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Aim and Mission

Opening a new window on the life science with the
frontier spirit of Hokkaido University

The “DNA” of IGM (Institute for Genetic Medi-
cine) is derived from two historical origins: “Institute
of Immunological Science” with the sixty-year history
and “Cancer Institute affiliated with the School of
Medicine” with the forty-year history. It was estab-
lished by unifying these two mother facilities into a
middle-sized research organization for human life
science. Since its founding in 2000, IGM has been
committed to basic research for medicine by deter-
mining molecular mechanisms of biological processes
in health and disease. In particular, our main focus is
on better understanding about molecular pathogenesis
of infectious diseases, immune disorders and cancers
to provide a novel strategy for disease prevention and
therapy.

The institute consists of eleven key laboratories,
a research section for infection-associated cancer, and
an affiliated animal facility. Nearly forty faculty
members are working with more than 50 domestic and
foreign post-docs/graduate students from Graduate
Schools of Medicine, Chemical Sciences and Engineer-
ing, Science, and Life Science. IGM is also open to
undergraduates and PhD students from other Schools/
Graduate Schools of Dental Medicine, Agriculture,
Science etc. The institute, which is one of the largest
research organizations in the Northeastern part of
Japan, has a total of nearly 150 members with such
different backgrounds and adheres to the highest
scientific standards and emphasis on a multidisci-
plinary, interdisciplinary approach. In 2010 IGM got
certified by Ministry of Education, Culture, Sports,
Science and Technology as a research center for
infection-associated cancers, which are caused by
persistent infection with bacteria or viruses. This
program aims to facilitate collaboration and commu-
nication among the related scientists, and to develop
relationships with external scientists and community
in pursuit of new collaborations and initiatives.

Our direction of the road ahead is fundamentally
based on the two above-mentioned origins of its DNA.
The mission of our IGM teaching staffs is to play a
key leadership role in continual pursuit of research
excellence from a unique and long-term view. Hope-
fully, we will open a new window on the life science
with our frontier spirit of Hokkaido University. In
addition, we believe that education, which is insepa-
rable from research, is also an essentially important
commitment of us. Our IGM staffs should go on a
mission to offer an excellent research environment for
undergraduates, PhD students and post docs to train
themselves and become independent scientists not
only with a worldwide leaderships in basic research
for medicine, but also with high morals in contributing
to the health of our communities.

2012.8
Director, Institute for Genetic Medicine,

Hokkaido University
Akinori TAKAOKA, M.D.,Ph.D.
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History

Institute of Immunological Science

1941. 2

1945. 8

1950. 4

1951.

w

1951. 4

1953. 4
1954. 2

1968.11

1969. 4

1974. 6

1975. 1

1976. 5

1980. 3

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

1967. 4

Founded, Cancer Immunopathology Insti-
tute, Hokkaido University School of Medi-
cine, Established, Division of Pathology in
the Cancer Immunopathology Institute
Established, Division of Virology in Cancer
Immunopathology Institute, Hokkaido Uni-
versity School of Medicine
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1969. 4

1971. 4

1979. 4

1986. 3

1986. 4

1992. 4

1996. 3

1996. 5

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

2010. 4

2010. 4

2011. 9

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 Experiments

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
viruses.

Established, Joint Usage/Research Center
Promotion Office in Institute for Genetic
Medicine, Hokkaido University
Established, Joint Office for Promoting
Interdisciplinary Research in Institute for
Genetic Medicine, Hokkaido University
Established, Department of Probiotics Im-
munology as Endowed Department in Insti-
tute for Genetic Medicine, Hokkaido Uni-
versity
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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. 4-2012. 3

Akinori TAKAOKA, M.D.,Ph.D. 2012. 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 Experiments, 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. 7-2012. 3

Masami MORIMATSU, D.V.M.,Ph.D. ~ 2012. 4-

Successive Director of Center for Virus Vector Development, Institute for Genetic Medicin

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. 7-2012. 3
Kazuma TANAKA, Ph.D. 2012. 4-

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
Kenzo TAKADA, M.D.,Ph.D. 2011. 4
Tetsuya MORIUCHI, M.D.,Ph.D. 2011. 4
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Organization
Wik B 2 P24 T H 1 HIE Number of Staff 2012.7.1
Az 9 Professor 9
FATAF R M B 1 Professor (Endowed Department) 1
HEH R 8 Associate Professor 8
A hil 2 Lecturer 2
B 18 Assistant Professor 18
FATIFZEER M B 3 Assistant Professor (Endowed Department) 3
HHIE  (RSREH) 49 Administrative Officer 49
By = P 5 6 Technical Specialist 6
A 5E 5 10 Postdoctoral fellow 10
IH B R 3 Part-time Fellow 3
FFe 3R e 5 6 Research Support Assistant 6
I B R 20 Part-timer 20
G 135 Total 135
R PR244 7 A 1 HBIAE Number of Student 2010.7.1
R S i b 13 Graduate School of Medicine, Doctor Course 13
ERER AW S 8 Graduate School of Medicine, Master Course 8
i Ty i e 1 Graduate School of Science, Doctor Course 1
e ety e b 3 1 Graduate School of Chemical Sciences and Engineering, Doctor Course 1
o e Y [ e 5 Graduate School of Chemical Sciences and Engineering, Master Course 5
g S = T LR R 7 Graduate School of Life Science, Doctor Course 7
Ny S P e Y 2 Graduate School of Life Science, Master Course 2
R 3 School of Science, Undergraduate student 3
ECT AT AF =T 23 Visiting Student 23
al 63 Total 63
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A ILATTEF

FsRE
EB 7AWV 2 X305 A D51k

DA, ALERD AW (5833, EFBT ). K
FHRL, SR, AN A EOERIC & D) ZEBERIC 36
T2, ALFEFDAWE (F 33, EBESE) . B
B SEAMRAHIIEE TN T > S LA EROERIZ LY
WARBITOIIHL T, 74 V2B ENT A L 25E
BFOEHICED ., —ED A=A LTHARRIT,
Pes T, TANAFTDANIFEDA X 5 =X 2 DRFFEICHE
HTHLIZETNVTH ), EREIC, PABBT LA
HlEBRTOFRE & BRI L ZROEME L TE 72, s
A FEDALGE, B FDDADIEWRIZT A NV ZHE
WEHEZIN TN B,

BSETIE, EFDPATANZADLIDOTHS EB A
WIS R LITY ., BPADGT A H = X L0 %D
ELTw3, EB7ANZF—HOEIA. =4 X- g%
BAICAPET 2 ) v DR & LT, folifFiciEH &
ntwz (1. K1),

EB7ANZiZk F DBY > <3k 5040 L T bR
ICHESE I 51D > TWb, 2 IZ.EB 74 L 2)
TRDTAIEEM & LTS LT v B pRb #REE & ph3
B 2T 22 2WERICLTER, ZDLEIHIC,
EB 74 VA IZMBDTET 4 VR EFERRIC. B A BIHIREE
ZHAT 5 2 LI &0 ML BE A 5 &R,

EB 7 A WV ZABED A MM TIZ, 74 V2 EIET
EBER " HEZE 4 %E % 13723, EBER (2891705 FE 0/~
RNA T. Z¥# D stem-loop 7 & 7 5 2 A4 RNA Bk
EEEBLDETHEIN TS (X 2), FEMEPIC %%
ab—(~10" 2 ¥—/#ild) 7774 L . La. EAP/L22, PKR
T EOBERAG AT LI LN TS,

Fx 12 EBV 2 HERS0E RN > 7 Vst b 2 I L
TEIFACFLETLZE2WL I L TE 2, EBV By
2k ) BY >osERTIZIL-10. T >R TI IL-9, R
ML TIE IGF-1 oRBADFHLEI N, EEI NI LY
A ML A= 774 BGERTE L CTHERT %,

RIG-I (retinoic acid-inducible gene I) (ZHfENIZ 3
T2 74 WAZAE RNA B S 2T 2ThH Y, iEMAL
12 & 9 IRF-3 (interferon regulatory factor 3). NF-xB

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
TINK cell lymphoma, Hodgkin’s lymphoma
Lymphoma in immunodeficient hosts

AIDS, Posttransplantation
Gastric carcinoma

£1. EB74 L2
Table 1. Epstein-Barr virus.
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U7 AV Z3EE, RIEEY A b oA s & B ERSRE R
DFEICR DL, Frld, EBER 2 RIG-TIC & ) AR
RNA & L THEIE N, ZO8RA > —7z2a>, IL-
10 DFEIRI D ZEEHAL2IC L2, 2510, RIEME
HA A > nFEEIF RIGTIZ L 5 NF-xB imtAbic &
L5 ENHMLNTWAAY, IL-10 DiEE|Z, NF-»B Tl
e IRF3ICk-TlRZA2ZEZWHL2ICL2(XI),

& 512, EBERIZFNV—7ZHE La L nHAIKE L C
FREAA A~ S A, MR T AR RNA Bedn s 2
T2 THB TLR3 (toll-like receptor 3) I 41,
FORER, IRIA vy —T 0>, BEEFA P>
DFBERBEITZEEHL2IC L7 (K3), [EYEHE
SE. MEPESEIYE EBV ByiE. EBV PO ER & AR
7 EOEENME EBV EYYE CTRBIO L EY A P oA v m
St T > oSBRIE % 70 & ol a8 SOt 3. EBER 2 X
5 TLR3 IEHAL TR Z - Tw 3 WHels H 5,

VI EoiESi, EBER 25 HREERD & 7 F LG AL
ZIGICHIH L TRFAICERKL TWD5 2 EE2RLTW
b,

(EBER) 7?33l # 8 5 in situ hybridization #5 27% 9 &.
AHRREA _E D ToH A MR CHIERT RO A S5,

Fig. 1. EBV-associated gastric cancer. EBV-RNA (EBER) is
detected in all cancer cells of tissue specimens by in situ
hybridization.



