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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 elucidat-
ing the molecular basis of various disorders including
cancer, immune diseases, infectious diseases, and car-
diovascular diseases, and provide means for diagnosis
and therapeutics for those diseases.

Our institute consists of ten main laboratories,
the center for infection-associated cancer, and animal
facility. Thirty seven faculty members are working
with more than 50 graduate students from Graduate
Schools of Medicine, Science, Veterinary Medicine,
and Life Science. Our institute has also been autho-
rized as a joint usage/research center for infection-
associated cancers caused by sustained infection with
bacteria and virus.

Our attitude to science is to promote original and
creative basic research with high standard. Our fac-
ulty members and students are quite heterogeneous in
their scientific background, allowing 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.

2010.7
Director, Institute for Genetic Medicine,

Hokkaido University
Kazuma Tanaka, Ph.D.
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History

Institute of Immunological Science

1941.

1945.

1950.

1951.

1951.

1953.

1954.

2

8

4

2

1968.11

1969.

1974.

1975.

1976.

1980.

1980.

1990.

1990.

4

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

2008. 7

2010. 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

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

Discontinued, Center for Virus Vector
Development

Established, Center for Infection-associated
Cancer

Authorized as a joint usage/research cen-
ter for infection-associated cancers caused
by sustained infection with bacteria and
virus.
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Chronological List of Director
and Professor Emeritus

Successive Director of Research Institute for Tuberculosis

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. 4-2010. 3
Kazuma TANAKA, Ph.D. 2010. 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 Development, 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. 7-2009. 6
Akinori TAKAOKA, M.D.,Ph.D. 2009. 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
Kazunori ONOE, M.D.,Ph.D. 2009. 4
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Organization
Number of Staff 2010.7.1
Professor 10
Associate Professor 11

Associate Professor (Endowed Department) 1

Assistant Professor 14
Administrative Officer 51
Technical Officer 6
Postdoctoral fellow 7
Research Promotion Technician 6
Part-timer 14
Total 120
Number of Student 2010.7.1

Graduate School of Medicine, Doctor Course 20
Graduate School of Medicine, Master Course 12
Graduate School of Science, Doctor Course 1
Graduate School of Science, Master Course 5
Graduate School of Life Science, Doctor Course 6
Graduate School of Life Science, Master Course 3
Visiting Student 20

Total 67
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LD THEL TEY ., PABBT. PAHHIEEST
DFEREFFICL ZROEMZ L TE 72, T2, A,
FEPALE, B FDDADKIIS%IE T A N ADRIK &
Tt T\nwb,

B TIE, B FATANZADTIDOTH S EB VA
N2 Z LITY . BIPADGT A 7 = X L0 % o
TL T3, EB7ANZIE—HDOEIA., =4 X g%
BAIC AT 2 ) Do FIN & L ¢, falifficil &
ntwa (1, M1),

EBER (2 #1708 2 /N RNA T, % ¥ ? stem-loop
PHkb 2R RNAREEZ 530 FHIZNTW
5 (M2), yEMiEhic 28 ate— (~107 2 ©—/#ika)
f#AEL. La. EAP/L22. PKR % & DEFEEHY & FEE
THZEDPMLENT VDD, FOWENERIT 5L
PET 5T, Tz, &5 EBV #H T EBERI 1%
100%PRAFEINTE Y, EBER2 L b3 22 1L R
DHEEZIN TV EDAT, EBV O#EfEic EBER A2SH
TRE BRI L Twb0EFHEEINS,

F2 13 EBV B4y, RIS 7 o — > o iz L Y |
EBV B4z L) B ) > <ERTIZ IL-10, TV > »<ERTI
IL-9. AL IGF-1 ORI FHEI N, EESIN
INSY A MIA DA — T T4 PHHEKT-& LT
T I EZMLPIC LT, T2, TS A FAA
VHBYIEIENA F T — ORI TLMERE N, L
L. A P24 v oRBFEIEEL )L TRZ 52 &
FTIEHLERICLED, FDOAHD=ZLBFESLAHT
B2,

RIG-I (retinoic acid-inducible gene I) ZHIIEAIZ
T2 ANZZARE RNABHI S 2T 2 TH Y, WAL

Epstein-Barr Virus (EBV)

#a member of the herpesvirus family

=DNA virus with 170kbp genome

#most people carry the virus in a latent state
rassociates with various malignancies

Burkitt’s lymphoma, Nasopharyngeal carcinoma
T/NK cell lymphoma, Hodgkin’s lymphoma
Lymphoma in immunodeficient hosts

AIDS, Posttransplantation
Gastric carcinoma

R1. EB7A 12
Table 1. Epstein-Barr virus.
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12 & 9 IRF-3 (interferon regulatory factor 3). NFxB
HimfbE ., ZofER, 184> s—7x0vick b
PUr A W AGENE, REETET A b A i X B HEASRE R
DFEICE DL, Firld, EBER 2 RIG-T I & ) ZARSH
RNA & L THHIE N, ZOfRA > —72v>, IL-
10 DFEIEZ B2 E2WLNIC Lz, 512, RIEM
YA A4 0FEIF RIGTIZ L 5 NF-xB iEH{bIC X
L2 EDHMLENTWADY, IL-10 D#FFELX, NF-»xB Tl
e IRF3Ick-TlRZA2Z 252 L72(M3),
—F.FEENA > F—T7 3L Tid.EBER
34> —7xarFEX - PKRICHAL., £
DIEMHALZRET 2 2 Lok DBl EMidicBwT
TR = 2ZWPhEER G5, 512, EBER i
N—T7 2R La & DA E L CHIFAAOH S 2,
MR TO ARG RNA KM S 27 L TH 5 TLR3
(toll-like receptor 3) IZHAII L, ZFOFER, 101 >~
F—7xzvr, REWETA I A4 v OFEEREZ T L
ZH S22 L7z (K3), (B AL, 2 YEE BT EBV
YR, EBV BYIMER & fIEMRRE 72 & DG ETE EBV &
YUiE TR e A o A v iigE, T > sefkif £ 7
EowFE g KOs, EBER 2 X 5 TLR3 &AL Tl
ZoTWABURED H 5, £, B A, EWHEIA %
D EBV B9#E FHA Tl EBERIC L % TLR3 v 7
FALDEMAGIC & V) IGF-1 DFEBIFHEI 4, 2TA I
DF—+ 774 il R—F L TwBZ LWL
2L 7z,

P Eo#HEFiZ, EBER 2" HKRRIERD > 7 F LG AL
ZIGWICHIA L CHEICEBRL TWb 2 2 2R T,

1.
Fig. 1. Detection of EBER in 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 159§ 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 vari-
ous malignancies including Burkitt’s lymphoma, T/NK
cell lymphoma, Hodgkin lymphoma, nasopharyngeal car-
cinoma, gastric carcinoma, and lymphomas in im-
munodeficient 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 production of progeny
viruses. The pattern of EBV expression is different by a
kind of the malignancy, and only EBV-determined nuclear
antigen 1 and EBV-encoded small RNA (EBER) are com-
monly 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 fac-
tors, 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-
polyadenylated, untranslated RNA with 170 nucleotides
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 demonstrated that EBER is recognized
by the innate immunity system as dsRNA and thereby

EAP/L22

sexpressed in all EBV-
associated malignancies

eexpressed with a high copy number *
{up to 107 copies per cell)

#170 nucleotides long

#Forms dsRNA-like structure B
#Binds some cellular proteins i

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

Research Project:
Oncogenesis by Epstein-Barr virus
Kenzo TAKADA, M.D., Ph.D.

Associate Professor  Seiji MARUO, M.D., Ph.D.
Dai IWAKIRI, M.D., Ph.D.

Professor

Assistant Professor

exhibits oncogenic activities.

