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The predecessor of the Institute of Medical Science was founded as a private institute in 1892 un-
der the name “The Institute for Infectious Disease”. Focused since its founding on expanding basic
research in microbiology and immunology and at the same time possessing a hospital, the institute
produced vaccines and antisera, and applied these effectively in medical diagnosis and treatment.
Bridging fundamental studies with clinical application, it is fair to say that they were already prac-
ticing translation research. In 1967, having up until then targeted its research mainly against com-
municable diseases, the Institute for Infectious Disease was reorganized into the Institute of Medi-
cal Science. At the time of this reorganization, there was much heated debate. The essential dispute
was over the proper role of a single research institute, and there were two lines of thinking. The
first was that “a university affiliated research institute, by its nature, should have a relatively clear
and confined research task, and concentrate all its energies and research on championing that
task.” The opposing argument was that “at a flagship university of our country such as the Univer-
sity of Tokyo, it is most appropriate for an institute to have multiple pillars of research with rela-
tive freedom to take up research tasks.” The people of the university mostly supported the latter
way of thinking, saying that it was not necessary to define a specific mission by giving it a name,
and instead chose “Institute of Medical Science,” a name connoting approval for research diversity.
However, as a research institute targeting illness, it was decided that the institute should continue
to maintain its affiliated hospital following the reorganization.

In order to speed the movement of results from life science and basic medical research to the
clinie, advanced countries such as ours as well as the USA implement policies to create systems for
putting translational research into practice. Currently among our country’s universities, the Insti-
tute of Medical Science, University of Tokyo IMSUT) is the only medical research institute to have
its own independently affiliated hospital. and it is anticipated that it can offer a model for imple-
menting translational research targeting serious illnesses with high level medical care. Since its re-
organization, IMSUT has expanded basic research with emphasis on cancer and infectious diseases
while also including other serious ailments in its sphere of research, and has garnered high interna-
tional recognition for its accomplishments. Besides promoting high level research in IMSUT’s own
basic research departments, IMSUT is to cooperate with external research on cancer and infectious
diseases to contribute powerfully to the development of state—of the—art medical treatment.

The teaching staff, researchers and graduate students of IMSUT, together about 1000 individuals
carrying out their activities on the Shirokanedai campus, the Amami Research Facility, and the
Beijing Joint Laboratories, are deepening our knowledge of basic medical and life science, taking
gathered information to achieve integrated insights, and then taking those insights as the basis for
developing leading edge medical care.

Motoharu Seiki, Ph. D., Dean
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1892
1899
1906

1914 :

1916
1947

1965 :

1966
1967

1968 :
1969 :

1970 :
1970 :
1972
1972 :

1974 :
1974 :

1976

1987 :
1989 :

1990 :
1991 :

1992

1993 :
1994 :
1995 :

1996 :

1997 :

1998 :

1999

2000

. The Institute for Infectious Disease, a private institute

founded by Dr.Shibasaburo Kitasato.

. The institute was transferred to the Ministry of Internal

Affairs.

: The new building of the institute was built in Shiro-

ganedai, Minatoku.
The institute was transferred to the Ministry of Educa-
tion.

. The institute was incorporated into the University of To-

kyo.

. The institute offered about half of its personnel, facilities,

and space to establish the “National Institute of Health”,
under the control of the Ministry of Public Health and
Welfere.

Laboratory Animal Research Center

: Amami Laboratory of Injurious Animals.
. The name of the institute was changed to the Institute of

Medical Science. Its primary aims and scope had been
defined as basic and applied studies of diseases of
medical importance. The institute contained 18 research
departments (Bacteriology, Bacterial Infection, Immunol-
ogy, Virology, Viral Infection, Parasitology, Allergology,
Reproductive and Developmental Biology, Oncology,
Cancer Cell Research, Tumor Biology, Pathology, Fine
Morphology, Molecular Neurobiology, Cell Chemistry,
Molecular Biology, Internal Medicine, Surgery) and three
facilities (Laboratory Animal Research Center, Amami
Laboratory of Injurious Animals, Hospital)

Department of Tumor Virus Research.

Department of Molecular Oncology, Radiology
(Hospital).

Department of Organ Transplantation.

Laboratory of Biological Products.

Internal Medicine and Surgery were renamed to, Infec-
tious Diseases and Clinical Oncology, respectively.
Laboratory of Culture Collection, Department of Trans-
plantation Surgery (Hospital).

Department of Genetics.

Course of Tropical Medicine had been held.

: Department of Pathological Pharmacology.
1976 -
1978 :
1980 :
1981 :

Department of Laboratory Medicine (Hospital).

Medical Cyclotron Laboratory (Hospital).

Laboratory of Molecular Genetics.

Department of Biochemistry, Department of Infectious
Disease and Applied Immunology (Hospital).
Department of Molecular and Developmental Biology.
Laboratory of Culture Collection had been changed to
Laboratory of Molecular Medicine.

Department of Blood Transfusion (Hospital).

Human Genome Center (Laboratory of Genome Data-
base), Surgical Center (Hospital).

. The institute celebrated 100th anniversary of its estab-

lishment.

Human Genome Center (Laboratory of Genome Struc-
ture Analysis).

Human Genome Center (Laboratory of DNA Information
Analysis).

Medical Cyclotron Laboratory was abolished.
Department of Clinical AIDS Research.

Donation Laboratories of Gene Regulation, Stem Cell
Regulation (AMGEN) and Cell Processing ( ASAHI
CHEMICAL).

Laboratory of Molecular Medicine was remodeled into
Human Genome Center (Laboratory of Molecular Medi-
cine and Laboratory of Genome Technology).

Donation Laboratory of Hemopoietic Factors (CHUGAI).
Donation Laboratory Genome Knowledge Discovery
System (HITACHI).

Department of Advanced Medical Science (Hospital).
Molecular and Developmental Biology though renamed
in Japanese, retained the same English name.

DNA Biology and Embryo Engineering and Molecular
Oncology were made to change to Center for Experi-
mental Medicine

Transplantation Surgery was renamed to Pediatric He-
matology Oncology

* Welfare Building “Shirokane Hall’ was renovated.

Auditorium was renovated.

Old Parasitology Building was renovated to new “SNPS
Building”.

Donation Division of Gene Regulation (Eisai) was
closed.

. The former 23 departments were reorganized to three

departments

(Microbiology-Immunology, Cancer Biology and Basic
Medical Sciences).

Department of Pathological Pharmacology, Department
of Clinical Oncology, Department of Infectious Diseases,
and Department of Transplantation Surgery were re-
named to Division of Molecular Therapy, Division of Cel-
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2001 :

2002 :
2003 :

2004 :

2005 :

2006 :

2007 :

2008 :

lular Therapy, Division of Infectious Diseases, and Divi-
sion of Bioengineering, respectively, and The Advanced
Clinical Research Center was established to unify four
Divisions.

Three divisions (Laboratory of Seguence Analysis,
Laboratory of Functional Genomics, Laboratory of Func-
tional in Silico) were added in Human Genome Center.
Laboratory of Culture Collection was abrogated.
Donation Division “Genetic Diagnosis (OTSUKA)” was
established.

Donation Division of Genome Knowledge Discovery
System (HITACHI) was closed.

Donation Division of Cell Processing (ASAHI CHEMI-
CAL and NISSHO)

Department of Clinical AIDS Rrsearch was reorganized
into Department of Genomic Medicine and Department
of Safety Management in the Hospital, and Division of
Clinical Immunology in the Advanced Clinical Research
Center. At the same time, five clinical departments were
unified into three Departments of Internal Medicine, Sur-
gery and Radiology.

Donation Division of Proteomics Research (ABJ & Milli-
pore).

The Medical Science Museum was built and opened.
Donation Division of Cellular Proteomics (BML).

General Research Building and Hospital Building were
completed. Three donation laboratories/divisions were
established.

Donation Laboratory of Biostatistics (Kyoto univ-IMSUT)
Donation Division of Neural Signal Information (NTT-IM-
SUT)

Donation Division of Stem Cell Engineering (Tooth Re-
generation) (Denics, Hitachi Medical)

The University of Tokyo became the National Universi-
ties corporation University of Tokyo and was renamed in
accordance with the law establishing the National Uni-
versities corporation (Heisei 15 law No. 112).

Donation Division of Advanced Clinical Proteomics (Shi-
madzu, Toppan).

Donation Division of Functional Proteomics Research
(Koryokai).

The Division of Special Pathogens, the Division of Infec-
tious Disease Control, and the Pathogenic Microbes Re-
pository Unit were newly established, each within the
newly established International Research Center for In-
fectious Diseases.

In addition, the Division of Microbiological Infection, Divi-
sion of Viral Infection and Division of Bacterial Infection
were newly established.

Donation Division of Molecular and Developmental Biol-
ogy (Oriental, Tomy, Softbank).

Donation Division of Exploratory Research (Ain Pharma-
ciez).

Research Center for Asian Infectious Diseases was
founded in Beijing.

Donation Division of Stem Cell Engineering (Denics, Hi-
tachi Medico) relaunched as Donation Division of Stem
Cell Engineering (Hitachi Plant Technologies, Denics,
ArBlast)

Laboratory Center for Proteomics Research was reor-
ganized into the Medical Proteomics Laboratory as a
new research facility in October.

Donation Division of Cell Processing renewed its con-
tract with the CERES Consortium.

Division of Systems Biomedical Technology was
founded.

Donation Division of Cellular Genome Proteomics re-
newed its contract with BML.

Frontier Research Initiative was launched.

Division of Stem Cell Therapy, Center for Stem Cell and
Regenerative Medicine was established as a new re-
search facility.

Donation Division of Exploratory Research was reorgan-
ized into Division of Social Communication System for
Advanced Clinical Research in October.

A nursery school named “The Institute of Medical Sci-
ence Temporary Nursery Facility (Himawari Nursery
School)” came under direct University of Tokyo admini-
stration in October and was renamed “Todai Shirokane
Himawari Day Nursery”.
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MAP OF THE INSTITUTE

(DFirst Building
(@Second Building
(@Third Building
(@Fourth Building
(®Human Genome Center

(®Animal Center

(DOpen Laboratory Building

(®Hospital Building A (New Hospital Building)
(@General Research Building

10Amgen Hall

@Old Human Genome Center

(2Clinical Research Building A

(3Hospital Building B (Old Clinical Center)
(@Hospital Building C  (Old MRI Facility)
(@Clinical Research Building B
(6Research Building (Annex)

(@Crest Hall

8 Core Facility for Therapeutic Vectors
(9Medical Science Museum

20Todai Shirokane Himawari Day Narsery

(DThe First Building (@The Second Building

4" floor
3 floor

2™ floor

1% floor

15(
Basement

Open Collaboration Laboratory

Photographic Laboratory 4™ floor 4" floor
Division of Infectious Diseases, Divi- 3 floor Graduate School of Frontier Sciences,

sion of Molecular Therapy, Advanced Department of Medical Genome Sci- 3“ floor
Medical Science, Applied Genomics, ences 2" floor
BPO (Beijing Project Office) 2" floor Graduate School of Frontier Sciences, 1* floor
Division of Biochemistry, Division of Department of Medical Genome Sci-

Clinical Genome Research, IT service ences 1* floor
room, Library 1* floor Open Collaboration Laboratory

Division of Bioengineering, Division of 1

Clinical Trial Safety Management, Ad- Basement Division of Biomolecular Imaging Basement

ministration Office
Division of Cellular Therapy

Laboratory of Molecular Genetics, Di-
vision of Oncology

Division of Oncology

Division of Neuronal Network
International Research Center for In-
fectious Diseases

Medical Proteomics Laboratory (Cul-
ture Media Section, Fine Structure
Analysis)

Laboratory of Histopathology



@The Fourth Building

Division of Pathology,

Division of

4" floor
Clinical Immunology

3 floor Division of Cell Biology

2™ floor Division of Host—Parasite Interaction,
Division of Infectious Genetics

1* floor Radioisotope Center

1% floor Radioisotope Center

Basement

4" floor Laboratory of Genome Database,
Laboratory of Sequence Analysis

3" floor Department of Public Policy, Labora-
tory of Functional Genetics

2" floor RIKEN SNP Research Center

1* floor Radioisotope Center

(®Animal Center

(®Hospital Building A

(@Open Laboratory Building

(®General Research Building

Division of Molecular and Develop-

3 floor
mental Biology

2" floor Division of Cellular Proteomics, Divi-
sion of Systems Biomedical Technol-
ogy

1% floor Medical Proteomics Laboratory (Pro-
teome information analysis)

(0Amgen Hall

10ld Human Genome Center

2™ floor Division of Exploratory Research (Donation Labo-
ratory)
1% floor Division of Advanced Clinical Proteomics

@2Clinical Research Building A

4" floor Division of Cell Processing (CERES)
3" floor Division of Cell Processing (CERES)
2™ floor Core Facility for Therapeutic vectors
1% floor Laboratory of Stem Cell Therapy

1% floor Advanced Clinical Research Center
Basement

2™ floor Laboratory of Molecular Medicine
Basement

3Hospital Building B
(Hospital Building C

(@5Clinical Research Building B

1% floor Division of Cellular Therapy

(6Research Building (annex)

2™ floor Laboratory of Stem Cell Therapy (Laboratory of
Stem Cell Regulation), FACS Core Laboratory

1% floor

@Crest Hall

Division of Molecular Biology, Division of Advanced
Clinical Proteomics

N

ool

8" floor Laboratory of Functional Analysis in
Silico, Laboratory of DNA Information
Analysis

7" floor Laboratory of Molecular Medicine

6" floor Laboratory of Genome Technology,
RIKEN

5" floor Division of Molecular Biology, Division
of Cancer Cell Research

4" floor Division of Molecular Cell Signaling,
Division of Mucosal Immunology

3“ floor Division of Virology, Division of Bacte-
rial Infection, Pathogenic Microbes
Repository Unit

2™ floor Center for Stem Cell and Regenera-
tive Medicine, Laboratory Animal Re-
search Center

1% floor Laboratory of Gene Expression &
Regulation, Division of Cellular and
Molecular Biology

1% floor Animal Center

Basement

(®Core Facility For Therapeutic Vectors

(9Medical Science Museum



ith - EY)

et | ERFIER, RRBERBEE4T H6E 1S

BUILDING AREA

BERREHMMERREREEXEERBA A AFFRFRFE02

Amami Laboratory of Injurious Animals,”802 Yasude, Setouchi-cho, Oshima-gun, Kagoshima

Address : IMSUT/4 - 6 - 1, Shirokanedai Minato-ku, Tokyo

Y|
Hh Building
Total land space B O @m & w m &
Occupied land space Total floor space
m? m’ m’
A X o X 68,907
Minato Area
b % i 12,881 60,030
Institute
T 3,019 18,127
Hospital
N &t 68, 907 15,900 77,157
Sub Total
T X B X 8,834 805 805
Amami Area
it 77,741 16,705 78,962
Total
(FF%20.11(2008.11))
X EZ ¥ AR Physical Structure
= ) w o | JEE | AR | mEmeR
Name Structure land sgace space Date of construction
m’ m’
158 First Building R5-1 3,533 13,537 B8 9. 3(1909. 3)
2 588 Second Building R4-1 804 4,099 A45. 3(1970. 3)
3 5EE Third Building R4-1 898 5,592 A58. 9(1983. 9)
4 S8 Fourth Building R5-1 834 4,411 ¥ 7. 2(19%. 2)
&M%  General Research Building R8-2 1,750 12,604 | 15, 3(2003. 3)
Bt B fR R A4 (75Re4%) Hospital Building A (New Hospital Building) R8-2 1,165 16,369 | F15. 3(2003. 3)
Bt B4Rk B (IHR2#1%) Hospital Building B (Old Clinical Center) R2-1 803 2,285 B53. 3(1978. 3)
ft B fsBe C & (IEMRIE) Hospital Building C (Old MRI Facility) R2 225 457 S 8. 3(199. 3)
B =7 v 7% (old lineac accelerator room) R1 63 63 739.10(1964.10)
[HY>FX*%+F—Z (old scintiscanner room) R1 77 77 A46. 3(1971. 3)
fRE1ZE  (Autopsy room) R1 153 161 A15.10(1940.10)
EEPRIFZE AR Clinical Research Building A R5-2 252 2,542 B48. 3(1973. 3)
EEPRIFZE B4R  Clinical Research Building B Bl 268 268 B41. 3(1966. 3)
AENYT 2 —BRZE  Core Facility for Therapeutic vectors S1 231 231 | 14, 3(2002. 3)
7t (BI&E) Research Building (Annex) R2 239 468 | BB17. 3(1942. 3)
&RZ AR Open Laboratory Building S3 670 1,995 13, 3(2001. 3)
E N/ L2 2 — Human Genome Center R5-1 843 4,554 | 9. 3(1997. 3)
¥t 42— Animal Center R5 475 3,798 745.12(1970.12)
7 LY 1 k—J Amgen Hall S2 241 482 | ¥ 8. 3(199%. 3)
B/ L#EHi >4 — Old Human Genome Center S2 267 536 | F 4. 2(1992. 2)
JL X kAR—JL Crest Hall S2 249 480 ¥ 9. 3(1997. 3)
EERMTESE Nurses’ Residence R4 457 1,375 | ¥ 6. 3(1994. 3)
VEDLYRER w1 211 172 | ¥20.10(2008.10)
=P meeting place...Assembly house W1 248 276 | BB25.10(1950.10)
M%7/ —JL Shirokane Hall S2 39 624 | F12. 1(2000. 1)
IRERFECEEE  Medical Science Museum R1 304 303 | F13. 3(2001. 3)
% Mftt  Other Facilities 244 398
£t Total 15,900 77,157
Rl R :$kEEO> 7 1) — b (steel) reinforced concrete S [ $kEE Steel (frame) construction B:arv)—+JOy 7% concrete block
W A& wood
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Research Hospital

. 7RR% Beds (Number of Beds)

¥ 5 Accounts
v i "
Budget (PRI9ERE) (2007)
[[EZ&X 4] Subsidies for Management Expenses (8467 : FF) (unit: 1,000yen)
i % A % R £t
Institute Research Hospital Total
A & & &
Labor Cost (Personal Expense) 1,759,681 1,181,539 2,941,220
L7 % &
General Expense (Material ltem Expense) 2,786,471 2,550, 268 5,336,739
&t
Total 4,546,152 3,731,807 8,277,959
[4488%E 4] Income from External Sources
MREEME
Research Grants 1,639,162
ZEMEE
Contract Research 1,807,817
X R W ®
Collaborative Research 495,303
& Bf &
Donations 366, 981
&t
Total 4,309, 263
] i3

(Fp220.103R7) (2008.10)

mNoB R B R &t
Internal Surgery Total
100 35 1355%
2. BHEIEH Number of Patients (ERRI9ERE) (2007)
I 5 ® AR &t
Internal Surgery Department of Radiology Total
g 3k
Outpatient 21,629 3,538 386 25,653
A R
Inpatient 17,737 6,423 0 24,160
¥ RABEEFE L TIREEAR, BRERBRTR, 7L X—RER, NEHEEER,

RAEISMRY, RRELFLE SXE
Within the hospital, we have established the department of Hematology, the department of
Infectious Deseases and Applied Immunology, the department of Rheumatolory and Allergy,
the department of Pediatric Hematology-Oncology, the department of Joint Surgery, and the

department of Anesthesia.

3. #&FRIXA  Income from Research Hospital (PRRI9ERE) (2007)
4t 3k A fE &t
Outpatient Inpatient Total

1,102, 367, 491

1,322, 800,735

2,425,168, 226

g
Library
(FR20. 3 KRIRTE)
¥ & moo# &t
Western-language Japanese-language Total
B g )
Books 47,127 7,406 54,533
7E B T T 4 .
Periodicals 964 322 1,286%248

11



[ BAR Juia
Dean Motoharu Seiki
]/E (FR20.11. 1 8]7%)
i m" R it
Institute Hospital Total
# &  Professor 31 1 32
HEHIR  Associate Professor 21 6 27
# RF Lecturer 6 6 12
B #{  Assistant Professor 53 18 71
B F  Research Associate 3 3
=%H  Official 1 9 50
TR Technical Official 43 m 154
£t Total 198 151 349
BEEHERZ#EE Fixed-term Project Staff (45E) EREEHERSEE Fixed-term Part-time Staff
53 % A T # AH
ISR Project Professor 3 {EHIZ  Project Professor 1
ISR Project Associate Professor 8 Y¥ERRE  Project Researcher 12
¥H{EFBET  Project Lecture/Project Assistant Professor 4 PR IEEFIME  Project Academic Support Specialist | 3
4%1EBhEL  Project Research Associate/Project Assistant Professor | 27 2% IERE S  Project Academic Support Staff 43
%{ERREE Project Researcher 57 EFHEE  Assistant Clerk 45
P IEEFRBE  Project Academic Support Specialist | 16 $H4ii##1£8 Technical Assistant 35
PHTXIEEE  Project Academic Support Staff 7 WFEHHIEE  Part-time Academic Affairs Staff 13
HEEFIREE  Project Specialist 3 HHEfEE  Part-time Chauffer 17
FEIRD (BEAERA) Pharmacist 3 EE Member of the medical staff 5
EPHMEE Specialist medical intern 3
EFEIMHES  Assistant Medical technician 4
EERINIZE  Assistant Nurse 2
K¥PEE  Graduate Students (F20.10. 1 H)
it % # Graduate School Master Courseﬁ(%l\llfster’s Program) | Doctoral Coursﬁggctoral Program) Tg-tl-al
E % % Graduate School of Medical Science 8 107 115
I % %R Graduate School of Science 14 18 32
EBFE GRS Graduate School of Agricultural and Life Sciences 0 0 0
¥ ¥ X Graduate School of Pharmaceutical Sciences 0 0 0
1E$REE T % % Graduate School of Information Science and Technology 2 3 5
#HEEAIR RIS Graduate School of Frontier Sciences 86 74 160
# & X 1t Graduate School of Arts and Sciences 1 0 1
gt Total 11 202 313
(FERL20.10. 1 H7E)
| i & Research Students 14
E % &8 Administration
BB E g R X =
Secretary General Koushi Imaizumi
wHEBREE % H M B KERE s KN B A
RHERRER IR B Ok RERABRE 2 H & 1=
HERRBRE EsHY) T R ¥ F ¥ _M 8 ERD S
PEHGIMEE 2 I 5 = (AT 7 MRIBIEY)
ClSR 8w A H EMmA®BELY B R A B
BB R E B & & — #®BERE i R
AERE T & B2 N B#BERER ok E -
MBI RE 1A FE = HEFE A x5 £ FB
R E R B F mEE-RE w x ¥ X
HRE_RE F i3
7O0v 7 MRERE EF RN 1B &

12
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WX - G FESBPY  DEPARTMENT OF MICROBIOLOGY AND IMMUNOLOGY

AWFFEEBMClE, L ZORIEDOHTHME, RIEICBITAH
C - EEH OO T8 X ORI RS O 2 1770 »
FNS Y L SR IR T B RO 2 & NS PR IS
5L BIRLTV S, BUEITHEES, 74V ARY:, mEF
AR, SRR, SOERIESY, BYLBIEFED 6 D05 L, X5
\ZHFAFFEERM Gl 2 BYREMRNT 0 5F) 2R 72 7V — T 5
Wk EhTnbd, TNSDRZES IV — 7 TIdwEA L ETEo—T
WCORKFELZERL, 5T, Mlar skl ~vETcrasil
R OIIZE 2 BB LTV b LA Th b, T 7 ATFZEHBM
Ti&, EWNADOKRES X OEAT IR & R 2 LRI %
T WE L OFEMEERE HITTELD, —HT, TRHOMA
% BRYHE R SR O T B eI HENIGH 5 72O OB H % ik
RO BIE L C, EEMEEASERRIRES & oLFI%
DRI HEE LT B STEDOHTEL - FEURGSEDOHIRIZ L D
SR, RYLE, YRR X O AREBEROZEOE
FEDSHEBEN TV A, ZOHHEDOWIEE IERAETIIA 4
Vo EZTARTFZERMIE, B - IEEORDSE L L LT
FEATTIEE A AT B & & BT, KMCOBEHLIIZE - $EL %
BT 52 & bEERHGO—-DE LTV,

X1

ATIWIHILILZADS J LRNAR S ARICHHI N THY, Thd ik
ERFPRY AT —EEEHICRNPIREFRETRK L TW3, 71 LI 1E5E
T30, RNPEEHEHF ENLIICTMINIRFRICI)IAETNZD,IERE
D5 7215, HBIBICHE R 8ADRNPH 1 £y hEBH->TEYAENZZ
ENEAS PICH 5 T,

Figure 1

The genome of influenza A virus is fragmented into eight RNP complexes
in which the RNA segments are associated with viral polymerase and nu-
cleoprotein. However, the mechanisms how these RNPs are incorporated
into virions is not understood. Recently we revealed that a set of eight RNPs
that were arranged in a distinct pattern (a central complex surrounded by
seven peripheral complexes) was incorporated into each virion.

X2
FRIEC R L ~MDCK#RE (3% : LC3 (F— b7 7 < —), 7 : phalloidin
(7oF>), & 1LPS (FATH))

Figure 2

Autophagy induced by the Shigella. Accumulation of GFP-LC3 around
bacteria is shown. MDCK/GFP-LC3 cells infected with the Shigella icsB mu-
tant for 4 h have been stained with anti-LPS antibody (blue) and rhodamine—
phalloidin (red)/

The scope of our research in this department includes the
elucidation of the molecular interactions between pathogens
and the host that are necessary for the establishment of infec-
tious diseases, molecular recognition of self and non—self by the
immune system, and modulatory mechanisms of host defence
systems. Understanding the molecular bases for such proc-
esses will be applied to the development of novel approaches
for preventing or controlling infectious diseases and immune
disorders. The department is composed of several groups
working on bacterial infection, viral infection, host-parasite rela-
tionships, molecular and cellular immunology, mucosal immu-
nity, compromised host genetics and developmental gene regu-
lation. Although each research group has particular interests in
either the pathogen or the host, their research is not limited to
one or other of these biological systems. Rather, their research
covers a wide range of dynamic interactions between microbes
and the host in the development of infectious diseases and the
distinction between self and non—self in immune systems. Our
department has been successfully promoting basic research in
the area of infection and immunity in collaboration with many
other groups in this and other countries. In addition, we have
actively engaged in promoting collaborative projects with vari-
ous groups in pharmaceutical companies and clinical laborato-
ries for the development of drugs, vaccines and immunobioma-
terials. The growing concern in emerging and re-emerging in-
fectious diseases demands further support of the basic re-
search that we have developed in our department. Our depart-
ment, as one of the pioneer groups in our country, strongly en-
deavours to promote and expand our research activity, our col-
laborations with other groups engaged in studies of infection
and immunity, and the training and professional development of
young independent investigators through studies in the depart-
ment.

Villous Epithelium

FAE of PP

3
Villous M Cell (#FEMiflE) NDRER

Fig. 3
Discovery of intestinal villous M cells.



HHE %24 BF  DIVISION OF BACTERIAL INFECTION

AWFFEFIFClE, EERHLERR R IR C d 2 RAH,
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Fig. 1
Shigella induces cell-cycle arrest to promote bacterial colonization of in-
testinal epithelium.

Our main area of interest is in the molecular interaction of
pathogenic bacteria such as Shigella, Helicobacter pylori, or
enteropathogenic Escherichia coli with host epithelial cells at
the early stages of infection. Our major concern is the elucida-
tion of molecular mechanisms underlying the processes lead-
ing to infectious diseases, which include bacterial attachment to
or invasion of host cells, intracellular multiplication, cell-cell
spreading, and modulation of or evasion from host innate im-
mune responses. The ultimate aim of these research programs
is the development of attenuated vaccines, the construction of
animal models, and improvement in the diagnosis and preven-
tion of bacterial infection.