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 oncogenesis is, therefore, the most
suitable model for studying the mechanism of cancer
development 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 oncogenesis by EBV.
EBYV is associated with various malignancies includ-
ing Burkitt lymphoma, T/NK cell lymphoma, Hodg-
kin lymphoma, nasopharyngeal carcinoma, gastric
carcinoma, and lymphomas in immunocompromised
individuals (Table 1, Fig. 1).

EBV immortalizes normal human B lymphocytes
and converts them into indefinitely proliferating
lymphoblasts. We have demonstrated that this “im-
mortalization” is accomplished by the EBV’s control
of cellular tumor-suppressor pathways. EBYV repres-
ses two major tumor suppressor pathways, the pRb
pathway and the p53 pathway. Thus, EBV, as well as
other tumor viruses, regulates tumor suppressor path-
ways to cause the unlimited growth of infected cells,
which may lead to the lymphomagenesis by EBV.

Our series of studies have demonstrated that the
EBV-encoded small RNA (EBER) plays key roles in
oncogenesis. EBER, consisting of EBER1 and
EBERZ2, is non-polyadenylated, untranslated RNA
with approximately 170 nucleotides long. EBER

EAP/L22

sexpressed in all EBV-
associated malignancies o
St
eexpressed with a high copy number
{up to 107 copies per cell)
2170 nuclectides long
sForms dsRNA-like structure

#Binds some cellular proteins '!:

EBER1 EBER2

2. EBER O K##i#&, EBERI 8 & O EBER2 (X, D2 T
LN—T % Z 0 RES AR L ENICB W Labiiis L O°
L22. PKR tHASEHT 2,

Fig. 2. The secondary structure of EBER. Both EBER1 and
EBER2 form the secondary strucutre containing the several
stemloops, and interact with La antigen, L22, or PKR in EBV-
infected cells.

Research Project:

Oncogenesis by Epstein-Barr virus

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

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 recog-
nized by the innate immunity system as dsRNA and
thereby exhibits oncogenic activities. EBER 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 acts as an autocrine growth factor.

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 EBER 1is recognized by RIG-I, which
initiates signaling leading to induction of type-I IFN
and inflammatory cytokines (Fig. 3). EBER induces
the growth-promoting cytokine IL-10 through RIG-I-
mediated IRF3 but not NF-kB signaling, and support
the growth of Burkitt Lymphoma cells.

Furthermore, we have demonstrated that during
active EBV infection, EBERI1 is released from EBV-
infected cells mostly in complex with lupus-associated
antigen (La) (Fig. 3). The released EBER would
induce maturation of dendritic cells (DCs) via toll-like
receptor 3 (TLR3). 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 inflammatory cytokines. There-
fore, immunopathologic disorders that are observed in
active EBV infections including activation of T or NK
cells and hypercytokinemia could be attributed to
TLR3-mediated T cell activation and cytokinemia by
EBERI.

These findings demonstrate that EBER contrib-
utes to oncogenesis by a novel mechanism utilizing the
innate immunity system.

Tyes | Fis inchuced by Rsd-l scthation EBVntected lymphocyies
— 2} EBVintecied BL calls @ >

e p—

T T S\ B i |
. e L Y ¥ T,
e ), S L }n-:,

H {1

: Tranacslption tactses "'g.

D oo 1;3.4,,0. BL %

: rine

i Type Fhs inflammatory sybsidnes. “” Q“
L] %

el
e Wi

3. EBER IC & % HRGIBERDIERM . S0 A . B eIE S6
Fig. 3. Modulation of the innate immunity system by EBERs,
oncogenesis and excessive immune response
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Ja (GIC) #BIN L. Z DMK 5 GIC i Fi
KT HEE FE, 715 OWEEET % s> T = 72 (Fig. 1),
Bife, GICICHEBINTWBESY > 7 H Glim DOFERE
AT, 2 L2 RERY & L 22 BUREESR (K5 T3l 2 7 1) —
=7, JEERHINEA A — T v SO B DT B,

2. FAHRER LR FEF OSBRI C IRBFRIE & DG 1)
HIMEAGIE. 74— 25 i p A Akic B i %
BT B e BRSO 1 D ThH D . i v KN T
BEINS %, IR B O FE & EATIC I Lo B 5 L
T3 Z EIF LR SR E LT Wzds, Z D745
F A= RNIAATH 5, FaEld OPC 2 FIH L 7238

Cell-of-origin of CIC

O feu 4
Tissue specific Differentiated
Precursor cells
tem cells cells
1

Genetic & epigenetic mutations

v

an
'..

4
-
an

Induced CIC

ZZ \

In culture Transplantation

['4 N

Characterization
(proliferation,
differentiation, etc)

& identify CIC targets

Check tumorigenicity &
characteristics

Fig. 1. p53. Rb. ZHFEKAF v > X+ —X > 7 zlmmfbL
P ko T ) N o1 O E SN I i I g v
b, 2 NTTEEEHINE % W 72 SR N FE R & RS & D )
AR R N T DR E & RIS W RETH b

Fig. 1. Tissue specific stem cells, precursor cells and differ-
entiated cells transform into CICs by undergoing genetic and
epigenetic mutations for key factors including the p53, Rb, and/
or receptor tyrosine kinase (RTK) pathways. Induced CICs
can be characterized in culture and in vivo.
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72 7 B AL SE SR & S L. B b AL B I T
ZHEELTz. ZDOHD 1 D47 AT Ecrgd (Esophageal
cancer related gene 4) (X, NSC/OPC #Eft#HER T T
b5 LAk, BRI TREBATUHE L T 5 ER
FTh s, B, ZOZHFROEE. & 7 FIVGERD
RAT . HEATERIRSRIE R L DB b Y 21EIT L T\ 5 (Fig.
2),

3. BEENDV R Y —BEFNIEXK

JEDWEM L, EMIEOALEEROELILIZIED (BE &
W2 BT EDTE D, IWRBIEREREIZE W THIEICALE
% 5 2 5 @n T HOX BT s s N Tnw b,
HOX #IZ T3, BN T2 a—FLTEBN, ZOTALIC
B HIEERTOFBZ FE L 2075 BRBIEK %2 #H T
Wi, b P HOX BRI AE39EETH D FDFEHW,
XZ— 3 HOX 2 — F EMHEN T WS, 21T kR 7
EMMICBWTHOX 2a— FOBREIALNLZ &, &
5N HEBED HOX BT ORBL 2 2 b 34 2 L fEimia
DEERMEDEDL L Z L2 W LI L TWwb (Fig. 3A).
e, HOX a— FoRFE25IERBITHERE L To=
4 7a RNA O#&El, iz o HOX &HIC & - T#EEH
fi% o 2EBBEGER T ORE, &b NICER~—
H—& L THOHOX EHDOFHRAMEICOWTHE L Tw
b, F, JEHIMOER - BiIMEEE G- L2 A
HIEREOV & & LT, EMiicBlT 5 RNA #RED
WH 2 H 2 PAICEBIT 5 RNA fi#E#SHE ADAR O
Bef#Ar #4175 T\ % (Fig. 3B),

A/-I OPC senescence system ]—\ B /I Identification of Ecrg4 L\
morphology SA-figal staining Ecrgd-induced cellular senescence

{SA-peal staining)

2

B s

g Localization of Ecrgd in aged brain
3 Corpus collosum Dentate gyrus

(OPC)  cal-3 (NSOpyrginje
Cortex ells

Reversion

QWI eell layer Brain stem /
Fig. 2.

A, OPCIE & I EEFCS 76 F TH#il e 1t § 5. SA-Bgal
(senescence-associated beta galctrosidase) WtE CiE, #l
Jle B4 Bt H )

B. Ecrg4 Ol FBLUTMALEIL % FES 5, nEshx NSC. OPC
FICHRBDB LN S,

Fig. 2.

A. OPCs become senescent in the presence of high concentra-
tion of FCS with the increased level of SA-beta gal activity
and cell-cycle arrest.

B. Overexpression of Ecrg4 induces cell senescence in OPCs.
It is detected in OPCs and NSCs in the aged brain.



Division of Stem Cell Biology

Investigation of molecular mechanism involved in the CNS disorders caused by
damaged neural stem/precursor cells and identification of their therapeutic targets.

Professor  Toru KONDO, Ph.D.
Assistant Professor Hisashi IIZASA, Ph.D.

1. Characterization of glioma-initiating cells (GICs)
and identification of therapeutic targets.

It has been revealed that malignant tumors con-
tain cancer initiating cells (CICs), which self-renew
indefinitely, are tumorigenic, and are resistant to
irradiation and chemotherapy, suggesting that CIC is
the essential therapeutic target. To characterize
CIC, we established induced mouse CIC lines from
NSCs and OPCs by overexpressing an oncogene and
repressing a tumor suppressor gene. They form
malignant glioma even when ten cells are injected into
brain of immunodeficient mice, indicating that they
are enriched for bona fide CICs. Using DNA mi-
croarray analysis, RT-PCR, and/or immunochemis-
try, we have found potential candidate genes, which
are predominantly expressed in either GICs or non-
GICs, and are characterizing them. Among them, we
are now focusing on a novel GIC membrane protein
Glim, as a potential therapeutic target for destroying
GICs and imaging them in vivo, by collaborating with
RIKEN (Fig. 1).