Retinoic acid-inducible gene I (Rig-I) is a cytosolic
protein that detects viral dsRNA inside the cell and initi-
ates signaling leading to the induction of protective cellu-
lar genes, including type I interferon (IFN) and inflamma-
tory cytokines. We have demonstrated that EBERs are
recognized by RIG-I, and following recognition, RIG-I
initiates signaling leading to activation of IFN-regulatory
factor 3 (IRF3) and NF-kB to induce type-I IFN and
inflammatory cytokines (Fig. 3). Although type-I IFN
induces dsRNA-activated protein kinase (PKR) expression
through IFN receptor leading to induction of apoptosis,
EBERs bind PKR and inhibits its phosphorylation, thus
EBV could maintain latent infection. In addition to the
induction of type-I IFN, EBERs induce the growth-
promoting cytokine IL-10 through RIG-I-mediated IRF3
but not NF-kB signaling, and support the development of
BL. Furthermore, we have demonstrated that during
active EBV infection, EBER1 is released from EBV-
infected lymphocytes mostly in complex with lupus-
associated antigen (La) (Fig. 3). Circulating EBER would
induce maturation of dendritic cells (DCs) via toll-like
receptor 3(TLR3), which is a sensor of viral dsRNA on the
cell surface, signaling inducing type-I IFNs and inflamma-
tory cytokines through activation of IRF3 and NF-kB.
DC activation leads to T cell activation and systemic
release of cytokines. TLR3-expressing T and NK cells
including EBV-infected T or NK cells also could be
activated by EBER1 through TLR3 and produce inflamma-
tory cytokines. Therefore, immunopahtologic diseases
that are caused by active EBV infections including activa-
tion of T or NK cells and hypercytokinemia could be
attributed to TLR3-mediated T cell activation and cyto-
kinemia by EBER1. We have also demonstrated that in
nasopharyngeal carcinoma and gastric carcinoma, activa-
tion of TLR3 signaling by EBER1 induces IGF-1, which act
as an autocrine growth factor of tumor cells.

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

Tyes | Fiin induced by a0 scthtion EBY dntected prgnocyien

a EBV-intecied B colls - >
ke fa, B S @
=
E““\ DCs, EBV-intected Tor N e, ol ©
EDER CARD _ 5 H
T RG] & e,
H FIMA haicass domain
H T - ‘/llhmmm l._ }“‘3
) 1l
Tranacsiption tecters ""d.%
H 10
= sulocrine growth of BL
i ¥ ~00 s
0 ¥
zl i

3. EBER IZ & % HREIERDBEHI. FH A BREHIE G
Fig. 3. Modulation of the innate immunity system by EBERs,
oncogenesis and excessive immune response
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Figure 1.

a. Schematic presentation of yeast p53 functional assay. Depending on 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.
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Division of Cancer-Related Genes

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 (Figure 1).
This technology is based on the highly efficient
homologous recombination, interchangeability of
human/yeast proteins, and usage of a low copy num-
ber 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 muta-
tions in human cancers and their biological and clini-
cal significance. We are currently developing an
innovative method, which accomplishes reconstitution
of an en bloc network 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-
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a. b MRS L BRI B 5 HOX 27— F, B
AlEo HOX 72— Fid, AR MR Z N & TR 2 &,
EHICEBIER DD 5 BB ONEIZEBEE DT WL DIl
NEWHEBLZ R T HOX BTS2 Ebd 5,

b, ¢. HOXD3 #FILL T Wiy (b) 13 _EEMiasEo
% 29 545, HOXD3 ##FIFEH I 5 () & MR
NIERDTEREIZ Z3A0T 5 R D FHAIC B\ CEE LTI
ZALE EN B LE —FERATICHEIIL T3,

Figure 2.

a. HOX codes in human nevus pigmentosus and malignant
melanoma. HOX codes of melanoma tissues 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 cancer
cells with epithelial cell-like morphology into fibroblastic
morphology. This phenomenon resembles epithelial-
mesenchymal transition which is important at an early step
of metastasis.

Research Project:

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

onic morphogenesis. HOX genes encode transcrip-
tion factors which control the expressions of their
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 (Figure 2a).
We have also revealed that the dysregulated expres-
sion of particular HOX genes enhances metastatic
ability of tumor cells (Figure 2b, ¢). 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 availabil-
ity of HOX proteins as molecular markers of metas-
tasis.

3. Analysis of A-to-l RNA editing enzyme ADAR in
cancer.

“Epigenetics” is a condition what the gene expres-
sion and function are controlled without changes in
the DNA sequence. In A-to-I RNA editing, one of the
epigenetics, adenosine residues are converted into
inosine in double-stranded RNA through the action of
adenosine deaminase acting on RNA (ADAR). We
have revealed that the A-to-I RNA editing occurred in
209 of primary miRNA (pri-miRNA), one of non-
coding RNAs (Figure 3). Considering that an irregu-
lar A-to-I RNA editing of pri-miRNA may enhance
the anti-cancer drug resistance and the metastatic
potential of the cancer cells. We are examining
pathophysiological functions of ADAR in cancer.

5\ "t
PomBNA — pre-miRNA — > O = < i

(~70 nt) mature miRNA

O 1oy
ommmi.bm{—b Q bm{ —
11 mmt'

PO |
—»-0
! i

IT
degradation of edited pri-miRNA
T (Tsh by Tudor-SN

Mo expression of mature miRMA

Il_._ I%! :

O g = O
edited pre-miRMNA

I
> P
Expression of edited mature miRMA

edited pri-miRMNA

3. Pri-miRNA 281} % A-to-I RNA fi, miRNA O HjERK
T®H % pri-miRNA IZ A-to-l RNAME»E L 5 &, Y
miRNA ~DH7'mty o v 7HES ), BEET»ED
%,

Figure 3. A-to-]l RNA editing in pri-miRNA. Certain pri-
miRNAs undergo RNA editing that converts adenosine to
inosine. The A-to-I RNA editing inhibits the processing of
pri-miRNA to the miRNA and alters gene targeting of the
miRNA.
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Division of Signaling in Cancer and Immunology

Research Project:

Sensing mechanisms and signaling pathways for the activaton

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 patterns 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-
eases.
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of innate immunity
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Fig. 1. Structure of Opn and its receptors

Opn contains several binding domains interacting with av and «5 integrins.
Opn cleaved by thrombin at inflammatory sites exposes new binding domain
that is recognized by «941 integrin. The interaction between Opn and inte-
grins is involved in cell migration and cell attachment including fibroblasts,
lymphocytes, macrophages and neutrophils.
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Fig. 2. The possible role of a9 integrin in the development of EAE

In EAE model, interaction between «9 integrin on LEC and its ligands induce
SIP expression by LEC, results in egress of activated myelin-specific CD4 T
cells from LN, thus regulating the development of EAE.



Division of Molecular Immunology

Research project:

Analysis of the roles of extracellular matrix proteins (ECM)
and integrins in the development of inflammatory disorders

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

Our laboratory is involved in studies elucidating the
roles of ECM and integrins in the development of inflam-
matory diseases and autoimmune diseases such as
rheumatoid arthritis and multiple sclerosis. Our long-
term goal is to understand how ECM and integrins regu-
late host immune responses and define the potential tar-
gets for the treatment of inflammatory diseases.

(1) Analysis of the role of integrins and ECM in the devel-
opment of autoimmune disorders

Many types of cells including tumors and immune cells
express integrins. The interaction between integrins and
ECM is involved in various processes such as cell migra-
tion and cell attachment. Although, it has been demon-
strated that dysfunctions of integrins result in autoim-
munity, precise mechanisms are still unknown. Recently,
we succeeded to develop the monoclonal antibody that is
capable of reacting with mouse «9 integrin, and we found
that synovial fibroblasts and macrophages in arthritic
joints expressed «9 intgerin. Using collagen antibody
induced arthritis model (CAIA), we found that severity of
arthritis is significantly reduced following treatment with
anti-a9 integrin antibody. Our current interest is to
understand how interactions between «9 integrin and its
ligands modulate arthritic T cell response.

(2) Analysis of the role of a9 integrin in lymphocyte egress
from lymph node

Following infection, antigen-specific T cells expand in
lymph node (LN), and activated T cells leave LN, migrate
to inflammatory site to exhibit their effector functions.
Therefore, T cell egress from LN is an important step to
initiate inflammatory responses. We found that «9 inte-
grin is detectable on lymphatic endothelial cells (LEC)
during inflammation, and the interaction between «9 inte-
grin on LEC and its ligands induce production of
Sphingosine-1 phosphate (SIP) by LEC, suggesting that «9
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Fig. 3. Inhibitory mechanisms of T cell response by «9* macrophage
Splenic conventional macrophages (cM®), expressing CCR2, induce prolifera-
tion of CD4 T cells and promote the differentiation of naive CD4 T cells into
effector T cells. In contrast, «9" macrophage(a9*M®) produce TGF-S and
inhibit CD4 T cell proliferation. Alpha9*M® induce the differentiation of
naive CD4 T cells into Treg. Furthermore, «9*M® also suppress T cell
proliferation which is induced by other APCs. These data suggest that
distinct splenic macrophage subsets reciprocally control T cell immune
response.

