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The Institute of Medical Science of the University of Tokyo (IMSUT)
was reorganized from ‘its origin, the Institute for Infectious Disease in
1967. The mission of IMSUT is to advance our basic knowledge under-
lying-infectious disease,,cancer and other intractable diseases and to ul-
timately controlling' them. Now IMSUT consists of about 200 faculty
members,: 230 graduate ‘students coming from various schools such as
medicine,” science, " agriculture, pharmaceutical -science, and engineering.
On, April 2000, to develop more effectively interdiciplinary research of
basie life science and genome medicine in the 21st century, IMSUT was
reorganized again consisting of three! core departments (Infectious Dis-
ease and Immunology, €Cancer-and Cell Proliferation and Basic Biomedi-
cal'iScience), three centers' (Human Genome Center, Center for Experi-
mental Medicine, Advanced Clinical Reséarch, Center) and IMSUT Re-
search Hospital. . IMSUT ris.conducting two types of research both of
which  are essential for the institute €overing the areas from bench to
bedside; ‘'one is ‘individual research based on the creative activities of
the scientists in core departments and the other is the highly organized
goal oriented research based on'the activities of three centers and hos-
pital-Also IMSUT intnoduced periodic evaliation system of the research
and  the term of the:research unit (such as Professor’s unit and Inde-
pendent ' Associate. -Professor’s “unit). ' This irestructuring of IMSUT is in
kéeping with rapidisdevelopment, of life science including genomics, pro-
teomics, RNA engineering and cell ‘engineering. It is becoming impera-
tive to develop both creative research)of individuals and goal oriented
research in proper balance. Needless to say that in both cases, the most
important element in science 1is ‘the human resources and the environ-
ment encouraging the creativity of the, individual: scientists. In addition,
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I IMSUT was assigned to play. a key role.in the Millennium Project of
= . — the Japanese Government starting this year.-From this report, I hope
"'"f_';ﬂtntf':-'_ 1 you will find the current activities of the IMSUT as-well- as the IMSUT
h-‘-l""%.ﬂi spirit toadvance the frontier of biomedical research, genome medicine,

stem cell engineering etc.

Ken-ichi' Arai, MD;, PhD, Dean
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1906
1914
1916
1947

1965 :
1966 :
. The name of the institute was changed to the Insti-

1967

1968 :
1969 :

1970 :
1970 :
1972

1972 :

1974
1974
1976 :
1976 :
1978 :
1979 :
1980 :

1987 :
1989 :

1990 :
: Human Genome Center (Laboratory of Genome Data-

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 Home
Affairs.

: The new Building of the institute was build at the

Shiroganedai, Minatoku.

. The institute was transferred to the Ministry of Educa-

tion.

. The institute was incorporated into the University of

Tokyo.

. The institute offered about half of its personnel, facili-

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

Laboratory Animal Research center

Amami Laboratory of Injurious Animals.

tute of Medical Science. Its primary aims and scope
have been defined as basic and applied studies of
diseases of medical importance. The Institute con-
tained 18 research departments (Bacteriology, Bacte-
rial Infection, Immunology, Virology, Viral infection,
Parasitology, Allergology, Reproductive and Develop-
mental Biology, Oncology, Cancer Cell Research, Tu-
mor Biology, Pathology, Fine Morphology, Molecular
Neurobiology, Cell Chemistry, Molecular Biology, In-
ternal Medicine, Surgery) and three facilities (Labora-
tory 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, In-
fectious Diseases and Clinical Oncology, respectively.
Laboratory of Culture Collection, Department of
Transplantation Surgery (Hospital).

Department of Genetics.

Course of Tropical medicine has been held.
Department of Pathological Pharmacology.
Department of Laboratory Medicine (Hospital).

Medical Cyclotron Laboratory (Hospital).

Laboratory of Molecular Genetics.

Department of Biochemistry, Department of Infections
Disease and Applied Immunology (Hospital).
Department of Molecular and Developmental Biology.
Laboratory of Culture Collection was made to change
to Laboratory of Molecular Medicine.

Department of Blood Transfusion (Hospital).

base), Surgical Center (Hospital).

. The institute celebrated 100 anniversary of its estab-

lishment.

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

Human Genome Center (Laboratory of DNA Informa-
tion 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
Medicine and Laboratory of Genome Technology).
Donation Laboratory of Hemopoietic Factors (CHUGAI).
Genome knowledge Discoverly System (HITACHI)
Department of Advanced Medical Science (Hospital)
Molecular and Developmental Biology was renamed
to the same

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

Transplantation Surgery was renamed to Pediatric
Hematology Oncology

Welfare Building "Shirokane Hall” was renovated.
Auditorium was renovated.

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

Old 19 departments were reorganized to 3 depart-
ments

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

Clinical departments were reorganized to Advanced
Clinical Research Center.

Three divisions (Laboratory of Seguence Analysis,
Laboratory of Functional Geuomics, Laboratory of
Functional in Silico) were added in Human Genome
Center.

Laboratory of Culture Collection was abrogated.
Donation Division ”"Genetic Diagnosis (Otsuka)’ was
established.
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Fig. 1
Observation of bacterial infection by a confocal laser scanning micro-
scope
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Fig. 2
Viral infection experiments in a biosafety cabinet

DEPARTMENT OF MICROBIOLOGY AND IMMUNOLOGY

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 in-
fectious 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 processes will be applied to the development of novel
approaches for preventing or controlling infectious diseases
and immune disorders. The department is composed of sev-
eral groups working on bacterial infection, viral infection,
host-parasite relationships, molecular and cellular immunol-
ogy, mucosal immunity, compromised host genetics and de-
velopmental gene regulation. 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 biologi-
cal 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 be-
tween 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 ac-
tively engaged in promoting collaborative projects with vari-
ous groups in pharmaceutical companies and clinical labora-
tories for the development of drugs, vaccines and immuno-
biomaterials. The growing concern in emerging and re-
emerging infectious diseases demands further support of the
basic research that we have developed in our department.
Our department, as one of the pioneer groups in our coun-
try, strongly endeavours to promote and expand our re-
search activity, our collaborations with other groups engaged
in studies of infection and immunity, and the training and
professional development of young independent investigators
through studies in the department.
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Fig. 3
Flowcytometric analysis and cell sorting
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Fig. 1

Secretion of EspB from adherent EPEC on to Caco-2 cells.

Our main area of interest is in the molecular interaction of
pathogenic bacteria such as Shigella, enteropathogenic Es-
cherichia coli, enterohemorrhagic E. coli, or Helicobactor py-
lori with the host epithelial cells at early stage of infection.
Our major concern is the elucidation of mechanisms of bac-
terial attachment to the epithelial cells, and bacterial entry
into and spreading within and between the epithelial cells.
The ultimate aim of these research programs is the develop-
ment of attenuated vaccines, the construction of animal
model, and improvement in the diagnosis and prevention of
bacterial infection.

(1) Shigella internalized in the host cytoplasm can multiply
therein and spread intra- and intercellularly by bringing
about the assembly of F-actin at one pole of the bacte-
rium. We are thus intend to elucidating the molecular
mechanisms involved in the bacterial entry and spreading
process and the host cellular events involved in the infec-
tious process.

(2) Enterohemorrhagic E. coli (EHEC) of serotype O157:H7
has been indicated to be associated with a spectrum of
illness in human, including watery diarrhea, hemorrhagic
colitis, and the hemolytic uremic syndrome. We used an
EHEC 0O157:H7 strain, which was isolated from an out-
break in Sakai city in 1996, and undertook comprehensive
study for understanding the mechanisms of bacterial ad-
herence to and colonization on the human colonic tissue
or the secretion of the Vero toxins. Indeed these studies
are important not only for understanding the pathogenicity
of O157:H7 but also for developing a novel approach to
prevent bacterial infection at very early stage of infection
in the human colon.

(3) Enteropathogenic Escherichia coli (EPEC) is a leading
cause of diarrhea amongst infants and children living in
developing countries. EPEC infection of the small bowel is
thought to occur in three stages. The initial phase involves
the attachment of bacterial colonies to the epithelial cell
surface via Bundle-forming pili (BFP). Subsequently, juxta-
position of the epithelial cell plasma membrane and bacte-
rial outer membrane ensures facilitating the transduction
of signals to the host cytoplasm through translocation of
effector molecules from bacteria to cells, which leads dur-
ing the final stage, to a profound rearrangement of the cy-
toskelton. The aim of our study is to investigate molecular
mechanisms of adherence of bacteria to epithelial cells
and the cellular response to the bacterial factors.
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Fig. 2
Elongation of needle-like structure of Shigella typelll secretion appara-
tus by over expression of MxiH.
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Fig. 1
Structure of IL-5 or IL-5R, and function of IL-5

Our major research interests are to elucidate cellular and
molecular mechanisms of cell to cell interactions in the im-
mune system in order to understand the molecular mecha-
nisms of early development of lymphoid cells and signal
transduction through antigen-receptor complexes and cy-
tokine receptors.

(1) We have elucidated the molecular structure of the func-
tional IL-5R. To clarify the relative role of IL-5 in the de-
velopment of lymphoid cells, we are currently investigating
the regulatory mechanisms of IL-5 and IL-5R gene ex-
pression and signal transduction through IL-5R. We also
studying roles of IL-5 in various immunological disorders,
function of the Btk kinase critical for BCR or IL-5 signal-
ing, and switch recombination of Ig gene induced by IL-5
and anti-CD38 stimulation.

(2) Adaptor proteins, that lack catalytic function but still pos-
sess interaction domains, regulate the interaction of effec-
tor enzymes with surface receptors. We are investigating
roles of the adaptor protein Lnk and its family proteins in
development and activation of lymphocytes by generating
the gene deficient mice.

(3) B-1 lymphocytes play pivotal roles in anti-bacterial anti-
body production and mucosal immune response. We are
analyzing differentiation mechanisms of B-1 cells into
autoantibody-producing cells. We are also working for
identifying progenitors of B-1 cells and analyzing their de-
velopmental processes into mature B-1 cells.

(4) Naive CD4 Th cells differentiate into at least two distinct
subsets, Th1 and Th2, with different cytokine secretion
profiles. We are trying to investigate signaling pathways
determining the Th1/Th2 fate by using a unique peptide,
Peptide-25 of o antigen of M. tuberculosis that primarily
promotes Th1 development.
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Fig. 2
B cell overproduction in mice lacking the adaptor protein, Lnk
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Our research group is extensively promoting the analysis
of immunomolecular mechanism in mammalian fertilization
and implantation under the co-operation with Assoc. Prof.
Takasaki’s group (Dept. of Biochemistry).

(1) Programmed cell death in murine ovary and testis
We have elucidated that the ovarian follicular atresia as

a typical phenomenon in programmed cell death could be

induced by Fas/Fas ligand (L) system. Actually, we found

that the defect of Fas death domain in MRL/lpr mice
caused ovarian adenopathy with the increase of follicles.

In murine testis, we demonstrated that Fas is expressed

in testicular germ cells and FasL is expressed in sertoli

cells indicating their molecular interactions during sperma-
togenesis. Thus, we are clarifying the primary function of

Fas/FasL system in the gamete selection into fertilization.
(2) Fertilization

From the analysis of sugar structures of porcine or
murine egg zona pellucida (ZP), we have revealed that
the sugar chains are of bi-, tri-, and tetrae antennary com-
plex type with a fucosylated trimannosyl core containing
sialic acid and/or sulfate residues. Among these sugar
moieties of ZP, we found that murine or porcine sperm
bound to B-Galactose residue and/or Le* structure on ZP.

At the fusion step in the fertilization, we have confirmed

that the CD4/p56™ complex on egg plasma membrane

adhered to MHC class Il molecule at the posterior region
of sperm in a species specific manner.
(3) Implantation

CD57'HLA-DR"™™ natural suppressor (57.DR-NS) cell
line, which was cloned from human decidua in our labora-
tory, releases “apoptosis inducing nucleosides (AINs)’ into
the culture to generate the apoptosis of human malignant
cells but not to do that of normal target cells at all. The
administration of AINs into leukemic or gastric tumor bear-
ing SCID mice culminated in the drastic suppression of tu-
mor growth due to the occurrence of apoptosis in tumor
tissues. Thus, we have found the real tumor immunity in
the implantation site of feto-maternal interaction as mother
nature’s experiments.
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Fig. 1
Reverse genetics-technology that allows one to generate influenza A

virus from cloned cDNA.

12

(1) 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. Interactions between viral and host
gene products during viral replication cycles determine the consequences of
infection (ie., the characteristics of disease manifestation, whether limited or
widespread); hence, our research has centered on such interactions in these
viral infections.
(2) Host range restriction of influenza A virus
Influenza pathogenesis and host range restriction In addition to viruses that
are currently circulating among humans, new influenza viruses appear and
can cause outbreaks. For example, an H5N1 avian influenza A virus was
transmitted from birds to humans in 1997 in Hong Kong, infecting 18 humans,
6 of whom died. This outbreak was unique in that the virus that transmitted
to humans is lethal to chickens, and unlike what was previously thought pos-
sible, an avian virus was directly transmitted from birds to humans. We are
currently studying the molecular basis of high virulence of this virus in mam-
mals and the viral determinants that allowed direct transmission of the virus
from birds to humans.
(3) Influenza virus assembly
The formation of virus particles involves interactions among viral proteins as
well as interaction between viral and cellular proteins. To this end, we focus
on the nucleo-cytoplasmic transport of viral proteins and the budding process.
These studies should further our understanding of the molecular mechanism
of viral replication involving cellular machinery.
(4) Reverse genetics-generation of influenza viruses entirely from cloned cDNA
Recently, we established a system for the generation of influenza viruses
entirely from cloned cDNAs. In this system, human kidney cells were trans-
fected with eight plasmids, each encoding a viral RNA of AWSN/33 (H1N1)
virus, flanked by human RNA polymerase | promoter and mouse RNA polym-
erase | terminator sequences (Fig. 1). Transcription of these viral genes by
cellular RNA polymerase | yielded all eight influenza viral RNAs. Cotransfec-
tion with protein expression plasmids for the nucleoprotein and polymerase
proteins resulted in the generation of >10" infectious viruses per ml of super-
natant. Thus, for the first time, a system is now available that allows highly
efficient generation of influenza virus without technical limitations. This system
can be utilized for a variety of purposes including basic research on influenza
viruses, the generation of live attenuated influenza virus vaccines, and devel-
opment of influenza-based vaccine or gene delivery vectors.
(5) Role of Ebola virus proteins during viral replication
Ebola virus causes hemorrhagic fever in humans and nonhuman primates,
resulting in mortality rates of up to 90%. Even so, little is known about the
molecular pathogenesis of Ebola virus infection or the pathophysiologic
events that occur in primates during infection with this virus. Studies of this
virus have been hampered by its extraordinary pathogenicity, which requires
biosafety level 4 containment. To circumvent this problem, we recently devel-
oped a novel complementation system for the functional analysis of Ebola vi-
rus glycoproteins (Fig. 2). Using this system, we are studying the functions of
the glycoprotein and the nature of Ebola virus receptors.
We are also interested in Ebola virus replication. Thus, we are investigating
the assembly process of this virus and the structural basis of the interactions
of the viral proteins involved in replication.
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Fig. 2
A vesicular stomatitis virus pseudotype system for the study of Ebola
virus glycoprotein.




r) 1 IV X B8

DIVISION OF VIROLOGY

Bh¥ g2 K W = B

ASSOCIATE PROFESSOR: Yoshiaki Yogo. Ph. D.