2. Analysis of novel cellular senescence factors.

Cell senescence is described as an irreversible
growth arrest provoked by a variety of stimuli such as
DNA damage and acts as a potent barrier to tumor-
igenesis. It remains controversial to what extent cell
senescence contributes to decline of self-renewal
activity in aged stem/precursor cells and the aging
process in general. To answer these questions, we
have established a cell senescence model using OPCs,
looked for new factors involved in the senescence, and
found uncharacterized factors that are predominantly
expressed in senescent OPCs. One of the factors is
the esophageal cancer related gene 4 (Ecrg4), whose
function has not been reported although it was
speculated to be a tumor suppressor. We have shown
that Ecrg4 is a novel senescence-messaging secretome
factor (Fig. 2). We are now looking for its receptor,
and examining its regulatory mechanism in vitro and
in vivo. We are also studying about the relationship
between cell senescence factors and age-related CNS
diseases.

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

Tumor metastasis can be considered as a phenom-
enon resulting from dysregulation of positional infor-
mation of tumor cells. During embryonic mor-
phogenesis, HOX genes are well known to give the
positional information to cells. HOX genes encode
transcription factors which control the expressions of

Research Project:

Associate Professor Jun-ichi HAMADA, Ph.D.
Assistant Professor  Tetsuo MORIGUCHI, Ph.D.

their target genes and execute the morphogenic pro-
gram. In human, there are 39 HOX genes, and their
expression patterns are called HOX codes. We have
reported 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 (Fig. 3A). 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. Our analysis also
focuses on possible roles of ADAR in tumor cell
heterogeneity since ADAR is an enzyme for A-to-I
RNA editing which may induce mutations at RNA
levels (Fig. 3B).

'tpln% —_—

ir .
Pdegradation of edited pri-miRNA

L by Tudar-SM

—_— O [ — O
edited pre-miRMNA

edited pri-miRNA

Expression of edited mature miRMA

Fig. 3.

A, HOXD3 #FBLL T e wWiliggihe () 1 LR filukE oz iE
%529 255, HOXD3 % W FEH 4 2 & HHEF Mkt
122463 % (b)), EER O FIAIC B W TEE L TE B2 L &
IND R —HMERTICEDL T3,

B. Pri-miRNA 2817 % A-to-I RNA fitk. miRNA OH{EKTH
% pri-miRNA IZ A-to-I RNA #dEn 4 U % & B miRNA
~nT7aky vy 7RES ALY BEUEETIEDL b,

Fig. 3.

A. Overexpression of HOXD3 converts epithelial cell-like mor-
phology of human lung cancer cells to fibroblastic morphol-
ogy (b). This phenomenon resembles the epithelial-
mesenchymal transition, an important step in an early stage
of metastasis.

B. A-to-I RNA editing in pri-miRNA. Certain pri-miRNAs
undergo RNA editing that converts adenosine to inosine;
then the processing of pri-miRNA to miRNA is inhibited and
gene targeting of miRNA is altered.
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Division of Signaling in Cancer and Immunology

Sensing mechanisms and signaling pathways for the activaton

Assistant professor Sumio HAYAKAWA, Ph.D.

How does the host cell recognize the invasion of
pathogenic microbes? Part of the sewer lies in the
pattern recognition receptors in the innate immune
system. These receptors, such as Toll-like receptors
(TLRs) and retinoic acid-inducible gene-I (RIG-I), are
innate sensors that mediate signal transductions
inside the cells to activate the induction of cytokines
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 pat-
terns derived from host cells when the cells undergo
necrosis/apopotosis, which may reflect aberrant
inflammatory responses in autoimmune diseases.

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. Recently,
our labolatory indentified ZAPS (Zinc finger antiviral
protein 1, shorter isoform) as a stimulator of RIG-I-
mediated signaling during antiviral response.

There is also evidence indicating additional sen-
sors of cytosolic DNA. The team is trying to explore
such a DNA sensor(s) and to elucidate underlying
mechanisms 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 autoim-
mune diseases.

| BREDEMETE | @RNENREHE
DMAf s H— TLRS A, DA (DL LZBPY)

R E

RNAfZA— TLR3, TLRT/B MOAS, RIG- |

2 . HRSuERERSZ AR (Nucleotide receptors in the innate
immune sytem) HZKIERICBIT BEMBZAEMKIZ DNA B LW
RNA I2x§ 2 888ZHIK (v —) AL, ShiczhEn
TR AED S I E B MR R o 2 OIS T E B, B DNA
X > —Ii2onTii. DAI (DLM-1/ZBP1) oMbz, R 2 5%%
K (X)) OfFfEr#F 2 b1 b, TLR, Toll-like receptor ; DAI
DNA-dependent activator of IFN-regulatory factors , MDAS,
melanoma differentiation-associated gene 5 ; RIG-I, retinoic
acid-inducible gene I, AIM2, absent in melanoma , 5’-ppp Ss-
RNA, 5 =1 B —A&HHRNA; ds-RNA, A& RNA ; ss-
RNA, —A&4${ RNA.

Research Project:

of innate immunity

Professor Akinori TAKAOKA, M.D., Ph.D.
Assistant professor  Seiichi SATO, Ph.D.
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3. ZAPS 7B 5§ % RIG-I AL o5 T#%##% (Scheme of
RIG-I-mediated signal transduction induced by ZAPS)
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Division of Molecular Immunology

Research project:

Professor Toshimitsu UEDE, M.D., Ph.D.
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
inflammatory diseases and autoimmune diseases such
as rheumatoid arthritis and multiple sclerosis. Our
long-term goal is to understand how ECM and inte-
grins regulate host immune responses and define the
potential targets for the treatment for inflammatory
disorders.

(1) Analysis of the role of integrins and ECM in the
development of autoimmune disorders

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

(2) ldentification and analysis of novel splenic
antigen-presenting cells

1) Immune homeostasis must be regulated to
avoid harmful immune responses including autoim-

aSp1f aBp1/ avpl/ avpd/ avps integrin
Thrombin Cleavage site
Aspartate Domain RGD Damaln(__v_ Calcium Binding Domain®

\ V2 g1
u:én” 159%&% D"‘-gm

HaN ' - COOH

HYTVTASTOACTFTRAETVOV S(mousajerresmmesmsmsss  sasesasees

T s i‘pu O"TI'“

v Heparin Binding Domains®

CDaa -
SVVYGLRS (human) = putative
SLAYGLRE({mousa)

a4 Integrin
af9fi1 integrin

Fig. 1. Structure of Opn and its receptors

Opn contains several binding domains interacting with av and
a5 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.
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Analysis of the roles of extracellular matrix proteins (ECM)
and integrins in the development of inflammatory disorders

Assistant Professor Naoyoshi MAEDA, Ph.D.

mune responses. Dendritic cells (DCs) and macro-
phages are typical antigen-presenting cells (APCs)
that induce adaptive immune responses. However,
some APCs are involved in immune suppression
through producing inhibitory cytokines. Recently,
we have identified novel splenic red pulp macrophages
that express a9 integrin. We found that this macro-
phage subset inhibits T cell responses by producing
large amounts of inhibitory cytokines such as IL-10
and TGF-g and inducing the development of Tregs
from naive CD4% T cells, which suggests that this
macrophage subset plays a critical role in the mainte-
nance of peripheral immune tolerance. We are cur-
rently trying to understand the relevance between «9
integrin expression by macrophages and their inhibi-
tory functions. 2) DCs represent a rather heterogene-
ous cell population with regard to morphology,
phenotype and function. Previously, we have report-
ed that following intranasal influenza virus infection,
virus Ag-specific T cells were detectable not only in
the draining mediastinal LN, but also in the spleen.
The number of virus Ag-specific T cells in the spleen
was much higher than those in the mediastinal LN,
suggesting that the spleen can be the site of activation
for naive T cells during respiratory virus infection.
However, what kind of DC subset is responsible for
the induction of T cell responses in the spleen remains
unclear. Recently, we found that a unique DC subset
appeared in the spleen following intranasal influenza
virus infection, and this DC subset showed activated
phenotype and produced IL-12. We are currently

| Control IgG or S55A2C 400ug/mouss i.p. l

+ +
DBAd e dgy2 ““l”z‘
Bwk female I I T 1 L
o ;
100ug Type Il colagen emulsified with CFA
Subcutanecus injection

..

Fig. 2. The administration of anti-«9 integrin antibody
inhibits CIA progression.

CIA-induced DBA/1J mice, which were treated with anti-a9
integrin antibody, revealed less inflammatory cell infiltration
and pannus formation in the joint compared with mice treated
with control antibody.



trying to understand how this DC subset is involved in
T cell responses against influenza virus infection.
We believe that better understanding of the role of
this DC subset facilitates induction of strong T cell
responses and the development of more effective
vaccines against not only influenza virus, but also
various pathogens.

(3) A matricellular protein as a molecular target for
antibody-mediated immunotherapy in a virus-related
cancer

A secreted matricellular glycoprotein Opn plays a
critical role in tumorigenesis and tumor metastasis
via interaction with integrins. Adult T-cell leukemia
(ATL) is a CD4" T-cell neoplasm associated with a
retrovirus human T-cell leukemia virus infection; it
has a very poor prognosis, thus development of effec-
tive therapeutic strategy is urgently required. There
is a strong correlation between the Opn level and
disease severity in patients with ATL, suggesting that
Opn would be involved in ATL development. We
recently demonstrated that subcutaneous inoculation
of the ATL cells into NOD/Shi-scid, IL-2Rg"""" (NOG)
mice increased the plasma level of Opn that signifi-
cantly correlated with a poor survival time. Our
study focuses on specifically on Opn-integrin interac-
tion and its role in ATL tumorigenesis. Further, this
study could lead to a novel immunotherapeutic strat-
egy targeting on the interaction in ATL.

(a) ATL cells inoculated
e

S A

e O
Fig. 3. Mouse Opn expression in lungs of NOG mice inoculat-
ed with ATL cells

(a) Subcutaneous inoculation of the ATL cells into NOG mice
increases the plasma level of Opn; immunohistochemical stain-
ing also shows the Opn expression in lungs of NOG mice
inoculated with ATL cells. (b); NOG mice without inoculation
(control).