(1) Shigella invade colonic epithelial cells, where the patho-
gen can multiply and spread within and into neighboring cells
by exploiting actin polymerization at one pole of the bacte-
rium. During bacterial infection, strong inflammatory re-
sponses are elicited from the host cells. To elucidate the bac-
terial infectious process at molecular, cellular and tissue lev-
els, we are currently making efforts to identify the bacterial
factors and their target host factors or functions. We also in-
tend to elucidate the bacterial strategies used to modulate or
elude the host innate immune system.

(2)  Helicobacter pylori is responsible for the majority of gastric
infectious diseases worldwide. H. pylori colonizes the antrum
and corpus of the gastric mucosa and its presence is associ-
ated with severe pathologies such as choronic gastritis and
gastroduodenal ulcer disease, mucosa—associated lymphoid
tissues (MALT) lymphoma and gastric adenocarcinoma. We
aim to uncover the molecular mechanisms of the long-term
bacterial infection of colonic epithelial cells and elucidate the
roles of bacterial effectors.

(3) Pathogenic E. coli are diverse, including various E. coli
spp. causing watery diarrhoea, bloody diarrhoea (hemor-
rhagic colitis), inflammatory diarrhoea, urinary tract infection
or meningitis/sepsis. We are currently focusing on enteropa-
thogenic E. coli (EPEC), since, as a model for 0157 infection,
EPEC attaches to the intestinal epithelium and effaces brush
border villi by secreting a subset of effectors via the type Ill
secretion system. We intend to elucidate the roles of bacterial
effectors and the host responses such as cell death, inflam-
mation and cell-cell dissociation.
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Fig. 2
H. pylori CagA hijacks host cancer-associated signaling in gastric epithe-
lial cells.
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Figure 1
Proteins that interact with SWI/SNF chromatin remodeling factor. Many
oncogene products (red), tumor suppresser gene products (green) and pro-
teins of pathogenic viruses (green) are included among them, showing the
involvement of this complex in many human biological processes.
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Cellular mechanisms for the surveillance and exclusion of ex-
pression by intragenomic parasites such as provirus and retro-
transposon are now being recognized as an important host cell
defense system in the cell nuclei. Our goal is to elucidate mo-
lecular mechanisms involved in host-parasite interaction by
analyzing epigenetical regulation of gene silencing or activation
observed in both viral and host genes. We have biochemically
shown how SWI/SNF chromatin remodeling complex activates
the two transcription factors, AP-1 and NF«B, which are known
to be essential for inflammation and immunity. We have also re-
ported the essential roles of Brm type SW/SNF complex in the
stable expression of such retrovirus as MuLV and HIV-1. Lack
of this complex would play an important role in the latent infec-
tion of HIV-1.

Recently, RNA silencing (also designated as RNA interfer-
ence) that involves such small molecules as short interfering
(sh)RNA or micro(mi)RNA, have been shown to be the major
strategy of plant for the plant virus protection. We are now ex-
amining whether human cells also utilize RNA silencing to sup-
press virus replication by inducing cellular immunity or by de-
tecting viral replication intermediates. By developing genome—
wide promoter prediction algorithm for human miRNA genes
and subsequent verification, we identified several important
regulatory networks formed by important miRNAs (Figure 2)
and showed that miR-21 is involved in macrophage differentia-
tion and tumor formation. We are currently developing new
retroviral vectors that express or suppress specific miRNA for
more detailed analysis of this molecule.

| Activation of AP—-1 |
| | miR-21 gene

NFIB gene
NFIBisa || ro-miRNA
negative pre-miRNA O [T} Aap,
regulator NFIB mRNA i
of miR-21 5 m e
a target of miR—21

Activation of AP—1 elevates miR-21 levels,
which reduce NFIB and stabilize miR—21 expression

2
miR-21 & NFIBBIzFH R 2%HEMHx Y hT—7
MIR21 BIEFNRBIEBREZNOTOE—42—_LIZH 3 EDFIHEFNFIB
ICEWMEENTVWB, AP-NZ &V miR21 BIEFHEMHILEZI5 5L
NILOMIR21HETE L TZ DIZM T &H % NFIB mMRNAOBIRRYET T3, 2
DFER, MR2I DFEBRIIEFTEITREILT S EICH S (doublenegative
feedback &) .

Figure 2
A gene regulatory network formed between the miR—-21 and NFIB genes.
miR—21 gene expression is usually suppressed by a negative regulator,

NFIB which binds in miR—21 promoter. When its expression is activated by

AP-1, the accumulated miR-21 suppresses its target, NFIB. Reduction of

NFIB levels in turn stabilizes miR-21 expression through a double-negative

feedback mechanism.
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Fig. 1
Crystal structure of the H5 HA and location of mutations conferring SAa2,
6Gal-binding capacity.

Molecular Pathogenesis of Influenza and Ebola Virus Infections
Viruses can cause devastating diseases. The long—term goal of
our research is to understand the molecular pathogenesis of viral
diseases, using influenza and Ebola virus infections as models. In-
teractions between viral and host gene products during viral repli-
cation cycles determine the consequencs of infection (i.e., the char-
acteristics of disease manifestation, whether limited or wide-
spread); hence, our research has centered on such interactions in
these viral infections.
1 Transmission of avian influenza viruses to humans

Since 1996, H5N1 avian influenza A viruses have been enzo-
otic in Asia. These viruses are highly pathogenic in poultry and
were directly transmitted to humans. In 1997 and 2004, infection
by these viruses resulted in significant human mortality. We are
studying the molecular basis of high virulence of this virus in
mammals and the viral determinants that allowed direct transmis-
sion of the virus from birds to humans.

2 Influenza virus assembly

The formation of virus particles involves interactions among vi-
ral proteins as well as interaction between viral and cellular pro-
teins. To understand the mechanism of virion formation, we are
investigating viral RNA incorporation into virions by analyzing the
interaction among viral and host molecules.

3 Reverse genetics (technology for generation of influenza viruses
entirely from cloned cDNA)

We have established a system for the generation of influenza
viruses entirely from cloned cDNAs. Using this system, influenza
viruses containing any desired mutation can be made. With this
technology, we are attempting to establish novel influenza vac-
cines and influenza—based gene delivery vectors.

4 Role of Ebola virus proteins during viral replication

Ebola virus causes hemorrhagic fever in humans and nonhu-
man primates, resulting in mortality rates of up to 90%. Even so,
little is known about the molecular pathogenesis of Ebola virus in-
fection or the pathophysiologic events that occur in primates dur-
ing infection with this virus. Studies of this virus have been ham-
pered by its extraordinary pathogenicity, which requires biosafety
level 4 containment. To circumvent this problem, we developed a
novel complementation system for the functional analysis of
Ebola virus glycoproteins. Using this system, we are studying the
functions of the glycoprotein and the nature of Ebola virus recep-
tors. We are also interested in Ebola virus replication. Thus, we
are investigating the assembly process of this virus and the struc-
tural basis of the interactions of the viral proteins involved in repli-
cation.

HA: .
from circulating H5N1 virus
modified avirulent-type

NA: =
(for eggs) PR8(UW)
(for MDCK cells] Long NA stalk

PB2, PB1, PA, NP, M: mmmmm
PR8(UW)

NS: s
PR8(Cambridge)
2
HERIIS £ UMDCKHRRE THEBREDZVHANTI 7 7 F > — KA JLX

Fig. 2
High-yield vaccine seed viruses for production of egg-based or MDCK
cel-based H5N1 inactivated vaccines.
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Infectious diseases are threats not only to us humans but
also to insects such as flies. The Toll receptor was identified as
a pathogen recognition molecule in flies. Interestingly, we hu-
mans have similar molecules, TolHike receptor (TLR), and use
them for pathogen recognition in the innate immune system.
We probably have 11 or 12 TLRs that recognize a variety of
pathogen products such as: bacteria—derived lipopolysaccha-
ride, peptidoglycan, and unmethylated DNA; and virus—derived
double-strand RNA. Our division focuses on recognition mole-
cules for lipopolysaccharide (LPS), the pathogen product that
most potently activates our immune system. Due to such potent
activity LPS has been implicated in a number of diseases such
as endotoxin shock.

LPS is recognized by CD14, TLR4, and MD-2. We discov-
ered MD-2 as a molecule associated with TLR4 and showed
that MD-2 is indispensable for LPS responses. We also discov-
ered another cell surface complex RP105/MD-1 and showed
that RP105/MD-1 has an important role in B cell responses to
LPS. Despite identification of the recognition molecules, LPS
recognition mechanisms are poorly understood. We are trying
to understand molecular mechanisms underlying LPS recogni-
tion. Understanding LPS recognition mechanisms would con-
tribute to a novel therapeutic intervention of diseases such as
endotoxin shock.
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Fig. 1
Endotoxin recognition molecules: CD14, TLR4-MD-2, and RP105-MD-1

Endotoxin binds to CD14, and is recognized by MD-2 and TLR4, which de-

livers a signal that activates innate and acquired immune responses.
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Rice-based mucosal vaccine (MucoRice™) as a global
stratefy for cold—chain- and needle—free vaccination

Mucosal immunity

1
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Fig. 1
Diagrammatic illustration of the rice-based mucosal vaccine “MucoRice™”
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Mucosal tissues, such as respiratory and digestive organs, continuously contact to
foreign substances through breathing, eating and drinking. Mucosal immune system
plays an important role in preventing the microorganisms (e.g., influenza virus and
Salmonella) infection invading through mucosal sites. In addition, mucosal immune
system contributes to the maintenance of mucosal homeostasis by creating symbiotic
interaction with commensal bacteria and inducing immunological tolerance against
food antigen. We currently focus on the elucidation of the mucosal immune system for
the development of mucosal vaccine against infectious diseases and mucosal im-
mune therapy for mucosa-associated diseases, such as food allergy and inflamma-
tory diseases.

(1) Molecular and cellular characterization of M cell for the development of mucosal
vaccine and rice-based vaccine, MucoRice.

We developed a monoclonal antibody NKM 16-2-4 specific for murine M cells and
showed that NKM 16-2-4 could be used as an effective mucosal vaccine antigen de-
livery vehicle for M cel-targeting. We also demonstrated that rice-based vaccine sys-
tem, MuocRice was shown to be a new bioreactor for the production of vaccine anti-
gen, and an innovative cold-chain and needle/syringe free oral vaccine delivery sys-
tem. By using these novel technologies, we develop new generation vaccines for
Fathogenic bacteria and viruses
2) Crosstalk between host mucosal immune system and environmental factors for

the maintenance of mucosal homeostasis

Mucosal immune system achieves immunological homeostasis through the inter-
action with environmental factors such as commensal microbiota and food-derived
materials. It has been considered that its abolishment leads to the undesired mucosal
immune diseases such as food allergy, rhinitis, and intestinal bowel diseases. The
aim of this project is to investigate how mucosal immune system use commensal mi-
crobiota and food-derived materials in their development and maintenance of immu-
nological homeostasis. These studies will provide a novel strategy for prospective
mucosal immune therapy.

(3) Unique organogenesis and development of mucosa-associated lymphoid tissues

MAL

MALT are key site for the induction and regulation of mucosal immune responses.
In spite of their structural and functional similarities, it has been understood that totally
different molecular mechanisms are involved in organogenesis and development of
Peyer's patch (PP) found in intesting, nasopharynx-associated lymphoid tissue
(NALT) and tear duct-associated lymphoid tissue (TALT). In this project, we have tried
to reveal unique molecular and cellular mechanisms of NALT and TALT organogene-
sis, and of migration of lymphocytes into each lymphoid tissue. These studies will give
us further understanding of mucosal immune regulation system, and lead to new type
mucosal immune therapy for influenza infection, allergic rhinitis and conjunctivitis etc.
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Fig. 2

Immunological crosstalk between host mucosal immune system and
environmental factors. Environmental factors (commensal microbiota and
food—derived materials) regulate the development and disorder of mu-
cosal immune system through the production of bioactive materials. Thus,
elucidation of immunological crosstalk between mucosal immune system
and environmental factors will lead to the development of novel mucosal
immune therapy.
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tives. In the Department of Cancer Biology, we try to establish
molecular mechanisms of tumor formation and development
basing on these gene products. To do so we apply various ap-
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research. Ongoing researches are as follows.
1. Analysis of structure, expression, and function of cancer re-
lated genes that include oncogenes and tumor suppressor
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genes.
R T SE B A 78 2. Studies on signal transduction and gene expression that
(6) ¥EMNEOEE - =21 2L - Millest~ by v 7 ZAHE are relevant to cell transformation as well as growth and dif-
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(7) FEEpEHsE 3. Studies of cell cycle regulation and chromosome redistribu-

tion in mitosis.

4. Studies on cell—cell interaction, cell motility, and organiza-
tion of cytoskeleton.

5. Molecular mechanisms of tumor angiogenesis, invasion,
and metastasis.

6. Molecular pathogenesis of malignant tumors that include
tumor virus—associated neoplasms.
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We are interested in clarifying the roles of oncogenes and
anti-oncogenes in malignant transformation and in normal cell
function. Currently, our studies are mainly focused on the pro-
tein phosphorylation events relevant to various cellular signal-
ing pathways. We are interested in knowing how phosphoryla-
tion and dephosphorylation molecularly switch on and off criti-
cal events involved in malignant transformation, in cell differen-
tiation and growth, in spindle formation and chromosome distri-
bution in mitosis, and in synaptic plasticity in central nervous
system. Following studies are in progress by applying modern
techniques of gene manipulation in cell as well as in mice,
mass spectrometric analysis of purified proteins, cell imaging,
and structural biology.

(1) Molecular mechanisms by which receptor tyrosine kinases
such as ErbB2 and Alk transmit signals to the machineries
for gene regulation present either in the cytoplasm and/or in
the nucleus.

(2) Roles of Tob family of anti-proliferative proteins in suppres-
sion of tumor development, regulation of apoptosis, and regu-
lation of gene expression. The role of the CCR4-NOT
deadenylase complex, which interacts with Tob family pro-
teins, is of particular interest.

(3) Roles of the targets of the Src family protein-tyrosine
kinases in the central nervous system. Among the targets,
the NMDA receptor, novel RhoGAPs, PI3K p85 subunit-in-
teracting proteins are of particular interest.

(4) Molecular mechanisms underlying the M-phase progres-
sion in mitosis. Particular interests are on the roles of chro-
mokinesin Kid and novel substrates, such as Kiz, of Pololike
kinase 1 in chromosome distribution and spindle formation
in mitosis.
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Fig. 1
Top: Tyrosine phosphorylation on NMDAR
Bottom left: Phosphorylation of NR2A subunit is
relevant to the channel activity of NMDAR.

Bottom right: Tyrosine phosphorylation of NR2B is
involved in amygdala dependent learning and
emotional behaviors.
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Fig. 2
Top: Tob interacts with the CCR4-NOT deadeny-
lase complex

Bottom: Possible involvement of Tob in regulation
of mMRNA stability and mRNA translation through
its interaction with PABP and CCR4-NOT.
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Fig. 3
Top: Chromokinesin Kid is important for chromo-
some distribution by three mechanisms: regula-
tion of polar ejection force, spindle microtubule,
and chromosome compaction.

Bottom: Polo-ike kinase 1 phosphorylates multi-
ple substrates, such as Kizuna, to control M phase
progression.
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Cell surface is the major interface for cell communication with
the environment. Many proteins on the cell surface are involved
in this process and these include various types of ligands, re-
ceptors, cell adhesion molecules, and accessory molecules.
These proteins are regulated not only at transcription level but
also by posttranslational regulations such as glycosylation,
vesicle transport, internalization, and subcellular localization
etc. Proteolysis is also an important post-translational system
to regulate the fate of all the proteins in an irreversible manner.
Most of the extracellulr proteases belong to serine— or metallo—
proteases, and they are of particular importance in regulating
the proteins in the extracellular milieu. These proteases are
either secreted or membrane—anchored forms. Our group has
been particularly interested in the membrane-anchored pro-
teases that play critical roles in regulation of the proteins at the
celFECM (extracellular matrix) interface and act as important
modulators of cellular functions.

Cancer cells develop as a result of multiple defects in the
regulatory systems for cell growth and death. According to the
progression of cancer, the systems regulating cell communica-
tion in tissue also break down successively. Aberrant usage of
proteases is frequently associated with malignant tumors and
contributes to the rapid tumor growth and spread to secondary
sites. The aim of our study is to understand the cellular strategy
to use the membrane proteases, such as MT1-MMP, to regu-
late tumor cell functions in tissue environment and to apply our
knowledge to cancer therapy.

Tumor progression
(proliferation and invaison)

Cell-specific expression of MT1-MMP
in in vivo environment
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The Division of Molecular Pathology aims to elucidate the
molecular mechanisms underlying the multistage carcino-
genesis of human tumors, especially those of cell adhesion in
cancer invasion and metastasis, through approaches in mo-
lecular genetics, cellular biology and experimental pathology.
The ultimate goal of this division is to identify and character-
ize molecular targets for the prevention, diagnosis, and treat-
ment of human cancer.

1. Functional analyses of the CADM1/TSLCl-cascade in
cell adhesion and tumor progression.

It is well known that the cell adhesion is essential for ho-
meostasis of epithelial tissues, while its disruption triggers
cancer invasion or metastasis. The CADM1/TSLC1 is a tu-
mor suppressor gene that we have previously identified by its
tumor suppressor activity of lung cancer cells in nude mice.
The CADM1 encodes an immunoglobulin superfamily cell ad-
hesion molecule (IgCAM), which is expressed in most epithe-
lial tissues, including the brain, testis and lung. On the other
hand, the CADML1 is often inactivated by promoter methyla-
tion during the progression of various tumors such as non—
small cell lung cancer. We have reported that CADM1 protein
participates in cell adhesion through homodimers on the cell
membrane. We have further demonstrated that CADM1 binds
to the actin—binding proteins, 4.1s, and members of PDZ-con-
taining proteins, MAGuKs, and forms a novel cascade in-
volved in cytoskeleton, as well as cell polarity. Numerous
studies have been investigated in molecular mechanisms of
cancer invasion or metastasis because they are the most criti-
cal issues to determine the prognosis of cancer patients.
However, only a limited knowledge was obtained so far about
the role IgCAM in cancer. We are, thus, going to investigate
the molecular mechanisms of IgCAM, including CADM1, in
cell adhesion and cell morphology, and to elucidate the
pathological significance of their aberrations in human tumori-
genesis.

2. Investigation of mast cell adhesion in inflammatory dis-
eases.

Cell adhesion also plays an important role in the interaction
between the cells from different tissues, while its alteration
could cause various systemic disorders, including cancer me-
tastasis and numbers of inflammatory diseases. Mast cell is a
unique cell involved in various inflammatory diseases, such
as bronchial asthma. Attachment of mast cells to different
cells mediates stimulatory signals to release the granules like
histamines, which directly triggers local inflammation. Detailed
mechanism of mast cell adhesion in such inflammation, how-
ever, is not elucidated yet. We have previously identified that
CADML1 is implicated in mast cell adhesion to the neuronal
cells, pulmonary smooth muscle cells, or peritoneal cells and
could trigger various diseases like neuritis or bronchial
asthma. We are going to elucidate the physiological and
pathological significance of mast cell adhesion in these disor-
ders mainly through approaches of experimental pathology.
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Fig. 1

Physiological roles of the TRAF6 signal.

The TRAF®6 signal is involved in inflammation, innate immune response,
lymph node origanogenesis, self-tolerance, osteoclastogenesis, develop-
ment of epidermal appendices, and development of nervous system. Its in-
volvement in oncogenesis is currently under investigation.
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Our goal is to understand the molecular mechanisms of disease patho-
genesis and oncogenesis by elucidating normal regulation of intracellular
signal transduction and gene expression involved in cell proliferation and
differentiation. In particular, following projects are going on.

1) Elucidation of molecular mechanisms of NF-«B activation by the TRAF—
mediated signals and that of pathogenesis induced by abnormal regula-
tion of TRAF signaling.

We have identified TRAF5 and TRAF6 as signal transducers of CD40, a
receptor essential for B cell proliferation and differentiation, and demon-
strated that activation of TRAF6 as a ubiquitin ligase by its oligomerization is
one of the maechanisms for signal transduction. Furthermore, we have gen-
erated TRAF6-deficient mice to show that the impaired TRAF6 signal results
in osteopetrosis, autoimmune disease, and hypohidrotic ectodermal dyspla-
sia, in which mice have impaired development of skin appendices including
hair follicles, sweat glands and teeth. We are currently trying to identify mo-
lecular mechanisms of these abnormal phenotypes observed in TRAF6-de-
ficient mice, since these disease are also observed in human.

2) Elucidation of roles of NF-«B in oncogenesis.

Upon stimulation, activation of NF-«B is transient due to a negative feed
back regulation of this signal in normal cells. However, we have learned that
in about 4096 of tumor cell line NF-«B is constitutively activated. It has been
reported that the constitutive activation of NF-xB may be involved in malig-
nant phenotypes of tumor cells. We are currently trying to identify molecular
mechanisms of the constitutive activation of NF-«B and its target genes in-
volved in malignant phenotypes.

3) Elucidation of molecular mechanism to regulate self-tolerance in thy-
mus
Immunological tolerance to self-antigens or harmless antigens occurs in

healthy body. Our research focuses on identifying molecular mechanism to

establish self-tolerance in thymus, a lymphoid organ to generate self-toler-
ant T—cells and regulatory T—cells. We have found that receptor activator of

NF-« B (RANK) and CD40, which belong to TNFreceptor superfamily, co-

operatively induce development of thymic medullary epithelial cells

(MTECSs) essential for inducing self-tolerance in thymus. At present, we are

trying to identify down-stream signals of RANK and CD40 in mTECs in ad-

dition to searching the molecular mechanism by which mTECs induce self-

tolerance. We are also trying to establish an artificial system to regulate im-

munological tolerance in order to develop a new therapy to treat immune

diseases or cancer.
-8
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Fig. 2

Schematic figure of T—cell self-tolerance induced by medullary epithelial
cells in thymus. It is proposed that thymic medullary epithelial cells (NTECs)
promiscuously express a lines of peripheral tissue specific antigens and
present them to immature thymocytes, thereby eliminating self-tissue spe-
cific T—cells. We found that RANK and CD40 signals cooperatively regulate
the development of mature mTECs and self-tolerance.
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Disordered cell adhesion in the process of metastasis
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Fig. 2

Sugar chains bound to the polypeptide chains widely occur in

the body, and their structures change during development and
cell differentiation and in pathological states. Our objective is to
elucidate direct and indirect roles of the sugar chains and to un-
veil mechanisms working in physiological and pathological
processes in concert with genome— and proteome— based ap-
proaches.

(1) Regulation of functions of proteins and cells by sugar chain

The binding of integrins, a family of adhesion receptors, to
ligands present within the extracellular matrix or expressed
on the surface of other cells leads to the activation of intra—
cellular signaling cascades that regulate diverse processes
such as embryogenesis, wound healing, and invasion and
metastasis of tumor cells. For a better understanding of ab-
normal behavior of tumor cells including deviation from con-
tact inhibition of growth and movement, detachment from pri-
mary sites, and altered binding to ECM, it is important to
know how integrin’s function is regulated. We approach the
issue from two different aspects. The first is to solve how
function of integrins is affected by their transformation— asso-
ciated glycosylation change. The second is to identify disin-
tegrins which might be cell surface ligands for integrins and
to solve how integrin function is affected by disintegrins.

(2) Analysis of selectin ligands

Interactions of selectins with their carbohydrate ligands are
involved in metastasis of tumor cells, migration of leuko—
cytes to the inflamed sites and homing of lymphocytes. We
are studying carbohydrate ligands and their career proteins
which are not well characterized.

(3) Sugar recognition mechanism involved in fertilization

Cellular communication through plasma membrane is es-
sential for multicellular organisms. ldentification of sugar
recognition molecules is important to show that sugar chains
found in most membrane proteins are involved in intercell-
ular recognition. We have so far succeeded in identification of
sugar binding sperm proteins which recognize pig zona pellu-
cida glycoproteins of eggs by using newly developed multiva-
lent oligosaccharide probes and proteomics approach. Now,
finding and identification of new sugar binding proteins are in
progress.
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Detection of sugar binding proteins by multivalent oligo-saccharide probe
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Fig. 1
Dok-1/2 plays a role as negative regulators in downstream signaling of re-
ceptor PTKs or receptor-coupled non—receptor PTKs.

The major interest of this division is in molecular signals that
regulate a variety of cellular activities, aiming to address how
deregulated cellular signals cause neoplastic, immune, neural,
metabolic, or developmental disorders. Our goal is to under-
stand molecular bases of tumorigenesis and other intractable
diseases in order to reveal therapeutic targets. Currently, we
are investigating negative regulatory mechanisms of signaling
downstream of protein-tyrosine kinases (PTKs) and patho-
physiological roles of them in turmorigenesis and immune dis-
orders. Also, we are investigating molecular mechanisms of
PTK-signaling, especially those regulating neuromuscular syn-
aptogenesis, which is essential for neural control of skeletal
muscle contraction.

1. Roles of Dok—family proteins in negative regulation of he-
matopoietic cell signaling.

We have demonstrated that Dok-1 and its closest homolog
Dok-2 play essential roles as negative regulators in hematopoi-
esis and immune system. Based on these findings, we further
investigate roles of all Dok—family proteins that are preferen-
tially expressed in hematopoietic cells.

2. Regulatory mechanisms of receptor PTK by intracellular
protein Dok—7.

We have identified a new member of Dok—family proteins,
Dok-7, and found that it can activate receptor PTK MuSK. We
have also reported that Dok-7 is essential for neuromuscular
synaptogenesis and established a new disease entity, DOK/
congenital myasthenia. Based on these findings, we investigate
this novel regulatory mechanism of receptor PTK and patho-
physiological role of Dok—7.

3. Search for novel signaling pathways regulating cellular ac-
tivities.

We investigate novel signaling pathways that play important
roles in regulation of various cellular activities, including those
mediated by Dok-4/5/6.
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Fig. 2
Dok-7 induces activation of receptor PTK MuSK and plays an essential
role in neuromuscular synaptogenesis.
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Department of Basic Medical Sciences is composed of Divi-
sions of Molecular Biology, Structure Biology, Cellular and Mo-
lecular Signaling, Molecular Neurobiology, Neuronal Network,
Molecular Genetics and Structural Biology.

Department of Medical Sciences played an important role in
the Institute of Medical Sciences, the University of Tokyo in
leading basic bioscience by producing unique and original re-
sults. Department of Basic Medical Sciences is a functional
complex of variety of research subjects and techniques collabo-
rating each other. A couple of project laboratories, Human
Genome Center and Center for Experimental Medicine, are es-
tablished from this department.

Division of Molecular Biology, Division of Structure Biology
and Division of Cellular and Molecular Signaling are grouped in
Basic Bioscience field. There are two laboratories, Division of
Molecular Neurobiology and Division of Neuronal Network in
the field of Neuroscience. There is one Donation Laboratoriy for
Molecular & Developmental Biology.

We set up two divisions as a Common Core Facility in the
Department of Basic Medical Sciences: 1) Division of Structural
Biology which is composed of Biomolecular Imaging and Fine
Morphology unit, and 2) Division of Molecular Genetics. These
Common Core Facilities provide new techniques.