VHFEE TIRICT A VA JCV) [T %% L |
FoTWhe JCVIZRIENTT AT 5 72 AICPML & W 9 3FEYE D K
DOFRENR T, JCVIPMLEZE SR ENHEZ, o
ANVABZANEZRTERALVTIANVAEEZ BN, LPLEFD
%, IFEAEDADZDI AN AIEG L TWS T EDH S0
olzo JCVOEGIF OB E 5, HIRICA- 728, B
BEWCHET 20 ZFOADPEZTVLIRY, JCVIZE N THE 2,
RICHEE S Do TR T —<IZLU T omY) Th b,

(1) PMLOFER. PMLEZEORL S5 HE S 5IJCV DNA
ORI EZ AN T, FIREREEES S RIE ERICL -
ThEBNS, 20X ZREHEROFEREOEROMN 21 L
T, PMLOISEMHEOMIZ HiE 3

(2) JCVOIEIERER. b MIMARICICVICESS 5785, )
T, EELTHIPLTMEET A EPHLNIENTV S,
Fxl, T LI RICVOEIFHRRZFHHT 5720, [JCVIX
FETOHFERREMZBL THEI ST MEET S L)
MENTTW5, B, ZOWRHE VIS AW3EfrbiTwn
%o

(3) WMRLHOLAREDORE, JCVIZMEEI LT ADJRFIC
Pl s T2, Fexid b REHTREZHED, JCV DNA%Z%
BaEE L7z TR SDNAICK L TH T RN 2 17\, JCV
Ak MEMEIHEL L TEZ R L. B, RS
DRAERRORIEZ, 52 H T 2ICVORIGHT A & B
THILERATND,

Hid TETL SLh A I wais K :r
Ar—hsbyT=s T —
. B " S LT T e
KTr-10 TS e R - ] Pl RS
ar = i
I i 4 .
Ale 1a T T
ny-FfA ——————— =t
i —_—§f
Facauc-i r I -
o e T sk SRy
1-1 .l_l:: dea B [ 20 ER—
. [TRTE g
Tey-< 4 T ey e s
——— T R
Bargug-i I S S
LI
o - - i ' ! ——
Farfo=-1 T e 8
4z L] Bl - 13 ok
i Al ar: - e
=14 - '-\.__ = [
1 ' i
Fembomt-1im T s
P 4 L L=
Fenjal -Liv ry P m— e i P -
Chika-1m T o e
Ohika-ie y ’ (L R
— A
i
X1

PMLEZE DR H 5 B & h/-JCV DNADZEENSEEL (PMLEGRETSEE) o
PMLEURERSEIS 3 SHICEIE L TV B, £ CREREER» 5 EREHID
BiERICLWES N B,

Fig. 1

Diagrammatic representation of PML-type JCV regulatory regions. Al-
though PML-type regulatory regions are hypervariable, without exception,
they are generated from the archetype by sequence rearrangemnts.
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We are studying the human polyomavirus JC virus (JCV),
the causative agent of progressive multifocal leukoencepha-
lopathy (PML). This virus is ubiquitous in humans, infecting
children asymptomatically, then persisting in the kidney. Re-
nal JCV is not latent but replicates to excrete progeny in the
urine. The following are our specific projects.

(1) Mechanism of the development of PML. Regulatory re-
gions of JCV DNAs recovered from the brain of PML pa-
tients are hypervariable, and are generated from the ar-
chetype regulatory region during persistence in hosts. We
are studying the development of PML, with special em-
phasis on the significance of regulatory region rearrange-
ment.

(2) Mode of JC virus transmission. JCV is horizontally
transmitted among humans. Nevertheless, JCV is mainly
transmitted from parents to children. To further clarify the
mode of JCV transmission, we hypothesized that JCV is
transmitted from parents to children through cohabitation.
Projects examining this hypothesis are in progress.

(3) Origin of native human populations in the world. We iso-
lated a large number of JC virus DNAs from the urine col-
lected in various areas of Asia, Africa and Europe. For
these JCV DNA, we performed phylogenetic analysis and
found that JC virus co-evolved with human populations.
We are now attempting to elucidate the origin of native
populations in the world by analyzing JC virus DNAs re-
covered from their urine samples.

i I :l e
' £
L M Al
FET |
L —-": Fi-n
o an-
-
et
hret
= HLE P-4
| I L =
——
lia
[T
TR bt | |

A
|

= HH . .
__|_|— A Arz

”'1':-_. Bl-&
|| T, :
1 __ et o inmn 1 3"!
(18 -
| . B! 4
.LQ#; e
I.|'Il i 1 a2
.- Fh——n -r
A F - |
L1_"="-" El-k
NF

s Lmwre e
| |
X2
A—HvVA FRICV (EU) DELERTHFRiGHE, SEROHmEIELL
TO@EY, EU-a:®RI—A /Y, BA-8EE Upn), RIANUT - ALiEhis
(Arc), EU-b: B —0 v /N, HFiERRE, EUc: ®RINUT,

Fig. 2

A phylogenetic tree showing the divergence of Caucasian JCV geno-
type (EU). Major domains of EU subtypes are as follows. EU-a: East
Europe, Japan/South Korea (Jpn), East Siberia/Arctic areas (Arc). EU-b:
West Europe, Mediterranean areas. EU-c: East Siberia



W= - {fa%EFEACEBFY DEPARTMENT OF CANCER BIOLOGY

MR SR L, B 2 8B IC 3B EOBBEEGE T 0%
R, FBHBHED > T b, FElET-CBIHLEE T 0H M
BB R T OREREMNT 2 N — 2\ OTE « MIRIZHT 5 55 T-Hekk
O % Hfg5, 512, MR SIHE < ES) - 325 OHlH %
HEFICB &, MRaoBE, 5B b 2P zE & AT
L, 70D 2 IMEHEDSFHEESR, B0z
H, EEOMAHMAICOVTO, BIETECIEAE L VO
EHHET D, S5, T4 VAL OS T IREAIZE T 51
FeR T o BARNRITZET —<IZLL T O ) ThH 5,

(1) JEEBTHEHHLE S T ORREfT
(2) JEMINAOBE - SMLICEb B ¥ 7 F MEERSE, MR

HEmEZE
(3) JEESIMAEH A LCFHNLORE, WHREOFOEM LS T

E
(4) 47 ¥ b= UIREERZEROMF
(5) & MEDOWHHA - HE DTS
(6) 47 NHTICIED < FEHED - T-HEHE O IFAT

EEEEET GEEET BIE

BIZF) EVTFIVRE

1858 E F

BB

e Grh2 o N
W’//:t A °.°,o Ras %Raf(MAPKKK)
|/ SHC == MAPKK /
e Sos —\, )
PI3K ‘@ MAPK //
/.m&ﬂé 7/
/J/ oraig
AEAHE %d\ J & 'Ii '“S
EoAER Jun Fos 7
% J
/
- rd
4 i
A -7 REBE

L__,_~*’/ 6
7 zoEml)
l// §§§E43®%®/ @

(\___ﬁg/'

Formation and development of cancer are multi-step that
involves alteration of structure and function of various genes
that are relevant to cell growth, differentration, and to cell-
cell communication, the genes include oncogenes, tumor
suppressor genes, and their related genes. In the Depart-
ment of Cancer Biology, we try to establish molecular
mechanisms of tumor formation and development basing on
the function of these gene products. Our goal is to under-
stand (1) how the cell growth and differentiation are regu-
lated, (2) molecular basis of angiogenesis, (3) molecular
mechanisms of invasion and metastasis of cancer, (4)
mechanisms of malignant transformation by tumor viruses,
and pathogenic mechanisms of human cancer.
Ongoing researches are as follows.
1. Structure, expression, and function of cancer related
genes including oncogenes and tumor suppressor genes
2. Studies on signal transduction and gene expression in-
volved in cell growth and differentiation
3. Studies on inositol-phopsholipid signaling
4. Studies on cell-cell interaction, cell motility, and cytoskel-
ton

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

6. Molecular pathogenesis of malignant lymphomas, other
solid tumors, and retrovirus-associated neoplasms
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Fig. 1

Multi-step processes of tumor formation and development are illustrated. Typical example of signaling pathways is also shown. Many

cancer-related genes are involved in these processes and signalings.
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Fig. 1
The antiproliferative tob gene
(upper panel) An hemangiosarcoma developed in fob™~ mice
(lower panel) Growth stimulation-dependent phosphorylation of Tob
by MAP kinase
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Our aim is to clarify the roles of protooncogens and an-
tioncogenes in maligant transformation and in normal cell
function. Currently, our studies are mainly focused on the
function of protein-tyrosine kinases and protein-tyrosine
phosphatases in signaling pathways of various biological
systems that include central nervous system, immune sys-
tem, bone formation, and malignat transformation. Following
studies are in progress.

(1) Molecular mechanisms by which cell surface receptors
transmit signals to nuclear regulatory proteins. Roles of
protein-tyrosine phosphorylation events and signal trans-
duction pathways in cell growth regulation and in malig-
nant transformation.

(2) Molecular mechanisms of lymphocyte activation with
special interest in the roles of the protein-tyrosine kinases.
Studies on protein-tyrosine phopshorylation events in-
volved in synaptic plasticity of the central nervous system.

(3) Regulatory mechanisms of Go/G; transition, Go/M transi-
tion, and chromosome separation in which Tob, LATS,
and Kid proteins, respectively, are involved.
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Fig. 2
Increase in phosphorylation of Tyr1472 of NR2B subunit upon LTP in-
duction in the hippocampal CA1 region
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Fig. 1
Intracellular and extracellular matrix degradation during cancer inva-
sion
Carcinoma cells degrade intracellular and extracellular matrices and
also obtain moving ability, following cancer invasion and metastasis.
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Metastasis is the most threatening event for cancer pa-
tients. Although our knowledge on the molecular events for
carcinogenesis has been improved dramatically, many of
cancer patients still die of distant metastasis. Our goal is to
understand the mechanism of cancer cell invasion and me-
tastasis and to apply the knowledge for early detection of
malignant cancer cells and treatment of patients. Membrane-
type matrix metalloproteinases (MT-MMPs) are recently iden-
tified new members in the matrix metalloproteinase (MMP)
family. Since MT-MMPs degrade extracellular matrix (ECM)
at the periphery of cells, they are expected to modulate vari-
ous cellular functions that are controlled by cell-ECM inter-
action, such as proliferation, apoptosis, morphology and mi-
gration. However, exact biological functions of MT-MMPs are
largely unknown yet. Seiki’'s group identified the first mem-
ber of MT-MMPs, MT1-MMP, and characterized it as an ac-
tivator for pro-gelatinase A by a cell-mediated mechanism.
Since gelatinase A degrades type IV collagen, a major com-
ponent of the basement membrane, MT1-MMP is thought to
be a key enzyme regulating invasiveness of tumor cells. We
are taking extensive approach to elucidate the biological sig-
nificance of the surface proteolytic events and its regulatory
mechanism. We are also screening yet unknown genes for
MT-MMP-related enzymes.
http:/www.ims.u—tokyo.ac.jp/cancercell/index.html
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Fig. 2

Localization of MT1-MMP during cell movement$MT1-MMP expressed
in the human fibrosarcoma cell line, HT1080, is licalized at the moving
front.
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Fig. 1
Pseudo-color image of synthetic polynucleotide microarray hybridiza-
tion.

Our aim is to elucidate host-parasite relationships of DNA
viruses including a herpesvirus, human cytomegalovirus
(HCMV), and a tumor virus, SV40.

Viruses require host factors to proliferate within cells. As
the host factors may restrict viral replication, identification
and characterization of the host factors and their genes
should play a important role in investigation of viral patho-
genesis and eventual control of viral infection. In addition, to
study the host factors involved in viral life cycles as a tool
may contribute to inquire about complex biological phenom-
ena within the cell. We have now obtained a novel method-
ology to study the host factors involved in viral pathogenesis
from a view point different from the conventional paradigm
in biology, which utilizes DNA microarrays and leads us to
survey alteration of gene expression simultaneously and
comprehensively.

Using the novel microarray technology in the post-genome
era, we are now carrying out the following projects to ex-
plore genetic backgrounds of viral infection:

(1) methodological development of device systems with
synthetic polynucleotide microarrays;

(2) expression profiling for human genes within cells in-
fected with a variety of pathogenic viruses including
HCMV;

(3) construction of a pubic data base and program software
that can provide expression profiles to facilitate investiga-
tion of the host-parasite relationship in infectious diseases.
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Fig. 2
Scatter plot analysis for expression levels of human genes within
HCMV-infected fibroblasts
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Division of Pathology has focused on molecular patho-
genesis of human lymphoid neoplasms and diseases
caused by viruses such as HIV, HTLV-1, EBV and HHVS.
Research activities are as follows:

(1) Malignant lymphoma:

a) Chromosome translocation:

(DDemonstration of p80 NPM-ALK chimeric protein in
anaplastic large cell lymphoma with t(2;5). @Charac-
terization of BCL6 in diffuse large cell lymphoma with
t(3;6). (Chracterization of partner genes of BCL6
and identification of a novel gene U50HG.

b) Hodgkin’s lymphoma: Delineation of the ligand-
independent signaling mechanism of CD30 overex-
pressed on Hodgkin-Reed/Sternberg cells.

¢ ) Viral infection and lymphoma:

(DDemonstration of constitutive activation of PKCBII
in ATL cells as a leukemogenic event of HTLV-1-
infected T cells.
(@Demonstration of involvement of EBV in pyothrax-
associated lymphoma.

(2) Viral diseases:

a) Discovery and charcaterization of HTLV-1 uveitis (HU),
the third disease entity caused by HTLV-1.

b) Discovery of a new function of soluble Fas ligand as
an immunosuppressive cytokine based on the patho-
physiology of HU.

c) Demonstration of the involment of CpG methylation in
latency of HIV and HTLV-1, and specific demethyla-
tion of CpG sites in CREB/ATF sites of LTR in signal
-meditated HIV reactivation.

d) Characterization of viral antigens of HHV8, and demon-
stration of association with Kaposi’s sarcoma.
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We are interested in the observation that tissues which
have not been able to differentiate normally are highly sus-
ceptible to tumors. For example, Wilms’ tumor is derived
from undifferentiated metanephric blastemal tissues and go-
nadblastoma arises from undifferentiated gonadal tissues. In
both cases, tumors are often observed in childhood or juve-
nile age. Thus less numbers of mutation may be enough for
those tissues to form tumors compared with the cases of tu-
mors in adulthood.