A model of T cell response regulated
by distinct splenic M¢ subsets

Fig. 4. Inhibitory mechanisms of T cell response by a9*
macrophage

Splenic conventional macrophages (cM®), expressing CCR2,
induce proliferation of CD4*T cells and promote the differentia-
tion of naive CD4*T cells into effector T cells. In contrast,
a9 macrophage(a9™M®) produce TGF-£ and inhibit CD4*T
cell proliferation. Alpha9*M® induce the differentiation of
naive CD4*T cells into Tregs. Furthermore, a«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.
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Akt Controls varieties of
Cellular Responses
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H

PIBK-AKT & 7 BRI ) Y IRE D ) v igfb% A L i
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Figure 1. 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.
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Division of Cancer Biology

Research Project:

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. TCLI 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

Figure 2. PI3K-AKT & 7 F WMBERD2EXF > —7 0T 7T
V' — 2RI & Bl

I FE T PIBK-AKT ¥ 7V za#ER13 ) ~ B, B > B btk
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IZFETITIRIAS N T Z e » 72, Fzlx PISK-AKT & 7 Vs
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V= LD DA 2 % A L 72,

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.

Professor Masayuki NOGUCHI, M.D., Ph.D.
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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., /.
Biomol. NMR 2004; Hiromura et al., /. 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 T'TC3 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 NSI1 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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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. Development of anti HIV-1 vaccine
Replication-competent vaccinia virus that has
been proven to be safe in human vaccination against
small pox could be a good candidate for a vehicle for
HIV-1 vaccine. 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 constructed genetically sta-
ble 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 vaccines against HIV and other
human diseases. We also developed a rapid method
to construct LC16m8A that express foreign genes.
Therefore we constructed m8A recombinants harbor-
ing the genes of simian immunodeficiency virus (SIV),
and tested its ability to protect Indian rhesus maca-
ques from SIV infection. Firstly we primed with the
m8A recombinants followed by boosting with BCG
expressing the SIV genes in cooperation with Japan
BCG institute and virus research institute, Kyoto
University. After we confirmed that the vaccination
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Red arrows indicate anti CD8 Ab injection to MM549

Detection limit is 200 copies/ml.

Arrows indicate challenges.
Fig. 1. Protection of macaques from SIV infection by vacci-
nation with BCG and vaccinia m8A that express the SIV genes.
Indian rhesus macaques have been immunized with BCGs ex-
pressing the SIV genes followed by boosting with vaccinia
m8As expressing the SIV genes. Eight weeks after the final
immunization, SIVmac251 was challenged and viral loads were
quantified by quantitative PCR.
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elicited anti SIV multifunctional CD8+ T cells that
have capacity to suppress SIV propagation in vitro,
we repeatedly challenged SIVmc251 through rectal
route. Since SIVmac251 is a swarm of viruses that
are highly resistant to anti SIV antibodies, it mimics
HIV-1 infection in humans. Our vaccination com-
pletely protected one macaque and significantly
reduced viral load in another monkey, which may
delay onset of AIDS, while two unvaccinated maca-
ques showed high viral load throughout the experi-
mental period. These results encourage us to pro-
mote these vaccines for human trials.

2. New rat models 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 HIV-1/
HTLV-1 infection, we established a transgenic (Tg)
rat carrying the human CRMI1 (hCRMI) gene that
encodes a viral RNA transporter, which is a species-
specific restriction factor. And then, we mated it
with rats expressing human receptors, CD4, CCR5,
and CXCR4, and human cyclinT1, a cofactor for Tat
to finally construct Tg rats expressing human CD4/
CCR5/CXCR4/CyclinT1/CRM1. HIV-1 efficiently
infected macrophages prepared from the Tg rat and
produced infectious progeny viruses at 1/3-1/6 levels
of human macrophages. Moreover we found the
condition that supports efficient infection to rat
CD4+ T cells. Currently we are examining the effi-
ciency of budding process and the effect of rat innate
immunity in order to construct better rat infection
models.

We have been using human CRM1 Tg rats and
immunodeficiency nude rats as model animals for
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Fig. 2. Roles of CRMI1 in propagation of HIV-1 in rat cells.




HTLV-1 infection. Particularly, we demonstrated
tumor-killing activity of wvaccinia m8A without
adverse effect in the nude rats in which rat ATL cells
were transplanted. We also constructed m8A that
harbors HTLV-I Tax-specific epitope expressing
Single-Chain Trimers (SCTs) of MHC Class I, and
showed this virus to be able to activate HTLV-1
specific cytotoxic T lymphocytes (CTLs) but not to
lyse the CTL. It can be expected that this recom-
binant m8A has more potent anti tumor activity
because it possesses both tumor-killing and CTL
activating activities.

hCD4/CCR5/CXCR4/CycT1/CRM1
transgenic rats

Rat T cells derived from spleen

N a & " AN ’\\\
R T i

hCRM1 e —-— T -— —

— — — -

Control rat F54YX Tg = e s

hCD4
hCCRS
s

hCCR5 héba hCD4
Rat macrophages Tgrat CD4+ T cells  Tg rat splenocyte

Fig. 3. Human CD4/CCR5/CXCR4CRM1/CyclinT1 express-
ing transgenic rats
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Fig. 1. Ras V12 #38l9 5 LEMIAIZ. JEHOIER 1R
& JEA S 1S apical flic HEBR & 15, MDCK-pTR GFP-
RasV12 il & & a iE % MDCK #il &, & % \» i3 b MDCK-pTR
GFP-RasVI2 g% 1 1000 HFHETRAL T2 7—7 > L TH#E
L.7 b 794 7)) Yz L) GFP-RasV12 ##FE L 72, JRKH)
I3 Ras V12 #HMIEE Rt L 23 D TH 5,
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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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Fig. 2. #Ekx & L% #5772 GFP-RasV12 FEBLAIIE (3, A P o
MDCK #MlDBETIZZ A F 3 v 7 53R EEKT 5. GHEIZIER
M iz P £ 7172 GFP-RasV12 3L (GREED) & 2 4 47 7" A
G L 723 DTH B, HRANZTEERT,
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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,

a

Fig. 1. Epithelial cells expressing RasV12 are apically extrud-
ed 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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Interface between normal and transformed epithelial cells

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.

Fig. 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\H 2
ROCK J
in RasV12 cells
Apical cell Basal protrusions
Invasion

\ E-cadherin-based /

cell-cell adhesions
in surrounding normal cells
Fig. 3. A model showing the fate of RasV12-transformed cells
within a monolayer of normal epithelial cells.
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Division of Immunobiology

Research on NKT cell function and development of
a novel immunological study using pluripotent stem cells

Lecturer

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. Establishment of new immunological study using
iPS cell technology

Recently, ES or iPS cells, which are very power-
ful tools for regenerative medicine, have been estab-
lished. The emergence of these cells prompted us to
grope around for 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-

Stimulation

with
bisphosphonate \“

TRAIL-R,
NEG2D ligand ete.

Satoshi KOJO, Ph.D. Lecturer Haruka WADA, Ph.D.

Research Project:

Professor Ken-ichiro SEINO, M.D., Ph.D.

ogy.

3. Plasticity of differentiated immune cells

¥o'T cells are one of innate lymphocytes involving
in host-defense. We have recently found that yoT
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.

3. KRS BHINEA 5 0 iPS MilE 7

A ESHiFgICEMIL 2288, B #HE S L7z iPS MBI T3
Bl., C B-iPSHliluick 5 X% £ 7= 2/El

Fig. 3. 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

4. yoT-APC %4 L 72 9B R OFERT  (IGH)
Fig. 4. Possible induction pathway of anti-tumor response by y3T-APC
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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

Reseach Project:

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 1xB
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.

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.

3. ﬁl&ﬁkf‘ﬁ/]’ N ZDIRE KT IE180 #F3LT 5 + 7
Y2y z=vw 7= A (TglE180) /MM A4L%E2 2T 5,
Fig. 3. The transgenic mice expressing IE180, transcription
factor of pseudorabies virus, show cerebellar dysplasia.

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

4. Generation of pseudorabies-resistant animals with
enhanced resistance to virus infection

Transgenic mice expressing resistant genes
against herpesvirus or influenza viruspseudorabies
were generated for the development of livestock with
enhanced resistance to virus infectionpseudorabies.

5. Development and application of novel gene manipu-
lation method.

Lentiviral vector transduction of blastocysts after
removal of the zona pellucida results in
trophectoderm- and placenta-specific gene incorpora-
tion.

By applying this technique, we are planning to
elucidate the mechanisms of implantation and
placentation that were impossible until now with the
currently available methods.

a) Construct of the lentiviral vector
b) A scheme for the transduction of preimplantation embryos

viral vector yivation n'ansplamauon
remova] infection

O—0—g—0—&

¢) Transgene expression before (top) and after (bottom) implantation
Left :untransduced
Middle : transduced at the 2-cell stage
Right : transduced at the blastocyst stage

1 ...

Ba. voFofnaxyy—7% 2 il @&ges s e B
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Fig. 4. Embryos transduced with lentiviral vector at the two-
cell stage showed transgene incorporation in both the fetus and
placenta. By contrast, lentiviral transduction of blastocysts
resulted in trophectoderm- and placenta-specific gene expres-
sion.
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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 (Thl) and allergy (Th2). Treg and Thl7
are induced by immune suppressive cytokines, TGF-S 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.

Associate Professor Hidemitsu KITAMURA, Ph.D.