Department of Basic
Medical Sciences

Department Chairman

1) Molecular Biclogy

2) Structure Biology

3) Cellular and Molecular
Signaling

Donation Laboratories

Common Core Facility

Molecular  Molecular

1) Neural Network a
Structure

: Genetics
2) Molecular Neurobiology FeneAIch

1) Molecular and Developmental Biology

Core Laboratories

1) Biomolecular Imaging. 2) Fine Morphology. 3) Protcomics Research
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When exposed to environmental stresses, such as osmotic
shock, radiation, and oxidative stress, cells respond adaptively
through intracellular signal transduction and signal processing.
Because such adaptive responses are so fundamentally impor-
tant for cell survival, it is believed that significant conservation
of molecular mechanisms exists between lower and higher eu-
karyotic organisms. Nonetheless, their molecular mechanisms
are yet only vaguely understood. This laboratory, which is es-
tablished in the year 2000, aims to study the molecular mecha-
nisms underlying the adaptive responses of the yeast and hu-
man cells, utilizing the complementary advantages of the two
experimental systems.

(1) Yeast (Saccharomyces cerevisiae)

Budding yeast is particularly suitable to study fundamental
cellular mechanisms, because with this organism highly ad-
vanced genetic analyses can be easily combined with bio-
chemical studies. We will study the yeast signal transduction
pathway that mediates its adaptive response to hyper-os-
motic stress. Specifically, we aim to elucidate: the molecular
mechanism of osmosensing by a histidine kinase; roles of the
cytoskeleton in osmosensing and in osmoadaptation; regula-
tion of the osmosensory (HOG) MAP kinase cascade; and
roles of protein phosphatases in negatively regulating the
osmo—adaptive signal transduction.

(2) Human cells.

It has been elucidated, by us and others, that homologous
MAP kinase cascades and protein phosphatases are in-
volved in osmo—-adaptive responses of both yeasts and mam-
malian cells. In mammalian cells, however, the osmostress—
responsive MAP kinase cascades can be also activated by
diverse environmental stresses, such as UV and gamma ra-
diation, genotoxins, and oxidative stress. Thus, it is antici-
pated that there are multiple upstream sensing mechanisms,
each of which eventually activates the same stress—respon-
sive MAP kinase cascades. We will investigate the molecular
mechanism by which the cells detect the diverse environ-
mental stress conditions, and mechanisms by which the
stress—responsive MAP kinase cascades are activated.

GFP GFP- GADD45
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Fig. 1
Electrophysiology using the mouse as an animal model.

a. An electrophysiological technique in a hippocampal slice.

b. An example of synaptic plasticity: long-term potentiation induced by te-
tanic stimulation.
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Fig. 2
Behavioral study using the mouse as an animal model.

a. Analysis of learning and memory function using a Morris water maze.

b. Analysis of motor function with a rotarod test.
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Our major research interest is the molecular mechanisms of
higher brain functions in mammals such as emotion, and learn-
ing and memory. We are especially focusing on the roles of
functional molecules localized in synapses, for instance, neuro-
transmitter receptors, signal transduction molecules and adhe-
sion molecules, in neuronal information processing. We are ex-
amining receptor functions, synaptic transmission and plastic-
ity, and their roles in the whole animal with electrophysiological,
optical imaging, biochemical, molecular biological and behav-
ioral approaches.

1. Molecular and cellular mechanisms of hippocampal synap-
tic plasticity.

2. Roles of tyrosine phosphorylation in synaptic plasticity.

3. Roles of adult neurogenesis in synaptic transmission and
plasticity.

4. Adhesion molecules and synaptic plasticity: functional
analysis of cadherin etc.

5. Functional and morphological plasticity at presynaptic termi-
nals.

6. Analysis of muscarinic acetylcholine receptor functions.

7. Roles of intracellular signaling molecules in synaptic plastic-
ity: functional analysis of Ras etc.

8. Neuromodulators and synaptic plasticity: acetylcholine etc.

9. Roles of metabotropic glutamate receptors in synaptic plas-
ticity.

10. Molecular mechanisms of metaplasticity: plastic regulation
of synaptic plasticity.

11. Synaptic plasticity in the amygdala and emotions.

12. Regulation of hippocampal functions by inputs from extra-
hippocampal neurons.
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Fig. 1

Top panel: Use of quick—freeze deep—etch replica electron microscopy en-
ables to fix protein complex under functional states within 1 millisecond, pro-
viding high-resolution high—-contrast images. Shown here are actomyosin
rigor complex (upper panels) and crossbridges during actin-sliding move-
ment (lower panels). Individual myosin molecules appear elongated and
bind actin through two heads under rigor conditions, while those during slid-
ing look rounded and binds actin through one head.

Bottom panel: Schematic drawmg of crossbridge behavior elucidated by
our analyses. Unlike conventional “Tilting—crossbridge hypothesis”, confor-
mational change of myosin head might involve two kinds of movements
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(3-D) structural analyses of functioning protein complex in solu-
tion and in live cells

Protein molecules or their complex form “The Molecular Ma-
chines of Life” which play crucial roles in extra— or intracellular
environments. We have been developing the means to visual-
ize the structure of individual particles under functional states,
and to study their molecular mechanism through 3-D structural
analyses of their images without averaging. Utilizing our novel
methodology of 3-D image analyses, together with new high—
performance marker probes, we are challenging the real-time
intracellular dynamics and high—resolution structural analyses
of several protein complex including molecular-motors and re-
ceptor molecules.
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Fig. 2

Top panel: Differential image analysis to deflne Protein’ s Face (basic
structure observed from certain side) and its “Facial Expression” (structural
change from the standard state). By quantitative comparison of extracted
feature patterns of real replica and simulated images, we might discriminate
the observed side of the target protein and its delicate, possibly function—re-
lated changes. Sample images are indicated on the right. True images
nicely match with art|f|C|aI model images.

Flow——chart to conduct “the Structural Biology of Single Molecule”. BaSIC
techniques are qumk freeze deep—etch replica electron microscopy, “3-D
|mage reconstruction” from tilted micrographs and “Differential image analy-
sis” as below.

Center panel: Averaged replica images of chemically—crosslinked myosin
head as a good analogue of the intermediate structure during actomyosin
sliding. Five projections were used to reconstruct its atomic model shown on
the bottom. Simple extension of the lever-arm would generate the Power—
Stroke to form rigor structure, that slides actin—filament.

Bottom panel: Freeze-replication is readily applicable to the analyses of
intracellular protein—assembly in situ. The structures of Inositol-trisphos-
phate and Ryanodine—receptor molecules are shown as examples. Right fig-
ure depicts the schematic drawing of our novel probe-module for electron
and fluorescence microscopy. Use of such probes might enable us to define
the location of specific subdomains in the target protein—assembly.
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Fig. 1

Molecualr mimicry between tRNA and translation factors. Of these trans-
lation factors, release factor RF2 deciphers stop codons using ‘peptide anti-
codon’ marked by the arrow.

RNA no longer stands behind DNA or protein but stands in
front of DNA and protein. Recent achievements and discovery
in biological sciences clearly emphasized the importance of
RNA in life — the discovery of RNA interference, molecular mim-
icry between protein and RNA, and ribosome structure at
atomic resolution. Moreover, the completed human genome
project revealed, to our great surprise, the existence of a large
amount of protein—noncoding RNAs (ncRNAs). These ncRNAs
can be classified into two types: one, like antisense and mi-
croRNA, those function with the sequence complementarity to
the target mMRNA or DNA, while the other, like aptamer, those
function independent of the sequence complementarity.

In our laboratory, we aim to: 1) uncover the natural aptamers
encoded in human genome; and 2) create artificial aptamers to
target proteins of therapeutic interest. By studying these natural
and artificial RNA aptamers, we hope to clarify superior poten-
tial of RNA, which would be highly beneficial to the develop-
ment of RNA medicine and the comprehensive understanding
of human genome RNA function.

In addition to these RNA oriented study, two lines of transla-
tion orientated studies are in progress: 1) to uncover the mo-
lecular mechanism of translation termination and the molecular
basis of mimicry between translation factors and tRNA; and 2)
to investigate the ‘prion’ nature associated with yeast transla-
tion factor Sup35.

RNA (aptamer)20kDa

221898 (eIF4A)46kDa

2
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Fig. 2
The predicted structure of RNA aptamer bound to its target protein elF4A.
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Our research aim is to understand various life phenomena at
an atomic resolution. We determine tertiary structures of pro-
teins and nucleic acids that are crucial for biological processes
by X-ray crystallography, generate hypotheses how their func-
tions emerge from the structures, and demonstrate the hy-
potheses by in vitro and in vivo analyses of mutants designed
based on the structures and computer simulation.

Membrane protein projects

Five senses (touch, taste, hearing, eyesight and smell) are
essential for higher eukaryotes to determine their actions in re-
sponse to environmental insults. We promote structure determi-
nation of the sensing receptors complexed with ligands to eluci-
date the general mechanism of how external chemical and
physical stimuli activate and change the conformation of the
sensing receptors (channels) to form a novel interaction with
the coupled G proteins or to change the cation permeability. We
are further promoting X-ray crystallography of metal transport-
ers and membrane translocon to elucidate the fundamental
mechanism of the specific substance transportation through
lipid bilayer membrane.

Non—coding RNA projects

Transfer RNA (tRNA) acts as an adaptor molecule to link the
genetic code (in messenger RNA) to a specific amino acid.
tRNA is initially transcribed by RNA polymerase as a precursor
RNA with long extensions at the 5" and 3' terminus. Maturation
of tRNA into a functional RNA requires processing of the exten-
sional sequences, chemical modifications and specific aminoa-
cylation. The post-transcriptional chemical modifications con-
tribute to the structural stabilization and the specific codon rec-
ognition by tRNA. We are promoting structure determination of
the tRNA-maturating enzymes in a complex with tRNA (precur-
sor) to especially elucidate the dynamic mechanism of their
highly specific chemical reactions.

Structure-based cancer research 1

We promote X-ray crystallography of various oncogenic
products or signal transduction proteins in a complex form to
provide the structural basis for the mechanism of how their dys-
function cause cancer and metastasis of cancer cells. We
mainly focus on growth factor receptors, oncogenic mediators
and transcriptional factors, which transduce the TGF-/3 and
Whnt/ S—catenine signals. We are also promoting the project on
innate immunity. Our final goal is to design a novel and effec-
tive anti-cancer drugs with minimum side effects, on the basis
of their atomic structures.

CCA fNEEZ#E tRNA
7 R A 0D 1 B R D 4
i&, Nature (2006)
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Signal transduction studies by proteomic analyses

Two—dimensional gel electrophoresis is a general tool for pro-
teomic studies. However, proteins of low abundance such as
factors involved in signal transduction have been overlooked
hidden behind huge spots of proteins of cytoskeleton or meta-
bolic enzymes. To overcome this problem, we combined pre-
fractionation techniques with 2-D gel.

One method is phosphoprotein purification. Phosphoproteins
were purified from cells in which a kinase of interest was either
activated or suppressed. Samples were analyzed by 2-D elec-
trophoresis. By this approach we succeeded in the identification
of nearly 30 substrates of ERK (extracellular signal-regulated
kinase). About half of the identified proteins are known ERK
substrates, indicating the efficacy of our approach. We also
identified novel p38 MAP kinase substrate by a similar ap-
proach. Also, we analyzed raft membrane fractions from acti-
vated or quiescent T—cells, which revealed that proteins having
PH domains are recruited to raft fractions upon activation.
Since this fraction contains T—cell receptor, components for T-
cell immunosynapse formation will be identified by this ap-
proach.
3CER

Harita Y, Kurihara H, Kosako H, Tezuka T, Sekine T, Igarashi
T, Hattori S. Neph1, a Component of the Kidney Slit Diaphragm,
Is Tyrosine-phosphorylated by the Src Family Tyrosine Kinase
and Modulates Intracellular Signaling by Binding to Grb2. J Biol
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2007.

Kobayashi M, Katagiri T, Kosako H, lida N, Hattori S. Global
analysis of dynamic changes in lipid raft proteins during T—cell
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Fig. 1

The zebrafish is an excellent model vertebrate for the analysis of CNS de-
velopment for many practical reasons including high similarity of its geneti-
cal and structural organization with that of other vertebrates, including mam-
mals. In addition, another advantage of using the zebrafish is that knock-
down and overexpresion experiments can be done easily. We cloned pro-
moter region of retinal specific gene, rx1, and this figure shows retinal spe-
cific expression of EGFP under regulation of rx1 promoter in the zebrafish.
Mouse rx1 promoter-EGFP was also expresses retinal specific manner in
zebrafish, indicating common mechanisms underlie in mouse and zebrafish.
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ing the signal transduction from membrane to nucleus regulating
stem cells for their self renewal and differentiation into particular cell
lineage and tissues. For these purposes, we work on various organs
and cells including neural, dental, lymphoid and hematopoietic cell
lineages as well as pluripotent embryonic stem cells. As in vivo mod-
els, we use monkey, mice, and zebrafish for the studies of molecular
mechanisms of differentiation and development of tissues and or-
gans.
The specific activities are as follows :
(1) Molecular mechanisms of retinal development in vertebrate
(2) Retinal specific transcriptional regulation
(3) Identification of retinal stem cells
(4) Regeneration of retinal cells from mouse ES and iPS cells by
transplantation.
(5) Expansion of haematopoietic stem cells by manipulation of cy-
tokine signals.
By using different tissue systems and animal models, we aim to re-
veal fundamental as well as specific mechanisms of stem cell regula-
tion. Understanding basic mechanisms of cell proliferation and differ-
entiation will help us to develop novel strategies with which to ma-
nipulate the stem cells for their amplification and differentiation into
specific cell lineages.
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Fig. 2

Neural differentiation of mouse ES cells and their derivatives with ectopic
expression of retinal specific RX gene. Parental ES cells and modified ES
cells have different morphology and gene expression patterns when they
are differentiated into neural cells. When the modified ES cells were trans-
planted into host mouse retina, the cells differentiated into subsets of retinal
clells and their functional synaptic formation was confirmed by electrophysi-
ology.
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Fig. 3

Identification and isolation of retinal stem cell from mouse embryo: Using
various markers, we examined proliferation and differentiation abilities of
sub—population of immature neural retina. This figure shows one of these
markers, SSEA-1, which is known as a marker of neural stem cells in brain,
are expressed in the ciliary marginal zone of the immature retina. SSEA-1
positive cells are proliferating and in vitro culture of these cells showed high
proliferating activity of them, indicating that the SSEA-1 is a marker of retinal
progenitor cells in the mouse.
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(1) Research objectives

The objective of this collaborative research unit is to study the media—re-
lated methodologies used in medicine, with particular emphasis on raising
public awareness and obtaining a social consensus as part of infrastructural
development towards establishing and disseminating advanced medicine
and translational research.

Currently, many facilities in Japan, including the Institute of Medical Sci-
ence, the University of Tokyo, are working to establish and disseminate ad-
vanced medicine, and promote translational research (TR). Advances in
medicine have led to the development of new drugs and inspection meth-
ods, as well as the emergence of a number of anticancer drugs, including
molecular-targeted therapy and monoclonal antibodies. Therapeutic drugs
and inspection methods in the fields of cancer and palliative therapy, pain
control, and lifestyle—related diseases, etc. are likely to continue moving for-
ward. The continued future development of drugs with few side effects will
likely lead to the establishment of new systems of treatment and drug distri-
bution for their simple application to home treatment.

Moreover, as the population ages there has been increased interest in
public healthcare for cancer and lifestyle-related diseases. Medical informa-
tion for the public is now provided through a variety of media channels, in-
cluding newspapers, magazines, free publications, and the internet.

At the same time, however, public awareness of advanced medicine and
TR, both essential for further development of medical treatment, remains
poor, making it difficult to obtain a social consensus. One of the reasons for
this bottleneck is probably because of the inadequate provision of medical
information to the public. Although the promotion of advanced medicine and
TR requires that medical information be available to a wide range of people,
including researchers, medicine providers, patients, their families, the legal
community and the government, pharmaceutical companies are regulated
with regard to the medical information they can provide to the public and are
unable to provide detailed information. Consequently, universities, research
departments and hospitals must fill this role.

More specifically, in order to ensure that advanced medicine takes root, it
is fundamental to convey information from academia to the general public
through the integrated use of various media, which necessitates a field of re-
search responsible for transmitting this kind of information.

The Institute of Medical Science, the University of Tokyo is the optimum
facility in the field of medicine for promoting advanced medicine and TR. Itis
also a facility capable of conducting public relations (PR) activities for ob-
taining a social consensus with regard to advanced medicine and TR. It
would be possible for research institutes to inform society and the public of
research results, and for affiliated hospitals to cater to patients or families
who are both familiar with advanced medicine and TR and who want to par-
ticipate in TR studies. Meanwhile, Ain Pharmaciez, Inc., Asahi-Chozai, Ltd.,
and Ain Medical Systems, Inc. a group of companies involved with dispens-
ing pharmaceuticals, are providing patients and their families with informa-
tion on drugs and medicine. Through this process we have come to learn
that patients and their families have a pronounced interest in cancer treat-
ments and we have become acutely aware that unfamiliarity and apathy
among the general public poses a problem with regard to advanced medi-
cine and TR as they pertain to the further development of such treatments.
Therefore, in hopes of increasing awareness among the public and society,
we deemed it necessary to conduct collaborative research with the Institute
of Medical Science, the University of Tokyo, a leader in sending out informa-
tion from the fields of advanced medicine and TR. Taking into account the
fact that hospitals once provided patients with information on drugs and
medicine, while nowadays patients are recommended non-hospital pre-
scriptions, which has led to the development of a patient information net-
work from non-hospital pharmacies, this collaborative research promises to
benefit not only the Institute of Medical Science and the Ain Pharmaciez
group but the general public as well.

Thus, the objective of this collaborative research unit is to conduct infra-
structural development for establishing and disseminating advanced medi-
cine and translational research, especially research on the media—related
methodologies used in providing medicine, with particular emphasis on rais-
ing public awareness and obtaining a social consensus.

(2) Research projects

To select areas in which coordination between advanced medicine/TR
and society is bottlenecked and to propose solutions. From among all possi-
ble bottlenecked areas, this collaborative research unit will primarily focus
on the following three items.

1) Research on public awareness and social consensus on advanced

medicine and TR

Specialists send out a wide array of information on advanced medi-
cine and TR to the public through newspapers, magazines (specialized
and general interest publications), brochures, and online media, etc. We
will examine how this information is communicated from the source and
how it affects people’s behavior, then study effective methods for raising
public awareness. Through these types of pragmatic studies, we will
then conduct research on public awareness and social consensus on
advanced medicine and TR.

2) Research on methods for recruiting patients to participate in ad-

vanced medicine and TR

In order to promote advanced medicine and TR, it is important not
only to gain an understanding from the general public but also for pa-
tients to proactively participate in TR. Therefore, we will first analyze the
state of patient recruitment through patient behavioral surveys and so
forth. Based on these surveys, we will then study methods for building a
structure of optimal cooperation between communities, medical asso-
ciations, government and media, etc. We will also study social consen-
sus-building and the dynamics of medical exams of patients who partici-
pate in advanced medicine and TR.

3) Survey research on the influence of the judicial system and govern-

ment on advanced medicine and TR

Negative defensive medicine has become a topic of national concern
due to judicial intervention in medicine as exemplified by Article 21 of
the Medical Practitioners Law. At the same time, the number of studies
on side effects, complications, safety and effectiveness have dropped
dramatically since the second half of 2007. Taking into account this kind
of close mutual relationship between the judicial system and medical re-
search, we will examine the effects that legal issues and disruptions in
medical care have had on advanced medicine and TR, conduct survey
research on the relationship between the judicial system, government,
advanced medicine and TR, and make recommendations to society
based on the results through specialized journals, general interest
magazines, and other media channels.
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Figure 1

FRS2« is a control center in FGF signaling in vivo. Frs2« null mouse em-
bryos showed early embryonic lethality due to a failure of maintenance of
trophoblast stem (TS) cells. TS cells are dependent on FGF4 and localized
in extraembryonic ectoderm (EXE). The wild type EXE is positive in pERK
staining but it is weak in the mutant. The Frs2#*"* mice have a variety of de-
velopmental defects and some of them are reasonably explained by failure
of FGF signaling.

Our major research interest is to elucidate the molecular mechanisms
regulating cancer cells, stem cells, cancer stem cells and development. Our
team has two important research directions: One is to clarify the basic princi-
ples underlying biology and the other is to apply the knowledge extracted
from the basic principles to translational medicine. In particular, we are fo-
cusing on growth factor signaling, such as fibroblast growth factor (FGF) and
epidermal growth factor (EGF). In order to achieve the goal, we take ap-
proaches of systems biology, in combination with conventional methods of
molecular biology. For systems biology we play major roles as biologists in
wet lab and have active collaboration with bioinformatitian in dry lab. In this
institute we have close collaboration with Laboratory of DNA Information
Analysis, Human Genome Center. With the combinational approaches we
challenge to new fields, cancer systems biology and stem cell systems biol-
ogy.

1. Identification of new biomarkers and molecular targets of lung cancers
by systems biology approach

Our hypothesis is that elucidation of the molecular mechanisms of addic-
tion of lung epithelial cells to EGF receptor tyrosine kinase (RTK) signaling
leads us to identify new biomarkers and molecular targets of lung cancer.
We are currently constructing simulation model of EGF signaling by using
Cell lllustrator. To build the model, we analyzed time—course events of tran-
scription that are initiated in lung epithelial cells stimulated with EGF with or
without gefitinib, an inhibitor of EGF RTK used in clinic for treatment of lung
cancer. Newly obtained long-term time—course gene expression profiles re-
veal enormous transcript actions that can be divided into several groups by
using literature based knowledge and a statistical time-series model. Gene
expression profiles obtained by mRNA analysis are being confirmed at pro-
tein levels in order to reflect them in the simulation model. The time course
analysis has also disclosed novel candidates of individual biomarkers and
signatures for prediction of the efficacy of the drug or for prognosis of lung
cancer. Our approach would certainly advance personalized medicine in the
near future.

2. Molecular mechanisms of cancer initiation, progression, invasion and
metastasis: establishment of breast cancer model

The hypothesis of cancer stem cells is that a small population in cancer
tissues has ability to self-renew, serving as a reservoir for all the rest of the
cancer cells. To clarify the mechanisms how small numbers of cancer stem
cells expand and make a large tumor, we attempted to establish a mouse
model using breast cancer cell lines. We introduced luciferase reporter into
several breast cancer cell lines by lentivirus and isolated the CD24~"°" CD
44+ population, that are believed to be enriched with cancer stem cells, and
the control population (CD24+ CD44+). We implanted CD24~/* CD44™ and
control population to the mammary fat pads of NOD-SCID mice and exam-
ined tumor growth by in vivo imaging using the luciferase reporter. Using this
model, we are currently analyzing the complex time series molecular
mechanisms of tumorigenesis arisen from cancer stem cells.

3. Signal transduction mechanisms through RTKs for tumorigenesis, stem
cell maintenance, and development

FGF and EGF RTKs play major roles for a variety of physiological and
pathological aspects of biology, including developmental biology, stem cell
biology, and cancer biology. We focus on FRS2 family of adaptor/scaffold-
ing docking proteins, as key intracellular signal regulators of these RTKs.
The FRS2 family has two members, FRS2« and FRS23. FRS2« serves as
a control center in FGF signaling. Indeed, FRS2a knockout mice and mice
with mutated its Shp2-binding sites exhibit a variety of phenotypes due to
defects in FGF signaling in vivo. On the other hand, FRS2/4 inhibits EGF
signaling, resulting in inhibition of EGF-induced cell proliferation and cell
transformation.

a. Molecular mechanisms of selfrenewal and proliferation of neural

stem cells and trophoblast stem cells in response to FGF

b. Involvement of FRS2/ in brain function

c. Molecular mechanisms of inhibition of tumorigenesis by FRS2/3

d. Analysis of physiological and pathological roles of FRS2« and

FRS2/5 using conditional or conventional knockout mice, or knock-in
mice.
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Figure 2
Overview of the approach of cancer systems biology
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HUMAN GENOME CENTER

The aim of the Human Genome Project is to contribute to our
society through development of diagnostic methods, novel
treatment, and prevention for diseases. The project also pro-
vides very important and fundamental information for molecular
and cell biology. Our Genome Center was established in 1991
as a central research center for the Japanese Human Genome
Project and now consists of eight research laboratories as indi-
cated below.

Each laboratory of Human Genome Center conducts the ad-
vanced research in human genome analysis, particularly the
field related to genes susceptible to diseases, and also pro-
vides resources and information for genome research. We also
have seminars to transfer technology as well as to use various
computer programs.
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LABORATORY OF GENOME DATABASE

ST 57 2O BOEWR TR LARIFIEYT 51213,
7 A= FENTVLEIETOEE, LEMY AT AEKRD
AT ZERT BT T —FARD SN TWbE, ZOHTEE R D
DHBRA ST ) DERDONL XA T =T 4 27 AT, Kl - 18
K EBROEG Y AT A% V¥ 12— % OHTETFIUELEE
RIS 5 72D DT BT 2 BN D 5,

AW T, b MR UKL AW S ) LEF 7T
Va7 I hoBONT ) AOERE D L2, EYIENEET
T)F—3avTF—FR—ADBEETo>TEZ, TRITMA
T, DFHOO%HN) % KB L 72— 2 02 o Tw»
bo ZD—DE LT, MILOERNLEERETH HMAHPT 7V
B EOM#EENSAY 243y TLWH B TT—y_R—21{LL
T&72e TNOHDHRIZKEGGT — ¥ X—AD—# & LTAH
ENTWD, 512, MMM R &8 R Bis
DF =7 R=Z2t% D TVb, TNHOBGEEETF VLT S/
OOEHE R ITHIIFETL ENTBEL T, ADF—FR—2%
EAZBHEI R TR £ AT N T 5,

—, RII 2 =T AT I A FA VT HRT AT A -
AVTIFGANTI I F v —DR{IFZADI v a vy THE, I
FTIZ, UTFOX ) RAEWMET — 5 RX—AME Y AT LT
P—EXERREL, A5 =%y PTARLTWAS,

1) AT =y R—ADEXMHFEII L5 P HE—E A

HiGet (http://higet.hgcjp/)

2) MERETY—MRKY AT LSSS (http://ssshgejp/)

3) &) LONET ) F—Ya Y AT AKEGG DAS (http://

das.hgcjp/)

4) KEGGIZA9 5SOAP/WSDLIZ & %7 = 79— ¥ ZKEGG

API (http://www.genome,jp/kegg/soap/)

5) ESTERA DT £ ¥ TN %7934 T4 ¥ A5 LEGas-

sembler (http://egassembler.hgcjp/)

e ENCHIAC Barabase:

L e koA Rt Rl e 0 .

5.1 Cancers
Colorectal cancer HUMAn GSeaE
PanCrestic cancer
Glioma
Thyroid cancer
Acute myeloid leukemia
Chronic myelold keukemis

Endornetrisl cancer
Srnall call lung cancer
Mon-smal cell lung cancer
5.2 Immune Disorders
Asthma
Systemic Wpus erythematosus N
Autoimmune thyrod disease
Allograft rejection New!
Graft-versus-host dsease New!
Priemary Immunodefidency few!
5.3 Nourcdegenarative Diseasss
Alzheimer's dseass
Parkinson's disease
Amyotrophic lateral sclerosis (ALS)
Huntington's disesse
Dentatorubropslidoluysian atrophy (DRPLA) i
Prion diseases
5.4 Metabolic Disorders.
Type | tabetes mebtus
Type Il diabetes melitus
Maturity onset disbetes of the young
5.5 Infectious DI
Vibrio cholerae infection Aeveed! Infectious diseases
WVibrio cholerne pathogenic cyce New!
Epithelial cell sigraling in Helicobacter pylon infection
Pathogenic Eschencha col nfection

1
b rORRUCET 2/8X 7 2 1 —F (http://www.kegg.jp/kegg/pathway.
htmi#disease)

Fig. 1
The list of the human disease pathways in KEGG

For deciphering and utilizing ever-increasing amounts of
genomic data, a systemic view is required with an approach to
understanding a blueprint of how life systems are organized
from the set of genes in the genome. A major component of this
approach is bioinformatics in the post genome era, where novel
methods need to be developed for modeling and in silico
analyses of higher-Jevel biological systems such as cells and
organisms.