Professor Toshimitsu UEDE, M.D., Ph.D.
Assistant Professor Naoyoshi MAEDA, Ph.D.

integrin may play a role in T cell egress from LN. Impor-
tantly, we found that experimental autoimmune ence-
phalomyelitis (EAE) symptoms are ameliorated in the mice
received anti-a9 integrin antibody. Currently, we are
investigating if treatment with anti-a9 integrin antibody
inhibit egress of activated self-specific CD4 T cells from
LN, leading to the amelioration of EAE symptoms.
(3) Identification of a novel macrophage subset and analy-
sis of its roles in the maintenance of immune homeostasis

Immune homeostasis must be maintained in order to
avoid harmful immune response such as autoimmune
response. Recently, we identified a9 integrin expressing
macrophages in the spleen. Alpha 9 expressing macro-
phages localize in the red pulp of spleen and experiments
with purified cells revealed « 9 expressing macrophages
inhibit CD4 T cell proliferation by the mechanism depen-
dent on TGF-B. Alpha9 expressing macrophages also
induce the differentiation of naive CD4 T cells into
regulatory T cell (Treg). Since some of tissue resident
macrophages also express a9 integrin, we are now trying
to elucidate the relevance between 9 integrin expression
by macrophages and their inhibitory functions.
(4) Analysis of the role of «9 integrin and ADAM-15 in
lymphatic metastasis of breast cancer cells

It has been reported that integrin and protease play
critical roles in the process of cancer cell metastasis. We
focus on defining the role of ADAM-15, since it is highly
expressed by breast cancer cells, and contains both metal-
loprotease domain and disintegrin domain. We developed
the antibody that is capable of reacting disintegrin domain
of ADAM-15, and found that breast cancer cells interact
with each other through ADAM-15 and integrins such as
av33 and «981 expressed by themselves i vitro. We are
currently investigating iz vivo role of ADAM-15 in the
process of breast cancer cell metastasis.
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Fig. 4. The possible role of a9 integrin in the lymphatic metastasis of breast
cancer cells

Among extracellular matrix proteins, Opn and TN-C are closely related to the
proliferation and metastasis of cancer cells. It has been reported that the
expression of a9 integrin is increased in high metastatic breast cancer cells.
Moreover, the interaction between «9 integrin and VEGF-C play a critical role
in lymph-angiogenesis. Thus, we hypothesize that «9 integrin may be
involved the lymphatic metastasis of breast cancer cells.
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Figure 1. PI3K-Akt network controls wide varieties of cellu-
lar responses 7 vivo.
Akt kinase is a major downstream target of the growth factor
receptor tyrosine kinase that signals via PI3K. Akt is a well
established survival factor exerting anti-apoptotic activity by
preventing release of cytochrome ¢ 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.
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Division of Cancer Biology

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

Our research interest is to clarify how the balance
between cell death and survival regulates in vivo
homeostasis (Noguchi et al., Cell 1993; Noguchi et al.,
Science 1993; Noguchi et al.,, PNAS 1997). In past 10
years we have been concentrating our research on
characterizing the binding molecules of serine
threonine kinase Akt (also known as protein kinase B,
PKB) that functionally modulate its kinase activity.
Akt, a central component of the PI3K signaling path-
ways, which plays critical roles in the regulation of
cell survival and proliferation (Figure 1).

We clarified that the protooncogene TCL1 is an
Akt kinase co-activator. TCLI1 contains two distinct
functional motifs responsible for Akt association and
homodimerization. Further, based on the structural
functional analysis of Akt-TCL1 protein complexes,
we identified a novel Akt inhibitor which specifically
bind and inhibits its kinase activity for therapeutic

TTC3 is a Novel E3 Ubiquitin Ligase for Akt
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Figure 2. TTC3 is a novel E3 ubiquitin ligase for Akt

Akt, a core intracellular survival regulator, is known to be
activated at the plasma membrane and subsequently translocal-
ized to the nucleus. However, little is known about the silenc-
ing mechanisms of activated Akt after nuclear translocation.
Based on the current study, TTC3 is a novel E3 ubiquitin ligase
for Akt that preferentially binds to phosphorylated Akt, hence
facilitating ubiquitination and proteasomal degradation within
the nucleus. Since TTC3 is located within the DSCR of human
Chromosome 21, the current study will provide not only the
biological significances of the TTC3-Akt functional interac-
tion, but also a new insight for the molecular mechanisms of
DS, the most common genetic disorder in humans.

Research Project:

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

implication for human cancer through suppressing the
Akt kinase activity (Laine et al. Mol Cell 2000;
Kunstle et al., Mol Cell Biol. 2002; Laine et al., / Biol
Chem. 2002; Auguin et al., J. Biomol. NMR 2003,
Auguin et al., /. Biol. Chem. 2004; Auguin et al., J.
Biomol. NMR 2004; 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 2004-134583).

More recently, we discovered that TTC3
(Tetratricopeptide repeat domain 3) is an Akt-specific
E3 ubiquitin ligase. TTC3 harbors a RING-finger
motif for ubiquitin-protein ligase and a pair of TPR
(tetratricopeptide) motifs and nuclear localizing sig-
nals, and a putative Akt phosphorylation motif. We
showed that TTC3 preferentially binds to phosphor-
ylated Akt and facilitates its ubiquitination and
proteasomal degradation within the nucleus, which
could underlie the clinical manifestations of Down
syndrome, the most common genetic disorder in
humans (Suizu et al., Dev. Cell 2009) (Figure 2).

In recent years, pandemic influenza of HINI1
avian influenza viruses have emerged and now appear
to spread in many regions throughout the world. In
this regard, we demonstrated direct interaction of Akt
with NS1 protein (Non structural protein, encoded by
segment 8 of the Avian influenza viruses). We
showed that NS1 protein preferentially interacted
with wild Akt, and consequently enhances Akt kinase
activity. The results provided a clue for the thera-
peutic implications for evasion of the pandemic influ-
enza infection (Matsuda et al., BBRC 2010).

Since the regulation of cell death and survival
through Akt activation underlies multiple human
diseases including cancer, immunological disorder, or
infectious diseases, our research together will certain-
ly provide a clue for understanding the molecular
basis of various human diseases, but also provide a
therapeutic insight to cure the life threatening human
diseases.
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Fig. 1. Roles of CRM1 in propagation of HIV-1/HTLV-1
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Fig. 2. human CD4/CCR5/CXCR4CRM1/CyclinT1 expressing
transgenic rats



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 thera-
peutic 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 estab-
lished a transgenic (Tg) rat carrying the human CRMI1
(hCRM1) gene that encodes a viral RNA transporter,
which is a species-specific restriction factor, in wvitro.
HTLV-1-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 intraperitoneally 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 developing a
rat model for HIV-1 infection, we evaluated the effect of
human CyclinT1 (hCycT1) and hCRM1 on Gag p24 produc-
tion in rat T cells and macrophages, using both established
and primary cells prepared from hCycT1/hCRMI1 trans-
genic rats. Expression of hCycT1 augmented Gag produc-
tion 20~50 fold in rat T cells but little in macrophages.
hCRM1 enhanced Gag production 10~15 fold in macro-
phages and only marginally in T cells. Expression of both
factors synergistically enhanced p24 production to levels
at 1/3 of that detected in human cells. R5 viruses
produced in rat T cells and macrophages were fully infec-
tious. Collectively, the expression of both hCycT1 and
hCRM1 will be key in developing a rat model supporting
robust propagation of HIV-1. Finally we constructed the
rats expressing human CD4/CCR5/CXCR4/CyclinT1/
CRM1. Now we have been examining whether these rats
allow HIV-1 to propagate.

2. Development of anti HIV-1 vaccine

As vehicles for delivering antigens of HIV-1,

replication-defective viral vectors have been extensively

Rapid method to construct recombinant vaccinia m8A

3. HMliez 7 7 =7 m8A Mk R P
Fig. 3. Rapid method to construct recombinant vaccinia m8A

Research Project:

Professor Hisatoshi Shida, D.Sc.
Associate Professor Takashi Ohashi, D.Sc.
Assistant Professor  Xianfeng Zhang, D.Sc.

studied because of their safety. For example adenovirus
and vaccinia virus-based vectors expressing components of
HIV-1 have been evaluated in human trials. They, how-
ever, generally have not induced enough immunities nor
protected human from HIV-1 infection. Therefore more
effective vehicles may be needed for HIV vaccines.