In this section, we have been investigating the
pivotal role of regulation for the immune balance
regulated by Thl/Th2/Thl7/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/Th1 cell therapy; (d) Development of
novel immunotherapy targeting cancer stem cells
(CSC); (e) Roles of inflammation in carcinogenesis; (f)
Generation of immunosuppressive cells in tumor bear-
ing state. Recently, we started phase II clinical trial

| Clinical application of tumor vaccine / cell therapy |
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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 world’s
first clinical trial.

Research Project:

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

of tumor vaccine therapy and are investing the effi-
cacy and immune regulatory mechanisms in cancer
patients.

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 world’s first immunother-
apy through the control of the immune balance
regulated by helper T subsets.

3. ldentification 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 Th1/Th2/Thl17/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
Thl7/Treg status using DNA array system and by
epigenetic analysis.
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Fig. 1. Phospholipid asymmetry and phospholipid flippases
and their functions

Asymmetric distribution of phospholipids in the plasma mem-
brane is a general feature in eukaryotic cells. Generally,
phosphatidylcholine and sphingomyelin are primarily present in
the exoplasmic leaflet, and phosphatidylserine and phos-
phatidylethanolamine are in the cytosolic leaflet. Phos-
pholipid flippases that catalyze the transport of lipid molecules
from the exoplasmic to cytosolic leaflet play an important role
in establishing and maintaining the phospholipid asymmetry.
Changes in phospholipid asymmetry by flippases regulate cell
polarity and vesicle trafficking.

Vesicle trafficking
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Division of Molecular Interaction

Research Project:

Physiological significance of phospholipid asymmetry in biological membranes

In most cell membranes, phospholipid composi-
tions are different between two monolayers.
Changes in this “phospholipid asymmetry” is involved
in various cell functions, including cell polarity, mem-
brane trafficking and organelle functions (Fig. 1).
Since phospholipid asymmetry is observed in most cell
membranes, its perturbation seems to be involved in
many pathological states. Phospholipid asymmetry
is generated, maintained, and regulated by lipid trans-
location or flip-flop, but proteins involved in this
flip-flop are largely unknown. Type 4 P-type
ATPases or flippases are one such protein and their
functions should be elucidated to know physiological
significance of phospholipid asymmetry.

Our lab are interested in identification of proteins
that regulate phospholipid asymmetry, focusing on
elucidating the molecular basis underlying the phos-
pholipid asymmetry. We use yeast Saccharomyces
cerevisiae as a model organism, which is amenable to
studies in molecular genetics, cell biology, and bio-
chemistry. We are promoting following projects.

1. Role of membrane phospholipid asymmetry in the
establishment of cell polarity and vesicular trafficking

We have found that phospholipid flipping by
flippases plays an important role in the establishment
of cell polarity and vesicular trafficking, especially in
vesicle formation on the early endosome in the en-
docytic recycling pathway (Fig. 2). We will elucidate
the molecular mechanism in this flippase-mediated
vesicle formation.

Wild type

Flippase mutant

2. 7)) = 2R TR S B B e ISR (FET-SEINER
%)

Ty = 2RISR TR, TR () TR SN W
T RS S SRR E N B o NS IE R AT b L7 W,
EEL W FY—LTHBLEFEZLND,

Fig. 2. Abnormal membrane structures found in flippase
mutant cells

Electron microscopic observation demonstrated that abnormal
membrane structures were accumulated in the flippase mutant.
These structures, which are not observed in the wild type,
appear to be accumulated early endosomal membranes due to
defects in vesicle formation from early endosomes.

Professor Kazuma TANAKA, Ph.D.
Assistant Professor Takaharu YAMAMOTO, Ph.D.
Assistant Professor Takamitsu SANO, Ph.D.

2. ldentification of new regulators of phospholipid
asymmetry and elucidation of their functions

We have found that internal cell membranes
exhibit different phospholipid asymmetry. For
example, the cytosolic leaflet of the plasma mem-
brane is rich in phosphatidylserine, but those in endo-
plasmic reticulum and mitochondrion are not. It is
suggested that this different phospholipid asymmetry
is generated by unknown proteins. Our goal is to
identify these proteins to know physiological signifi-
cance of different phospholipid asymmetry in various
organelles.
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Fig. 1. Experimental animal facilities and equipments.

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

Research Project:

Promotion of humane care and use of experimental animals in high-quality research

Director (Associate Professor)

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.

Masami MORIMATSU, D.V.M., Ph.D.

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

Assistant Professor

Yuka MORIOKA, Ph.D.

2 . R TR = 2 BARMT B 72 DRI
Fig. 2. Germ cell manipulation to generate genetically engineered mice.
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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, bHPEICBIT 5, BEDOBELSHL P I - T 7 A IV Z F723MBEICEG L Tw» 3 B0 (20064F-1%)
Table 1. Estimated number of patients infected with virus or bacterium related to malignant tumors in Japan (2006).
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Fig. 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:

Research of cancer caused by infection.

Director Kazuma TANAKA, Ph.D.  Associate Professor
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 % 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) respon-
sible for development of EBV-associated gastric car-
cinoma 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. ldentification 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 (Fig. 2).
Especially, some infectious agents (H. pylori, Human
papilloma virus, Hepatitis C virus, efc.) serve as poten-
tial 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-
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Hironori YOSHIYAMA, M.D., Ph.D.
Adjunct assistant Professor Takaya HAYASHI, Ph.D.

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 STATS3, NF-»xB, MyD88, efc. 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.

3. Research on the mechanism of anti-bacterial innate
immune responses and bacterial carcinogenesis

Helicobacter pylovi (H. pylori) (Fig. 3) is a Gram-
negative microaerophilic bacterium that chronically
colonizes in gastric epithelium of more than half of
the population in the world. Chronic infection of H.
pylori is associated with the development of gastric
mucosal lesions such as atrophic gastritis, gastric
ulcer and gastric carcinoma. Recently, it has been
reported that transgenic mice constitutively express-
ing IL-1beta in gastric epithelial cells induce spontane-
ous inflammation and develop gastric cancer. Addi-
tionally, the increased amount of IL-lbeta in the
serum and gastric tissue is observed after infection of
H. pylori. Moreover, polymorphisms of IL-1beta re-
presenting proinflammatory genotype are associated
with an increased risk of gastric cancer. However,
detailed mechanism of IL-1beta induction by H. pylori
remains unclear. Thus, we are investigating H.
pylori derived factors which stimulate pro-IL-1beta
production and its maturation, and host factors which
participate in these signaling events.

We hope that our study will make a contribution
to development of novel therapeutic and preventative
strategies against H. pylori.
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Fig. 2. 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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Fig. 3. Interaction between H. pylori and gastric
epithelial cells (Electron-scanning microscopic view).
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Department of Matrix Medicine

Research project:

Regulation of the interaction between Extracellular Matrix proteins and
Integrins, a possible target for therapy of the intractable disease

Professor Toshimitsu UEDE, M.D., Ph.D.
Adjunct assistant Professor Koyu ITO, 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 up to the end of March of
2014 by an endowment from Astellas Pharma Inc.

Extracellular matrix (ECM) proteins have impor-
tant roles in cellular functions including not only cell
adhesion, but also survival, proliferation, migration,
and cytoskeletal reorganization, through interaction
with their receptors, mainly integrin.

We focus on the molecular mechanisms how
ECM-mediated signaling regulates persistence of
inflammation and tissue injuries. We are also inter-
ested in the development of reagents that modulate
the interaction between ECM and integrin, leading to
the amelioration of intractable inflammatory dis-
orders. Currently, we have two major on-going
research projects as described below.

1. The role of «9 integrin in lymphocyte egress from
lymph node

Foreign antigens that entered into the body are
captured by dendritic cells (DC), and then DC migrates
to draining lymph node. T cells also continuously
circulate within whole body. In the draining lymph
node, T cells encounter antigens presented by DC and
are activated and expaned. Then, T cells enter the
efferent lymphatics, migrating out from draining
lymph node, thoracic duct, and blood circulation, and
finally arrive at inflamed site. This egress process is
sphingosine-1-phosphate (S1P) dependent. Thus, T
cell re-circulation is essential for immune-
surveillance. Nevertheless, migration of pathogenic
T cells that recognize self-antigen to target organ is
critical for the pathogenesis of autoimmune disease
such as Multiple Sclerosis.

We found that draining lymph node of complete
Freund Adjuvant (CFA)-injected mice that had been
received anti-a9 integrin antibody showed vacant
medullary sinus (Fig. 1A). This observation is shared
by the genetically manipulated rodents, which showed
inhibition of lymphocyte egress from lymph node.
Therefore, we focused on the role of «9 integrin in
lymphocyte egress from lymph node. In addition,
anti-a9 integrin antibody has therapeutic effect in
experimental autoimmune encephalomyelitis (EAE),
which is mouse model for human Multiple Sclerosis
(Fig. 1B). The molecular mechanisms of a9 integrin-
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mediated regulation of lymphocyte egress are under
extensive investigation (Fig. 1C).

2. Role of Sydecan-4 in vascular remodeling after
injury

Syndecan-4 is a member of four syndecan family
proteins that are transmembrane proteoglycans.
Syndecan-4 functions as a co-receptor 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. Syndecan-4 influ-
ences a wide range of physiological and pathological
processes including wound repair (Fig. 2A).