In this laboratory, we have been analyzing genome se-
quences and developing gene annotation databases based on
the information obtained from various genome projects. In addi-
tion, we have been constructing a knowledge base of molecular
interaction networks in the cell. Our efforts are integrated in the
KEGG PATHWAY database covering metabolic, signaling, and
various other pathways. Our next challenge is to computerize
more complex life phenomena, such as cell—cell interactions,
environmental effects, human diseases, and drug responses.
Methods to represent and model these phenomena are not well
established yet and we hope that our databases will enable de-
velopment of many new approaches.

We also have a mission to provide biological database serv-
ices and bioinformatics analysis services as an information in-
frastructure for life science researchers. Thus far, we have de-
veloped the following services.

1) HiGet: biological database entry retrieval system with the
ful-text search engine for major biological databases
2) SSS:. sequence similarity search system integrating

BLAST, FASTA, SSEARCH, TRANS and EXONERATE

against various sequence databases.

3) KEGG DAS: distributed annotation system for the complete
genomes in KEGG

4) KEGG API: SOAP/WSDL based web service for utilizing
the KEGG resource within the client program

5) EGassembler: integrated pipeline to assemble EST se-
guences
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Renal cell carcinoma pathway in KEGG
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Fig. 1

Gene network computed from the microarray data based on 351 siRNA
knock-downs of HUVEC. New hub genes regulating inflammation and apop-
tosis under TNF-« treatment.

39

The recent advances in biomedical research have been pro-
ducing large—scale, ultra-high dimensional, ultra-heterogene-
ous data. The mission of this laboratory is to create computa-
tional strategy for systems biology and medicine towards trans-
lational bioinformatics. The supercomputer system is the indis-
pensable infrastructure for this mission. The following three top-
ics are rigorously investigated.

(1) Gene network analysis: We developed a series of compu-
tational methods for mining gene networks from DNA mi-
croarry gene expression data and various genome-wide in-
formation such as protein—protein interactions, etc. Bayesian
networks, state space model, and Boolean networks are in-
vestigated for modeling, estimating and analyzing gene net-
works consisting of several thousands genes. This gene net-
work technology has been applied for searching drug—re-
sponse pathways. As a case, it was applied to HUVEC mi-
croarray data of 351 siRNA gene knock-downs and the com-
putationally inferred HUVEC networks unraveled some hub
genes regulating inflammation and apoptosis in TNF-«
treated HUVEC.

(2) Modeling and simulation of biological systems: We devel-
oped a software tool Cell Illustrator (Cl) with which we can
model and simulate various biological mechanisms and path-
ways in cells by organizing and compiling biological data and
knowledge. For this software, we created a new notion called
Hybrid Functional Petri Net with extension as its architecture.
Simultaneously, we have been developing an XML format
Cell System Markup Language (CSML ver. 3.0) (http://www.
csml.org/) for describing biological systems with dynamics
and Cell System Ontology (CSO 3.0). Since CI employs
CSML/CSO and equips biology-oriented sophisticated GUIs,
we can model very complex biological processes like with a
drawing tool.

(3) Peta flops computing for biomedical research applications:
Since 2006, this laboratory has been involved with the
RIKEN’s grand challenge project for life sciences called “The
Next-Integrated Life Simulations” which aims at developing
software applications that will enable us to simulate and ana-
lyze the processes that take place within living organisms,
from the molecular level to the level of the whole body. We
are developing (i) peta—scale computational methods for in-
ferring molecular networks of tens of thousands nodes, and
(i) a new statistical and computational method called “data
assimilation” that “blends” simulation models and observa-
tional data rationally.
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Fig. 2

Cell lllustrator pathway model and its module executing the user specified
multiple initial conditions at once and displaying the result with 2D or 3D
plots.
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Fig. 1

Strategy for establishment of personalized medicine and development of
molecular targeted drugs using genome-wide cDNA microarray or whole
genome-SNPs analyses.
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We are working on the identification of clinically useful data
from human genome sequence as a post genome-sequence
project. To develop novel diagnostic and/or therapeutic strate-
gies to human diseases including cancer, we are carrying out
the identification and functional analysis of genes associated
with the human diseases. Through genome-wide expression
profile analyses in various human cancers by means of cDNA
microarray containing 32,256 genes or ESTs, we have identi-
fied genes related to the sensitivity of their treatment such as
chemotherapies and radiotherapies. Using these data, we have
been further exploring systems to predict the sensitivity of treat-
ment. In addition, we are searching for genes associated with
their drug responsiveness and adverse effects using whole
genome-SNPs (Single Nucleotide Polymorphisms) analysis,
which may facilitate the development of prediction systems of
the adverse effects. The final goal of our study is the application
of these prediction systems into clinics and the realization of
personalized medicine. Additional projects include the identifi-
cation of downstream target genes of tumor suppressor p53.
The characterization of physiological functions of the target
genes may be useful not only for the clarification of human car-
cinogenesis but also for its clinical application to therapies. The
main projects are as follows;

1) Isolation of genes associated with human disease such as
lupus nephritis, Crohn’s disease, cerebral infarction,
Amyotrophic lateral sclerosis, by comprehensive SNPs-
analysis

2, 3) Establishment of prediction systems of the effectiveness
and adverse effects of treatment including anti-cancer drugs
and radiotherapies using whole genome-SNPs analysis or
cDNA microarray

4) Identification and functional analysis of p53-target genes.
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Fig. 2
Personalized medicine
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cDNA microarray system using the cancer and normal cells purified with
laser microbeam microdissection (LMM).

41

The determination of human genome sequence has been com-
pleted as a result of human genome project. Thus, it is now crucial
to clarify the function of genes in the genome. Particularly func-
tional analysis of genes associated with human diseases is a mat-
ter of great importance. Microarray that enables to detect expres-
sion of thousands of genes with an experiment is a powerful tool for
the research of carcinogenesis in terms of basic research as well
as clinical research. We fabricated our in-house microarray slides
containing 32,256 genes or ESTs that contains almost all genes in
the human genome. We have performed expression profile analy-
ses of breast cancer, lung cancer, esophageal cancer, pancreatic
cancer, renal cell carcinomas, bladder cancers, prostate cancer
and soft tissue tumors using the cDNA microarray in combination
with LMM (Laser Microbeam Microdissection). To obtain the pre-
cise expression profile of human cancers, we selectively collected
cancer cells by LMM from clinical tissues that are a mixture of can-
cer cells, stromal cells, endothelial cells, and infiltrating lympho-
cytes (Fig. 1). We also analyzed expression profiles of 30 normal
human tissues. Through these microarray data, we have identified
several candidate genes that are overexpressed in cancer cells
and not expressed in vital organs, as candidates for novel molecu-
lar targets of therapeutic drugs, antibodies, and peptide vaccine
and/or diagnosis of human cancers. Particularly, through the ex-
pression profiles of soft tissues tumors, we found that Frizzled
homologue 10 (FZD10), a member of Frizzled family, is exclusively
up—regulated in synovial sarcoma (SS) and its expression is not or
hardly detectable in normal organs. Treatment of two SS cell lines
with small interfering RNA decreased the protein expression of
FZD10 specifically and suppressed their cell growth. Furthermore,
monoclonal antibody (MAb) to FZD10 we established was shown
to have specific binding activity against FZD10 on cell lines ex-
pressing FZD10. We confirmed the specific binding activity of this
MADb in vivo after injection of fluorescent-labeled MAb intraperito-
neally or intravenously into the mice carrying synovial sarcoma
xenografts by the use of the /in vivo fluorescent imaging system
(Fig. 2). Moreover, a single intravenous injection of the *Y-radioiso-
tope—conjugated MAb drastically suppressed tumor growth of
synovial sarcoma in mice without any severe toxicity. Taken to-
gether, we are strongly confident that anti-FZD10 MAb could be
utilized as the novel treatment modality for synovial sarcoma and
other FZD10-positive tumors.

FZD10-Mab

a0k %

Fig. 2

(@) /n vivo fluorescence imaging of synovial sarcoma (SS) tumor-bearing
mice after injection of fluorescent (Alexa647)-labeled Mab. Fluorescence-la-
beled Mabs were administered at a dose of 20 xg per mouse intraperito-
neally. All fluorescence images were acquired with a 60-second exposure
time (f/stop=2) before injection, immediately after injection (0 hour), 24, 48
and 96hours, (b) Representative images of dissected organs (liver, spleen,
kidney, pancreas and colon), and tumors from xenograft nude mice.
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To understand biological systems from the genome informa-
tion and develop medical and other practical applications, it is
necessary to perform an integrated analysis of chemical infor-
mation on substances and their reactions, added to the analy-
sis of genes and proteins. The integration of genomics and
chemistry has been emphasized in the pathway database
KEGG and the LIGAND database has been made publicly
available for many years.

We are now extending the KEGG LIGAND database to in-
clude not only small compounds and reactions but also gly-
cans, lipids, and peptides, especially active peptides synthe-
sized both in the ribosome and non-ribosome systems. The
Chemical Genomics Project aims at developing a new picture
on the whole reaction network consisting of small chemical
compounds to biological macromolecules. We are currently de-
veloping computational technologies for chemical genomics,
such as graph-based methods for analyzing chemical com-
pounds and reactions, tree-based methods for analyzing gly-
can structures, and KegDraw, a tool for drawing structures of
compounds, glycans and peptides.

There are many other problems to solve with computers
other than chemical genomics when we analyze genomes to
understand biological systems or to develop medical and indus-
trial technologies. These include drug design, SNPs analyses,
genome sequence analyses, microarray analysis, etc. But
many of these problems are very difficult to solve from a view-
point of computer science. We also focus on the development
and analysis of algorithms for these problems, through re-
search on graph theory, combinatorial pattern matching theory,
and learning theory.
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Fig. 1
Chemical genome database.
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1. Overview

Genome sequences of homo sapience and many other spe-
cies were decoded and genetic diverseness among them is
ready to be untangled. Besides the inter—species variations, the
intra—species genetic heterogeneity is being investigated as the
origin of complexness of biologic phenomena. Genetic poly-
morphisms construct the intra—specific heterogeneity and single
nucleotide polymorphisms (SNPs) and copy number polymor-
phisms (CNPs) among the polymorphisms are the major tar-
gets of genetic epidemiology studies to identify risk-variants of
various human phenotypes. Actually genome-wide association
(GWA) studies to identify disease—related genetic polymor-
phisms have been actively carried out with multiple confident
and promising findings. Because of advancements in genotyp-
ing technologies, the scale of GWA studies has been progres-
sively enlarged. This scale—up has produced multiple statistical
problems to be solved. We study these genetic polymorphisms
from statistical and mathematical aspects and they are grouped
into two parts. One part is on the genetic heterogeneity itself in
the context of population genetics and the other part is on the
interpretation of data from genetic epidemiology studies, such
as GWA studies.

As a compound in nature, the DNA sequence is under pres-
sure to maximize the heterogeneity of the sequence. Under the
most random condition, all bases of the sequence would be
polymorphic, and all bases and all sets of bases are mutually
independent. At the other extreme, under the least random con-
dition, all DNA molecules would be clones. In living organisms,
the number of polymorphic sites in the DNA sequence is limited
due to the requirements for reproduction and as a result of se-
lection and genetic drift, against which opposite forces act to in-
crease heterogeneity (e.g., mutation and recombination). A ma-
jor research target following the completion of the genome se-
quence is the investigation of intra—species variations, among
which diallelic single nucleotide polymorphisms are the most
common. Genetic variations within a population give rise to link-
age disequilibrium (LD), and the use of the genetic history of
the population and LD mapping is a very promising method for
identifying genetic backgrounds of various phenotypes. We de-
velop new methods to quantify the heterogeneity and complex-
ity of population of DNA sequence so that various researches
based on genetic heterogeneity will benefit.

GWA studies are resulting in many useful findings. The scale
of such studies is increasing along with rapid progress in geno-
typing technology. This increase in scale necessarily increases
the degree of dependence among individual tests in GWA stud-
ies. The inter-test dependence is problematic because almost
all the conventional statistical methods assume independence
among multiple tests. One of the major sources of inter—test de-
pendence is allelic association due to LD and population struc-
ture. This problem has been well aware of since SNP-based LD
mapping became popular. There are some other origins of inter
—test dependence that are less noticed but similarly trouble-
some as allelic association; the intertest dependence due to
application of multiple genetic models to individual markers and
due to study designs, such as the usage of common controls
and subjects with comorbidity for multiphenotype studies,
which is currently common particularly in the gigantic study de-
sign. Besides the multiple sources of inter-test dependency, the
variable inflation of test statistics due to biased sampling is one
of the unavoidable consequences of enlarged sample size, be-
cause the genetic epidemiology studies on complex genetic
traits target relatively weak factors, which means sample size of
them should be more than thousands and subsequently makes
idealistic random sampling from homogeneous population im-
possible. These problems that complicate the interpretation of
data of GWA studies are mutually related and there is no
straight-forward solution of them all together. We decompose
the difficulty into parts, i.e., the problem of LD, population struc-
ture, multiple genetic models, study design and characterize
their problem and propose solution of the individual problems at
the beginning and also attempt to improve the interpretation of
data of GWA studies as a whole.

CNP is another major target of genetic epidemiology studies
as the origin of phenotype heterogeneity. Test statistics for
CNP data are not well established yet. We characterize avail-
ability of conventional statistical methods and investigate po-
tential for development of newer statistics for them.

Along with these basic researches to develop new methods,
we collaborate with multiple research groups in and out of the
IMS-UT for the interpretation of genetic epidemiology data with
the conventional statistical methods.
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Fig. 1

Example of promoter modeling. From a given set of muscle—specific pro-
moters, its probabilistic model is made and its prediction result was verified
experimentally (by a collaborator)
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The term “in silico” in the name of our laboratory may not be
so familiar; it is analogously used with more commonly-used
terms in biology, such as “in vivo” (in the living organism) and
“in vitro” (in the test tube). Namely, “in silico” means “in the sili-
con chip”, which means “with computers”. Thus, the mission of
our laboratory is to computationally analyze the functions of
genes, which are encoded in genome sequences.

The term “function of genes” may also need some explana-
tion as it refers to two things: one is the biochemical function,
which is the function of each gene product by itself (e.g., sub-
strate specificity), while the other is the biological function,
which is the global process in which each gene product partici-
pates (e.g., development or glycolysis). The necessity of under-
standing both meanings of the funetrons of genes is reflected in
our two lines of research activities.

More specifically, Prof. Nakai is an expert of sequence analy-
sis, with an emphasis on the analysis of transcriptional regula-
tory regions. For example, his group has systematically ana-
lyzed the transcription factor-binding sites in bacterial promot-
ers. Collaborative studies with Prof. Sumio Sugano’s group are
also under way to analyze the promoter structure of higher or-
ganisms. The analysis of transcriptional regulation is useful to
understand the biological function of genes because it clarifies
how a set of genes is regulated in a coordinated way.

On the other hand, Assoc. Prof. Kinoshita is an expert of pro-
tein structure analysis, with an emphasis on the prediction of
protein function through their 3D surface structure. His study
will be useful for the understanding of not only the biochemical
functions of genes, such as ligand-protein binding, but also
their biological functions through the clarification of protein—pro-
tein interaction networks.

We expect that the above two lines of studies will interact and
stimulate each other in many aspects. Through such an interac-
tion as well as through many collaborations with experimental
groups, we wish to make steady and significant contributions to
the post-genome analyses.
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Department of Public Policy, launched in June 2006, engages
social science research regarding medical sciences and soci-
ety. We pay careful attention to potential impact brought by
medical science research towards public health, medical care,
social welfare, labor, family, community, culture and education.
With the vulnerable—oriented perspectives, such as patients,
the challenged, research participants and their family members,
we promote our research to be a leading research center with
particular emphasis on the social, ethical, and regulatory di-
mensions affecting the introduction of novel technologies into
health care systems and other social systems.

Furthermore, we accept any request for conducting survey or
policy studies on these bioethical and regulatory issues; surro-
gacy, organ donation from living donors, human cloning, re-
search ethics oversight, and religious refusal of blood transfu-
sion.

We also support the Office of Research Ethics of the IMSUT.
We welcome any consultation on human protections prior to
protocol submission to the IRB, develop and provide research
ethics training programs designed for researchers and monitor
ongoing research.

The followings are some examples of our research activities.
1. Ethical, legal and social support and survey for the Leading

Project to Realize the Personalized Medicine (MEXT)

For this project, lead by Professor Yusuke Nakamura since
2002, we conduct some surveys towards research partici-
pants for seeking better communication between participants
and scientists and for obtaining information from the research
sites. We conduct online questionnaire survey towards re-
search coordinators, who work for obtaining consent from
participants and input clinical information. We also conduct
questionnaire survey towards participants for obtaining par-
ticipants’ feedback. We edit and issue newsletters called as
“Biobank News” for participants and the public quarterly.

2. Policy studies regarding genetic testing

(1) Research on ethical, legal, social and financial aspects

regarding pharmacogenetic testing

Current development on pharmacogenetics based on
personal genome is pretty dramatic. We conduct several
researches on standard and quality of consent process, fi-
nancial impact to health insurance system and so on.

(2) Comparative political studies on direct-to-consumer ge-

netic testing

We compare regulative solution on direct-to—consumer
genetic testing among several countries, including the UK,
the USA, China, Taiwan, South Korea and Japan. Numer-
ous genetic testing, evidence—based or with no evidence,
are sold by various ways of provision. These countries take
several political options to regulate these companies. We
have just finished baseline survey.

(3) Quality assurance of genetic testing for hereditary neuro-

logical disorders

Presymptomatic and diagnostic genetic testing for he-
reditary neurological disorders has various implications
from perspectives of family life course. We conduct action
research to help their decisions and life planning in coop-
eration with neurologists, community consultants, advo-
cacy groups and clinical genetics units.
3. Café Sciantifique avec l'art

As one of the outreach activities, promoted by The 3rd Sci-
ence and Technology Basic Plan by the Japanese govern-
ment, we organize Café Sciantifiques for better social and
scientific communication. Our Café Sciantifiques, called “Sci/
Art Café”, aim to feature the unique cross point between art
and science for those who seldom communicate with sci-
ence. We held the first Sci/Art Café titled as “Rhythm gener-
ated by networking” at the World Rhythm Summit in April
2008, followed by the second Sci/Art Café “Doing Science,
doing art” at the Medical Science Museum of the IMSUT in
October 2008.
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The Center for Experimental Medicine was established in
April, 1998. It consists of three laboratories, Laboratory of DNA
Biology and Embryo Engineering, Laboratory of Cellular Biol-
ogy and Laboratory of Gene Expression and Regulation, re-
structured from the Department of Veterinary Medicine and the
Department of Oncology. The operation of this center is carried
out with the Laboratory of Experimental Animals, since all the
four laboratories share the closely related jobs such as the in-
struction of the handling of animals, teaching how to make the
schedules of animal experiments and how to perform the ex-
periments, operation and management of the animal center,
etc.

The Center for Experimental Animals will be working for ten
years from the establishment and will have to be renewed in
2008.

The purposes of the center are to develop animal models for
human diseases and regeneration medicine to analyze those
models. For accomplishing these purposes, we try to devise the
animal experimental systems by developing the embryo engi-
neering technologies as well as recombinant DNA technologies
that link the genome science and genome medicine.

Humanized Mouse Models
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Fig. 1

IL-1 receptor antagonist knockout mouse (A) and the histopathology of the
joint. (B, C, D) These mice develop inflammatory arthropathy at high inci-
dence and are useful as a model for rheumatoid arthritis.
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Fig. 2
Excess IL-1 signaling causes autoimmune arthritis.

Recent development of transgenic techniques has made it
possible to directly analyze the functions of a particular gene in
a living animal. These techniques have also made it possible to
produce various animal disease models. Autoimmune dis-
eases, tumors, and infectious diseases are our major concerns,
and by producing transgenic mice as well as gene knockout
mice, we are attempting to elucidate pathogenesis at the mo-
lecular level, especially in correlation with the roles of cytokines.
(1) Production and analysis of rheumatoid arthritis models

By producing transgenic mice carrying the HTLV-
genome, we have first shown that this virus can cause
chronic arthritis in animals. Recently, we have also found that
IL-1 receptor antagonist-deficient mice develop arthritis re-
sembling rheumatoid arthritis in humans. We are now eluci-
dating mechanisms of the autoimmunity and bone destruc-
tion, trying to cure inflammation and reconstruct the bone le-
sion.

(2) Production and analysis of AIDS models

We have produced HIV genome introduced-transgenic
mice as a model for healthy HIV carriers in humans, and are
now studying the mechanisms of HIV gene activation and
helper T cell depletion. We are also trying to produce mice
that are susceptible to HIV by introducing the receptors and
other human-specific host factors for HIV infection.

(3) Reprogramming of adult somatic cells into pluripotent stem
cells and its application to organ reconstitution.

Successful production of cloned animals by nuclear trans-
plantation has demonstrated that maternal cytoplasmic fac-
tors are capable of reinitialize differentiated somatic cells into
undifferentiated state. Moreover, it was shown that adult so-
matic stem cells had still high developmental potential. These
stem cells could differentiate into all the three embryonic
germ layers when they formed chimeras with normal blasto-
cysts. We are now analyzing the molecular mechanisms of
reprogramming of somatic cells.

Excess IL-1 Signaling Causes Autoimmune Arthritis
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(1) There are many genes being isolated, including the ones
whose functions are not clearly understood, through the re-
cent development of molecular biology. Gene targeting tech-
nology has revealed many aspects of gene functions in vivo.
Knock out mice offer the opportunities of not only analyzing
the complex gene function in vivo, but also presenting vari-
ous human disease models, where new therapeutic ap-
proaches can be explored. To allow more detailed dissection
of gene function, we introduce a point mutation or to disrupt
gene in certain lineages (or stages) using Cre-loxP system, a
method of conditional gene targeting.

(2) ES cells, which are widely used for gene targeting, are the
only stem cells being cultured in vitro. Thus, understanding
the molecular basis of selfrenewal of ES cells is the key to
accomplish the ex vivo expansion of somatic stem cells, and
to further elucidate the nature of iPS cells. By using several
gene—manipulatated ES cells, we are analyzing the functional
role of PTB, as well as the importance of the epigenetic modi-
fication in ES cells.

(3) The lymphatic development in mammals has been poorly
understood because of the lack of a suitable model mouse
showing lymphatic abnormalities. We recently found and
maintained a new spontaneous mutant mouse line which de-
velops chylous ascites and lymphedema. In order to under-
stand the mechanism of lymphatic development and func-
tions in more detail, we are also generating various knock-
out/knock-in mouse lines including a conditional knock out
mouse.
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Fig. 5

(A) Conditionally immortalized endothelial cells can be obtained from
transgenic mice expressing SV40 tsA58 large T antigen under the control of
a binary expression system based on Cre/loxP recombination.

(B) tsA58 T antigen—positive endothelial cell population contains lymphatic
endothelial cells expressing Lyve—-1 (red) and Prox—1 (green). Our transgenic
cell culture system is useful for studying endothelial cell biology of mutant
mice.
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The mission of IMSUT is to advance our basic understanding
of infectious diseases, cancer and other intractable diseases
and ultimately, to control them. Since its reorganization, IMSUT
has expanded and promoted basic research with emphasis on
cancer and infections diseases while also including other seri-
ous ailments in its sphere of research from both the molecular
biological and genomic approach.

Advanced Clinical Research Center (ACRC) was founded at
year 2000 and is to compose of research groups which collabo-
rate with basic research groups to translate the research prod-
ucts and concepts into practising at the IMSUT Research Hos-
pital.

ACRC also performs clinical sciences or designated project
diseases such as hematological malignancies, cancers, HIV/
AIDS and Immune—mediated disorders. The ACRC aims to
translate its own research outcomes into early clinical trials and
also to undertake the feed back experiments based on its own
clinical experiences.

For this purpose, the ACRC attempts to develop the novel
therapies against the above disorders utilizing Genome medi-
cine, cell therapy, immune therapy, gene therapy, and molecu-
lar target therapy. Moreover, each division performs the re-
search in order to utilize effectively the products and concepts
of basic research to apply the bedside. In addition, each divi-
sion performs the research to solve the problems of the bed-
side as well as to propose the idea of the bedside problems to
the basic researchers.

To accomplish this purpose, each division is needed to
closely work together and collaborate in parallel with inside and
outside basic researchers.

At the moment, ACRC is consisted of 7 divisions: namely Di-
vision of Molecular Therapy and Division of Cellular Therapy in
which professional hematological oncologists are working, Divi-
sion of Infections Diseases in which professional HIV/AIDS and
Infections disease doctors are working, Division of Clinical Im-
munology in which professional rheumatologists and allegolo-
gists are working, Division of Bioengineering and Division of
Clinical Genome Research in which professional surgical on-
cologists are working. All are the group of physician scientists.
In addition ACRC has the Division of Medical Data Processing
Network System.
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The main theme of our research is toward the development
of novel therapeutic options against intractable hematological
disorders including leukemia and lymphoma. For this purpose,
we are making every effort to master the mechanisms of nor-
mal and neoplastic hematopoiesis on the basis of molecular
and cellular biology.

(1) Preclinical study of therapeutic gene transfer mediated by
various viral vectors: We mainly use a lentiviral vector sys-
tem for therapeutic gene transfer into leukemic or normal he-
matopoietic cells because of its high transduction efficiency.
Currently, we focus on application of RNAi technology for in-
activation of leukemia—specific MRNA such as BCR-ABL in a
model system.

(2)  Preclinical study of targeted drug delivery using various
cell-targeting strategies and novel molecular target agents:
We are developing various cell-targeting strategies using cy-
tokines, adhesion molecules as well as monoclonal antibod-
ies. PEG-liposome has been applied for this purpose. In ad-
dition, we have made two types of cytokine derivatives by ge-
netic engineering for preclinical study. We are also studying
anti-leukemic effects of a novel signal transduction inhibitor
and anti-GvHD effects of a novel cytokine synthesis inhibitor
for the future clinical trial.

(3) Analysis of tumor stem cells and search for molecular tar-
gets for their elimination: Cure of malignant tumors requires
eradication of tumor stem cells. As a representative model for
tumor stem cells, we are studying the identification and char-
acterization of leukemia stem cells using cell tracking strate-
gies and flow cytometry.

(4)  Analysis of normal and neoplastic hematopoiesis based on
their interaction with microenvironments : Not only normal but
also neoplastic hematopoiesis can be supported by the spe-
cific interaction between stem/progenitor cells and bone mar-
row microenvironments. To simulate this cell to cell contact /in
vitro, we are using a co—culture system in which stem/pro-
genitor cells are overlaid on the layer of hematopoiesis—sup-
porting stroma cells. This co—culture system is applied for de-
termination of drug sensitivities and gene transfer effects.
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Figure 1
Applications of retrovirus-mediated gene transter: High—efficiency gene
transfer into a variety of cells amd functional expression cloning
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kemogenesis, selfrenewal of hematopoietic stem cells, and the
control of cell division and differentiation. We use retrovirus—
mediated efficient gene transfer and functional expression clon-
ing for the experiments. Purposes of our research projects are
to clarify the underlying mechanisms of cell differentiation, pro-
liferation and transformation and eventually develop new strate-
gies in the molecular targeted therapy of leukemia and cancer.