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 LC16m8, however, has been
found to be genetically 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
LC16m8?, which is essentially as same as LCl16m8 in
antigenicity and safety in mice, and approximately 1000
fold more immunogenic than non-replicating vaccinia,
MVA strain. Therefore LC16m8A could be a better vehi-
cle for vaccines against HIV and other human diseases.

We also developed a rapid method to construct
LC16m8? that express foreign genes. Therefore we made
recombinant m8A harboring the gag gene of simian im-
munodeficiency virus (SIV), which encodes a major
antigen to elicit cytotoxic T cell immunity (CTL), and
compared its ability to elicit anti Gag immunities with
replication-defective vaccinia virus. Immunization in a
prime-boost strategy using DNA and m8A expressing SIV
Gag elicited 7~30 fold more IFN-y-producing T cells in
mice than that using DNA and non-replicating vaccinia.
3. Analysis of HTLV-1-infected rat model to develop anti
ATL therapy

Human T-cell leukemia virus type I (HTLV-I) causes
adult T-cell leukemia (ATL) in infected individuals after a
long incubation period. Immunological studies have sug-
gested that insufficient host T cell response to HTLV-I is
a potential risk factor for ATL. To understand the rela-
tionship between host T cell response and HTLV-I path-
ogenesis in a rat model system, we have developed activa-
tion 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/b,-
microglobulin/rat MHC-I (RT1A") fusion protein were
able to induce IFN-g and TNF-a production by a Tax180-
188-specific CTL line, 401/C8. We have further fused the
C-terminus of SCTs to EGFP and established cells express-
ing 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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Characterization of the interface between normal and
Ras-transformed epithelial cells
(Hogan et al., 2009, Nature Cell Biology)
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Research Project:

Interface between normal and transformed epithelial cells

Professor Yasuyuki FUJITA, M.D., Ph.D.
Associate Professor Hideaki HIGASHI, Ph.D.

Cell transformation arises from the activation of
oncoproteins and/or inactivation of tumour suppres-
sor proteins. The molecular mechanisms whereby
these mutations cause cell transformation have been
intensively studied by many researchers, and a variety
of cell-autonomous signalling pathways have been
revealed. On the other hand, the fact that cancer
cells live in “a society of normal cells” has been
overlooked or neglected in most studies. During the
initial stage of carcinogenesis, transformation occurs
in a single cell within an epithelial monolayer, how-
ever it remains unclear what happens at the interface
between normal and transformed cells during this
process. Do surrounding normal cells, for example,
recognise the transformation that has occurred in
their neighbour? What is the fate of the transformed
cell when surrounded by normal cells? Using newly
established cell culture systems, we have found that
the interaction with surrounding normal epithelial
cells affect signalling pathways and behaviour of
transformed cells. One of our recent studies is
introduced below.

Characterization of the interface between normal and
Ras-transformed epithelial cells
(Hogan et al., 2009, Nature Cell Biology)

Ras is one of the best-characterized oncogenes,

Figure. 1. Epithelial cells expressing RasV12 are apically
extruded from surrounding normal epithelium in a non-cell-
autonomous manner. MDCK-pTR GFP-RasV12 cells are
mixed with a normal MDCK calls or b MDCK-pTR GFP-
RasV12 cells at a ratio of 1:100 and cultured on collagen,
followed by tetracycline treatment. Red arrows: fluorecently
lebeled Ras V12 cells.
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and the mutations in the Ras gene are found in more
than 309§ of malignant human tumours. To charac-
terize the interface between normal and Ras-
transformed epithelial cells, we established MDCK
epithelial cells expressing GFP-tagged constitutively
active oncogenic Ras (RasV12) in a tetracycline-
inducible manner (MDCK-pTR GFP-RasV12). To
examine the fate of a single RasV12 cell in a
monolayer of non-transformed MDCK cells, MDCK-
pTR GFP-RasV12 cells were labelled with fluorescent
dye (CMPTX) and mixed with normal MDCK cells at
a ratio of 1:100. The mixture of cells was then cul-
tured on collagen matrix in the absence of tetracy-
cline until a monolayer was formed. Subsequently,
GFP-RasV12 expression was induced with tetracy-
cline and the fate of RasV12 cells surrounded by
normal cells was observed. Within 13-25 h after
tetracycline addition, the RasV12 cells were often
extruded from the apical surface of the monolayer
(Fig. 1a). After extrusion, RasV12 cells continued to
proliferate and formed multi-cellular aggregates (Fig.
la). Importantly, fluorescently labelled RasV12 cells
were not extruded when mixed with non-stained
RasV12 cells (Fig. 1b), suggesting that the extrusion of
RasV12 cells depends on the interaction with non-
transformed cells. These data indicate that the
extrusion of RasV12 cells occurs in a non-cell-
autonomous manner, only when they are surrounded
by normal cells.

Although the majority of RasV12 cells were
apically extruded when surrounded by normal cells,
some of RasV12 cells were not extruded. We obser-
ved that non-extruded RasV12 cells produced large
protrusions that dynamically extended and retracted,
often over distances of several cell diameters (Fig. 2).
Confocal microscopy analyses revealed that these
protrusions extended beneath the neighbouring non-
transformed cells. When expression of RasV12 was
induced in a group of cells within a monolayer of
normal cells, major protrusions were frequently for-
med at the interface between RasV12 and non-
transformed cells, but were rarely observed between
RasV12 cells. This indicates that protrusion forma-
tion also depends on the interaction between normal
and RasV12 cells.

In summary, when RasV12 is expressed in single
cells within an epithelial monolayer, two independent
phenomena can occur in a non-cell-autonomous man-
ner (Fig. 3). RasV12-expressing cells are either
apically extruded from the monolayer or form basal
protrusions leading to basal invasion into a matrix.
We also showed that various signalling molecules



including Cdc42 and Myosin-II were activated in
RasV12 cells when they were surrounded by normal
cells and that the fate of RasV12 cells is influenced by
activity of Cdc42 and ROCK in RasV12 cells and by
E-cadherin-based cell-cell adhesions in the surround-
ing normal cells. Thus, the total balance of multiple
signalling pathways in normal and RasV12 cells
affects the fate of RasV12 cells in the epithelial
monolayer, and RasV12 cells leave epithelial sheets
either apically or basally in a cell-context-dependent
manner.

The most crucial findings in this study are that
RasV12-transformed cells are able to recognize a
difference(s) in the surrounding normal cells and that
the presence of surrounding normal cells influences
various signalling pathways and behaviours of
RasV12 cells.

Future plan
1) Characterization of the interface between normal
and other types of transformed cells.

Our preliminary results suggest that the presence

of surrounding normal cells influences signalling path-
ways and fate of other types of transformed cells,
leading to apical extrusion or apoptosis of transfor-
med cells. To understand molecular mechanisms,
detailed characterization and analysis of these phe-
nomena will be required.
2) Identification and characterization of molecules
that are involved in cell recognition between normal
and transformed cells and in various phenomena occur-
ring at the interface.

The most fascinating question is how cells
“sense” the differences with their neighbours and how
various signalling pathways are regulated according-
ly. To investigate these molecular mechanisms, we
are currently using two screening methods: proteomic
approach and cDNA microarray.

3) Establishment of in vivo systems: Drosophila and
Zebrafish.

Another vital question is whether the phenomena
that we have observed in cell culture systems also
occur in vivo. We are going to utilize Drosophila
melanogaster and zebrafish systems to this end.

Figure. 2. Non-extruded GFP-RasV12 cells produce dynamic
basal protrusions beneath the neighbouring MDCK cells.
Images are extracted from a time-lapse analysis of a GFP-
RasV12 cell (red arrow) surrounded by normal cells. White
arrows: protrusions.

Has\f12
Basal protrusions

4&59’12 ce>\
Invasion

\ E-cadherin-based /

cell-cell adhesions
in surrounding normal cells
Figure. 3. A model showing the fate of RasV12-transformed
cells within a monolayer of normal epithelial cells.
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Fig. 1. Mechanisms of diverse two effects of NKT cells;
immune-activation and suppression.
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Fig. 2. Mechanisms of NKT cell IFN-g downregulation
mediated by E3 ubiquitin ligase Cbl-b.