We examined whether Syndecan-4 on vascular
smooth muscle cells (VSMC) functions in remodeling
after balloon injury. By using vascular smooth mus-
cle cells isolated from mice with deficient in
Syndecan-4, we found that Syndecan-4 functions as a
co-receptor for basic fibroblast growth factor (bFGF),
and synergizes intracellular singnaling, such as ERK
phosphorylation, thereby inducing VSMC prolifera-
tion and subsequent formation of neointimal hyper-
plasia (Fig. 2B). In addition, we also found that
Syndecan-4 plays a role in migration of VSMC precur-
sor cell in the bone marrow to blood circulation and
injured blood vessel (Fig. 2C). Excessive neointimal
hyperplasia causes occlusion of arteries. Therefore,
Syndecan-4 might be a novel therapeutic target for
preventing arterial re-stenosis after angioplasty.
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Figure 1. a9 integrin on lymphatic endothelial cell (LEC)
within lymph node

(A) C57BL/6 mice that had been treated with anti-a9 integrin
antibody were injected subcutaneously with emulsified com-
plete Freund adjuvant (CFA). Six days after CFA injection,
inguinal lymph node, which is draining lymph node, was stained
with LYVE-1, a marker of lymphatic endothelial cells. Lymph
node of mice treated with anti-«9 integrin antibody showed
vacant sinus. (B) Effect of anti-a9 on experimental autoim-
mune encephalomyelitis (EAE), a model for human Multiple
Sclerosis. Anti-&9 integrin antibody treated mice showed
amelioration of EAE symptoms. (C) Possible role of «9 inte-
grin in lymphocyte egress. Interaction between «9 integrin on
lymphatic endothelial cells with its ligand induces lymphocyte
egress. In mice-treated with anti-«9 integrin antibody, this
interaction is inhibited, resulting in abrogation of lymphocyte
egress.
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Figure 2. Role of Syndecan-4 in neointimal formation after
vascular injury

(A) Structure of Syndecan-4. Syndecan-4 is transmembrane
heparan sulfate proteoglycan and works as the co-receptor or
reservoir for extracellular matrix, growth factors, and chemo-
kines thorough its heparan sulfate chains, synergizing intracel-
lular signaling. (B) Syndecan-4 expressed on vascular smooth
muscle cells (VSMC) regulates proliferation. Syndecan-4 func-
tions as co-receptor for basic fibroblast growth factor (bFGF).
Binding of bFGF to Syndecan-4 heparan sulfate proteoglycan
synergizes intracellular signaling, such as ERK phosphoryla-
tion, resulting in Cyclin-D1 and Bcl-2 expression, and subse-
quent VSMC proliferation. (C) Syndecan-4 on vascular pro-
genitor cell (VPC) is involved in migration to injured vascular
walls. In response to vascular injury, VPC recruit to injured
vascular walls. We found that Syndecan-4 is critical for
mobhilization of VPC.
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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 Typel, 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

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

Nowadays, our foods, environments, 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 foods.

At first, we perform to screen novel materials to
regulate immunological 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 immunological
cells are investigated, in detail. We revealed that
Kurosengoku was a novel immuno-improving food,
which would be a useful tool for improving of immune

Screening of novel immunomodulators based on chemical biolo

| Food, marine and agricultural products from Hokkaido |

\ In vivo disease models

In vitro assay %)
cell ytoki
e T o st o
CTL assay, ote.

" '

Identification of the candidate molecules
(peptides, nucleotides, lipids, etc.)

i p——

| ‘Immune balance’ regulating materials |

l__’ Application to the novel immunotherapy
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T E HARRRIERS % M8 20 s B Al L DR 5.2 5
120 ARV NN TORBIBOYCEN R ZBEEST 5 & L LI,
TOF-MS fi#thi7e i & ) o ABEEWE ORE 177 9 .

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 iz wvitro or in wvivo 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 Takayuki SATOH, Ph.D.

balance in developed countries.

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
finally 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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Department of Probiotics Immunology

Research Project:

and treatment of diseases

Professor Tadaaki MIYAZAKI, Ph.D.
Adjunct assistant Professor Yosuke NAKAYAMA, Ph.D.

Probiotics, defined by Fuller (1989, Britain), have
been widely known as microorganisms that improve
the intestinal flora balance, beneficially affecting the
host animal and also as substances that stimulate the
growth of microorganisms (Fig.1). Different from
antibiotics, which are used to cure illnesses, probiotics
serve as a form of “preventive medicine”, stopping
illnesses from the developing. Some studies report
that probiotics, once ingested, are delivered intact to
the intestinal tract of humans and that they remain
there, improving the intestinal flora balance by sup-
pressing the growth of harmful bacteria (Fig. 2). The
objective of our proposed study is to elucidate how
probiotics affect living organisms and prevent illness.
We aim to demonstrate how the probiotics that we
analyze serve to prevent illnesses and diseases (and
will provide therapies for these) by examining the
expressions and changes in apoptosis induction mole-
cules and genes that affect aging and life span. By
elucidating the mechanisms of regulating the induc-
tion of apoptosis, and the functions of molecular inter-
actions and changes in intracellular localization, we
will be able to develop and translate probiotics into
their therapies.

(1) Investigation of the mechanisms for cell death
induction

Previously, we have demonstrated that DAP3
(death associated protein 3) communicates apoptosis-
inducing signals of TRAIL, a death receptor ligand,
inducing cell death (Fig. 3). We have also established
that DAP3 plays important roles in the signaling
pathways of apoptosis (anoikis) by inducing the loss of
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Fig. 5. Mechanism of apoptosis induction by influenza virus
infection
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Investigation of the biological control by probiotics for prevention

cell adhesion functions (Fig.7). Cell adhesion is
closely correlated with metastasis of cancers, and
cancer cells that do not result in anoikis have the
characteristic to give rise to metastasis easily. Over-
all, DAP3 appears to be involved in the prevention of
malignancy progression by regulating metastasis of
cancers as well as effects in the signaling pathways of
the cytokines that induce apoptosis and uniquely
focuses on cancer cells. Thus, the study aims to
investigate the mechanisms regulating apoptosis
related molecules by evaluating the effects of
probiotics on cell death and metastasis in cancer cells.

(2) Investigation of the defense mechanisms against
influenza viruses

Influenza is a worldwide occurring infectious
disease causing numerous deaths annually. It is now
accepted that apoptosis may contribute to the spread
of influenza viruses and to the severity of the condi-
tions of infected victims. It has been known that the
expression of death receptors which induce apoptosis,
such as Fas, DR4, and DR5, in infected cells increases
in conjunction with viral infections (Fig.5). Signals
transmitted through these death receptors are thought
to induce apoptosis in infected cells and work to
promote virus propagation.

Here, an explosive multiplication of influenza
virus numbers trigger acute inflammatory reactions,
and the secretion of large amounts of TNF-«, FasL,
TRAIL which induce apoptosis, and inflammatory
cytokines are released into the blood. These are
thought to worsen viral infections as these cytokines
induce apoptosis in the cells of organs. Therefore, it
would appear to be possible to improve the disease
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Fig. 6. Elucidation of the mechanism for aging and regulation
of life span



condition of patients and to reduce the number of
deaths by controlling the induction of apoptosis. We
have shown that Siva-1 is critical for the regulation of
influenza virus replication and apoptosis induction
(Fig. 8). Recently, by administering mice with lactic
acid bacteria, we have confirmed that certain mole-
cules regulate apoptosis induction and inflammatory
cytokine expressions, and alleviate symptoms, as well
as increase the survival rate. Therefore, we aim to
elucidate the mechanisms that regulate apoptosis and
inflammation using probiotics, and use the knowledge
gained for prevention and treatment of infectious
diseases.

(3) Investigation of mechanisms regulating longevity

Dr. Metchnikoff who discovered that the
phagocytosis of leucocytes is important for immunity
and who received the 1908 Nobel Prize for Physiology
or Medicine has suggested that yogurt may contribute
to longevity since there are many persons surviving to
very high ages in Bulgaria. It has been established
that the life of C. elegans (Caenorhabditis elegans) can
be extended by replacing the E. coli bacteria, which it
is usually feeding on, with lactic acid bacteria, and our
study has shown the effectiveness of lactic acid bacte-
ria in extending the lifespan of C. elegans; however,
details of the molecular mechanisms involved are
unknown.

C. elegans is a transparent nematode, about Imm
in length, which lives in soil feeding on bacteria.
Since C. elegans can be examined under a microscope,
has few cells (about 1000), and its lifecycle is about 21
days, it has been used as a model animal to elucidate
apoptosis induction mechanisms or life and aging
mechanism since the 1960s. C. elegans is very useful
for analyzing the mechanisms of molecules, enabling
identification of causative genes in experiments using
RNAI for gene expression (Fig. 4). Focusing on how
lactic acid bacteria and the products of these bacteria
contribute to life span mechanisms, we will analyze
the relations of molecules that regulate cell death,
which are related to cell longevity, and attempt to
determine the molecular mechanisms that determine
the life span of organisms (Fig. 6).

mitochondria

Regulation of anoikis by DAP3

7. 74 %20

Fig. 7. Mechanism for anoikis regulation
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Fig. 8. Regulation of influenza virus replication and apoptosis
induction by Siva-1
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ANE X CT #4518  Latheta LCT-200 (HS.T7 &7 4T 4 H L)
In vivo micro-CT scanner for small lab animals Latheta LCT-200 (Hitachi Aloka Medical)
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e | Latheta LCT-200 is an X-ray computed tomography scanner for animal experiments using mice
and rats. It is powerful for morphologically observing inside the body. Standard scanning
time is 10.6 s/rotation (standard tomography mode) and 8.3 s/300 mm (standard X-ray photogra-
phy mode). Maximum scanning length is 300 mm (body axis).

HefE sy — P ER TS FLUOVIEW FV1000-D (Olympus)
Confocal laser scanning microscope

EMIBOENA A —2 > 7 (405nm~635nm DWRIUZKIE) % EEE - HREICIT) 2 &2 TE %
¥

FLUOVIEW FV1000-D is capable of fluorescently imaging live cells at high accuracy and
sensitivity. It is operated in the fluorescence wavelength 405~635 mm.
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Joint Usage / Research Center Promotion Office

Promotion Office of the Joint Usage/Research
Center started its activities in April, 2010 when the
Institute for Genetic Medicine was authorized to be
“infection-associated cancers caused by sustained
infection with bacteria and viruses.” by the Ministry
of Education , Culture, Sports, Science and Technol-
ogy of Japan. Projects of the Center consist of Spe-
cial Joint Research, General Joint Research, and
Symposia. For Special Joint Research, the institute
is presenting the project “Signal networks related to
carcinogenesis by persistent infection with bacteria or
viruses. Outside researchers are invited to apply for
collaboration in the project. In General Joint
Research, outside researchers can individually design
research projects in line with the Joint Research
Programs which are proposed by members of each
division of the institute. In both projects, researches
are to be performed in the institute, using the appar-
atuses available and the data thus obtained.