1. Molecular aspects of leukemia, myelodysplastic syndromes
(MDS) and myeloproliferative disorder (MPD): We generate
model mice for leukemia, MDS, and MPD, and investigate the
etiology of these disieases using the model mice. Recently, it
has been reported that mutations in a transcription factor
AML-1 are frequently found in MDS patients. We have shown
that mouse bone marrow cells transduced with the mutant
AML-1 often induced MDS-ike symptoms in a mouse BMT
model, some of which progressed to acute leukemia. These
mouse BMT models are now being used to clarify the mo-
lecular basis for leukemic transformation of MDS and to de-
velop therapy models.

2. Coordinate control of cell division and differentiation by
small GTPases: Using retrovirus-mediated functional cloning,
we identified a GTPase activating protein (GAP)
MgcRacGAP/Cyk4 that enhances macrophage differentia-
tion. We found 1) MgcRacGAP plays critical roles in comple-
tion of cytokinesis; 2) MgcRacGAP binds STAT3 and en-
hances transcrptional activation of STAT3, thus inducing
STAT3-dependent differentiation of M1 cells; 3) Nuclear
translocation of activated/phosphorylated STAT3/5 requires
Racl and MgcRacGAP. Thus, MgcRacGAP/small GTPases
play distinct roles during cell division and interphase.

3. STAT3 inhibitors: STAT3 is implicated in cell transforma-
tion and is constitutively activated in most cancers, We estab-
lished a screening method for IL—6 signal inhibitors, and iden-
tified two small molecule inhibitors for STAT3. Our com-
pounds inhibited the JAK/STAT pathway. They are not
kinase inhibitors but inhibited nuclear transport of activated
STAT3/5. We attempt to develop anti-cancer drugs using
these inhibitors as lead compounds.

4. A novel PIR family expressed on mast cells: We searched
for membrane and secreted proteins derived from mast cells
by retrovirus—mediated signal sequence trap. The purpose of
this project is to understand the mechanisms for allergy and
eventually to develop the new therapy. We identified eight ho-
mologous receptors LMIR1-8 related to the NK inhibitory re-
ceptor. LMIR1 and LMIRS3, harboring ITIM motifs in the cyto-
plasmic domain, work as inhibitory receptors. Other LMIRs
are activating receptors, associating with adapter proteins
DAP10, DAP12 or FcRy leading to cell activation upon liga-
tion of the receptors. Functional analysis of LMIR is now un-
derway through establishment of monoclonal antibodies
against LMIRs, generation of knockout mice and identification
of LMIR ligands.
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(1) HIV-1 and cellular immunity

Cytotoxic T lymphocytes (CTLs) play a pivotal role in HIV-1
infection. A fraction of the virus—derived proteins are proc-
essed to peptides in the proteasome, assembled with MHC
class | molecules in the rough endoplasmic reticulum and
presented on the surface of the infected cells as peptide—
MHC (pMHC) molecules. T—cell receptors (TCRs) on the sur-
face of CTLs recognize the pMHC molecules, leading to CTL
activation. Activated CTLs exert immune pressure on HIV-1
in infected individuals. There is a high prevalence of HLA-A*
2402 (A24) in the Japanese population and we have been fo-
cusing on the CTL epitopes presented by A24. We previously
reported that HIV-1 with a stereotypic substitution from Y
(Nef138-10 (wt)) to F (Nef138-10 (2F)) at the 2nd position in
an immunodominant HLA-A*2402 (A24)-restricted CTL epi-
tope in the Nef protein (Nef138-10) has a strong selective ad-
vantage in A24-—positive patients. We have characterized
TCR repertoire of CTLs which recognize Nef138-10 (wt) and/
or Nef138-10 (2F) in the context of A24 and found that CTLs
reacting the mutant had a very restricted TCR repertoire. We
also made monoclonal antibodies against pMHCs.

(2) Viral set point of HIV-1

After infection, plasma HIV-1 attains a peak level during
the acute phase. In the chronic phase, patients’ HIV-1 viral
loads are relatively fixed at the individual level, called set
point. The set point is correlated with the prognosis; disease
progression is rapid in the patients with high set point and
vice versa. CTLs appear to play an important role to control
the set point, however, precise mechanism is not known. We
are analyzing the patients with high or low set points using
fluorescent microbeads system and DNA microarray system.

(3) Drug resistance of HIV-1

We are developing new methods for drug resistance assay

using fluorescent microbeads and so on.
(4) HIV-1-related diseases.

Sexually transmitted infections such as syphilis, HHV-8,
HSV, HBV are popular among patients who were infected
with HIV-1 through unprotected sexual intercourse. Carrier
rate of HBV in HIV-1 infected population is higher than the
general population. We reported that HBV in the great major-
ity of HIV-1/HBV co-infected patients is genotype A instead
of genotype C which is popular in Asia and the Pacific
through vertical transmission. It is inferred that many western
viruses are spreading domestically through unprotected sex-
ual intercourse.

1

BAADKIT0%AHLA-A24 & HIR L TH VY, HLA-A24BGMEDBEFEA T I
nefBEFANDCTLIE b—7 (Nefl38-10) DE 2D T7 I /BRICEENE
L% (Y=F), HLA-A24BEMDEIRTIE, MARE & XN THBRE TEEE
ICZDEESFBDHS N (P<0.01),

Fig. 1

The great majority of Japanese expresses HLA-A24. HIV-1 replicating in
HLA-A24 (+) individuals has an amino acid substitution at the 2nd position
(Y—F) of a CTL epitope in nef gene (Nef138-10). The same amino acid sub-
stitution was found in HLA-A24 (—) individuals infected through unprotected
sexual intercourse but not in hemophiliacs (P <0.01).
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The goal of our division is to perform the research to develop innovative cancer immu-
nological therapy including the ones with gene therapy strategies. To this end, we have
been close collaboration with the clinical investigators of various hospitals including Re-
search Hospital of IMSUT.

1. Basic Research projects to develop innovative cancer therapy

1) Interleukin-23 (IL-23), a cytokine which is composed of the p40 subunit shared
with IL-12 and the IL-23-specific p19 subunit, has been shown to preferentially act
on Thi effecter/memory CD4+ T-cells and induce their proliferation and IFN-y
production. The IL-23 is also reported to act on Th17-CD4+ T—cells which are in-
volved in inducing tissue injury. In this study, we examined the anti-tumor effects as-
sociated with systemic administration of IL-23 and their mechanisms in mouse tumor
system. Systemic administration of high-dose IL-23 was achieved using in vivo elec-
troporation of IL-23 plasmid DNA into the pre-tibial muscles of C57BL/6 mice. The
IL-23-treatment was associated with significant suppression of the growth of pre—ex-
isting MCA205 fibrosarcoma and prolongation of the survival of treated mice without
significant toxicity, when compared with those of the mice treated with EGFP. Al-
though the therapeutic outcomes were similar to those with the IL-12-treatment, the
IL-23-treatment induced characteristic inmune responses distinctive to those of IL-
12-treatment. The IL-23 administration even at the therapeutic levels did not induce
detectable IFN-y concentration in the serum. In vivo depletion of CD4+ T—cells,
CD8+ T—cells or NK cells significantly inhibited the anti-tumor effects of 1L-23. Fur-
thermore, the CD4+ T-cells in the lymph nodes in the IL-23-treated mice showed
significant IFN-y— and IL-17-response upon ant-CD3 mAb stimulation in vitro.
These results and the ones in the IFN-y - or IL-12-gene knock-out mice suggest
that potent anti-tumor effects of IL-23 treatment could be achieved when the Thl
type response is fully promoted in the presence of endogenously expressed IL-12.

2) The role of molecules involved in apoptotic cell phagocytosis in compromising an-

titumor immunity and promoting tumorigenesis

Recent studies have unfolded that the engulfment and processing of apoptotic
cells by professional phagocytes mediate an important role in inducing immunosup-
pression and attenuating antitumor immunity. We demonstrated that apoptotic cel-
recognized opsonins milk-fat globule-EGF8 (MFG-ES8) as well as T cell immuno-
globulin mucin protein (T| IM)*lﬁl critically contribute to form immunosuppressive en-
vironments through the peripheral expansion of Foxp3+regulatory T cells. We fur-
ther identified MFG-E8 as a major regulator of antitumor immunity in murine and hu-
man cancer. MFGE8 is produced at high levels by tumor-associated macrophages,
dendritic cells, and myeloid suppressor cells, and mediates tumor growth and metas-
tasis through the acquisition of apoptosis resistance, epithelia-mesenchymal transi-
tion, and the promotion of tumor angiogenesis.

Notwithstanding the pivotal role of MFG-E8 in accelerating malignant phenotype, it
remains unclear whether MFG-E8, and other family of opsonins, such as Tim-1/4,
and their downstream signaling components, have functional properties on rendering
tumors with resistance to various anti-cancer regimens, such as chemotherapy and
targeted therapy. We have been in process of elucidating the molecular and immu-
nological machinery of MFG-E8-mediated modification of the therapeutic efficacy of
anti-cancer modalities, by which may explore new strategy to restrain tumorigenesis
in clinical settings.

2. Preclinical research projects

1) Generation of mature dendritic cells fully capable of T helper type 1 polarization

using a bacterial product, OK-432, combined with prostaglandin E2

Dendritic cell (DC) administration appears to be a very promising approach as the
immunotherapy of cancer. The results of clinical studies have been suggested that
the nature and the magnitude of antitumor immune responses are critically affected
by DC functions including production of Thl-inducing cytokines, activation of the T
cell subsets and NK cells, and migration from peripheral tissues to T cell area of the
draining lymph nodes. Administration of immature DCs could fail to fully stimulate
antigen-specific inmune responses and might induce tolerance in some conditions.
In this study, we developed the measures to obtain fully mature DCs and compared
in detail with the effects of maturation stimulus termed MCM-mimic, which is a mix-
ture of recombinant cytokines and PGE2 mimicking the content of monocyte—condi-
tioned medium. Using DCs derived from monocytes of advanced cancer patients in
this study, we have shown DCs stimulated with OK-432 alone showed phenotypes
similar to those of mature DCs induced using MCM-mimic with better secretion of
IL-6 and IL-12. However, these DCs were found to have poor migratory capacity as-
sociated with the marginal expression of CCR7. When OK-432 was combined with
PGE2, CCRY expression and migratory capacity of DCs were significantly improved
without impairing other immuno-stimulatory functions. These results suggest that
OK-432 stimulation combined with PGE2 could be applicable as an alternative to
MCM-mimic in clinical trials, which require fully matured DCs to induce Th1-type im-
mune responses against tumor cells even in the patients with advanced cancer.

2) Development of immune—gene therapy against malignant melanoma

We have been shown in mouse tumor models that intra-tumoral injection of DCs
transduced to express IL-12 genes can induce potent and systemic anti-tumor im-
munity. Based on these results, we are planning to initiate Phase I clinical trial of IL—
12-DC gene therapy against the patients with advanced malignant melanoma. We
have been performing preclinical research on the safety and the efficacy of this strat-
egy. The clinical grade adenviral vector will be produced and supplied by the Core
Facility of Therapeutic Vector of IMSUT.

3. Feed-back research on the early phase clinical trials

1) Immuno-monitoring on the patients enrolled in the clinical trials of cancer immu-

nological therapy

It is essential to analyze the immune responses in the patients enrolled in the clini-
cal trials to further develop immunological therapies. In order to facilitate these activi-
ties, we have developed the assays which are reproducible and objective. Using
these assays, we are now in the process of analyzing the immune response of the
patients in detail.
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Our division was founded in 2000 at ACRC to provide the methods for medical treatment and care for auto-
immune diseases and other immune: disorders as well as to develop the advanced therapy to cure
the above diseases. Our research purpose is to determine the structure and function of cell surface molecules
expressed by human lymphocytes as well as the regulatory mechanisms of transcriptional factors involved in
immune function and other important cellular functions and thereby to understand how the immune systems
work. Through such novel insights, we attempted to elucidate immunopathophysiology of the above immu-
nological disorders on the cellular, molecular and genetic levels and ultimately to establish the novel rational
therapies for them. Ongoing projects are as follows;

1) Structure and function of CD26 and its application for bedside:

We have identified new costimulatory ligand for CD26, Caveolin, and CD45 as the binding protein for CD
26. We are now determining the precise binding domain of CD26 with these proteins and the biological sig-
nificance of these proteins. Utilizing the above system, we will develop the immunoregulatory drugs which
inhibit these interactions. Moreover, we have developed the humanized CD26 monoclonal antibodies to
treat CD26 positive tumors such as T-cell ymphoma, malignant mesothelioma, as well as autoimmune dis-
eases and GVHD and plan to perform phase I/Il clinical trial in early next year. Moreover, we plan to perform
the translational research against autoimmune disorders utilizing CD26 ligand caveolin-1 fusion protein.

2) Role of Cas-L andits clinical application:

Cas-L (Crk-associated substrate lymphocyte type) is a docking protein downstream to beta 1 integrins.
We have found that Cas-L is associated with TGF-beta-mediated signaling pathway and NF-« B pathway.
Through the analysis on the protein-protein interaction between components of these two signaling path-
way and Cas-L, we aim at exploring the possible therapeutic application of Cas-L or its related products in
the treatment of malignancies, autoimmune disorders, and osteoporosis. By utilizing gene targeting ap-
proach, we aim at determination of further the biological function of CasL.

3)  Molecular biology of nuclear receptors:

We have been working with transcriptional regulation of gene expression by nuclear receptors. Mainly we
fWill focus on the glucocorticoid receptor and pharmacologically develop selective modulator of receptor

function.

4) Conditional regulation of gene expression by the hypoxia-inducible factor:

We are currently working with the hypoxia-inducible factors, which are members of the basic helix-loop-
helix PAS transcription factor. Our aim is identification of its activation pathway and application to various
angmgemc diseases including i vascular d cancers, diabetic retinopathy, and rheumatoid
arthritis,

5) Transcriptional regulation by NF-« B:

NF-« B is considered to be a major player which activates a set of genes in inflammatory conditions and
immune reactions. We have recently identified novel activation mechanism of NF-« B. Further studies will
merit to develop novel antiinflammatory and/ orimmunosuppressive drugs.

6) Structure and function of human chemokine receptors and other 7-spanner type receptors:

We showed the expression of chemokine receptors was crucial to antigen presentation by dendritic cells.
Preliminarily, receptors for prostaglandins, similar 7transmembrane spanner-type receptor to chemokine
receptor were dinvariousi ory sites. Analysis of prostaglandin receptors in immunocytes
is under extensive study.

7) Identification of cancer steam cells:

We have already identified cancer steam cells for T-cell lymphoma and B cell ymphoma and are now de-

termining the function of these cells and search for more reliable marker of these cancer stem cells.
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Launched in April 2007, our research division aims for the applica-
tion of human genome information to clinics. We have been working
on the following three projects; 1) the identification of novel diagnos-
tic and therapeutic strategies of human cancer, 2) prediction of sensi-
tivity of anticancer drugs, and 3) effective screening and genetic diag-
nosis of hereditary non-polyposis colorectal cancer (HNPCC). Re-
sults of these projects will lead to the development of effective
anti-cancer drugs, realization of personalized treatment, decrease in
death of cancer through the early detection of tumors.

1. ldentification of novel molecular targets for the treatment of hu-
man cancers

We earlier analyzed expression profiles of colorectal, gastric, he-
patocellular carcinomas, and intrahepatic cholangiocarcinomas in
collaboration with Laboratory of Molecular Medicine, Human
Genome Center, IMSUT. As a result, we identified a set of genes
whose expression levels were augmented in the tumors. We se-
lected, for further analysis, genes associated with growth of tumor
cells.

We identified SMYD3 among the genes whose expression was
elevated in the colorectal cancers and hepatocellular carcinomas.
Functional analyses unveiled that SMYD3 is a histone H3 lysine 4~
specific methyltransferase, and that SMYD3 transactivates down-
stream genes such as NKX2.8 and WNTI0B through the direct
binding to their promoter regions in collaboration with an RNA
helicase and RNA polymerase Il. Wild type SMYD3 enhanced the
growth of NIH3T3 cells and its knockdown by the treatment with
SMYD3 siRNA resulted in the induction of apoptosis in colorectal
and liver cancer cells. These data indicated that SMYD3 should be
a promising target for the development of novel anti-cancer drugs.
We also showed that tumor cells express both a fulHength and a
cleaved forms of SMYD3 protein. Interestingly, the cleaved form
lacking N-terminal 34 amino acids showed higher methyltrans-
ferase activity than the fulHength form, suggesting that the N-ter-
minal region may modulate the enzymatic activity. We found that
SMYD3 methylated vascular endothelial growth factor receptor-1
(VEGFR1) in addition to histone H3. The methylated residue was
lysine 831 located in the kinase domain of VEGFR1. The methyla-
tion enhanced its kinase activity, suggesting that SMYD3 may play
a role in angiogenesis of colorectal cancer and hepatocellular car-
cinoma. These findings may contribute to the development of novel
therapeutic approaches to human cancer.

2. Prediction of sensitivity of Gefitinib to lung cancer

We are working on a prospective study of the prediction of sensi-
tivity of Gefitinib (Iressa) in patients with lung adenocarcinoma.
Therefore, we started a prospective study to evaluate two predic-
tion systems in collaboration with Human Genome Center, Depart-
ment of Applied Genomics, and Department of Infectious Diseases
and Applied Immunology in Research Hospital, IMSUT, in Septem-
ber 2004. One was developed in Laboratory of Molecular Medicine,
Human Genome Center, IMSUT, a prediction system using expres-
sion of 12 genes that were identified by expression profile analysis
of lung adenocarcinomas sensitive to Gefitinib and those insensi-
tive. The other was assessed by mutation in EGFR, a target of Ge-
fitinib, which was reported from other laboratories. We will compare
the efficacy of these two systems at the end of this study.

3. Genetic diagnosis of HNPCC

Hereditary non—polyposis colorectal cancer (HNPCC) is an
autosomal dominant hereditary disease accompanied by tumors
arising mainly in the colon and other associated organs, such as
stomach, renal pelvis, and endometrium. We carried out a project
of registration of Japanese HNPCC patients and genetic analysis in
collaboration with Japanese Study Group for Colorectal Cancer.
Mutations in MSH2, MLHT, and MSH6, three responsible genes
for HNPCC were analyzed using genomic DNA from colorectal
cancer patients who fulfilled the revised Amsterdam criteria. Using
the data of this project, we have identified factors associated with
mutation in the genes, and are trying to develop a sensitive screen-
ing strategy to identify patients with mutation using family history
and clinical information. This study will decrease the number of pa-
tients who may die of HNPCC through the effective identification of
patients and their involvement in a surveillance program for the
early detection of tumors.



WA RAERME 4~ CENTER FOR STEM CELL AND REGENERATIVE MEDICINE

AT BRI b 221 OEFE L LT, H5WVILHEHG
HEOH L IEHENE & U CRERIANER SNTWaEA, ZOK
B0 %R 25 O IZESHNERiPSHINLICALE S h 5 Bl TH
%o MMACTHAERBINFOMBED AL 358G - ¥ - A1
DREGLEEEG2 5L FHENL Z L0 5, BRI ER
1//\)1/0)%?”& G A L TW5, TAHENCTB VT ik
BT AIFIEERE R M L, T ARMICHEBIIEZ BRSO 2T
DHAKH Z ST LU, ﬁﬁi@ﬁiEﬁuﬁ%#meﬁé
N, HINFTARERREEENC D R L, R RaMaX b
B3I D 2 a#?ménéo_mkaﬁmﬁk%ﬁémw
BER SN v A L= a VGRG0 AE & AW OF K
IR OBEERETH 5,

ZD X)) IR, FK204E 4 A, FHRKRFEREIERTIC
WHIRBIRHEITZE L & — 2SikilE S N7z ERMERIGEINClE, Pk
MMEX ) SCER B ) —F 4 v r7ay s b [FEREEDE
Bib7o v b CTRESNZFACSIT SRS MY —, W5
FHRY v — 232 7 OfilasRaR s, B o
7, JemERTIgEL v 5 —,  MEERETIVIIGEE Y ¥ —,
AR 7 & NSO D O FEICHTR T A28 7V — 77 &8
TSN - TRAERR - BRSO W CHIZEEBI 21T > C
&7z Rl & —IZFERBROR & % 2 EED, A1
HHEN - NWEFZEH L, BAPENCBT 2 FAEREEHD:
D OIGE T 7% - Bl 2 ARNICK O 5 2 L 2 AR,

Kl vy — 3T T v 7, SR EEEE e,
FaReRER M, WM 7 F VHIEE Mo 4 ML Y 2D, 5
EHIFTEY > & — OREAEI e B 5 5 2 B OFEZHHATHE &
LTy y—DEEIZBMT 5o S O ITHNTHEBIZATR 5
Fal sk B, AR, W8, s
#1T% HYFACSI 7 IR T M) —, SCERRMEE [FAERBOE
bl V—=F4 o r7avxs bOFTIRICI > TEBENLAT A
LNV 7 LR SN, FTINEIIZEE Y 8 — ROV —TE D
WHER XY, SEREITEA S BRIR T © % & Ee LRI 22 BT R4
EREEL TV, ERHOMII T ax s v 7Hifi e PESHIN
DRI - W P Ze &, BRFEI O BERHHAN IS H P L 72 R e
B OB, ERWHEEE & 8 L 7580 7E 2 S BRI~ b
FUAL—Y aF V) —F VAT LD Y, Wi, R,
BEOETOHTRE RS PITFON TV S,

iR DS

RIRIDAZ Big 9 BEEBAF L

Center for Stem Cell and Regenerative Medicine was
launched in April 2008 as a core research center for stem cell-
based medicine. The Center aims to translate research out-
comes of stem cell biology into pre—clinical and clinical studies.
It also serves to clarify various clinical problems using cutting—
edge research tools. The center has four divisions: Division of
Stem Cell Signaling, Division of Stem Cell Therapy, Division of
Stem Cell Processing, and Division of Stem Cell Transplanta-
tion. In addition to these four divisions, the center has 3 small
research laboratories: Laboratory of Stem Cell Regulation,
Laboratory of Developmental Stem Cell, and Laboratory of Di-
agnostic Medicine. The activity of stem cell research at the cen-
ter has been supported by FACS Core Laboratory. More re-
cently, with the emerging importance of iPS cells, the Center, as
part of the project for the Realization of Regenerative Medicine
by the Ministry of Education, Sports, Science, Culture and
Technology, is in the process of establishing a Stem Cell Bank.
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The purpose of the laboratory is to contribute to the discovery
of new disease, the understanding of the pathogenesis, and the
development of novel therapy by combining knowledge and
technology of immunology, molecular biology, virology, and cel-
lular biology. Currently, we are focusing on the study of stem
cells in various tissues and organs.

(1) Stem cell regulation and regenerative medicine

Stem cells are generally defined as clonogenic cells capa-
ble of both self-renewal and multilineage differentiation. Dur-
ing development and regeneration of a given tissue, such
cells give rise to non—self-renewing progenitors with re-
stricted differentiation potential, and finally to functionally ma-
ture cells while maintaining primitive stem cells. Because of
these unique properties, stem cells offer the novel and excit-
ing possibility of regenerative medicine. The goal of our re-
search is to elucidate the mechanisms of stem cell self-re-
newal and differentiation to provide novel approaches to the
therapeutic intervention in the treatment of organ failure.

(2) Disease & therapeutic models targeting stem cells

The unique properties of stem cells make them ideal target
cells for gene and cell therapy. We have been developing an
efficient transplantation system for hematopoietic and other
stem cells. This includes isolation of stem cells, establish-
ment of efficient transplantation systems, and development of
disease models.

In addition, our goal is to develop a novel clinical gene and
cell therapy by using these technologies targeting stem cells.
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Figure 1

Megakaryocytes and platelets
generated form ES cells. Injection
of fluorescence-labeled ES cells
into blastocysts
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Plasmin in turn can activate MMPs, thereby releasing chemo/cytokines.
These factors can regulate the hematopoietic stress response by promoting
bone marrow cell proliferation, differentiation, and marrow reconstitution.
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Hematopoietic stem cells (HSCs) are adult stem cells found
mainly in the bone marrow. They provide the blood cells re-
quired for daily blood turnover and for fighting infections. HSCs
are easy to obtain, as they can be either aspirated directly out
of the bone marrow or stimulated to move into the peripheral
blood stream (cell mobilization), where they can be easily col-
lected. HSCs derived from the bone marrow (bone marrow
transplantation) or umbilical cord blood (umbilical cord blood
transplantation) have been used for decades to treat blood can-
cers (e.g. leukemia) and other blood disorders.

Sustained hematopoiesis in the bone marrow, however, de-
pends on the self-renewal of the resident HSCs. The region
where these HSCs are hypothesized to self renew is called the
stem cell ‘niche.” Others and we identified components of the
HSC niche in the bone marrow, including cells of the osteoblas-
tic lineage, extracellular matrix molecules and molecular signal-
ing interactions between the stem cells and niche cells. But
many questions still await answers concerning the organization
of the stem cell niche and which cues these niche cells provide
for stem cells to fulfill their designated functions. Mesenchymal
stem cells are another well-characterized population of adult
stem cells found in the bone marrow that can be obtained in
quantities appropriate for clinical applications, making them
good candidates for use in tissue repair, as they have the po-
tential to differentiate into various tissues including fat cells, car-
tilage, bone, tendon and ligaments, muscles cells, skin cells
and even nerve cells.

We demonstrated that HSCs reside within the osteoblastic
niche. We showed that a protease called matrixmetalloprotein-
ase9 (MMP-9), and a stem—cell-active cytokine, Kitligand
(also known as Stem Cell Factor), were involved in HSC mobili-
zation. We demonstrated that various stressors, as may occur
during tissue injury, via MMP-9-mediated release of Kitdigand
promotes stem cell proliferation and mobilization. We recently
demonstrated that activation of MMPs is partly regulated by the
fibrinolytic system causing the release of Kit-ligand and that
these factors are critical for bone marrow reconstitution. Our
laboratory recently showed that G-CSF, chemokines, and angi-
ogeneic factors promoted the mobilization of bone marrow—-de-
rived cells through activation of MMPs and showed that certain
cells functioned as a vascularization HUB during neoangio-
genesis. We also analyzed the mechanism underlying the regu-
lation of neoangiogenesis in cancer. We could demonstrate that
various chemokines, and angiogeneic factors promoted the for-
mation of an abnormal vasculature, which involved certain ad-
hesion molecules. This abnormal vasculature ultimately sup-
ported tumor cell growth, because it prevented that cancer
drugs to reach the actual tumor side.

Our laboratory studies the role of proteases in regulating he-
matopoiesis and angiogenesis (hew blood vessel formation),
with specific focus on the ability of these cells to promote tissue
regeneration or promote tumor growth. We are also interested
in determining the underlying mechanism involved in hema-
topoietic stem cell differentiation and mobilization.
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HSC

Stem cell biology provides basic knowledge and tools for re-
generative medicine, particularly for stem cell therapy. Hema-
topoietic stem cells (HSCs) are not only the best studied stem
cells but also an excellent model for studying other stem cells.
However, the molecular mechanisms of their selfrenewal and
differentiation remain poorly understood. In this project, we
have addressed fundamental biological questions such as: 1)
What is molecular basis in HSCs to support their self-renewal?
2) How is the HSC fate determined intrinsically and extrinsi-
cally? 3) What is a differentiation manner of HSCs? 4) How are
epigenetic changes associated with differentiation in HSCs? 5)
Is there any cell cycle regulation specific for HSCs? 6) What are
molecular interactions between HSCs and their niches? More-
over, as adult HSCs have limits in selfrenewal potential, we
have sought more primitive HSCs in developing embryos in or-
der to understand the mechanism for a robust /n vivo expan-
sion of HSCs, that is the most wanted procedure in stem cell-
based regenerative medicine.

