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[] []  HISTORY

00Moooooboooooooboooooooa 18920 The Institute for Infectious Disease, a private institute

000ooo0oooooo founded by Dr.Shibasaburo Kitasato.
O0MO00D0000000oNonooononn 18990 The institute was transferred to the Ministry of Internal

Affairs.

bowoooooooooooououoon 19060 The new building of the institute was build in Shiro-
ooooooooogoo ganedai, Minatoku.
ooooooooooooooooooooooo 19140 The institute was transferred to the Ministry of Educa-
obMoooboooboboobooooboooobobooo tion.

oooooooooooooo 19160 The institute was incorporated into the University of To-
00Mooooooooooooooooono kyo. .
O0MOO0000000oOO0Ooo0ooo 19470 The institute offered_about half (_)f its pers_onnel, facilities,

and space to establish the "National Institute of Health”,

0DOomMmoo0ooo0oodoonnooooon under the control of the Ministry of Public Health and

obMmooooboobooboooobooboo™uooooo Welfere.
jdoodoD0dooooDOoobDOoDOooDbOoDooOoo 19650 Laboratory Animal Research Center
0gooboooooboobooooooboooooo 19660 Amami Laboratory of Injurious Animals.
00Mo0o000o0o0ooooooOoooooooo 19670 The name of the institute was changed to the Institute of

000000000000 OOOOOOOOoon Medical Science. Its primary aims and scope had been

defined as basic and applied studies of diseases of
opobbbbobboooooooouoooon medical importance. The institute contained 18 research
ooooooooooooooooononomo departments (Bacteriology, Bacterial Infection, Immunol-
vooboooooooooooooooooooo ogy, Virology, Viral Infection, Parasitology, Allergology,

Jdoooobooooboobooooobomooooon Reproductive and Developmental Biology, Oncology,
ooooooooooooooooooog Cancer Cell Research, Tumor Biology, Pathology, Fine
O0MO000000000000000000000o0o00 Morphology, Molecular Neurobiology, Cell Chemistry,

0o Molecular Biology, Internal Medicine, Surgery) and three

facilities (Laboratory Animal Research Center, Amami

bDomoooooooooooonoooonn Laboratory of Injurious Animals, Hospital)
goooodobooooonooooooon 19680 Department of Tumor Virus Research.
00DoodooooooobOooooooooooooooo 196901 Department of Molecular Oncology, Radiology
goooooo (Hospital).
0000000000000 0o0ooooooooooon 19700 Department of Organ Transplantation.
oooooo 19700 Laboraltory gf Biologi(cjal Products. g ;
19720 Internal Medicine and Surgery were renamed to, Infec-
bomoooooooooooogoogy tious Diseases and Clinical Oncology, respectively.
oomooooooooooooogonn 19720 Laboratory of Culture Collection, Department of Trans-
ooMmooooooooooooooooo plantation Surgery (Hospital).
00Mooodoooooooboooooo 19740 Department of Genetics.
Ooooooooo0oooooooooooo 19740 Course of Tropical Medicine had been held.
O0Mo0o00o0o0oooooooooo 19760 Department of Pathological Pharmacology.
19760 Department of Laboratory Medicine (Hospital).
mombooododoioooouoooououodnoo 19780 Medical Cyclotron Laboratory (Hospital).

oooooo 19800 Laboratory of Molecular Genetics.
gomoooooooooooooooon 19810 Department of Biochemistry, Department of Infectious
goboooooobooooobobobooooooboooooo Disease and Applied Immunology (Hospital).

gooooooooo 19870 Department of Molecular and Developmental Biology.
O00000000O0O0oOoooooooon 19890 Laboratory of Culture Collection had been changed to

change to Laboratory of Molecular Medicine.
R DD I]DIEDDDDDDDDDDDDD%DD DD % % B S E IEDDDDD EI E S 19900 Department of Blood Transfusion (Hospital).
19910 Human Genome Center (Laboratory of Genome Data-
uooooooooooooooooonoonoon base), Surgical Center (Hospital).
odoooooonmoooooooooooooooa 199200 The institute celebrated 100 anniversary of its establish-
0goobooooooobooooooboooooo ment.

oooo Human Genome Center (Laboratory of Genome Struc-

ture Analysis).

Hobon SDDDDDD e 19930 Human Genome Center (Laboratory of DNA Information

Analysis).

ooooooooooooooooooooooooooono 19940 Medical Cyclotron Laboratory was abolished.
pooooon Department of Clinical AIDS Research.
gobooobooobooooooooooooooboboooooon 199501 Donation Laboratories of Gene Regulation, Stem Cell

Joo0ogoooooooooooooooogoo Regulation (AMGEN) and Cell Processing ( ASAHI

0gooboooooboobooooooboooooo CHEMICAL). . .
0000000000000 0O0O0O00OO0OOOoooooan 19960 Laboratory of Molecular Medicine was remodeled into

00000000000 0000000000000 Human Genome Center (Laboratory of Molecular Medi-

cine and Laboratory of Genome Technology).
ubooododooooooonoon Donation Laboratory of Hemopoietic Factors (CHUGAI).
ooobooooOooooOoooooboboOooooo 19970 Donation Laboratory Genome Knowledge Discovery

(RN System (HITACHI).

0000000000000 UoooooOoooooooOooo Department of Advanced Medical Science (Hospital).

Ooo00O00o0o0ooOoooooooooon 19980 Molecular and Developmental Biology was renamed to

the same

0oMmooooooooooobobooooooooboooo h . .

DNA Biology and Embryo Engineering and Molecular
poooooooooooooooooooooon Oncology were made to change to Center for Experi-
gooboboobooboboooboobobooobo mental Medicine
godooobooooboooboooooon Transplantation Surgery was renamed to Pediatric He-

gomoooooooboobooooobooooooobboboo matology Oncology

oooooOooooo 19990 Welfare Building "Shirokane Hall” was renovated.

Auditorium was renovated.

g g g nooboooooosnesoooooooo Old Parasitology Building was renovated to new "SNPS

Building”.
gobooooooooouooooooooodan Donation Division of Gene Regulationd Eisaill was

go@odooooboooooboombooboobooboo closed.

JooddbodoooobDOooodooomobooaa 20000 The former 23 departments were reorganized to three

0dooodooooobdooooobooooooo departments . .

ooooooooo0oo0oooooooooooon &Algr_oblloslogy-lmn;unology, Cancer Biology and Basic

000000000000000000000000 edical Sciences). .

Department of Pathological Pharmacology, Department
poooooooooooooooooooooon of Clinical Oncology, Department of Infectious Diseases,
oooono and Department of Transplantation Surgery were re-
JododopooOoOo0o000odoooboooboooa named to Division of Molecular Therapy, Division of Cel-
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lular Therapy, Division of Infectious Diseases, and Divi-
sion of Bioengineering, respectively, and The Advanced
Clinical Research Center was established to unify four
Divisions.

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

Donation Division of Genome Knowledge Discoverly
System HITACHIO was closed.

Donation Division of Cell Processing] ASAHI CHEMICAL
and NISSHOO

TT0 Department of Clinical AIDS Rrsearch was reorganized
into Department of Genomic Medicine and Department
of Safety Management in the Hospital, and Division of
Clinical Immunology in the Advanced Clinical Research
Center. At the same time, five clinical departments were
unified into three Departments of Internal Medicine, Sur-
gery and Radiology.

Donation Division of Proteomics ResearchC) ABJ & Milli-
porell]
The Medical Science Museum was built and opened.

(ITT10 Donation Division of Cellular Proteomics] BMLT]

(IT1J0 General Research Building and Hospital Building was
completed. Three donation laboratoriesldivisions were
established.

Donation Laboratory of Biostatistics [l Kyoto univ—IM-
suUTO

Donation Division of Neural Signal Informatior’] NTT-IM-
sSuUTO

Donation Division of Stem Cell Engineeringl] Tooth Re-
generation Denics, Hitachi Medicall

ITT0 The University of Tokyo became the National Universi-
ties corporation University of Tokyo and was renamed in
accordance with the law establishing the National Uni-
versities corporatiori] HeiseillJ law No.[TT10]
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Fig. 1
Viral infection experiments with protective equipment.
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Fig. 2
Flowcytometric analysis and cell sorting.

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 infec-
tious diseases, molecular recognition of self and non-self by the
immune system, and modulatory mechanisms of host defence
systems. Understanding the molecular bases for such proc-
esses will be applied to the development of novel approaches
for preventing or controlling infectious diseases and immune
disorders. The department is composed of several groups
working on bacterial infection, viral infection, host-parasite rela-
tionships, molecular and cellular immunology, mucosal immu-
nity, compromised host genetics and developmental gene regu-
lation. Although each research group has particular interests in
either the pathogen or the host, their research is not limited to
one or other of these biological systems. Rather, their research
covers a wide range of dynamic interactions between microbes
and the host in the development of infectious diseases and the
distinction between self and non-self in immune systems. Our
department has been successfully promoting basic research in
the area of infection and immunity in collaboration with many
other groups in this and other countries. In addition, we have
actively engaged in promoting collaborative projects with vari-
ous groups in pharmaceutical companies and clinical laborato-
ries for the development of drugs, vaccines and immunobioma-
terials. The growing concern in emerging and re-emerging in-
fectious diseases demands further support of the basic re-
search that we have developed in our department. Our depart-
ment, as one of the pioneer groups in our country, strongly en-
deavours to promote and expand our research activity, our col-
laborations with other groups engaged in studies of infection
and immunity, and the training and professional development of
young independent investigators through studies in the depart-
ment.
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Fig. 3
Discovery of intestinal villous M cells.
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Fig.O

Immuno-electron micrographs of autophagosome accumulation around
intracellular Shigella (gold—colloids indicate LdJ, a marker protein of auto-
phagosomes).

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

can multiply and spread within and into neighboring cells by
exploiting actin polymerization at one pole of the bacterium.
During bacterial infection, strong inflammatory responses are
elicited from the host cells. To elucidate the bacterial infec-
tious process at molecular, cellular and tissue levels, we are
currently making efforts to identify the bacterial factors and
their target host factors or functions. We also intend to eluci-
date the bacterial strategies used to modulate or elude the
host innate immune system.

®, Pathogenic E. coli are diverse, including various E. coli
spp. causing watery diarrhoea, bloody diarrhoea (hemor-
rhagic colitis), inflammatory diarrhoea, urinary tract infection
or meningitisisepsis. We are currently focusing on enteropa-
thogenic E. coli (EPEC), since, as a model for O157 infection,
EPEC attaches to the intestinal epithelium and effaces brush
border villi by secreting a subset of effectors via the type Ill
secretion system. We intend to elucidate the roles of bacterial
effectors and the host responses such as cell death, inflam-
mation and cell-cell dissociation.

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

Colonization of Citrobacter rodentium in the distal colon of mouse (bacte-
ria and F-actin in the tissue are visualized with green and red fluorescence,
respectively).
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Fig.O
Physiological roles of IL-5IIL-5R system

Our major research interests are to elucidate cellular and mo-
lecular mechanisms of cell to cell interactions in the immune
system in order to understand the regulatory mechanisms of
early development of lymphoid cells and signal transduction
through antigen-receptor complexes and cytokine receptors.
®, IL-5 acts on B cells, eosinophils and basophils through its

specific receptor. To reveal physiological roles of IL-5JIL-5R

system, we are investigating differentiation pathway of IL-5—

dependent B-1 cells from their progenitors and terminal dif-

ferentiation to IgA—producing cells. We are also investigating

COO signaling pathway and IL-5-mediated class switch

machinery since IL-5 induces IgG1 production on CD38-acti-

vated B cells. Roles of IL-5 on differentiation, maintenance
and activation of eosinophils are also of our interest.

®, We are investigating regulatory mechanisms mediated
through the adaptor protein Lnk and its family proteins, APS
and SH2-B, for the production and activation of lymphocytes
and hematopoietic stem cells. Expansion of hematopoietic
progenitor cells as well as B precursors are enhanced in the
absence of Lnk. We are trying to elucidate the novel negative
regulatory mechanisms mediated by Lnk adaptor proteins
and to establish modification procedures for controlling he-
matopoietic progenitor functions and homeostasis of immune
system.

®” Naive CD4" Th cells differentiate into at least two distinct
subsets, Thl and Th2, with different cytokine secretion pro—
files. We are trying to investigate signaling pathways deter-

mining the Th10Th2 fate by using a unique peptide from M.

tuberculosis that primarily promotes Thl development and

exerts adjuvant activity.
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Fig.O
Hematopoietic homeostasis regulated by Lnk
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Cellular mechanisms for the surveillance and exclusion of ex-
pression by DNA parasites such as proviruses and retrotrans-
posons are now being recognized as an important host cell de-
fense system in the cellular nuclei. Viruses would have devel-
oped their own strategy to escape from this host defense sys-
tem. Our goal is to elucidate molecular mechanisms involved in
such host-parasite interaction by analyzing epigenetical regula-
tion of viral gene silencing or activation observed in the infected
cells. Recently, RNA silencing[ also designated as post-tran-
scriptional gene silencing or RNA interferencel] has been
shown to be operating in plant, nematoda, Drosophila and
mammalian. In plant, it is used as the major strategy to prevent
plant virus propergation. It remains largely unclear, however,
whether human cells also utilize this mechanism to suppress
replication of human virus, and therefore we will carefully test
this possibility. The results would give us new ideas not only for
developing new retrovirus vectors for human gene therapy or
regenerative medicine but also for latent infection observed in
many pathogenic human viruses.

As major molecular mechanisms for supporting epigenetics,
histone modification, DNA methylation and chromatin remodel-
ing are thought to be operating cooperatively. We have been
concentrating on SWIISNF complex, because it is the major
chromatin remodeling factor in human and we have obtained
the following results.

0 O c-Foslc-Jun dimmer, which induces many cellular and vi-
ral immediate early genes in response to cellular growth
stimulation or viral infection, is shown to recruit SWIISNF
complex to AP£]  DNA binding sites located in relatively in-
active chromatin context through specific binding with the
BARTJa subunit. Thereafter the recruited SWIISNF complex
activates the transcription by remodeling nearby nu-
cleosomes.

0 O The Brm—containing SWIISNF complex subfamily tritho-
rax-GO and a Polycomb-G complex including YYJ and
HDACSs counteract each other to maintain retroviral expres-
sionO Figurel Therefore human cell lines deficient in Brm
expression induce very rapid retrovirus gene silencing.
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Figure.
Counteraction between trithorax-G complex and Polycomb-G complexes

around the proviral promoter region.

In the presence of functional SWIISNF complex [ trithorax-G com-
plextlD histone HJ is efficiently acetylated in the nucleosome located in
the OO’ -LTR region which is essential for the maintenance of transcription.
In cells deficient in Brm expression, Polycomb-G complex containing YYJJ
EZHIIHDACSs as well as the linker histone HJ are efficiently recruited to
this region which lead to methylation of HI and deacetylation of histone H1
by enzyme activities in the Pc-G complex. These events would lead to the
stochastic and discontinuous retroviral gene silencing.
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Fig. 1

Model for the generation of influenza virions

MOLECULAR PATHOGENESIS OF INFLUENZA AND EBOLA VIRUS IN-
FECTIONS

Viruses can cause devastating diseases. The long-term goal of our re-
search 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 conse-
quencs of infection Oie., the characteristics of disease manifestation,
whether limited or widespread(] hence, our research has centered on such
interactions in these viral infections.

O Transmission of avian influenza viruses to humans

Since [I11], HINJ avian influenza A viruses have been enzootic in Asia.

These viruses are highly pathogenic in poultry and were directly transmit-

ted to humans. In[TT1J and[I1T], infection by these viruses resulted in sig-

nificant human mortality. We are studying the molecular basis of high
virulence of this virus in mammals and the viral determinants that allowed
direct transmission of the virus from birds to humans.

O Influenza virus assembly

The formation of virus particles involves interactions among viral proteins

as well as interaction between viral and cellular proteins. To understand

the mechanism of virion formation, we are investigating viral RNA incor-
poration into viriond] Fig.OOby analyzing the interaction among viral and
host molecules.

O Reverse geneticsl technology for generation of influenza viruses en-
tirely from cloned cDNAO

We have established a system for the generation of influenza viruses en-

tirely from cloned cDNAs. Using this system, influenza viruses containing

any desired mutation can be made. With this technology, we are attempt-
ing to establish novel influenza vaccines and influenza-based gene deliv-
ery vectord] Fig.0O

0 Role of Ebola virus proteins during viral replication

Ebola virus causes hemorrhagic fever in humans and nonhuman pri-
mates, resulting in mortality rates of up to 110 . Even so, little is known
about the molecular pathogenesis of Ebola virus infection or the patho-
physiologic events that occur in primates during infection with this virus.
Studies of this virus have been hampered by its extraordinary patho-
genicity, which requires biosafety level O containment. To circumvent
this problem, we developed a novel complementation system for the
functional analysis of Ebola virus glycoproteins. Using this system, we are
studying the functions of the glycoprotein and the nature of Ebola virus
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
HAINA tandem influenza vector for the stable expression of foreign genes
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Infectious diseases are threats not only to us humans but
also to insects such as flies. The Toll receptor was identified as
a pathogen recognition molecule in flies. Interestingly, we hu-
mans have similar molecules, TolHike receptor (TLR), and use
them for pathogen recognition in the innate immune system.
We probably have 11 or 12 TLRs that recognize a variety of
pathogen products such as: bacteria—derived lipopolysaccha-
ride, peptidoglycan, and unmethylated DNA; and virus—derived
double-strand RNA. Our division focuses on recognition mole-
cules for lipopolysaccharide (LPS), the pathogen product that
most potently activates our immune system. Due to such potent
activity LPS has been implicated in a number of diseases such
as endotoxin shock.

LPS is recognized by CD14, TLR4, and MD-2. We discov-
ered MD-2 as a molecule associated with TLR4 and showed
that MD-2 is indispensable for LPS responses. We also discov-
ered another cell surface complex RP105IMD-1 and showed
that RP1050MD-1 has an important role in B cell responses to
LPS. Despite identification of the recognition molecules, LPS
recognition mechanisms are poorly understood. We are trying
to understand molecular mechanisms underlying LPS recogni-
tion. Understanding LPS recognition mechanisms would con-
tribute to a novel therapeutic intervention of diseases such as
endotoxin shock.

L /Fh 2 awdn T8 : TLR4IMD-2. RP105/MD-1
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Fig. 1
Endotoxin recognition molecules: CD14, TLR4-MD-2, and RP105-MD-1

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

livers a signal that activates innate and acquired immune responses.
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Fig. 1
Diagrammatic illustration of the common mucosal immune system
ocmisg

Our body is continuously exposed to nhumerous numbers of
exogenous antigens including microorganisms, biological stim-
uli and foods via the surface of the mucosa—associated tissues
including gastrointestinal and respiratory tracts. The mucosal
immune system is a primary recognition and responding sys-
tem for these foreign antigens. The system is equipped with the
common mucosal immune system, which bridges the IgA in-
ductive, and effector sited] Fig.OJ Orally administered antigens
are first taken up from specialized antigen-sampling M cell
clustering in the dome region of the follicle-associated epithe-
lium which covers the well known IgA-inductive sites, Peyer's
patches] PP As a result, various immunocompetent cells in-
cluding IgA—-committed B cells are activated and subsequently
migrate into the effector sites such as intestinal lamina propria
through the CMIS for the production of secretary IgA antibod-
ies. Our recent findings provide new evidence for the existence
of CMIS-independent IgA induction pathway. Our current stud-
ies are aiming mostly for further molecular and cellular elucida-
tion of the uniqueness and dynamism of the CMIS-dependent
and -independent immune systems for the development of new
generation of mucosal vaccines that are safe and effective for
the prevention and control of infectious and inflammatory dis-
eases.