Symposia are held for presenting and discussing
results of the researches, which inspire participants to
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Symposium 2010
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Symposium 2011
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Associate Professor Jun-ichi HAMADA, Ph.D.
Secretary Ayuko ITOH

Nozomi SAKURAI

Technician

plan their next research steps.

Promotion Office acts for smooth development of
the projects, and supports organizing symposia, assist-
ing participants with their travel from afar.

In addition, as support to generate knockout
mice, we establish gene-targeted ES clones and pro-
duce chimeric mice from ES cells. Please refer to a
website of Laboratory of Animal Experiment for the
details of the support (http://www.igm.hokudai.ac.jp/
lae/index-j.html).

Ly —7—
Cell sorter

FACS Aria II (Becton, Dickinson and Company)
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FACSAria II is a high speed cell sorter for measuring and sorting
fluorescence-labelled cells. The cell sorter has 4 channels of lasers,
near UV (375 nm), Violet (405 nm), Blue (488 nm), and Red (633 nm).
The sorted cells are collected in a variety of vessels including: FACS
tubes for 4-way sort, and multiwell plate for up to 384-well plate.
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Symposium 2012
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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 Chemical Sciences and
Engineering or Graduate School of Life Science.
Students can take Master Course and Doctor Course
of Graduate School of Medicine, Doctor Course of
Graduate School of Science, Master Course and Doc-
tor Course of Graduate School of Chemical Sciences
and Engineering, and Master Course and Doctor
Course of Graduate School of Life Science.

KEFBEER AR 7E AR
=t H # 3% B H
B aiam YT A IV A

FLARPRAAAFZE T - 1T
FAREAAFZE T - 1T
IR 2T

FEESEMFZE T - 1T

JFETT A IV 2L
Ay I &= 5 g
FET7 A LA

JETT A IV 2L

e R W
B % HY PN

PSS s T A= 4 LA T
LR IE T - 1T s A Mo B WEECRE Wm
SERBESERTAE T - T ek s i B % R M
SRR A A 2 e RO i
HFEESERFAE T - 11 Sl sy B Wy ¥ SR A
2o TSI A SR N
ERPEEEGE T - 1T 5 TSy o b FPG
EARPEEZET - 1T 5 sy B % AR T
SEARE S TIRNE & AN I W ¥ Wi R
WEESEE T - T 4 Tl r iy

T

BEEREAFSE T - 1 Vi3] =55 st
SEABEEG T - T s R L
SR A O Tk o SR by ook K
WPEEAEZE T - T FEE M uy

27 C kA L 2 Y N

IEREPEREFTE T - 1T JRYE e HooPr EH EA

FARESRT - 11 IR ) e A a

e N A

AP ERN Py B % R g
SMEEE D - I R

PR - I T -
IR T - 11 Sadie ey iy #oB WA
WARBEgE T - 1 Sai A ay s WO E W
AR A S8 Py WOmE ORI 2
WPESEE T - 11 ST

IR 2 Typel/Type2 4 + 774 >z X 5 sayEiilfE & B o TRk ¥ PR A

AP T - I Sy ‘ Lo
SEARPEFRE T - 1 s fﬁg %E ig
FETR R EFHNE Typel/Type2 ¥4 7 4 12 & 2 Sayisihilf J

WMEANZET - 1T SRR B 200 B

RENE Rk Sz

= 2
FLARPEAAAFZE T - 1T
FeARBEAFZR T - 1T

FET7 A LA
JETT A IV 2L
JE7 A IV A Y

B S HrE

FEA R 2 JET A LA
REFBERS AL B

=t H 4

4 B H

Epie T (BORHlE LY 1)

Biochemistry I (Molecular Signaling in Immunity and Cancer I)

et T (BN HIHE L 1T)

Biochemistry I (Molecular Signaling in Immunity and Cancer II)

BoBOH Ak

KBkl be

=t H 4

4 B H

|

<

e
]

I

MBI s KB e S

iy

O HT —F

56



XZFMX ; Selected Paper

OEDAIVA5E

EBV lytic infection enhances transformation of B-
lymphocytes infected with EBV in the presence of
T-lymphocytes.

Katsumura KR, Maruo S, Takada K.

J Med Virol. 2012 Mar; 84(3): 504-510.

Adenovirus virus-associated RN As induce type I inter-
feron expression through a RIG-I-mediated pathway.
Minamitani T, Iwakiri D, Takada K.

J Virol. 2011 Apr; 85(8): 4035-4040.

Epstein-Barr virus nuclear antigens 3C and 3A main-
tain lymphoblastoid cell growth by repressing
pl6INK4A and pl4ARF expression.

Maruo S, Zhao B, Johannsen E, Kieff E, Zou ],
Takada K.

Proc Natl Acad Sci USA. 2011 Feb 1; 108(5): 1919-
1924.

OFHREMZE I EF

Esophageal cancer-related gene 4 is a secreted inducer
of cell senescence expressed by aged CNS precursor
cells.

Kujuro Y, Suzuki N, Kondo T.

Proc Natl Acad Sci USA. 2010 May 4; 107(18): 8259~
8264.

Combination of a ptgs2 inhibitor and an epidermal
growth factor receptor-signaling inhibitor prevents
tumorigenesis of oligodendrocyte lineage-derived
glioma-initiating cells.

Hide T, Takezaki T, Nakatani Y, Nakamura H,
Kuratsu J, Kondo T.

Stem Cells. 2011 Apr; 29(4): 590-599.

Essential role of the Hedgehog signaling pathway in
human glioma-initiating cells.

Takezaki T, Hide T, Takanaga H, Nakamura H,
Kuratsu J, Kondo T.

Cancer Sci. 2011 Jul; 102(7): 1306-1312.

O FEKRBHSEF

ZAPS is a potent stimulator of signaling mediated by
the RNA helicase RIG-I during antiviral responses.
Hayakawa S, Shiratori S, Yamato H, Kameyama T,
Kitatsuji C, Kashigi F, Goto S, Kameoka S, Fujikura
D, Yamada T, Mizutani T, Kazumata M, Sato M,
Tanaka J, Asaka M, Ohba Y, Miyazaki T, Imamura
M, Takaoka A.

Nat Immunol. 2011 Jan; 12(1): 37-44.

IRF3 regulates cardiac fibrosis but not hypertrophy in
mice during angiotensin II-induced hypertension.
Tsushima K, Osawa T, Yanai H, Nakajima A, Takao-
ka A, Manabe I, Ohba Y, Imai Y, Taniguchi T, Nagai
R.

FASEB J. 2011 May; 25(5): 1531-1543.

Interferon-a/A and anti-fibroblast growth factor rece-

ptor 1 monoclonal antibody suppress hepatic cancer
cells in vitro and in vivo.

Sasaki S, Ishida T, Toyota M, Ota A, Suzuki H,
Takaoka A, Yasui H, Yamamoto H, Takagi H,
Maeda M, Seito T, Tsujisaki M, Shinomura Y, Imai
K.

PLoS One. 2011 May 9; 6(5): e19618.

ONFREDE

Interleukin-17A deficiency accelerates unstable ather-
osclerotic plaque formation in apolipoprotein E-
deficient mice.

Danzaki K, Matsui Y, Ikesue M, Ohta D, Ito K,
Kanayama M, Kurotaki D, Morimoto J, Iwakura Y,
Yagita H, Tsutsui H, Uede T.

Arterioscler Thromb Vasc Biol. 2012 Feb; 32(2): 273~
280.

Osteopontin modulates the generation of memory
CD8+ T cells during influenza virus infection.
Morimoto J, Sato K, Nakayama Y, Kimura C, Kajino
K, Matsui Y, Miyazaki T, Uede T.

J Immunol. 2011 Dec 1; 187(11): 5671-5683.

a 91 integrin-mediated signaling serves as an intrin-
sic regulator of pathogenic Thl7 cell generation.
Kanayama M, Morimoto J, Matsui Y, Ikesue M,
Danzaki K, Kurotaki D, Ito K, Yoshida T, Uede T.
J Immunol. 2011 Dec 1; 187(11): 5851-5864.

OBEPMNS

Characterization of the interaction of influenza virus
NS1 with Akt.

Matsuda M, Suizu F, Hirata N, Miyazaki T, Obuse C,
Noguchi M.

Biochem Biophys Res Commun. 2010 May 7; 395(3):
312-317.

Regulation of Akt by phosphorylation of distinct
threonine and serine residues Threonine: Structure,
Biosynthesis and Functions; Advances in Medicine
and Biology.

M. Noguchi & F. Suizu.

Nova Science Publishers, New York. USA. in press
2011.

The role of tumor necrosis factor-a for interleukin-10
production by murine dendritic cells.

Hirata N, Yanagawa Y, Ogura H, Satoh M, Noguchi
M, Matsumoto M, Togashi H, Onoe K, Iwabuchi K.
Cell Immunol. 2011; 266(2): 165-171.

ORBPIRENEF

Role of Nucleocytoplasmic RNA Transport during
the Life Cycle of Retroviruses.

Shida H.

Front Microbiol. 2012; 3: 179.