Division of Immunobioloy

Cellular and Molecular Mechanisms Underlying Differentiation

In our division, we are focusing the cellular and
molecular mechanisms of differentiation of immune
cells, which are involved in both innate and acquired
immunity. The final goal of our Division is to
develop techniques that can be applicable for therapy
of immune-related diseases including cancer and
transplant tolerance.

1. Analysis of molecular mechanisms of NKT cell
cytokine production

Natural Killer T (NKT) cells are one of immune-
regulatory T cells. NKT cells involve in both innate
and acquired immunity and bridge them. We have
found that NKT cells change their cytokine produc-
tion pattern according to the kind or mode of stimula-
tion. When NKT cells receive chronic stimulation,
they stopped IFN-g production and upregulate IL-10,
which contribute to the induction of IL-10-producing
regulatory dendritic cells. We also found that the
IFN-g downregulation is mediated by E3 ubiquitin
ligase Cbl-b. We also detected an importance of
phosphorylation of ERK-1/2 and I»BNS in the den-
dritic cells for the regulatory change. We are still
investigating the molecular mechanisms of NKT cell
cytokine production and immune regulation.

2. Plasticity of differentiated immune cells

yo'T cells are one of innate lymphocytes involving
in host-defense. We have recently found that y¢T
cells can change both phenotype and function into
those of antigen-presentaing cells upon stimulation.
When they are activated with one of bisphosphonates,
zoledronate, they upregulate to express MHC class II
as well as costimulatory molecules such as CD80/86.
Such a plasticity of immune cell is not observed in the
majority of T cell, BT cell, and we are investigating
the molecular mechanisms which specifically induce
the APC-like change only in ydT cells. These find-
ings may help establish a new therapeutic modality
against infectious diseases and cancer.

Stimulation

with
bisphosphonate g .
o
° *

NEG2D ete.

TRAILR,
NEKG2D ligand etc.

Research Project:

of immune cells

Professor Ken-ichiro SEINO, M.D., Ph.D.
Associate Professor Kazuya IWABUCHI, M.D., Ph.D.

3. Establishment of new immunological study using
iPS cell technology

In 2006, Yamanaka and colleagues reported the
generation of iPS cells. Since then, we started to
grope around establishing new immunological study
which is based on the iPS cell technology and cell
reprogramming. To date, we have generated iPS
cells from peripheral B cells. Furthermore, we also
found some characteristics of immune cell differentia-
tion from iPS cells in vitro. We will examine the
therapeutic potential of the differentiated cells from
iPS cells and also explore the possibility of new im-
munological study using iPS cells and related technol-
0gy.

iy

4 . KB 5 0 iPS Ml

A ESHIIICFADLL 22728, B SFE I L7z iPS MO #5758
Bl, C B-iPSHIfEIc L 2 X # F—=7 2/E#

Fig. 4. Generation of iPS cell from peripheral B cells

A, ES cell-like appearance B, Gene expressions by the B-iPS
cells C, Chimera mice generated with B-iPS cell

Costimulation

Killing

3. y6T-APC # v L 2 BUEBSI RO FERTF  (RGK)
Fig. 3. Possible induction pathway of anti-tumor response by ydT-APC
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Fig. 1. Animal models for atopic dermatitis generated by
targeted disruption of a nuclear I»B 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.

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 IxB
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.

2) Animal models for hereditary breast cancer

To establish animal models for hereditary breast
cancer, we studied the roles for murine and canine
BRCAZ2 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.

{RIETATR DA N ADEBL
E180 (2> THiEZ NS

3. AR R 7 A )V 2 DGR T IE180 # 5Bl 9 5 7
YAV x =y 727 A (TgIE180) 3/MEERA4 2T 5,

Fig. 3. The transgenic mice expressing IE180, transcription
factor of pseudorabies virus, show cerebellar dysplasia.

Reseach Project:

Associate Professor Masami MORIMATSU, D.V.M., Ph.D.
Assistant Professor  Yukiko TOMIOKA, D.V.M., Ph.D.
Assistant Professor  Yuka MORIOKA, Ph.D.

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.

TglE180 _*1TgIE180

IE180 / calbindin / SPGDH

4 . TgIE180 /M EAL €T NI B W T IEL80 (FR) 13/NMixod
TV Fx > ZAE ()R 7)) TR (R O TIEBLL Tz, TE180
FEHILIEIRATUIT LIFEMEL TE D Z0fER & L UMEOM
MR 2 D25 LT 5,

Fig. 4. IE180 (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, naive CD4" T cells (Th)
can differentiate into functionally distinct two subtypes, Thl
cells and Th2 cells, which eliminate the antigen. However,
dysregulation of the balance between Thl- and Th2-type immu-
nity may cause various immune diseases such as inflammatory
autoimmune diseases and allergy. Treg and Thl7 are induced
by immune suppressive cytokines, TGF-g or IL-6, which are
closely related with various autoimmune diseases such as
colitis. The control of the immune balance is essential for the
therapy in cancer and various immune diseases.
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Division of Immunoregulation

The control of immune balance regulated by Th1/Th2/Th17/Treg cells and its application to
immune therapy for immune diseases including cancer, allergy, and autoimmune diseases.

Professor Takashi NISHIMURA, Ph.D.
Assistant Professor Daiko WAKITA, Ph.D.

In this section, we have been investigating the
pivotal role of regulation for the immune balance
regulated by Thl/Th2/Th17/Treg cells and its appli-
cation to development of novel immune therapy for
immune diseases including cancer, allergy, and
autoimmune diseases. We, therefore, have pursued
the precise mechanisms in the occurrence of the dis-
eases using our originally established animal disease
models. We also aim to contribute to society through
our basic and translational studies.

1. Tumor immunology

Our goal of tumor immunology is to develop a
novel tumor immunotherapy using tumor antigen spe-
cific T helper type 1 (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) Regulation of dendritic cell (DC) function
useful for tumor immunotherapy; (c) Clinical trials of
tumor-vaccine/Thl cell therapy; (d) Development of
novel immunotherapy targeting cancer stem cells
(CSQO); (e) Roles of inflammation in carcinogenesis; (f)
Generation of immunosuppressive cells in tumor bear-
ing state.

| Clinical application of tumor vaccine / cell therapy ]

Tumor antigen

Tumor WCTI- mpﬁd::-mm
Discovery of tumor ‘ -
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Fig. 2. Translational research: Tunor vaccine/cell therapy
We start clinical trials of our developed tumor immunotherapy.
The tumor vaccine therapy using OK432 and tumor antigen
(MAGE-A4 or Survivin) helper peptide is starting at Hokkaido
University Hospital. Thl cell therapy using tumor-specific
Thl cells generated ex vivo is also planning to start the first
clinical trial.

Research Project:

Associate Professor Hidemitsu KITAMURA, Ph.D.
Assistant Professor  Takayuki OHKURI, Ph.D.

2. Immune diseases

It is now accepted that the imbalance of Thl/Th2
or Th17/Treg immunity becomes the cause of various
immune diseases. Indeed, we first demonstrated that
Thl cells play a pivotal role in fulminant hepatitis.
Moreover, airway hypersensitivity was induced by
Thl and Th17 cells as well as Th2 cells. Recently, we
revealed the essential role of spontaneous prolifera-
tion (SP) on the subsequent generation of colitogenic
T cells. In these projects, we will investigate the
precise role of effector T cells including Thl/Th2/
Th17/Treg cells in the occurrence of immune diseases
using our established original animal models of der-
matitis, allergy, liver injury, colitis, and GVHD. We
also pursue to develop the first immunotherapy
through the control of the immune balance regulated
by helper T subsets.

3. Identification of critical factors involved in regula-
tion of immune balances

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 the immune balance
regulated by Thl/Th2/Thl7/Treg cells, it will pro-
vide much contribution to develop a new immunother-
apy, so called “tailor-made therapy” which is compat-
ible to individual immune status. We also started
developing a new strategy to identify Thl/Th2 or
Th17/Treg status using DNA array system and by
epigenetic analysis.
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Fig. 1. Phospholipid asymmetry and phospholipid translocase
An asymmetric distribution of phospholipids in the plasma
membrane is a general feature in eukaryotic cells. Generally,
PC and SM primarily located in the exoplasmic leaflet, and PS
and PE are in the cytosolic leaflet. Phospholipid translocases
(PLTs) that catalyze the transport of lipid molecules from the
exoplasmic to the cytosolic leaflet play a critical role in establi-
shing and maintaining the lipid asymmetry. Recently, PLTs
have been demonstrated to consist of a catalytic a subunit of
P4 ATPase and regulatory S subunit of a member of the
evolutionary conserved Cdc50 protein family.
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Fig. 2. Functions of PLT in cell polarity and vesicullar trans-
port

Studies using budding yeast revealed that phospholipid trans-
location by PLTs play crucial roles in formation of vesicles and
regulation of polarized growth.