O Molecular and cellular characterization of M cell for the de-
velopment of M cell-targeted mucosal vaccine”

Mucosal immunization has been shown to be the most ef-
fective way to evoke antigen-specific immune responses
both at the mucosal and systemic compartments. However,
oral or nasal immunization generally requires co-administra-
tion of mucosal adjuvant such as cholera toxin, heat-labile
enterotoxin, or their derived non-toxic mutants for the gen-
eration of vaccine antigen-specific immune response. In view
of the safety and practicality, one would like to avoid co-ad-
ministration of any kind of adjuvant if it is possible. To over-
come this obstacle, our effort is focusing on the molecular
and cellular elucidation of under characterized antigen-sam-
pling M cells in PP and nasopharyngeal-associated lymphoid
tissuell NALTOfor the development of M Cell-Targeted Mu-
cosal Vaccine”.

0O Elucidation of the molecular and cellular mechanisms for

NALT organogenesis

The signal transduction pathways associated with IL£IR
and LTB R are essential in the formation and development of
secondary lymphoid tissues including PP. In contrast, our lat-
est studies using various aplastic models for secondary lym-
phoid tissues including mice deficient in the genes associ-
ated with these cytokine pathways have revealed that the
NALT formation is totally independent of these cytokine-me-
diated tissue organogenesis pathways. Further, we have
found that mice deficient in Id], known as a differentiation in-
hibitory factor, have aplasia of NALT and also that COJ"CD
0" COIIRB" cells serve as an initiator for the NALT formation,
evidenced by the NALT-reconstitution experiments using
these 1d1""” micell Fig.OO Our current efforts are aiming OO
at the identification of unknown inducing factdd sO for the
NALT organogenesis and OO for the characterization of im-
munological relevance of the tissue for the induction and
regulation of mucosal immune responses by use of the newly
developed NALT-reconstitution model.
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Fig. 2

Aplastic NALT in 1d1”"” mousel left] Normal mice—derived CDO”CD”

cells homing in the nasal tissue of Id1”"” mouse following adoptive transfer
O middleDand the NALT reconstituted] right[]
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DEPARTMENT OF CANCER BIOLOGY

Formation and development of cancer are multi-step that in-
volves alteration of structure and function of various genes
regulating cell growth, differentration and cell-cell communica-
tion. These genes include oncogenes, tumor suppressor genes,
and their related genes. In the Department of Cancer Biology,
we try to establish molecular mechanisms of tumor formation
and development basing on the function of these gene prod-
ucts. Our goal is to understand &, how the cell growth and dif-
ferentiation are regulated, &, molecular basis of angiogenesis,
" molecular mechanisms of invasion and metastasis of can-
cer, @» mechanisms of malignant transformation by tumor vi-
ruses, and pathogenic mechanisms of human cancer.

Ongoing researches are as follows.

0. Structure, expression, and function of cancer related genes
including oncogenes and tumor suppressor genes

0. Studies on signal transduction and gene expression in-
volved in cell growth and differentiation

0. Studies on inositol-phopsholipid signaling

0. Studies on cellcell interaction, cell motility, and cytoskelton

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

0. 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 can-

cer—related genes are involved in these processes and signalings.
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Kid is a plus-end directed kinesin-ike motor protein, which is necessary
for chromosome arm alignment at metaphase plate during mitosis. To bind
to chromosome arms and exhibit its role, Kid must be phosphorylated on
Thr463 by Cdc2-cyclin B kinase. Unphosphorylated Kid is proposed to be
involved in the spindle morphogenesis and anaphase chromosome segre-
gation.

Our aim is to clarify the roles of proto-oncogene and anti-on-
cogenes in malignant transformation and in normal cell func-
tion. Currently, our studies are mainly focused on the protein
phosphorylation-dephosphorylation events, which involves ty-
rosine kinases such as ErbB family and Src family proteins, in
various cellular signaling pathways. We are interested in know-
ing how phosphorylation and dephosphorylation molecularly
switch on and off critical events in central nervous system, ma-
lignant transformation, and differentiation and growth of various
cells. Following studies are in progress, utilizing techniques of
gene cloning, protein purification, cell biology, and production of
gene-engineered animals.
®, Molecular mechanisms by which cell surface receptors

transmit signals to nuclear transcription factors and their

regulatory proteins. Special interests are on the receptor tyro-
sine kinases-mediated signaling pathways that are relevant
to malignant transformation.

®, Molecular mechanisms of synaptic plasticity in the central
nervous system. Particularly, we are interested in the roles of

Src family kinases in regulation of NMDA receptor function as

well as other target proteins in the synaptic spine.
=" Regulatory mechanisms of cell cycle progression. Special

interests are the regulation of the GOIG1 switch, mitotic—
phase progression, and chromosome segregation in which

Tob, LATSs, M phase kinases, and Kid are involved.
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Fig.O

Increased NR2B phosphorylation after auditory fear—conditioning.

(upper) NR2B is phosphorylated by Fyn in brain. (lower, left) LA nucleus of
amygdala is a crucial neural structure for the expression of fear memory in
mice. (lower, right) Increased NR2B phosphorylation after auditory fear-con-
ditioning.
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Figure.O

A possible molecular mechanism on MT1-MMP at the cell invasion front
CD44 functions both as an associate and a carrier of MT1-MMP which is
shifting toward the cell invasion front. After the shift, MT1-MMP shed the CD
44 or forms the homodimer in order to activate MMP-2 effectively, subse-
quently facilitating cell migration.

Cells and extracellular matrix (ECM) construct a framework of tissue,
which also functions as a part of signal network that regulate tissue integrity
and functions. Therefore, pericellular ECM microenvironment is an impor-
tant factor that determines functions and fate of the cells in tissue both in
physiological and pathological conditions. The aim of our study is to under-
stand regulations and functions of cell surface protease systems that
modulate pericellular ECM environment. As model systems, we are focus-
ing on the processes of cancer invasion and angiogenesis, since these are
excellent models to understand how ECM-degrading proteases are assem-
bled and regulated at the invasion edge.

Matrix metalloproteinases (MMPs) are zinc-binding endopeptidases that
collectively degrade almost all the ECM components. In 1994, we reported
the first case of MMP that anchors to plasma membrane through the trans-
membrane domain and named it as membrane-type MMP (MT1-MMP)
(sato et al. Nature). In this study, we also found that MT1-MMP is expressed
in malignant cancer and acts as a specific activator of proMMP-2, a type IV
collagenase, on the cell surface. Since then, we have characterized sub-
strates of the enzyme, expression in different types of malignant cancers,
regulation of the gene expression, and how the enzyme activity is regulated
during invasion. Although we have six MT-MMPs, MTO-MMP is presumably
amajor player for cancer invasion and angiogenesis.

To dissolve tissue barrier, invasive cells have to localize MTO-MMP to-
ward the direction of cell movement. We recently found that CD44 plays a
critical role in this process by acting as a linker that connects MT1-MMP to
actin cytoskeleton and conveys MT1-MMP to the ruffling edge (Mori et al.
EMBO J, 2002). At the same time, localization of MT1-MMP to the migration
front facilitates homo-oligomer formation that eventually promotes proMMP
-2 activation (lto et at, EMBOJ, 2001). Consequently, the cell acquires abil-
ity to degrade both type-1 and -1V collagens by MT1-MMP and MMP-2, re-
spectively. In addition, MT1-MMP cleaves and sheds CD44, This shedding
accompanies promotion of cell migration (Kajita et al. JCB,ITTJ). Process-
ing of laminin 5-gamma2 chain by MT1-MMP has also been demonstrated
to induce cell migration (Koshikawa et al. JCB, (TT1J, FASEB J, 2004). For
continuous invasion, fresh MT1-MMP molecules should be supplied unin-
terruptedly at the invasion front. Internalization of MT1-MMP mediated by
the cytoplasmic tail plays a part of this dynamic turnover at the invasion
front (Uekita et al. JCB,[ITT]). Thus, this line of studies shed light for the first
time on how invasion-promoting cell surface proteases are regulated coor-
dinately with cell locomotion.

To explore whole the functions of MT1-MMP, we recently analysed pro-
teins complex formed with MT1-MMP using a liquid chromatography-asso-
ciated mass spectrometry technique, resulted in isolation of over 100 pro-
teins illustrated as below. It is strongly suggested that MT1-MMP not only
cleaves ECM but also modulates the cell surface factors, profoundly influ-
encing the cell functions. Invdividual candidate in the group is now on our

research.
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Figure.O

Summary of the proteins co-precipitated with MT-MMPs in immunopre-
cipitation. Each co—precipitated protein has been identified using the liquid
chromatography-associated tandem mass spectrometers (LCIMSIMS).
These proteins are to be profiled to find out factors specific to each bait or
common molecules. Cell surface proteins were biotinylated, and the subset
proteins co-precipitated with MT-MMPs were detected by avidin binding
(right panel).
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Figure
Neurite formation by Dishevelled, a mediator of the Wnt signal

We have been investigating the regulatory mechanism of cy-
toskeleton that governs cell motility and morphology, and the
transduction mechanism of Wnt and Hedgehog signals that
regulate morphogenesis of multicellular organisms.

1. Cytoskeleton

Cell maotility is the basis of various physiological phenomena
such as morphogenesis during the early development and che-
motactic movement of hematopoietic cells. In contrast, dysfunc-
tion of motility regulation underlies various human diseases in-
cluding metastasis of cancer cells. In addition, extension of ax-
ons and dendrites during formation of neural networks can also
be regarded as an atypical type of cell motility that does not ac-
company the movement of cell body. These facts indicate that
the control of cell motility should have great potential for treat-
ment of diseases such as cancer and for regeneration of neural
networks. However, our understanding of cell motility has been
left far behind that of cell growth.

In the early 1990s, Rho family small GTPases were shown to
be critical regulators of the actin cytoskeleton and cell morphol-
ogy. Since then, the research on how Rho family GTPases ex-
ert their effect on the actin cytoskeleton has been progressing
rapidly, but there still remain many problems such as the regu-
latory mechanism of the Rho family GTPases themselves and
the effect on microtubules and intermediate filaments. We are
going to tackle these unsolved problems, and aim at drawing a
comprehensive picture of cell motility.

2. Wnt and Hedgehog signaling

Both Wnt and Hedgehog signaling systems are known to
regulate morphogenesis during early development of multicel-
lular organisms. Several genes involved in their signal trans-
duction have been identified mostly by genetic analyses on
Drosophila melanogaster. Recently, it was revealed that some
of the counterpart genes in the human genome are mutated or
amplified in cancers. Also, constitutive activation of their signal-
ing has been observed. Therefore, the gene products involved
in these signaling are regarded as promising targets for gener-
ating a new type of anti-cancer drugs. In addition, these signal-
ing systems have also been shown to regulate the differentia-
tion potential of various types of stem cells such as embryonic
stem (ES) cells and hematopietic stem cells.

Despite their potential for practical application, the signal
transduction mechanism in mammalian cells remains largely
unknown. Indeed, recent studies on the Wnt signal have re-
vealed that several gene products that have no counterpart in
the genome of Drosophila melanogaster play critical roles in
relaying the signal, clearly indicating that our current under-
standing on the Wnt signal, and probably the Hedgehog signal,
is incomplete. We are going to elucidate new signaling compo-
nents in mammalian cells and clarify the detailed mechansim of
signal transduction.

Control Control + NZ

Dishevelled + NZ

oo
DishevelledO OO OOOOOOO

Figured
Stabilization of microtubules by Dishevelled
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Fig.O

Severe osteopetrosis and defective lymph node organogenesis in TRAF6
—deficient mice.

Left: Cross sectional views of the distal metaphysis were obtained by mi-
crofocus X—ray computed tomography. TRAF6-0— mice display osteopetro-
sis due to lack of osteoclasts. Bone marrow cavity, which was clearly ob-
served in control mice (upper), was filled with spongy bones in TRAF6-1-
mice (lower).

Right: Lack of mesenteric lymph node in TRAF6-0— mice.

Our goal is to understand the molecular mechanisms of on-
cogenesis by elucidating normal regulation of intracellular sig-
nal transduction and gene expression involved in cell prolifera-
tion and differentiation. We have been interested mainly in
three molecules including O O TNF receptor—associated factor
gRAF), which transduces signal from TNF receptor super-
amily and TolllIL-1 receptor family, [ Overtebrate homologues
of E. coli Ras-ike protein (ERA), G proteins essential for cell cy-
cle progression and survival, and 3) WT1, a transcription factor
mutated in Wilm’s tumor. Following projects regarding these
three molecules are going on.

[0 O Roles of TRAF—-mediated signal transduction in develop-
ment and organogenesis.

We have identified TRAF5 and TRAF6 as signal transducers
of CD40, a receptor essential for B cell proliferation and differ-
entiation. Furthermore, we have generated TRAF6—deficient
mice to show that TRAF6 is essential for inflammation, innate
immunity, lymph node organogenesis, bone formation, neural
tube formation and ectodermal development. To further eluci-
date physiological roles of TRAF6, we are trying to identify mo-
lecular mechanisms underlying the TRAF6—mediated activation
of transcription factor NFKB and AP-1 and those underlying
subsequent induction of gene expression.

[0 O Roles of ERA in cell proliferation and survival.

ERA is a novel G protein, which has a GTP-bindingdlGTPase
domain in its N-terminal and an RNA binding domain in its C—
terminal. Generation of ERA-deficient cells revealed that ERA
is essential for normal progression of cell cycle and survival.
Furthermore, complementation of ERA mutants into ERA-defi-
cient cells identified its RNA binding domain as an essential re-
gion for both normal progression of cell cycle and survival, sug-
gesting that ERA promotes cell proliferation through a novel
mechanism. We are trying to uncover molecular mechanisms
underlying ERA-mediated cell proliferation and in the process
of generating ERA-deficient mice to know the physiological
roles of ERA in a whole animal.

O CORoles of WT1 in tumor formation and development of kidney
and reproductive organs

The WT1 gene is a tumor suppressor gene of Wilms’ tumor, a
pediatric kidney tumor and is required for kidney and gonadal
development. Mutation of WT1 is believed to perturb their nor-
mal development and thereby cause tumor formation in those
organs. WT1 is a transcription factor, which binds to the specific
DNA sequence via its zinc finger domain and then regulates
transcription of tarﬁet genes. WTL1 is also involved in DSRCT,
desmoplastic small round cell tumor. In this tumor, the WT1
gene is fused to the EWS gene as a result of chromosomal
translocation t (11; 22) (p13; ql12). EWS-WT1 fusion protein
also functions as a transcription factor, which contains part of
zinc finger domain of WT1. We are currently searching for the
target genes that are regulated by either WT1 or EWS-WT1.
Identification of those genes will contribute to understanding of
mechanism of tumor formation.

kidney and gonad development
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The WT1 gene is required for kidney and gonadal development and its
mutation is involved in Wilms’ tumor and gonadal dysgenesis. EWS-WT1,
which is generated from chromosomal translocation is also involved in
DSRCT. Both WT1 and EWS-WT1 function as transcription factors. There-
fore, searching for the target will contribute to understanding of physiological
and pathological function of WT1.
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Our overall objective is to clarify signalling systems in cell growth, differ-
entiation, morphogenesis and tumorigenesis. Currently, we are studing z,
the regulation of cytosleleton, cell movement, invasion and metastasis
through WASP family proteins. &, role of inositol phospholipids signallings
in re-arrangement of cytoskeleton, membrane trafficking and nuclear
events.

&, Regulation of cytoskeleton and cell movement through WASP family
proteins.

We found a new adaptor protein, AshlGrb2. This protein consists of
SH3-SH2-SH3 domain structure and binds to tyrosine phosphorylated
sites through SH2 domain and transmits upstream tyrosine kinase si-
ganls to down stream molecules through SH3 domains. AshIGrb2 is
known to activates one of downstream molecule, Sos leading to Ras ac-
tivation and then enhancement of cell growth. We also found a new pro-
tein, N-WASP as an AshlIGrb2 SH3 binding protein. This protein has
many functional domains such as AshlGrb2 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 Arp203 complex binds to
CA region, resulting in actin polymerization. Next, we attempted to find
new proteins that have VCA region, and found WAVE. WAVE was
found to be activated by Rac and induce membrane ruffles. Further-
more, it formed complex with Rac in cells. Since filopodium and mem-
brane ruffles formation are shown to be essential for cell division and
movement, these proteins are important for regulating the basic phe-
nomena of lives. We would like to clarify the roles of WASP family pro-
tein in morphogenesis and tumor metastasis in future.

&, 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 , produc-
tion of phospholipase C KO mouse. &, role of PIP kinase and PIP2
phosphatase in cytoskeleton and cell division. @” survey of novel do-
mains that bind to inositolphospholipids. =» role of inositolphospholipid
signalling in nuclear events. Through these studies, we would like to
clarify the roles of inositolphospholipids in the regulation of cytoskele-
ton, membrane trafficking and malignant transformation, 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 occur in
the body, and their structures change during development and
differentiation of the cells and in pathological states. Our objec-
tive is to elucidate direct and indirect roles of the sugar chains.
We are currently studying structure and function of carbohy-
drate binding proteins and their ligands, regulation of protein
structures and functions by glycosylation, and establishment of
new methods for structural and functional analysis of sugar
chains.
®, Carbohydrate recognition mechanism involved in fertiliza-

tion

Mammalian eggs are surrounded by an extracellular matrix
called the zona pellucida (ZP) which consists of a few gly-
coproteins. The ZP plays important roles in sperm—egg bind-
ing, induction of sperm acrosome reaction, and block to poly-
spermy. It has been suggested that the mechanism recogniz-
ing glycans on the ZP is working in the sperm-egg binding
process, it is still unveiled. Recently, we have found that gly-
cans containing sialo-Jasialo-N-acetyllactosamine and the
Lewis X structures are involved in boar sperm binding, and
that molecules recognizing these glycans are expressed on
the sperm head. We have also found that mouse sperm rec-
ognize B —galactosyl residues of the ZP. We are currently try-
ing to identify, isolate and characterize the carbohydrate
binding proteins which are involved in binding to egg.

®, Analysis of selectin ligands

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

®"” Regulation of protein or cellular functions by glycosylation

We have observed that modification of cell surface N-gly-
cans induces phagocytosis of immune complexes by mono-
cytoid cells, and suggested that the Fc—receptor function is
regulated by N—glycans which change during cellular differen-
tiation and maturation. To be noted is that the altered protein
glycosylation affects some process of ingestion of the ligands
without any effect on eceptor-ligand binding. Its mechanism
is under investigation.