Nuclear and cytoplasmic effects of human CRMI1 on
HIV-1 production in rat cells.
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Nagai-Fukataki M, Ohashi T, Hashimoto I, Kimura
T, Hakata Y, Shida H.
Genes Cells. 2011 Feb; 16(2): 203-216.

Inhibitory effect of human TRIMb5alpha on HIV-1
production.

Zhang X, Kondo M, Chen J, Miyoshi H, Suzuki H,
Ohashi T, Shida H.

Microbes Infect. 2010 Sep; 12(10): 768-777.

OnFiESSH

Loss of Scribble causes cell competition in mam-
malian cells.

Norman M, Wisniewska KA, Lawrenson K, Garcia-
Miranda P, Tada M, Kajita M, Mano H, Ishikawa S,
Ikegawa M, Shimada T, Fujita Y.

J Cell Sci. 2012 Jan 1; 125(Pt 1): 59-66.

Interface between normal and transformed epithelial
cells: a road to a novel type of cancer prevention and
treatment.

Fujita Y.

Cancer Sci. 2011 Oct; 102(10): 1749-1755.

Interactions between normal and transformed epith-
elial cells: Their contributions to tumourigenesis.
Hogan C, Kajita M, Lawrenson K, Fujita Y.

Int J Biochem Cell Biol. 2011 Apr; 43(4): 496-503.

ORBEMNE

Successful differentiation to T cells, but unsuccessful
B-cell generation, from B-cell-derived induced plur-
ipotent stem cells.

Wada H, Kojo S, Kusama C, Okamoto N, Sato Y,
Ishizuka B, Seino K.

Int Immunol. 2011 Jan; 23(1): 65-74.

Establishment of an improved mouse model for infan-
tile neuroaxonal dystrophy that shows early disease
onset and bears a point mutation in Pla2g6.

Wada H, Yasuda T, Miura I, Watabe K, Sawa C,
Kamijuku H, Kojo S, Taniguchi M, Nishino I, Wa-
kana S, Yoshida H, Seino K.

Am ] Pathol. 2009 Dec; 175(6): 2257-2263.

Mechanism of NKT cell activation by intranasal
coadministration of alpha-galactosylceramide, which
can induce cross-protection against influenza viruses.
Kamijuku H, Nagata Y, Jiang X, Ichinohe T, Tashiro
T, Mori K, Taniguchi M, Hase K, Ohno H, Shimaoka
T, Yonehara S, Odagiri T, Tashiro M, Sata T, Hase-
gawa H, Seino KI.

Mucosal Immunol. 2008 May; 1(3): 208-218.

ORBETIVAINSE

Valine 1532 of human BRC repeat 4 plays an impor-
tant role in the interaction between BRCAZ2 and
RAD51.

Ochiai K, Yoshikawa Y, Yoshimatsu K, Oonuma T,
Tomioka Y, Takeda E, Arikawa J, Mominoki K, Omi
T, Hashizume K, Morimatsu M.

FEBS Lett. 2011 Jun 23; 585(12): 1771-1777.
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Interactions between canine RAD51 and full length or
truncated BRCA2 BRC repeats.

Ochiai K, Yoshikawa Y, Oonuma T, Tomioka Y,
Hashizume K, Morimatsu M.

Vet J. 2011 Nov; 190(2): 293-295.

Motor-coordination-dependent learning, more than
others, is impaired in transgenic mice expressing
pseudorabies virus immediate-early protein IE180.
Lopez-Ramos JC, Tomioka Y, Morimatsu M,
Yamamoto S, Ozaki K, Ono E, Delgado-Garcia JM.
PLoS One. 2010 Aug 12; 5(8): e12123.

Oz liET 8

The development of IL-17/IFN-y-double producing
CTLs from Tcl7 cells is driven by epigenetic suppres-
sion of Socs3 gene promoter.

Satoh T, Tajima M, Wakita D, Kitamura H, Ni-
shimura T.

Eur J Immunol. 2012 Jun 4. [Epub ahead of print]

Neuropeptide signaling activates dendritic cell-
mediated type 1 immune responses through
neurokinin-2 receptor.

Kitamura H, Kobayashi M, Wakita D, Nishimura T.
J Immunol. 2012 May 1; 188(9): 4200-4208.

First clinical trial of cancer vaccine therapy with
artificially synthesized helper/killer-hybrid epitope
long peptide of MAGE-A4 cancer antigen.
Takahashi N, Ohkuri T, Homma S, Ohtake J, Wakita
D, Togashi Y, Kitamura H, Todo S, Nishimura T.
Cancer Sci. 2012 Jan; 103(1): 150-153.

Of FRMEH T EF

Mutations in N-terminal flanking region of blue light-
sensing light-oxygen and voltage 2 (LOV2) domain
disrupt its repressive activity on kinase domain in the
Chlamydomonas phototropin.

Aihara Y, Yamamoto T, Okajima K, Yamamoto K,
Suzuki T, Tokutomi S, Tanaka K, Nagatani A.

J Biol Chem. 2012 Mar 23; 287(13): 9901-9909.

Essential role of the NH2-terminal region of Cdc24
guanine nucleotide exchange factor in its initial polar-
ized localization in Saccharomyces cerevisiae.
Fujimura-Kamada K, Hirai T, Tanaka K.

Eukaryot Cell. 2012 Jan; 11(1): 2-15.

Isolation and characterization of novel mutations in
CDC50, the non-catalytic subunit of the Drs2p phos-
pholipid flippase.

Takahashi Y, Fujimura-Kamada K, Kondo S, Tanaka
K.

J Biochem. 2011 Apr; 149(4): 423-432.

OVRNUYHOIAT 1 AV TRFEEBF

Syndecan-4 prevents cardiac rupture and dysfunction
after myocardial infarction.

Matsui Y, Ikesue M, Danzaki K, Morimoto J, Sato M,
Tanaka S, Kojima T, Tsutsui H, Uede T.

Circ Res. 2011 May 27; 108(11): 1328-1339.



Syndecan-4 deficiency limits neointimal formation
after vascular injury by regulating vascular smooth
muscle cell proliferation and vascular progenitor cell
mobilization.

Ikesue M, Matsui Y, Ohta D, Danzaki K, Ito K,
Kanayama M, Kurotaki D, Morimoto J, Kojima T,
Tsutsui H, Uede T.

Arterioscler Thromb Vasc Biol. 2011 May; 31(5): 1066
1074.

Accelerated development of aging-associated and
instability-induced osteoarthritis in osteopontin-
deficient mice.

Matsui Y, Iwasaki N, Kon S, Takahashi D, Morimoto
J, Matsui Y, Denhardt DT, Rittling S, Minami A, Uede
T.

Arthritis Rheum. 2009 Aug; 60(8): 2362-2371.

O7ZaANA AT« VR - 4 5/ OI—FREER
CLIPR-59 regulates TNF-«-induced apoptosis by
controlling ubiquitination of RIP1.

Fujikura D, Ito M, Chiba S, Harada T, Perez F, Reed
JC, Uede T, Miyazaki T.

Cell Death Dis. 2012 Feb 2; 3: e264.

Osteopontin is critical to determine symptom severity
of influenza through the regulation of NK cell popula-
tion.

Sato K, Iwai A, Nakayama Y, Morimoto J, Takada
A, Maruyama M, Kida H, Uede T, Miyazaki T.
Biochem Biophys Res Commun. 2012 Jan 6; 417(1):
274-279.

Influenza A virus polymerase inhibits type I interferon
induction by binding to interferon beta promoter stim-
ulator 1.

Iwai A, Shiozaki T, Kawai T, Akira S, Kawaoka Y,
Takada A, Kida H, Miyazaki T.

J Biol Chem. 2010 Oct 15; 285(42): 32064-32074.

OMIEENMIRER %

Valine 1532 of human BRC repeat 4 plays an impor-
tant role in the interaction between BRCAZ2 and
RAD5I.

Ochiai K, Yoshikawa Y, Yoshimatsu K, Oonuma T,
Tomioka Y, Takeda E, Arikawa J, Mominoki K, Omi
T, Hashizume K, Morimatsu M.

FEBS Lett. 2011 Jun 23; 585(12): 1771-1777.

Interactions between canine RAD51 and full length or
truncated BRCA2 BRC repeats.

Ochiai K, Yoshikawa Y, Oonuma T, Tomioka Y,
Hashizume K, Morimatsu M.

Vet J. 2011 Nov; 190(2): 293-295.

Motor-coordination-dependent learning, more than
others, is impaired in transgenic mice expressing
pseudorabies virus immediate-early protein [E180.
Lopez-Ramos JC, Tomioka Y, Morimatsu M,
Yamamoto S, Ozaki K, Ono E, Delgado-Garcia JM.
PLoS One. 2010 Aug 12; 5(8): e12123.

OMfERPERAREY5—

ATM-mediated DNA damage signals mediate
immune escape through integrin-avA33-dependent
mechanisms.

Jinushi M, Chiba S, Baghdadi M, Kinoshita I, Dosaka-
Akita H, Ito K, Yoshiyama H, Yagita H, Uede T,
Takaoka A.

Cancer Res. 2012 Jan 1; 72(1): 56-65.

Tumor-associated macrophages regulate tumor-
igenicity and anticancer drug responses of cancer
stem/initiating cells.

Jinushi M, Chiba S, Yoshiyama H, Masutomi K,
Kinoshita I, Dosaka-Akita H, Yagita H, Takaoka A,
Tahara H.

Proc Natl Acad Sci USA. 2011 Jul 26; 108(30): 12425-
12430.

Identification and characterization of CCAAT
enhancer-binding protein (C/EBP) as a transcriptional
activator for Epstein-Barr virus oncogene latent
membrane protein 1.

Noda C, Murata T, Kanda T, Yoshiyama H,
Sugimoto A, Kawashima D, Saito S, Isomura H,
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