We are focusing on the function of transcription factors,
WT1 and SRY which play essential roles in normal differen-
tiation of kidney or reproductive organs, respectively and are
clearly involved in tumor formation. Our current questions
are how those transcription factors regulate gene expression
and what genes are regulated by those factors. Finally, ac-
cumulating evidence strongly suggests that overexpression
of WT1 is involved in leukemogenesis. We are also inter-
ested in why WT1, which have been believed to be a tumor
suppressor, is "required” for growth of leukemic cells.
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Our overall objective is to clarify signalling systems in cell growth,
differentiation, morphogenesis and tumorigenesis. Currently, we are
studing (1) the regulation of cytosleleton, cell movement, invasion and
metastasis through WASP family proteins. (2) role of inositol phosphol-
ipids signallings in re-arrangement of cytoskeleton, membrane traffick-
ing and nuclear events.

(1) Regulation of cytoskeleton and cell movement through WASP fam-
ily proteins.

We found a new adaptor protein, Ash/Grb2. This protein consists
of SH3-SH2-SH3 domain structure and binds to tyrosine phospho-
rylated sites through SH2 domain and transmits upstream tyrosine
kinase siganls to down stream molecules through SH3 domains.
Ash/Grb2 is known to activates one of downstream molecule, Sos
leading to Ras activation and then enhancement of cell growth. We
also found a new protein, N-WASP as an Ash/Grb2 SH3 binding
protein. This protein has many functional domains such as Ash/Grb2
binding domain, Cdc42 binding motif and actin binding site. We
demonstrated that N-WASP is activated by Cdc42, leading to the
formation of filopodium. Further, we clarified the N-WASP activation
mechanism. As a result, we showed that VCA region of N-WASP is
exposed after Cdc42 binding to CRIB domain and then actin binds
to V region and Arp2/3 complex binds to CA region, resulting in ac-
tin polymerization. Next, we attempted to find new proteins that
have VCA region, and found WAVE. WAVE was found to be acti-
vated by Rac and induce membrane ruffles. Furthermore, it formed
complex with Rac in cells. Since filopodium and membrane ruffles
formation are shown to be essential for cell division and movement,
these proteins are important for regulating the basic phenomena of
lives. We would like to clarify the roles of WASP family protein in
morphogenesis and tumor metastasis in future.

(2) Physiological roles of inositolphospholipids

Inositolphospholipids, such as PIP2 and PIP3 plays important roles
not only as 2nd messenger-generating lipids but also as modulators
of a variety of functional protein. Currently, we have focused on (1)
production of phospholipase C KO mouse. (2) role of PIP kinase
and PIP2 phosphatase in cytoskeleton and cell division. (3) survey
of novel domains that bind to inositolphospholipids. (4) role of inosi-
tolphospholipid signalling in nuclear events. Through these studies,
we would like to clarify the roles of inositolphospholipids in the regu-
lation of cytoskeleton, membrane trafficking and malignant transfor-
mation, and the roles of phospholipase C in fertilization.
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Fig.
Regulation of cytoskeleton by WASP and WAVE
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Sugar chains bound to the polypeptide chains widely oc-
cur in the body, and their structures change during develop-
ment and differentiation of the cells and in pathological
states. Our objective is to elucidate direct and indirect roles
of the sugar chains. We are currently studying structure and
function of carbohydrate binding proteins and their ligands,
regulation of protein structures and functions by glycosyla-
tion, and establishment of new methods for structural and
functional analysis of sugar chains.

(1) Carbohydrate recognition mechanism involved in fertili-
zation

Mammalian eggs are surrounded by an extracellular
matrix called the zona pellucida (ZP) which consists of a
few glycoproteins. The ZP plays important roles in sperm-
egg binding, induction of sperm acrosome reaction, and
block to polyspermy. It has been suggested that the
mechanism recognizing glycans on the ZP is working in
the sperm-egg binding process, it is still unveiled. Re-
cently, we have found that glycans containing sialo-/asialo-
N-acetyllactosamine and the Lewis X structures are in-
volved in boar sperm binding, and that molecules recog-
nizing these glycans are expressed on the sperm head.
We have also found that mouse sperm recognize f3-
galactosyl residues of the ZP. We are currently trying to
identify, isolate and characterize the carbohydrate binding
proteins which are involved in binding to egg.

(2) Analysis of selectin ligands

Interactions of a family of proteins called selectin with
their carbohydrate ligands are involved in metastasis of tu-
mor cells, migration of leukocytes to the inflamed sites
and homing of lymphocytes. There is controversy as to
the structures of physiological carbohydrate ligands, and
we are now focusing on the analysis of ligands contribut-
ing to the metastasis of tumor cells.

(3) Regulation of protein or cellular functions by glycosyla-
tion

We have observed that modification of cell surface N-
glycans induces phagocytosis of immune complexes by
monocytoid cells, and suggested that the Fc-receptor func-
tion is regulated by N-glycans which change during cellu-
lar differentiation and maturation. To be noted is that the
altered protein glycosylation affects some process of in-
gestion of the ligands without any effect on eceptor-ligand
binding. Its mechanism is under investigation.

A cell adhesion molecule called CD2 mediates interac-
tions of thymocytes with thymic epithelial cells, and of T
cells with antigen-presenting cells and target cells, which
stimulate lymphocyte activation and cell-mediated cytotox-
icity. Expression level of CD58, a ligand for CD2, on the
cell surface does not necessarily correlate with its binding
ability to CD2. Considering our result that the carbohy-
drate recognition mechanism is involved in CD2-mediated
rosette formation, we are analyzing glycoforms of CD58 in
relation to their ligand activity.

Zffi4 ) IETO— JIC L BETFRBICRR T 3 HEHEES 5 TFORE

Fig.
Detection of carbohydrate binding proteins expressed on the sperm
head
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Fig. 1

A model for interaction between cancer cells and vascular endothelial
cellsVEGF and its receptor (FIt-1, KDR/Flk-1) system is a key system
for regulation of tumor angiogenesis.
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Recent studies on oncogenes and tumor suppressor
genes have revealed at least a part of the mechanism of
carcinogenesis. However, many questions particularly those
on the carcinogenic process in vivo such as tumor angio-
genesis and metastasis remain to be solved. We have been
focusing on the analysis of protein tyrosine kinases which
are involved in cell transformation and angiogenesis.

(1) VEGF (Vascular Endothelial Growth Factor) and its re-
ceptors.

We have isolated a new receptor tyrosine kinase gene
flt-1 which is specifically expressed on vascular endothe-
lial cells. Flt-1, a related kinase KDR/FIk-1 and their ligand
VEGF family are deeply involved in normal and tumor an-
giogenesis. This system may be a novel target for cancer
therapy.

(2) Mechanism of cell transformation through EGF receptor.

EGF receptor gene is frequently activated in human
cancer. We demonstrated the importance of Shc adaptor
protein in signal transduction from this receptor and a
unique structural alteration of EGF receptor gene in brain
tumors which constitutively activates this receptor kinase.

(3) Molecular basis of leukemogenesis induced by BCR-

ABL

BCR-ABL is responsible for pathogenesis of human
chronic myelogeneous leukemia (CML). Analytical studies
on its transforming potential could contribute to uncover
mechanism of human carcinogenesis. Characterization of
the essential mechanisms of activation in BCR-ABL based
on its enzymatic and non-enzymatic functions may provide
us with a clue for cancer therapy.

YEGE-FLT Keceplor Syvalen
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VEGF & Z DRBY X7 L, MEFHE, MEZBML EITRBEET S,

Fig. 2
VEGF and its receptor system, which is deeply involved in angiogene-
sis and vascular permeability.
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Department of Basic Medical Sciences is composed of Di-
vision of Molecular Biology, Molecular and Developmental
Biology, Cellular and Molecular Signaling, Molecular Neurobi-
ology, Neural Network, Molecular Genetics and Molecular
Structure.

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
results. Department of Basic Medical Sciences is a func-
tional complex of variety of research subjects and tech-
niques collaborating each other. A couple of project labora-
tories, Human Genome Center and Center for Experimental
Medicine, are established from this department.

Division of Molecular Biology, Molecular and Developmen-
tal Biology and Division of Cellular and Molecular Signaling
are grouped in Basic Bioscience field. There are two labora-
tories, Division of Molecular Neurobiology and Division of
Neural Network in the field of Neuroscience.

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

Department of Basic
Medical Sciences

Department Chairman

[

@ Common Core Facility

Basic
Bioscience

1) Molecular 1) Molecular
Biology Neurobiology Molecular l\/lolccglar
2) Molecular 2) Neural Network Structure Genetics
and 1) Biomolecular
Developmental .
. Imaging
Biology 2) Fine
3) Cellular and Molecular Ml hol
Signaling orphology
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When exposed to environmental stresses, such as os-
motic shock, radiation, and oxidative stress, cells respond
adaptively through intracellular signal transduction and signal
processing. Because such adaptive responses are so funda-
mentally important for cell survival, it is believed that signifi-
cant conservation of molecular mechanisms exists between
lower and higher eukaryotic organisms. Nonetheless, their
molecular mechanisms are yet only vaguely understood.
This laboratory, which is established in the year 2000, aims
to study the molecular mechanisms underlying the adaptive
responses of the yeast and human cells, utilizing the com-
plementary advantages of the two experimental systems.

(1) Yeast (Saccharomyces cerevisiae)

Budding yeast is particularly suitable to study fundamen-
tal cellular mechanisms, because with this organism highly
advanced genetic analyses can be easily combined with
biochemical studies. We will study the yeast signal trans-
duction pathway that mediates its adaptive response to
hyper-osmotic stress. Specifically, we aim to elucidate: the
molecular mechanism of osmosensing by a histidine
kinase; roles of the cytoskeleton in osmosensing and in
osmoadaptation; regulation of the osmosensory (HOG)
MAP kinase cascade; and roles of protein phosphatases
in negatively regulating the osmo-adaptive signal transduc-
tion.

(2) Human cells.

It has been elucidated, by us and others, that homolo-
gous MAP kinase cascades and protein phosphatases are
involved in osmo-adaptive responses of both yeasts and
mammalian cells. however, the
osmostress-responsive MAP kinase cascades can be also
activated by diverse environmental stresses, such as UV
and gamma radiation, genotoxins, and oxidative stress.
Thus, it is anticipated that there are multiple upstream
sensing mechanisms, each of which eventually activates
the same stress-responsive MAP kinase cascades. We
will investigate the molecular mechanism by which the
cells detect the diverse environmental stress conditions,

In mammalian cells,

and mechanisms by which the stress-responsive MAP
kinase cascades are activated.
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Fig. 1

Human monoblastic U937 cells differentiated with retinoic acid or
interferon-y show differential responses to apoptotic induction by anti-
Fas or staurosporine (stsp), and Shigella infection.
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Our major research interest is to understand cell death on
the basis of protein functions.

(1) Promyeloid cells become resistant to cytotoxic anti-Fas
antibodies and TNFo after differentiation into monocyte/
macrophage-like cells (Fig. 1). The differentiation does not
affect the cell-surface expression of the apoptosis recep-
tors, but death signaling downstream of receptor-coupled
protease, caspase-8 is suppressed in apoptotic response.

(2) 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-cell-
invasing activity of bacteria as well as differentiation state
of the phagocyte (Fig. 1). Molecular mechanism of the
infection-induced cell death is under investigation in focus
of interactions between cell-death-related proteins and
bacterial factors.

(3) Various proteases such as caspases, calpain and pro-
teasomes are involved in signal transduction for apoptotic
cell death. Caspase 3/7 cleaves calpastatin, an endoge-
nous inhibitor protein for calpain, during apoptosis. Subse-
quently, calpain is activated and suppresses cell death.

(4) We have been analyzing activation of zymogens and
proteolysis of substrate proteins in situ in dying cells by
means of cleavage-site-directed antibodies that specifically
recognize a terminal region of proteolyzed polypeptides
but do not bind native proteins (Fig. 2).

2
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Fig. 2

Cleavage-site-directed antibody against caspase-3-catalyzed poly
(ADP-ribose) polymerase stain apoptotic human T Jurkat cells (green)
treated with 3,4-dichloroisocoumarin. Cellular DNA is stained in red with
propidium iodide.



MER Y b7 — 7 2E

DIVISION OF NEURONAL NETWORK

HERo NN 72 & ORISR, Bn T OFRBMHIAE
LAAATOND D E ) DNHRIET %o BB T OFEHLIL, DNA—~RNA
—SEOEDEY PV R ZIILTA 5T, ﬁa,ﬂm Jut

VU TEOZBEBETHE SN A7), mRNAOBRE & Hl# % doi
&Y DIEBEHOBMET RIS, IREHOEDR, BRI
BV CEERGEEE Ll S EEHICR>TE R 4
WFZEERTIZ, FLVST &4 A 2T 5 BRI 05Tt %
& LC, RNAIZ K 2 85T RIS OHH R EIEZT AL v

STHEAEOMRIEE BigT,

(1) FFREEE O

Rala ¥ O L BT F PO R
IR ENTHEB OV EDOTH B, MK, R, BiNEZH
BE LT, ZN5D0THEEMYIT 5,

(2) Va—F1 v rEEREOME

ko F @B s (7L—a3y 7, kLI VAT
4, V¥ rF) 27UrI AL 5EME LTHFMIZROH
L3 %1 & (“‘Recoding: reprogrammed genetic decod-
ing”) B L2o2dY, Fe bEEFELEWMEE HVwTY

=7 v IR L Tw b,

(3) ATHEOWZE

%EE&MM@%?%%ii%%kﬁbwmu%%ﬁb

o TOWEFIAZHES,IIL, iz RBaetEiEs T O8I
a*: B%‘Eﬁ“o
(4) RNAET#:

AEREMATHEALE: (SELEX) % v CAEIEEWE I
BIZHAT ARNAGT (77 ~—) Z1E L, RNASEE
%ﬂ«wmm T

(5) ) =B D%

KPR OBIET A A v FOHM L JHRE L DR % 251

LNV THLNTT 5,
(6) 7V F YEEAEOWIGE

R ORGSR T-0 0 L 078, B 7Y 4 v & FUHE%
R o ZOBEET ) & ¥ OIARFEERRIE L H S AL, T
x VIROMFEARIL T 5o

(7)  XoRhd SR AT

HA'E L RNAO G T-HERE % SRS L XV T S 5127

5o

RE]

Siop Codan RF '2

stup Codon

X1

NI TV T ORFREFICRR S
KrD2XFBEIXFENT) > %,
T3,

FNUNRTFR-FoFAR, &£
1XFREIXFEDT I /BRI H

Fig. 1

The tripeptide anticodon of bacterial release factors. The first and third
amino acids discriminate the second and third purine bases. The C-2
amino group of G is a primary target for discrimination by Pro and Phe,
while Thr and Ser permit both C-2 amino group and proton of purine
(ref. Ito et al. Nature 403, 680-684, 2000).
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Regulation of gene expression is a principal interest in
this laboratory. Over the past decade, work in many labora-
tories resulted in the identification of genes/factors/signals in-
volved in mRNA processing, splicing, translation, traffic etc.,
and uncovered numerous novel mechanisms of gene ex-
pression. These accomplishment clearly emphasizes the bio-
logical importance and interest of the regulatory role of RNA
and the mechanisms underlying the post-transcriptional con-
trol of gene expression. We aim to clarify these molecular
basis from the novel aspect in translational control and the
fate of mRNA.

(1) Translation termination.