A cell adhesion molecule called CD2 mediates interactions
of thymocytes with thymic epithelial cells, and of T cells with
antigen—presenting cells and target cells, which stimulate
lymphocyte activation and cell-mediated cytotoxicity. Expres-
sion level of CD58, a ligand for CD2, on the cell surface does
not necessarily correlate with its binding ability to CD2. Con-
sidering our result that the carbohydrate recognition mecha-
nism is involved in CD2-mediated rosette formation, we are
analyzing glycoforms of CD58 in relation to their ligand activ-

ity.
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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
cells.VEGF and its receptor (Flt-1, KDR/FIk-1) system is a key system for
regulation of tumor angiogenesis.

Recent studies on oncogenes and tumor suppressor genes
have revealed at least a part of the mechanism of carcinogene-
sis. However, many questions particularly those on the carcino-
genic process in vivo such as tumor angiogenesis and metas-
tasis remain to be solved. We have been focusing on the analy-
sis of protein tyrosine kinases which are involved in cell trans-
formation and angiogenesis.
®, VEGF (Vascular Endothelial Growth Factor) and its recep-

tors.

We have isolated a new receptor tyrosine kinase gene flt-1
which is specifically expressed on vascular endothelial cells.
Flt-1, a related kinase KDRIFIk-1 and their ligand VEGF fam-
ily are deeply involved in normal and tumor angiogenesis.
This system may be a novel target for cancer therapy.

@, Mechanism of cell transformation through EGF receptor.

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

&” Mechanisms of cellular signaling through fibroblast growth
factor (FGF) receptor tyrosine kinase

FGF receptor tyrosine kinase signaling plays important
roles not only in carcinogenesis but also in normal physiologi-
cal development. The precise mechanisms by which FGF re-
ceptor signaling controls these processes remain unclear.
We have recently discovered that FRS2, one of the docking
proteins, plays a critical role in FGF receptor signaling. We
are now focusing on the docking protein-mediated FGF re-
ceptor signaling aiming to understand how FGF receptor ty-
rosine kinase controls these pathological and physiological
processes. We also aim to develop useful therapeutic tools
for the cure of diseases including cancer.

Signaling pathways through FRS2 proteins

oo
FRSOOOOOOOOOOFRGFOOOOOOOOOODOOOOOOOOO

000000000GrbO D OShpO 00000 ORas-ERK pathwayO 0O O

0o0o0oooooooooooooood

Fig. O

Signal transduction pathways through FRS2 docking proteinsC) Upon
stimulation with FGFO FRS2 proteins become tyrosine phosphorylated
and activate several signal transduction pathways including the Ras-
ERK pathwayl
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DEPARTMENT OF BASIC MEDICAL SCIENCES

Department of Basic Medical Sciences is composed of Divi-
sions of Molecular Biology, Molecular and Developmental Biol-
ogy, Cellular and Molecular Signaling, Molecular Neurobiology,
Neuronal Network, Molecular Genetics and Structural Biology.

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

Division of Molecular Biology, Division of Molecular and De-
velopmental Biology and Division of Cellular and Molecular Sig-
naling are grouped in Basic Bioscience field. There are two
laboratories, Division of Molecular Neurobiology and Division of
Neuronal Network in the field of Neuroscience. There are two
Donation Laboratories for Stem Cell Regulation and Stem Cell
Engineering (Tooth Regeneration) as well as Collaboration
Laboratory for Neural Signal Information.

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

Department of Basic
Medical Sciences

|
Department Chairman

ICommon Core Facility|

1) Molecular Biology Molecular  Molecular

1) Molecular Neurobiology

2) Molecular and : 2) Neuronal Network St_ructural Genetics
Developmental Biology Biology
3) Cellular and Molecular
Signaling
| l l |
Doration sod Collabarstion Lal

1) Stem Cell Regulation
2) Stem Cell Engineering, Tooth Regeneration
3) Neural Signal Information

Core Laboratories ‘

1) Biomobecular Imaging. 2) Fine Morphology, 3) X-ray Crystallography. 4) Pro ics
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When exposed to environmental stresses, such as osmotic
shock, radiation, and oxidative stress, cells respond adaptively
through intracellular signal transduction and signal processing.
Because such adaptive responses are so fundamentally impor-
tant for cell survival, it is believed that significant conservation
of molecular mechanisms exists between lower and higher eu-
karyotic organisms. Nonetheless, their molecular mechanisms
are yet only vaguely understood. This laboratory, which is es-
tablished in the year 2000, aims to study the molecular mecha-
nisms underlying the adaptive responses of the yeast and hu-
man cells, utilizing the complementary advantages of the two
experimental systems.
®, Yeast(Saccharomyces cerevisiae)

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

@, Human cells.

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

a. An electrophysiological technique in a hippocampal slice.

b. An example of synaptic plasticity: long-term potentiation induced by te-
tanic stimulation.

oo
0oo000o0o0oooooooooooo

ad0000000000000000oa

b0O0O00-000000000000000

Fig. 2
Behavioral study using the mouse as an animal model.

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

b0 Analysis of motor function with a rota—rod test.

Our major research interest is the molecular mechanisms of
higher brain functions in mammals such as emotion, and learn-
ing and memory. We are especially focusing on the roles of
functional molecules localized in synapses, for instance, neuro-
transmitter receptors, signal transduction molecules and adhe-
sion molecules, in neuronal information processing. We are ex-
amining receptor functions, synaptic transmission and plastic-
ity, and their roles in the whole animal with electrophysiological,
biochemical, molecular biological and behavioral approaches.
00 Molecular and cellular mechanisms of hippocampal synap-

tic plasticity.

00O Roles of tyrosine phosphorylation in synaptic plasticity.

00O Roles of adult neurogenesis in synaptic transmission and
plasticity.

00O Adhesion molecules and synaptic plasticity: functional
analysis of cadherin etc.

00 Functional and morphological plasticity at presynaptic termi-
nals.

00O Analysis of muscarinic acetylcholine receptor functions:
comprehensive studies using the five lines of mutant mice
lacking each subtype.

00O Roles of intracellular signaling molecules in synaptic plastic-
ity: functional analysis of Ras etc.

00O Neuromodulators and synaptic plasticity: acetylcholine etc.

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

(O Molecular mechanisms of metaplasticity: plastic regulation
of synaptic plasticity.

(IO Synaptic plasticity in the amygdala and emotions.
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Fig. 1

Use of quick—freeze deep—etch replica electron microscopy enables to fix
protein complex under functional states within 1 millisecond, providing high
contrast images. Shown here are actomyosin rigor complex (upper panels)
and crossbriges during actin-sliding movement (lower panels). Individual
myosin molecules appear elongated and bind actin through two heads un-
der rigor conditions, while those during sliding look rounded and binds actin
through one head.

“Structural Biology of Single Molecule”: Three-dimen-
sional (3-D) structural analyses of functioning protein complex
in solution and in live cells
Protein molecules or their complex constitute “The Molecular
Machines of Life” which play crucial roles in extra— or intracellu-
lar environments. We have been developing the means to visu-
alize the structure of individual particles under functional states,
and to pursue their molecular mechanism through separate and
unaveraged 3-D structural analysis of each individual particle.
Utilizing our novel methodology of 3-D image analysis, together
with new high—performance marker probes, we are challenging
the realtime intracellular dynamics and high-resolution struc-
tural analyses of several protein complex including molecular—
motor and receptor molecules.
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Fig. 2
Upper panel: Flow—chart to conduct “the Structural Biology of Single Mole-
cule”. Basic techniques are quick—freeze deep—etch replica electron micros-
copy, 3-D image reconstruction from tilted micrographs, and computer
simulation of replica images from the atomic—-model of the target protein.
Lower panel: New procedure to analyze Protein’s “Face” (basic structure
observed from certain side) and its “Facial Expression” (structural change
from the standard state). By quantitative comparison of extracted feature
patters of replica and simulated images, we might discriminate the observed
side of the target protein and its delicate, possibly function—related changes.
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Fig. 1
IPJ/Ca’* signaling and IP; receptor

Our goal is to understand 1) how the mammalian nervous
system develops and how the complete neural circuits integrate
and store information, 2) molecular bases of the inositol 1,4,5-
trisphosphate receptor and cellular functions of the IPsinduced
Ca* release, and 3) molecular mechanisms underlying the in-
tracellular Ca* signaling and dynamics. We try to integrate vital
information at gene, cell and animal levels into a comprehen-
sive whole researches by means of interdisciplinary ap-
proaches. Ongoing research themes are as follows.
®, Study on the development, morphogenesis, and highly or-

ganized cellular functions in the nervous system.

1) Molecular analyses of mutant mice having hereditary
ataxia or abnormality in the development and morphogene-
sis 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 electro-
physiological 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 de-
velopment and morphogenesis of the nervous system.

®, 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 IPs ligand-
operated Ca* channel.

2) Functions (ligand binding, channel gating, etc) and modu-
lations (by phosphorylation, ATP and calmodulin binding,
etc) of the IPsR.

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

2" Study of the intracellular Ca* signaling and dynamics by
using Ca* imaging technique.

1) Physiological roles of IPYCa* 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.
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Fig. 2
Spatiotemporal nature intracellular Ca* signal induced by carbachol in the
duct of rat salivary gland
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Fig. 1

In Vitro Evolution of Affinity RNAs. High affinity RNAs against target mole-
cules are created by SELEX in order to al] develop novel RNA medicines
and b prove the molecular mimicry model.

Regulation of gene expression is a main interest in this De-
partment. Over the past decade, molecular and cellular studies
of living organisms carried out in many laboratories resulted in
the identification of genes, factors and signals involved in the
processing, modification, splicing, translation, transport or edit-
ing of MRNAs, and uncovered numerous novel mechanisms of
gene expression. These accomplishments clearly emphasized
the biological importance and interest of the regulatory role of
RNA and the mechanisms underlying the post-transcriptional
control of gene expression. We aim to clarify these molecular
bases from novel aspects in translational control as well as the
fate of RNA.

@, Translation termination.

The mechanism of stop codon recognition has been a long
—standing coding problem and is of considerable interest
since it entails protein-RNA recognition rather than the well
understood MRNA-tRNA interaction in codon-anticodon pair-
ing.

&, Translational recoding.

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

&” Molecular mimicry between protein and RNA.
®» Design and selection of therapeutic RNA molecules by SE-

LEX.
®... Yeast prion.

One of the yeast translation termination factors shares pro-
tein properties with the mammalian prion protein, and repre-
sents a fascinating problem.

®% X-ray chrystallography to investigate molecular mimicry.

Termination
Recycling

EF-Tu:
aa-tRNA:
GTP

Elongation

oo
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Fig. 2

Crystal structures of translation factors that mimic tRNA and their working
steps during protein synthesis. The crystal structure of Thermus thermophi-
lus 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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Fig. 1

Cleavage-site-directed antibody against caspasetl—catalyzed poly (ADP-
ribose) polymerase stain apoptotic human T Jurkat cells (green). Cellular
DNA is stained in red with propidium iodide.

Our major research interest is to understand cellular events
on the basis of structural changes and dynamics of proteins.

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

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

2" Promyeloid cells become resistant to cytotoxic anti-Fas an-
tibodies and lipopolysaccharide after differentiation into
monocytelmacrophage-like cells. The differentiation may af-
fect the cell-surface expression of the apoptosis receptors,
and death signaling downstream of receptor-coupled pro-
tease, caspase-+] is suppressed in apoptotic response.

®» 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-cellHnvasing ac-
tivity of bacteria as well as differentiation state of the phago-
cyte. Molecular mechanism of the infection-induced cell
death is under investigation in focus of interactions between
cell-death—related proteins and bacterial factors.

®... Services (Laboratory Center for Proteomics Research)
Mass-spectrometric analyses.

Peptide synthesis.
Purification of proteins and their functional analyses.

Sample

Digestion

Digestion

oo
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Fig. 2
Technologies for proteomics.

ICAT: Isotope-Coded Affinity Tag

2DE: 2 Dimensional Electrophoresis

MDLC: Multi Dimensional Liquid Chromatography

RP-LC: Reversed Phase Liquid Chromatography

PMF: Peptide Mass Fingerprinting

MS: Mass Spectrometry

MSIMS: Tamden Mass Spectrometry
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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 pur-
poses, we use various cell types including lymphoid, hema-
topoietic and neural cell lineages as well as pluripotent embry-
onic stem cells. We also work on mice, and zebrafish for the
studies of molecular mechanisms of differentiation and devel-
opment of tissues and organs.

The specific activities are as follows:
®, Commitment of haematopoietic and lymphoid cells to spe-

cific lineages during development
®, Expansion of haematopoietic stem cells by manipulation of

cytokine signals.
=" Development of retina in zebrafish and mouse.
@» ldentification and isolation of mouse neural retina stem cell.
... Regeneration of retina using mouse ES cells and their
transplantation

Understanding basic mechanisms of cell proliferation and dif-
ferentiation will help us to develop novel strategies with which
to manipulate the stem cells for their amplification and differen-
tiation into specific cell lineages. "

Fig. legend

®, Isolation of novel genes expressed in retina by differential display and
degenerate PCR. Whole mount in situ hybridization patterns of isolated
genes in zebrafish embryos are shown. We usually clone zebrafish and
mouse homologues simultaneously. Functions of isolated genes are ana-
lyzed by over-expression or knockdown experiments in zebrafish embryos.
Further detailed mechanism analyses are done using mouse system.

, Neural differentiation of ES cells and their derivatives with ectopic ex-
pression of retina specific genes. Parental ES cells and modified ES cells
have different morphology and gene expression patterns when they are dif-
ferentiated into neural cells by SDIA method. Using these cells, we are trying
to regenerate retina from ES cells. For that purpose, we established in vitro
and in vivo tansplantation technigues.

=" ldentification and isolation of retinal stem cell from mouse embryo:
Using various markers, we examined proliferation and differentiation abili-
ties of sub—-population of immature neural retina. This figure shows one of
these markers, SSEA+], which is known as a marker of neural stem cells in
brain, are expressed in the ciliary marginal zone of the immature retina.
SSEA{H] positive cells are proliferating and in vitro culture of these cells
showed high proliferating activity of them, indicating that the SSEA+] is a
marker of retinal progenitor cells in the mouse.
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Fig. 1
Kidney development
Kidney development is divided in three stages: pronephros, mesoneph-
ros, and metanephros. Metanephros is a final kidney in mammalian adults
and is formed though interaction between ureteric buds and the surrounding
mesenchyme.

Our research interest is to elucidate molecular mechanisms
in organogenesis, especially in kidney development. We also
aim at derivation of kidney progenitors from stem cells, by utiliz-
ing knowledge obtained from molecular genetics.

The kidney develops in three stages: pronephros, mesoneph-
ros, and metanephros. Many of the genes expressed in the
metanephros are also found in the pronephros. Animal caps, a
presumptive ectoderm of Xenopus embryos at the blastula
stage, differentiate into three-dimensional pronephric tubules in
three days in vitro. By utilizing this system, we identified a new
zinf finger protein Xsal-3, then cloned mouse Salll. We found
that mice deficient in Salll die in the perinatal period and that
kidney agenesis or severe dysgenesis are present. Thus Salll
is essential for kidney development. We are currently examin-
ing moleculer functions of Salll. In addition we are trying to es-
tablish an induction system of kidney progenitors from a variety
of cell sources, and also in vitro and in vivo assays for kidney
progenitors.

Wild type Sall1 KO

oo
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Fig. 2
The absence of kidneys in SallJ knockout mice
Salll null mice lack kidneys and die shortly after birth. Salll is essential for
the initial step of metanephros formation.
k: kidney, a: adrenal glands, t: testis, bl: urinary bladder
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Division of Cell Processing was established in IMSUT on September (TTT to support the clinic through cell therapyC This division es-
tablished Tokyo Cord Blood Bank on September(TDICsince thenDwe have processed and cryopreserved the cord blood to ship for the
patients who undergo cord blood transplantatior] CBTILIThis department has also supporting the clinical departments through dendritic
cell therapy for patients with malignanciesCin the experimental partexpansion of hematopoietic stem cells including COTI) cellsONKT

cell progenitors with or without the placenta-derived mesenchymal cellZAnd we also established the induction of mesenchymal cels de-
rived from placenta into tissue regeneration including boneJadipocyteClcartilage and neural cellsT
Quality management and internationalization of cord blood bankJ

Tokyo Cord Blood Bank Tokyo CBBChas been established in SeptemberTTTITokyo CBB had its management and process based
on two standards] "Guidelines for The Practice of Umbilical Cord Blood Transplantation Ministry of Healthl] Labor and Welfare? and
FAHCT-NetCord standards developed by the international cord blood bank networkCJIn order to keep these standardsCwe adopted the
international quality management systemInternational Organization for Standards( ISOCCTITIC We got certified as ISO T in March
(1T and revised ISQLLTIE (T inCTTMayC Tokyo CBB has registered O ITunits of CB in NetCord and Bone Marrow Donor World
Wide BMDWOby April T and shipped (TCunits including 0 units to foreign countriesTWe have established AsiaCORD to get more
advantage to search the appropriate donor in Asia in JulyTTCIn relation to AsiaCORDIwe supported to establish the first national CB

bank in Vietnam]
Functional characterization of cord blood monocyte-derived dendriic cellsC

We used autologous monocyte-derived dendritic cells PBMo-DCsC as tumor vaccine for patients with malignant melanoma and thy-
roid carcinomal Phase | Clinical Trial of DC Therapy™

On the other handZwe compared functional characteristics of cord blood monocyte-derived DCSJ CBMo-DCsJand PBMo-DCsC Imma-
ture CBMo-DCs had almost the same capacity of endocytosis and chemotactic migratory responses as immature PBMo-DCsL Cytokine
MRNA levels revealed that both immature CBMo- and PBMo-DCs stimulated by LPS produced IFN-J OGM-CSFOIL-0 and IL£T) {10
These results suggested that CBMo-DCs appear to function as well as PBMo-DCs and possibly to be an acceptable source for DC ther-
apy

