develop the system of diagnosis to check people’s health. According to the
results of the diagnosis, we will finally try to investigate whether the novel
immune balance regulating materials are able to use for therapy in various
immune diseases.

4: Contribution to local society by control of allergy to Japanese cedar pollen

Because of the disruption of immune balance, approximately fourty
percent of Japanese people have some allergy, whose half is suffering from the
allergy to Japanese cedar pollen. Fortunately, Hokkaido, especially Tokachi
area does not have any Japanese cedar trees, therefore immunno-healing tour
to Kamishihoro-town in Tokachi has just begun to escape the allergy. In
addition to construction of the system of diagnosis as described above, we will
work on the elucidation of the molecular mechanism as well as prevention of
the allergy. This project would not only contribute to health of the people hut
also promote the industries for bioscience.

Finally, we are aiming to construct the novel combination of food, health,
and environment with medical treatment, which is essential to people’s lives,
through our research works and the contribution to society
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Fig. 2. Outline of the screening of novel ‘immune balance’ regulating materials based on chemical biology.

Various farm, agricultural, and fish products from industries at Hokkaido will be screened by in vitro or in vivo assay for immune
regulation. The novel immune regulating materials will be further identified by TOF-MS or other analysis.
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Education Activities

Academic staffs of Institute for Genetic Medicine,
Hokkaido University are in charge of education for
Graduate School of Medicine, Graduate School of
Science, Graduate School of Veterinary Medicine or
Graduate School of Life Science. Students can take
Master Course and Doctor Course of Graduate School
of Medicine, Master Course and Doctor Course of
Graduate School of Science, Doctor Course of Gradu-
ate School of Veterinary Medicine, and Master
Course and Doctor Course of Graduate School of Life
Science.
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