The mechanism of stop codon recognition has been a
long-standing coding problem and is of considerable inter-
est since it entails protein-RNA recognition rather than the
well understood mRNA-tRNA interaction in codon-anticodon
pairing.

(2) Translational recoding.

The stop codon often functions as a signal for "alternate
genetic decoding” (referred to as “recoding”) such as se-
lenocysteine incorporation, readthrough or frameshifting.

(3) Molecular mimicry between protein and RNA.
(4) Design and selection of therapeutic RNA molecules by

SELEX.

(5) Antigenic variation of Pneumocystis carini.
(6) Yeast prion.

One of the yeast translation termination factors shares
protein properties with the mammalian prion protein, and
represents a fascinating problem.

(7) X-ray chrystallography to investigate molecular mimicry.
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(R L LY
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». EREORBTIEEL 3,

Fig. 2

Crystal structures of translation factors that mimic tRNA and their
working steps during protein synthesis. The crystal structure of Thermus
thermophilus RRF was solved in this laboratory. Arrows and circles
mean the target or the site of action (Nakamura et al. Cell 101, 349-
352, 2000).
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(1) Functional analysis of intramolecular domains of pro-
teins
a) We are analyzing the functions of intramolecular do-

mains in the proteins involved in signal transduction, us-
ing in vivo expression system in Drosophila. Currently
we are focusing on the phosphoinositide signaling in the
visual system and signaling involved in the synapse for-
mation and plasticity.

b) In search of the functional domains in RPE65 protein,
which we have found in vertebrate eyes and whose
function is unknown, we are carrying out the phyloge-
netic comparison of the homologues of RPE65. The
well-conserved regions of the proteins revealed through
this analysis are further studied by the genetic mutation
in Drosophila to elucidate their functions.

(2) Analyses on molecular mechanisms of cell motility-
related proteins and receptor-proteins from their ultra-
structural aspect

Utilizing quick-freeze deep-etch electron microscopy, m
olecular mechanisms of various biomolecular motor protein
systems such as myosin/actin, dynein/microtubule, bacte-
rial flagella and various channel-forming receptor-proteins
are being investigated with special attention on the struc-
tural change intimately related to their functions.
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REEBICEE B rdgAEzF £ B A L -EFEOER, 2FEIDODWTV 34l
TIREBAEBEFIEIERL TOVAEVOTHEEPEEL TWB S, ZThUSOM
Fald A BRLE S hIEE A RER LTV 3,

Fig. 1
Transgenic expression of retinal degeneration A gene in an rdgA mu-
tant. a. An electron micrograph of an ommatidium in wild type. Seven
photoreceptor cells protrude photoreceptive organella, rhabdomeres, cen-
trally. b. rdgA mutant in which normal rdgA gene is introduced. The re-
ceptor cells expressing RDGA protein show normal morphology,
whereas the non-expressing cell (asterisk) degenerates severely.
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Fig. 2

Ultra high magnification electron microscopic (EM) image of quick-
freeze deep-etch replica of acto-myosin rigor complex (left) and
computer-simulated surface profile of the complex produced by docking
the X-ray crystallography data of each component (right), which appar-
ently indicate the high spatial resolution of our EM method. We have
developed a new computer-aided method to reconstruct the 3D-structure
of the object from such replica images.
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Fig. 1
IPs/Ca* signaling and IPs receptor

Our goal is to understand 1) how the mammalian nervous
system develops and how the complete neural circuits inte-
grate and store information, 2) molecular bases of the inosi-
tol 1,4,5-trisphosphate receptor and cellular functions of the
IPs-induced Ca* release, and 3) molecular mechanisms un-
derlying the intracellular Ca* signaling and dynamics. We try
to integrate vital information at gene, cell and animal levels
into a comprehensive whole researches by means of inter-
disciplinary approaches. Ongoing research themes are as
follows.

(1) Study on the development, morphogenesis, and highly
organized cellular functions in the nervous system.

1) Molecular analyses of mutant mice having hereditary
ataxia or abnormality in the development and morpho-
genesis of the nervous system, by using state of the art
cellular and morphological methods.

2) Molecular mechanisms of synapse formation (extention
of growth cone, etc) and synaptic plasticity (hippocampal
LTP and cerebellar LTD), by cell physiological and elec-
trophysiological techniques (optical imaging, patch
clamp, etc).

3) Generation and analyses of mice deficient in nervous
system-specific genes.

4) Systematic analyses of gene expression during the
development and morphogenesis of the nervous system.

(2) Molecular analyses of the inositol 1,4,5-trisphosphate re-
ceptor (IPsR) and its signaling role in cell functions.

1) Molecular bases of the IPsR-channel, as the IP;s ligand
-operated Ca* channel.

2) Functions (ligand binding, channel gating, etc) and
modulations (by phosphorylation, ATP and calmodulin
binding, etc) of the IP:R.

3) Cell- and stage-specific expression of the IP;R and
other Ca* signaling molecules, and dynamics of intra-
cellular Ca* stores.

(3) Study of the intracellular Ca* signaling and dynamics by
using Ca* imaging technique.

1) Physiological roles of IPJ/Ca* signaling in fertilization
and embryonic development in Xenopus and mouse.

2) Ca* signaling in

synapse formation
and synaptic plastic-
ity

3) Intracellular Ca*
signaling and dy-
namics (Ca* wave,
Ca* oscillation, etc),
and  physiological
functions, in a wide
variety of cell types.

LU ] e

2
FVNA—IVRIEL 25y MERIREREEED, RRZERE L ARRCa™
REE(L

Fig. 2
Spatiotemporal nature intracellular Ca* signal induced by carbachol in
the duct of rat salivary gland
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Fig.

Programmed cell death induced by restriction enzymes. Plasmid loss
causes the formation of undermethylated sites in DNA that triggers dou-
ble strand breaks by restriction enzymes, resulting in cell death.
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One genome is a community of genes with potentially dif-
ferent interests. Their collaboration and conflicts underlie
various aspects of DNA metabolism, genome rearrange-
ments and diseases. Our goal is to understand genes,
genomes, their interactions, their changes, and diseases
from this point of view.

We found that a gene complex for a restriction enzyme
and a modification methylase can behave as a pathogenic
element that increases its frequency by attacking host
genome. We are starting biological study of these elements.
Various types of cellular processes and DNA recombination
may be understood in relation to the interaction between
these pathogenic elements and the host. These interactions
likely lead to genome evolution. We also attempt to apply
this understanding to therapy. The self maintenance of re-
striction modification genes provides a unique strategy in
stable maintenance and expression of useful genes in
biotechnology.

(1) Restriction modification gene complexes as genomic
parasites

(2) Genome evolution and selfish genetic elements

(3) Mechanisms and roles of recombination

(4) Application of recombination to therapy

(5) Stable maintenance and expression of useful genes

through selfish maintenance of restriction modification

gene complexes
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Our ultimate goal is to understand molecular mechanisms underlying
the signal transduction from membrane to nucleus, including induction
of gene expression and DNA replication as well as the mechanisms of
self renewal and differentiation into particular cell lineage and tissues
of stem cells. For these purposes, we use various cell types including
lymphoid, hematopoietic and neural cell lineages as well as pluripotent
embryonic stem cells. We also work on mice, zebrafish and Xenopus
for the studies of molecular mechanisms of differentiation and develop-
ment of tissues and organs. We also study Escherichia coli and
yeasts to understand basic mechanisms of DNA replication and cell
cycle regulation. The specific activities are as follows:

(1) Molecular mechanisms by which various extracelluar signals are
transmitted into nuclei to regulate gene expression and DNA replica-
tion

(2) Mechanisms of Th1sTh2 specific expression of cytokine genes in T
cells

(3) Cell cycle regulation of embryonic stem cells during self renewal
and differentiation

(4) Commitment of hematopoietic and lymphoid cells to specific line-
ages during development

(5) Development of sensory organs in zebrafish and mice

(6) Mechanisms of regulation of chromosomal replication during cell
cycle and in various cell types

(7) Genome-level analyses of coupling of transcription and replication
in mammals

(8) Cellular responses to replication fork arrest and coupling of repli-
cation, recombination and repair

(9) Regulation of development by reprogramming of nuclear structures
Understanding basic mechanisms of cell proliferation and differentia-

tion will help us develop novel strategies with which to manipulate the

stem cells for their amplification and differentiation into specific cell
lineages.
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Fig.

(1) Effect of muCdc7 disruption on growth and DNA replication of ES
cells

Induced inactivation of muCdc7 gene resulted in gorwth arrest (A) and
impaired DNA replication (B).

(2) Regulation of the Th2 cytokine gene cluster region in Th2 differen-
tiating cells

The antigen and IL-4 signals through TCR and IL-4 receptor, respec-
tively, induces reorganization of the chromatin structure. One of the key
factors involved in this process, GATAS, is induced by STAT6 activation,
and exerts its function thorugh the regulatory segment located in the in-
tergenic region (red box) .

(3) Effect of lens abnormality on development of retina

A and B. Lens-specific expression of EGFP. C and D. Lens-specific
expression of diphtheriatoxin A resulted in abnornal development not
only of lens but also of retina (D). C, control
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Fig. 1
Self-renewal signal transduction in ES cells
LIF, a self-renewal factor for ES cells, regulates several signaling
pathways in ES cells. We have found that STAT3 activation is neces-
sary and sufficient for maintenance of undifferentiated ES cells. Now we
are trying to identify the target(s) of STAT3 to understand the self-
renewal mechanism of ES cells.
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Our research interest is to characterize functional mole-
cules of stem cells, particularly 1) signaling molecules medi-
ated by cytokine receptors that regulate proliferation and dif-
ferentiation of stem cells, and 2) genetic manipulation of
stem cells by appropriate vector system. There are no es-
tablished stem cell lines and self-renewal factors for stem
cells, except embryonic stem (ES) cells and leukemia inhibi-
tory factor (LIF), respectively. Therefore, in vitro expansion of
stem cells is essential not only for analyzing their self-
renewal mechanism, but also for a variety of clinical applica-
tions, such as bone marrow transplantation, tissue regenera-
tion, and gene therapy. The followings are our major pro-
jects.

(1) Analyses of signal transduction mechanisms involved in
self-renewal and differentiation of ES cells using chimeric
receptor approach

(2) Identification of essential genes for kidney formation us-
ing animal caps of Xenopus embryos and knockout mice

(3) Ex vivo expansion of hematopoietic stem cells (HSC)
using chimeric receptor transgenic mice

(4) Identification and establishment of neural stem cells
from mouse fetal brain
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Fig. 2

Kidney development.

Kidney development is divided in three stages: pronephros,
mesonephros, and metanephros (kidney in adult). Animal caps of
Xenopus embryos, which are treated with activin and retinoic acid, give
rise to pronephric tubules in three days. Utilizing this system, we have
cloned several genes both in frogs and in mice, and are analyzing their
functions in kidney development. We also plan to isolate kidney progeni-
tors and establish differentiation systems in vitro and in vivo.
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We are studying on transactivation mechanisms of the
transcription factor, AP-1 (composed of Fos and Jun family
proteins) and on AP-1 function in cellular growth, differentia-
tion, tumorigenicity and development. We are also develop-
ing new retrovirus vector systems that allow efficient intro-
duction of genes into a wide variety of cell types. Using
these systems, we introduce the designed genes into sev-
eral cell types to enhance or repress specific pathways and
access their biological activity in vitro for the basic research
of human gene therapy.

(1) Any member of Fos family protein (c-Fos, Fra-1, Fra-2,
FosB) can form heterodimers with members of Jun family
protein (c-Jun, JunB, JunD) and each heterodimer has dis-
tinct transactivating activity. The molecular mechanisms
underlying the dimer specificity as well as the molecules
that is responsible for the transactivation was undefined.
We have shown that one component of SWI/SNF complex
can specifically bind to c-Fos/c-Jun dimer at a very high
affinity. When SWI/SNF complex was recruited to chroma-
tin by c-Fos/c-Jun that initially bound to AP-1 sites, the
complex will remodel the chromatin structure and changes
the promoter region to “open” state, leading to the tran-
scriptional initiation by basal transcriptional factors (The
figure).

(2) We developed a new stable system which produces
high titer VSV-G pseudotyped retrovirus vectors. We first
prepared a human “pre-packaging cell line” that is de-
signed to produce pseudotypes after introducing Cre-
recombinase by adenovirus vectors. The recovered vec-
tors can be concentrated up to 10° infectious particle/ml
and infectious to almost entire populations of most of the
human carcinoma cell lines. When the dominant negative
supJunD, a general inhibitor of AP-1, was introduced into
several cell lines originated from human solid tumors us-
ing this vector, it can effectively suppressed the colony
formation in soft agar without affecting their growth in
monolayer culture. These results indicate that tumorigenic-
ity is clearly separable from cell growth.

c-Fos/c-Jun& 1 ¥ —HAP-HEEEFIE N L TED L S ICEHEE & EMELT 3
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VIREEIC LERB £ RIA T 5 (0o
Fig.

A model explaining how c-Fos/c-Jun regulates transcription. c-Fos/c-
Jun is targeted to an AP-1 binding site of a promoter, initially in as inac-
tive chromatin context (a). c-Fos/c-Jun recruits the SWI/SNF complex by
a high affinity binding, leading to remodeling of the adjacent chromatin
(b). Basal transcriptional machinery is recruited to the promoter and tran-
scription is initiated (c).
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Fig. 1
Cluster of dendritic cells derived from CD34 positive cells purified from

cord blood.
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The Division of Cell Processing was established in the fall of
1995. It is a new research department in the Institute of Medical
Science, and its mission is to promote cell therapy and gene ther-
apy, fields in which extensive progress has been made recently.
The task of this Division is to pursue basic and clinical research
in cell therapy and gene therapy in collaboration with other re-
search departments, the hospital of our Institute and associated
hospitals.

Hematopoietic stem cells, immune cells and tumor cells are our
main subjects. To employ these cells effectively and safely, meth-
ods for cell separation, purification, activation, expansion, gene
transfection and cryopreservation have been extensively studied
for potential clinical applications. Furthermore, we are engaged in
the development of blood substitutes for platelets, as well as the
establishment of new methods for viral inactivation and long-term
preservation of red cell and platelets for safer blood transfusion.
Research projects currently in progress are summarized as fol-
lows.

Bone marrow reconstitution using cord blood hematopoietic
stem cells - Basic and applied studies on cord blood hema-
topoietic stem cells and progenitors have been performed. Basic
approaches include phenotypic and functional characterization of
leukocytes and analysis of cord blood-induced GVH and GVL re-
actions. Since the establishment of cord blood banks is essential
for bone marrow reconstitution with cord blood, applied ap-
proaches include examinations of the technical, economical and
ethical considerations regarding such a bank. We established To-
kyo Cord Blood Bank in our Institute in collaboration with other
departments last September in 1997, and cord blood transplanta-
tion using the stored units reached 50 at the end of this July.
Expansion of megakaryocyte colony forming cells in cord
blood - One of the problems in cord blood transplantation is con-
sidered to be the slow recovery of platelets in transplanted pa-
tients. Therefore, we have been studying the expansion of
Megakaryocyte colony forming cells in vitro with a combination of
various cytokines and culture medium that are acceptable for
clinical use.