Activation and expansion of NK cellsIT cells and NKT cells in cord blood®
Unlike cytotoxic T cellINK cells and NKT cells are known as non-HLA restrictedJnonumor specific cytotoxic activityl Expansion and
activation of NK cells and NKT cells might greatly contribute to GVLIT effects and engraftment after stem cell transplantationCl We have
studied the effect of ILT] and FitZ L on the expansion and activation of NK and T cellJThese expanded cells expressed perforin mole-
culesand cytotoxic activity against KT was also recognizedJwhich was inhibited by perforin inhibitorl These results indicated that CB
~derived NK cells and NKT cells may contribute to the clinical use for antHeukemia therapyJ
Ex vivo manipulation of cord blood-derived stem cells to enhanse the expression levels of homing-elated molecules and intra-bone
marrow injection of cord blood cels to faciltate the engraftment of cord blood cells
We compared the expression levels of the homing-related molecules on CB-Imobilized peripheral bloodI mPBC and bone marrow
[BMZderived T cells using four-color FACS analysisCSignificantly lower expressions of COUeJ COCOT) and CXCRLJ on CB
~derived COLID cells were observed compared with those of mPB-Jand BNHderived COLTID cellsDEx vivo manipulation of cord blood
cells with human stem cell factor] SCFCresulted in the enhanced expression levels of these molecules and engraftment of human blood
cells in NODZSCID mousel To overcome the physical obstacle for engraftment of stem cellsCwe have been studying the intra-bone
marrow injection of cord blood cells using NODISCID mousel
Analysis of immune reconstitution post cord blood transplantation
Several researchers reported that cytomegalovirusd CMVDinfection frequently occurred in recipients post umbilical cord blood trans-
plantatiorC] CBTIWe analyzed the CMV-specific T cells using intracellular IFN-0 staining post CMV antigen stimulation in recipients
post CBT and bone marrow ransplantatior] BMTILIEvery CBT recipients developed CMV antigenemia and were treated with anti-viral
drugf] DHPGLII HoweverC they did not have any clinical symptoms caused by CMV infectionsD CMV-specific CDO 0 T cells were de-
tected around day (T in most recipientsTHowever CMV-specific DO 0 T cells were not detected in CBT recipients around day (0
The major population of these CMV-specific CDOC T cells belonged to CDIRA-CDITIL- phenotypell immature effector ] Taken to-
getherIthe quick establishment of CMV-specific DO T cells might play an important role in controlling CMV infection and blocked the
progression to CMV diseases in CBT recipientsTWe analyzed ThOIThC balanceDTcDZTell balanceC'and perforin expression among
T cells post transplantationTWe found that CDOCJ T cells showed large amount of IFN-J production and high expression level of perfo-
fin molecules around day T toCT] post cord blood transplantation] These finding suggested that cytotoxic CD 0 T cell activity s very
strong during early stage of CBTO HoweverClthese CDC 0 T cells had immature surface phenotypel COIRA-CDTILO O central mem-
oryJand CORA-COLLL-immature effectorsIThis discrepancy between high expression level of kiling-related molecules and imma-
ture surface markers of CDO0 T cells post CBT might be one of the reasons why equal levels of GVL reaction accur despite of lower
incidence of acute graft versus host disease post CBT compared with post BMTC
Isolation and characterization of multipotent mesenchymal progenitor cells from human placenta
We established a method of isolating mesenchymal progenitor cellsIMPCsCfrom chorionic vili of the fetal part of the ful-erm human
placenta and the characteristics of these cellsC] Placenta-derived mesenchymal progenitor cells] PDMPCsCisolated by the explant cul-
ture method consisted of a heterogeneous cell population including spindle-shaped cells and large flat cellsT The PDMPCs expressed
COOCOTOCOTIOCOTIICHTT and HLA-lass | as surface epitopesTbut did not COTIICDTICCOT and HLA-DRTUnder specific
induction conditionsCthese cells differentiated into osteoblastsCchondrocytesT adipocytes and neural cellsT PDMPCs may thus be con-
sidered as one of the possible sources of MPCs that can be used for cell therapies and tissue engineeringClWe are investigating the
ability of bone or cartilage formation of PDMPCs in vivo and the influx of calcium ion into neural cells differentiated from PDMPCs such
as a response characteristic of neuron]
On the other handJPDMPCs have a limited replicative fife span when serially passaged in culturelI It is difficult for us to investigate clo-
nal analysis of PDMPCsJTo establish immortal PDMPCsCwe transduced PDMPCs with cONA encording Bmi-J Dwhich downregulates
the /10 tumor suppressor genes encorded by the ikl a locus andCor telomerase catalytic component”l TERTII which prevents the pro-
gressive shortening of telomeres that occurs as the number of cell divisions augmentsiby lentiviral vector]We examine to isolate clones
from these cells and analyze the differentiation ability of clones
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Fig. 1
BioArchive System for cryoreservation of cord blood samples

oo
go00o0ooooo0ooooooooo

Fig. 2
Cord blood processing in the Room for Clinical Cellular Technologyll
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Our department was established in September, 1996. One of
the goals of the department is aimed at the application of mo-
lecular biology in clinical projects. Currently, we run several ba-
sic research programs based on retrovirus-mediated gene
transfer, and expect to apply some of the results to clinical
fields. We have established our own retrovirus vectors and effi-
cient packaging cells, and plan to develop novel strategies in
gene therapy, cell therapy and molecular-based medicine. To
achieve these goals, we are running the following projects.
®, Cloning of cDNAs for novel cytokines.

Using a signal sequence trap method SST-REX which we
established based on retrovirus-mediated gene transfer, we
cloned several new cytokine receptors and cytokines, and
are characterizing them. Identification of cytokines which can
induce self-renewal of hematopoietic stem cells would be of
a great importance both in basic and clinical hematology/on-
cology.

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
STATS.

" Development of efficient retrovirus packaging cell lines Plat

-E and Plat-A.

We previously developed a series of retrovirus vectors, and
have recently developed highly effient packaging lines Plat-E
and Plat-A which enable us to transfer genes to a variety of
cells including primary culture cells.

@» Other researches based on retrovirus-mediated gene
transfer.

Using retrovirus-mediated expression cloning, we have
identified and characterized a molecule MgcRacGAP which
controls cell proliferation and differentiation. Recently we
have revealed that MgcRacGAP is involved in cytokinesis.

®... Generation of animal models for human diseases.

We generated the mice displaying dwarfism and lymphoid
deficiency by gene targeting of TSG that was isolated by SST
-REX. We have also made model mice of human lenkemia
caused by chromosomal translocations by bone marrow
transplantation after retroviral gene transfer.

®% Development of molecularly targeted therapy against leu-
kemic cells.

By screening of a library of small molecular compounds,
we identified a specific kinase inhibitor for the internal tandem
duplication mutations of FLT3 that are found in 30% of pa-
tients with acute myeloid leukemia.
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Mono-ubiquitination —
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DNA repair

As an increasing number of genes for hereditary diseases
characterized by genomic instability and cancer predisposition
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 senescence. Our purpose is to identify genetic
factors for hematopoietic diseases such as aplastic anemia,
myelodysplastic syndrome and myeloid leukemia and to de-
velop a novel diagnostics, focusing on the role of genomic in-
stability in the pathogenesis of these diseases.

To approach this problem, we study on a hereditary disease,

“ Fanconi anemia (FA)". FA is characterized by aplastic anemia

(growth arrest of hematopoietic stem cells), which often pro-
gresses to myelodysplastic syndrome (abnormal differentiation
and increased apoptosis of hematopoietic cells) and myeloid
leukemia, congenital anomalies such as skeletal defects, and
high incidence of solid tumors. Cells from patients show chro-
mosomal instability and hypersensitivity to DNA crossO linking
agents. There are at least 11genetically distinct groups. To
date, eight FA genes have ben identified. 6 FA proteins,
FANCA, C, E, F, G and L form a nuclear multiprotein complex,
which is required for activation of FANCD2 into a ubiquitinated
form (the FA pathway). This active form of FANCD2 interacts
with the BRCAL1 machinery. Furthermore, biallelic mutations of
BRCA2 cause a clinical phenotype of FA (FigD). Since BRCAs 1
and 2 are involved in homologous recombination repair, it is
conceivable that the FA pathway regulates this DNA repair
mechanism. FA can be defined as a disorder characterized by
premature senescence of hematopoietic stem cells. We are try-
ing to clarify the regulatory mechanisms and the function of this
pathway, to better understand the pathogenesis of the hema-
topoietic diseases, and to identify novel disease markers which
are clinically useful.

O

FanconiD O OO OBRCADOODOOODDOOOOODOOOFANCAO
00000000000 00000D000000FANCLODODOO0O00O000
00000000000000000000DNAOOOOOODNAOCOOO
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Fig.

Model of the Fanconi anemialBRCA pathway; FANCA, C, E, F, G and L
assemble into a nuclear complex. FANCL encodes a novel ubiquitinigase,
which mediates DNA damagelreplication-triggered mono-ubiquitination of
FANCD?2 into an active form. This active form of FANCD2 interacts with the
DNA repair machinery involving BRCAL. Consistently, biallelic mutations of
BRCA2 proved to cause a severe clinical phenotype of FA.
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Our laboratory is aiming to identify susceptibility genes for
common or otherwise clinically relevant diseases of metabo-
lism such as diabetes, asthma, and hypertension, and analyze
the molecular causality. Although genetic and environmental
factors play equally crucial roles in the pathogenesis of the
common diseases of civilization, genetic factor is directly in-
volved in the causality and molecular mechanism. The elucida-
tion of molecular etiology provides specific molecular targets for
therapeutic drugs even at the individual level. Thus our priority
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 indi-
vidual patients closely related to susceptibility to disease, prog-
nosis of disease, and responses to drugs. Our laboratory
should establish personalized medicine in which prevention, di-
agnosis, prognosis, and treatment of a patient is determined by
the patient’s individualized genomic information.

Diseases of our current interests are asthma, essential hy-
pertension, subarachnoid hemorrhage (intracranial aneurysm),
and ossification of the posterior longitudinal ligament of the
spine. To determine the genetic susceptibilities we apply ge-
netic approaches such as linkage studies with affected sib-
pairs and association studies using SNPs database together
with haplotype analysis.

Korean
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Fig. 1
Change of protein subsets during differentiation of ES cells into special-
ized cells.

One of the major ways to elucidate cell function at the mo-
lecular level is a large-scale analysis of the expression and in-
teractions of proteins. Current methods being applied to these
problems include the use of microarrays of messenger RNA
transcripts for analyzing expression profiles of genes and the
use of yeast 2-hybrid screens for systematic protein interac-
tion analysis. Proteomics probes both of these problems by di-
rect analysis of proteins in cells or tissues.

Typical studies of proteomics include large-scale determina-
tion of quantitative changes in the expression levels of proteins
to assess the effects of a wide variety of perturbations to cells,
and comprehensive analysis of protein—protein interactions by
mass identification of protein components in the functional pro-
tein complexes, membrane domains, and cellular organelles.
Our laboratory is equipped with advanced liquid chromatogra-
phyd LCO -mass spectrometry(] MS[ -based technologies to
serve for functional proteomics of embryonic steni] ESOcells.
®, We identified OO0 proteins expressed in mouse ES

cells. The proteomic dataset was cataloged together with the

available information such as molecular function and subcel-
lular localization.

2, We identified a number of receptors, transporters and ad-
hesion molecules expressed in undifferentiated ES cells by a
method developed for the selective and large-scale profiling
of cell surface proteins.

®"” Changes of protein expression during ES cell differentia-
tion are investigated by a quantitative approach based on the
stable isotope labeling and LC-MS technologies.

By use of the information on protein expression generated by
these technologies, we study on molecular function of identified
proteins and their roles in maintaining the undifferentiated state
and regulating the pluripotency of ES cells further.

ES cell
.
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Fig. 2
Strategy for large—scale analysis of proteins expressed in mouse ES cells
using LC-MS-based proteomics technology.
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Signal transduction studies by proteomic analyses

Two-dimensional gel electrophoresis is a general tool for pro-
teomic studies. However, proteins of low abundance such as
factors involved in signal transduction have been overlooked
hidden behind huge spots of proteins of cytoskeleton or meta-
bolic enzymes. To overcome this problem, we combined pre-
fractionation technigues with 2-D gel. One method is phospho-
protein purification. By this approach we succeeded in the iden-
tification of novel substrates of ERK and p38 MAP kinase. Also,
we isolated raft membrane fractions from activated or quiescent
T—cells, which revealed that proteins having PH domains are re-
cruited to raft fractions upon activation. Since this fraction con-
tains T—cell receptor, components for T—cell immunosynapse
formation will be identified by this approach.
oo

Ueda, K. Kosako, H. Fukui, Y., and Hattori, S. Proteomic iden-
tification of Bcl2-associated athanogen 2 as a novel MAP
kinase—-activated protein kinase 2 substrate. J. Biol. Chem. in
press
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Fig. 1
Regenerated tooth (HE staining)
Tooth was regenerated by the implantation of the cells, which were sepa-
rated ftom porcine tooth germ, on the scaffold into rat omentam. The regen-
erated tooth has either enamel, dentin or dental pulp.

Our division has been established in July 2003 to accelerate
the research on oral tissue regeneration, especially tooth re-
generation, with the support of accumulated knowledge about
genomic science and stem cell biology at IMSUT.

Our main research project is to regenerate tooth using the
methods of tissue engineering. To accomplish this goal, we are
focusing on the following subjects; 1) identification and charac-
terization of stem cell in either epithelial or mesenchymal tissue
from tooth germ, 2) search for molecules to affect the growth
and differentiation of the stem cell, 3) search for suitable bioma-
terials as the scaffold to assemble these stem cells on.

We succeeded in tooth regeneration using the cells sepa-
rated from pig tooth germ, which were assembled on bioresorb-
able synthetic polymer. We are trying to identify the stem cell
using this system. We are also making the same system using
mouse, on which there are abundant genomic and cell biologi-
cal information, for cellar and molecular biological analysis.

We are also trying to regenerate mucous membrane and
bone tissue by focusing on mesenchymal stem cells and bone
morphogenetic protein (BMP).
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Fig. 2
Regenerated tooth [0 Azan stainingd
Ameloblasts form a line on the basement memblane.
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The main projects of our laboratory are to reveal new biologi-
cal meaning at molecular level by various statistical ap-
proaches, and to train the researchers for the right use of statis-
tical techniques. The subjects under investigation cover a wide
range of fields in theoretical biology as follows: the network in-
ference from gene expression profiles by application of graphi-
cal Gaussian modeling, the macroscopic genome comparison
by application of directional statistics, the detection of DNA re-
petitive sequence by application of time series analysis, the
protein fold recognition by application of hidden Markov model,
the global topology determination of protein structure from dis-
tance information between amino acid residues by application
of distance-geometry method, and the construction of web site
for statistical analyses.

oo
0000000000 web site

websiteD 0000000000000 O0O0OOODOOOASIANDAutomatic System for Inferring A Networkl D OO O 0000
0 0 URL: http:lDeureka.ims.u-tokyo.ac.jplasiand 1]

Fig. 1

Web site for automatically inferring a network
The front page of the web site for network inference is described, which is named ASIAN (Automatic System for Inferring A
Network) (URL: http:lleureka.ims.u-tokyo.acjplasian().
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Division of Neural Signal Information was established in April
2003 to pursue a fusion of nanotechnology and biotechnology.
In addition to IMSUT, we have a lab space at Basic Research
Laboratories in NTT Corporation. Our research interest is to
characterize functional and structural changes of molecules in-
volved in neural signaling pathway. We employ techniques of
molecular and cellular biology along with latest molecular imag-
ing devices such as atomic force microscope (AFM). We are
taking advantage of respective specialties in both institutes,
and studying the following subjects.

O O The inositolJ M M—risphosphate receptor (IP3R) form a te-
trameric receptor channel in the ER membrane, and is one of
the key proteins regulating Cd™ concentrations in the cell. Re-
cently, it was shown that structure of the channel changes de-
pend on Ca” concentrations, but those observations were
made with electron microscope using fixed samples. We have
been using samples in solution without any fixation to observe
the change with AFM. Next goal is to demonstrate the structural
change using a video rate fast-scanning AFM.

0 O We are characterizing a new protein which binds to both IP
0OR and a Na"IHCOY co-transporter (NBC) protein (a) identify-
ing binding sites of the binding protein, (b) functional analysis of
the binding protein in Xenopus oocyte expression system and
(c) characterizing mRNA and protein expression patterns of
NBC isoform(s) in developing mouse brain.
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The primary function of the Core Facility for Therapeutic Vec-
tors (CFTV) is to support clinical trials that require the genetic
modification and/or ex vivo manipulation of patients tissues un-
der current Good Manufacturing Practice (cGMP) conditions.
The CFTV is organized with two distinct units; 1) vector unit; 2)
cell unit. The design of the facility accommodates the applica-
ble specifications of cGMP. The cGMP compliance is main-
tained using written Standard Operating Procedures (SOPS)
which codify all aspects of laboratory activities, including facility
design, personnel practices, and operations. Quality manage-
ment system of the CFTV has been assessed and found to be
in accordance with the requirements of the quality standards
detailed ISO9001: 2000; in the scope of development and
manufacture of cell and gene therapy products. The master cell
bank and working cell bank of the producer cell line have been
established and certified for the cGMP compliance. These cells
enable us to produce adenoviral vectors used in clinical gene
therapy trials. We are currently in the process of preparation for
clinical trials including cancer gene therapy using IL-12 trans-
duced dendritic cells. The CFTV services will be provided to the
clients outside of IMSUT in the near future.
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In order to apply the information of human genome to the
treatment of human cancer, our research unit has been investi-
gating genome-wide expression profiles of human cancers us-
ing cDNA microarray. Following two projects, which are estab-
lished as one of the COE (Center of Excellence) programs,
have been excuted: Using the data obtained by cDNA microar-
ray, we have started to apply the information of human Genome
to patients.
®, We analyzed expression profiles of chromic myeloid leuke-

mia (CML) cells with high-sensitivity and those with low-sen-

sitivity to Imatinib (Glivec), and expression profiles of lung
adenocarcinomas with high-sensitivity, and those with low—
sensitivity to Gefitinib (Iressa). Based on these data, systems
to predict sensitivities of these tumor cells to each treatment
have been developed. As a prospective study in collaboration
with department of medicine in Institute of Medical Science

Hospital, we have started to apply these systems to patients

who are going to be treated with Glivec or Iressa.
®, We have identified SMYD3, a gene frequently upregulated

in the colorectal carcinomas and hepatocellular carcinomas.
SMYD3 encodes a protein containing histone methyltrans-
ferase activity, which forms a ternary complex with an RNA
helicase and RNA polymerase I, This association with RNA
polymerase Il suggests that SMYD3 activates transcription of
downstream genes. We are now investigating its function and
role in human carcinogenesis. Information concerning SMYD3
will be useful for the development of novel anticancer drugs
targeting SMYD3.
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MESENCHYMAL STEM CELL PROJECT

Associate Professor: Hideaki Nakajima M. D, Ph. D.
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subcellular localization of mKirre protein

Our current work is focused on mesenchymal stem cells
O MSCLL the molecular mechanism of self-renewal of hema-
topoietic stem cellsd HSC[ and the regulation of hema-
topoietic cell differentiation by lineage—specific transcription
factorsd
0 O lIsolation and characterization of placental MSC

MSC is a cell that has a capacity to differentiate to
muscle cellsO bonel cartilage] adipocytes or cardiomyo-
cytesl] The methods for isolationt culture and differentia-
tion induction of MSC are still not fully established for
clinical application] This project focuses on the develop-
ment of novel methods for placental MSC handling
These new methods will pave way to their application in
the clinical settings]

0 O Regulation of HSC’ s self-renewal by bone marrow stro-
mal cells

Bone marrow stromal cells are a population of mes-
enchymal cells that resides in the marrowl These cells
are important components for bone marrow nichell a mi-
croenvironment for nurturing HSCO We have previously
cloned novel membrane proteins] ISF and mKirre that
support self-renewal of HSC from bone marrow stromal
cellstd We are currently investigating how these factors
regulate self-renewal of HSC by using cDNA microar-
rayd gene disruption in micel] expression cloning by
retrovirus] These studies will lead to the better under-
standing of the molecular mechanism of signaling net-
works in HSC physiology[]

0 O Mechanism of hematopoietic cell differentiation by line-
age—specific transcription factors

Differentiation of hematopoietic cells is regulated by
lineage—specific transcription factors0 We generated
transgenic mice that ectopically express inducible form
of those transcription factors and analyzing their effects
on hematopoietic differentiation] This study will reveal
the plasticity of hamatopoietic cells at various differentia-
tion stagesl] and eventually help to develop the method
to manipulate hematopoietic cell differentiation]

010000 00000000000000 0000000 Project of Developmental Stem Cells
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Asymmetric differentiation of hematopoietic stem cells

Stem cell biology provides basic knowledge and tools for re-
generative medicine. Hematopoietic stem cells[] HSCs[ have
served as the best stem cell model, founding researches of
other stem cells. However, the molecular basis of their selfl] re-
newal and differentiation remains poorly understood. In this
project, we attempt to clarify how the fate is determined in
HSCs, intrinsically and extrinsically. Recently we obtained evi-
dence for that HSCs can selfld renew under a certain culture
condition. HSCs asymmetrically give rise to themselves and
lineage restricted precursor cells through their early divisions
OFigO IO Presumably, epigenetic changes are involved in
this differentiation step, associated with cell cycle progression.
We will look for molecular mechanisms underlying the initiation
of this event.