Hibernating

®

- Self-renewal
- Differentiation
- Apoptosis

The minimum unit
for fate determination

Fig. 1. A simplest model for HSC regulation

Most HSCs are hibernating in particular niches. It is important to know how individual cell cycle status is orches-
trated among a number of HSCs. HSCs take one of three choices self-renewal, differentiation, or apoptosis via cell

division.

Micromanipulation

CD34°KSL cell

Division

Mitogenic factor(s)

Single-cell
culture

Single-cell
transplantation

Fig. 2 Analysis of asymmetric division in HSCs

We have adapted a paried daughter cells assay to the studying of fate determination in HSCs. Single HSCs divide
once in the presence of cytokines (e.g., SCF+TPO). Following division, each daughter cell is separated by microma-
nipulation and is individually injected into a lethally irradiated mouse together with competitor cells.
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Laboratory of Diagnostic Medicine was established in Janu-
ary 2009 for the purpose of mediating between stem cell re-
search in the Center for Stem Cell and Regenerative Medicine
and transplantation and regenerative medicine. Present objec-
tive is attempting to make transplantation safer through the
clinical research with transplantation hospitals. Our clinical re-
searches are as follows; analysis of patho—physiology after
HLA-mismatched transplantation using FACS-based method
of chimerism analysis (HLA-Flow method), the influences of
HLA mismatch on induction of cytomegalovirus—specific T cells,
and regulation of immunosuppressant by Thl cytokine assays.

Early diagnosis of leukemia relapse after CBT

Fraction containing normal hematopoietic stem/projenitor cells and leukemia cells

Day 159

Day 281

Day 320

Recipient HLA

M E
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Figure 1

Early diagnosis of leukemia relapse using the new method of chimerism analysis

On day 281, frequencies of recipient-derived cells in the CD34"CD45™ fraction were clearly increased compared with those
on day 159. We sorted the donor- and recipient-derived CD341CD45" cells on day 320 followed by analysis of AML1/ETO fu-
sion signals using FISH. Recipient-derived CD34"CD45"™ cells but not donor-derived ones showed fusion signals.
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FACS Core Laboratory was established in April 2004 for the
purpose of sorting stem cells by The Project for Realization of
Regenerative Medicine in Ministry of Education, Culture,
Sports, Science and Technology-Japan. From the beginning,
we open this laboratory to researchers inside and outside IM-
SUT for common use and support cell sorting and analysis us-
ing FACS (URL: http://www.facscore.com/). From April 2005,
we started collaboration with IMSUT Research Hospital to de-
velop new FACS-based methods of clinical examination. In
April 2008, this laboratory was transferred to the Center for
Stem Cell and Regenerative Medicine, and moved from the Re-
search Building (Annex) to the First Building. In addition of 2
FACS Caliburs (2 lasers, 4—color analysis), we have 3 cell sort-
ers; 2 FACS Arias (3 lasers, 10—color analysis and sorting) and
1 FACS Vantage SE (3 lasers, 6—color analysis and sorting)
which is specialized for side population (SP) analysis. To make
every PC in IMSUT accessible to FlowJo software which is the
most reliable analytical software in the world, we contracted
with Treestar Inc. for introduction of FlowJo site license. In addi-
tion, we consult for FACS and hold lecture classes for FACS
and FlowJo software.

X1
FACSO7 34K 7 M) —DE&E LY —%—Ff

Figure 1
FACS Arias and FACS Vantage SE in FACS Core Laboratory

2
FACS AriaDAER

Figure 2
The inside of FACS Aria
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We are conducting clinical stem cell transplantation, espe-
cially using unrelated cord blood as a promising alternative do-
nor in IMSUT research hospital. We are also engaged in the
clinical and basic research for promotion of transplantation as
well as regenerative medicine.

1) Hematopoietic Stem Cell Transplantation (HSCT)

Our facility is a main hub of hematopoietic stem cell trans-
plantation (HSCT) centers in Japan. In close association with
Department of Hematology/Oncology in the IMSUT research
hospital, as many as 500 cases of allogeneic HSCT have been
performed and HSCT-related complications including acute/
chronic GVHD and opportunistic infection have been treated
until 2007. Recent years unrelated cord blood has turned to be
our major stem cell source in HSCT. Since 1998 we have per-
formed more than 250 cases of cord blood Transplantation
(CBT) in adults and demonstrated outstanding clinical results
among domestic and overseas HSCT centers. During such a
transition of our stem cell source, immunological reconstitution
from the CB graft, optimal use of immunosuppressive agents as
well as viral infection/ reactivation are becoming our main
theme to be elucidated, and we are now approaching these is-
sues in collaboration with other divisions in the center.

2) iPS cell and hematopoietic stem cell (HSC) research

Recent development of induced pluripotent stem (iPS) cells
has suggested the possible application of reprogrammed so-
matic cells to individualized therapy for intractable disorders.
We are trying to generate iPS cells using lentiviral vector and
tetracycline-inducible gene expression system for introducing
and expressing 3 or 4 factors required for generation of iPS
cells with relatively homogeneous genetic background. We are
also challenging to reprogram mature blood cells into HSC ac-
cording to the similar strategy used for iPS cells.
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Our major interest is to elucidate the mechanisms of pluripo-
tency, self-renewal and the control of cell division and differen-
tiation of stem cells like ES cells, iPS cells, and hematopoietic
stem cells. We have developed the retrovirus-mediated effi-
cient gene transfer and several functional expression cloning
systems, and utilized these system to our experiment. We are
now conducting three major projects related to stem cells:
1) Screnning of surface antigens on iPS cells with SST-REX
2) Applications of STAT3 inhibitors to stem cells 3) Devel-
opment of new retrovirus vectors, to characterize stem cells,
clarify underling mechanisms of reprogramming, maintenance
of pluripotency, and differentiation, and eventually to develop
new strategies for regenerative medicine.

1) Screnning of surface antigens on iPS cells with SST-REX

We have developed a retrovirus mediated signal sequence
trap method, SST-REX as a c-DNA library screening tool for
surface and secreted antigens, and searched surface anti-
gens cancer cells or immune cells.

In the first phase of this project, we apply SST-REX to iPS
cells in order to identify iPS—specific surface antigens, estab-
lish cel-based libraries of these antigens, “cell catalogs”, and
develop iPS—specific antibodies. As the second phase, we
use these antibodies to develop the methods for standardiza-
tion, identification and manipulation of iPS cells in order to
open a feasible way to regenerative medicine. As the third
phase, we also investigate the roles of iPS—specific antigens
in the processes of reprogramming or maintenance of ES/iPS
cells in order to develop effective tools for producing these
stem cells.

2) Applications of STAT3 inhibitors to stem cells

LIF-STAT3 signaling is one of the most important signals in
ESI/iPS cells, especially in murine ES cells in which LIF is the
only maintenance factor for the present. We established a
screening method for inhibiting IL-6 signal, and identified two
small compounds as STAT3 inhibitors. We also identified
several constitutive active STAT3 mutants in our study of IL—6
signaling. In this project, we utilize these agents to investigate
the mechanisms of reprogramming of somatic cells, mainte-
nance and differentiation of ES/iPS cells and eventually to de-
velop the tools to control these processes.

3) Development of new retroviral vectors

We developed an effective retroviral transduction system
consisted of vectors named as pMX, pMY, pMZ and packag-
ing cells as PLAT-E, PLAT-A, and PLAT-F. We are trying to
develop new vectors including those with luciferase maker
(PMX-IL), vectors for GFP or RFP fusion proteins, vectors
with lox sequences for deletion of inserted genes with Cre—
loxP systems, and vectors for miroRNA or shRNA. We utilize
these vectors for researching stem cell biology and also for
developing the innovative tools for regenerative medicine.
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The STEM CELL BANK was established by the support of
the Project for Realization of Regenerative Medicine, starting in
2008. The STEM CELL BANK belongs to the Center for Stem
Cell and Regenerative Medicine, Institute of Medical Science.
The Stem Cell Bank conducts (i) optimization and standardiza-
tion of a protocol to establish disease—specific iPS cell lines for
broad range of medical and pharmacological studies, and (i)
supply of preserved iPS cells. Additionally the Bank conducts
basic research on the generation of blood cells such as plate-
lets in vitro from human ES cells / human iPS cells. The re-
search program aims at the development of safe and stable
blood supply for transfusion independent of blood donation.

Human skin fibroblasts
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SARS and avian influenza serve as warnings of the threats
posed by emerging infectious diseases. The global impact of
these and other emerging infectious diseases dictated estab-
lishment of a research environment aimed at preventing and
mitigating the consequences of global disease agents. Al-
though vaccines play a major role in the control of infectious
diseases, basic research towards identification of causative
agents and development of treatment measures are essential
to managing emerging infectious diseases. Thus, academic in-
stitutions have a compelling responsibility to provide such infor-
mation, which will be used to establish control measures by re-
sponsible government agencies.

Inasmuch, the Institute of Medical Sciences, University of To-
kyo and the Research Institute for Microbial Diseases, Osaka
University jointly established the International Research Center
for Infectious Diseases in 2005, with the express purpose of
training infectious disease specialists and undertaking research
which will ultimately promote the control of infectious diseases.
Foundational to this charge, the Center will sponsor cutting
edge biomedical research in infectious diseases, including
identification and characterization of new pathogens and devel-
opment of novel vaccines.

To accomplish this, the International Research Center for In-
fectious Diseases at the Institute of Medical Sciences, Univer-
sity of Tokyo is composed of the following departments and
unit:

1. Department of Special Pathogens
Studies in this department focus on the control of known
diseases caused by highly pathogenic organisms and char-
acterization of newly emerging pathogens, in collaboration
with scientists abroad.
2 . Department of Infectious Disease Control
Work undertaken by this department include development
of measures for disease prevention, including vaccines, as
well as establishment of treatment regimens for infectious
diseases lacking recognized therapy protocols, in collabora-
tion with research centers located in other countries.
3. Pathogenic Microbes Repository Unit
To promote research in infectious diseases, a pathogen re-

pository is an essential resource. Thus, the Pathogenic Mi-

crobes Repository Units of both the Institute of Medical Sci-

ences, University of Tokyo and the Research Institute for Mi-

crobial Diseases, Osaka University have now been central-

ized to promote operational efficiency.
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Fig. 1
Recovery of recombinant CDV expressing EGFP. Left panel: phase con-
trast, Right panel: fluorescence image
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Fig. 2
Inhibition of CDV infection by heparin. Blue line: mock-infected, Green
line: without heparin, Red line: with heparin (1mg/ml)
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1. Morbillivirus

Our laboratory is doing research on mechanism of infection and replica-
tion of morbilliviruses (meales virus, canine distemper virus and rinderpest
virus). We developed reverse genetics system for these viruses, and con-
structed recombinant viruses expressing EGFP or firefly luciferase. Using
these recombinant viruses, we analyze susceptibility of cells to infection and
search for molecules involved in infection. Morbilliviruses use signaling lym-
phocyte activation molecule (SLAM) as a receptor. However, the presence
of alternative pathway using the other receptor (s) was suggested, since re-
combinant viruses could infect SLAM—-negative cells. We showed that SLAM
—independent morbillivirus infection was inhibited by heparin. We are trying
to identify the novel receptor molecule (s) for morbilliviruses. We have also
developed minigenome system by which we can easily analyze transcrip-
tion and replication of the morbilliviruses, and analyze the cis—acting ele-
ments of viral genome and amino acid regions of viral proteins involved in
transcription and replication. Based on the /n vitro data, we construct re-
combinant viruses and analyze the characteristics of the viruses in vitro and
pathogenicity in vivo.
2. Filoviridae

Ebolavirus causes severe hemorrhagic fever with high mortality rates of
up to 90%. Currently, no effective vaccines and antiviral drugs are available.
The long—term goal of our research is to elucidate the molecular mecha-
nisms of Ebolavirus replication. Interactions between viral and host gene
products during viral replication cycles are essential for viral morphogenesis
and determine the consequence of infection. Hence, using mammalian ex-
pression systems of viral proteins, our research has centered on interac-
tions between virus and host and the roles of individual viral proteins in viral
infection.
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Fig. 3
Reverse genetics system for generation of Ebolavirus particles.
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An Ebolavirus—infected cell. Numerous filamentous viruses cover the cell
surface.
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Discovery of novel bacterial infectious systems

Basic research and host cellular and immune responses

Development of attenuated Shigella vaccines

Applied researCh_ and animal models for shigellosis
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Fig.

Our major concern is the discovery of novel bacterial infectious systems
and host cellular and immune responses. We aim to link between basic and
applied research to develop new attenuated Shigella vaccines.
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Work undertaken by this department includes development
of measures for disease prevention, including vaccines, as well
as establishment of treatment regimens for infectious diseases
lacking recognized therapy protocols.

1. HIV and respiratory viruses (Iwamoto Lab)

The major targets of research in our laboratory are HIV and
respiratory viruses. Our research is based on the clinic in the
affiliated hospital. Briefly, our main subjects are:

(1) Pathogenesis of HIV: The research is focused in the
mechanism how HIV escapes from the immune pressure
and destroy the immune system eventually.

(2) Research to avoid adverse event of drugs: Cotrimoxa-
zole is used for the prophylaxis and treatment of Pneumo-
cystis pneumonia in HIV-infected patients. Adverse events
(AEs) such as skin rush are fairly frequent. We have been
analyzing the surrogates to predict the AEs.

(3) Rapid molecular diagnosis of respiratory pathogens: We
developed LAMP primers for several respiratory patho-
gens. We are comparing the diagnostic power of LAMP,
Immunochromatography and multiplex PCR/fluorescent
beads methods. We are trying to develop a better sputum
solvent for the field research.

2. Mucosal pathogenic bacteria (Sasakawa Lab)

Many pathogenic bacteria infect gastrointestinal tract and
colonize over or within the epithelium, by which bacterial infec-
tion causes various diseases. Mucosal epithelium act as intrin-
sic barriers against microbes, since they possess innate and
acquired immune systems to detect and exclude invading bac-
teria. Nevertheless, many pathogenic bacteria are able to cir-
cumvent and suppress host innate defense and immune sys-
tems. Recent studies have indicated that mucosal pathogenic
bacteria have highly evolved infectious systems able to escape
from host defense system. However, we must still admit that
what we know about bacterial infectious strategies is just ‘the
tip of the iceberg’. We are currently highlighting bacterial infec-
tious systems such as colonization of mucosal barrier, escape
from host inflammation and immune responses, and strength of
the infected foothold, especially in the context of molecular, and
cellular levels of interplay between Shigella, Helicobacter pylori
and pathogenic E. coli and their respective targeting host cellu-
lar factors. Our work thus includes studying toward a compre-
hensive understanding of how the bacterial effectors respond to
induce pathologic features, from the viewpoints of molecular,
cellular, tissues, and whole animal levels. The ultimate aim of
our research is the development of attenuated vaccines, con-
struction of animal models, and improvement in diagnosis and
prevention of bacterial infection.



B GIET AR M) 92 EF  DEPARTMENT OF INFECTIOUS DISEASE CONTROL, DIVISION OF MICROBIAL INFECTION

VBRI 184E 2 HICRRAL S 7z, YIS IR
EBE, MERLNIV] o4 VAR (5T L] T
WrZHZLET—<LLTWE, BT A NVARIHEONRKTDH
LHIVESSEZ WS E L, WTo2 M2 HIE L7z D
TWw5,

(1) = A XFHERT OFH
(2) =4 X7 7F VB

WEET A VA E LTHILN TV S b DD% 1T, HAGED
BER DY) Z AEEME RIS 54, BRI CHE SN B RE
ZHLGE LB EREREIC L - THIlRR S b, LA, HIV
JEYHETIL, BRIEOTFEI RO DN BD 7 4 )V AR B
W, BRI LA IEICES, TrlE, 2
OHIVIZHEFREG T 2 R L, S 512320 % M
T4 X7 7F VR THILEEHNE LT, FVRER
ETANVA (SIV) BAEREEY T 4 €7V % HW72ii%e%
HED TV D,

INF TIZ, HIVERIGNIC OB E % 380 5 Ml &k T
) o388k (CTL) 2RI FET I 54 T4 VAXRY
S0 F VAT ARREL, ThalwTy s 5 viFl
CTLIZ & 2 HIVEREHIH O L2 RT 2 LI Lize 5
2, PVFEAE S RETEAR MHC) Offrzinz, v
IF LY A XA NV AR E 5 R ClfE— Vi
RIS L7z B, ZOMBADY AT A% FWT, HIVHEET]
BNCD D5 RIERFOMNZHER S5 L LB, YAV AE
HEOERORERET B 4 VAT I LOFALIZOWT DOIRNT %
EDHTWD, ZNHOMEE, BAPEERSHZDE LTS
42T 7 F v OE5HBOF M EID L ) ZTHHD THETH
5o

%B, ZREHEWIEEERICIOWTIE, FEIREBMTEEE
BRI TE ~ % — 12 TT > TV b, FIVMHCHNIZ DWW T
1, HEERREFR AN E 8%, R EIE RS &
ORFFFEICTHEDTHE Y, T4 X727 F VHBEMEIZONT
13, ESBYSERSERT S & 07 1 F Xy 7tk b oFRFRIRIEIC Tk
HTW5,

Development of an AIDS vaccine
for interfering with esta
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2pt” 15 required

| ilure in viral control by acquired immune responses
Our original system

A group of macaques showing vaccine-based SIV control

This division, established in February 2006, is working on Mi-
crobiology and Immunology to elucidate the “molecular”
mechanism of viral replication “in vivo”. We focus on HIV, a
representative virus inducing chronic persistent infection. Our
current projects are clarification of AIDS pathogenesis and de-
velopment of an AIDS vaccine.

Most well-known pathogenic viruses exhibit their pathogenic
characteristics in the presence of innate immune responses but
are contained by acquired immune responses. In HIV infec-
tions, however, acquired immune responses fail to control vire-
mia and allow persistent viral replication leading to AIDS pro-
gression. For clarifying the mechanism of persistent viral repli-
cation and developing an effective AIDS vaccine interfering
with its establishment, we are working on acquired immune re-
sponses in non-human primate AIDS models of simian immu-
nodeficiency virus (SIV) infections.

We have been studying cytotoxic T lymphocyte (CTL) re-
sponses that are crucial for HIV control and developed a re-
combinant Sendai virus vector vaccine regimen that efficiently
elicits virus—specific CTL responses. A preclinical trial of this
vaccine system has, for the first time, shown that vaccine-in-
duced CTL can control SIV replication and, by analyzing major
histocompatibility complex (MHC) haplotypes, found a group of
macaques showing vaccine-based control of SIV replication.
Taking advantage of this novel system, we are now trying to
elucidate the immune mechanism for HIV control and analyzing
viral genome evolution as a result of the interplay between the
virus and the host. These studies contribute to establishment of
our AIDS vaccine system leading to its clinical trial.

Our non-human primate experiments are performed at
Tsukuba Primate Research Center, National Institute of Bio-
medical Innovation. The macaque MHC analysis is proceeding
in collaboration with Prof. Akinori Kimura in Tokyo Medical and
Dental University and Prof. Masaaki Miyazawa in Kinki Univer-
sity. The AIDS vaccine development research is in collabora-
tion with National Institute of Infectious Diseases and DNAVEC
corporation.

Genome structure around the MHC region

Human MHC

class 1 subregion
— e —H————

B( A

class T subregion

Mamu-B  Mamu-A
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Fig. 1
Reverse genetics system for generation of recombinant herpesviruses
using E. coli genetics

To date, approximately 130 herpesviruses have been identi-
fied, affecting most animal species. These viruses are associ-
ated with a variety of diseases such as encephalitis, malig-
nancy and mucocutaneous diseases in human and animals.
The objective of our research is to understand the mechanisms
by which herpesviruses replicate in cells, survive and manifest
diseases in their hosts. Our goal is to apply our fundamental
findings for control of herpesvirus infections and development
of viral vectors and manipulated viruses in human therapy. We
are currently working on two human herpesviruses (herpes sim-
plex virus and Epstein—Barr virus).

¢B (envelope) VP22 (tegument) VP26 (capsid)

g capsid
Venus

X 2
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Fig. 2
Visualization of herpesvirus particles and virus assembly sites in trans—
Golgi network in live cells.
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Fig. 3

Conserved herpesvirus protein kinases (CHPKs) mimic a cellular protein
kinase cdc?. It is advantageous for the virus that the protein kinase encoded
by the virus expresses a cdc2-like activity to modulate the cellular environ-
ment, since cdc? regulates a variety of cellular processes including tran-
scription, translation and structural changes in the nuclear envelope, cy-

toskelton and chromosomes.
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Fig. 1

Intracellularly invading group A streptococci (GAS) are acquired by auto-
phagy. (Photo) Confocal microscopic images of autophagosomes with GAS
compartments (green).
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A number of pathogenic bacterial pathogens have been devel-
oping a variety of mechanisms to evade from the host defence
mechanism, and to maximize their virulence for surviving. For
counterattacking to bacterial infection, our immune system has
also acquired the various defence mechanisms in the evolution.
Our major research interests are to elucidate the bacterial evolu-
tion to escape from the host immune responses, and cellular de-
fence mechanisms against the bacterial pathogens. Especially, we
focus the analysis of recognition molecules and the cellular de-
fence mechanism against the intracellularly invading pathogens.
1. Intracellular host defense mechanism

Elimination of pathogenic bacteria harboured within host cells
is crucial for host defence. The endocytic degradation pathway
has been thought to be the only system against such intracellu-
lar pathogens. We demonstrated that the autophagic machinery,
a bulk degradation system for cellular components, effectively
eliminates the pathogenic group A Streptococcus (GAS) that
has invaded non—phagocytic cells. Macroautophagy, usually re-
ferred to simply as autophagy, is a physiologically important cel-
lular process for the bulk degradation of organelles and cytoso-
lic proteins. The cytoplasm—derived contents of the auto-
phagosomes are degraded by lysosomal hydrolases. This ly-
sosomal degradation system is thought to be required for the
non-selective degradation and recycling of cellular proteins.
However, the recognition mechanism of the intracellular bacte-
ria by the autophagic degradation system has not well under-
stood. We are investigating the intracellular recognition mole-
cules to induce autophagy, and the bacterial factors recognized
by this new surveillance system, especially targeting major gram
—positive bacterial pathogens such as streptococci and staphy-
lococci.

2 . Comparative genomic analysis for pathogenic bacterial evolu-
tion.

Comparative genomic analyses indicate that the genes within
closely related bacterial species are highly conserved, with the
exception of inversions, translocations, phage integrations, and
the mobile genetic elements. In particular, the genomic arrange-
ment regions by inversion and translocation form a specific ge-
netic segment called the “plasticity zone”. The genes in plastic-
ity zones have undergone genetic reorganization to a much
higher degree than the rest of the chromosome, and this is
thought to be related to the diversity of pathogenic bacterial
phenotypes. Only comparative genomic analyses based on
whole genome sequences can provide useful information about
genomic organization. To develop effective prevention strate-
gies or new therapeutic methods for bacterial infection, it is nec-
essary to understand the biology of this organism at the
genomic level. We are trying to analyze the genomic organiza-
tion during the evolution how the pathogenic bacteria acquire
the virulence genes to evade from the host defense systems.
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Fig. 2
Schematic diagram of phage-—related rearrangements by chromosomal in-
version in group A streptococci. Two phages integrated equidistant from the
ter region exchange their virulent cassettes. int: integrase gene of phage re-
gion. tox indicates superantigen, mitogenic factor, or streptodornase genes.
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Fig. 1
Identification of various bacteria with automatic analyzer for bacterial
identification and drug susceptibility test.

This laboratory was established as the Laboratory of Culture Collection in 1972 to
collect, conserve and supply various standardized pathogenic bacteria. Since its es-
tablishment, we have distributed pathogenic bacteria to universities, public research
institutes, hygienic laboratories of local governments, medical correlation technolo-
gist training schools, hospital laboratories, food laboratories, and research laborato-
ries of companies of all over Japan. Our laboratory was recently renamed the Inter-
national Research Center for Infectious Diseases, Pathogenic Microbes Repository
Unit in April 2005 with a cooperation system with the Research Institute for Micro-
bial Diseases, Osaka University.

Our society is always threatened by emerging and reemerging infectious dis-
eases with various kinds of altitude pathogenic microbes owing to increased foreign
tourism, import increase including food, food poisoning such as the 0-157 epi-
demic, and bioterrorism. In addition, by advanced medical developments, the aging
society, and increased HIV infection, the quick identification of and therapy for op-
portunistic infection causative agents and multiple drug resistance bacteria have
become important in the medical field.

The need for researchers and clinical practitioners specialized in bacteriology and
infectious diseases has risen remarkably, and the substantial study and education
required is an emergent problem. For thorough study and education, knowledge of
bacteriology, a system of collecting pathogenic microorganism strains of reliable ori-
gin, to maintain and save them appropriately, and to provide them to cutting—edge
researchers or educational establishments is indispensable. However, in Japan, re-
search into pathogenic microorganisms and infectious diseases is performed mainly
in universities, where there is no system for conservation and supply. Therefore,
valuable bacterial strains have faced disappearance. Furthermore, under the
CARTAGENA PROTOCOL ON BIOSAFETY for conventions of biological diversity,
the provision and purchase of pathogenic microorganisms from foreign countries
has become difficult.

In such circumstances, we are collecting, saving, and analyzing the pathogenicity
of microorganisms and distributing pathogenic bacteria to 1) offer type cultures as a
positive control in research, education and examinations, 2) prepare pathogenic
bacterial strains that have socially high importance, and 3) offer microbes to univer-
sities or public research organizations for training or research. We possess about
1,500 strains that almost cover the main pathogenic microbes, including strains
valuable internationally such as pathogenic £, coli of Orskov’s collection, which is
stored only in our laboratory in Japan. Furthermore, it is important to secure their
utility as type cultures by preparing genomic and genetic information about the
pathogenicity of our bacterial collection based on the researches of the Division of
Bacterial Infection. Thus, our laboratory is expected to contribute to countermea-
sures against infectious disease, and to the education and research of medical mi-
crobiology in our country.

(1) Collection, preservation and data management of bacterial strains

It is necessary for us to collect representative type strains and the derivatives
of pathogenic microbes corresponding to the following six items.

a) Comprehensive collection of genome sequencing strains.

b) The causative agents of hospital-acquired (nosocomial) infection, such as op-

gJortunistic infectious bacteria and antibiotic-resistant bacteria.

Pathogenic Escherichia coli associated with the intestinal and urinary tract or

meningeal infections, including Shigella, EPEC and EHEC O-157.

d) Intracellular bacterial pathogens such as Mycobacterium avium and obligate

intracellular bacteria.

e) Zoonotic agents causing brucellosis (Brucella), leptospirosis (Leptospira),

and so on.

f) Pathogens causing newly emerging infections and outbreaks, such as Helico-

bacter pylori, Salmonella spp. and Clostridium perfringens .

We dissect the biochemical properties of bacterial strains collected by deposi-
tion, and maintain them appropriately. We are also opening the database of our
collection to the public.

(2) Distribution of bacterial strains

We are distributing bacterial strains to research organizations, hospital labora-
tories, and medical educational institutions throughout the country. In addition,
under cooperation with the Japanese Society for Bacteriology, we are distributing
authorized bacterial strains.

(3) Value-added creation of a bacterial strain collection by pathogenic analysis

We are analyzing the pathogenicity of pathogenic microorganisms, especially
pathogenic E. coli, the pathogenicity of new bacterial infection causative agents
in cooperation with the Division of Bacterial Infection. Our collection has original
added value by offering this information to users.