Cell therapy using dendritic cells - Studies on dendritic cells,
including separation, preservation, expansion and induction from
peripheral monocytes and cord blood progenitors are in progress
in our laboratory. The possibility that dendritic cells can be em-
ployed as antigen-presenting cells for the development of cell
therapy has been investigated, and clinical trials to treat mela-
noma has been done for 10 patients until the end of July.

New methods for low temperature preservation of cells - We
are examining low temperature and cryopreservation of cells
which are difficult to preserve such as granulocytes and platelets
via an approach integrating cryobiology and biophysics.
Photoinactivation of viruses - Methods for inactivation of vi-
ruses in blood cells have been studied, using visible light and
various photosensitizers.

Blood substitutes - The utilization of rehydrated fixed lyophilized
platelets have been assessed as a platelet substitute including
functional analysis in vivo.
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Fig. 2
Cord blood processing in the Room for Clinical Cellular Technology.
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Our department was established in September, 1996. On
e of the goals of the department is aimed at the application
of molecular biology in clinical projects. Currently, we run
several basic research programs based on
mediated gene transfer, and expect to apply some of the re-
sults to clinical fields. We have established our own retrovi-
rus vectors and efficient packaging cells, and plan to de-
velop novel strategies in gene therapy, cell therapy and
molecular-based medicine. To achieve these goals, we are
running the following projects.

(1) Cloning of cDNAs for novel cytokines.

retrovirus-

Using a signal sequence trap method SST-REX which
we have recently established based on retrovirus-mediated
gene transfer, we have cloned several new cytokine re-
ceptors and cytokines, and are characterizing them. Identi-
fication of cytokines which can induce self-renewal of he-
matopoietic stem cells would be of a great importance
both in basic and clinical hematology/oncology.

(2) ldentification of constitutively active forms of signaling
molecules.

Our strategy is to introduce random mutations into
cDNAs of interest followed by screening for factor-
independence of IL-3-dependent cells. By this method, we
identified activating forms of a cytokine receptor MPL and
a transcription factor STAT5. Through analysis of constitu-
tively active STAT5, we have demonstrated that activation
of STAT5 induces various cellular functions through regu-
lating a variety of the target genes.

(3) Development of an efficient retrovirus packaging cell line
Plat-E.

We previously developed a series of retrovirus vectors,
and have recently developed highly effient packaging line
Plat-E and Plat-A, which enables us to transfer genes to a
variety of cells including primary culture cells. Using the
system, we have recently succeeded in reconstituting
functional TCR in primary T cells.

(4) Other researches based on retrovirus-mediated gene
transfer.

Using retrovirus-mediated expression cloning, we have
identified and characterized a molecule MgcRacGAP
which controls proliferation and differentiation.

Using another expression cloning method FL-REX, in
which cDNAs are identified based on the localization of
the GFP-fusion protein product, we have identified several
new transcription factors.
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The Division of Genetic Diagnosis was established April 1
st, 2000 with full financial support from Otsuka Pharmaceuti-
cal Company to develop personalized therapies for the com-
mon metabolic diseases of civilization by direct application
of accumulating genomic information to basic and clinical
medicine. The division is organized into two laboratories,
one for basic and the other for clinical research.

In the Laboratory of Basic Research, we identify suscepti-
bility genes for common or otherwise clinically relevant dis-
eases of metabolism such as diabetes, asthma, and hyper-
tension, and analyze the molecular causality. Although ge-
netic and environmental factors play equally crucial roles in
the pathogenesis of the common diseases of civilization, ge-
netic factor is directly involved in the causality and molecu-
lar mechanism. The elucidation of molecular etiology pro-
vides specific molecular targets for therapeutic drugs even
at the individual level. Thus our priority in basic research is
analysis of the molecular causality of the common metabolic
disorders of civilization. We will identify individual and group
polymorphisms in the genome relevant to the treatment of
individual patients closely related to susceptibility to disease,
prognosis of disease, and responses to drugs. Our labora-
tory together with the Laboratory of Clinical Research in the
Division of Genetic Diagnosis should establish personalized
medicine in which prevention, diagnosis, prognosis, and
treatment of a patient is determined by the patient’s indi-
vidualized genomic information.

Our diseases of current interest are asthma, essential hy-
pertension, subarachnoid hemorrhage, and ossification of the
posterior longitudinal ligament of the spine. To determine
genetic susceptibilities we are using genetic approaches
such as linkage studies with affected sib-pairs, association
studies using SNPs data-bases, which are currently being
established in the Institute of Medical Science.

Bronchial Asthma
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As an increasing number of genes for hereditary diseases
characterized by genomic instability and cancer predisposi-
tion have been identified, remarkable advances have been
made in understanding the molecular mechanisms which
maintain the integrity of genome through genetic repair and
recombination and control of cell cycle. Defects in these
mechanisms are closely associated with neoplasm, immune
deficiency, neuronal diseases and aging. Our purpose is to
identify genetic factors for hematopoietic diseases such as
aplastic anemia, myelodysplastic syndrome and myeloid leu-
kemia and to develop a novel diagnostics, focusing on the
role of genomic instability in the pathogenesis of these dis-
eases.

To approach this problem, we study on a hereditary dis-
ease, “Fanconi anemia”. This disease is characterized by
bone marrow failure, which often progresses to myelodys-
plastic syndrome and myeloid leukemia, congenital anoma-
lies such as skeletal defects, and high incidence of solid tu-
mors. Cells from patients show chromosomal instability and
hypersensitivity to DNA cross-linking agents. There are at
least seven genetically distinct groups (A-G). Four genes for
group A, C, G and F have been cloned. The proteins en-
coded by these genes have no significant homology to
known proteins or each other, and the function of these
genes remains unknown. We have proposed that these pro-
teins make a novel molecular pathway, interacting with each
other (Fig.). We are trying to clarify the regulatory mecha-
nisms and the function of this pathway, to understand the
pathogenesis of the hematopoietic diseases, and to identify
novel disease markers which are clinically useful.

Fanconi&MEBFITK T 2D FRIEDETIV
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Fig.

Hypothetical model of the Fanconi anemia molecular pathway

FANCA, FANCC, FANCF and FANCG proteins make a complex and
the complex translocates from the cytoplasm into the nucleus. FANCA is
phosphorylated by a cytoplasmic serine kinase. FANCB and FANCE
seem to interact with the protein complex, although they have not been
identified. FANCD is likely to exert its action downstream of this path-
way.



Be 7/ LRt 52—

E N7 AENTRFSEIREIR OB, T, RO R L%
FLUAMHAICKRELSERT AL ZHWETHIDTHY,
72, BEWEFEORBIIRIT I EDTERVEBENZETH S, Bt
KEFERIAIZERTE ™7 MBI v 7 —1%, S XD RES -
HEWEFTFIEDIFRIZE 5 TR RDSHEL TR T = 7 bt L
T 72O bHEOHLIT E UTPR 3 EEICHKESh, £
DBEDOERRZ & 1) FR124EEE 1L 8 0 EAHI & 2o T B,

e N7 AN V7 — DS B BT IR R LV T
DIIRIRZE & 12, BB ORAERLEMTRE L PR A&D
B, HoHVviE, BN - B S 7 A0t Bis 3 & Fes
BZIFAN, FOUEEREBIT->Tnb, S5, HHRD
SEICBWTE, ERENRHHOL LT F 7R
F= I R= A EOREHE T > TV D,

—i.T
wL=ta
A
L - L LR
b, "
5 Y B
- i
o '“".\_ A , L& - ol
- -, . T
2 & R - B
- Y T
o - i i Fary
T ke B i~ F fEara ] L e
T -2 - e
ra 2 A L - 1
-~ - - —— -
r ‘-. r.---n - I-l-- s -
. S e ] ]
- P e LEF el
¥ 5, S T -
‘.'h
- - ) ",
= % ] .
* 1
i " ra
L ET " | &
- bt
- > a4 S
F
ol - ai 3
b
T FHEE BT
ey

37

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 provides very important and fundamental information for
molecular and cell biology. Our Genome Center was estab-
lished in 1991 as a central research center for the Japa-
nese Human Genome Project and now consists of eight re-
search laboratories as indicated below.

Each laboratory of Human Genome Center conducts the
advanced research in human genome analysis, particularly
the field related to genes susceptible to diseases, and also
provides 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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Fig. 1
HGREP: database reconstructing the human genome from the draft
sequence data
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In this laboratory, we study advanced database techniques
for seamlessly dealing with a variety of huge data of the
genome projects. Integrated databases constructed using
these techniques are released to worldwide researchers.
Our current projects include:

(1) Development of integrated and advanced genome data-
bases
Currently, we collaborate with Prof. Nakamura’s SNP
project team to construct a database of Japanese single
nucleotide polymorphisms. We also collaborate with Prof.
Sakaki’'s sequencing team to analyze the structure of hu-
man genome from a set of BAC clones.
(2) Research on genome ontology
To promote the integration of heterogeneous databases
and to facilitate the discovery of hidden structures in bio-
logical phenomena, we study genome ontology where bio-
logical knowledge is reorganized and both the terminology
and the concepts are unified across species. We try to
establish such ontology of signal transduction. In addition,
we are recompiling its dictionary and are developing tech-
niques of automatic information extraction from literature
database.
(3) Research on gene networking
Understanding the total behavior of biological systems
from gene interactions is one of the ultimate goals of
genome research. Thus, the data of protein-protein inter-
action and of gene regulatory networks will become more
important. We develop the database systems for such
data, their visualization method, and the methods for re-
constructing gene networks.
(4) Construction of problem-specific databases and their ap-
plication
To deepen the study of an individual biological process,
all-purpose large databases are not always sufficient;
problem-specific databases from original literature are
sometimes quite useful. Thus, we have constructed such
databases, covering the promoters and transcription fac-
tors of Bacillus subtilis, the aberrant RNA splicings found
in genetic diseases, and the topology of non-redundant
membrane proteins.
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Fig. 2
Visualization of protein-protein interaction map based on the attributes
of proteins
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The main focus of our laboratory is the cataloging the full-
length cDNA clones of human message and determining the
precise structure of the genes. The collection of the full-
length cDNAs are important not only for identification of
gene structures but also for the functional analysis of the
coded proteins. Below are major projects that are going on
in our laboratory.

(1) Full length cDNA Cataloging:

Our goal is to isolate all the human genes in the form
of full-length cDNA. A full-length cDNA is a faithful copy of
mRNA and gives us an indispensable information for iden-
tifying coding region, position of promoter, various signals
for mRNA stability and translation control. In order to get
full-length cDNA efficiently, we developed “Oligo-capping”
method. Based on this method, we could make cDNA I[i-
braries whose content of full length cDNA clone is be-
tween 50 to 80%. Using the libraries made by this
method, we are isolating full length cDNA clones.

(2) Database construction:

Using the data obtained during above project, we are
constructing the full-length representative cDNA database,
mRNA startsite database and promoter database.

(3) Gene expression analysis in cancer and metastasis

Using real-time PCR or oligo-microarray, we are trying
to identify the gene that specifically expressed at metas-
tatic sites.

(4) Method development for functional genomics:

High-through-put protein analysis based on the cDNA
clones are in the process of development.

Synthetic Oligo 5'end of EF-1 oo mRNA

— TGTTGGCCGAGAGG CTTTTTCGCAACGGGTTTGCCGCCAGAACA mummmm—m

TGTTGGCCGAGAGG CTTTTTTTTTTTCGCAACGGGTTTGCCGCCAGAACA

TGTTGGCCGAGAGG CTTTTTTTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG CTTTTTTTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG CTTTTTTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG CTTTTTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG QI TTTTTCGCAACGGGTTTGCCGCCAGAACA

TGTTGGCCGAGAGG
TGTTGGCCGAGAGG
TGTTGGCCGAGAGG
TGTTGGCCGAGAGG
TGTTGGCCGAGAGG
TGTTGGCCGAGAGG
TGTTGGCCGAGAGG
TGTTGGCCGAGAGG
TGTTGGCCGAGAGG

CTTTTTCGCAACGGGTTTGCCGCCAGAACA
[CTTTTTCGCAACGGGTTTGCCGCCAGAACA
CTTTTTCGCAACGGGTTTGCCGCCAGAACA
[CTTTTTCGCAACGGGTTTGCCGCCAGAACA
CTTTTTCGCAACGGGTTTGCCGCCAGAACA
ICTTTTTCGCAACGGGTTTGCCGCCAGAACA
ICTTTTTCGCAACGGGTTTGCCGCCAGAACA
CTTTTTCGCAACGGGTTTGCCGCCAGAACA
[CTTTTTCGCAACGGGTTTGCCGCCAGAACA

TGTTGGCCGAGAGG CTTTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG ICTTTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG TTTTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG TTTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG TTTCGCAACGGGTTTGCCGCCAGAACA
TGTTGGCCGAGAGG TTTCGCAACGGGTTTGCCGCCAGAACA

7+ 1) d% v TEIC L WEBD I - F2EF1-0 mRNASTRD S

Heterogeneous 5 end of EF1-a mRNA elucideated by “Oligo-Capping”
method
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Concept figure of Hypothesis Creator (HC) and a snapshot of View
Designer.
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The aim of the research at this laboratory is to investigate
and develop knowledge information processing systems for
knowledge discovery, information interpretation and knowl-
edge bases that deal with biological information about nu-
cleic acid sequences and proteins.

(1) Knowledge discovery system
We have been developing a system Hypotheis Creator
(HC) for assisting knowledge discovery from complete
genomes, SNP data, gene expression profile data, protein
data. We defined a concept of viewscope which is a key
to discovery process, and develped a system View De-
signer with which creation of views and viewscope design
can be realized. Integrating this sytem with a various
highly parallelized hypothesis generation algorithms,
knowledge of experts can be smoothly enrolled into HC.

Currently, HC can handle more than one billion attributes

(views) in feasible time (Fig. 1).

(2) Two-dimensional DNA image analysis system
We are developing a system for analyzing gene expres-
sion levels by means of extracting the spots from two-
dimensional images obtained from DNA microarrays. The
system can also be applied to analysis of two-dimensional

DNA electrophoresis images. Currently, we are modifying

the system for proteome research so that it can be ap-

plied to analysis of two-dimensional electrophoresis im-

ages of proteins (Fig. 2).

(3) Computational methods for analyzing DNA sequences
and protein sequences
In order to extract common patterns from multiple DNA
or protein sequences, we are developing efficient algo-
rithms. We are also studying a method called “protein
threading” for inference of protein structures from protein
sequences.
(4) Systems for analyzing gene expression profile data
For inferring the genetic network from gene expression
profile data, various algorithms for analyzing the network
are being developed together with the knowledge base of
the genetic network of the yeast together with its visuali-
zation system.

= = s i T
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Fig. 2

DNA image analysis system D2IAS. This system can detect changes
of gene expression levels by analyzing two-dimensional images obtained
from DNA microarrays.
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This laboratory was established in 1996 for “Human
Genome Analysis”. The Human Genome Project is a re-
search aimed to produce the most important information for
life science and will have an enormous impact on the medi-
cal research. The current study in our laboratory is focused
on isolation of disease-related genes through genomic
analysis. The major subjects are as follows.