Ex vivo expansion of HSCs is the most wanted procedure to
innovate stem cell therapies. Adult HSCs seem to have limits in
selfdd renewal potential as we have recently suggested. We
thus rather make efforts to find out what molecules restrict this
potential. We also seek more primitive cells than HSCs. From
the developmental point of view, there should be precursor
cells capable of giving rise to HSCs, likely arising from the
mesoderm layer in a developing embryo. These presumptive
cells may contribute to a robust expansion of HSCs in vivo. We
want to identify them to test the hypothesis.
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Everyone thought that stem cells randomly hang around in
the bone marrow, but this is not the case. There is the surface
of the bone, the osteoblastic niche, which under steady state
conditions provides a safe haven for resting quiescent stem
cells. The bone marrow microenvironment dictates maturation
and survival of stem and progenitor cells by providing e.g. cy-
tokines. We showed that activation of a proteinase, metallopro-
teinase-9 (MMP-9), by making the stem-cell-active cytokine,
Kitdigand (also known as Stem Cell Factor) bioavailable can
control stem cell fate. To put it simply, physiological stress, as
may occur during tissue injury, activates MMP-9 in bone mar-
row cells, promoting the release of Kitdigand, which leads to
the proliferation and recruitment of stem cells from the dormant
microenvironment of the bone marrow to an environment that
promotes their expansion, differentiation, and mobilization into
the bloodstream. This cascade of events leads to significant ex-
pansion of stem cells that move cells in large numbers into the
peripheral circulation facilitating recovery for future use. These
exciting results lay the foundation for developing strategies
whereby activation of enzymes such as MMP-9 or other as-yet
unrecognized organ-specific proteases can function as mo-
lecular switches to expand and recover a large population of
autologous hibernating stem cells for use in tissue-regenera-
tion and gene therapy. On the other hand, we showed that
these bone marrow derived cells have the capacity to promote
tumor cell growth through local incorporation into tumor tissue
by contributing to tumor vessel cell growth (angiogenesis).
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HUMAN GENOME CENTER

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

Each laboratory of Human Genome Center conducts the ad-
vanced research in human genome analysis, particularly the
field related to genes susceptible to diseases, and also pro-
vides resources and information for genome research. We also
have seminars to transfer technology as well as to use various
computer programs.
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Fig. 1
DAS (Distributed Annotation System) server for KEGG

In this laboratory, we study post-genomic analysis of life sys-
tems consisting of molecular networks by utilizing genomic in-
formation obtained from genome sequencing projects. Our cur-
rent projects include:

0 O Systematic analysis of the gene universe for classification
of gene functions
The gene universe is a huge graph object representing se-
guence similarity relations among all the genes in the com-
pletely sequenced genomes. By developing a graph-based
method for finding quasicliques, the KEGG GENES data-
base (a gene universe database) is decomposed into

ortholog clusters (OCs) in a fully automated manner and on a

continuous basis. The OCs are then manually related to

KEGG pathways to define the KEGG orthology (KO) grouping

for hierarchical classification of gene functions.

0 O Community databases for experts’ knowledge acquisition
The availability of genomic information is a great boon to all
researchers in biomedical sciences accelerating their re-
search on understanding higher-level functional properties of
many species. At the same time, new knowledge gained in
one species can be used to understand other species once
the knowledge is properly computerized. This Laboratory
helps to develop community databases for selected fields, in
which the knowledge is computerized by experts from the
field as a whole.
0 O Disease pathways and disease ontology
Current knowledge on molecular mechanisms of selected
diseases is accumulated and represented as KEGG path-
ways, including those for infectious diseases, cancer, and
metabolic disorders, as well as related pathways for signal
transduction, immune system, and metabolism. In addition,
the knowledge is stored in the BRITE database consisting of
binary relations and an ontology is being developed for infer-
ring diseases from genomic and chemical information.
0 O New interfaces to KEGG
As part of the standardization efforts in KEGG, we now of-
fer the KEGG API (Application Programming Interface) serv-
ice and the DAS (Distributed Annotation System) service for
all the species in KEGG.

oo
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Fig. 2
Infectious disease pathway in KEGG PATHWAY
httpJ0www.genome.jplkegglpathway.html
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LABORATORY OF DNA INFORMATION ANALYSIS
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Fig. 1
Network of 521 genes estimated from 120 S. cerevisiae microarrays ob-
tained by disrupting 120 genes, where 78 of them are transcription factors.

The mission of this laboratory is to create” Computational
Strategy for Systems Biology”. With this mission, we are devel-
oping computational methods for understanding life as a sys-
tem and applying it to medicine and biology based on various
genome-wide information on genes and their products. The su-
percomputer system is an indispensable infrastructure for this
mission. The following three topics are rigorously investigated
with this supercomputer system.
®, Gene networks: Various computational methods are devel-

oped for estimating gene networks from DNA microarry gene

expression data and various genome-wide information such
as protein—protein interactions, protein subcellular localiza-
tions, etc. Bayesian networks, Boolean networks, and sys-
tems of ODEs are employed for modeling gene networks.

With the gene network strategy, we have developed a

method for searching drug target genes and make their vali-

dation. Computational analysis of disease and drug response
genes is also in our scope.

&, Computational knowledge discovery: Computational meth-
ods for searching the parts and switches in the life system
are developed. DNA sequences, SNPs, gene expression pro-
files, amino acid sequences of proteins and their structures
are investigated for this topic. The research on algorithms for
searching motifs which are related to gene regulations is a
typical topic.

®"” Modeling and simulation of biological systems: Towards
the understanding of life as system, the first computational
step is to develop a software tool with which we can model
and simulate various pathways in cells such as gene regula-
tory networks, signaling pathways, metabolic pathways. This
strategy will create predictions of gene functions and new hy-
potheses on computers. We have developed a software tool

“ Genomic Object Net” (http:IDwww.genomicobject.netl) for
modeling and simulation of biological systems.

oo
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Fig. 2

Genomic Object Net realizes smooth modeling of gene regulatory net-
works, metabolic pathways, signaling pathways, etc. The picture shows a
modeling and its simulation of the MAPK pathway of the mating process of
fissin yeast by ferromon response.
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Fig. 1

Strategy for establishment of personalized medicine and development of
molecular targeted anti-cancer drugs using genome-wide cDNA microarray
or whole genome-SNPs analyses.

We are working on the identification of clinically useful data
from human genome sequence as a post genome-sequence
project. To develop novel diagnostic andJor therapeutic strate-
gies to human diseases including cancer, we are carrying out
the identification and functional analysis of genes associated
with the human diseases. Through genome-wide expression
profile analyses in various human cancers by means of cDNA
microarray containing 32,256 genes, we have identified genes
related to the sensitivity of their treatment such as chemothera-
pies and radiotherapies. Using these data, we have been fur-
ther exploring systems to predict the sensitivity of treatment. In
addition, we are searching for genes associated with their ad-
verse effect using whole genome-SNPs (Single Nucleotide
Polymorphisms) analysis, which may facilitate the development
of prediction systems of the adverse effect. The final goal of our
study is the application of these prediction systems into clinics
and the realization of personalized medicine. Additional pro-
jects include the identification of downstream target genes of
tumor suppressor p53. The characterization of the target genes
may be useful not only for the clarification of human carcino-
genesis but also for its clinical application for therapies. The
main projects are as follows;

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

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

0 O Identification and functional analysis of p53-target genes.

Fig. 2
Personalized medicine
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FigD
Strategy of development of novel molecular targeted anti-cancer drugs.

The determination of human genome sequence has been com-
pleted as a result of human genome project. It is now crucial to clarify
the function of genes in the genome. Particularly functional analysis of
genes associated with human diseases is a matter of great impor-
tance. Microarray that enables to detect expression of thousands of
genes with an experiment is a powerful tool for the research of carcino-
genesis in terms of basic research as well as clinical research. We fab-
ricated our in-house microarray slides containing 32,256 genes that
correspond approximately 900 of genes in the human genome. We
have been performing expression profile analyses in a wide range of
human cancers using the microarray slides in combination with LMM
(Laser Microbeam Microdissection). To obtain the precise expression
profiles of human cancers, we have been selectively collecting cancer
cells by LMM from clinical tissues that are a mixture of cancer cells,
stromal cells, endothelial cells, and infiltrating lymphocytes. We have
also analyzed expression profiles of 30 normal human tissues. Utiliz-
ing these microarray data, we have identified genes that are overex-
pressed in cancer cells and not expressed in important vital organs, as
candidates for novel molecular targets of treatment andJor diagnosis
of human cancers. We are currently carrying out the functional analy-
ses of these genes.

We have accomplished genome-wide expression profile analyses of
the Tumors as follows.

0 Ocolorectal cancer, hepatocellular carcinoma, gastric cancer (intesti-
nal-type and diffuse-type), and intrahepatic cholangiocellular carci-
noma,

0 Olung cancer (non-small cell lung carcinoma, small cell lung carci-
noma), esophageal cancer,

0 O pancreatic cancer, prostate cancer,

0 O breast cancer, renal cell carcinoma, bladder cancer soft tissue tu-
mor, leukemias

labeling

(#310,0004%)

Cy3
EM@® " E®M@E 1 aRNA
mEa -
b
Fig.O

cDNA microarray analysis using cancer and normal cells purified by laser
microbeam microdissection (LMM)
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To understand biological systems from the genome informa-
tion and develop medical and other practical applications, it is
necessary to perform an integrated analysis of chemical infor-
mation on substances and their reactions, added to the analy-
sis of genes and proteins. The integration of genomics and
chemistry has been emphasized in the pathway database
KEGG and the LIGAND database has been made publicly
available for many years.

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

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

The ternt in silico” in the name of our laboratory may not be
so familiar; it is analogously used with more commonly-used
terms in biology, such as' in vivo” (in the living organism) and

“ invitro” (in the test tube). Namely, in silico” means in the sili-

con chip”, which means' with computers”. Thus, the mission of
our laboratory is to computationally analyze the function of
genes, which are encoded in genome sequences. Our labora-
tory was founded in 2000; the current organization started in
2003.

The termi* function of genes” may also need some explana-
tion. It means two things: one meaning is the biochemical func-
tion, which is the function of each gene product by itself (say,
substrate specificity), while the other is the biological function,
which is the global process in which each gene product partici-
pates (say, development or glycolysis). Thus, the function of
genes must be understood both from the two directions. We
aim a cooperative effect by undertaking these two lines of re-
search activity within one laboratory.

More specifically, Prof. Nakai is an expert of sequence analy-
sis, with an emphasis on the analysis of transcriptional regula-
tory regions. For example, his group has systematically ana-
lyzed the transcription factor-binding sites in bacterial promot-
ers, which are simpler in structure and are more convenient for
phylogenetic comparison. Collaborative studies with Prof. Su-
mio Sugano’'s group are also under way to analyze the pro-
moter structure of higher organisms. DBTBS and DBTSS,
which are transcriptional databases constructed through these
studies, are now becoming more and more popular. The analy-
sis of transcriptional regulation is useful to understand the bio-
logical function of genes because it clarifies the way on how a
set of genes are regulated in a coordinated way.

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

We expect that the above two lines of studies will interact]
stimulate each other in many aspects. Through such an interac-
tion as well as through many collaborations with experimental
groups, we wish to make steady and significant contributions to
the post-genome analyses.

A
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Fig. 2
Sequences around TSSs of human genes that have well defined TSSs
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The Center for Experimental Medicine was established in
April, 1998. It consists of three laboratories, Laboratory of DNA
Biology and Embryo Engineering, Laboratory of Cellular Biol-
ogy and Laboratory of Gene Expression and Regulation, re-
structured from the Department of Veterinary Medicine and the
Department of Oncology. The operation of this center is carried
out with the Laboratory of Experimental Animals, since all the
four laboratories share the closely related jobs such as the in-
struction of the handling of animals, teaching how to make the
schedules of animal experiments and how to perform the ex-
periments, operation and management of the animal center,
etc.

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

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

Humanized Mouse Models
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Fig. 1

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

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

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

®, Production and analysis of AIDS models

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

=" Reprogramming of adult somatic cells into pluripotent stem
cells and its application to organ reconstitution.

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

Excess IL-1 Signaling Causes Autoimmune Arthritis

Imbalance between
IL-1 and IL-1Ra

l Excess IL-1 signal
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ig. 1 Fig. 2
Undifferentiated ES cells on Microinjection of ES cells into the
feeder cells cavity of blastocyst
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Chimeric mice (right two) and Gene targeting with Cre-loxP
control mice (left two) system

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

®, ES cells, which are used for gene targeting, are the only
stem cells being cultured in vitro. To elucidate the molecular
mechanism that regulates self-renewal of pluripotent ES
cells, we have tried to identify a factor(s) cooperatively with
Oct-304, the critical transcription factor for maintaining of un-
differentiated state of ES cells. We have identified Rox-1
which binds to the promoter region of Rex-1 gene expressed
only in undifferentiated cells.

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

GATTCAGAAGAGGCATTTGCATAAC
CTAAGTCTTCTCCGTAAACGTATTG

putative Rox-1 octamer motif
binding sequence

cold competitor (x 50)
>
e85
purified protain |
recombinant protein
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Fig.
Identification of Rox-1, which binds to the promoter region of undifferenti-
ated cell-specific Rex-1 gene, cooperatively with Oct-314.
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0000000000000 00000000000000 ®, Stem cell regulation and regenerative medicine
jodoobooooooooooooooobooooooo Stem cells are generally defined as clonogenic cells capa-
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The purpose of the laboratory is to contribute to the discovery
of new disease, understanding of the pathogenesis, and devel-
opment of novel therapy by combining knowledge and technol-
ogy of immunology, molecular biology, virology, and cellular bi-
ology. Currently, we are focusing on the study of stem cells in
various tissues and organs.
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ture cells while maintaining primitive stem cells. Because of
these unique properties, stem cells offer the novel and excit-
ing possibility of regenerative medicine. The goal of our re-
search is to elucidate the mechanisms of stem cell self-re-
newal and differentiation to provide novel approaches to the
therapeutic intervention in the treatment of organ failure.

(2) Disease & therapeutic models targeting stem cells

The unique properties of stem cells make them ideal target
cells for gene and cell therapy. We have been developing an
efficient transduction system for hematopoietic and other
stem cells. This includes isolation of stem cells, establish-
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ment of efficient transduction systems, and development of
disease models. Utilization of these technologies for clinical
gene and cell therapy targeting stem cells is our goal.
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Figure.O Figure. 2

May Giemsa staining of the mouse hematopoie-
tic stem cells purified from mouse bone marrow.

In vivo reconstitution of hepatocytes and biliary epithelial cells by GFP
-marked liver stem cells
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The Advanced Clinical Research Center (ACRC) performs
the purpose-oriented research that bridges basic science to
clinical medicine through the collaboration with IMSUT Basic
Research Divisions, Human Genome Center, and Center for
Experimental Medicine. ACRC consists of five Divisions of Mo-
lecular Therapy, Cellular Therapy, Infectious Diseases, Bioen-
gineering, and Immunological Pathology, in addition to three
donated laboratories of Division of Cell Processing (CERES),
Hematopoietic Factors (Chugai), and Genetic Diagnosis (Ot-
suka). ACRC aims at innovation of clinical technology utilizing
newly obtained outcomes from basic researches especially in
genomics and regenerative sciences. ACRC proposes definite
plans of translational research and actively gets involved in the
clinical studies in the Research Hospital. Our diagnostic and
therapeutic technologies which we should promote will be
changed from time to time. Currently, ACRC has been involved
in the translational researches targeting immuno-hematological
disorders, AIDS and solid tumors.
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The main theme of our research is toward the development
of novel therapeutic options against intractable hematological
disorders including leukemia and lymphoma. For this purpose,
we are making every effort to master the mechanisms of nor-
mal and neoplastic hematopoiesis on the basis of molecular
and cellular biology.
®, Preclinical study of therapeutic gene transfer mediated by

various viral vectors:

We have two main research projects in this field. One is a
murine therapeutic model of tumor vaccine secreting GM-
CSF (GVAX) in combination with nonmyeloablative alloge-
neic HSCT. The other is a human experimental model of ri-
bozyme technology for inactivation of leukemogenic fusion
mRNA such as BCR-ABL.

®, Preclinical study of targeted drug delivery using various
cellHargeting strategies and novel molecular target agents:

We are developing various cell-targeting strategies using
cytokines, adhesion molecules as well as monoclonal anti-
bodies. PEG-iposome has been applied for this purpose. In
addition, we have made two types of cytokine derivatives by
genetic engineering for preclinical study. We are also study-
ing antiHeukemic effects of a novel signal transduction inhibi-
tor and anti-GvHD effects of a novel cytokine synthesis in-
hibitor for the future clinical trial.

®" Analysis of tumor stem cells and search for molecular tar-
gets for their elimination:

Cure of malignant tumors requires eradication of tumor
stem cells. As a representative model for tumor stem cells,
we are studying the identification and characterization of leu-
kemia stem cells using cell tracking strategies and flow cy-
tometry.

@» Analysis of normal and neoplastic hematopoiesis based on
their interaction with microenvironments:

Not only normal but also neoplastic hematopoiesis can be
supported by the specific interaction between stemIprogeni-
tor cells and bone marrow microenvironments. To simulate
this cell to cell contact /in vitro, we are using a co—culture sys-
tem in which stemlprogenitor cells are overlaid on the layer
of hematopoiesis—supporting stroma cells. This co-culture
system is applied for determination of drug sensitivities and
gene transfer effects.
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Figure
Applications of retrovirus-mediated gene transfer

Oure major interest is to elucidate the mechanisms of leu-
kemogenesis, self-renewal of hematopoietic stem cells, and the
control of cell devision and differentiation. We use retrovirus—
mediated efficient gene transfer and functional expression clon-
ing for the experiments. Purposes of our researech projects are
to clarify the underlying mechanisms of cell differentiation, pro-
liferation and transformation, and eventually develop new
strategies in the molecular targeted therapy of leukemia and
cancer.