’ fﬂJ'ﬁ1*;‘ ?JP“
ﬁ? o Sty 2 q{k-

a«"‘}t
?"\%’f ,?,a- T}
Fe i. "- w7 .

.! \ _‘.""" ‘L"'z.:

X2
EET RUHE (&) CRIREOIO=— (A)

Fig. 2
Staphylococcus aureus (left) and Pseudomonas aeruginosa grown on
agar plate (right).
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Fig. 1

Cleavage-site—directed antibody against caspase-3—catalyzed poly (ADP-
ribose) polymerase stain apoptotic human T Jurkat cells (green). Cellular
DNA is stained in red with propidium iodide.
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Fig. 2
The evaluation method for cleavage-site-directed antibodies by pahge
display.

The mission of our laboratory is to develop technologies for
protein research that enable us to analyze complex cellular
systems leading to a variety of diseases such as cancer and in-
fection. We mainly focus on the researches based on advanced
technologies regarding mass spectrometry and electron mi-
croscopy for precise measurement of dynamic behaviors of
functional protein networks.

We are also engaged in collaborative researches regarding
electron microscopy (Dr. Sagara), mass spectrometry (Dr.
Oyama), peptide synthesis and purification of proteins and their
functional analyses (Dr. Imajoh—-Ohmi) and have made a sub-
stantial contribution to many scientific achievements.

Group | (Associate Professor: Shinobu Imajoh—-Ohmi, D. Sc.)
Our major research interest is to understand cellular events

on the basis of structural changes and dynamics of proteins.

(1) Various proteases such as caspases, calpain and protea-
somes are involved in signal transduction for apoptotic cell
death. Caspase 3/7 cleaves calpastatin, an endogenous in-
hibitor protein for calpain, during apoptosis. Subsequently,
calpain is activated and suppresses cell death. In polymor-
phonuclear (PMN) leukocytes actin is cleaved by a serine
protease into a 40-kDa form lacking amino-terminal region
essential for cytoskeletal polymerization. Proteolysis of actin
in PMN apoptosis remains to be elucidated.

(2) We have been analyzing activation of zymogens and pro-
teolysis of substrate proteins in situ in various states of cells
by means of cleavage-sitedirected antibodies that specifi-
cally recognize a terminal region of proteolyzed polypeptides
but do not bind native proteins (Fig. 1).

(3) Promyeloid cells become resistant to cytotoxic anti-Fas an-
tibodies and lipopolysaccharide after differentiation into
monocyte/macrophage-like cells. The differentiation may af-
fect the cell-surface expression of the apoptosis receptors,
and death signaling downstream of receptor—coupled pro-
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Fig. 3
Shotgun phosphoproteome analysis based on SILAC-nanoLC-MS/MS
system.

tease, caspase—8 is suppressed in apoptotic response.

(4) Shigella is phagocytosed by macrophages but induces cell
death of the phagocytes mobilized by innate defense system.
The cell death seems to be related to host—cellHinvasing ac-
tivity of bacteria as well as differentiation state of the phago-
cyte. Molecular mechanism of the infection-induced cell
death is under investigation in focus of interactions between
cel-death—related proteins and bacterial factors.

Group Il (Project Assistant Professor: Masaaki Oyama, Ph. D.)

1. Comprehensive description of signaling transduction net-
works by proteomics and systems biology

Signal transduction system is known to widely regulate
complex biological events such as cell proliferation and differ-
entiation. We have established an integrated framework for
analyzing phosphoproteome dynamics using a highly sensi-
tive nanoLC-MS/MS system coupled with Stable Isotope La-
beling by Amino Acids in Cell culture (SILAC) technology (Fig.
3). Mathematical modeling based on system—wide signaling
dynamics data enables us to refine literature-based pathway
structures and define disease—related regulatory networks,
leading to generating a platform for theoretical identification of
potential drug targets on a network-wide scale.

2. Expanding landscape of the human short ORFeome

In parallel with the human genome projects, human ful-
length cDNA data has also been intensively accumulated.
Our previous mass spectrometric analysis of small proteins
expressed in vivo provided the first direct evidence of transla-
tion of upstream short ORFs in the human fulHength cDNAs.
In—depth proteomics analysis using a two—dimensional
nanoLC-MS/MS system revealed a novel post-transcriptional
system that augmented the complexity of the human short
proteome via alternative use of diverse translation start sites
coupled with transcriptional regulation through alternative
promoters or splicing.

Group Il (Assistant Professor: Hiroshi Sagara, Ph. D.)

Vertebrate retinae have multi-layered structure similar to
the central nervous system reflecting their developmental ori-
gin from the embryonic central nervous system. The photore-
ceptor cells in the outer most layer of the retina receive light
stimuli. The information of the light is then transferred to the
secondary neuron, bipolar cells, and next to the third neuron,
ganglion cells that send their axons to the brain. During this
process, horizontal cells and amacrine cells participate in the
integration of the information. The integration of the light infor-
mation takes place through the neural circuits that are formed
by the synaptic connection between neural cells. But the
mechanisms underlining this integration process remain un-
clear. Early fine morphological studies revealed only limited
information because of their complexity. Recent progress in
electron microscopy techniques, such as electron micro-
scopic tomography, molecular biological techniques that en-
able us to stain only a specific species of cells, and the rapid
improvement of the power of computers make it not impossi-
ble to analyze. We are trying to analyze the integration
mechanisms of the light information within the retina making
full use of these techniques.
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Fig. 4
Complex synaptic junctions between neural cell processes in the mouse
cerebral cortex.
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Fig. 1
Model of Reverse genetics for CDV

Our major research interests are to elucidate molecular
mechanisms of pathogenicity and species specificity of minus
and single strand RNA viruses (Mononegavirales) and to con-
trol viral diseases. For these purposes, we are studying virus
replication and identifying viral and host factors important for
the expression of pathogenicity using a novel reverse genetics
technigue in this field. We are also developing new virus vac-
cines and virus vectors by genetic engineering.

(1) Molecular mechanisms of pathogenicity and species speci-
ficity of mononegavirales

We use our novel system which allows generation of mor-
billiviruses (measles virus, rinderpest virus, canine distemper
virus) and Nipah virus from cDNA and thus enables engineer-
ing of the mononegavirales. Morbilliviruses are highly conta-
gious, show various pathogenicities and considered as one
of the most important causative agent of disease in each
host. In collaboration with INSERM in France, we also suc-
ceeded for the first time in establishment of reverse genetics
system for Nipah virus which induces encephalitis in human
with high mortality rate. We study the roles of virus compo-
nents and host factors including virus receptors in viral repli-
cation, pathogenicity and species specificity. These mecha-
nisms were also analyzed in animal experimental models
which show typical symptoms usually observed in natural af-
fected hosts.

(2) Development of new virus vaccines against morbilliviruses
and of virus vectors.

Using our novel technique of genetic engineering, we are
developing attenuated and/or multivalent vaccines. We also
attempt to use the viruses as novel targeting vectors for can-
cer.

(3) Mechanisms of developing pathological degeneration in
central nervous system

Using rodent models which show genetically nervous
symptoms with spongiform degeneration in CNS, we are ana-
lyzing the mechanisms of cell death and the molecular basis.
In animal research center, more than 30,000 mice, mainly

transgenic or knockout, are kept for researches of IMSUT, and
the technical staffs support their breeding, frozen storage of
eggs, microbiological cleaning.
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Fig. 2
Induction of fluorescence in syncytium infected with recombinant CDV

with GFP gene
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Fig. 1
Cancer-specific promoter for gene-therapy

In this laboratory we actively work to develop novel and effi-
cient methods aiming efficient cancer-specific gene therapy
and regulation of gene expression. The research projects below
are in progress.

(1) Development of a “single-type” cancer-specific and effi-
cient vector: This new vector is a thoroughly improved ver-
sion of previously-developed “double-infection” vector and
efficiently expresses a therapeutic gene selectively in cancer
cells. We intend to develop a vector that selectively kills can-
cer cells present even as disseminated form among normal
cells.

(2) Improvement of high—capacity adenovirus vector. The
helper-dependent (HD) adenovirus vector, which lacks most
of the viral genome and bears large DNA up to about 30kb, is
difficult to produce high yield and hence is not popular. We
develop a high-yield HD vector using newly—constructed FLP
—expressing cell lines and obtain promising results. We ex-
pect that this vector can be used as a vehicle in various fields
of basic research other than gene therapy, with low antigenic-
ity and long duration of expression, and tissue-specific ex-
pression under the control of genomic promoter up to 30kb.

(3) Development of an efficient method for exchanging a gene
located on the genome using RMCE (recombinase-mediated
cassette exchange) technique: We have developed a method
for transferring or exchanging a DNA sequence on the ade-
novirus genome onto the target sequence that had been in-
troduced beforehand, and the method has been patented.
We are improving the method further and pursue possibilities
to application in the fields of basic research including devel-
opment/regeneration and of future gene therapy.

Besides the research field, Saito in this laboratory serves as
a head of the committee in this institute dealing with gene—
modified organism and with microorganism in research, and
gives advises under the related laws.
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Regulation of gene expression using recombinant adenovirus producing
Cre recombinase
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NTEDHZ LAY 57 1— (Chromatography of venom proteins
from Habu)

This Laboratory was established in 1965 in Amami—oshima
Island in order to study on endemic diseases involving parasite,
arthropods, and venomous snakes in the tropics or subtropics.

The Amami-oshima Island belongs to the Nansei Islands and
the fauna is quite different from that in mainland of Japan. Since
its establishment, trials have been carried out to utilize small
mammals found unique in the island as experimental animals in
addition to studies on prevention of Habu bites. As well known,
successful eradication of filariasis from this island is one of the
monumental works of the laboratory. Our present works are as
follows:

1) Research of Habu control.

Phospholipase A2 and its isozymes isolated from Habu
venom have myonecrotic activity and hemorrhagic activity,
and T2 protease has hemorrhagic activity. The binding pro-
teins isolated from serum of Habu inhibit myonecrotic activity
of phospholipase A2 and its isozymes.

2) Reproduction of squirrel monkeys.

The squirrel monkey, Saimiri sciurea, is widely distributed
in Central and South America. This monkeys are used to ba-
sic experiments on the infection and vaccination models for
malaria.

3) Research of wild animals

Amami-oshima Island is a habitat of animals and plants in-
digenous to the Nansei Islands. These animals occur origi-
nally in the Oriental region, including the Amami rabbit, the
Amami spiny rat, the Okinawa long—haired rat.

Recently, the Java mongoose, Herpetologica javanicus
grew in the wild as invasive carnivore. The population of the
mongoose increases year by year and the habitat range is
extending to south area in the Island. It is necessary to re-
move the invader to defend nature.

4) Infection experiment using the primates.

The animal facilities for infection experiment using the pri-
mates were folly accomplished. The research on the patho-
genicity of measles virus has been performed using these
equipments.
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mongoose)
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Fig. 1
IBPCAS and LSVI

IMSUT Research Center for Asian Infectious Diseases is
supported by a contract research fund (2005-2010) from the
Ministry of Education, Culture, Sports, Science and Technology
(MEXT). IMSUT has established two joint laboratories in Beijing
in collaboration with the Institute of Biophysics and Institute of
Microbiology, Chinese Academy of Sciences (IBPCAS and IM-
CAS, respectively), a collaborative research program with Har-
bin Veterinary Research Institute (HVRI), the Chinese Academy
of Agricultural Sciences, and the IMSUT project office in Bei-
jing.

a. Laboratory of Structural Virology and Immunology (LSVI)

LSVI belongs to the Center for Infection and Immunity of
IBPCAS, which is the national establishment of Brain and Cog-
nitive sciences, and Protein science. Researchers in LSVI are
involved in the study of structure and function of viral proteins.
Study of the host-virus interactions is another major focus. Pro-
tein engineering techniques useful for the diagnosis and ther-
apy of infectious diseases are being developed.

b. Laboratory of Molecular Immunology and Molecular Micro-

biology (LMIMM)

LMIMM has been settled in IMCAS new buildings. It
equipped with a 120 m* BSL 2 laboratory and 50m’ office
spaces. In LMIMM, scientists from both countries are involved
in the molecular studies of emerging and reemerging viral infec-
tious diseases.

c. Collaborative Research Program with HVRI

We are studying the pathogenesis of the highly pathogenic
avian influenza H5N1 viruses in mammals at a BSL3 laboratory
of HVRI. We have shown that an H5N1 virus, isolated from a
human in China, replicated in the lower respiratory tract of
rhesus macaques, causing severe lung damage. We also de-
termined the molecular basis of the differences in pathogenicity
between two H5N1 isolates from pigs in Fujian Province, south-
ern China in mice. In addition, we have conducted molecular
surveillance of H5N1 viruses isolated in Asian countries.

d. IMSUT Project Office

The IMSUT project office was set up in Beijing. It manages
the project-hire personnel and the Japanese side budget for
collaboration.
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Fig. 2
IMCAS and LMIMM
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Fig. 3
HVRI and BSL3 experiment
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gators” in IMSUT
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The Frontier Research Initiative is managed under the theme
adopted by the University of Tokyo, “Promotion of Independ-
ence for Young Investigators” (representative: President Hiro-
shi Komiyama), funded by “Program for Improvement of Re-
search Environment for Young Researchers” from the Ministry
of Education, Culture, Sports, Science and Technology (MEXT).
In cooperation with the university-wide program steering com-
mittee, the office of program supervision established within the
Institute of Medical Science supports the research and training
of mainly Frontier Research Team Leaders (currently one indi-
vidual) and four Frontier Researchers. Various professors from
within the Institute serve as mentors, offering guidance and ad-
vice on research and training matters.

[Nakae Group]

Regulatory roles of mast cells in immune responses

Our goals are to understand the molecular mechanism of de-
velopment of allergic diseases such as asthma and dermatitis
using gene—deficient mice.

[Heissig Group]

Cross-talk between hematopoiesis and angiogenesis: Under-
standing the role of hematopoietic cells in the regulation of an-
giogenesis
[Yamashita Group]

Genome-wide sequence analysis of transcription and trans-
lation regulation
[Yamamoto Group]

Analysis of the activation mechanism of the osmoreguratory
HOG MAP kinase pathway in yeast
[Yokoyama Group]

Analysis of the NYAP family-mediated signaling pathway in
neurons
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Fig. 2
Evaluation of airway hypersensitivity in mice
The severity of airway inflammation in mice is assessed by using these in-
struments.
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Even after all the Japanese national universities were trans-
formed into the national-university corporations in April 2004,
the Hospital of the Institute of the Medical Science, the Univer-
sity of Tokyo (IMSUT) remained to be the only one Research
Hospital in the country. A brand new 8-story hospital building is
equipped with 135 beds including 6 completely biological clean
rooms, out-patient clinic, advanced diagnostic and therapeutic
machines and so on. At the moment, Research Hospital mainly
targets hematological malignancies, solid tumors, infectious
diseases, autoimmune disorders as project diseases. Based on
advanced and human treatment, Research Hospital, together
with the Advanced Clinical Research Center, aims at clinical
studies on pathogenesis and interventional studies. The opera-
tional structure of Research Hospital is divided into three units;
(1) advanced medical care unit, (2) care support unit and (3)
safety management unit. These units are further supported by
the nursing department, pharmacy and administration office.
The advanced medical care unit consists of medical and surgi-
cal groups, in which professional subgroups provides high stan-
dard treatment. In 2006, Research Hospital recruited an ortho-
pedician who is experienced with hemophiliac joint surgery.
Also a physical therapist was recruited with the cooperative
support by the Department of Rehabilitation of the University of
Tokyo Hospital. With these two specialists, Research Hospital
can improve the total care for the hemophiliacs with infectious
diseases. The care support unit consists of Radiology, Cell-
processing and Transfusion Service, Surgical Center, Labora-
tory Medicine, Medical Supply Center and Department of Medi-
cal Information System. Research Hospital is armed with many
advanced medical equipment, however, no medical engineer
(ME) had been allocated. With the cooperative support by the
Department of Medical Instrumentation of the University of To-
kyo Hospital, Research Hospital could recruit a ME in 2005. ME
is allocated to the Surgical Center and takes care of all the
medical instrumentation in the Research Hospital. The safety
management unit is directly under the supervision of the direc-
tor of the hospital and responsible not only for the medical
safety issues but also for the rationality, safety and ethical is-
sues of the protocol for the translational research. Research
Hospital is a small but unique hospital with high standard care
and full of medical sciences in collaboration with Advanced
Clinical Research Center, Human Genome Center, Center for
Experimental Medicine, three major basic research depart-
ments in IMSUT and other groups outside IMSUT. In 2008,
Center for Stem Cell and Regenerative Medicine has been es-
tablished, which is expected to facilitate cell therapies. All the
activities and mission of Research Hospital can not be covered
by the fixed operational expenses. Research Hospital has been
supported by external funds such as Funding for Cancer Trans-
lational Research, Coordination, Support and Training Program
for Translational Research and other external funds.
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Professor: Naohide Yamashita M. D, Ph. D.
Lecturer: Takashi Nakaoka. M. D, Ph. D.

Assistant Professor: Hideki Ohno, M. D, Ph. D.
Assistant Professor: Naoyuki 1so—O. M. D, Ph. D.
Assistant Professor: Naoyuki Takahashi, M. D, Ph. D.
Project Lecturer: Hitomi Nagayama M. D, Ph. D.
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Department of Advanced Medical Science was established in Sep-
tember 1997. We are planning and performing several projects de-
scribed below to develop new therapies for several diseases, includ-
ing cancer and ischemic disorders. (1) First, we participate in the pep-
tide vaccine clinical trial at IMSUT hospital. We are investigating, (2)
serological identification of melanoma antigens by recombinant ex-
pression cloning, (3) analysis the role of newly identified non—coding
RNA, (4) analysis on the mechanisms of cardiac outflow tract devei-
opment, and (6) analysis of the Gradient Expression of Genes in Hu-
man Colonic Mucosa,

(1) Laboratory of Molecular Medicine, Division of Advanced Clinical
Proteomics, Human Genome Center, IMSUT (Nakamura Labora-
tory) has identified several new epitope—peptides that were up—
regulated in several kinds of cancer. Based on these data, phase |/
Il clinical trial to cancer patients were developed by Nakamura
Laboratory. Among these trials, we are engaged in the clinical trials
on the patients with either esophageal, gastric or pancreatic cancer
from May 2008 at IMSUT hospital.

Outline of the clinical trial
Purpose: Feasibility and efficacy of combined modality intervention

using tumor-associated/tumor vessel-specific peptide vaccina-
tion with or without chemotherapeutic agents in case of ad-
vanced/inoperable or therapy-resistant cancer patients. All pep-
tides are restricted to HLA-A*2402 or HLA-A*0201, both are
common HLA alleles among the Japanese human population.

Primary endpoints: Safety of peptide vaccination (phase I) and time

to progression of cancer (phase Il). As these trial are phase I/lla
study to confirm the feasibility, eligibility criteria is restricted to the
end-stage cancer patients with no expected alternative therapy.

Secondary endpoints: Immune response (ELISPOT, Perforin/FoxP

3 FACS, in vitro CTL assay etc.) & Tumor regression (Imaging
study, tumor marker, etc.).

Design: vaccination of peptides, emulsified with incomplete Freund

adjuvant is planned two times weekly for 8 weeks with or without

standardized chemotherapy.

Estimated Enrollment: 14. Estimated period: one year.

cancer HLA peptides Adjuvant

chemother-
apy
A2402 URLC10, TTK, KOC1 none
A0201 URLC10, VEGFR1/R2 none
Pastric cancer A2402 URLCI10, KOC1, TS1
VEGFR1/R2
A0201 URLC10, VEGFR1/R2 TS-1
Pancreatic cancer A2402 VEGFR1 GEM

AO0201 VEGFR1 GEM
(2) Serological identification of melanoma antigens by recombinant
expression cloning
We previously conducted dendritic cell therapy on 10 melanoma
patients and 6 thyroid cancer patients. Remarkable tumor reduc-
tions were observed in two of melanoma patients. We aimed to
identify some of the unique antigens targeted by dendritic cell ther-
apy in these patients. To identify the target antigens, we first em-
ployed two-dimensional electrophoresis combined with Western
blots analysis and matrix—assisted laser desorption ionization—time
of flight/mass spectrometry (MALDI-TOF/MS) methods. Through
this strategy, carbonic anhydrase Il was identified as an antigen
that elicited serum antibody response to dendritic cell therapy in
the patient. To further extend this study, We have constructed
cDNA libralies from the melanoma tissues and have been perform-
ing SEREX (serological identification of antigens by recombinant
expression cloning) by using sera from melanoma patient.
(3) Analysis of Dnm3os, a non—coding RNA for skeletal develop-
ment
Dnm3os, a non—coding RNA (ncRNA), contains three micro
RNAs; miR—199a, miR—199a* and miR—214, whose functions re-
main entirely unknown in mammals. We introduced the lacZ gene
into the Dnm3o0s locus to recapitulate its expression pattern and
disrupt its function in collaboration with Department of Physiologi-
cal Chemistry and Metabolism, Division of Biochemistry and Mo-
lecular Biology, University of Tokyo. Dnm3os'*#/'*Z mice exhibited
several skeletal abnormalities and most homozygous pups died
within 1 month. Now, the project to investigate the molecular
mechanisms responsible for skeletal abnormalities in Dnm3
os'*?/2Z mjice is under way.
(4) Analysis on the mechanisms of cardiac outflow tract develop-
ment
The heart defect (hdf) mouse is a recessive lethal mutation and
shows defective formation of the cardiac outflow tract during devel-
opment. Since CSPG2 locus is disrupted in hdf mouse by trans-
genic insertion, hdf is a good model system to analyze the function
of CSPG2. In this study, we identified that the migration of neural
crest (NC) cells towards pharyngeal arches was disrupted in the
hdf/hdf embryos. Moreover, massive apoptosis occurred in the ce-
phalic mesenchyme of hdf/hdf embryos. Since NCC plays key
roles in the formation of cardiac outflow tract, further analysis is un-
der way.
(5) Analysis of the Gradient Expression of Genes in Human Colonic
Mucosa
Ulcerative colitis is characterized by continuous inflammation ex-
tending from rectum to oral colonic mucosa. Epidemiological data
have provided incontrovertible evidence that both genetic and envi-
ronmental factors are important in the disease susceptibility. We
speculate that the gradient expression of genes in human colonic
mucosa might be related to the disease development and progres-
sion. First, we chose the genes whose expression levels were re-
ported to increase toward the distal colon. Next, we evaluated the
expression levels of these genes throughout the GI tract and in
other tissues by northern blot analysis. As a result of this analysis,
some genes showed the expression gradient to increase toward
the distal colon. We have generated rabbit polyclonal antibodies
against the protein encoded by the gene. We are currently examin-
ing whether or not expression of the gene has effect on cellular pro-
liferation.
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Our general interest is focused on planning and performing
novel therapeutic strategies for intractable hematological disor-
ders.

1) Hematopoietic Stem Cell Transplantation (HSCT)

As many as 600 cases of allogeneic or autologous HSCT
have been performed and HSCT-related complications includ-
ing acute/chronic GVHD and opportunistic infection have been
treated until 2008. We developed recombinant human G-CSF
and played a leading role in demonstrating its remarkable use-
fulness in HSCT. Based on our achievement as a main hub of
HSCT centers in Japan, we greatly contributed to found the Ja-
pan Marrow Donor Program (JMDP) and have been continu-
ously working for IMDP in not only transplantation but also col-
lection of unrelated donor marrows. Recent years unrelated
cord blood has turned to be our major stem cell source in
HSCT. Since 1998 we have performed up to 200 cases of CBT
in adults, which appears a distinguished experience in the
world. During such a transition of our stem cell source, immu-
nological reconstitution from the CB graft as well as the patho-
physiology of GVHD and GVL is becoming our main theme to
be elucidated, and we are now engaged in the basic research
on novel therapeutic application of CB HSC and mesenchymal
stem cells.

2) Cell and Molecular Targeted Therapy

Humanized anti-CD20 monoclonal antibody (rituximab) and
Abl-specific tyrosin kinase inhibitor (imatinib mesylate) are rep-
resentative promising drugs in the field of cell and molecular
targeted therapy. We are trying to apply these drugs to other
disorders than those originally approved for use (B cell lym-
phoma and CML, respectively). In addition, we are also per-
forming basic studies on macromolecular agents including re-
combinant toxins and immunoadhesins as well as small mole-
cule agents such as novel kinase inhibitors and cytokine syn-
thesis inhibitors.
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The Department of Infectious Disease and Applied Immunol-
ogy (DIDAI) was founded in 1981, and started clinic and re-
search works for HIV infection since 1986. DIDAI is also a ma-
jor center for tropical diseases including treatment and pre—
travel clinic for malaria in Japan where risk management for in-
ternational infectious diseases is poorly organized. Recently,
we have taken up development of rapid and convenient mo-
lecular diagnostic methods for acute respiratory infections with
the prospect of emerging infectious diseases.

1. Clinical activities and clinical studies for HIV infection

Approximately 350 outpatients and 4-8 inpatients with HIV in-
fection are under our medical care, and the numbers are still in-
creasing. As shown in the figure, the number of HIV-infected
patients managed in IMS hospital transiently decreased by half
because of establishment of AIDS center in International Medi-
cal Center of Japan. However, the number is increasing stead-
ily as Japanese statistics of HIV-infected patients.

Since the introduction of highly active antiretroviral therapy
(HAART; combination therapy with 3 or 4 antiretroviral agents)
in 1996, it has become possible to control proliferation of HIV
and recover patients’ immunodeficiency. However, they have to
continue HAART for whole their lives. Since long-term HAART
may cause long—term toxicity, drug resistance, medical care in-
flation, etc., the effort to develop therapeutic vaccine which may
contain HIV without HAART is mandatory. We conducted a
phase 1 clinical trial utilizing autologous dendritic cells (DCs)
pulsed with CTL epitope—peptides. The safety of peptide-
loaded DCs was confirmed in HIV-positive patients. Two of the
four participants showed specific response after administration
of peptideH{oaded DCs. However, the viruses rebounded in all
participants and the vaccination did not affect viral set point af-
ter treatment interruption. Further effort to induce more potent
HIV-specific immunity is needed.

2. Treatment of tropical diseases

We take care of 5-15 patients with malaria every year. Pa-
tients with dengue fever and typhoid fever as well as rickettiosis
and Lyme disease were also admitted. We prescribe preventive
medicine for malaria and inoculate therapeutic vaccines
against tetanus and rabies for patients who had animal bites
abroad. We started i—consultations for tropical diseases in
2004, and responded to more than 80 queries from overseas
travelers. Numbers of foreigners with HIV infection are increas-
ing as the Japanese society becomes international.

3. Development of diagnostic methods for acute respiratory
infections

Emerging respiratory infectious diseases are actual threat in
the 21* century. There are many conventional respiratory infec-
tions which resemble clinically severe acute respiratory syn-
drome (SARS) and H5N1 avian influenza. Rapid and sensitive
diagnostic tests are necessary. We are trying to develop new
diagnostic methods for acute respiratory infections, utilizing
LAMP (Loop—Mediated Isothermal Amplification) and fluores-
cent-coated micro beads array system.
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Fig. 1
Hematopoietic stem/progenitor cells in human umbilical cord blood cells
(CD34+cells).

Fig. 2

Department of Pediatric Hematology/Oncology was estab-
lished in April, 1998. We engage in the treatment of pediatric
hematological diseases such as leukemia and aplastic anemia
mainly by hematopoietic stem cell transplantation (HSCT), and
pediatric solid tumors, immunodeficiencies and congenital
metabolic diseases, which are also targets of gene therapy, will
be included in our area. So far about 50 cases of HSCT have
been carried out in cooperation with HSCT team in our hospital.
In particular, unrelated HSCT or HLA mismatched HSCT were
carried out for high risk patients. We are currently focusing on
the following projects.