Division of Molecular Interaction

Physiological significance of asymmetry of membrane phospholipids

Most eukaryotic cells display clear polarity, in-
dicating the presence of molecular asymmetries. Cell
polarity is fundamental to various processes, including
differentiation, proliferation, and cell morphogenesis.
The abnormalities of cell polarity are involved in a
variety of diseases. Understanding molecular mecha-
nisms of establishment and maintenance of cell polar-
ity is a very important issue.

In establishing cell polarity, creating specific
domains on the plasma membrane and transporting
molecules including proteins and lipids to the specific
domain via membrane vesicles, are crucial. 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 strikingly
different, which is called “phospholipid asymmetry”
(Fig. 1). Phospholipid asymmetry is assumed to be
regulated by lipid translocation. However, how phos-
pholipid asymmetry is established and regulated and
what role phospholipid asymmetry plays in single cells
are largely unknown. Our lab focuses on elucidating
the molecular basis underlying the phospholipid asym-
metry. We work with yeast Saccharomyces cer-
evisiae, as a model system, allowing us to make rapid
progress on complex problems.

Research project:

Professor Kazuma Tanaka, Ph.D.
Associate Professor Konomi Kamada, Ph.D.
Assistant Professor Takaharu Yamamoto, Ph.D.

1. Roles of membrane phospholipid asymmetry in
establishment of cell polarity

S. cerevisiae grows by budding, which is estab-
lished by the formation of cell polarity. We have
identified a subunit of phospholipid translocase (PLT)
as a factor involved in the establishment of cell polar-
ity. Our studies using the PLT-deficient mutants
revealed that phospholipid translocation across the
bilayer of the plasma membrane regulates polarized
growth. Currently, we are analyzing molecular
details of signal transduction and reorganization of
the actin cytoskeleton involved in phospholipid
dynamics.

2. Roles of membrane phospholipid asymmetry in
vesicular trafficking

We have found that phospholipid translocation
regulated by PLTs also plays an important role in
vesicular trafficking, especially vesicle formation at
the early endosome in the endocytic recycling path-
way. We are studying how PLTs are regulated in
organellar membranes and how phospholipid trans-
location contributes to vesicle formation.

Wild-type

3. PLT ZEMN TR SN 5 BF S (BT EMEHs)
PLT RIFZEMRTIE. BRI (/) CIERL N WEBE e BEE S SHBE I NS, BRI IEF b TICER L 2B et F
V=LEFEZ LN,
Fig. 3. Abnormal membrane structures in the PLT-deficient mutant cells

Electron microscopy observation demonstrated that abnormal membrane structures accumulated in the PLT-deficient mutant cells.
These structures that was not observed in the wild-type cells appear to be accumulated abnormal endosomes.

PLT mutant
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Fig. 1. Experimental animal facilities and equipments. A: Air conditioning systems. B: Double-door barrier autoclaves.
animal room. D: Biosafety level P3 room for animals experimentally infected with highly virulent microbes.

C: SPF



Laboratory of Animal Experiment

Research Project:

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

Director (Professor) Hisatoshi SHIDA, Ph.D.
Associate Professor Masami MORIMATSU, 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.

2 . BRTHRZ =7 AR VERT 5 2 DIREE

Instructor

Fig. 2. Germ cell manipulation to generate genetically engineered mice.

Yukiko TOMIOKA, D.V.M., Ph.D.

35



el

,;.§§9§Eﬁ15;312:>’€7"'
FERRE

s SR BN e e A

k=i
ﬁlﬂtl

JEIX, BB TICERPEWMT L 2 Lok - T, fia
SEOFAE A REIC 2 » TRZ WA TH 5, L L.
FDFE R T = XL DW L, BT XEEENE S
CHHET 5o 38% DIEHMN b 7p DIEYUE ISR T 5 & &
. ZL DAY, DADFREICEBRL TWE 74 L2%
MIEICEIRELTwE (R, Arry—IiF, MBS A
VARG &0 FET BIEDIEE X = XA BRI L,
DTtttk 2 M T 5 2 & 2 & L CHF204F
7H1HIZER.E 7z,

1. TAIVRIZE Z2RERBOMR

T 7 F R HHNC & RN TFHiaE DRI N
TWZWEB 7 A L 2OV 4T5., EB ™7 AL
ZAFENICTET B £ TI290% LB AH e 5 1
LIANATH D, — . EB7A NI N—F v b 1) >
SNE. KU X W, BE. RWIEE., SET ) oo o,
IERLEHICBIT 2 BHRY) v E S EDIBDIEINTH
%5, EB 7 A v2iz & 5 BMEESE DA c-mye D
WAL D B S53 5 Z EH LRI E N T W EDY, B
JEIDFEIE X 7 = X LIZDOWTIT L bor o Twir s,
EB 7 A W2t E¥E, FWRIEEDFEAICE b S ™
ANZBIBTZRET S L b, ZOENE 540
WO T 2 e T 5. B, DAALDRIE £ 2
S ZALCBET 2H L WHRZITW. in vivo TEEICIKE
o TWwRZrEHRPTHL (K1),

2. MEICL 2REBEOMRE
~)anxyg—-ru) (e)H) (K2) de i@
KIS ERYe T 2 777 2batE, Pd-E 0w <, R AD
DRI EGE L T 5, B w ) W oRHe Y 21
BROEHE., BEL Yo BRERZEOSREICE S L T
Wb, WTH, cagA BERTERAT 5 E 0 ) WY
cagA BETERRIBEGIC INEE O BB A 2 Bk T 5 2
L b, CagA > ox7F iz e n ) B oo BB 209 RN T
ELTHEHSNTE 2, B, HeizeH M Cagh %
FKHT B cagA BIZFBA=T7 Z 2R, —Eon~=7
ZAZ AU B I A N RIS S T T 5 2 &
25, CagA PYHEANIC B W TIIBIHIE 2 H T 00 T
DMBEHAIE S > 7 HThb 2 E#MHLMIC Lz, L
L. cagABptEE v ) WGz S & T2 B
M7 TR E DTN E ETH 5,

cagA BIZTFE AN~ 2% F\v, CagA %N 53857
TRMEOFM Z KL NV THET 52 2k - T, F
v ) HESC L DB &R NS BIEOH: L FRiEe
IBFEEOBFE HigL T\ 5,

3, I1SMREREAREE LI-REICTST2HREARTE
ST FIVAFORE LAEGH

PRPERG - S0E R B X L - SRR AR &
ook s (M3), ZOHTFAH=ZXLlE. Stat3.
NF-xB 22 Lo & T 5 RIEM S 7 F U iR DY
MZE bR ER L., EMiE, 2 P o—<fia, g

36

E-RMBRELEE AR BT AR - EYET  (HBY-E¥EL
B SH

S BE  E MR KELSBH

Ju b —7I\cBiE & 724 2 & T RSO BE %
ey eFzonTna,

MBS 7 A L Z BT L Tid. BRSO - L
72IFN, IL-18 % EDH A + 7 A > H% BRI~ 7
07 7 — 2 OPRGOREE L R L. 18 BRI E AR
ENb, & ZHH TINS5 BB S 80 T
H Do HIRIIZ S 7 F )L RBRIBSREI S NK Mg 2 &g 11
PRIGE 2 R L, PUEESRIE 2 FE 2 L S d, —J5,
MERIE - BERA TR E LB Tid. HRGE
> 7P VRS IS, MyD88, NF-xB 7% & JEMEY A
b A REAICE R o 7 )URE 2 IR L L. iR
AL CHabH 5,

His. ARSI 7 v, EEFEA D3R & % B 1
AINEIEDZACICIE U, B, B 9L b EERL
) B EFEZLND, £ T, BYNF EEEHRMIE &
DG FAAEAEH D FEIFEREIC 52 52U D W T HIEE
B REZ I 520 L, £ DIEHICHED & | SEEHIL,
ISR D DT F2IRET 5 2 L 2 HERE L T
W3,



Epstein-Barr Virus >100 million
Type B Hepatitis Virus 1.2-1.4 million
Type C Hepatitis Virus 1.0-2.0 million
Human T-Lymphotropic Virus | 1.2 million
Human Papilloma Virus Unknown

Helicobacter pylori 50 million

K1, b EICBIT B, FEEDBHEDSH LT > TWDd 74 VA F 7213 IS L Ty 3 H5DOWE (20064EF) .
Table 1. Estimated number of patients infected with virus or bacterium related to malignant tumors in Japan (2006).
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Figure 1. Transformation of epithelial cells through microbial infection. A multi-step model of oncogenesis for infection-associated
cancer. Progression from normal epithelia to invasive cancer (a). An electron-microscopic view of EBV (b). Histological presenta-
tion of EBV-associated gastric cancer (c).
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Research Center for Infection-associated Cancer

Research Project:

Director AKinori Takaoka, M.D., Ph.D.
Associate Professor Masahisa Jinushi, M.D., Ph.D.