(1) Isolation and functional analysis of genes regulated by
tumor suppressor genes, such as p53, APC and PTEN

(2) Establishment of “Personalized Medicine” through ge-
netic characterization of cancer cells

(3) Expression profile analysis by cDNA microarray

(4) Isolation of genes associated with disease susceptibility

(5) Cancer gene therapy using animal models
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Fig
Expression profile analysis (b) of tumor by a combination of LCM
(Laser-captured microdissection) (a) and cDNA microarray.
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Human genome project provides important and useful in-
formation for molecular biology as well as medical science.
This laboratory was established in 1996 to develop various
technologies for human genome analysis. The current study
in this laboratory is focused on genetic polymorphisms in-
cluding SNP (single nucleotide polymorphism) and VNTR
(variable number of tandem repeat), some of which are
medically and biologically important because they influence
quality and quantity of gene products. Using the polymorphic
information, we search genes susceptible to disease or ones
related to effectiveness and side effect of drugs. The major
subjects are as follows.

(1) Discovery of SNPs and construction of SNP database
(2) Searching genes susceptible to diseases or ones re-
lated to drug response

Effect of genetic polymorphisms on function of gene
products

Development of rapid and large-scale SNP genotyping
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Fig
Discovery of SNP (a) and SNP typing using the Invader assay.
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In the year 2000, the human race has at last determined
its entire genome sequence in a draft and the
genomes of many other species are being sequenced. How-
ever, it is still a very tough problem to ‘read’ the biological
contents from these sequence data even using supercom-
puters and thus large-scale experiments to determine the
function of all genes are necessary. The results of such ex-
periments should be then used to study the ‘grammar of
genomes. Indeed, such efforts are essential to raise the
genome science to the future foundation of all life sciences.
Considering these circumstances, it seems a natural conse-
quence that this laboratory has started at this remarkable
year. The mission of this laboratory is to decipher the ‘cod-
ing principles’ of biological information in genomes, based
on the study of rapidly-increasing sequence data, gene-
function data, and literature data by applying state-of-the-art
techniques of information science such as the data mining
techniques. The ‘coding principles’ will be found not only in
the so-called coding regions but also in their regulatory re-
gions. Furthermore, the laboratory will also cover research
interests such as deducing the evolutionary path of life by
the comparison of various genome sequences and under-
standing how our body can be built from only 100 thousand
or less genes. Lastly, it is also expected that the laboratory
will significantly contribute to promote large-scale experi-
ments through the collaboration with various other laborato-
ries.

level
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Fig. 1
Gene map of human chromosome 21 (Down syndrome region).
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Fig. 3
Circadian expression of Per1 in suprachiasmatic nucleus of Per:luc
transgenic animals.

Recent progress of whole genome sequencing of various
organisms including human enables us to investigate com-
plex biological phenomena at genome-wide levels. Among a
variety of phenomena, we are currently focusing on screen-
ing and functional analyses of genes related in Down syn-
drome, genomic imprinting, and circadian rhythms. The fol-
lowing research projects are in progress.

(1) Comprehensive analysis of functions of genes on hu-
man chromosome 21 towards the understanding of the
molecular pathogenesis of Down syndrome.

(2) Systematic screening and functional analysis of mouse
and human genomic imprinted genes.

(3) Molecular mechanisms of circadian rhythms oscillation
in mammals.
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Fig. 2
Isolation of mouse Impact gene by Allelic message display method.
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This laboratory was newly founded in 2000 for functional
analysis in silico, i.e., on computer. Computational methods
for analyzing and reorganizing biological/medical knowledge
on gene regulation, cell, pathway, phenotype, etc., shall be
developed so that functions can be analyzed and predicted
on computer (Fig. 1).

Functional analysis in silico has been conventionally done
by genome comparison and simulation methods and it is ex-
pected that the future of human genome research will de-
pend on it. By regarding biological system as information
system equipped with knowledge bases, a promising strat-
egy will be created. Namely, software systems for analyzing
and predicting the functions of genes will promote “hypothe-
sis driven research” and “system driven research’. By the
aim of this laboratory, it will fuction together with Laboratory
of DNA Information Analysis in a mutually complementary
way.

The following research topics are expected for this labora-
tory:

(1) Computational simulation of genetic networks and their
functions

(2) Function prediciton by genome comparison methods

(3) Computational method for analyzing genes functions
with gene expression profile data

(4) Computational modelling of biological systems

Functional unalys=is in silico
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Fig. 1
Research concept.
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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 Cellu-
lar Biology and Laboratory of Gene Expression and Regula-
tion, restructured from the Department of Veterinary Medi-
cine 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 re-
lated jobs such as the instruction of the handling of animals,
teaching how to make the schedules of animal experiments
and how to perform the experiments, operation and man-
agement of the animal center, etc.

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

The purposes of the center are to develop animal models
for human diseases and to analyze those models. For ac-
complishing these purposes, we try to devise the animal ex-
perimental systems by developing the embryo engineering
technologies as well as recombinant DNA technologies that
link the genome science and genome medicine.
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LABORATORY OF DNA BIOLOGY AND EMBRYO ENGINEERING
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PROFESSOR: Motoya Katsuki, Ph. D.

ASSOCIATE PROFESSOR: Atsu Aiba Ph. D.
RESEARCH ASSOCIATE: Kenji Nakamura
VISITING RESEARCH ASSOCIATE: Kazuki Nakao
RESEARCH ASSOCIATE: Shoji Sawai. Ph. D.
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Investigation of animal models for human diseases gener-
ated by embryonic and genetic engineering.
(1) Role of H-Ras in regulation of synaptic plasticity.

Investigation of molecular mechanisms of regulation of
NMDA receptors by H-Ras signaling pathway.

(2) Function of ras family genes in mouse development.

Analysis of the double and triple ras mutant mice in de-
velopment. Rescue of the phenotype of multiple ras mu-
tant mice by introduction of the H-ras transgene.

(3) Role of ras family genes in tumor formation.

Investigaiton of tumor formation in the ras transgenic
mice.

(4) Role of dopamine receptors in vivo.

Analysis of dopamine receptor single or multiple knock-
out mice and mice in which human dopamine receptors
are expressed.

(5) Cryopreservation of the embryos of transgenic and

knockout mouse lines.
(6) Utilization of cryopreservation technique of embryos for
the production of transgenic and knockout mice.

DIZBARIEX 57 X &germline transmission L 7-F ¥ 7 X
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Fig. 1

IL-1 receptor antagonist knockout mouse (A) and the histopathology of
the joint. These mice develop inflammatory arthropathy at high incidence
and are useful as a model for rheumatoid arthritis.

2 (&)
HTLV-I-tax(Z & 2 RIS R D SIS

Fig. 2
Pathogenesis of inflammatory arthropathy in HTLV-I-tax-transgenic
mouse

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. Autoim-
mune diseases, tumors, and infectious diseases are our ma-
jor concerns, and by producing transgenic mice as well as
gene knockout mice, we are attempting to elucidate patho-
genesis at the molecular level, especially in correlation with
the roles of cytokines.

(1) Production and analysis of rheumatoid arthritis models
By producing transgenic mice carrying the HTLV-I
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 arthri-
tis resembling rheumatoid arthritis in humans. We are now
elucidating mechanisms of the autoimmunity and bone de-
struction, trying to cure inflammation and reconstruct the
bone lesion.
(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 recep-
tors and other human-specific host factors for HIV infec-
tion.
(3) Analysis of gene functions using gene targeting tech-
nigues
Many genes including cytokines and their signal trans-
ducers, such as IL-1, IFN, protein kinases and phos-
phatases, are implicated in the development of diseases.

By producing gene knockout mice of these genes, we are

analyzing the role of these genes in diseases and in nor-

mal physiology.
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LABORATORY OF GENE EXPRESSION AND REGULATION
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Undifferentiated ES cells on Microinjection of ES cells into the
feeder cells cavity of blastocyst
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Many genes including a gene whose function is not
clearly understood are isolated through the recent develop-
ment of molecular biology. Gene targeting techenology has
revealed many aspects of gene functions in vivo. Knock out
mice offer the opportunity not only to analize complex gene
function in vivo, but also to present various human disease
model where new therapeutic approach can be explored.
Conditional gene targeting to inactivate an interest gene in
particular tissues or at particular stages of development us-
ing inducible inactivation based on the Cre-loxP recombina-
tion system becomes popular recently.

We have inactivated and clarified the functions of many
genes in the immune system which are important for cell to
cell interaction, signal transduction and transcription of
genes. We have also analized cytokine and chemokine sys-
tem or all prostaglandin receptors by gene targeting.

We are also interested in the generation of a defined cell
lineage from ES cells for the study of cell commitment and
differention and for application to cell transplantation.

(1) We try to develop various human disease models
through not only constitutional gene inactivation but also
conditional gene knock out and to develop a new technol-
ogy for this purpose. We are willing to collaborate with
other departments and human genome center in our insti-
tute and provide technical support for them. We also try to
analize the generation or development of haematopoietic
cells and blood vessels by gene targeting.

(2) The etiopathogenesis of systemic autoimmune diseases
such as systemic lupus erythematosus (SLE) and collagen
disease such as periarteritis nodosa (PN)-like vasculitis is
being studied using animal models. Particularly, nu-
cleobindin (Nuc), which we found in autoimmune MRLU/pr
mice as an autoimmunity-augmenting factor, is the major
interest in terms of the outbreak of systemic autoimmunity.

(3) Understanding the mechanism of lymphatic development
and functions in mammals is one of our aims of study.
We are generating knockoutknock-in mouse lines for the
analysis. We have also found and maintained a new
spontaneous mutant mouse line, which has lymphatic ab-
normalities.

o L
= N T —— - H—

3 4

FATTYRX (B2lE) EMEBYY  Cre-loxPY X7 LERAWEY — >
Z (F2mE) L=FF42Y
Fig. 3 Fig. 4

Chimeric mice (right two) and Gene targeting with Cre-loxP
control mice (left two) system
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The Advanced Clinical Research Center achieves the
purpose-oriented research that bridges basic science to
clinical medicine by the collaboration with IMSUT Basic Re-
search Activities, Human Genome Center, and Animal Cen-
ter for Experimental Human Disease. The Center consists of
five Divisions of Molecular Therapy, Cellular Therapy, Infec-
tious Diseases, Bioengineering, and Immunological Pathol-
ogy, and three Donated Laboratories of Divisions of Cell
Processing (ASAHI CHEMICAL NISSHO Co.), Hematopoietic
Factors (CHUGAI), and Genetic Diagnosis (OTSUKA). Our
research projects are to innovate clinical technology utilizing
basic information newly obtained from basic research of
Genomics and Regenerative Science. Simultaneously, the
Center proposes definite plans of translational research and
actively gets involved in achieving the clinical studies per-
formed in the Research Hospital. Our diagnostic and thera-
peutic technologies which we should promote will be
changed from time to time. Currently, our Center has been
involved in the developmental researches of new cell and
gene therapies targetting immuno-hematological disorders,
AIDS and solid tumors.
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In our department, we have been investigating to eluci-
date the mechanisms of normal lympho-hematopoiesis and
the pathophysiology of malignant change, focused on hema-
tological malignancy, using current molecular biological tech-
niques. Based on this investigation, we also are doing basic
and clinical researches to develop new molecular therapies
including gene therapy.

(1) Establishment of human leukemia cell lines and their
genetic analysis

We have already established several human leukemia
cell lines and have been genetically investigating trascrip-
tional factors and cyclins using these cell lines. We also
are planning to make use of these cell lines to develop
clinical immuno gene therapy.

(2) Hematological and immunological analysis of monkeys
and the construction of monkey disease models

We have established the common marmoset models of
rheumatoid arthritis, and autologous or allogeneic bone
marrow transplantation. We also are trying to seek the
possibilities of producing leukemia in the monkeys using
fusion genes for the purpose of using them as disease
models for new therapies including gene therapy.

(3) Development of gene therapy for malignancy

We have demonstrated the anti-tumor efficacies of cy-
tokine or adhesion molecules gene-transduced tumor cells
in syngeneic mouse models in vivo and could clarify the
immunological background of the anti-tumor immunity.
Currently, we are interested in the combined use of the
tumor cells with or without T cells and dendritic cells,
which were preliminarily gene-transduced, to induce more
strong and efficient anti-tumor immunity in vivo. Besides
these in vivo animal studies, we are studying precisely the
immunological responses of patients exposed to clinical
gene therapy. Furthermore, we have been developing
clinical gene therapy using maxizyme, more evolved form
of ribozyme, to treat hematological malignancies derived
from translocated genes.

(4) Basic studies of molecular therapy

We have been accumulating basic data for molecular
targetting therapies using low molecular weight substance.
Currently, we have been investigating to target molecules
of cell surface cytokine receptors and their intracellular
signal transduction pathways. Particularly, we are pres-
ently interested in the selective killing of myeloid leukemia
cells with G-CSF-toxin complex or gene transfer system
using G-CSF liposome complex.

(5) Elucidation of normal and abnormal hematopoietic
mechanisms and development of new therapy for hemato-
logical malignancy.

We have compared the normal and abnormal hema-
topoiesis by studying their mRNA expression and tried to
elucidate the molecular mechanisms of maturation arrest
which is characteristic to leukemia cells. Focused on
these molecules we would like to develop new therapeutic
modalities for hematological malignancies.
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Fig. 1
Purified human hemopoietic stem/progenitor cells (FACS-sorted CD34+
cells)
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Our major interest is to elucidate the mechanism regulating hema-
topoiesis. The current study is focused on the identification and isola-
tion of human and murine hematopoietic stem cells (HSC), the mecha-
nism of the differentiation and proliferation of HSC, the ontogeny of he-
matopoiesis, and the establishment of ex vivo expansion system of hu-
man HSC for stem cell transplantation and gene therapy.

(1) In mouse fetal hematopoiesis, definitive HSC initiate and signifi-
cantly expand in aorta-gonad-mesonephros (AGM) resion at 10 to 11
dpc. We have recently established a stromal cell line, AGM-S, from
AGM resion at 10.5 dpc, which can support the proliferation of
murine and human HSC. This cell line may be useful for not only the
analysis of fetal hematopoiesis but also the new approach to expan-
sion of HSC. We are also analizing hematogenesis in mouse embryo
by interembryonic transplantation using a whole embryo culture
method.

(2) We are analyzing hematopoiesis in various transgenic mice ex-
pressing receptors for cytokines to clarify the mechanism of the differ-
entiation and proliferation of hematopoietic cells. The results have
shown that the specificity of cytokines depends on the cells express-
ing their receptors.

(3) We have established a novel culture system for significant ex vivo
expansion of human HSC using synergistic action of gp130 and c-Kit
signalings initiated by a complex of soluble IL-6 receptoriL-6 and
SCF, respectively. The expanded HSC might reduce harvesting vol-
ume, doner-risk and infusion dose after stem cell transplantation.