0O O Molecular aspects of leukemia, myelodysplastic syn-
dromes (MDS) and myeloproliferative disorder (MPD): We are
making model mice for leukemia, MDS, and MPD to investi-
gate the etiology of these disieases using the model mice.
Recently, it has been reported that mutations in a transcrip-
tion factor AMLE] are frequently found in MDS patients. We
are now setting up experiments in which the mutant AML+] is
transduced to mouse bone marrow cells via retrovirus infec-
tion in mouse BMT model. We are also trying to identify
causative gene mutations of MDS and MPD by functional ex-
pression cloning.

0 O Expansion of hematopoietic stem cells by bone marrow-
derived stroma cells: We identified molecules called ISF and
mKirre from bone marrow-derived stromal cells by express-
sion cloning, both of which endowed stroma cells with the ca-
pability to support self-renewal of hematopoietic stem cells.
Interestingly, ISF turned out to be a subunit of vacuole-type
ATPase-associated proton pump. mKirre is a member of the
Ig superfarmily. The purpose of this project is to understand
the molecular mechanisms of self-renewal of hematopoietic
stem cells through the analysis of ISF and mKirre.

0 O Co-ordinate control of cell division and differentiation by
small GTPases: Using retrovirus-mediated functional cloning,
we identified a GTPase activating protein (GAP)
MgcRacGAPICyk4 that enhances macrophage differentia-
tion of mouse leukemic Ml cells and human leukemic HL-60
cells. We later found that MgcRacGAP plays critical roles in
cell division, completion of cytokinesis. However, the relation-
ship between MgRacGAP and differentiation was elusive. We
have recently found that MaRacGAP binds STAT3 and en-
hances transcrptional activation of STAT3, implicating STAT
3 in MgcRacGAP-induced differentiation of Ml cells. Overex-
pression of MgcRacGAP enhanced transcriptional activation
of STAT3 while knockdown of MgcRacGAP by siRNA pro-
foundly suppressed it. Thus, MgcRacGAPIsmall GTPases
play dual roles during cell division and interphase, thereby
controlling the cell fate.

0 O Analysis of a novel receptor family expressed on mast
cells: We searched for membrane and secreted proteins by
retrovirus-mediated signal sequence trap. The purpose of
this project is to understand the mechanisms of allergy and
eventually to develop the new therapy. Among 2,400 SST
clones, we decided to focus on an NK inhibitory receptor like
molecule harboring four ITIM motifs in the intracellular do-
main. We also identified several related receptors, and
named these receptors LMIROE].

0 O Mesenchymal stem cells, which can differentiate into mes-
enchymal organ system, such as endothelial cells, osteo-
cytes, chondrocytes and myocytes, are attracting attention as
a novel source of therapeutic grafts. We aim at identification
of the mescenchymal stem cells in bone marrow, cord blood
and placenta, and clarification of the mechanism regulating
their proliferation and differentiation to establish a method
which supports the development of various mesenchymal
cells.
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@, Although Japan is classified as a country with a low preva-
lence of human immunodeficiency virus type OO HIV-E[ do-
mestic sexual transmission has been increasing steadily. Be-
cause [0 of the Japanese population expresses HLA-AT]

O genotype HLA-AOTTI we wished to assess the effect of
the dominant HLA type on the evolution and transmission of
HIV-E] among the Japanese population. Twenty-three out of
O AT)positive Japanese patients had a Y-to-F substitution
at the second positiorJ Nef TTHTDOOFMin an immunodomi-
nant AT—restricted CTL epitope in their HIVEH] nef genel Nef
I+ None of [IJ ATl-negative Japanese hemophiliacs
butO out of (1] patients infected through unprotected sexual
intercourse had Nef TTHTIOOFID P OOMOO Two of two ATl-
positive but none of six ATl-negative Australians had NefTT]
4100FO NefITHDOOFO peptides bound well to the HLA-A
DT heavy chain; however, Nef THHTDOFD was expressed
poorly on the cell surface from the native protein. Thus, HIVEH]
with NefTTHTI00FOappears to be a cytotoxic-T-lymphocyte
escape mutant and has been transmitted frequently by sex-
ual contact among the highly AT]-positive Japanese popula-
tion.

®, We compared serological infection markers in two groups
of HIVH infected individuals; hemophiliacs and sexually
transmitted cases. Syphilis, HHVH, HSVH, CMV, EBV,
toxoplasma were more prevalent among sexually transmitted
HIV-HIO O O cases, while antibodies against HBV and HCV
were more prevalent among hemophiliacs. Although the inci-
dence of HBV antigenemia was not significantly different be-
tween the two groups, both had higher incidence than gen-
eral population. We analyzed HBV genotype in the HIVEID
HBVO O Dindividuals and found that the great majority was
infected by genotype A instead of genotype C which is the
most prevalent HBV genotype in Asian countries including
Japan. Genotype A HBV is popular in north America and
Europe. Therefore, our results suggest that HBV from west-
ern hemisphere was introduced and is circulating in Japan.

&” We cloned the extracellular domain of a human MHC class
| heavy chain, HLA-AOITT], or human S 41 microglobulirid g
OmOfused with HLA-AOITTl—restricted human immunodefi-
ciency virus type 00O HIV-EDO cytotoxic T-lymphocyted CTLO
epitopes] e-B0mOIn separate SeV vectors. When we coin-
fected nonhuman mammalian cells with the SeVs, naturally
folded human MHC class llpeptide complexes were secreted
in the culture supernatants. Biotin binding peptide sequences
on the C terminus of the heavy chain were used to tetramer-
ize the complexes. These tetramers made in the SeV system
recognized specific CO—positive T cells in peripheral blood
mononuclear cells of HIV-E-positive patients with a specificity
and sensitivity similar to those of MHC class | tetramers
made in Escherichia coli system.

oo
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Fig. 1
The great majority of Japanese expresses HLA-AT]. HIV-E replicating in
HLA-ATT] O Oindividuals has an amino acid substitution at the(Ind position
OY-FOof a CTL epitope in nef genell NefITHTI[] The same amino acid
substitution was found in HLA-ATT] O Oindividuals infected through unpro-
tected sexual intercourse but not in hemophiliacs] P OOMDIO
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QOur department has two major goals in basic research;lDDevelopment of innovative cancer therapy using immunologic ap-
proaches and gene therapy strategies, andCJ0Mechanistic study on transplantation immunology to further develop clinical
transplantation.

Development of innovative cancer therapy
[ 0 Induction of anti-tumor immunity using intra-tumor administration of adenoviral vector expressing biologically active IL-18
We have reported that interleukin (IL-18 has potent antitumor effects mediated by CDAT T cells and NK cells, butin IFN-
gamma- and IL-12-independent pathways. In order to develop IL-18 cancer gene therapy, we have investigated the in vivo
antitumor effects of intratumoral administration of an adenoviral vector expressing hiologically active murine IL-18. Sub-
stantial antitumor effects were observed when established MCA205 fibrosarcoma was treated in syngeneic immunocompe-
tentmice with intratumoral injection of Ad. PTH. IL-18. This study suggests that intratumoral administration of an adenoviral
vector expressing biologically active murine IL-18 could be a new strategy of gene therapy in the clinical setting to treat pa-
tientswith cancer.
[ 0 Invivo electroporation of human FLT3-Ligand plasmid DNA induce effectively mobilize and activate dendritic cells in situ
We have established the genetically modified DC to regulate the immune response. We have also focused on Fit3-Ligand,
arecently reported cytokine, is a stimulator for proliferation and differentiation of DC not only in vitro butin vivo. In this study,
we evaluated the effects of Fit3-Ligand on DC mobilization, proliferation, maturation and immune response using in vivo
electroporation (IVE). After FIt3-Ligand trasfection using IVE, significantly high level of Fit3-Ligand was detected in the se-
rum during 10 days after IVE. The frequency of DC hoth in spleen and bone marrow significantly was increased after FIit3-

Ligand IVE when compared with those of control group. In mouse tumor model, Fit3-Ligand IVE induced the migration of

dendritic cellstolocal tumor site that was associated with proliferation and mobilization of DC. These results implied that Fit3

Ligand gene transfer using IVE could utilize to the clinical application for cancer gene therapy.

00 Dendritic qgllssn‘mulated with a bacterial product, OK-432, efficiently induce cytotoxic T lymphocytes specific to tumor re-
jection peptide
Dendritic cells (DC) are potent antigen presenting cells which has recently been used for cancer immunotherapy using
epitope peptides derived from tumor rejection antigens. Accumulating results of the clinical trial of such strategy suggest that
maturation of the DCs applied is one of the key factors which influence the outcome of the vaccination. It has been sug-
gestedthat DCs needto havé mature” phenotype which s capable of inducing cytotoxic T cells (CTL) efficiently. The char-

acteristics of the mature DCs (mDCs) include high expression of MHC and co-stimulatory molecules and the production of IL

-12. Inthis study, we examined the effects of penicillin-killed Streptococcus pyogenes (Ok-432, clinical grade in Japan) on

DC maturation. Furthermore, we also examined the potency of OK-432 stimulated DCs on the induction of CTLS specific to

the epitope peptide. Peripheral blood mononuclear cells (PBMC) were obtained from healthy donars, selected by the adher-

ence, and cultured in AIM-V medium supplemented with 2000Uml of GM-CSF and 1000Uml of IL~4 for 57 days. Pheno-
typic analysis on them showed that more than 900 of prepared cells showed the immunophenatype consistent with imma-
ture DC (DC). These iDC were divided into 4 groups and cultured further in AIM-V containing following agents; A AIM-V
alone, B.TNF-x (100ngImi), C. LPS (100ngImi), D. OK-432 (10u gmi) (OK-DC). After 72 hours, cells were harvested and sur-
face phenotypes and cytokine production using FACS and ELISA respectively. DCs in groups B, C, and D showed signifi-
cantly higher CD83 expression (8, 85.91; C, 84.701; D, 61.000) when compared with control, (3, 3.820). Furthermore, DCs
ingroup D showed significantly higher production of IL-12 (40.7+ 3.1ngim) and IFN~y  (1976.8¢ 272.6pgCml) when com-
paredwith those of ather groups. These results indicate that OK-432 could promote the maturation of iDC to produce signifi-
cantamount of Th1 type cytokines. To examine the influence of the OK-432 on the induction of peptide specific CTLs, CE3
(HLA-A” 2402 restricted 9 mer peptide derived from Carcinoembryonic antigen, TYACFVSNL) was used for inducing pep-
tide specific CTLs. The chromium-releasing assay and the tetramer assay ofthe CD8 T cells showed that highest cyto-
toxic activity and highest CTL frequency were induced with OK-DC stimulation. Furthermore, we investigated the signaling
pathway of OK-432 using the TLR indicator cel ines and the blocking antibodies. These results showed that OK-432 does
not use either TLR2 or TLRE, butthe B 2integrin for was the stimulation. These results strongly suggest that Ok=432 could
be auseful agent for peptide-based cancer vaccine using DCs.
[ 0 Generation of mature denditic cells fully capable of T helper type 1 polarization using OK-432 combined with
prostaglandin E2
Dendritic cell (DC) administration appears to be a very promising approach as the immunatherapy of cancer. The results of
clinical studies have been suggested that the nature and the magnitude of antitumor immune responses are critically af-
fected by DC functions including production of Th1-inducing cytokines, activation of the T cell subsets and NK cells, and mi-
gration from peripheral tissues to T cell area of the draining lymph nodes. Administration of immature DCs could fail to fully
stimulate antigen-specific immune responses and might induce tolerance in some conditions. In this study, we developed
the measures to obtain fully mature DCs and compared in detail with the effects of maturation stimulus termed MCM-mimic,
whichis amixture of recombinant cytokines and PGE2 mimicking the content of monocyte-conditioned medium. Using DCs
derived from monocytes of advanced cancer patients in this study, we have shown DCs stimulated with OK-432 alone
showed phenotypes similar to those of mature DCs induced using MCM-mimic with better secretion of IL-6 and IL-L2. How-
ever, these DCs were found to have poor migratory capacity associated with the marginal expression of CCR7. When OK-

432 was combined with PGE2, CCRT expression and migratory capacity of DCs were significantly improved withoutimpair-

ing otherimmuno-stimulatory functions. These results suggest that OK-432 stimulation combined with PGE2 could be appli-

cable as an alternative to MCM-mimic in clinical trials, which require fully matured DCs to induce Th1-type immune re-
sponsesagainst tumor cells evenin the patients with advanced cancer.
[ [ Optimal condition for RNA transfection of denditic cells using electroporation

Dendritic cells are professional antigen presenting cells that can efficiently activate antigen-specific T cells. Vrious strate-
gies have beeninvestigated to load antigens on the denditic cell for efficient CTL induction. Recent reports have shown that
strong immune responses can be induced by dendritic cells transfected with RNA coding tumor-associated antigens using
electroporation. However, the optimal condition of RNA transfection with electroporation is still controversial. We examined
various conditions of RNA electroporation for dendritic cells to determine the optimal conditions for expression. We used

EGFP RNA transcribed in vitro from pTNTEGFP and pGEMAZIEGFPIAB4, and lacZ RNA transcribed in vitro from pTNT!

lacZ and pGEMAZ lacZIA64. Invitro transcribed RNA was transfected into day-7 bone marrow derived dendritic cells of C57

BLI6 mouse with electroporation. The 5x10e6 cellsin 200 microl Opti-MEM (Invitragen) were electroporated with RNAn 0.2-

cm gapped cuvette. Multiple conditions of voltage, pulse length, number of pulse and RNA amount were examined ranging

between 200-1000V, 150-3000 microsec, 1-5 pulses and 0-50 microg, respectively. Effects of Ok-432 or LPS on EGFP ex-
pression in transfected dendritic cell were also examined. Flow cytometry and X-gal staining showed the expression of

EGFP and f -galactosidase in dendritic cells electroporated with EGFP and lacZ RNA transcribed in vitro, respectively. The

EGFP expression was better with capped RNA than with RNA including - globin leader sequence or with uncapped RNA

The bestefficiency with minor cell damage of electroporation was obtained under conditions of 300 V, 500 microsec and one

pulse. The EGFP expression reached a plateau in DC transfected with 25 microg of capped of EGFP RNA The EGFP ex-

pressionwas detected at 12 hr after electroporation, and was atits peak at 24 hr after electroporation. Stimulation with LPS or

(OK-432 was associated with increased EGFP expression. We demonstrated that RNA of interest could be efficiently trans-

fected and expressed with electroporation only with well-examined specific conditions.

[ 0 Development of novel chemoimmunotherapy using S-1 and Lentinan
Cancer chemotherapy has limitations thatitis dificult to obtain survival benefit, even if the tumor regression was accom-
plished temporarily. Combine usage of hiological response modifier with anti-cancer drug, so called” chemoimmunother-
apy', has been paid attention to these effects and benefits, However, lttle is known about the mechanisms, This investigation

was conducted to clarify the mechanisms of synergistic effect of § -glucan, Lentinan, and anovel oral anti-cancer drug, S-1,

in cancer cachexic mouse model. On the hypathesis that a B -glucan, Lentinan will be able to enhance the phagocyte effi

ciency of dendritic cells, we have been trying to break the peripheral T cell tolerance toward tumor self antigen, CEA, ex-
pressed by MC-38 stably transduced with CEAin CTIBLI6J mice transgenic for CEA
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Our division was founded in 2000 at the Advanced Clinical Re-
search Center to provide medical treatment and care for autoimmune
diseases and other immune-mediated disorders as well as to de-
velop the advanced therapy to cure the above diseases. Our re-
search purpose is to determine the structure and function of cell sur-
face molecules expressed by human lymphocytes as well as the
regulatory mechanisms of transcriptional factors involved in immune
function and other important cellular functions and thereby to under-
stand how the immune systems work. Through such novel insights,
we attempted to elucidate immunopathophysiology of the above im-
munological disorders on the cellular, molecular and genetic levels
and ultimately to establish the novel rational therapies for them. On-
going projects are as follows;

0 O We have identified M6P/IGFIIR receptor, Caveolin, CD45 and Ro
52/SSA as the binding protein for CD26. We are now determining
the precise binding domain of CD26 with these proteins and the
biological significance of these proteins. Utilizing the above system,
we will develop the immunoregulatory drugs which inhibit these in-
teractions. Moreover, we are developing human CD26 monoclonal
antibodies to treat CD26 positive tumors, autoimmune diseases
and GVHD. Moreover, we plan to establish the novel therapy to
treat immune deficiency diseases for restoring antigen specific im-
mune response and malignant tumors with enhancing sensitivity to
chemotherapeutic agents utilizing soluble CD26.

0 O Cas-L (Crk—associated substrate lymphocyte type) is a docking
protein downstream to beta 1 integrins. We have found that Cas-L
is associated with TGF-beta—mediated signaling pathway and NF-
kappaB pathway. Through the analysis on the protein—protein inter-
action between components of these two signaling pathways and
Cas-L, we aim at exploring the possible therapeutic application of
Cas-L or its related products in the treatment of malignancies,
autoimmune diseases, and osteoporosis. By utilizing gene target-
ing approach, we aim at determination of further the biological func-
tions of Cas—L.

O O Molecular biology of nuclear receptors: We have been working
with transcriptional regulation of gene expression by nuclear recep-
tors. Mainly we will focus on the glucocorticoid receptor and phar-
macologically develop selective modulator of receptor function.

0 O Conditional regulation of gene expression by the hypoxia—induc-
ible factor: We are currently working with the hypoxia—inducible fac-
tors, which are members of the basic helix-loop-helix PAS tran-
scription factor. Our aim is identification of its activation pathway
and application to various angiogenic diseases including ischemic
vascular diseases, cancers, diabetic retinopathy, and rheumatoid
arthritis.

O O Transcriptional regulation by NF-xB: NF—«B is considered to be a
major player which activates a set of genes in inflammatory condi-
tions and immune reactions. We have recently identified novel acti-
vation mechanism of NF—B. Further studies will merit to develop
novel antiinflammatory and/ or immunosuppressive drugs.

0 O Structure and function of human IL-12 and IL-23 receptors: We
developed a panel of monoclonal antibodies against the 1L-12 re-
ceptor and elucidated the expression of this receptor in macro-
phage and dendritic cell lineage. We plan to manipulate immune
response through controling this interesting receptor system.

0O O Structure and function of human chemokine receptors and other
7-spanner type receptors: We showed the expression of
chemokine receptors was crucial to antigen presentation by den-
dritic cells. Preliminarily, receptors for prostaglandins, similar 7
transmembrane spanner-type receptor to chemokine receptor
were expressed in various inflammatory sites. Analysis of
prostaglandin receptors in immunocytes is under extensive study.

A Model of CD26/DPPIV at TCR-mediated T cell Signaling.
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Fig.
A model of CD26IDPPIV at TCR mediated T cell signaling in adult and
cord blood
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The purpose of the Division of Medical Data Processing
Network System for the Research Hospital is to research and
develop advanced system methodology and computer tech-
nology suitable for the 21-th century type research hospital.
Some conceptual research programs and targets of our divi-
sion are described as follows.