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 with some viruses and
bacterium causes cancer (Table 1). Thirty-eight 9% of
the cancer is thought to originate from infectious
diseases. Our research center was founded on July 1,
2008 to elucidate oncogenic mechanisms, which will
hopefully contribute to prevention and treatment of
cancers caused by viral and bacterial infection.

1. Research on the mechanism of viral carcinogenesis

We are focusing on Epstein-Barr virus (EBV),
since there is no effective approaches for prevention
and treatment of EBV-associated diseases. EBV is a
ubiquitous virus, with which more than 909§ of human
becomes infected by the adulthood. On the other
hand, cells persistently infected with EBV sometimes
develop cancers, 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.

Cancer associated with viral infection is thought
to have a multistep process from initial infection to
the acquisition of the invasive properties (Fig.1). Our
goal is to identify not only viral gene(s) responsible for
development of EBV-associated gastric carcinoma
and nasopharyngeal carcinoma, but also key cellular
gene(s) that regulate these oncogenic process. In
addition, we also aim to elucidate molecular mecha-
nisms for EBV-induced carcinogenesis.

2. Research on the mechanism of bacterial car-
cinogenesis

Helicobacter pylorvi (H. pylori) is a Gram-negative
microaerophilic bacterium that chronically colonizes
in gastric epithelium of more than half of the popula-
tion in the world. H. pylori is subdivided into cagA-
positive and cagA-negative strains, and the cagA-
positive strain more frequently induces severe
mucosal damage and atrophic gastritis, compared
with the cagA-negative strains. Epidemiological
studies have suggested a critical role of cagA-positive
H. pylori for development of gastric adenocarcinoma.
Recently, we generated cagA-transgenic mice that
systemically express CagA protein. The cagA-
transgenic mice develop gastrointestinal carcinomas
as well as hematopoietic malignancies, showing that
H. pylori CagA is the first identified bacterial onco-
protein. However, the mechanism for development
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Associate Professor

Research of cancer caused by infection.

Hironori Yoshiyama, M.D., Ph.D.

Adjunct assistant Professor Naomi Ohnishi, Ph.D.

of gastric cancer induced by cagA-positive H. pylori
infection remains to be elucidated.

We are working on the i vivo molecular mecha-
nisms of cagA-positive H. pylori-dependent gastric
carcinoma using the cagA-transgenic mouse model.
We hope that our study will make a contribution to
development of novel therapeutic and preventative
strategies against H. pylori.

3. Identification of novel innate immune regulatory
pathways associated with chronic infection-associated
carcinogenesis and its therapeutic implication

Many solid tumors arise in the background of
chronic infection or autoimmune diseases. Espe-
cially, some infectious agents (H. pylori, Human papil-
loma virus, Hepatitis C virus, etc.) serve as potential
carcinogens by causing chronic inflammation and
continuous genetic damage in the epithelial cell.

The peculiar characteristics of microenviron-
ments from which tumors arise play a critical role for
promoting tumor growth and metastasis by producing
pro-carcinogenic mediators. In particular, inflamma-
tory cells (macrophages, dendritic cells, neutrophils) in
tumor microenvironments arising from chronic mi-
crobial infection, have definitive roles in angiogenesis
and matrix remodeling, thus favoring to form the
pro-invasive and metastatic environments. In addi-
tion, chronic infection frequently leads to the drastic
modification of host immunity, especially that of
innate immune signaling. For example, several novel
molecular mechanisms have recently been shown that
the innate signaling activated by proinflammatory
mediators, such as STAT3, NF-»xB, MyD88, etc. facili-
tates the course of carcinogenesis in the background
of chronic inflammation. However, it remains un-
known how chronic infection and inflammation may
change the molecular profiles of endogenous host
responses via its interaction with microbial infection.

We try to identify the molecular pathways and
ideal markers whereby the interplay between infec-
tious agents and inflammatory cells renders precan-
cerous inflammatory environments to initiate tumors,
and further to explore and develop new vaccine tar-
gets against infection-associated cancers in clinically
relevant settings.
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Figure 2. Interaction between H. pylori and gastric epithelial
cells (Electron-scanning microscopic view).
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Figure 3. Interplay between pathogens and host cells may trigger innate immune regulatory targets during carcinogenic processes
of chronic infection and inflammation.

Interplay between infection and host innate immune components plays an important role in boosting oncogenic signals associated with
inflammation, such as NF-xB, STAT3, MyD88, as well as uncharacterized signaling pathways. This deregulation leads to the
activation of innate immune regulatory targets with undefined functions. These molecules may trigger oncogenic activation,
angiogenesis, EMT programming in infected cells with accumulating cellular stress and defined genetic/epigenetic change, and
compromised host antitumor immune responses. In addition, phagocytosis-related pathways, regulated by MFG-E8, TIM1/4, Gas-6,
may also be involved in the process of epithelial oncogenesis and immune suppression. The coordinated action on infected cells and
host immunity results in the initiation and progression of carcinogenic process.
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Figure 1. Regulation of the interaction between extracellular
matrix proteins and integrins for the therapy of the intractable
diseases.

Extracellular matrix proteins have important roles in diverse
cellular functions through interaction with their receptors
namely integrins. The interaction of extracellular matrix
proteins with integrins leads to the phosphorylation of tyrosine
kinase including FAK, thereby contributing to the cellular
survival, proliferation, and cytoskeletal reorganization via
activation of PI3K/Akt, MEK/MAPK pathways, and small G
proteins, respectively. Accumulating evidence suggests that
the interaction between extracellular matrix proteins and inte-
grins is also involved in the onset and the development of many
human diseases. We focus on the molecular mechanisms that
regulate or modulate the interaction between extracellular
matrix proteins and integrins and apply research findings to
develop novel therapeutic means against intractable diseases.
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Figure 2. The role of Syndecan-4 in the development of
cardiovascular diseases

(A) Structure of Syndecan-4. Syndecan-4 is transmembrane
heparan sulfate proteoglycan and works as the co-receptor or
reservoir for extracellular matrix proteins, growth factors,
cytokines, and chemokines through its heparin sulfate chains.
(B) Syndecan-4 synergizes with integrin receptors for extracel-
lular matrix molecules such as fibronectin through its heparin
sulfate chains to initiate intracellular signalings in response to
an extracellular stimuli.

(C) The effect of Syndecan-4 (Syn4) deficiency on high fat
diet-induced atherosclerosis. The representative en face aorta
stained with oil-red O of ApoE KO and ApoE/Syn4 KO mice 16
weeks after high fat diet was shown. The ratio of oil red O
positive area to entire aortic area was shown in lower panel.
Syn4 deficiency attenuates atherosclerotic plaque formation in
ApoEKO mice 16 weeks after high fat diet.
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Department of Matrix Medicine

Research Project:

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

The Department of Matrix Medicine was initially
established on April of 2004 by endowment from three
private companies. The main objective of this
department was to facilitate the development of new
therapeutic means for the treatment of intractable
diseases by utilizing the novel research findings made
at the division of molecular immunology. This
Department was extended by the end of March of 2014
by an endowment from Astellas Pharma Inc.