(4) Gene therapy has been evaluated as a possible option for treat-
ment in patients with various inherited and malignant diseases. HSC
have been extensively studied as target cells for gene transfer, since
reconstitution requires maintenance of self-renewal ability in donor
cell population. The culture system using soluble IL-6 receptor/IL-6
and SCF is expected as a novel method for retroviral gene transduc-
tion into HSC.

(5) Mesenchymal stem cells, which can differentiate into mesenchymal
organ system, such as endothelial cells, osteocytes, chondrocytes
and myocytes, are attracting attention as a novel source of therapeu-
tic grafts. We aim at identifying the mesenchymal stem cells in bone
marrow, cord blood and placenta, and clarifying the mechanism regu-
lating their proliferation and differentiation to establish a method
which supports the development of various mesenchymal cells.

2
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Fig. 2
Mouse embryo cultured by a whole embryo culture method
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Members of Division of Infectious Diseases are involved in
the medical care of the patients who are treated in the Affili-
ated Research Hospital. Main subjects of the division are (1)
human immunodeficiency virus (HIV) infection and related
disorders, (2) tropical diseases such as malaria and so on.
By way of microbiology, immunology and human genome
medicine, we work on the pathogenesis, diagnosis and treat-
ment of infectious diseases.

(1) HIV infection
Introduction of highly active antiretroviral therapy
(HAART) changed the treatment of HIV infection dramati-
cally. Our research has moved from the study of viral
genome to the host-HIV relationship. Using intracytokine
staining and FACS, we developed an original method to
measure HIV-specific immune responses and found that
they are not only quantitatively but also qualitatively defec-
tive. HAART has contributed to the decrease in the inci-
dence of opportunistic infection and AIDS-related death,
however, long term toxicity of HAART has come to the
surface. We work on the polymorphism of the genes
which might be related to the toxicity of antiretroviral
drugs.
(2) AIDS-related opportunistic infections and neoplasms
We work on the important opportunistic infections such
as Pneumocystis carinii, cytomegalovirus and JC virus.
(3) Gene therapy
Original viral vectors using adenovirus and Sendai virus
have been developed in this institute. Using these vectors
we produce massive amount of biologically active proteins
and develop original method for human gene therapy.
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Fig. 1
Infectious Diseases have been studied by way of internal medicine,
microbiology, immunology and human genome medicine.
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In close collaboration with Department of Surgery, Research Hospital and
other Research Divisions in Advanced Clinical Research Center, we have
been engaged in the basic research projects; 1) To develop gene therapy
and immunotherapy for the treatment of solid tumors, 2) To develop strate-
gies to induce tolerance in allo-transplantation. Based on the results of
these researches, clinical trials (Phase | and Il) are conducted for patients at
Research Hospital.

(1) Development of Gene Therapy and Immunotherapy for the Treatment of

Solid Tumors

(@ Development of Gene Therapy using IL-18

We are conducting preclinical studies of cancer gene therapy using IL
-18, which induces the expression of Interferon-gamma from NK cells
and T cells, and promote cellular immunity in association with IL-12.
Thus far, we have produced retrovirus and adenoviral vector that ex-
press the mature IL-18 with biological activity, and have shown, by in-
jecting these into tumor, that the growth of subcutaneous tumor can be
suppressed. We have also shown that this anti-tumor response is
mainly mediated by Fas induced tumor cell apoptosis by the activated
NK cells, and consequently, it induces the strong tumor-specific immu-
nity. At present, we are analyzing its mechanism further and in the proc-
ess of developing the Early Phase Clinical Trials.

@ Development of Immunotherapy using Dendritic Cells

Dendritic cells have been shown to be the most potent in professional
antigen presenting cells. Using this characteristic of dendritic cells, we
have been studying the strategies to induce specific immunity against
tumor related antigens. We have tried so far for CEA, HER2heu, and p
53 antigen peptides, and are conducting the detailed examination on the
method of loading antigen and obtaining the types of dendritic cells suit-
able for the treatments.

(33 Development of Gene Therapy using Dendritic Cells

We have been examining the methods to transduce dendritic cells
with genes of immuno-regulatory molecules to be expressed. We have
been using the transduced dendritic cells to regulate the immune re-
sponse. Specifically, the core method is to use the dendritic cells geneti-
cally engineered to constitutively express IL-12, which are expressed
only when the dendritic cells are matured in optimum condition, to im-
prove the functions of dendritic cells. Other molecules have also been
examined. We are evaluating the possibility of applying IL-12 gene
transduced dendritic cells in clinical application, since we have found the
strong anti-tumor effects and the promotion of systemic tumor specific
immunity when it was injected into tumors in mice.

@ Evaluation of Immunosuppressive mechanism by Cancer Cells

It has been shown that immune responses of the host are sup-
pressed by direct contacts or secretion of soluble components of tumor
cells. We are examining immunosuppressive mechanisms, relating to
the interaction between tumor cells and dendritic cells.

(2) Development of strategies to induce tolerance in allo-transplantation
(@ Analysis of Specific Tolerance Induction using HLA Class | Trans-
genic Mice

Although donor specific immunosuppressive therapy is always desired,
it has not been applied yet in clinical practices. We conducted heart
transplantation study using two types of HLA Class | TGM, and con-
firmed that long-term survival of heart graft can be induced by intrathy-
mic injection of donor HLA Class | peptides. However, thymus in adults
becomes atrophic, it is not suitable for the peptide injection. Thus, we
are preparing the following protocol aimed for peripheral tolerance in-
duction, ie, to introduce gene such as IL-4, TGF-b, CTLA4lg, which have
immunosuppressive effect into dendritic cells. Transduced dendritic cells
pulsed with the above peptides in vitro, could induce donor specific im-
munosuppression, if they are injected into the recipient.

@ Analysis on Role of Synthetic Peptides on T cell maturation and Tol-

erance Induction

By examing intrathymic education of T cells, focusing on negative se-
lection, clinical application could be developed in organic transplantation
and the treatment of autoimmune disease. In order to investigate this,
influence over T cell maturation of intrathymic injection of synthetic allo-
MHC peptides is analyzed in vivo (heart transplantation and skin trans-
plantation) and in vitro. The possibility of inducing immune tolerance is
examined.
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Our division was founded in 2000 at the Advanced Clinical Research Cen-
ter to provide medical treatment and care for autoimmune diseases and
other immune-mediated disorders as well as to develop the advanced ther-
apy to cure the above diseases. Our research purpose is to determine the
structure and function of cell surface molecules expressed by human lym-
phocytes as well as the regulatory mechanisms of transcriptional factors in-
volved 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 immunologi-
cal disorders on the cellular, molecular and genetic levels and ultimately to
establish the novel rational therapies for them. Ongoing projects are as fol-
lows;

(1) Structure and function of CD26/DPPIV

Recently we identified the MBPAGFII receptor as the additional ligand
for CD26. We are determining the biological significances of the interac-
tion with CD26 and M6P/GFIIR. Moreover we are studying the molecular
mechanisms of CD26-mediated T cell costimulation. In addition we are
defining the role and significances of the interaction of CD26 and
chemokines and attempted to develop the novel therapeutic reagents for
treatment of autoimmune disorders and malignant diseases based on CD
26/DPPIV.

(2) Structure and function of CD29 integrins and its association molecules

(CD9 and CD82).

We are defining the structure and function of CD29 and its association
molecules (CD9 and CD82) as well as the signal transduction pathways.
Moreover we attempted to define the role of the above molecules and sig-
naling events in autoimmune disorders and malignant diseases and finally
to develop the rational therapy for them based on the findings of these
molecules.

(3) Molecular biology of nuclear receptors

We have been working with transcriptional regulation of gene expres-
sion by nuclear receptors. Mainly we will focus on the glucocorticoid re-
ceptor 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 angio-
genic diseases including ischemic vascular diseases, cancers, diabetic ret-
inopathy, and rheumatoid arthritis.

(5) Transcriptional regulation by NF-xB

NF-xB 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-kB. Further studies will merit
to develop novel antiinflammatory andior immunosuppressive drugs.

(6) Structure and function of human IL-12 receptors

We developed a panel of monoclonal antibodies against the IL-12 re-
ceptor and elucidated the expression of this receptor in macrophage and
dendritic cell lineage. We plan to manipulate immune response through
controling this interesting receptor system.

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

We showed the expression of chemokine receptors was crucial to anti-
gen presentation by dendritic cells. Preliminarily, receptors for prostagland-
ins, similar 7transmembrane spanner-type receptor to chemokine receptor
were expressed in various inflammatory sites. Analysis of prostaglandin
receptors in immunocytes is under extensive study.
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Fig. 1
Colocalization of CD26 and M6P/IGFIIR in activated T cells
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Fig. 1
Model of reverse genetics for CDV

Our major research interests are to elucidate molecular mecha-
nisms of pathogenicity and species specificity of negative and sin-
gle strand RNA viruses (Mononegavirales) and to control the viral
diseases. For these purposes, we are studying viral replication and
identifying viral and host factors important for the expression of
pathogenicity using a reverse genetics technique novel in this field
and experimental animal models. We are also developing new vi-
rus vaccines and virus vectors through genetic engineering.

(1) Molecular mechanisms of pathogenicity and species specificity
of mononegavirales.

We are using our novel system which allows morbillivirus (mea-

sles virus, rinderpest virus, canine distemper virus: CDV) genera-

tion from cDNA and thus enables engineering of the mononega-
virales. Morbilliviruses are highly contagious. They show various
pathogenicity and are considered one of the most important
causative agents of disease in each host. We are investigating
the roles of virus components and host factors including virus re-
ceptors in viral replication, pathogenicity and species specificity.

These mechanisms were also analyzed in experimental animal

models, which show typical symptoms usually observed in natu-

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

Using our novel technique of genetic engineering, we are de-
veloping attenuated and/or polyvalent vaccines. We are also at-
tempting to use the viruses as novel vectors.

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

Using rodent models which genetically show nervous symp-
toms with spongy-form degeneration in CNS, we are analyzing
the mechanisms of cell death and the molecular basis.

In the animal research center, more than 30,000 mice, mainly
transgenic and knockout ones, are kept for the research of IM-
SUT. The technical staffs support their breeding, frozen storage
and 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
EIA-deficient adenovirus expression vector

This laboratory has two main aims: Developing efficient
expression vectors for gene therapy and for basic research,
and offering general services to promote recombinant DNA
technology.

(1) Basic research for gene therapy: application of adenovi-
rus expression vectors. Adenovirus vectors are useful to
express a foreign gene in a considerably wide range of
species and tissues. This vector is also valuable in animal
experiments and in development of live vaccine adminis-
trated by tablets. Collaborative projects are going on aim-
ing the following respects by supplying recombinant ade-
noviruses from this laboratory: a) basic research on gene
therapy against cancer, infectious disease such as AIDS
and hereditary diseases, b) recombinant-adenovirus live
vaccine. ¢) adenovirus vectors suitable for expression in
the nervous and immunological systems, d) rapid methods
to construct recombinant adenoviruses.

(2) Services to promote recombinant DNA technology. Ad-
vice on gene manipulation-DNA experiments under the
safety guidelines.
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Fig. 2
Regulation of gene expression using recombinant adenovirus produc-
ing Cre recombinase.
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No. of captured Habus and snake bites

This Laboratory was established in 1965 in Amami-oshima
Island in order to study on endemic diseases involving para-
site, 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 Ja-
pan. Since its establishment, trials have been carried out to
utilize small mammals found unique in the island as experi-
mental 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 labora-
tory. Our present works are as follows:

(1) Research of Habu control.

Snake bites by the venomous snake Habu, Trimeresu-
rus flavoviridis, have been reported annually about 100
cases in the population of 100,000 in the Amami Islands.
The proteins isolated from Habu serum effectively control
the hemorrhage and myonecrosis caused by Habu and
other venomous snakes.

(2) Reproduction of squirrel monkeys.

The squirrel monkey, Saimiri sciurea, is widely distrib-
uted in Central and South America. This monkeys are
used to basic experiments on the infection and vaccina-
tion models for malaria and schistosomiasis.

(3) Research of wild animals

Amami-oshima island is a habitat of animals and plants
indigenous to the Nansei Islands. These animals occur
originally in the Oriental region and include the Amami
rabbit, the Amami spiny rat, the Okinawa long-haired rat,
the Watase’s shrew, and the musk shrew. They are used
for research on comparative biology, taxonomy, and devel-
opment of experimental animals.
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Fig. 2
Habu and Amami Rabbit
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The Hospital, a national research hospital, which is the
largest in Japan, plays roles as a clinical facility to practice
translational researches as projects. The Hospital consists of
five clinical departments of Internal Medicine (Hematology/
Oncology), Infectious Diseases and Applied Immunology, Pe-
diatric Hematology/Oncology, Surgery and Radiology, and
supporting facilities of Central Therapeutic Institutes, Depart-
ment of Clinical AIDS Research, Blood Transfusion, Labora-
tory Medicine, Nursing Quarters, Pharmacy and Nutrition.
Our hospital effciently organizes these departments and fa-
cilites to promote translational researches by arranging
staffs and organizations fluidly and strengthen the systems
for clinical practicing. Currently, we place Department of Ad-
vanced Clinical & Medical Research with a big clinical pro-
fessor, which are mainly involved in the management of op-
erative regulation and safety control. Current translational re-
search involves immuno gene therapy, stem cell transplanta-
tion including cord blood transplantation, dendritic cell ther-
apy, HIV medicine and genome medicine, which are cur-
rently proposed by the Advanced Clinical Research Center.
In the future, we will actively accept new clinical proposals
from other institutions outside.
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In our department, basic and clinical researches have
been planned and performed for the purpose of developing
new therapeutic approaches to intractable hematological dis-
orders as follows.

1) Bone marrow transplantation (BMT)

About 400 cases of allogeneic or autologous BMT, allo-
geneic peripheral blood transplantation, and cord blood
transplantation have been performed and their post-
transplantation complications including chronic graft-versus
host disease (GVHD) have been treated in our 2 wards
with 50 beds including 20 beds in bio-clean rooms until
the beginning of 2000. During this period, we developed
recombinant granulocyte colony-stimulating factor (G-CSF)
and demonstrated the remarkable effectiveness of this
drug in various pathophysiological situations in peri-BMT
period. We have also planned several new clinical proto-
cols using G-CSF and are the main center in Japan to
perform these trials. Based on our past records, as a hub
of BMT centers in Japan, we played the major role in es-
tablishing the Japanese Bone Marrow Bank which enables
BMT from unrelated donors (uUBMT), and we alse are now
playing our important role as the largest marrow collection
center in our country. We also have recently established
Tokyo Cord Blood Bank in our hospital and have started
cord blood transplantation for child and adult patients who
had no BMT donors. We have been heavilly involved in
the clinical and basic studies to elucidate the pathophysi-
ology of severe GVHD and post BMT leukemia relapse,
and the development of new therapeutic approaches
based on the new findings, which have been highlighted
by rapid diffusion of the uBMT. These studies include
fractionated immune-cell therapy and gene therapy.