—Systematic Research for the Ideal 21-the Century-type Hospi-
tal.

National cost for Japanese health now amounts up to 3000
billion yen per year. Medical accidents and insufficient or sur-
plus medical cares cause serious social problems. These
facts need EBM (Evidence Based Medicine) and need to re-
search and develop the most appropriated clinical database
and their processing system.

—-Systematic Research for Genomic Diagnoses.

Many research projects started to study genomic disease
in Japan. For the clinical application of these results, system-
atic studies are necessary how to integrate the genomic da-
tabase and clinical data as well as new computer simulation
algorithm.

—Systematic Research for Data Processing of Advanced Medi-
cal Instruments.

Cancer or infection decease are main target of medical sci-
ence, although mechanism of genomic diseases are gradu-
ally made clear. Data processing methodology and algorithm
for MRI, X—ray CT, and PET are important research targets.

—-Systematic Research for Human Cell Engineering Technolo-
gies.
Pattern recognition and control technologies of human cell
and microscopic cell organs are very important for genomic
sciences to be useful for clinical applications.
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Fig. 1
Model of reverse genetics for CDV

Our major research interests are to elucidate molecular mechanisms
of pathogenicity and species specificity of negative and single 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 virus vaccines and virus vectors
through genetic engineering.

@&, Molecular mechanisms of pathogenicity and species specificity of
mononegavirales.

We are using our novel system which allows morbillivirus (mea-
sles virus: MV, rinderpest virus: RPV, canine distemper virus: CDV)
generation from cDNA and thus enables engineering of the
mononegavirales. 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 receptors
in viral replication, pathogenicity and species specificity. These
mechanisms were also analyzed in experimental animal models,
which show typical symptoms usually observed in naturally affected
hosts.

@, Development of new virus vaccines against morbilliviruses and of
virus vectors.

Using our novel technique of genetic engineering, we are develop-
ing attenuated and/or polyvalent vaccines. We are also attempting to
use the viruses as novel vectors.

&" Molecular analysis of hepatocaranogenesis suffered by hepatitic

Cvirus (HCV).

@®» Mechanisms of developing pathological degeneration in the cen-
tral nervous system.

Using rodent models which genetically show nervous symptoms
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 IMSUT.
The technical staffs support their breeding, frozen storage and mi-
crobiological 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
ElA-deficient adenovirus expression vector

This laboratory has two main aims: Developing efficient ex-
pression vectors for gene therapy and for basic research, and
offering general services to promote recombinant DNA technol-
ogy.
®, Basic research for gene therapy: application of adenovirus

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 administrated by tablets.

Collaborative projects are going on aiming the following re-

spects by supplying recombinant adenoviruses from this

laboratory: a) basic research on gene therapy against cancer,

infectious disease such as AIDS and hereditary diseases, b)

recombinant-adenovirus live vaccine. c) adenovirus vectors

suitable for expression in the nervous and immunological
systems, d) rapid methods to construct recombinant adenovi-
ruses.

®, Services to promote recombinant DNA technology. Advice
on gene manipulation-DNA experiments under the safety
guidelines.
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Fig. 2
Regulation of gene expression using recombinant adenovirus producing
Cre recombinase.
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0000000000000 000OChromatography of venom proteins
from HabuO

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

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

0 O Research of Habu control.

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

0 O Reproduction of squirrel monkeys.

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

0 O Research of wild animals

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

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

0 O Infection experiment using the primates.

The animal facilities for infection experiment using the pri-
mates were folly accomplished. The research on the patho-
genicity of measles virus has been performed using these
equipments.

oo
0000000000000 00Endemic species of the Amami Is. and
mongoosel]
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Even after all the Japanese national universities were trans-
formed into the national-university corporations in April 2004,
the hospital of the Institute of the Medical Science, the Univer-
sity of Tokyo (IMSUT) remained to be the only one Research
Hospital in the country. A brand new 8-story hospital building is
equipped with 135 beds including 6 completely biological clean
rooms, out—patient clinic, advanced diagnostic and therapeutic
machines and so on. At the moment, Research Hospital targets
hematological malignancies, solid tumors, infectious diseases,
autoimmune disorders mainly as project diseases. Based on
advanced and human treatment, Research Hospital, together
with the Advanced Clinical Research Center, aims at clinical
studies on pathogenesis and interventional studies such as cell
therapy and immunotherapy utilizing stem cells and dendritic
cells, respectively. The operational structure of Research Hos-
pital is divided into three units; =, advanced medical care unit,
@, care support unit and ®” safety management unit. These
units are further supported by the nursing department, phar-
macy and administration office. The advanced medical care
unit consists of medical and surgical groups, in which profes-
sional subgroups provide high standard treatment. The care
support unit consists of departments of medical intelligence,
cellprocessing Otransfusion service, radiology, surgical center,
laboratory medicine and medical supplies. The safety manage-
ment unit is directly under the supervision of the director of the
hospital and responsible not only for the medical safety issues
but also for the rationality, safety and ethical issues of the pro-
tocol for the translational research. Research Hospital is a
small but unique hospital with high standard care and full of
medical sciences in collaboration with Advanced Clinical Re-
search Center, Human Genome Center, Center for Experimen-
tal Medicine and Research Departments in IMSUT and other
groups outside IMSUT.
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Department of Advanced Medical Science was established in
September [ I1]. We are doing clinical duties in the Research
Hospital. Our clinical and pre——clinical researches are as follows.
2, Identification of tumor—associated antigens in melanoma

patients treated by the dendritic cell therapy

We explored serum antibodies in cancer patients treated
by the dendritic cell (DC) therapy in search of tumor-associ-
ated antigens, which may include critical molecules in cancer
biology as well as possible targets of immunotherapy. By
conventional Western blot analysis using tumor lysate ob-
tained from melanoma patients who had response to the
dendritic cell therapy, two proteins (27kD and 47kD) reacted
with autologous serum. We are going to analyse these pro-
teins by two—dimension electrophoresis combined with West-
ern blot analysis and Matrix—Assisted Laser Desorption loni-
zation—Time of FlighttMass Spectrometry methods.
2, A potential pro—angiogenic cell therapy for ischemic dis-
ease using hPDMCs
After the establishment of Cord Blood Banks, more than
2,000 cord blood transplantations have been performed
throughout the world. In the processing of cord blood, adja-
cent placenta has been so far thrown away. Recently, the De-
partment of Cell Processing IMS, started preparation and
characterization of human placenta—derived mesenchymal
cells (hPDMCs), which are obtained from placental villi. One
of the characteristics of placenta is that its high vascularity.
So, in our laboratory, we explored the possibility that these
cells might produce angiogenic cytokines and could be used
for pro—angiogenic cell therapy. We measured VEGF in
hPDMCs conditioned media by ELISA and found that a large
amount of VEGF, comparable to the amount produced by
cancer cells, is produced by hPDMCs. We confirmed this
VEGEF is biologically active. In vivo studies were performed to
test the efficacy of hPDMCs injection to improve ischemic
status. We made an animal model for arterial occlusive dis-
ease, inducing unilateral hindlimb ischemia by binding the left
femoral arteries and veins of NODIShi-scid mice. We trans-
planted hPDMCs in the ischemic muscles. Subcutaneous
blood perfusion was analyzed by using a laser doppler perfu-
sion image analyzer before and after transplantation. Trans-
plantation of hPDMCs significantly improved the blood flow of
the affected limbs. In the limbs of treated mice formation of
blood vessels was more prominently observed as compared
to the control. Transplanted hPDMCs produced hVEGF for at
least 0 days in NODIShi-scid mice, which was demon-
strated by real time RT-PCR. It was concluded that hPDMCs
could be used to treat human ischemic diseases.
2” Analysis on mechanisms of conotruncus formation during
embryonic heart development
The cardiac outflow tract is a frequent site for clinically rele-
vant human heart defects. During embryonic heart develop-
ment, the early heart tube forms from two regions of splanch-
nic mesoderm called the lateral heart fields. It has been gen-
erally accepted that remodeling of this single heart tube cre-
ates four separate and properly aligned chambers. However,
this concept has recently been extended to implicate a novel
heart—forming field, dubbed anterior heart field (AHF) or sec-
ondary heart field other than“ primary” lateral heart field,
where the existence of the cardiac progenitor cells has been
implicated. It is known that the neural crest (NC) cells, in addi-
tion to the AHF, significantly contribute to the formation of the
outflow tract The hdf mouse is a recessive lethal strain that
arose from an insertional mutation of LacZ transgene. Em-
bryo homozygous for the transgene die due to the cardiac
anomaly. Since the outflow tract is almost absent in the hdf
homozygous embryos, the hdf mouse gives an important op-
portunity for studying the segmental origin and development
of the cardiac outflow tract. We have performed subtractive
hybridization using hdf mice and consequently, a novel gene,

Hadl (hdf affected gene [J) was identified as a gene down—

regulated in heart field of hdf homozygous mice embryos.

Hadl gene expression was developmentally regulated in

mouse embryos and Had 1 was expression in the pharyngeal

arches from EHJ through E10.5 correlated temporally with the
passage of NC cells and recruitment of the AHF cells. The
project to examine whether and how Hadl and the other re-
lated gene expressed in the heart field is involved in the for-
mation of the outflow is under way.

2> Analysis of the expression gradient of genes in human
colonic mucosa

Ulcerative colitis is characterized by continuous inflamma-

tion extending from rectum to oral colonic mucosa. Epidemi-
ological data have provided incontrovertible evidence that
both genetic and environmental factors are important in the
disease susceptibility. We speculate that the expression gra-
dient of genes in human colonic mucosa might be related to
the disease development and progression. We compared the
expression levels of genes in segments of a normal human
colon and made a catalogue of genes expressed at higher
level in the distal colon. First, we compared the expression
levels of genes at different segments of colon by screening
cDNA microarray. Next, RT-PCR studies were conducted to
confirm the expression levels. Finally, we evaluated the ex-
pression levels of these genes throughout the digestive tract
and other tissues by northern blotting studies. 3 genes
showed gradual rise in expression in colon and one of them
was specifically expressed in colon. These genes might be
susceptible for ulcerative colitis.
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Our general interest is focused on planning and performing

novel therapeutic strategies for intractable hematological disor-
ders.
®, Hematopoietic Stem Cell Transplantation (HSCT)

As many as 450 cases of allogeneic or autologous HSCT
have been performed and HSCT-related complications in-
cluding acuteJchronic GvHD and opportunistic infection have
been treated until 2003. We developed recombinant human
G-CSF and played a leading role in demonstrating its re-
markable usefulness in HSCT. Based on our achievement as
a main hub of HSCT centers in Japan, we greatly contributed
to found the Japan Marrow Donor Program (JMDP) and have
been continuously working for JIMDP in not only transplanta-
tion but also collection of unrelated donor marrows. Recent
years unrelated cord blood has turned to be our major stem
cell source in HSCT. Since [I11] we have performed up to
60 cases of CBT in adults, which appears a distinguished ex-
perience in the world. During such a transition of our stem
cell source, immunological reconstitution from the CB graft as
well as the pathophysiology of GvHD and GvL is becoming
our main theme to be elucidated, and we are now engaged in
the basic research on novel therapeutic application of CB
HSC and mesenchymal stem cells.

@, Gene Therapy

As a collaboration study with Cell Genesys Co, other de-
partments in IMSUT and other university hospitals, we car-
ried out a gene therapy protocol in which the safety and effi-
cacy of autologous cancer vaccine transduced with GM-CSF
cDNA was tested against stage IV renal cell cancer. Based
on the results of this trial, we are now developing our own
clinical gene therapy protocols for hematological malignan-
cies, especially focusing on gene-modified leukemiallym-
phoma vaccine in combination with allogeneic HSCT.

®" Cell and Molecular Targeted Therapy

Humanized anti-CD20 monoclonal antibody (rituximab)
and Abl-specific tyrosin kinase inhibitor (imatinib mesylate)
are representative promising drugs in the field of cell and mo-
lecular targeted therapy. We are trying to apply these drugs
to other disorders than those originally approved for use (B
cell lymphoma and CML, respectively). In addition, we are
also performing basic studies on macromolecular agents in-
cluding recombinant toxins and immunoadhesins as well as
small molecule agents such as novel kinase inhibitors and
cytokine synthesis inhibitors.
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The Department of Infectious Disease and Applied Immunol-
ogy (DIDAI) was founded in 1981, and started clinic and re-
search works for HIV infection since 1986. DIDAI is also a ma-
jor center for tropical diseases including treatment of malaria
and dengue fever, pre—travel clinic for malaria, and post-expo-
sure vaccination of rabies in Japan where risk management for
infectious diseases is poorly organized.

0 O Clinical activities for HIV-infected patients

Approximately 200 outpatients and 6-8 inpatients with HIV
infection are under our medical care as of the end of 2003, and
the numbers are still increasing. As shown in a figure below, the
number of HIV-infected patients managed in IMS hospital tran-
siently decreased by half because of establishment of AIDS
center in International Medical Center of Japan. However, the
number is increasing again with slightly exponential curve as
Japanese statistics of HIV—infected patients.

Since the introduction of highly active antiretroviral therapy
(HAART; combination therapy with 3 or 4 antiretroviral agents)
in 1996, it has become possible to control proliferation of HIV
and recover patients’ immunodeficiency. However, it is sup-
posed to take more than 70 years until HIV is eradicated from
patients with HAART, which means that they have to continue
HAART during whole their lives. Since long-term HAART
causes various toxicity, financial problems and deteriorated pa-
tients’ QOL, it becomes urgent mission to develop the new
strategy to stop HAART without re—proliferation of HIV.

0 O New therapeutical strategy for HIV infection

Based on the background stated above, we planned and
have been conducting a clinical study to interrupt HAART for
patients after immunizing with the therapeutic HIV vaccine. If
patients interrupt HAART without any intervention, the viral
loads will rebound within one month to the level before starting
HAART. However, there are rare cases who keep low level of
viral load and do not progress to immunodeficiency after they
interrupt HAART. Immunological analysis of these patients re-
vealed that they have strong cellular immunity against HIV,
which suppresses the proliferation of HIV. In contrary, most of
HIV-infected patients have deteriorated cellular immunity
against HIV and cannot control viral replication immunologi-
cally.

Taken together with these observations, we postulated that if
we could stimulate the HIV-specific cellular immunity by immu-
nizing them with HIV vaccine, they might be able to control viral
replication by their own immunity after interruption of HAART. In
order to test this hypothesis, we are now conducting a phase |
study; HIV—specific immunization of HIV-infected patients and
interruption of antiretroviral therapy.

0 O Treatment of tropical diseases

We take care of 10-15 patients with malaria every year. Pa-
tients with dengue fever, typhoid fever and pathogenic E. coli
as well as rickettiosis and Lyme disease transmitted via ticks
are also admitted. We also take care of vaccination of tetanus
toxoid and rabies for patients who had animal bites in foreign
countries. Numbers of foreigners with HIV infection are increas-
ing as the Japanese society becomes international.
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Fig. 1

Flowcytometric analysis of bone marrow cells of NOD/SCID mice trans-
planted with human CD34+ cells. Human CD45+ and CD45+/CD34+cells are
detectable in bone marrow cells of NOD/SCID mice.

Department of Pediatric Hematology/Oncology was estab-
lished in April, 1998. We engage in the treatment of pediatric
hematological diseases such as leukemia and aplastic anemia
mainly by hematopoietic stem cell transplantation (HSCT), and
pediatric solid tumors, immunodeficiencies and congenital
metabolic diseases, which are also targets of gene therapy, will
be included in our area. So far 38 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 cur-
rently focusing on the following projects.
®, Cord Blood Transplantation

In cooperation with Division of Cell Processing, we engage
in Tokyo Cord Blood Bank. Cord blood banking was started
in September, 1997, and preliminary search was started in

May, 1998.

@, exvivo 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 research
division of our department, and research for clinical applica-
tion of ex vivo expansion of human HSC is being undertaken.

A novel system using NOD/ SCID mice is expected as a use-

ful method for evaluation of human transplantable HSC.
®” Gene therapy

0 0OPhase | study of immune gene therapy for neuroblas-

toma was approved by the government. The patients are
being enrolled.

[ O Basic research on gene therapy for Fanconi anemia is

being conducted. Research for efficient retroviral gene
transfer to HSC is also being undertaken.
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Fig. 2
Outline of gene therapy for neuroblastoma.
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Our department is founded in 2001 to tackle systemic auto-
immunefinflammatory diseases including rheumatoid arthritis,
systemic lupus erythematosus and vasculitic syndromes. We
provide patients personalized and evidence-based medical
service. In collaboration with the Division of Clinical Immunol-
ogy, ACRC, we are aiming such clinical research that definitely
contributes to establishment of novel therapeutic approach,
based on the recent achievement in the division, especially
concerning functional analysis of lymphocyte surface mole-
cules and transcription factor research on inflammation.

0 O Rheumatology Clinic

Musculoskeletal disorders are now considered to be one of
the major causes of disability in elderly persons. Concerning
rheumatoid arthritis, more than 700 thousands people are
suffering from the disease in Japan. Given the recent devel-
opment of anti-rheumatic drugs, we are trying to settle the
disease down to remission, with starting anti-rheumatic drugs
and/ or immunomodulators immediately after diagnosis is
made. Recently-developed biologially active agents including
anti-TNFo, antibody and soluble TNFo receptor, would be
considered in intractable cases.

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

Interdisciplinary approach is mandatory for patient care,
which is accomplished with the help of specialists in the or-
thopedics, rehabilitation, dermatology, ophthalmology, neu-
rology, and the Division of Nursing and Division of Pharmacy.
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Our department was established in 2001. Since draft se-
quence of human genome was published in February 2001, hu-
man beings have entered an era of genomic medicine where
we treat various patients with the aid of genomic information
concerning drug sensitivity, disease progression, and classifi-
cation based on molecular diagnosis. In addition, genomic infor-
mation would provide important clues for disease prophylaxis
from the point of view of public hygiene. Our hospital has
started gene therapies against renal cancer that were success-
fully finished.

One of worries concerning genomic medicine is that it is so
easy to find genetic variation that anyone who wants to exam-
ine it can know the result. Genetic information should be private
and be protected from others. In addition, some information
may affect his or her future. When one knows such important
information without preparation, the effect may be disastrous.
Genetic counseling is the process of providing individuals and
families with information on the nature, inheritance, and implica-
tion of genetic diseases to help them make informed medical
and personal decisions. Genetic counseling is, therefore, indis-
pensable in such cases as above.

We have opened genetic counseling in our hospital in col-
laboration with department of pediatrics, division of genetic di-
agnosis, nurses, and clinical psychologists. Critics say genetic
counseling in Japan tends to provide only genetic information
to a client but doesn’t support him or her psychologically. We
would like to provide enough psychological support to clients
who visit our clinic.

We are currently performing collaborative research with
many hospitals concerning drug responsiveness of chronic
myelogenous leukemia, myelodysplastic syndrome, and graft-
versus-host disease after hematological stem cell transplanta-
tion whether SNPs in the related genes may account for individ-
ual differences among respective patients.