(1) Cord blood transplantation (CBT)

In cooperation with Department of Hematology/Oncology,
we engage in CBT, and the outcome is comparable to that of
allogeneic bone marrow transplantation. In addition, we are
characterizing HSC in CB by the methods of cellular and mo-
lecular biology to expand CBT.

(2) exvivo expanded stem cell transplantation

Ex vivo expansion of human hematopoietic stem cells
(HSC) is one of main projects and research for clinical appli-
cation of the expanded HSC is being undertaken. A novel
system using NOD/ SCID mice is expected as a useful
method for evaluation of human transplantable HSC.

(3) Clinical application of human ES and iPS cells

Human embryonic stem (ES) cells, as well as CB, originate
from the period before birth, and can be maintained as undif-
ferentiated cells in culture without apparent limits. The totipo-
tent capacity of human ES cells suggests their possibility as
a novel cell source for regenerative medicine. We are aiming
at the establishment of the method for efficient production of
HSC for therapeutic transplantation and functional mature
blood cells for transfusion medicine from human ES cells.
Based on the technology for the differentiation of human ES
cells, we are also aiming at the clinical application of human
induced multipotent stem (iPS) cells.

2
b R

Human embryonic stem cells.
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Our department is founded in 2001 to tackle systemic auto-
immune inflammatory diseases including rheumatoid arthritis,
systemic lupus erythematosus and vasculitic syndromes and
manages increasing number of those in—and out-patients. We
provide patients personalized and evidence-based medical
service. In collaboration with the Division of Clinical Immunol-
ogy, ACRC, we are aiming such clinical research that definitely
contributes to establishment of novel therapeutic approach,
based on the recent achievement in the division, especially
concerning functional analysis of lymphocyte surface mole-
cules and transcription factor research on inflammation.

1) Advanced medical treatment and care for collagen vascular
diseases

Musculoskeletal disorders are now considered to be one of
the major causes of disability in elderly persons. Concerning
rheumatoid arthritis (RA), more than 700 thousands people
are suffering from the disease in Japan. Given the recent de-
velopment of anti-rheumatic drugs, we are trying to settle the
disease down to remission, with starting anti-rheumatic drugs
and/or immunomodulators immediately after diagnosis is
made. After development of biologically active agents includ-
ing ant-TNFa antibody (infliximab) and soluble TNFa recep-
tor (etanercept) which could induce clinical and even redi-
ological remission, treatment for RA may shift from care to
cure. These advanced therapy targeting immune reaction
might be more important for immune—mediated diseases and
we should scientifically evaluate for efficacy and safety is-
sues.

Glucocorticoids are still a key player in treatment of pa-
tients with these rheumatic disorders. However, occurrence
of side effects of glucocorticoids is not idiosyncratic but dose—
and duration—related. Close monitoring not only their thera-
peutic but also effects enables us to minimize the dose and
duration of the therapy. Especially, prevention of osteoporo-
sis is of our current pharmacological concern. On the other
hand, we have been working with dissociation of therapeutic
antiinflammation from side effects of glucocorticoids and re-
cently identified a prototypical compound for that purpose.

2) Development of novel advanced therapy

CD26 is a T cell costimulatory molecule with dipeptidyl
peptidase IV (DPPIV) enzyme activity in its extracellular re-
gion and is able to cleave selected biological factors such as
chemokines to alter their functions. We have shown that anti—
CD26 antibody could suppress proliferation of T cell and
other CD26 positive tumor cells. We have developed the hu-
manized ant—CD26 monoclonal antibodies to treat CD26
positive tumors such as T—cell lymphoma, malignant meso-
thelioma, as well as autoimmune diseases and GVHD and
plan to perform phase I/1l clinical trial in early next year.

The soluble form of CD26 is present in serum and recombi-
nant soluble CD26 can enhance antigen induced T cell prolif-
eration and sensitivity to doxorubicin and etoposide. We have
described that serum soluble CD26 contributes to the im-
munopathogenesis of HIV infection and appears to be useful
as a new disease activity measure for SLE. We have also
measured soluble CD26/DPPIV levels in sera and synovial
fluid from patients with RA and found significant decrease of
serum soluble CD26 and its specific DPPIV activity. We plan
to examine the effect of TNF-« blocking therapy (infliximab or
etanercept) on serum levels of soluble CD26/DPPIV in pa-
tients with RA and its clinical significance. We have examined
soluble CD26 and its specific DPPIV activity in serum of pa-
tients with asbestosis in collaboration with Okayama Rosai
Hospital and also inflammatory bowel diseases, such as
Crohn’s disease or ulcerative colitis in collaboration with Gas-
trointestinal Unit, School of Medicine, Keio University.
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Our department provides appropriate information for clients who
are anxious about hereditary diseases or condition associated with
genetic abnormalities. We carry out three clinical projects, genetic
counseling, genetic testing, and support of prospective studies for
personalized medicine.

1. Genetic counseling and related activities.

Forming a clinical team comprising of doctors specialized in human
genetics, counseling nurses, and medical psychologists, we provide
genetic counseling for clients. We deal with individuals who have
anxiety for a wide range of hereditary diseases, or conditions associ-
ated with genetics. We have taken care of clients who were afflicted
with anxiety about hereditary diseases such as Huntington’s disease,
retinitis pigmentosa, G6PD deficiency, hemophilia, and neurofibroma-
tosis, non—hereditary problems such as Down’s syndrome and osteo-
genesis imperfecta, and consanguinity. In collaboration with counsel-
ing nurses and medical psychologists, we also took psychological
care of the clients.

2. Genetic diagnosis

We provide genetic tests for various hereditary diseases. When cli-
ents visit our clinics for genetic tests, they are obliged to have genetic
counseling in advance. Given detailed information including merit and
demerit of genetic tests, the clients are asked whether they agree
with or disagree with the testing. In the Genetic Counseling Commit-
tee, we also assess their condition in various points of views. After
approval of the committee and repeated informed consent, the clients
may have genetic tests. For example, we provide genetic tests for
HNPCC, an autosomal dominant hereditary disease accompanied by
tumors arising in various organs such as colon and rectum, stomach,
renal pelvis, and endometrium. Mutations in MSH2, MLH1, and MSH
6, three responsible genes for HNPCC are analyzed, and the results
are informed to clients after re-agreement with the disclosure. We
may carry out follow-up counseling for clients when it is needed.

3. Support of prospective studies for personalized medicine

We support a prospective study of the prediction of sensitivity of
Gefitinib (Iressa) in patients with lung adenocarcinoma. Expression
profile analysis in Laboratory of Molecular Medicine, Human Genome
Center, IMSUT identified 12 genes discriminating lung adenocarcino-
mas sensitive to Gefitinib from those insensitive. A prediction system
was developed using expression of the 12 genes. On the other hand,
two studies reported that mutation in EGFR, a target of Gefitinib, was
associated with sensitivity to the drug. In September 2004, a pro-
spective study to analyze both expression profiles and EGFR muta-
tion in tumor tissues prior to treatment with Gefitinib was started in
collaboration with Human Genome Center, Division of Clinnical
Genome Research, and Department of Infectious Diseases and Ap-
plied Immunology in Research Hospital, IMSUT. We support this pro-
ject by providing an out-patient clinics for the applicants.
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The role of imaging technologies in clinical medicine is ex-
panding along with advances in instruments and information
technology. We evaluate various diseases using advanced im-
aging technologies, such as multislice CT, MRI, and SPECT.
Image—based diagnosis and evaluation of therapeutic effect
have critical importance in translational research in the Re-
search hospital as well as in routine clinical practice. As our
own research activities, we are developing and sophisticating
methodologies for the noninvasive evaluation of various bio-
logical processes and are applying them to the investigation of
in vivo biology and pathophysiology.

Our main research projects are as follows:

1) Development and application of clinical imaging techniques
Medical imaging technologies permit noninvasive assess-
ments of the morphology and function of the organs and tis-
sue in healthy or diseased human beings. We are developing
and improving the image—-based methods for clinical diagno-
sis and evaluation of in vivo physiology, and are applying
such techniques to the analysis of the pathophysiology of
various diseases.
2) Functional MRI of higher brain function
Functional MRI detects the foci of neuronal activity nonin-
vasively and is accepted as a potent tool of brain research.

We are investigating the mechanism of higher brain function

by functional MRI mainly combined with psychological tasks

acting on emotional activity. Our aim is to elucidate the neuro-
nal basis of human behavior through an understanding of the
mechanisms of emotion.
3) Molecular imaging of small laboratory animals

The role of in vivo molecular imaging for preclinical studies
is expanding. Imaging technologies permit repeated assess-
ment of individual animals to evaluate disease progression,
therapeutic effect, and pharmacokinetics. Each animal can be
used as its own control, leading to greater reliability of the re-
sults even when a small number of animals are used. We are
investigating the technical aspects of small animal imaging
using MRI and optical imaging, as well as its application to
biomedical studies. Although MRI is recognized as a powerful
modality for small animal experiments, high cost and low re-
search accessibility often preclude the use of MR imaging in
biomedical experiments. We are studying technical aspects of
small animal imaging using a compact MRI system, suitable
for widespread use, and are applying the developed methods
to disease-model experiments. Optical imaging is a novel
technology for in vivo imaging of whole animals and includes
bioluminescence imaging and fluorescence imaging. In vivo
bioluminescence imaging noninvasively visualizes the whole—
body distribution and magnitude of luciferase gene expres-
sion using a sensitive CCD camera. Fluorescence imaging
enables visualization of the whole-body kinetics of various
fluorescence-labeled probes in addition to expression of
genes encoding fluorescent proteins. We are investigating
optical imaging, with special emphasis on bioluminescence
imaging, from the aspect of technologies and applying it to
experiments of tumor model animals.

X1
BEETTI v ANIERENT A —Y > (A. MRI, B. £HFEXER),

Fig. 1

Noninvasive imaging of a tumor model mouse (A. MR, B. bioluminescence imaging).
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We have provided medical service under the friendly partner-
ship with Division of Bioengineering, the Advanced Clinical Re-
search Center. Our service can be classified to the following
two categories.

A. Common Surgical Service

We performed standard surgery against solid tumors, such
as esophageal cancer, gastric cancer, colorectal cancer, and
breast cancer, with excellent outcome.

Our referral patients include those for translational research.
However, in our opinion, some of the ‘unresectable’ cancer pa-
tients could be resectable. We performed hepatectomy for pri-
mary or metastatic cancer and oophorectomy for ovarian me-
tastasis without major complications, resulting in prolonged sur-
vival. There was emergent intestinal resection due to perfora-
tion from the metastasis.

In the Institute, we have relatively large amount of patients
with infectious disease, and more cases with HIV would have
been operated than other hospitals. These include pancreati-
codeodenectomy and abdominal perineal resection.

The operations in our department were not limited to malig-
nancy. Laparoscopic cholecystectomies and choledocostomy
have been performed. New surgeons in our department are ex-
perienced clinicians for inflammatory bowel disease, so such
operations get increased in number as well. Additionally, new
technique in laparoscopic surgery was introduced and is now
ready for application in colorectal diseases.

B. Translational Research

We have conducted clinical trials of cancer vaccine therapy
derived from novel tumor associated antigens, which was
screened in Human Genome Center, and vaccine therapy de-
rived from tumor vascular endothelial cells against advanced
malignancies. Furthermore, we initiated clinical trials of mela-
noma vaccine in combination with IL-2 and melanoma vaccine
with fully matured dendritic cells to induce Th1l type immune re-
sponses.

(1) _Clinical trials completed

Phase | clinical trial of tumor specific vaccine using epi-
tope peptides derived from a novel tumor associated anti-
gen RNF43 against advanced colorectal cancer.

(@~ Phase | clinical trial of epitope peptides based vaccine
targeting tumor vascular endothelial cells against ad-
vanced cancer patients such as gastric cancer, colorectal
cancer, breast cancer and GIST.

(2) _Clinical trials : no longer recruiting

Phase | clinical trial: Adjuvant use of epitope peptides
based vaccine targeting tumor vascular endothelial cells in
patients with surgically resected pancreatic cancer.

Phase | clinical trial of epitope peptides based vaccines
both targeting RNF43 and VEGFR2 in patients with ad-
vanced colorectal cancer.

(3) _Clinical trials on going

Phase I/lla clinical trial of melanoma vaccine using gp
100 derived peptides restricted to HLA-A*2402. From the
results of phase | clinical trial of melanoma vaccine using
gp100 derived peptides, phase I/lla clinical trial of mela-
noma vaccine using gpl00 derived peptides were per-
formed. HLA-A*2402-restricted gp100 derived peptide was
used with IFA and interleukin (IL-2) in order to augment for
anti-tumor immunity. Eighteen melanoma patients were
enrolled until 2007 without severe adverse effects.

(@ Phase | clinical trial of melanoma vaccine using gp100
derived peptides restricted to HLA-A*2402 with fully ma-
tured dendritic cells to induce Th1l type immune responses.
Dendritic cells (DC) administration appears to be very
promising for immunotherapy against cancer. To further
magnify the immune responses and obtain the clinical
benefits, we have focused on the gpl00-int4 peptide
loaded DC vaccination. However, our preceding phase |
clinical trial showed dysfunction of immature DC derived
from cancer patients. Therefore, we developed a new cul-
ture method to obtain the fully matured DC that is capable
of T helper typel (Thl) polarization. From these back-
grounds, we are going to utilize this fully matured DC to the
phase | clinical trial of peptide vaccinations. Five mela-
noma patients were enrolled until 2007, and the protocols
were well tolerated so far.

(4) Clinical trials under development
Development of gene therapy using dendritic cells
In close collaboration with Core Facility for Therapeutic

Vectors, we are developing clinical application of IL-12 gene

transducted dendritic cells for cancer patients.
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Previously, the orthopedic examination of hemophilia pa-
tients had been done, starting in June 2003, by Dr. Takedani on
a once—a-month basis. However it had not been possible to do
orthopedic surgical treatment. The Department of Joint Surgery
was newly established this April for orthopedic examination and
surgery for hemophilia patients. One orthopedic surgeon and
one physical therapist were assigned to this new department.

Hemophilia is the congenital disease with a lack of factor VIII
or factor IX. It is estimated that there are more than 4000 pa-
tients in Japan. Symptoms include recurrent bleeding such as
percutaneous bleeding, intra—articular bleeding and intra_mus-
cluar bleeding. This leads to joint dysfunction and develops into
hemophilic arthropathy in youth. Especially in adults, at least
one of the major joints is affected with severe damage because
of insufficient supplementation with concentrates during the ju-
venile time, and many of them are unfortunately infected with
HIV and/or HCV. Internationally, for hemophilic arthopathy,
synovectomy or total joint arthroplasty has been performed,;
however there are not many hospitals in which those orthope-
dic surgical treatments were performed for hemophilia patients
because of difficulties with hemostasis and HIV infection.

Our department has been focusing entirely on orthopedic ex-
aminations and will develop the capacity for orthopedic surgery.
We will also research the process of intra-articular bleeding
leading to arthropathy, which is not well understood.
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We handled 136 surgical cases and 467 cases of diagnostic
or interventional procedures in 2007. The examinations and
surgeries to develop new diagnostic and therapeutic proce-
dures are performed besides the usual examinations and sur-
geries. We cooperate with other department to promote some
projects of the research institute.

About 10 cases a year of bone marrow collections from blood
relatives or non-relatives are handled under general anesthe-
sia. Our hospital is one of the leading hospital for bone marrow
transplantation in Japan. We have tried to give anesthesia as
safely as possible and to give early recovery without any pain
for the patients receiving bone marrow collections.

We have managed a lot of patients with infectious diseases.
We are improving the management of these patients not to
spread infection.

The purpose of our advanced research in anesthesiology is
how to keep patients during and after anesthesia as stable as
they are before anesthesia. We are studying the mechanisms
of analgesia, developing new analgesic agents, and studying
how to minimize the invasive response to surgical stimulation,
anesthesia and blood transfusion.
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Department of Clinical Trial Safety Management (DCTSM)
was established in 2001. The aims of DCTSM are: to sup-
port and to watch that clinical trials in Research Hospital,
especially in the case of translational research (TR), should
be conducted appropriately; to prevent and to manage
medical accidents.

Advices and pre—review on protocols of clinical studies in-
cluding translational researches: Appropriate protocol is indis-
pensable for carrying out the clinical trials with scientific and
ethical appropriateness. For the researchers assistance, we ad-
vise on the study designs and protocols as needed. We ask
principle investigators to submit the protocol so as to give ad-
vices and to point out the safety concerns before submitting to
the Institutional Review Board. Our tasks on advices for clinical
studies are opened not only for the Research Hospital, but also
for other institutes.

Activities of Translational Research Coordinator (TRC) and
Clinical Research Coordinator (CRC): The activities of research
coordinators are important to conduct studies smoothly and to
manage the relationship with participants. In TR, sufficient con-
cerns on the rights and the understandings of participants
themselves should be paid compared with other clinical re-
searches. TRCs have been organized to solve the problem de-
scribed above, and they consist of nurse, pharmacist, psycholo-
gist, dietician and clinical laboratory technologist. DCTSM col-
laborates with the chief of TRC, director of pharmacy, on the
activities of TRC. Exclusive CRC belongs DCTSM and takes
part in clinical trials from pharmaceutical companies and medi-
cal doctor initiative studies to maintain GCP requirements

Support and monitor of clinical studies in the Research Hos-
pital: To check the process of the study, procedures, and ex-
amination and reports on Adverse Events is essential for clini-
cal studies to guarantee the qualities and ethics of studies. We
hold TRC meeting weekly to discuss and to dissolve the prob-
lems of studies. We perform the monitoring after the completion
of study, and report to Director of the Research Hospital and
principal investigators.

Prevention and management of medical accidents: We ask
staffs of the Research Hospital to submit “Reports on medical
problems” on medical incidents and accidents to analyze and to
manage them. We hold the instructive opportunities on medical
accidents two times a year for the enlightenments of staffs. At
medical accidents and according to the needs, “medical acci-
dentresponse meeting” are held for the management.
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The Department of Medical Information System aims to facili-
tate safe and efficient medical care by developing and operat-
ing hospital information system (HIS), in conjunction with sub-
sidiary systems of various sections. Our main activities are as
follows:

(1) Operation, Maintenance, and Supervision of the Online Or-
dering System

Research Hospital has adopted an online ordering system in
March 2001, which enables instantaneous transmission of in-
structions (requests) input at terminals to the subsidiary sys-
tems of Laboratory Medicine, Pharmacy, and Nutritional Man-
agement, as well as Medical Affairs. The renewal of the online
ordering system in March 2007 facilitated digitalization and uni-
form management of medical information, and enhanced coor-
dination with subsidiary systems, which led to great increase of
the efficiency of medical care service. Moreover, in order to pre-
vent misidentification of patients when administering a medi-
cine or transfusing blood, patient authentication system using
bar-coded wristbands was introduced.

The Department of Medical Information System is engaged in
operation, maintenance, and supervision of this ordering sys-
tem, and strives for safer and more efficient hospital information
system, following the decisions made by Hospital Medical Infor-
mation Network Steering Committee.

(2) Promotion of Sharing the Medical Information

For realization of safe medical care, it is indispensable to
share among the health professionals within a hospital, general
medical information as well as patient information. Our depart-
ment has launched a web-based in-hospital information shar-
ing system which functions as schedule manager and bulletin
board but also provides the staffs with various health—related in-
formation.

(3) Collection and Transmission of Information Related to

Translational Research

In fiscal year 2007, as part of the program “Coordination,
Support and Training Program for Translational Research” of
the Ministry of Education, Culture, Sports, Science and Tech-
nology, a project called “Translational Research and Advance-
ment Center”, stating The University of Tokyo as its implement-
ing agency, was adopted. Department of Translational Re-
search Information System was newly established within the
Department of Medical Information System of Research Hospi-
tal and presently takes a role in gathering and transmitting in-
formation related to translational research both domestic and
international, lying within Information and Education Division of
TR Promotion Center of the above-mentioned project. Its web-
site (http://www.ims.u-tokyo.ac.jp/TRIS/index.html) is being op-
erated since April 2008.

%&"\&g TRIE$R= Department of Translational Research Information System
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Our department manages the transfusion medicine in the
hospital including transfusion related examinations. since 2004,
transfusion ordering IT system has been introduced for the pro-
tection of transfusion accident. In addition, this department is
responsible for the supportive function of hematopoietic stem
cell transplantation including bone marrow, peripheral blood
and cord blood and also various immunotherapy and gene ther-
apy as advanced medicine. Recently the cell processing is an
important part of translational research (TR) developed from
basic medicine such as immunology, genomic analysis and
molecular pathogenesis research. The human derived cells
processing has been developing under the domestic and inter-
national regulations. We are encouraged to follow the principle
of cGMP for the cell collection from donor/patient, cryopreser-
vation, culture and transfusion/transplantation.

In the recent researches, to improve the results of hema-
topoietic stem cell transplantation, we study 1) expansion of ef-
fector T cells against leukemic cells, 2) expansion of regulatory
T cells to prevent and/or treat GVHD and 3) the factors influ-
enced on the engraftment. In addition, we have been managed
Tokyo Cord Blood Bank (IMSUT) and, started cord blood proc-
essing for research use through the project of Research Cord
Blood Bank for regenerative medicine. We are also interested
in the tissue stem cells derived from umbilical cord blood and
cord for the regenerative medicine.

In 2006 April, we moved to the new room with clean room in
Building C of the clinic, where ordinary blood product processes
are performed. For the purpose to implement the advanced
Cell processing projects, Room for Clinical Cellular Technology
(RCCT) has been established in 1997. RCCT projects from
2006 include 1) Cord blood cell processing for banking, 2)
thawed cord blood cell washing and 3) Regenerative therapy of
osteoblastic cell derived from bone marrow mesenchymal cells
(by Division of Stem Cell Engineering (Tooth regeneration)).
Our department is the relay point to implement these advanced
cell therapy.
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DEPARTMENT OF LABORATORY MEDICINE
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The Department of Laboratory Medicine, consisting of 7
divisions—clinical physiology, hematology, biochemistry, serol-
ogy, bacteriology, molecular diagnosis and pathology, en-
gages in laboratory analysis and diagnosis utilizing cutting—
edge technology. Since the Hospital was designated as the
center of translational research (TR), the Department has
dramatically evolved and transformed itself into the one that
can meet the needs of TR. Last year, the Department es-
tablished the TR Verification Lab in conformity with the GMP
standards. The Lab has steadily been in operation to pro-
mote TR while providing comprehensive analysis and verifi-
cation of the safety of biologic material and scientific effec-
tiveness that went through experimental treatments.
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Major roles of Department of Medical Supply is to sterilize
and supply a variety of medical appliance such as surgical in-
struments, medical tubing, and circuits for ventilators, which are
used in operating rooms, surgical as well as medical wards and
outpatient clinics. Sterilization is conducted by 3 staffs under
guidance of a department director and a head nurse, using sev-
eral sterilizers including washer-disinfectors, autoclaves and a
plasma sterilizer. Our roles also include supply and quality con-
trol of the medical appliance.
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Vector unit

Fig. 1
The design of the facility accommodates the applicable specifications of
current Good Manufacturing Practice (cGMP)

It is hoped to establish novel therapies for malignant tumors
that shows extremely high resistance to present treatment. One
of them is advanced medicine such as gene therapy, cell ther-
apy and oncolytic therapy. In the translational research, the
Core Facility for Therapeutic Vectors (CFTV) has been to sup-
port clinical trials that require the genetic modification and/or ex
vivo manipulation of patients’ tissues under current Good
Manufacturing Practice (cGMP) conditions. The CFTV is organ-
ized with two distinct units; 1) vector unit, 2) cell unit. The follow-
ing three projects are now in progress in the CFTV.

1. Cancer gene therapy using IL-12 transduced dendritic
cells; we have prepared the graded-virus vector which con-
tains a purified replication—defective recombinant adenoviral
vector encoding human interleukin—12 driven by a CA pro-
moter.

2. Vaccine therapy with peptide-loaded dendritic cells for ad-
vanced melanoma; we have finalized standard operating pro-
cedures for preparing clinical-grade dendritic cells stimulated
with OK-432/PGE2 and loaded with the peptide from gp100,
a melanoma—associated antigen. The clinical trial of cancer
vaccine therapy is now ongoing for melanoma patient.

3. Oncolytic virus therapy using genetically engineered her-
pes simplex viruses (HSV) for malignant brain tumors; the
preparation of graded-virus vector has been performed using
the established master and working cell banks for producing
HSV.
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CFTV is to support translational research for advanced medicine such as
gene therapy, cell therapy and oncolytic therapy between the bench and the
bed side.
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The Institute of Medical Science, The University of Tokyo (IM-
SUT), is prominent as an institution for graduate education. It
provides an ideal environment for young people interested in
following a career in scientific research. Drawing upon diverse
backgrounds in medicine, physics, chemistry agricultural biol-
ogy, pharmacology, and informatics, the faculties of the various
divisions teach a wide range of courses to a similarly diverse
cross—section of elite graduate students. Putting this strength to
good use, the University of Tokyo has now established the new
Department of Medical Genome Sciences, to pursue interdisci-
plinary studies within the Graduate School of Frontier Sciences.
Through IMSUT'’s strenuous efforts, this program was launched
in fiscal year 2004, with the Shirokanedai campus housing
many participating laboratories as well as three of the six
courses that make up the program’s core curriculum. Thus, with
IMSUT’s strong cooperation, cross-discipline education and re-
search is expanding. The professors and staff members do not
have heavy teaching obligations, and can thus concentrate on
guiding students in their laboratory research. The departments
and divisions frequently collaborate and interact closely with
each other.

The programs provided by the Institute include graduate
laboratory courses and an annual graduate seminar series.

In the graduate laboratory courses, each of the divisions pro-
vides a short (12 weeks) laboratory course to several graduate
students. This provides excellent introductions to the various
fields by the researchers actively engaged in them.

The graduate seminar series is a 6-month long seminar se-
ries by speakers invited from all over the country. The graduate
students are involved in choosing the series theme.

IMSUT has excellent compuer facilities. Courses in genome
informatics are held frequently to train beginners. There are
many computer experts in the Human Genome Center as well
as in other departments.

The students learn about the most recent developments from
distinguished research leaders—both domestic and foreign-in
frequent IMS (Gakuyukai) seminars and other informal semi-
nars.

Reflecting the ambition and dedication of our faculty and stu-
dents, the library is open 24 hours per day and has a computer-
ized literature search system.
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Access

a. Shirokanedai Station on the Namboku or Mita subway line. Exit No.2. 3 min-
ute walk.

b. From the east exit of JR Meguro Station of Yamanote Line, take the bus
(No.98) for Tokyo-eki-Minamiguchi or (N0.93) for Ooi-Keibajo and get off at the
Shirokanedai-ekimae bus stop. Or, take the bus (No.77) for Sendagaya or
(No.86) for Shimbashi-ekimae and get off at the Todai-lkaken-Byoin-Nishimon
bus stop.

c. From JR Shinagawa Station, take the bus (No0.93) for Meguro and get off at
the Shirokanedai-ekimae bus stop.

d. Take the bus (No.77, or 86) for Meguro from the Hiroobashi bus stop near Hi-
roo Station on the Hibiya subway line and get off at the Todai-lkaken-Byoin-
Nishimon bus stop.

{ErR
T108-8639 HRE&AEXAELE46-1
Address

4-6-1, Shirokanedai Minato-ku, Tokyo 108-8639
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