2) Gene therapy

As part of a collaboration with foreign gene therapy de-
veloping company, we have planned and started several
clinical gene therapy protocols for various malignancies.
Particularly, gene therapy protocol using granulocyte
macrophage colony-stimulating factor (GM-CSF) and gene-
transduced renal cell cancer cell vaccine has been under
clinical investigation since 1998 as the collaboration with
our hospital surgery team, Juntendo University, University
of Tsukuba and National Cancer Center under the aus-
pices of Cell Genesys Co. The study is the first step can-
cer gene therapy in Japan, based on this experience, we
are developing our own clinical gene therapy protocols for
hematological malignancies / solid tumors.

3) Cell therapy

As part of the collaboration with our Department of He-
matopoietic Cell Transfusion and Department of Cell Proc-
essing Center, we are trying to treat patients suffering
from resistant leukemia / lymphoma or severe viral dis-
eases using immune-cells, namely, of T cells or dendritic
cells, hematopoietic stem cells and others.
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In close collaboration with Division of Bioengineering, Ad-
vanced Clinical Research Center, and other Research/Clini-
cal Divisions, we have been engaged in the surgical treat-
ment of solid tumors and renal transplantations. Also we
have been offering service in the Department of Clinical Ex-
amination. The service includes endoscopy, X-ray, ultrasonic
examination and angiography for various organs. Dialysis Di-
vision has been managed as well. We performed 153 cases
of operation in 1999. (Under general anesthesia; 74 cases
of malignant diseases, 10 cases of renal transplantation,
and 61 cases of other diseases.)

The principal goal of our department is to create and con-
duct clinical trials (Phase | and Il) for patients at Research
Hospital, based on the research results produced at Division
of Bioengineering, and other research divisions.

(1) Development of Gene Therapy and Immunotherapy for
the Treatment of Solid Tumors

@ Development of Gene Therapy using IL-18

We are developing clinical application of cancer gene
therapy using IL-18, based on the results from preclini-
cal studies at Division of Bioengineering. For the devel-
opment of clinical applications of gene therapy, the pro-
duction of clinical vector is required. Future protocols
will be performed using “Gene Therapy Clinical Applica-
tion Support System (tentative name)” which will be built
in the field of Institute of Medical Science.

@ Development of Immunotherapy using Dendritic Cells

By expressing tumor related antigens on dendritic
cells which are the most potent professional antigen
presenting cells, we are preparing a clinical protocol for
the treatment of malignant tumors. We have been con-
ducting detailed examination for CEA, Her2/Neu, and p
53 antigen peptides.

@ Development of Gene Therapy using Dendritic Cells

We are developing clinical application of IL-12 gene
transduced dendritic cells.

(2) Transplantation in Clinical Situation
By the end of December 1999, 329 kidney transplants
have been performed in our department. It is ranked in
the ten biggest transplant centers in this country. Cumula-
tive 1-, 3-, and 5-year kidney allograft survival rates were

91.4%, 85.3%, and 76.3%, respectively, in transplants

from living donor under cyclosporine therapy. The respec-

tive rates for transplants from cadaver donor were 93.3%,

76.6%, and 70.7%. These results of kidney allograft in our

department are comparable to the results of established

institutes worldwide in this field.
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Advances in instruments and information technology are
enhancing the importance of medical imaging. We assess
various diseases using advanced imaging technology such
as X-ray CT, MRI and SPECT. Diagnosis and evaluation of
therapeutic effect by our methods have critical roles in clini-
cal practice and supporting project-related treatments in the
Institute hospital. MRI and SPECT also act as tools for esti-
mating in vivo physiology of organs and neoplasms. Treat-
ment of hematological neoplasms is a main role of our ra-
diotherapy division, and total body irradiation prior to bone
marrow transplantation is frequently performed.

Our main research projects are as follows:

(1) Basic study of MR contrast media
While contrast agents reflecting the distribution of extra-
cellular fluid have been used clinically in MRI, organ- or
tumor-specific contrast agents are now being developed.

We perform studies on such agents, including animal ex-

periments, in order to aid in introducing them into clinical

diagnosis.
(2) Higher brain function by functional MRI
Functional MRI detects neuronal activity noninvasively,
and is accepted as a potent tool of brain research. We in-
vestigate higher brain function by functional MRI in coop-
eration with Department of Cognitive Neuroscience, Uni-
versity of Tokyo.
(3) MR spectroscopy
We develop techniques for two-dimensional and quanti-
tative evaluation of cerebral metabolites by MR spectros-
copy to establish a method for investigation of brain pa-
thology.
(4) Novel technique in processing CT data
With development of helical CT, various techniques are
utilized to process and display a large amount of CT data.
We are developing new techniques in virtual broncho-
scopy, virtual endoscopy and display of organs using vol-
ume rendering.
(5) Kinetics of brain perfusion agents
Brain perfusion agents for SPECT cross blood-brain
barrier and are retained in the brain by a certain mecha-
nism. When the retention mechanism is disrupted, SPECT
does not reflect cerebral blood flow. We are investigating
kinetics of brain perfusion agents and examining accumu-
lation process in diseased brain.
(6) Estimation of differential renal function
Measurement of differential renal function is essential in
determining therapeutic strategies for nephrourological pa-
tients. We have studied the evaluation of differential renal
function from renal scintigraphy and developed accurate
techniques applicable to both children and adults. We are
now integrating our results into a semiautomated utility
program and planning to conduct a multicenter validation
study.
(7) Myocardial perfusion and metabolism
We study myocardial perfusion and metabolism in coop-
eration with Department of Circulation, University of Tokyo
and Toho University. Our aims are to examine methods
for the evaluation of myocardial function and to elucidate
pathophysiology of heart diseases.
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Fig. 1

Flowcytometric analysis of bone marrow cells of NOD/SCID mice
transplanted with human CD34+ cells. Human CD45+ and CD45+/CD34+
cells are detectable in bone marrow cells of NOD/SCID mice.
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Department of Pediatric Hematology/Oncology was estab-
lished in April, 1998. We engage in the treatment of pediat-
ric 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 25 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.
School-in-Hospital was started by the Metropolitan Jonan
weak children’s school. We are currently focusing on the fol-
lowing projects.

(1) Cord Blood Transplantation
In cooperation with Division of Cell Processing, we en-
gage in Tokyo Cord Blood Bank. Cord blood banking was
started in September, 1997, and preliminary search was

started in May, 1998.

(2) ex vivo expanded stem cell transplantation
Ex vivo expansion of hematopoietic stem cells (HSC) is
one of main projects of Division of Cellular Therapy, Ad-
vanced Clinical Research Center which is the basic re-
search division of our department, and research for clinical
application of ex vivo expansion of human HSC is being
undertaken. A novel system using NOD/ SCID mice is ex-
pected as a useful method for evaluation of human trans-
plantable HSC.
(3) Gene therapy
Basic research on gene therapy for Fanconi’s anemia
and neuroblastoma is being conducted. Research for effi-
cient retroviral gene transfer to HSC is also being under-
taken.
(4) Immunotherapy for pediatric solid tumors
Basic research on immunotherapy using dendritic cells
for neuroblastoma is in progress.
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Fig. 2
Dendritic cells generated from human peripheral blood mononuclear
cells. Characteristic fine dendrites are seen.
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Numbers of admission per year
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Department of Infectious Diseases and Applied Immunol-
ogy (DIDAI) was founded in1981. Clinic for patients with hu-
man immunodeficiency virus (HIV) infection was started in
1986 and DIDAI has played a central role in HIV treatment
in Japan. DIDAI is also a major center for tropical diseases
in Japan.

(1) Treatment of HIV infection
Until 1995, main issues in the care of patients with ac-
quired immunodeficiency syndrome (AIDS) were the treat-

ment of opportunistic infections and tumors, since the di-

rect approach against HIV was essentially impossible.

Highly active antiretroviral therapy (HAART) including pro-

tease inhibitors was introduced in 1996 and the situation

changed dramatically. As is shown in Fig. 1, the admis-

sion of the patients with AIDS was increasing until 1996

and then decreased steeply. On the other hand, there are

serious issues. Complexity of HAART, drug resistance and
long term toxicity of HAART are examples of new prob-
lems.
(2) Treatment of AIDS-related opportunistic diseases
Some patients do not realize their infection and develop
opportunistic infections suddenly. Opportunistic infections
in patients with HIV have decreased but are still very im-
portant. Devoted help by individual specialists in ophthal-
mology, ENT, psychiatry, neurology and cardiology are
highly appreciated, since these special divisions are not
affiliated in the hospital.
(3) Treatment of tropical diseases
We take care of more than 20 patients with malaria
every year. Patients with dengue fever, typhoid fever, en-
terotoxigenic E. coli, rickettsiosis, etc. are also admitted.
Numbers of foreigners with HIV infection are increasing.
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(1) We are conducting researches to know the molecular
mechanisms of differentiation of granulocytes.

Granulocyte colony-stimulating factor (G-CSF), an impor-
tant cytokine regulating proliferation and differentiation of
granulocytes, induces expression of several differentiation-
specific markers including alkaline phosphatase. Taking
advantage of the alkaline phosphatase as the
differentiation-specific marker in granulocyte, we are exam-
ining the molecular mechanism of alkaline phosphatase
gene induction by G-CSF. The shortest DNA fragment es-
sential for the induction of alkaline phosphatase gene was
found to contain GC-box. By transient transfection assay
we found that Sp3 is one of the factors regulating the ex-
pression of alkaline phosphatase gene in hematopoietic
cells.

(2) Assay for phagocytic function of neutrophils has been
semi-quantitative assay and the results tend to vary de-
pending on persons.

We expressed GFP in E. coli, and neutrophils phago-
cytizing these bacteria could be successfully assayed by
flow cytometry. The assay is simple and there is no vari-
ation between persons and reproducibility is excellent.

Schema of phagocytosis assay
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Fig. 1
Increase in the number of antiretroviral drugs per patients.
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Fig. 2
Some antiretroviral drugs are very big.

Department of Clinical AIDS Research is involved in the

care of the patients living with HIV.
(1) HIV infection

Introduction of highly active antiretroviral therapy
(HAART) has improved the treatment of people living with
HIV. However, HAART is getting more complicated. Triple
drug therapy is the standard of HAART. However, patients
who are taking more than three drugs are increasing due
to drug resistance etc (Fig. 1). Pill number and constraint
on daily schedule to take drugs etc. are heavy burden to
patients. Long term toxicities of HAART such as hyperlipi-
demia, lipodystrophy etc. are also new serious problems
in this field. Supporting patients’ adherence to HAART is
absolutely one of the important roles of this division.

(2) Understanding molecular basis of immuno-enhancing ef-

fects by CD26 (dipeptidyl peptidase IV) in relation to its
enzyme activity and adenosine deaminase (ADA)-binding
ability. Determining roles of CD26 in immunodeficiency by
AIDS. We also study the role of interaction between CD26
/DPPIV and chemokines in T cell migration and HIV infec-
tion.
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Prospects for new therapeutic approaches based on molecular patho-

physiology
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Cloning and sequencing of pathogenic genes have pro-
vided useful informations for preventive medicine and con-
ventional therapies through molecular diagnosis of various
diseases including hereditary disease, cancer, and AIDS.
They have also made possible new therapeutic approaches
through gene manipulation.

Improving the clinical outcome of hematopoietic stem cell
transplantation, we supply purified hematopoietic stem cells
to clinical trials for allogeneic bone marrow and peripheral
blood transplantation,and the depletion of T lymphocytes
from the donor cells is undertaken to reduce the rate of
graft-versus-host disease. We have been also engaged in
basic researches to analyze the proliferation and differentia-
tion processes of B lymphopoiesis, to establish the ex vivo
expansion system of hematopoietic stem cells, to establish
antisense therapy for hematological malignancies. These ba-
sic researches are focused not only on cytokine therapy and
immunotherapy, but also on gene therapy or genetically-
targeted therapy that is being generated in the Institute.

Stem cell transplantation and gene therapy being ultimate
therapeutic approaches for incurable diseases, their estab-
lishments (from bench to bed-side) are ergently needed. It is
also mandatory to separate and manipulate cells under
quality-controlled sterilized circumstances. For this purpose,
clearn rooms with clinical P3 facilities (Roon for Clinical Cel-
lular Technology: RCCT) is now operating in the Institute.

(1) Purification of hematopoietic stem cells by the cell sort-
ing system and characterization of their proliferating and
differentiating capabilities in vitro and in vivo.

(2) Establishement of the ex vivo expansion system of he-
matopoietic stem cells for transplantation and gene ther-
apy.

(3) Analysis of early B cell development using a novel cul-
ture system for progenitor B cells

(4) Large-scale culture system of NK and CTL cells for im-
munotherapy.

(5) Effects of chemokine on homing for hematopoietic stem
cells

(6) Establishment of antisense therapy for leukemias based
on their gene alterations.
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Fig. 2
Human progenitor B cells proliferated on stromal layer
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We handle about 250 surgical cases (in 1999) and about
1600 cases of diagnostic or interventional procedures a
year. The examinations and surgeries to develop new diag-
nostic and therapeutic procedures are performed besides
the usual examinations and surgeries. We cooperate with
other department to promote some projects of the research
institute.

About 50 cases a year of bone marrow collections from
blood relatives or non-relatives are handled under general
anesthesia. 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 col-
lections.

We have managed a lot of patients with infectious dis-
eases. 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 sta-
ble 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 sur-
gical stimulation, anesthesia and blood transfusion.

In animal experiments
(1) Development of new agents acting on acetylcholine re-

ceptor and their in vivo and in vitro actions including an-

algesic effects in cooperation with two universities in USA.

(2) Development of a new glutamate receptor antagonist as
an analgesic agent in cooperation with a pharmaceutical
company.

(3) Studying the network mechanisms of analgesia in the
spinal cord.

In vitro study
(4) Improvement of the stored blood products to reduce

hemolysis and activation of neutrophils.

In clinical study
(5) Improvement of postoperative epidural analgesia.

(6) Studying the changes in cytokines by surgical stimula-
tion, anesthesia, and blood transfusion and how to control
their changes.

(7) Development of new anesthesia methods to minimize
hemodynamic and hormonal changes.
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The Institute of Medical Science, University of Tokyo, is
prominent as an institution for graduate education. It pro-
vides an ideal environment for young people interested in
following a career in scientific research. Almost all students
are graduate students. The professors and staffs do not
have heavy teaching obligations and can thus concentrate
on guiding students in their laboratory research. The stu-
dents and staffs are quite diverse in their educational back-
grounds. The departments/divisions are frequently collaborat-
ing and closely interacting each other. The institute has its
own programs in graduate training and is currently discuss-
ing to establish its own graduate school.

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

In the graduate laboratory courses, each of the divisions
provides a short (1 to 2 week) laboratory course to several
graduate students. This is an excellent curriculum for intro-
duction to the various fields by the researchers activiely en-
gaged in them.

The graduate seminar series is 6-month long seminar se-
ries by speakers invited from all over the country. The
graduate students are involved in choosing the series theme
(“Gene expression and Regulation of cell function” for 1996).

The Institute has excellent computer facilities. Courses in
gene informatics are frequently held to train beginners.
There are many computer experts in the Human Genome
Center and in other departments.

The students learn the most recent developments from
distinguished speakers in Japan and from adroad in fre-
quent IMS (Gakuyukai) seminars and other informal semi-
nars.

The library is open 24 hours per day. There are facilities
for computerized literature survey.
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