Extracellular matrix proteins have important
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Figure 3. The role of Tenascin-C in inflammatory diseases
(A) Structure of Tanascin-C. Tenascin-C is one of secreted
non-collagenous extracellular matrix proteins. Tenascin C
molecule consists of six individual subunits. The subunit con-
sists of multi domains including TA-, EGF-like-, fibronectin
type III-, alternatively spliced-, and fibrinogen like-domains.
(B) Tenascin-C interacts with integrins as receptors.
Tenascin-C and osteopontin share 941 integrin as a common
receptor. Interaction of Tenascin-C and integrins modulates
diverse cellular functions.

(C) Attenuation of arthritis by Tenascin-C deficiency. Arthri-
tis in BALB/c mice was induced by using an arthritogenic mAb
cocktail kit. The clinical severity of arthritis was graded in
each of the four paws on a 0-4 scale. Disease score of arthritic
mice at the indicated time points is shown. Day 0 indicate the
date of LPS injection. Representative histology of arthritic
joints at day 3 from WT and Tenascin-C KO mice is also shown
at lower panel. Sections were stained with H&E. Tenascin-C
deficiency led to the amelioration of the progression of
rheumatoid arthritis
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Regulation of the Interaction between Extracellular Matrix proteins and
Integrins, a Possible Target for the Therapy of the Intractable Diseases

roles in cellular functions including not only the adhe-
sion, but also the survival, proliferation, migration,
and cytoskeletal reorganization, through interaction
with their receptors namely integrins (Fig. 1). Ac-
cumulating evidence suggests that the interactions
between extracellular matrix proteins and integrins
play pivotal roles in the onset and the development of
many intractable human disorders. We focus on the
molecular mechanisms that regulate or modulate the
interaction between extracellular matrix proteins and
integrins and apply research findings to develop novel
therapeutic means against intractable diseases. We
have three major on-going research projects as de-
scribed below.

1. The role of Syndecan-4 in the development of car-
diovascular diseases

Syndecan-4 is a member of four syndecan family
proteins that are transmembrane proteoglycans.
Syndecan-4 function as a co-preceptor for integrins
and growth factor receptors, thus modulating
receptor-mediated signaling. Syndecan-4 also func-
tions as a reservoir of growth factors and chemokines
through its heparan sulfate chains (Fig. 2A and 2B).
Syndecan-4 influences a wide range of physiological
processes including wound repair. Recently, it has
been shown that Syndecan-4 binds to osteopontin, an
extracellular matrix protein, and blocks its integrin
binding, thereby regulating the inflammation in acute
hepatitis. Moreover, it has been reported that
expression of Syndecan-4 is markedly up-regulated in
many cardiovascular diseases, such as myocardial
infarction and atherosclerosis, however, the role of
Syndecan-4 in the development of theses diseases
remains to be elucidated. Therefore, the aim of this
project is to clarify whether Syndecan-4 has a critical
role in these diseases by modulating the function of
extracellular matrix molecules and growth factors
and ultimately develop the novel therapeutic means to
treat these intractable cardiovascular diseases. Pre-
liminary study indicates that Syndecan-4 deficiency
attenuates high fat diet-induced atherosclerotic plaque
formation in ApoEKO mice (Fig. 2C).

2. The role of Tenascin-C in inflammatory diseases
We had previously examined and clarified the
role of osteopontin in the various diseases. In the
process of these studies, we are interested in the
function of Tenascin-C because of its functional simi-
larity with osteopontin. Similar to osteopontin,
Tenascin-C is one of secreted non-collagenous
extracellular matrix proteins and implicated in many



cellular functions including proliferation, migration,
differentiation and apoptosis (Fig. 3A and 3B).
Although many extracellular matrix proteins interact
with integrins, osteopontin and Tenascin-C share
931 integrin as a common receptor. We found that
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Figure 4. The role of ADAMI5 in breast cancer growth and
metastasis

(A) Structure of ADAM15. ADAMI15 is one member of ADAMs
(A Distintegrin And Metalloproteinase) proteins that are
membrane-anchored glycoproteins. ADAMI15 consists of
multi-domains including transmembrane-, EGF-like-, pro-,
cystein-rich-, disintegrin-, metalloproteinase-, and pro-domains.
(B) ADAMI5 plays an important role in diverse cellular func-
tions including adhesion, survival, migration, and invasion
through metalloproteinase domain that has catalytic activity
on extracellular matrix proteins and disintegrin domain that
interacts with integrins. ADAMI15 binds to « V33 integrin in
RGD -dependent manner and «981 integrin in RGD-
independent manner, respectively.

(C) We established the monoclonal antibody against ADAMI15
disintegrin domain and examined whether this antibody sup-
pressed the breast cancer cell invasion by in vitro matrigel
invasion assay. A monoclonal antibody against ADAMI5
disintegrin domain significantly suppressed the breast cancer
cell invasion as compared with Control IgG. A monoclonal
antibody against V33 integrin or 941 integrin also suppres-
sed the breast cancer cell invasion, suggesting the importance
of the interaction between ADAMI5 disintegrin domain and
integrins in breast cancer invasion.

Tenascin-C deficiency led to the amelioration of the
disease progression including rheumatoid arthritis and
atherosclerosis (Fig. 3C). Study is now underway to
clarify how Tenascin-C-deficiency affects those
inflammatory diseases.

3. The role of ADAM15 in human breast cancer growth
and metastasis

ADAMs (A Disintegrin And Metalloproteinase)
are membrane-anchored glycoproteins and play an
important role in diverse cellular functions including
adhesion, survival, migration, and invasion. The
diverse functions of ADAMs are explained by the
presence of multiple-domains within its molecule, such
as a disintegrin domain that interacts with integrins
and a metalloproteinase domain that has catalytic
activity against extracellular matrix proteins.
ADAMI15 is one member of ADAMs family and binds
to @ V33 integrin in RGD-dependent manner and «9431
integrin in RGD-independent manner, respectively
(Fig. 4A and 4B). Of note, « V33 integrin is reported
to have an important role in cancer cell growth and
migration. Moreover, ADAMI5 has a role in breast
cancer cell growth and its expression is enhanced in
metastatic breast cancers. However, the precise role
of the interaction between ADAMI15 and integrins in
the tumor growth and metastasis is unknown. We
established the monoclonal antibody against ADAM15
disintegrin domain and now examine whether this
antibody suppresses the breast cancer growth and
metastasis in a xenotransplanted human breast cancer
model (Fig. 4C).
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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.

Infection
Allergy
Tumor genesis

Autoimmunity
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Department of ROYCE’ Health Bioscience

Development of novel immunomodulators useful for the control of immune
balance and its application to the therapy for immune diseases

Nowadays, our food, environment, and life-style
have been dramatically changing. The changes cause
the disruption of our body system in addition to
environmental disruption. Especially, the disruption
of immune balance, which is controlled by various
helper T cell subsets (Thl/Th2/Th17/Treg), resulted
in the increase of 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 use-
ful for maintaining the people’s health by regulation of
the ‘immune balance’ between Type 1 and Type 2
immunities.

1. Screening and identification of novel immune
regulating materials from food.

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

creening of novel i un ulator: on chemical biol

| Food, marine and agricultural products from Hokkaido |

\ In vivo disease models
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| ‘Immune balance’ regulating materials |
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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 were screened by in wvitro or in vivo assay for
immune regulation. The novel immune regulating materials
were further identified by TOF-MS or other analysis.

Research Project:

Professor Takashi NISHIMURA, Ph.D.
Assistant Professor Daiko WAKITA, Ph.D.

therapy for various immune diseases.

2. Screening novel compounds from marine and agri-
cultural products.

In addition to foods, we are also trying to search
novel materials to regulate immunological cells from
various marine and agricultural products such as
some mushrooms and sea sponges by the same assay
system as mentioned above.

3. Establish of assay system for immune balance and
application of the novel immunomodulators to the
therapy for immunological disorders.

We will set up the simple methods to judge the
‘immune balance’ state based on the characterization
of immunological cells from patients, and then,
develop the system of the diagnosis to check people’s
health. According to the results of the diagnosis, we
will try to investigate whether the novel immune
balance regulating materials is useful for the 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 forty 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 Hok-
kaido just has begun to escape the allergy. In addi-
tion to construction of the system of the diagnosis as
described above, we will work on the elucidation of
the molecular mechanism as well as the prevention of
the allergy. This project would not only contribute
to health of the people but also promote the industries
for bioscience.

Finally, we are also aiming to construct the novel
combination of food, health, and environment with the
medical treatment, which is essential to people’s lives,
through our research works and the contribution to
society.
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