Most recently our hospital has started microarray studies on
CML cells to know their responsiveness to Imatinib mesylate
before therapy. Our department is also participating in this pro-
ject.
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DEPARTMENT OF RADIOLOGY
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Associate Professor: Toshiyuki Okubo, M. D, D. M. Sc.
Lecturer: Yusuke Inoue, M. D, D. M. Sc.
Clinical Associate: Shigeru Kiryu, M. D.
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The role of biomedical imaging is expanding along with ad-
vances in instruments and information technology. We assess
various diseases using advanced imaging technologies, such
as multislice CT, MRI, and SPECT. Diagnosis and evaluation of
therapeutic effect by medical imaging have critical importance
in clinical practice and are supporting project—related treat-
ments in the Research hospital. As our own research activities,
we are developing and sophisticating image-based methods for
the noninvasive evaluation of various biological processes, and
are applying them to the investigation of in vivo physiology and
pathophysiology.

Our main research projects are as follows[
O O MRI of small animals
We perform MRI of small animals with contrast agents, in-
cluding tissue-specific agents, to predict their clinical useful-
ness and to investigate their role in animal experiments. We
are starting to study the use of low—cost smallanimal MRI
system.
0 O Functional MRI of higher brain function
Functional MRI detects the foci of neuronal activity nonin-
vasively and is accepted as a potent tool of brain research.
We investigate the mechanism of higher brain function by
functional MRI combined with psychological tasks.
O O Diffusion tensor analysis of neurological disease
Diffusion tensor imaging contributes to precise demonstra-
tion of water diffusion by MRI and permits tractography which
depicts neuronal tract. We investigate whether diffusion ten-
sor tractography adds useful information about relationship of
major white matter tract such as corticospinal tract with brain
and spinal cord lesions.
0 O Imaging approach to cardiac diseases
Function, perfusion, metabolism, and neuronal activity of
the heart are measured by MRI, SPECT, and PET. Our aims
are to develop methods of measuring cardiac physiology, to
elucidate the pathophysiology of metabolic heart diseases,
and to assess the effects of medical treatment on the heart.
O O Bioluminescence imaging of in vivo gene expression
Gene expression in living animals can be visualized nonin-
vasively, quantitatively, and repetitively by using luciferase
gene and a high-sensitivity CCD camera. We are applying
this technology to in vivo evaluation of the effect of molecular
therapy in tumor-bearing animals.

gooOooooooooOoobOoooO0obooOoboOooooOooooDOobooooboom

Fig. 1

Bioluminescence imaging of luciferase—expressing cells in living mice (A. subcutaneous inoculation, B. intraperitoneal inoculation).



HEERERE DEPARTMENT OF SURGERY
o O gooo O O O 0O Professor. Hideaki Tahara, M. D, Ph. D.
O O oooo O O 0O 0O Clinical Associate: Takuya Takayama. M. D, Ph. D.
O O oooo O O 0O 0O Clinical Associate: Hiroaki Uchida, M. D, Ph. D.
o o oooo O o O O Clinical Associate: Hiroyuki Mushiake, M. D, Ph. D.
OoOooooooooooooooooooobooobooooog We have been engaged in the surgical treatment of solid tu-
0000000000000 OoooooOooooooOoOoooog mors and the immunotherapy of various malignancies. We
OOo0o00000000000000000000000o0on gave also been offering Iservi(:es, including upperdand lower ehn—
loscopic examination, ultrasonic examination, and angiography.
poooooouuoooooooooogggoooooo Surgical operations have been performed in[I1] cases under
gbooooodoodooonoooodnooobdnidorrs general anesthesia and spinal or epidural anesthesia inCI L.
OooOOnoooooooooooooooooooooooan The principal goal of our department is to develop and con-
Ooooooooooooooooooooooooooon duct clinical trials in the early stagesld Phase | and II0] for pa-
OOo0o0O00oo0O0oOoooooOoOoOoooooooooooon tients at Research Hospital. These trials have been and will be
OOoo0000O000000000000000o0o0o0O0oon derizj/ed fl;jom the new ffindings of the basi(c:‘ reﬁearch projﬁcdts
conducted at Division of Bioengineering and other researc i-
poooooooooonoooooooooonogogoo visions. We have performed phase | clinical trials of melanoma
gooooooooogdooooonoooooogoooon vaccine using gd 1] derived peptides and immunotherapy us-
ooooooooooooooooooooooodooodn ing dendritic cells in combination with local irradiation therapy.
oo0o0ooooooooooooDoobobobooooooono We have also initiated phase 1 dllla clinical trials of epitope pep-
O00000000o0oooIL-0000000000L0 Phase tides based vaccine against gastrointestinal malignancy. Fur-
1Jral0000000000000000000000000 E_I:jermore! Wethhave saart_ed g?ase 1 cllr?lc%l trlsfls gftepltope pep-
ide vaccine therapy derived from newly identified tumor associ-
poooooooooooooioooogooooogoon ated antigen, RNHILJ, which was screened by using microarray
000000000000 OoOORNAROODODODOOOOOOO method in Human Genome Center.
gooo0oooooooOoooooooboobooooooo =, Clinical trials finished
Oooooooobooooooog A HLA restricted epitope peptides based cancer vaccine
=, DOOOO0OO0OO1200000 for malignant melanoma
A 0O0O0O0OoO0O DCDD HLADOOOOOOOOOOOOOO B Phase I clinical trial of intra—tumor injections of autologous
oooo fomic Administragan Of 1) for Savancet cancerpatients
B OOODOOODODODOOODOOOOODDOOOOONI—gd =, Clinical trials on going P
oooooooo A Phase Illla clinical trial of melanoma vaccine using gp
z, ODOOOODOOO1 0001 a0 [IT] derived peptides restricted to HLA-A
A DDODDODOOOOHLA-ATIIOOOOOOOoOoOoOOo ~From thr results of phase | clinical trial of melanoma vac-
0o0oIL-000000000000000000 141 ad cine using gg 1] derived peptides, phase Illla clinical trial
oooooO of Telangmal_vpa\.cgme using g;ﬂ:cEj] derlvedd p(_eptléies wt_eclj‘e
performed. — —restricted ggd erived peptide
gooooooooooooodooooooodod O gill—-int): VYFFLPDHLLO was used with IFA and inter-
U00000gailD0OHLA-ATIIOO O O00O04dooon leukinl IL-E10in order to augment for anti-tumor immunity.
OO00gpll-intl: VYFFLPDHLO O IL-O0OOO0O0OOO Our goals in this clinical trial are to examine these clinical
O0o0o00Do0oO0O0o00xrdral0000O0ooooooo efficacy, furthermore, safety and immune responses asso-
O0N-00000000000000000000000 C'atled with tht'? pteDct"de. vaccination. \éVefhthfl enfot“Ed =
melanoma patients during year . So far, the protocols
ovoooooooooooooooooooonooooi were well tolerated, and no cardiac, hematological, hepatic,
Ooooo0ooooooooooooboooobooboobooooog or renal toxicity was noted.
ooooooooOormoooooooooooooooo B Phase Illla clinical trial of epitope peptides based vac-
Oo0oo0o0ooooooooooooooonO cine against gastrointestinal malignancy
B OOOOOOOOOODOHLADOOODOODOOODOOO Epitope peptides derived from MAGHI] and HERIIneu
IL-000000000000000MO14d:2a000000 are UseddfOF t't‘e ;cancer vaccine 1o treat tthe f’at"?t?]tSH"I:""}\h
advanced gastrointestinal malignancy. Patients wi —
goopoooooounooooooooonogoogon AT were treated with MAGHE] and HERJOneu derived
goooodooHLADDODODoooooooooooo peptided FLWGPRALYV, KIFGSLAFLLO Patients with HLA—
O0O0MAGHIOHERIIneuO OO OOOOOOIL-000 AT, were treated with MAGHED and HERJIneu derived
O0000D000000D000OHLA-ATIOOD 0o oog peptide[] IMPKAGLLI, RWGLLLALLO All of the peptides
0O O MAGHIO 0O 0OFLWGPRALV, HERIIneuO OO were used with IFA and IL-£]. To analyze the immune re-
KIFGSLAFLO O HLA-ATIIOO 0 0 0 0 0 O O MAGE]D sponse chj the \éafccmtat?d patients, HLA-Tetramer was pre-
pared and used for staining of the s taken from the pa-
00O0IMPKAGLLI, HERJIneuO O O RWGLLLALLDO O tients enrolled in this protocol. Our goals in this clinical trial
oooooooooooon-uoo0dooooooooo are the same as previously mentioned clinical trial A We
Oo0o0oo0oooooooooooonoooooodoono have enrolled 0 esophageéal cancer patient for MAGHI—
OHLA-TetramerO O OO OO0 O0OO0OOOOODOO HLA-ATITT] peptide during year[ITT1].
OO0 OO0OO0OHLA-ATII OO OO MAGEIDO OO OO OO Cc Phase | clinical trial of tumor specific vaccine using epi-
oooo0oOoooOoooooooooon topeRpﬁ'r%lE]Jes d.erl\t/eccij from % nolvel tlirrror associated anti-
gen against advanced colorectal cancer
c goodobooduooooguURNRDODOOOOU A phase | clinical trial has been performed using epitope
voogoodonogooooooodd peptides derived from RNF 1] for HLA-A'TTTTJ—positive and
Oo0DoODODODODORNRODOOOOOOOOOOODOO HLA-ATIIT-positive advanced colorectal cancer patients,
O00o0o00o0oO0ooDO0DO0DO0bO0b000O00ORNFE in order to evaluate toxicity, clinical and immunological re-
O Ring Finger Protein(OO0 0000 0OO0O0OODOOOOO sponses. We selected RNFRTIO Ring Finger Protein [0 as
OO 00000 cDNADO OO OOOOOOoOooOoo DaTerat\)Susmg cagdldatelfor a tumor"asbsc;matted antlgenI
expressed on colon cancer cells but not on normal
goooooaooaoooooooooogooaood colonic mucosa among [IT11] genes using gene expres-
noooooonononononooooooooooon sion profiling with a genome—wild cDNA microarray. We ex-
OODORNRODODDODOOOOOOOOoOoDOoOoooon amined whether the RNF-EL] protein contains antigenic epi-
OO00D0OD0D0OD0O0ODHLA-ATO DO ODOooooooooog tope peptides restricted to HLA-ATITT] or HLA-A .
ODOO00DHLA-ATTT DD oD oo ooooooooooog The C'tth cloni%werbe_ s(;J_ccetssfHIII_)l/A\iqu%_gi:‘tgétimuéatiog
using the peptides binding to — mer an
S % DDED‘DDDDDDDDDDDDDDDDDDDDDCE-EDCEIT:‘DDDDDDD‘D:l g S HLA-ATIT D0 merd and HLA-ATITTIHTT], and these
CTL clones possessed the potent cytotoxic activity specific
RNRTIDOOOOonoonooooonooonooooo to not only the peptide—pulsed targets but also the tumor
Ooooooooooboooo0DDO0ORNROOOOODODODO cells expressing RNAIL and restricted respective HLA
O0o0000000o0o0o0ooooooooo molecules. These results strongly suggest that RNHAL] is a
0000000000 ooooooooooooooog new TAA of colon cancer.
oooooooooooon The protocol has been approved by the IRB, and the en-
= OODOOOO0O0OO0OOO0 roliment of the patients has been initiated.
ooooooOO0O0O0o0ooooon 2” Clinical trials under development
A A Development of gene therapy using dendritic cells
ooooobooooooboooooooooooog In close collaboration with Core Facility for Therapeutic
goooooooooon+4oooooooooooo Vectors, we are developing clinical application of IL-+£L]
Oo0o0oo0o0oOooooOoooOoooOooooooooog gene trﬁa\nsducted dendritic cells for cancer patients of
Oo0o0o0o0o0o0oo0o0oooooooo stomach. . . .
B VEGFRIOOOODOOOOOOOOOOOOOOOO Baglgﬁjvs(?lspég?:rlg:‘of epitope peptide based cancer vaccine
ubooooooooooooonioHALAD DO vas- Based on murine experiments performed in the Division
cular endothelial growth factor receptor1] VEGFRIO [ of Bioengineering, we are planning a phase | clinical trial
000000000000 O0OD0OO»dOgastrointestinal using epitope peptide based cancer vaccine against vas-
stromal tumorD GISTOOOOOOOOOOOOOOOO cular endothelial growth factor receptor 0O VEGFRIO for
ooooooo gastrointestinal stromal tumoi] GISTL
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We handle about 200 surgical cases (in 2001) and about
1600 cases of diagnostic or interventional procedures a year.
The examinations and surgeries to develop new diagnostic and
therapeutic procedures are performed besides the usual ex-
aminations and surgeries. We cooperate with other department

to promote some projects of the research institute.

About 40 cases a year of bone marrow collections from blood
relatives or non-relatives are handled under general anesthe-
sia. Our hospital is one of the leading hospital for bone marrow
transplantation in Japan. We have tried to give anesthesia as
safely as possible and to give early recovery without any pain
for the patients receiving bone marrow collections.

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

The purpose of our advanced research in anesthesiology is
how to keep patients during and after anesthesia as stable as
they are before anesthesia. We are studying the mechanisms
of analgesia, developing new analgesic agents, and studying
how to minimize the invasive response to surgical stimulation,
anesthesia and blood transfusion.

In animal experiments
=, Development of new agents acting on acetylcholine recep-

tor and their in vivo and in vitro actions including analgesic

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 com-
pany.

®"” Studying the network mechanisms of analgesia in the spi-
nal cord.

In vitro study
@» Improvement of the stored blood products to reduce hemo-

lysis and activation of neutrophils.

In clinical study
... Improvement of postoperative epidural analgesia.
®% Studying the changes in cytokines by surgical stimulation,

anesthesia, and blood transfusion and how to control their

changes.

® Development of new anesthesia methods to minimize
hemodynamic and hormonal changes.
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DIVISION OF CLINICAL TRIAL SAFETY MANAGEMENT
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Division of Clinical Trial Safety Management (DCTSM)
was established in 2001. The aims of DCTSM are: to sup-
port and to watch that clinical trials in Research Hospital,
especially in the case of translational research (TR), should
be conducted appropriately; to prevent and to treat medi-
cal accidents. DCTSM was reorganized in 2004, and the di-
rector of the Research Hospital was designated as the di-
rector of the division.

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

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

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

Prevention and management of medical accidents: We ask
staffs of the Research Hospital to submit “Reports on medical
problems” on medical incidents and accidents to analyze and to
manage them. We hold the instructive opportunities on medical
accidents two times a year for the enlightenments of staffs. At
medical accidents and according to the needs, “medical acci-
dent-response meeting” are held for the management.
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The purpose of rhe Division of Medical Information System is
to develope and maintain the hostital information system for
clinical security and inprovement of medical processes. Some
action programs of the division are as follows.

—Operation, Maintenance, and Improvement of Ordering Sys-
tem,
—Development of Web-based Information sharing System of
the Hospital,
—-Development of Datawarehouse System for Evidence Based
Medicine, and
—Research of Genome-based Future Hospital Information Sys-
tem.
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DEPARTMENT OF CELL PROCESSING AND TRANSFUSION
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Our department manages the transfusion medicine in the
hospital including transfusion related examinations. Since
2004, transfusion ordering IT system has been established for
the protection of transfusion accident. In addition, this depart-
ment is responsible for the supportive function of hematopoietic
stem cell transplantation including bone marrow, peripheral
blood and cord blood and also various immunotherapy and
gene therapy as advanced medicine. Recent cell therapy in-
cluding cell processing is a part of translational research (TR)
developed from retrospective clinical study, genome analysis
and molecular research. This TR involving human cells has
been developing the domestic and international regulations.
Our department is now trying to introduce the cGMP concept
for donor selection, cell collection, culture, cryopreservation and
transfusion. Our projects include 1) transplantation with lym-
phocyte expansion for the prevention of relapse, 2) T cell de-
pleted BMT, 3) Efficient cell collections for allo- auto PBSCT, 4)
Expansion of NK, NKT and T cells and analysis of differentia-
tion for GVL effect and 5) Co—culture system of T cell and mes-
enchymal cells to expand regulatory T cells for prevention of
GVHD. In addition, recently we started the regenerative study
to assess the differentiation ability of the mesenchymal cells
derived from long-term cyopreserved bone marrow, as coop-
erative study with Division of Cell Processinng. For the purpose
to implement these advanced projects, Room for Clinical Cellu-
lar Technology: RCCT was established in 1997. RCCT includes
clean room and P3 room to deal with gene transfer and infec-
tious patient therapy. Our department is the relay point to imple-
ment these advanced medicine among each project team.
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Fig. 1
Human T lymphocyte proliferation on mesenchymal cells
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MEDLCAL SUPPLY CENTER
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Major roles of Department of Medical Supply is to sterilize
and supply a variety of medical appliance such as surgical in-
struments, medical tubing, and circuits for ventilators, which are
used in operating rooms, surgical as well as medical wards and
outpatient clinics. Sterilization is conducted by 3 staffs under
guidance of a department director and a head nurse, using sev-
eral sterilizers including washer-disinfectors, autoclaves, a
plasma sterilizer and a formalin gas sterilizer. Our roles also in-
clude supply and quality control of the medical appliance.
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DEPARTMENT OF LABORATORY MEDICINE
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Associate Professor. Naoki Oyaizu, M. D, D. M. Sc.
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Our department consists of five divisions of clinical physi-
ology, hematology, biochemistry, bacteriology and pathology,
and engages in laboratory analysis and diagnosis of clinica
material submitted from the research hospital. Along with the
ongoing practice of experimental therapy of enhanced medi-
cine in the research hospital, we are now performing the ex-
tensive analysis to evaluate the effectiveness of these ex-
perimental approaches and developing molecular based-sur-
rogate markers to set appropriate endpoints. Our goal is to
evolve into function as an integrated diagnosis & monitoring
laboratory thereby promoting and contributing to the transla-
tional research at IMSUT.
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The Institute of Medical Science, The University of Tokyo (IM-
SUT), is prominent as an institution for graduate education. It
provides an ideal environment for young people interested in
following a career in scientific research. Drawing upon diverse
backgrounds in medicine, physics, chemistry agricultural biol-
ogy, pharmacology, and informatics, the faculties of the various
divisions teach a wide range of courses to a similarly diverse
cross—section of elite graduate students. Putting this strength to
good use, the University of Tokyo has now established the new
Department of Medical Genome Sciences, to pursue interdisci-
plinary studies within the Graduate School of Frontier Sciences.
Through IMSUT's strenuous efforts, this program was launched
in fiscal year 2004, with the Shirokanedai campus housing
many participating laboratories as well as three of the six
courses that make up the program’s core curriculum. Thus, with
IMSUT's strong cooperation, cross—discipline education and re-
search is expanding. The professors and staff members do not
have heavy teaching obligations, and can thus concentrate on
guiding students in their laboratory research. The departments
and divisions frequently collaborate and interact closely with
each other.

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

In the graduate laboratory courses, each of the divisions pro-
vides a short (1-2 weeks) laboratory course to several graduate
students. This provides excellent introductions to the various
fields by the researchers actively engaged in them.

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

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

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

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